WO 2011/ 076873PCT/ EP2010/ 070548 | nfluenza Targets Description The present
invention relates to a pharmaceutical conposition conprising an inhibitor
of influewpaouia7es3repl i cation. Yet another aspect is aPstmpeoiongssset hod
for identification of new targets for the prevention, alleviation or/and
treatnment of influenza. In view of the threatening influenza pandem c,
there is an acute need to devel op and rteke avail able lastingly effective
drugs. In Germany al one the 10 annual occurrence of influenza causes

bet ween 5,000 and 20, 000 deat hs |@fiiRenza(Tdtgets: Robert-Koch Institute). The
recurring big influenza pandem cs are espeCially feared. The first big
pandem c, the so-called "Spanish Flu", cost about 40 mllion lives in the
years 1918-1919 including a high pggggﬁbﬁgﬁ of heal thy, m ddl e-aged peopl e.
A simlar pandem c could be 15 causéed by the H5NL influenza virus, which
at the noment replicates mainly in birds, if acquired nutations enable the

virus to be transmtted fro erson to person. The prgbability of a human
pander ¢ hi8e AR VIR elAirs (e RIEriireRUNGR CRRIBSHonFSRPR PG a1 o
(HS5N1) wor |Hhbige enshfiuepza Nfiest telicatiofloVRS tdrbotifdt BBpéct ikt al Scré@Bhinga
question of time until a hi g\%y pat hogenic 20 human i nfl uenza-reconbi nant
ener ges. Moadhed femideytification\afl newtargets torvihe psevettionn llestiener/gad, i . e.

the influe wSwine flu strain, posing an unpredictabl e pandem c
t hreat. Th{e}ég%nﬁ%rgtgifmﬁ%?@agbl e at the nmonment for prophylaxis or therapy of

an influenza infection, such as vaccination wth viral surface proteins or
t he use oflanti Vi rat% Si‘u%?s[ 25 H\‘euran‘i ni dase i phibi.tors or, ion gannel

bl ocker s), ThyRY L6 brediedRgalligRe PANJERNG here s anbarkip Q?ﬁé 0

resi st ancedegeldpRady hzkeadailaBle RBEN Féif@ctiﬂ@%ﬁ'u@sf.flﬁ%‘éwﬁarw aRraeatheons
(Tam flu), which may make it unsuitable to contain a pandem c. A central

probl ef i napReal ReECUsreNEs i iInbuenzrdcatiassPetysens?. 0P A rande?2-800 deaatfes a
Vo nen pA2H (RO RIS R PO TR PGP pffdBpey

direct ed aged espeeiaiylfearedpdientirst dign pamgiediig, thesgo-called “Spanish Fiu”,

cost about 40 million lives in the years 1918-1919 including a high

percentage of healthy, middle-aged people. A similar pandemic could be

15 caused by the H5N1 influenza virus, which at the moment replicates mainly

in birds, if acquired mutations enable the virus to be transmitted from person

to person. 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

20 human influenza-recombinant emerges. More recently, a novel influenza

virus variant has emerged, i.e. the influenza A (H1N1) ‘swine flu’ strain,

posing an unpredictable pandemic threat. The methods 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

25 (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

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

30 development of effective vaccines has required accurate prediction of the

pathogen variant. Drugs directed against viral components can rapidly lose



2 their effectiveness because of nutations of the pathogen. An area of
research which has received little attention up to nowis the

i denti fi caDi20n/06876ri ti cal target structures in the hosPCE&PRO1ONTISUSES are
5 dependent on certain cellular proteins to be able to replicate within the
host. The know edge of such cellular factors that are essential for viral
replication but dispensable (at |east Renporarily) for humans could lead to
t he devel opment of novel drugs. Rough estimates predict about 500 genes in

the human griosRedieABsbEcAREEM halatiofs of thébatRegehp! i cation. O these,
10% 10 at | east are probably dispensable tenporarily or even permanently

for the human organism |Inhibition of these genes and their products, which

. ; ¢ . . . e Ld
oo aslagt Bl Yetlroh AL ¢ o£03k e ek BhT S B EANE
short est tidenfifitatidnbidfi oriticd] targat gnetyresdirctthec bioktl arller Cionsed rare

devel opment, of viral 15esca tants that a ot l.onger.sensitive to
anti vi Fal  HPagRdention Gl Soliplet praleins (& e bl 4o tarical IR B SS e
scr eeni ngs TRBtKMABedqd of 8B eBMSAas fidteve! thaf Bfe ESSertif Y& Vit Repidtigni ati on
or/and treatnent of an influenza virus infection. 20 In the context of the

present i nbehtdispensableai@t sl@ast i temrprariyduied bHERaNsSoEQUl ilead (Bxttheati on or
prBSEI ] I _ ; Lo v
opl 1oat | odefaiopftisht P el B RAth Wyfefel pleflePabbil sOtF LEhek ih °

al | evi at i otheohuraad geneatewhichadreagssientibifen xaralvinuliplicaiicarc tOfdhes@51 ®%anpl es
of genes whj ¢h upon do egul ation, increase.the influenza vifus replication
ar e deber | BbIPASh Aradiiabatly GsBstsbie JemBRTal g evRn BsEfidaentlypRrstFon
or/and act huiday ofgdrieae IQibRIBn06T afskbedenchr Atlichsir progutif |WGBE anVvi rus
replication can be reduced. 30 Exanpl es of tge,nes whi ch upon downr egul ati on
decr ease t RRNtragt tadhe &/ingl targeisepne eenstant inrtBelsipicigsc wosidienabledhees 1, 2,

3 and 4. TBH§eIoBbﬁeﬁ?Q{fe¢ﬂ%éw JorRr&sH Of MtvAAAdRtdd Y lte WhdraRB Gingenes
or/and gene products, the ~
Inhibition of such gene products could overcome the development of viral

15 escape mutants that are not longer sensitive to antiviral drugs.

It is the object of the present invention to provide screenings methods for
compounds suitable for the prevention, alleviation or/and treatment of an
influenza virus infection.

20
In the context of the present invention, it was surprisingly found that
modulation (activation or inhibition) of particular genes leads to reduction of
influenza virus replication. Tables 1, 2, 3 and 4 describe targets for the
prevention, alleviation or/and treatment of an influenza virus infection.

25
Examples of genes which upon downregulation increase the influenza virus
replication are described in Tables 1, 2, 3 and 4. Thus, by increasing
expression or/and activity of these genes or/and gene products, the influenza
virus replication can be reduced.

30
Examples of genes which upon downregulation decrease the influenza virus
replication are also described in Tables 1, 2, 3 and 4\. Thus, by decreasing

expression or/and activity of these genes or/fand gene products, the



3 influenza virus replication can be reduced. Subject of the present

I nvention is thus a screening nethod covering different aspects related to
I nfl uenzawoizoum76smBecti on, in particular influenza 5 viPCHEP2@PIOTESasi on. A
first aspect of the present invention is a screening nethod for

i dentification of a compound suitable for the prevention, alleviation
or/and treatnent of an influenza virus3infection, conprising the steps

(a) providing a cell or/and a non-human organi sm capabl e of being

10i nf ect edinfubhzaWir 8 rbpiRA%an Cahe @adiceapabl e of expressing a gene,
wherein the gene or/and gene product thereof is capable of nodul ating an

I nfl uenza virus replication, (b) contacting the cell or/and

t he organi fu (2) oyt I K a; : j .Lh a
conpound k%gbv\% C% o&bép{gcaﬁgg%?%ﬂ (l)r}wel'lrrﬁgﬁl &t it%js Bt Céﬂeee'}'Bgeﬁsﬁrt@C?ld g‘%’&ﬁh activity
of the gendifiererftagsmediamdliatdt tgaemtugnzadvicds iffectent, ,in (Erticddaeinfluenag t he

anount of influenza viru roduced, b he cell or/and the organism and
(d) sePect VAP deBBHR AR vieG PRk s e @r Sl neVRIehdS | H THERBAB20vi r us
produced bynhdthéd CRIrl iddrtriBgtidrheoorastinmpound es@iibie ofor ( e NHrevestisE! ect ed
fromfrom Table 1, Table 2, Table 3 and Table 4. Preferably, the gene of

(a) is sel abedatian @mangdpireatmentisfhean iefussizacyiryshénfpelierereomprisingithe my
conpri se asg%gl ul ar screening
(a) providing a cell or/and a non-human organism capable of being
10 infected with an influenza virus and capable of expressing a gene,
wherein the gene or/and gene product thereof is capable of
modulating an influenza virus replication,
(b) contacting the cell or/and the organism of (a) with an influenza
virus and with a compound known to be capable of modulating
15 the expression or/and activity of the gene of (a) or/and the gene
product thereof,
(c) determining the amount of influenza virus produced by the cell
or/and the organism, and
(d) selecting a compound which reduces the amount of the influenza
20 virus produced by the cell or/and the organism. '

The gene of (a) may be selected from from Table 1, Table 2, Table 3 and
Table 4. Preferably, the gene of (a) is selected from Table 4.

25 The method of the present invention may comprise a cellular screening
assay. A cellular screening assay includes the determination of the activity
or/and expression of a gene of (a) or/and the gene product thereof. The

screening assay may be performed in vivo or/and in vitro.

30 Another aspect of the present invention is a screening method for
identification of a compound suitable for prevention, alleviation or/and
treatment of an influenza virus infection, comprising the steps

(i) providing a cell orfand a non-human organism capable of



assay. A cellular screening assay includes the determ nation of the
activity or/and expression of a gene of (a) or/and the gene product

t her eof . Wbeoslar7eés58i ng assay may be perfornmed in vivo oPCRERP2010/070548 O.
30Anot her aspect of the present invention is a screening nmethod for

i dentification of a compound suitable for prevention, alleviation or/and
treatnent of an influenza virus infect#on, conprising the steps (i)
providing a cell or/and a non-human organi sm capabl e of 4 expressing a

gene, wherein the gepRsen@Padet8NhBFaNwd gbheopRhd gereanablie ®ereprdul ati ng
an influenza virus replication, (ii) contacting a conpound

with the cell or/ affdcapable pfaadidatisg an influenza virus replicatipnj ) det er mi ni ng

th t | ar IRV i), d
(1) sel ecting a dbeanieRiha sl cdnBbuRFaRNIhe LR brBhd hE oRaERERY () Ty of
t he gene product(iipdetarinining the afheurgeoréana thie activity di gesiel mrotect dfrthen Tabl e

1, Table 2, Table 3 andfl".gbl ed 4. 10Preferably, the gene of (i) is selected
from Tabl e 4. The 98%& e (iv) may reduce the amount of the influenza

virus produced by)sBRceRf!a @ohvlindh@hhdaiddimied Thdbsidbahki epand nthehe
context of the present invention may be "activation” or "inhibition".
Mbdul ati on of the agbyitsefitha asneprgdret ofdy)- be downr egul ati on or
upregulation, in particular of transcription or/and translation. It can
easily be determned by a skilled person if a gene is upregul ated or
downr egul afbd.gene of{® rmantbexscledted iwnpablend, Tableri,iTable Gparehylibbieidn

(activatio f .qe 20 expr,ession be upregul ation by a factor of at
| east '3, pPﬁquFanY{}ﬁﬁtgelngacgt(SAS. Sels efé?ﬂnafqr%ﬁa(i nhi bition) in the context
of the present invention nmay be a reduction of gene expression by a factor

of at |east 2, preferablé at least 4. Most preferred is essentially
conpl ete | AAELFPMBRUBE BEAN)eMsvedadyne thegamepnkigl tha dpfidenasc&iruss

produced by the cell or/and the organism.

15 "Modulation" in the context of the present invention may be "activation" or
"inhibition". Modulation of the expression of a gene may be downregulation
or upregulation, in particular of transcription or/and translation. It can easily
be determined by a skilled person if a gene is upregulated or downregulated.
In the context of the present invention, upregulation (activation) of gene

20 expression may be an upregulation by a factor of at least 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.

25
Modulation of the activity of the gene may be decrease or increase of the
activity. In the context of the present invention, “activity” of the gene or/and
gene product includes transcription, ftranslation, posttranslational
modification, modulation of the activity of the gene or/and gene product. The

30 activity may be modulated by ligand binding, which ligand may be an
activator or inhibitor. “Inhibition of the activity” may be a decrease of activity
of a gene or gene product by a factor of at least 2, preferably at least 4.

“Inhibition of the activity” includes essentially complete inhibition of activity.



Modul ation of the activity of the gene may be decrease or increase of the
activity. In the context of the present invention, "activity" of the gene
or/ and gewe 2priodes”8 i ncl udes transcription, translati onpPCpEPeemanskat i ona
nodi fication, nodul ation of the activity of the gene or/and gene product.
The 30 activity may be nodul ated by |igand binding, which [igand nmay be an
activator or inhibitor. "Inhibition of 5the activity" nay be a decrease of
activity of a gene or gene product by a factor of at |east 2, preferably at

l'east 4. " IA&iRItbhT tBE édt@.t@cmayl Be/ ani iREleade ofeREivl Ioalal geﬁ@tsplgehe
inhibition of activity "Activation of the activi may be an increase

of actlV|tPrQﬁU(‘ébMéhf@CB?fﬁé’ﬁé%@t@dﬂfﬁtfetﬂb%aﬂﬁéﬁbﬁl of at | east 2, preferably

at least 4. The activity nmay al so be nodul ated by an m RNA nol ecul e, an
shRNA 5 nol ecul e, an si RNA nol ecul e, an anti sense nucleic acid, a decoy
nucl ei ¢ aciltheoattavily ey alsbebe rmodeiad:edicbydanami!INAcnidh@chIeteaai shRINBdul at i on

may al so be erformed mol ec ant. bod an aptaner, or/and
oY pregol nESIeRIBy BRSNS ridRcHer n Giienst nideis R a SRl PRI {1 eq by
the met hod gefd éfendPBAS Sffieri Rt ko, BBYidserised hakdis. Mbdﬁl%(ﬂblﬁ'rﬁély bik® anmount
of the influenza virus produced by a cell or/and an organism |n Tables 1,

2, 3 and 4begpgEeTRed ke SR MEHEeHeu Fon anHbedy.t RRnaRamer, By/asidrRA)
i ncrease VFE%eLrﬁQ%@ﬁggéwgggggﬁgﬂ upon activation of these genes,

virus repl t he tabl es, 15such genes are
characterized by positive z-scores or/and by negative val ues of normalized
percent in b|t|o An | it or of identifi.ed by the nmethod
br " ¢ ne'vpr e A e end g iy e el Aane i csrel e dler Ry

i nfluenza vergiftableostiesidichig mecahbuaﬂoﬂﬂn{eamduemza)ma@p%ﬂude@l Ppales 1, 2, 3
and 4, genes are described which upon |nh|b|t|on (e Si RNA) decrease

virus repl PERAAN organisy. daplahles duch §anes4 aﬂ@n(%ﬁaﬁrﬁc‘ﬂﬁqr@ég ‘H?'Chegatl ve
Z-scores Ohbéﬁqnﬁﬁbltﬁﬁﬂ gvgé@tamez .ﬁtre%eterwuszF‘ébnesﬁcsﬁnthé@%r%' Peg (NPI).

25Modul ationh may b singl'e nuclei’c acid species’ o
conbi nat i oavaatmmDEItmsecgemes;onwu rsiphigation anay, bs, reeluoedelretherrtatéeeu ffer ent

5. anda”asHed BEfE are UinERiReadi B RS Schb LRI BV kDRl JARKES 1,

Tabl e 4. | of hermblizedosertentiabibitiomt (NFIg conbi nati on nodul ates one gene, for

An inhibitor of a gene identified by the method of the present invention is
suitable of reducing the amount of the influenza virus produced by a cell

20 or/and an organism. In Tables 1, 2, 3 and 4, genes are described which
upon inhibition (e.g. by siRNA) decrease virus replication. In the tables, such
genes are characterized by negative z-scores or/and by positive values of
normalized percent inhibition (NP1).

25 Modulation 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 sequences of Tables 1, 2,
3, and 4 and fragments thereof. Preferred combinations are described in
Table 4. It is also preferred that the combination modulates one gene, for

30 instance selected from Tables 1, 2, 3, and 4. A combination of two nucleic

acid species is preferred.

Modulation may be a knock-down performed by RNA interference. The



30i nstance selected from Tables 1, 2, 3, and 4. A conbination of two

nucl eic acid species is preferred. 6 nucleic acid or the conbination of
nucl ei c awOR0sEPE6s78s may be an si RNA, which may conpri s@Ca/EPeeusmnises
selected fromthe sequences of Tables 1, 2, 3, and 4 and fragments thereof.
It is preferred that the conbination knocks down one gene, for instance
selected from Tables 1, 2, 3, and 4. A65conbination of two si RNA species is
preferred. In the context of the present invention, a "target"” includes a
nucl eot i dengegicacie oMt BEMBIrRAtIGANGE BuEIEIR0ABd speBits! Biay HE iafl, siRNANd a

pol ypeptide which is involved in regulation of influenza virus replication
in a host W&iGh MAYeCOMOPESH geteawpncasalpgied oM dhe sparereas 9f Taklesvied in

egul ati onzof ail lieHirfadiEHES thBRICRYE Bibforrdd MALithE Wofthindtidrlitiiths! S

sui tabl e fof reduction o uenza virus replication, et y activation
of the targewnoonbygendi o instande tdededted gieom Meblgsl ds af 3t aargetds Are genes

and partial sequence .qf ,..such as 15 regul atory sequences. The term
"targef" aFgg‘%fq}?Sﬁoﬂo‘ggwg%égﬁé Stﬂe&ﬁfclts psrg%gregg RNA, in particular nmRNA,
tRNA, rRNA, m RNA, pi RNA. A target may al so include a pol ypeptide or/and a
protein encoded by the target gene, Preferred gene products of a target

gene are sHl ¢ PriednphHreuRrepemiNRvVeplP).paptiRtagts indHdep rotnecieoiifeencoded
by the tar e e S tide or
protein eng‘g@eg bymt%@%Pg?ﬁﬁge?n%g)g%gﬁﬁ%’aggrgﬁ%? %Fgg#%rddaa?%ee@ag

pol ypept i dehivhyis ivaheat inrregsladionafanflyenzadiifusgepticatioot in a hostGetie Theoduct "

i R g (e S clgr da8Teot Ve sB iRl opaa By S84 d e, he
cel | enpl opericatiorstleppdrétulamya hargenyis selthbleapabbeuctionbel Mfluenzeairgd with an
i nfluenza virus, Oeelnﬁaﬁlé*)nes Suj t abgtg@f or the production of an jnfluenza

virus 30 afePliRRLRM ¥2gHystiamer 10gltprged op birdnphrition pf te target-an avi an
cell. Also preferred is a human cell. Al so preferred is an epithelial cell,
such as a lung epithelial cell. The cell may be a cell line. A suitable

| ung epi t hEXpaIplesciof targeds jase /GRS ANdt partias wenabhee o] genes, tsuchhasan
enbr yo1@i ¢ Fé&n&%rf%buéﬁ&%, %%%Tterljnn“target” also 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 mMRNA, miRNA,
polypeptide(s) and protein(s) encoded by the target gene. The most
20 preferred gene product is a polypeptide or protein encoded by the target
gene. A target protein or a target polypeptide may be posttransiationally
modified or not.

"Gene product" of a gene as used herein includes RNA (in particular mRNA,
25 tRNA, rRNA, miRNA and piRNA), a polypeptide or/and a protein encoded by
said gene.

The cell employed in step (a) may be any cell capable of being infected with
an influenza virus. Cell lines suitable for the production of an influenza virus
30 are known. Preferably the cell is a mammalian cell or an avian cell. Also
preferred is a human cell. Also preferred is an epithelial cell, such as a lung
epithelial cell. The cell may be a cell line. A suitable lung epithelial cell line is
AS594. Another suitable cell is the human embryonic kidney cell line 293T. In



7 one enbodi nent of the present invention, the nethod of the present

I nvention enploys a cell as described herein. The non- human or gani sm
enpl oyed w0 28t1@p6g7a) may be any organi sm 5capabl e of beiPog/EPpd10ovEsds Wit h an
i nfluenza virus. The influenza virus enployed in the nethod of the present

i nvention may be an influenza A virus. The influenza A virus may be
selected frominfluenza A viruses isolded so far fromavian and manmal i an
organisns. In particular, 10 the influenza A virus nmay be selected from

HINL, HLN2onELRbddiMént [ENhe 'ﬂlé@éntHﬂfNEntle Nohe H%'Eilhod'i?d\@thé:‘?}@sed’ﬂz N4,
H2N5, H2N7, H2N8, H2N9, H3N1,

HAN2, H4NZINvienkin erpmleys Brosl aSHiﬂe@rlbemhgremENl H5N2, H5N3, H5NG, H5N7
H5N3, H5N9, H6N1, H6N2, H6N3, H6N4, HE6N5, H6N6, HO6N7, H6N3, H6N9, H7N1, 15
H7N2, H7N3, H7/N4, H/N5, H7N7, H7N3, H7N9, HON1l, HON2, HON3, HION5, HING,
HON7, HON8Theil@bi-huiaNrgaflihtt entfllONed IM1EIEP, (4)1ONY; Hel@NY, otk H11N3,
H11N6, H11N9 2 H12N4, H1 H12N9, H13N2, H13N6, H13N3, H13N9,

H14N5, 5H15REbat|P1 e'w@@tﬁﬁﬂ’zﬂs%h@%”%?%vﬂﬁt icularly, the influenza A
virus is selected fromHINL, 20 H3N2, H/N7, HS5NL1. Even nore particularly,
the influenza A virus is stral n Puerto Ri co/8134 the avian influenza virus
i sol ate H5NDe infiensa s emplayeddn dhe siethad pbtheprasest vention (raPE, strai n

ANVSN 33 ( ?’W{ 1 N1,
such as Alghl}%aﬂ%f@g% In u@%gﬁh rus a%b@géf@cféedl Fr##déﬂl%%ﬁ )\% rus. In
parti cul ar virt$es isoldtadrsoafaB fram wma;anbenamlnmﬂaadorfglaomrmeﬂnthttdar ves of
the Victori aI| e and reresent tive f, the h | east
modul or He iMGERZA VRS anmt e Saeeli B oS ERTs HitAe HN R0 Bt of t he
present i nHarNS M N, HhmpmmenHzmvemNz)mm mzNaeHQNEedizi\nomN@ group
consi sting of nucl ei ¢ acids, nucleic acid analg%ues such as ri bozynes,

pepti des, b@%éﬁNBéﬂ3N§nH3N§dH§§l4 MSSNES 3@§e'ﬂf’rﬁ|r1 HA8Za H4 Iecul es
and decoy puUNLINSII98NG, BANS, HANS, H5N1, H5N2, H5N3, H5NG, H5N7, H5NS,

H5N9, HEN1, HEN2, HEN3, HE6N4, HEN5, HEN6, HEN7, HEN8, HEN9, H7N1,
15 H7N2, H7N3, H7N4, H7N5, H7N7, H7N8, H7N9, HI9N1, HON2, HON3, HON5,
HON6, HON7, HON8, H10N1, H10N3, H10N4, H10N6, H10N7, H10NS,
H10N9, H11N2, H11N3, H11N6, 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,
20 H3N2, H7N7, H5N1. Even more particularly, the influenza A virus is strain
Puerto Rico/8/34, the avian influenza virus isolate H5N1, the avian influenza
strain A/FPV/Bratislava/79 (H7N7), strain A/WSN/33 (H1N1), strain
A/Panama/99 (H3N2), or a swine flu strain H1N1, such as A/HH/04/2009.

25 The influenza virus may be an influenza B virus. In particular, the influenza B
virus may be selected from representatives of the Victoria line and

representatives of the Yamagata line.

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

and decoy nucleic acids.



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 ewD 20f1/t7b893pr esent i nvention, "small nol ecul e" Pefr@POWMO7@E4E0Npound
5havi ng a nol ecul ar wei ght smaller than 1000 Dalton or smaller than 500

Dal ton. The nucleic acid enployed in the present invention may be an
antisense nucleic acid or a DNA encodi 8g the antisense nucleic acid. 10 The
nucleic acid or/and nucleic acid fragnent enployed in the present invention
may have a length of at |east 15, preferably at least 17, nore preferably
at least 19, nost preferably at |east 21 nucl eotides. The nucleic acid

or/ and t heThaohefdlatwi of nflagnemtvirkayreplication Mmeygee aotompouned haxiigram 15 29,

ore. pr ot o7 <y R R e Fol BaRaTa: Kndiel, L BULA s =
i Cr ORNA 50 (1 R & 1 SoUr 0T 51 T ROTETL B . 061 1 VAL L Ve Lugrgol . The
T RA rhmy RBVES aNpieREh wH0Thsmaler dhdh dioy Betdecs palenr 800The

m RNA may pajgarticular have a | ength of about 22 nucl eotides, nore

preferably 22 nucl eotides. 25A further aspect of the present invention is a
phar maceuti cal conposition conprising at |east one inhibitor of influenza

virus repl kgati opf 1 ther w tyicall tabl e
carrier - adfavidie i dhbiby A AR piskl: EARbHAREY L AN dnRERRLYat i on
or/ and treatokeid acil cira DNA eresodding theusntisehee thiualeic 8€idl n t he phar naceuti cal

conposition of the present invention, the at |east one inhibitor may be
sel ect'®d fromthe group consisting of nucleic acids, nucleic

The nucleic acid or/and nucleic acid fragment employed in the present
invention may have a length of at least 15, preferably at least 17, more
preferably at least 19, most preferably at least 21 nucleotides. The nucleic
acid or/and the nucleic acid fragment may have a length of at the maximum

15 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.

The nucleic acid employed in the present invention may be a microRNA
20 (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
particular have a length of about 22 nucleotides, more preferably 22

nucleotides.

25 A further aspect of the present invention is a pharmaceutical composition
comprising at least one inhibitor of influenza virus replication optionally
together with a pharmaceutically acceptable carrier, adjuvant, diluent or/and
additive, for the prevention, alleviation or/and treatment of an influenza virus
infection. |

30
In the pharmaceutical composition of the present invention, the at least one
inhibitor may be selected from the group consisting of nucleic acids, nucleic

acid analogues such as ribozymes, peptides, polypeptides, and antibodies,



aci d anal ogues such as ri bozynmes, peptides, polypeptides, and anti bodi es,
9 and conpounds havi ng a nol ecul ar wei ght bel ow 1000 Dal ton. The influenza
virus i nfwotoown7esry be an influenza A virus infection oPCaEPROIOIONEGSAZa B
virus infection, as described herein. 5 The at |east one inhibitor in the
pharmaceutical conposition of the present invention may be capabl e of

nodul ati ng gene expression or/and gene9product activity. Mdul ation of the
expression or/and gene product activity may be activation, as described

herei n. Modgulhaion@sbutidst i aresiet@ar Meldiibeli@aneo et activity may be
I nhibition, as described herein. The inhibitor may be a nodul ator as

descri bed herein. The pharnmaceutical conposition may conprise a nucleic

aci d being :I'Zr"% R b n ' il LN ely! ceuti cal
conpositi opl-ﬁlggng[ej?ec & u?rléﬁcﬁé? 'ﬁﬁ}& Efg%g' g’glhgég%ﬁ% \@rglrsi '\r/\a{bﬁlgﬁsg{ %Er eof ,

(b) DNA, andluegzes ving thézctioat by elestiilesdhéreimnd (c) conbi nations of (a) and
(b). 20 In the pharnmaceutical conposition of the present invention, the at

| east 6ne inhibitor may conprise
The at least one inhibitor in the pharmaceutical composition of the present

invention may be capable of modulating gene expression or/and gene
product activity. Modulation of the expression or/and gene product activity
may be activation, as described herein. Modulation of the expression or/and

10 gene product activity may be inhibition, as described herein.
The inhibitor may be a modulator as described herein.

The pharmaceutical composition may comprise a nucleic acid being RNA or
15 DNA. Preferably, the nucleic acid in the pharmaceutical composition is
selected from
(a) RNA, analogues and derivatives thereof,
(b) DNA, analogues and derivatives thereof, and
(c) combinations of (a) and (b).
20
In the pharmaceutical composition of the present invention, the at least one
inhibitor may comprise
(a) a nucleic acid comprising a nucleotide sequence selected from
sequences of Table 1, Table 2, Table 3 and Table 4,
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 %, or at least
99% of the sequence of (a),
(c) anucleic acid comprising a sequence which is at least 70 %, at least
80 %, at least 90 %, at least 95 %, at least 98 %, or at least 99%
30 identical to the sequence of (a) or/and (b), or/and

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

In the pharmaceutical composition, the nucleic acid of (a) preferably



(a) a nucleic acid conprising a nucl eotide sequence sel ected from sequences
of Table 1, Table 2, Table 3 and Table 4, 25(b) a fragnent of the sequence
of (a) hawoOngua7bsagt h of at | east 70% at | east 80 % &CTIEPaGH/02AF484 at
| east 95 % at least 98 % or at |east 99% of the sequence of (a),
nucl eic acid conprising a sequence which is at least 70 % at | east
at least 90 % at least 95 % at |least1®8 % or at |east 99% 30i dent

t he sequence of (a) or/and (b),

sequence Otofplises ) ntleanide Sehuendd seritisd F©f thddehBehédte of qauRNge
selected fromthe sequences of Table 4 and fragnents thereof. Suitab

i nhi bi t or sa26€ fiagmendniferepf.us replication in the pharnaceutical 5

conposition of the present

interference. The nucleic acid in the pharnmaceutical conposition of
present i nseitablen imeibitosmuofi Bdluéna anirddNAepiicaton dnc @mbprearofaceical

interference

i RNA or/and

h hRNA i i i RNA,

pr ecur Sor B?mlpﬁgﬁ'ﬂﬂligfn@]leeefﬁ&"@nf VeSO are h%;{ I"%“?@?mﬁsfﬁ‘%@fcﬁ'\hﬁh

nol ecul e ( interféreinte 0N ducieid )acid Vb tiﬁ\edﬁhhﬁﬁéé(:é{ﬁi)c@f dMdITR efdl
Vi

(i), (ii) (iii) orfand (iv), or/and

a nol ecul e en

t he RNA noPEesgnginyention may e9mpyise) or/and 15(iv).

10

15

20

25

30

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

(i) a miRNA,

(ii) 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 molecule of (i), (ii) (iii) or/and (iv), or/and

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

(iv).

A preferred nucleic acid is
(i) a miRNA,
(i) a precursor of the RNA molecule (i), or/and

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

(ii).

Yet another preferred nucleic acid is
(i) an RNA molecule capable of RNA interference, such as siRNA or/and
shRNA,
(i) a precursor of the RNA molecule (i), or/and
(iii)a DNA molecule encoding the RNA molecule (i) or/and the precursor

(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
included herein by reference.

(c) a
80 %
ical to

or/and (d) a sequence conplenentary to the

l e

invention are RNA nol ecul es capabl e of RNA

t he

(i) a
e RNA
e of

codi ng



A preferred nucleic acid is (i) a mRNA, (ii) a precursor of the RNA

nol ecul e

or/and t woppaoIssTer (ii).
(i) an RNA nol ecul e capabl e of RNA interference,

25shRNA,

DNA nol ecul e encodi ng the RNA nol ecul €14i) or/and the precursor (ii).
nol ecul es capable of RNA interference are described in WO 02/ 44321 the

(i), or/and 20(iii) a DNA nol ecul e encodi ng the RNA nol ecule (i)

Yet anot her preferred nucl ei ®CRAEPA10H70548
such as si RNA or/and

(i1i1) a precursor of the RNA nolecule (i), or/and (iii) a

di scl osure of which is included herein by reference. McroRNAs are
described in Bartel D (Cell 136:215-233, 2009), the disclosure of which is
i ncl uded héheiRNpfymeleceleedicibe presemhiaveniiombiache @ deuhlestigndsdNAnvent i on

may be & doyhbans! HAIdRHIRBBLESHFudl SRR cBuoh e Agsed oL P

nol ecul e

W a single-stran over n

bot h ends. sifigke-sir&Nfed overhang alone at one end or at both ends. The siRNA
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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
deoxyribonucleotide.

In the pharmaceutical composition of the present invention the nucleic acid
may be an antisense nucleic acid or a DNA encoding the antisense nucleic
acid.

In the pharmaceutical composition of the present invention, the nucleic acid
may have a length of at least 15, preferably at least 17, more preferably at
least 19, most preferably at least 21 nucleotides. In the pharmaceutical
composition of the present invention the nucleic acid may have 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 21 nucleotides.

The pharmaceutical composition of the present invention may comprise an
antibody. Preferably the antibody is directed against a polypeptide
comprising
(a)an amino acid sequence encoded by a nucleic acid or/and gene
selected from sequences of Table 1, Table 2, Table 3, and Table 4
and complementary sequences thereof,
(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 %, or at least 99%
of the sequence of (a), or/and

(c) an amino acid sequence comprising a sequence which is at least 70

30RNA

ne at oné end or at



5nol ecul e may conprise at | east one nucl eoti de anal ogue or/and '
deoxyri bonucl eoti de. The RNA nol ecul e of the present invention may be an
ShRNA nolwouba/07d81@8 SshRNA nol ecul e may conpri se at | easPComP20m00r@Eas | de
anal ogue or/and 10deoxyri bonucl eotide. In the pharmaceutical conposition of
t he present invention the nucleic acid may be an antisense nucleic acid or
a DNA encoding the antisense nucleic at2d. 15 In the pharmaceuti cal
conposition of the present invention, the nucleic acid may have a | ength of

at |east 15, prefespllast 80 deasledst. o0 eatnéaétegeb}oyameds@@%t %:or &¥ost
preferably at |east 21 nucleotides. In the pharmaceutical conposition of

the present inveast&9% ridemical & theasgavanep didokodaneéliyt h of at 20 the

maxi nrum 29, preferably at the maxi num 27, nore preferably at the maxi num
25, especially nore preferably at the maxi mum 23, nost preferably at the
maxi mum 21 Prefelratay | ttmpharmé’ctwtialahcompeettibnadompm&n:siatpcﬂypeﬁtldehef fa)esent

I nvention ma rise an 25 t bod Pr ef t he .ant| I,s directed
hgat nst . GOMFEER 68 AR A SESCaCoarh RSO RS G Aol TERL G608 by o
nucl ei ¢ acisdictdPfrengEaglese! ect ed from sequences of TabI e 1, Table 2, Table

3, and Table 4 and conpl enentary sequences thereof, 30(b) a fragment of the
sequence of (a) having a length of at |least 70% at |east 80 % at |east 90

% at |eastpdS,Hinddy {%‘.eﬁ% g?&e%[ u‘?\/erﬂfonl fri3 tbggacy‘ﬁgnotcibeﬁﬁ%qgﬁ&%‘ﬁoﬂél (a),

or/and (c) an am no guence conprising a sequence wh | east
70 12 % antllb@astaBOhl%eria:t ahtbady, 98 éblrrmrlcl single %\a% amtiibbdpsta Fab% or at

.
| east 1%9 % %r%?;nmte!n? ora rag}rﬁeen Se%HSg&?b 53 e%lle%gpon(h@réry.

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 (Kohler et al.,

15 1975, Nature 256:495-497, Kozbor et al., 1985, J. Immunol. Methods 81,31-
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

20 314:452-454). Single chain antibodies may be prepared by techniques
known by a person skilled in the art.

Recombinant immunoglobulin libraries (Orlandi et al, 1989, PNAS 86:3833-
3837, Winter et al., 1991, Nature 349:293-299) may be screened to obtain
25 an antibody of the present invention. A random combinatory immunoglobulin
library (Burton, 1991, PNAS, 88:11120-11123) may be used to generate an

antibody with a related specifity having a different idiotypic composition.

Another strategy for antibody production is the in vivo stimulation of the

30 lymphocyte population.

Furthermore, antibody fragments (containing F(ab'), fragments) of the

present invention can be prepared by protease digestion of an antibody, e.g.



Preferably, the pharnmaceutical conposition conprises a polypeptide of (a)
5conprising an am no aci d sequence encoded by a nucleic acid or/and gene
sel ect ed woam1ighd7e 4. The anti body of the present i meemp2@0/omsys be a
nonocl onal or polyclonal antibody, a chinmeric antibody, a chineric single
chain anti body, a Fab 10fragnment or a fragment produced by a Fab expression
l'i brary. Techni ques of preparing antibtdlies of the present invention are
known by a skilled person. Mnocl onal antibodies may be prepared by the

human B- cebg gdegs\m ¢@éaadcﬁ AL ak%%llfﬁfe byndihg ﬁ%mhwab?gﬁgﬁeﬁw}é&ms( Kohl er

et al., Nat ur e 6 495- 497, Kozbor et al . I mmunol .
Met hods 81irgthe E@bfreamné& Ialanotmpre@cmdtze@@a‘cagr@emfemév bgl directlgga, Mol .

Col |81 ol 620,100 s By AP (ABYS ST o il eper o

by carryi ng out " the ne rrison e - 6855),
Neuber ger 854A275¢12834, 312: 604- 608) and Takeda et al. (1985, Nat ur e

20314: 452-454). Single chain anti bodies nmay be prepared by techni ques known
by a pérson skilled in the art. Reconbi nant inmunoglobulin libraries

(O landi epoplcionk) @PtibENES FothdBsseRBhlentbitBay He Q}eparéc?%ln IDERYT €
349: 293-299) may be screened to obtain 25 an ant1body of the present

i nvent i on. @A aAiPoATidotaAUSRCET §NGadednbylcobUrleis BEigr @fgngd Beneoselealedl, PNAS,

88: 11120- 1&%3{3% & ﬁered%t?agﬁr‘@ré‘ﬁ& AbI&Y 'o?OWthéébrﬂ%F‘a{ &fts

specifity having a 'Ot ypl ¢ composi t1on r Strategy
for anti botherpobdscamtagen byt$tandardnnmmwﬁzatnhaprojocuﬂ§ dothe REHty epdoayt e

popul atlon 13 by pepsin Redum the i su on g. of such F(a131)2
fragmefits PBSGH € pﬁat]l?h% =it r%g ‘% E‘fq%ersl%%ﬂ)(%‘a IRmupizatie
fragment rrpbbtb@olgIarrekhbvonq?x@geﬁsdmfmredam tﬁelarexpr ession library (Huse et
al ., 1989, Science 254: 127

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

15 by a target gene.

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

20
The nucleic acid or the present invention may be selected from (a) aptamers,

(b) DNA molecules encoding an aptamer, and (c) spiegelmers.

The skilled person knows aptamers. In the present invention, an “aptamer”
25 may be a nucleic acid that can bind to a target molecule. Aptamers can be
identified in combinational nucleic acid libraries (e.g. comprising >10'
different nucleic acid sequences) by binding to the immobilized target
molecule and subsequent identification of the nucleic acid sequence. This
selection procedure may be repeated one or more times in order to improve
30 the specificity. The person skilled in the art knows suitable methods for
producing an aptamer specifically binding a predetermined molecule. The
aptamer may have a length of a nucleic acid as described herein. The

aptamer may have a length of up to 300, up to 200, up to 100, or up to 50



5 Pol ycl onal anti bodies 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 1, wabkba/@¢873abl e 3 and Tabl e 4 or i mMmunogeni c fragmmEreaohesieof as
antigen by standard i muni zati on protocols of a host, e.g. a 10horse, a
goat, a rabbit, a human, etc., which standard inmunization protocols are
known by a person skilled in the art. 14 The anti body may be an anti body
specific for a gene product of a target gene, in particular an antibody

specific f ﬂmc@oﬂ@éypﬁm bﬁ%nﬁ’ér MEYTHRAVE £RHEe S éﬂé\ésﬁmaét%bsﬂ%‘eor Apt aners
and spi egel mers share binding properties wth antibodi es. tamers and

spi egel er {east 20duiienidest bhe aptamer may e neeiiathby atBNjanolesuiecdhe. 20 The
nucl ei ¢ ac nmers,

(by DA morB el MExRisREtive, afEBRE GRS rUBedtfe SAA ol B0T o Bost BB T Lo

per son know&cbpnaaﬂesvamveg;hedpseﬂbmjhény@ntion an "aptaner"” 25 may be a
nucl eic acid that can bind to a target nol ecule. Aptaners can be identified
in comdinational nucleic acid |ibraries (e.g. conprising >1015 different

nucl ei ¢ aciTHes afilRACqRers&Y Rh&Ws Ndple@elrhérsl MPbiHe z8dséRt ARbermirecyl e and
subsequent identification of the nucleic acid sequence. This sel ection

procedur e n%ﬂje%m%pgﬁyehe @ndugeicnanié thatnean bindoladartakgetimeleevie. Ibet he
f | d k
Speci !C'téers P RlEOh Skb! b Ikb% ne e RRYRAL AR BATBINP AR bO!

pr oduci ng anmer speci ndi ng a pre The
apt aner rraypiegehfnar Epegifitallyf biadimgc bepredatarthimed desleculbed heesgiegelmidre

t h I th, of u 0, up t9.200, up to 100, to 50
T Aucleor ERBBrEeR nadFaHeR caBabi3, &7 orthg: Ridings ‘M8 2o nulleaBas: 15,
or at | eastesi&tanticImefdraply- tﬁee spidgyIMEr MeyniprisesC edesudrotiiddNAMBHeecul e.

The aptaner may conBrl se at | east one nucl eoti de_anal ogue or/and at | east
one nucl eoPreferaily.toaspirgemgsisqis broligeaupleptide. The spiegelmen mayd@veon knows

spi egel ner n eic acid

that Joan brng o5t e BERFE acluE R Eihed neRih Doy Splegd Tk Ry nBYE Bl i

sui t abl e misrighiol Off @ tpriﬂlﬂmp dm 25X0, aups po ek, er ug doch@ intmldofidesndheg a

pr edet & m ES%gERnSrCH%ay hlhe Sﬁ)' egQﬁlorFeat least 10, at least 15, or at least 20
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
20 “decoy” or “decoy nucleic acid” may be a nucleic acid capable of specifically
binding a nucleic acid binding protein, such as a DNA binding protein. The
decoy nucleic acid may be a DNA molecule, preferably a double stranded
DNA molecule. The decoy nucleic acid comprises a sequence termed
“recognition sequence” which can be recognized by a nucleic acid binding
25 protein. The recognition sequence preferably has a length of at least 3, at
least 5, or at least 10 nucleotides. The recognition sequence preferably has
a length of up to 15, up to 20, or up to 25 nucleotides. Examples of nucleic
acid binding proteins are transcription factors, which preferably bind double
stranded DNA molecules. Transfection of a cell, an embryonated egg, or/and
30 a non-human animal, as described herein, with a decoy nucleic acid may
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



10 conprises nucl eoti des capabl e of form ng bindi ngs which are nucl ease
resistant. Preferably the spiegel ner conprises L nucleotides. Mre

pr ef er ablwo 20h@7698egel mer is an L-oligonucl eoti de. ThePspiEPg@bners4sray have
a length of a nucleic acid as described herein. The spiegel mrer may have a

|l ength of up to 300, up to 200, up to 100, or up to 50 nucleotides. The 15
spi egel mer may have a length of at leat§ 10, at |east 15, or at |least 20
nucl eotides. The spiegel mer may conprise at |east one nucleotide anal ogue
or/and at hLg@gic 408 rﬁ'él@b@t@tmg? HaGE1 &/ Rin gmeef uﬁsio %@Chgb@dzdtﬁ L@ 0 10d1e
skrlled person knows decoy nucl ei c aci ent 1nvention, a 20
"decoy" orupdedy uputs é0coagpdo 3ﬁapugleotad¢mcﬂm dea@y aucleiratiay ldve a

speC|f|caI i I in C bi ndi ng
pr ot ei n. L mcr}gygﬁl |L§c; %ﬂcrfec?asgrag g %AS%NACP% ié# %l Ee%i I§B doubl e
st randed Dhﬂcleoh@esulﬁqe Bbeoylemmtemmldenmyabe dermcdpﬂltf_x/ea [aNAemuEm:rte termed
"recognitiﬁg sequence" whi ch, can be recogn ed b nucl ej c acrd bi ndi ng 25
orotoer . THASTSRGRINTLFGH SE6L e COMATISEas! Joasteons ItiAgldss ahelogtst 3, at
| east 5, Obﬂéﬁd%?ﬁﬁﬁtéﬁe%%%b%ﬂHbQﬁﬁwaEMQ;%@Qﬁﬁ@hbé&%eﬁﬁﬁuence preferably
has a length of up to 15, up to 20, or up to 25 nucl eotides. Exanpl es of
nucl ei ¢ aci d bi ndi ng proteins are transcrrptron factors whi ch preferably

bi nddoubl ¢st5Andeds TN, TRIGLER od LIS SFeieby, B SRRy onat e¢

egg, or/and a non- esc ere n,

nucl ei c achdnnmwowwaammammne@dmetion of the actrvrty of the nucl ei ¢ acid
binding protein to which the decoy nucleic acid binds. The decoy nucleic
acid a8 described herein may have a | ength of nucleic acid nol ecul es as

descri bed mﬁée{;ﬁarﬂé@tﬁeﬁpwon%%snml of CarCiofl thEl sﬁéde@lrd‘gi)bldi@r‘éeftﬁrtﬂe‘?ngth of
up to 300, 0 200, upto 1l Pﬁto 5 up to 40, or up to 3

0
nucl eot i de§0mpﬁ§e%eﬁfb)?9ﬁﬂblse'it@b|ﬁa9 r@mpaﬂamtqf e at |¢Qﬁs*!"h[blt0ét0fl east 5,
t | t 1 |
et St AR Rt A AR IR

acid may be encoded ecu1e may conprise
at | east one nucl eotr de anal ogue or/and at | east one nucl eoti de
derivativeﬁ as_desc ed Eere t geco matc}:ﬁtrcal co osrtro as
descri'Bed Q?e??tmeg 'Br eP Sr'pa?%‘t 1G85 AP ’B?Y\F@c’%t? ﬁtear%/ ¥ ne. 10
The phar maggsteht athecpergonridkilled infthaayt lfowd@elpicey edstenscé@idbie fatrtheer
conprises an %ent suitable of transportation of the_at |east inhibitor of

i nfl uenza PN@ a?fPHt@@t iCOMRASIIPNa Ot & prﬁ%@rﬁawreemraﬁhmwaammﬁg ieqi t hel i al
cell. 15Th$gﬁ@b§lﬂ%h é'tr e BBRAIdrRECH] kit&l foRANBPS tn'a‘RBg clERMBES §nd

delivery s son skilled in the art knows ivery systens
sui tabl e f@arrtblmtr@lmarvwﬁteural cuéctoesmposnt visal ofectdre paluding lipnsamésn. The

Berd, n coRnPRATERR o pBPierS. df ik rcelfodrBhetifen Brfiatag ' © ©

| i posones, nucleic acid may be delivered by electroporation.

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

25
Viral vectors include poxviruses, adenoviruses, adeno-associated viruses,
vesicular stomatitis viruses, alphaviruses, measles viruses, polioviruses,

hepatitis B viruses, retroviruses, and lentiviruses.

30 Liposomes include stable nucleic acid-lipid particles (SNALP), cationic
liposomes, cationic cardiolipin analogue-based liposomes, neutral
liposomes, liposome-polycation-DNA, cationic immunoliposomes,

immunoliposomes, liposomes containing lipophilic derivatives of cholesterol,



20nanoparticles or/and pol yners. The pharmaceutical conposition or/and the
nucl eic acid may be delivered by el ectroporation. Naked nucl eic acids

i ncl ude RMO20madsg73ed RNA, DNA, nodified DNA, RNA- DNA- irgbrEPdesL0/0ast@er
fusions, plasmd DNA, minicircles, transposons. 25 Viral vectors include
poxvi ruses, adenoviruses, adeno-associ ated viruses, vesicular stomatitis
viruses, al phaviruses, neasles virusesi6 polioviruses, hepatitis B viruses,
retroviruses, and | entiviruses. 30Li posones include stable nucleic

aci d- 1 i pi d|aft 'a%|c¢5ar(oSWéhoI|EafabRP' ExAPRECTBES coRfoufBs C sGiRdislk ofdrPi n

anal ogue- based |iposonmes, neutr al
| i posones, Ilmtpﬁﬁbﬂe-fpﬁhg’fdmt i ere DA -didauropt-en-giyead- Bﬂﬁmwbsethamiﬁmlheposones

and 11t hockol T E) ach & dieBaREbbeRe 3BlisHiSShe i) EOPBEN ; padBals™or haci on
are 1,2-di (@QHOwY] 1 2rdiglepgksn-gBcphespitaaiphaobblie (rmoPDI)PE)

1, 2- d| ol eoyl - sn-gl ycer o- 3- phospho-L-serine (DOPS); cholesterol (CHOL);
1, 2-di 6l eoyl - sn- gl ycer o- 3- phosphochol i ne (DOPC). 5 Nanoparticles include

CaCOB nanopgnbpsHRies WIM@%@@%\%‘?\O@QHMtérﬁio%anfc,@a?éc?q]érﬂ @bﬂlcle

nanoparticle, nanosized nucleic acid carriers. Pol ymers 1 n
pol yet hyl efalateddipid pangpartoley eanesizedmHelsiq i carriers.
10pol yet hyl enegl ycol ( PEG - ol i goconj ugat es, PEQ i posones, pol yneric
Polymers include polyethylenimines (PE‘I), polyester amines (PEA),
10 polyethyleneglycol(PEG)-oligoconjugates, PEG liposomes, polymeric
nanospheres.

The pharmaceutical composition may be delivered in combination with
atelocollagen, carbon nanotubes, cyclodextrin-containing polycations, fusion

15 proteins (e.g. protamine-antibody conjugates).

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

20 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

25 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,
5'-Biotin, 5'-Fluorescein, 5'-Tetrachloro-fluorescein, 5'-Pyrene, 5'-Thiol, 5'-

30 Amino, (12 Carbon) linker, 5'-Dabcyl, 5'-Cholesterol, 5-DY547 (Cy3™
alternate). 3' end modifications include 3'-inverted deoxythymidine, 3'-
puromycin, 3’-dideoxy-cytidine, 3'-cholesterol, 3'-amino modifier (6 atom), 3'-
DY547 (Cy3™ alternate).



nanospheres. The pharnmaceutical conposition may be delivered in

conbi nation with atel ocoll agen, carbon nanotubes, cycl odextrin-contai ning
pol ycat i one,20fwgs8y8 15protei ns (e.g. protarnine-anti bodpCtmrpugaresy. An
RNA or/and a DNA nol ecul e as descri bed herein nay conprise at |east one
nucl eoti de anal ogue. As used herein, "nucleotide anal ogue" may refer to
bui | di ng bl ocks suitable for a nodifichtion in the backbone, at |east one
20 ribose, at |east one base, the 3' end or/and the 5 end in the nucleic
aci d. Backbone nodifications include phosphorothioate |inkage (PTs);
peptide nucleic acids (PNAs); norpholino nucleic acids;

phosphor oalfi Baftisularnreeleoiigss applagyes as descsibrt hateivarieoaiiable buildiea. R bose

nodi ficati Bngé ﬂ%%%&ﬁ%ﬁﬂsgw'@&fﬁb@ e(r NA) e.g. with nethylene bridge

j 0| ning the oxygen ribose w car bon;

- deoxy- 2'-f|uorour|d|ne; 2'-f|uoro(2' ; 2'-0- aIkyI RNAs (2-0- RNAs),
e g. 2'-0-nethyl (2'-0-M), met hox et hyI (2'- O-M)E). A nodified base
may bes2' - Aswsedpiarein, dnwéeicamdredalrogua%/ refaes ionaucleie aBidsTeRprisiogydt | i nker,

5 Tt ncnicaPbonp i Betife, ahoBfs a, HoSde Rereh.otiibors f BUUGITIE, M on)

| i nker, 5' mioddmyé, 85- Clleberitezt ol hergin DYM? (@pc’:ﬁﬂﬂs&l t estnaleyst 3onend

nodi ficatiqgns inc -inverted deox - puromnycin,

3" - di deoxygé%wmoﬁ‘ém%@%d%ﬁé‘fi’e%tt'%?%l %’Yb%i%\n}ﬁ?hﬁﬁdufier (6 atom), 3'- DY547
(Cy3TM alternate). 17 In particular, nucleotide anal ogues as descri bed
herein are suitable building bl ocks i n si RNA, anti sense RNA, and aptaners.

5As Usgd NAReRNA "MUEkEIEC ofthd BRAKATURVeHBIC iy Qoitilstl 61 A8hESoREMPY | ST ng

at Ieast one nucl eoti de anal ogue as descri bed herein. urt er, a nucleic
aci d nol ecdéexyibotesieotidedorandi at niepstc omsr i relextidee astalague. A DNA

deoxyri bon cI e st .0 ne r.i,bonucl eot) de.. 10An. RNA nol.ecul e of

t he presen#‘ Iﬁ}@%?}?éﬁ@%ﬁ%@&@ grgtl a?"ayec%?prbﬁ?ea{jgg%PPBJPL?@I”&@%“@% or/and
at | east oogandak Reist dfe Mualcotide.analdd¥s. nol ecul e of the present invention

may conprise at |east one ribonucl eotide or/and at | east one nucl eotide

anal ogue. 15Derivatives as described herein refers to chemcally nodified

conpounds. : : . .
15 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.
20

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.

25 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 éelected from Table 1, Table 2, Table 3 and Table
4 may have a length of at least 5 amino acid residues, at least 10, or at least
20 amino acid residues. The length of said fragments may be 200 amino

30 acid residues at the maximum, 100 amino acid residues at the maximum, 60
amino acid residues at the maximum, or 40 amino acid residues at the

maximum.



Derivatives of nucleic acid nol ecul es as described herein refers to nucleic
acid nol ecul es which are chemcally nodified. A nodification nay be

i nt roducewioiznti®7687@ nucl ei ¢ acid nol ecul e, or/and i nto &CTIEPa/0005¢8 nucl ei c
acid building block enployed in the production of the nucleic acid. 20 In
the present invention the term"fragnment” refers to fragnents of nucleic
aci ds, polypeptides and proteins. "Frafrent" also refers to parti al
sequences of nucleic acids, polypeptides and proteins. 25Fragnments of

pol ypepti des or/and peptides as enployed in the present invention, in
particular fragments of an am no acid sequence encoded by a nuclelc acid
or/ and gend Eageentef faroaniag|acid seflabhee As Taptribedl hatimabhy Maveag have a

o oot fEbglP bk BadriaR, APk AU BaeConle B leabbasd, aflpasfoa 20 o ™0
resi dues at lebst 980%iofiihe sé§@emss.no aci d residues at the maxi num 60 am no

acid residues at the maxi mnum or 40 am no acid residues at the maxi num 18
A fragfent of an amino acid sequence as described herein may have a | ength

of at |eash ffijmedt of @ﬁﬁéleéﬁc% sé&uér@és %@%n@éd hél%‘ﬁ n®8 havd all&ffh 98% at

| east 99% of t'he sequence. % a nucl eoti de "sequence as
descri bed @kaktleashd) "/haa/tdeash @@&fpﬁ cbﬁ!a%tgo%agt lee314958h, atclgast 88%, ait | east

90% at le ) % at |east 99% of the sequence. 10A fragnent
of a nucl e@%&%@é&oﬁb%g‘é g B?egen in Tables 1, 2, 3, and 4 may have a length

of up to 1000, up to 2000, or up to 3000 nucl eot| des. A nucl e| c acid

f t h t |
i TR amenhar 8 GidleR e dd sRaBbulsioyesan  Tatlionds o 3 R By e nci d
fragment nﬁé{v@bf’f&dlﬁ\{‘ﬂ up toeramch u@ftolm)doo 0P 0P tOLHOUOQWL?(QéthdéB IAQ\GC(P&C or 15up

to 50 nucleotides.” A nucleic acid fragment may al so have a Ien%j;gI of at
| east 3, a®Cifdegment ragy hauee lengthAf anresiRNA slolegulgran BuBNAYOlRselssot i des.

In the pregeninthALenti YegeiRRf! bi/Sné P AELET YsS db&lted! RelY. AMSliidual

gene
acid fragment may also have a length of up to 300, up to 200, up to 100, or

15 up to 50 nucleotides. A nucleic acid fragment may also have a length of at
least 3, at least 5, at least 10, at least 15, or at least 20 nucleotides.

In the present invention, specific embodiments refer to any individual gene,
nucleic acid sequence or/and gene product described in the present

20 application. In a specific embodiment, an individual gene is selected from the
genes described in Table 1, Table 2, Table 3, and Table 4. In another
specific embodiment, an individual gene product is selected from the gene
products produced by the genes described in Table 1, Table 2, Table 3, and
Table 4. In yet another specific embodiment, an individual nucleic acid

25 sequence is selected from the nucleic acid molecules described in Table 1,
2, 3 and 4. Further specific embodiment refer to any combination of genes,
gene products and nucleic acid molecules described in the Tables 1, 2, 3,
and 4.

30 In the present invention, a reference to Table 4 is a reference to a target,
gene or/and nucleotide sequence selected from ACTN1, ATP6APZ2,
ATP6V1B2, BNIP3L, BRUNOLG6, CUEDC2, CYC1, FNTB, GCLC, GNRH2,
GRIN2C, GRP, HARBHM, HSPD1, ICAM2, KCNJ12, KPNB1, LAMC2,



nucl eic acid sequence or/and gene product described in the present 20
application. In a specific enbodi nent, an individual gene is selected from
t he geneswoestiri7hesd in Table 1, Table 2, Table 3, and Tabir&pr4o10lomsasot her
speci fic enbodi nment, an individual gene product is selected fromthe gene
products produced by the genes described in Table 1, Table 2, Table 3, and
Table 4. In yet another specific enbodi%ent, an individual nucleic acid 25
sequence is selected fromthe nucleic acid nol ecul es described in Table 1,

2, 3 and 4| 0By40reB, spact, IMRPSTROMYER, KNBILFVI NBOAPROTWD 2L PIBRY, genes,
gene products and nucl eic acid nol ecul es described in the Tables 1, 2,

31
and 4. 301 RPARA pRESEM. PldT | 9RARB T, e BEREHNAG; SERBINB2, [SERPINEZr ence to
a target, r g0t | q ected from ACTN1, ATP6AP2,
ATPovice, BRPDMC, BN R L o SR, R oG, GRP
HARBI 1, HSPD1, | CAM2, KCNJ12, KPNB1l, LAMC2, 19 LO0C440733, MKL1l, MRPS12,
MYEF2, NDUEV3, NECAP2, ODz4, Pl K3R6, PP RAB4A, . SCAF1, SCARB1, SERPI NAG,
SERPI NB2, EE%@ NESeNGRYRRIRN AieIToPRpre 1 01 VBB 2IS0cD% BREIFTo8rH1q e
present i nyppéi gBnedof/gh@rMitisotide $aglienck FRectd$drdif ACTRIC BRAE3IL0 a
target gene or/and nucleotide sequence selected from ACTN1, BN P3L,

BRUNOL6, CBEbIYOLEYEUEBG2C C¥itr-pCCERl NERidRr GRINGSE .1 GRISPHIARBEAND,

PIKaRS, PPATAC RAL SERED oAy TOEERSp NI N Wit R

SEZ6L2, TBNEUHV&ERNECNM,NE@DZ@.n_HMWEWAf ARABEE, SCpdct, _SGAIRMti ¥ ,p(r::szglte
of o t PrEranab SR b Sk rel o S ERE ( SRulEDy =Rl om Tab o
1, Table 2T7UBHA. e 3 and Table 4, or/and of inhibiting or activating a gene

product thereof, for the manufacture of a nedi canment or/and vaccine for the
prevention, alleviation or/and treatnment of an influenza virus infection.

vheeh cponELIRIRRSelin St it Tblertis e L86 n i aines
influenza virus replication capable of inhibiting or activating the expression of
15 a gene selected from Table 1, Table 2, Table 3 and Table 4, or/and of
inhibiting or activating a gene product thereof, for the manufacture of a
medicament or/and vaccine for the prevention, alleviation or/and treatment
of an influenza virus infection. Preferably, the gene is selected from Table 4.
Preferably, those genes which upon inhibition by e.g. siRNA, as disclosed
20 herein, result in decrease of virus production are activated, wherein those
genes which upon inhibition by e.g. siRNA, as disclosed herein, result in

increase of virus production are inhibited.

In the context of the present invention, "manufacture of a medicament or/and
o8 vaccine" includes the production of influenza virus, wherein the amount of
influenza virus is increased by activating or inhibiting a gene selected from
Tables 1, 2, 3 and 4, preferably Table 4. Preferably, those genes which upon
inhibition by e.g. siRNA, as disclosed herein, result in decrease of virus
production are activated, wherein those genes which upon inhibition by e.g.
30 siRNA, as disclosed herein, result in increase of virus production are

inhibited in the production of the medicament or/and vaccine.

Yet another aspect of the present invention is method for production of an



20 herein, result in decrease of virus production are activated, wherein

t hose genes which upon inhibition by e.g. siRNA, as disclosed herein,

result irworeraassy3of virus production are inhibited. | RrCTEP2€00@4E of t he
present invention, "manufacture of a medi canent or/and 25 vaccine" includes
the production of influenza virus, wherein the anount of influenza virus is
i ncreased by activating or inhibiting 2 gene selected from Tables 1, 2, 3
and 4, preferably Table 4. Preferably, those genes which upon inhibition by

e.g. si RNAnfiggngdh seit@sedhBrsigi the @solidt bh iffRfrL£asQirgs i m&eﬁéap;%i on are
activated, wherein those genes which upon inhibition by e.g. 30si , as

di scl osed Ret\ating ereighibitinthaigeneesglectst flam Jablgodudt B @mdad epriefgrabivt ed i n

t he producti f i [ NE. iWf Lue i rus,

wher 61 n t na 2B, ProferdBl; BRI beRE:s M RRE Pinif Y ¢l RRNA. 58

i nhi bi ti ngdsclpsed $elaint edsiilt om Habltezsel of 2virns gmdddctioqnr edrer ablivatdabl e 4.

Preferably, thase, genes which .upon inhihjtion by e.g._ si.RNA as, disclosed
herein® re @Pfe'f’nﬂ'%égr Y hh'QIFr‘ﬂ%orbr‘%hé'PpoRya?'g' %&%ﬁ@ataesdfj's@%%’rei n

t hose genepekdin ClasURM irdidadd bf AFUPYroRIuBtios aRNMhiifedlinsBk ¢redudtRIredM,

result in increase of virus production are inhibited in the production of

t he i nfl uefi@ainfitenza vires tIRdhemeibad forrPrpdbetirt Poan Bflugnza NirkeediZeast r us, at
| east one sq41 , n f I e 4, may
be over exprgggaegfél sglggﬁigteﬁol:apié%djs’ lt?’ogaanr%l %b éérseé 'giﬁbzé)ggg%gtbi%on. 10
Sui t abl e nevéeasréssedtihactivatidadeadmtoadin incféasszdrus praslastiorf.or i nstance in
enbryonated eggs or/and cell culture, are known in the state of the art.
Yet an®t her aspect of the present invention is a nethod of prevention, 15

al | evi at i ogBupablenthdthedd menthefpraduetif e NaBushzal siruséE Clor GRstapesPini Si ng
adm ni steri n% to a S(ug%lggcotr{l n need thereof a therapeutically effective
f

anount of SAOYPRaed and cRl itue rare knewin indbe state of thgaly i bed herein.

In the method of prevention, alleviation or/and treatnent of an influenza
virus infection, delivery systens and delivery methods as described herein
may 20be uded.anmsbem@spher cashecpresent lirventioseist ai medhed of prevehtionse of a
nucl ei % aCIaﬂeviation or/and treatment of an influenza virus infection, comprising
administering to a subject in need thereof a therapeutically effective amount
of an inhibitor of influenza virus replication, as described herein. In the
method of prevention, alleviation or/and treatment of an influenza virus
infection, delivery systems and delivery methods as described herein may

20 be used.

Yet another aspect of the present invention is the use of a nucleic acid
comprising a gene sequence or/and a nucleotide sequence selected from
Table 1, Table 2, Table 3, and Table 4 and fragments thereof in a method
25 for screening for compounds or/and targets suitable for the prevention,
alleviation or/and treatment of an influenza virus infection. Preferably a
combination of at least two nucleic acids is used. It is also preferred that the
nucleic acid or the combination is selected from Table 4. The combination
may inhibit expression or/and activity of a gene, preferably selected from
30 Tables 1, 2, 3 and 4, more preferably selected from Table 4.

The invention is further illustrated by the following figures, tables and
examples.



conprising a gene sequence or/and a nucl eoti de sequence sel ected from Tabl e
1, Table 2, Table 3, and Table 4 and fragnents thereof in a nethod 25 for
screeni ngvban1igosgyeunds or/ and targets suitabl e for thePpT&PRIMIODITAS
alleviation or/and treatnent of an influenza virus infection. Preferably a
conbi nation of at least two nucleic acids is used. It is also preferred
that the nucleic acid or the conbinatidh is selected from T Table 4. The
conbi nation may inhibit expression or/and activity of a gene, preferably
sel ected from 30Tables 1, 2, 3 and 4, nore preferably sel ected from Table
4. 21 Figure and Tabl e Iegends Figure 1 | Genonme-w de RNAI screen reveals
host fact oFigyrefnd dableleaemelss i nfluenza infectious cycle. a, Qutline of

t he screening procedures. b, Negative Log(p-values) of enriched terns
according to the GO of the cellular conpartnents. Nunbers of identified
factors peFigureol cbg’.?enmue#m’de mﬂAgeueenazayeaisahtmi factohs réquited faerthe and t he
enri chnent . ﬂ;actors.ng & ted tknter ion am)%zt hits assqci ated
with RRA sPIfUENAY, intee 5’§'§e§¥ g i E%P F t fle RF‘NGGP PAREFYH CTathbase.
Green ci r cNegatipé Leg(pivalubs) vhéhkcHdd lehfs dtebrding to YRBEr 6f Ple ddilbrgonal and
spliceosomal nulti-protein co&pl exes are enclosed in larger circles. Thick

grey bor depomaﬁe@&rég Numoersiehidentiied fastos fer oriolagw Runkersi@eres. 10) .
15Fi gure 2,ksbisfedCRlth tﬁ@%@r%rﬁf fa‘ﬁﬁt m%g@ﬁh&%éﬁtnfa‘&or@ é}éoﬁ&c%?&?ec of
i nfluenza virus varl ants I

per gene were 1 ndiv
t r ansf ect ethteraction Sarvehgst hiég Iaesmdaﬂe;d with iNAospliging; ambbsessed mm@N/ 33 or

. . d
exper ent 316 FrING feRGebRCdaPhec buded b moin BF PERE Gty 1 .1
using 20 t hensHitpl Memibies) o ysonmsl mlspﬁ@@béwmamw ptdt@m t:dsmm&tegal i sed

percent of inhibjtigon. b, Venn diagramof hits valjdated in i RNAs
(as indi caPERIPN @&'Palﬁ%!‘%&"&!ﬁﬁ ﬁn@agr%bp@eadad@ﬁtﬁﬁz his &qr&@ezue h

later) wt h(etaE?orﬁé[laﬁ NsegtFi@i 10)( ANi et nanf 1203/ 2004, MJ 0.1). Plaque
formng units re quantlfled at 20 h p.i. using the replication

assay. Data show rrean + 25standard error of the nmean (S.E.M of duplicate
arley PG, 3 | IRP TRl Mlable' H16E AMIHREP IR HESELARGAICR) 157!
influenza virus variants. a, Four siRNAs per gene were individually
transfected in A549 cells followed by infection with influenza A/WSN/33 or
A/Hamburg/04/2009 viruses (both at MOI 0.001) in four independent
experiments. Infectious viral particles (IVP) were quantified at 48 h p.i. using
20 the replication assay and analysed by calculating the normalised percent of
inhibition. b, Venn diagram of hits validated in a. ¢, siRNAs (as indicated)
were transfected in A549 cells and then infected (48 h later) with the avian
H5N1 strain (A/Vietnam/1203/2004, MOI 0.1). Plaque forming units (PFU)
were quantified at 20 h p.i. using the replication assay. Data show mean +

25 standard error of the mean (S.E.M) of duplicate samples.

Figure 3 | Dissection of infection processes affected by host cell
factors. a, Transfected A549 cells were infected with influenza A/WSN/33
virus (MOl 5) for 3 h (upper panel) and 5 h (lower panel). Samples were
30 stained for nuclei (blue) and NP (green). b, At 48 h p.t., A549 cells were
infected with influenza A/IWSN/33 virus (MOI 1). At 2 h p.i., vVRNA and viral
mRNA were quantified by qRT-PCR. RNA levels were normalised to the
non-targeting (Allstars) siRNA control. ¢, Transfected A549 cells were



virus (M1 5) for 3 h (upper panel) and 5 h (I ower panel). Sanples were 30
stained for nuclei (blue) and NP (green). b, At 48 h p.t., A549 cells were
i nf ect ed wot2h1/atb87@enza A/ WBN/ 33 virus (MO1 1). At 2 h pCr/EP2MRNAsand viral
NMRNA were quantified by gRT-PCR. RNA | evels were nornmalised to the
non-targeting (Al!stars) siRNA control. ¢, Transfected A549 cells were 22
infected with influenza ANVSN 33 virus2d MD1 10) for 45 nmin. Sanples were
stained for influenza virus (green) and CD63 (red). |nmages are

repr esent airfy€tedf§ with isfRidn2e ORNEVEIR/E3 eiie (VMR NIeS fbn48 raimd Sam5iEs were 4 |
I n-depth anal ysis of the inpact of p27 and CLKl on influenza A virus

i nf ecti on. siiNeYaf@n f infHen®h §irugi (aeangplansat COB3i n(red) mndMAgREBETEel | S
after si RNA; i ; i r jcation assay. Cells
here i nf oot e T o e Ry P e R B €35 1 ot b, aSas
cells were pretreated with T&Q03 (50 pM or DVSO for 24 h and 10

subsequent i, nf ed with influe A WBN/ 33 V]S us 0.01). |VPs were
quant i i edkﬁqu'ﬁ’ofﬂ'b'%lep.th @Paﬁs'ﬁﬁqﬁgedm@ﬁti%&#fl\&"? %’Eﬁlni '&Weﬂfaaf ter

i nhi bi ti on Aoir(k KafeetiohAA0 QRIntiBAtIRNGF (ifds @bliBatIreinpried§ NKHBE. celig49 cel |'s
were pretreated for or 24 h with TG03 (50 DMSO, then_ infected

, 2 h pPM or D
wi t h i nf | udfiek stRNANNediated taroeiimogkdawn using the repligation agsay- Galle or
15honozygo dnh® (AT i Njikapasal i kth iaribhuenza
Al Puerto RIH%or élﬁ%dge\“ rus ?‘TH@%W%%%?@% (Mbddli'tl??{?gg e‘vx'n\&'t ﬁi ﬁ%fl?e | ungs
wer e quant celledwest yptetreated: -withst TGAG3 uE ) det DMSEE for vad ub, ahdp =
0.041. Data jin a,b.are ap +*. standard katd on hr i ndependent
exper | front SubBr@ihtl Rt win Tl B p TRV E P, DR b e e
20exper i ][feﬂhantiﬁécﬂla‘t%@ﬂ pScr ﬁﬂd’ r@atﬁ?rﬁfrﬂblﬁ:eﬁ!lgm (7)) Qm(sp_nalileg AT eﬁr@‘rlt ative
i mges of the non-ta in stars)_and jnhibitor Si caontro
o) 5. S{THAM A HIGh LY pE G ORE 24,405 (O (8har BitEySescba APGReRal
m Cr oscopy wefe frERPReHTRI 015 0P Dl IHith W AR @@p@%rwstb? t&H irffedendi ng
supernatants transferred onto 293T reporter ce .
with influenza A/WSN/33 virus (MOI 4) for 5 h. e, C57BL/6 wild-type or
15 homozygous p27-- mice (n=4) were intranasally infected with influenza

A/Puerto Rico/8/34 virus (10x LD50) and at 48 h p.i. IVPs within the lungs
were quantified. Student’s t-fest was used to determine p value, * p = 0.041.
Data in a,b are mean + standard deviation (SD) of three independent
experiments. Blots in c¢,d are representative of three independent

20  experiments.

Figure 5 | Screening Controls. Depicted are representative images of the
non-targeting (Allstars) and inhibitory (siNP) control samples, stained with an
anti-NP antibody and analysed by automatic microscopy. ¢, Graph depicts

25 light units exerted by the corresponding supernatants transferred onto 293T
reporter cells.

Figure 6 | Relative frequency distribution of screening data. Shown are
data gained from the luciferase reporter assay (left panel), percentage of

30 infected cells (middle panel), and the number of infected cells (right panel)
across all screening samples and controls. All data are normalised to the
plate median.



Figure 6 | Relative frequency distribution of screening data. Shown are
data gained fromthe luciferase reporter assay (left panel), percentage of
30 i nfectwd 20ald76876m ddl e panel ), and the nunber of i nfecra®2aelores4ri ght
panel ) across all screening sanples and controls. Al data are nornalised
to the plate nedian. 23 Figure 7 | H stogram of Pearson's correlation
coefficients calculated for all siRNAZXreening plates. D stribution of

pai rwi se correlations for the nornalised val ues of nunber of infected cells

derived fr Fgg@del 791 ANAoZPAREBF TR as8h 85 colleiftibh NEoeffitiinta! EAcaldted' at es,
red line indicates sets of 5 replicates. Only values originating from

sanpl e wel fer aksiRNAcgicresning pdates: iDigiribhidor of pairwiseoeorcelations fasrthe.

Control we C f .0 i V.8l Fi e rkfl ow
of RNAI sclr" éreﬁr{la%?zl Vanaq%y??s'%&ggg% ({afnamf%/és}lbé %@prd%éeﬁﬁrggw Iae"?tSI%lggel ) and
associ at edseeehingd platee sBloledinds irgidatparsdl platess rekolive iMktivatesrsstaiofg data

fromfromall. three.read-qut paraneters_was subjected to an analysis

bl pel | e | FRRICBSas PR Silies tIGINatTg cuno) GoTIIS cudlisstuegs. Rl it a
anal ysi s weslkhling Ve eomslaisnadaailients 0Tl EBIRGalR80RLES eaBidERe fi nal
hit lists of each one were conbined to provide a definitive 15primary hit

list of 28fromathin@salysifgure 9 | Gene enrichment anal ysis. Negative

Log10( p-val ues) of enriched terns according to the gene ontol ogy of the
nmol ecul ar function, biological process, and cellular conpartnments. Val ues
at bars i nHiguatee & HeWirkfiownbef RNAI decreiehi efhtd aahalysipeDaiat ahalgygis t he

nunber of genes, assqcjated wWith the term an e enrichm factor. Figure
10"} React BsanErs Dbt Py "5 asspgnieDapplish dueShots aBhprRFb G n « ho
primary sceren. VReMe s8rRInNiie dates iffden trhsm odll tHiee WRBdLAROpMGthdteRCHharge 25
http://ww.reactone. org), a, database of biol ogical pathways in human cells.

Each pat hwaybiestedeioean adatysisapipghine ngarporahiag itatistizal traphelds @l eaeh

gene-i dent fj-ar S} ~iskyaRahit &5. i :1.ai | ed

Fi sher's e%ggt% ' tq_ gslét H?‘%ré{i'ﬁgs%%%rgﬁ)ﬂi \?ésoqﬁgbg%‘?%{a%y 2{)'1 ?géggéén géeoﬁes from
an event. 00% antbthe finarht isialod dachrmatecwerk tomBiedoint proividéel3d 4efinidines .

Several categqgQori 3 d,a significant overrepresentation such as Gene
Expr esSi oan'%%YEEéi?{)O%ﬁ?rsTr anscription (p=1 .le-03, 14/198), Menbrane
Trafficking (2.5e03, 6/50) or Influenza- (1.9e-04, 15/187 ) and HI V-

i nfection .5e-01, 14/406). .Single events are col oured cording to the
Inunberl of g e r?gl ]Gene nnchm%n? anaR/s?s. I\?egatlve Log18‘€p—values)g of

enriched terms according to the gene ontology of the molecular function,
biological process, and cellular compartments. Values at bars indicate the

20 number of identified factors per ontology, the number of genes associated
with the term and the enrichment factor.

Figure 10 | Reactome analysis. The 287 ‘high-confidence' hits identified in
the primary screen, were analyzed using the online web-resource Reactome
25 http://www.reactome.org), a database of biological pathways in human cells.
Each pathway is referred to as an event. The hits were uploaded as gene-
identifiers using the ‘sky-painter’ tool, calculating a one-tailed Fisher's exact
test for the probability of observing at least N genes from an event. 104
identifiers could be matched to 399 out of 4374 events. Several categories
30 showed a significant overrepresentation such as Gene Expression (p=3.4e-
07, 29/384), Transcription (p=1.1e-03, 14/198), Membrane Trafficking (2.5e-
03, 6/50) or Influenza- (1.9e-04, 15/187 ) and HIV- infection (2.56-.01,

14/406). Single events are coloured according to the number of matching



24 identifiers fromblue (1 matching identifier) to red (12 matching
identifiers). Prom nent categories showi ng overrepresentation of hits were
col our ed wWooimpesBant events were marked using an arr oRCTEPe@0Ar0Sey ent s
were further anal ysed using the STRING database. (Figure 11) 5 Figure 11 |
Interaction networks of the identified hits. Interactions anongst hits
associ ated with vacuol ar ATPases, nucl2é&r transport, coat conplex formation
and transl ation, as assessed using the STRING i nteracti on dat abase

(http://st "dé?ﬂlﬁ@l‘@\‘roﬁ?blucﬁ(ﬁ%téhlhg||8§nt|fF€r) R ¥d 3'1? m&Rhlh 1Qieﬁf|ﬁ'&*§)c' rcles,
primary hit also identif by a Drosop - base | uenZa screen” (13).
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cel | vi abi lantlysddtusing thet $ORING dafabdsea¢Sigure ADRO cel |l s were transfected
with indicated si RNAs fol |l owed by adding the WST-1 reagent 48h later to
anal ysé eventual | y toxic effects due to si RNA transfections. Background

subt r act ed Figass gemt&fé&ﬂdmmmmﬂ(sabe&w edentified’ Afted |Akractipal map.
An si RNA targeti ngP LK1 was used as positive 20 control. M ssing si
i

(1 ess t hanansngspetitsyasegciaied withi &a@@iarbw&a@p%m@@arﬁrgm@m3cq>atHost
Il fact 1N
ce act oy é)?cforh%rﬂbhc%hhor}reﬁ{sl o'ﬂ és A%%gé’%%ﬁa IY%I tﬁ’éaré?gﬁﬁl f ect ed

subset of s was agal n trans t were
(48 h | at enr)temcttlbntduiaba%mhm//e‘a{hgo&mwd@)nﬁireghozlfcm%r(rbaryvhnt udarkt r ai ns.

IVPs in the virus containing ern et er the
repliciti oﬁr?fs%ﬂCF Snfpég??rgnh?aqqﬁo @e@? QSQPE@ E@?ﬁ nZ@he
non-t ar get isBeA(1 3t axnshnténaaati@@tuﬁdoﬁ@nérrg@l c.ra@t anémaétsrraarbnt fuig-M of
duplicate sanples. Cells transfected with the non-targeting control

(Al I'stars) PEXRINFoRWIEN @g. 49Sgihospnm! | sybumit. Hitst with @B@%sf@mbomemwsr\v 33
infected ang, § | t'ﬁ@%g"’é 104109) Vi rus
i nfection. ?'eﬁg SlgnI ?glatggrlyv%P s?éﬁlﬁ% é%iuce r%e%éngﬂﬁ |' nf ecti ous
particles to 2.6. x 104 I1VP/ml (ANVSN 33) and 4.5. x 102 | VP/ m
( A/ Hanbur g04/ 20 , S tive 5 FlLgure 1% Iatlvef quency
di striButi ("% 921%" I'&%r%ggy Illf&eﬁiej r%"%’%'dd’é’ ﬁ sqsrﬁagutptg‘@ eﬁg nmean
val ues of muetetrandiBctddh withi indicdtednsi®NAs followed by adding the WST-1
reagent 48h later to analyse eventually toxic effects due to siRNA
transfections. Background subtracted mean values from two replicates are
illustrated as a heat map. An siRNA targeting PLK1 was used as positive
20 control. Missing siRNAs (less than four per gene) are indicated by grey
boxes.

Figure 13 | Host cell factors affect replication of a H1N1 influenza virus
variants. A subset of siRNAs was again transfected in A549 cells that were
25 infected (48 h later) with the A/WSN/33 (a) or A/Hamburg/04/2009 (b) virus
strains. [VPs in the virus containing supernatants were determined using the
replication assay. Infection rate is expressed as a percentage of the non-
targeting (Allstars) transfected control. Data show mean + S.E.M of duplicate
samples. Cells transfected with the non-targeting control (Allstars) exhibited
30 ca. 1.8 x 108 [IVP/ml in the supernatant of A/WSN/33 infected and 6.6. x 103
IVP/ml upon A/Hamburg/04/2009 (A/H/04/09) virus infection. The inhibitory
NP siRNA reduced the amount of infectious particles to 2.6. x 104 IVP/ml
(A/WSN/33) and 4.5. x 102 IVP/m! (A/Hamburg/04/2009), respectively.



val ues gained fromtwo separate wells of the Allstars (Allstars W and W)
5 and NP (si NP WL and W2) control as well as two i ndependent siRNAs for the
i ndi cat eawoangat76gyenes. Results are representative prof iPCEEPo100NISER

i ndependent experinments. Figure 15 | Relative frequency distributions of
nucl ear export of NP. 10 Relative frequency distributions of the ratios of
cytosolic to nuclear NP 5 h p.i. Showf&re val ues gained fromtwo separate
wells of the Allstars (Allstars WL and W2) and NP (si NP WL and W2) control
as well as two independent siRNAs for the indicated target genes. Results
are representative profiles of three independent experinments. 15 Figure 16
| P-val uesFigurgi 14 éRelative fraquancy distribuéionsecel MPcoxpressionuRelative

Negative LAGIOLRsY BIATkicAS o ResATPES: A, fIbONTLPR 4R, Lhes

assessed by nogor ov- m rnov test
Quanti f i cavalass afaircex frouatwcssdparatelswvejarmf thbe@llstﬁ@\{A{lsmk(WWrarwnwz:)ont r ol

cellswerelnf te. ith infl nza. A virus r t 37 C

after rr’ncuB%‘i1 'ﬂ\‘m{]a@@ Y@?mﬂf i& §e"éﬂe|5%‘§ t&’loa’lnagéerf‘ ntl?i A virus
and CD63 aﬁwedMEét'éﬁdtargéﬂfﬁ@% mé“émﬂseéré’\ﬂéﬁrés@ﬁ@é}w%” rcﬁﬂeé asratHreagt i on was
determ ned as described in hods. Total numbers of 25 viral particl es and

co- | ocal i sbgepandert @@Qﬁl@?@tﬁmant i fied using I maged "Anal yse particle"
function. In total 34 cells were quantified for each condition. Di agram
shows nmean nunbers of particles for two i ndependent experinents. Control,
bl ack bar sFigime kHdcRdkative fmt}uleadybdissl;rlbuﬂone 6D buchkiaanebgparteof dIP.of t he
mean (S.E. ), |S. depicted. 30 Fiqgure | nf | unceo enm CLK1

"o b Por RelyS e disTiondabLipyS ohdae refies BF RiBeSlc, < BuERAT W ¥ Fcnos (s0
p M di ssopyeshdvin BEOaiucdl ddinddMrondtwd eéparard W%ﬂé@dthecﬁllétakﬁ istdrky was

evaluated at the 26 indicated tinme points using the WST-1 assay, according

to the manW¥hepd \¥e) angd N (b Msanéwahcwtéolt%wer%aﬁ twig) Iuegpwdﬁﬁthree
repli cat esgiRNALfordRE InditdettiafgdiGerriardalds %ﬁ'é{ I-8hic¥Bntative profiles of

three independent experiments.

15
Figure 16 | P-values of differences between relative frequency
distributions. Negative Log10(p-values) of the samples shown in Figures

14 and 15 as assessed by the one-sided Kolmogorov-Smirnov test.

20 Figure 17 | Quantification of co-localised virus particles. SON
knockdown and control cells were infected with influenza A virus (A/WSN/33)
for 45 min at 37 °C after incubation on ice. Cells were fixed and stained for
influenza A virus and CD63 as described. Confocal pictures were taken and
co-localisation was determined as described in Methods. Total numbers of

25 viral particles and co-localised particles were quantified using ImageJ
"Analyse particle” function. In total 34 cells were quantified for each
condition. Diagram shows mean numbers of particles for two independent
experiments. Control, black bars; Son knockdown, hatched bars; ** < 0.005;
standard error of the mean (S.E.) is depicted.

30
Figure 18 | Influence of the chemical CLK1 inhibitor TG003 on cell
viability. A549 cells were incubated with TG0O03 (50 uM, dissolved in
DMSO), with DMSO or left untreated. Cell viability was evaluated at the



SFigure 19 | Influence of the chem cal CLK1 inhibitor TGO03 on VSV
replication. A549 cells were pretreated with TA03 (50 pM dissolved in
DMVSO) or wbB@1(@ss7a control ), for 24 h and subsequent| yPChfEPetiemd7054s h VSV
(M)1 0.01). After infection, the inhibitor or DMSO was added agai n at

I dentical concentrations. The supernatants of treated or untreated cells
were 10harvested at 24 h p.i. and infe&fious virus particles quantified by
detecting plaques on MDCK cells. Table 1 | Primary screening data and hit.

Primary hi indidsigd aning CRfits NAisky daie. VPBPVN 8k€ay heactopding €So0bhal ned
fromthe Cel IHTS and the Genedata Screener(0 softwdre analysi's, and the RSA
anal ysi s f oranufectyreissiinsteugtions. ofhewpaare cthearmeprNAakesa fram. thmee nmean

cel | nunbet_ a; gl 5 iabh LLt:y.:is shown. siRNAs |eading to
a nmean cel fe@@ﬁ%’%ﬁ Egﬁréb%?gg}?'%?gﬁ%éﬁﬁgggd glsav'%égé)('i%'c. Gene expression fold
changes upon infection, plus 20correspondi ng p-val ues and expression

Intensities,as agse by m croarr anal ysis are_ al so_giyen. T e 21
Ht valsi da?fwedigaffM%Pg ‘?‘ﬁeésém&[ﬁé@ Mm%éd-r%?}sgh%" Z\ggguppl i er,
the VBT aspaylichtion. ARSI tdefis NR&fBbictRAtEEVEENTGOUY P3d iV drbtavkagat her

wi th the nunber of validated si RNAs per gene for both tested viruses.

30Tabl es 3PARION or DMPQdes a ernitdl fard24 h andesubisrupenity ivéerted witheVEYanpl e.

Di scl osed oh iIngon ' e . o] AN e, 3l > n of
exanpl o 1. (001 OF gUAREF hickBof B 1ARBIETRIOBRAO R ded Gt 8, R
Target", " &icrtiedl darggatrafiofis TRMAdufemngtnts pf spatad ocuftoeatadtcellgatergene were
27 10 harvested at 24 h p.i. and infectious virus particles quantified by detecting

plagues on MDCK cells.

Table 1 | Primary screening data and hit. Primary hit list and screening

15 data. Shown are the Z-scores obtained from the CellHTS and the Genedata
Screener® software analysis, and the RSA analysis for the classification of a
particular siRNA as a hit. The mean cell number as an indicator for cell
viability is shown. siRNAs leading to a mean cell number below 750 were
defined as toxic. Gene expression fold changes upon infection, plus

20 corresponding p-values and expression intensities as assessed by
microarray analysis are also given.

Table 2 | Hit validation data. Shown are the siRNA IDs as provided by the
25 supplier, the WST assay data, and the normalised percent inhibition data
together with the number of validated siRNAs per gene for both tested

viruses.

30 Tables 3 and 4 | Targets identified in the siRNA screen of the Example.
Disclosed are oligbnupleotide sequences employed in the siRNA screen of
example 1. Up to four oligonucleotide sequences ("siRNA1 Target”, "siRNA2
Target”, "siRNA3 Target”, "siRNA4 Target”,) specific for a target gene were



enpl oyed. Exanpl e 5Human host cell factors crucial for influenza virus
replication identified by genone-w de RNAi screen Summary | nfluenza A
virus, bewogoriepeiasi bl e for seasonal epidenics and r eo®CUMPR019/016548
pandem cs, represents a global threat to public health (1). H gh nutation
rates facilitate the generation of viral escape nmutants rendering vacci nes
and drugs directed agai nst virus-encod®d targets potentially ineffective
(2). In contrast, targeting host cell determ nants tenporarily dispensable
for the hogipmiedcruci al for virus replication could prevent viral escape.
15 In this exanple, the discovery of 287 human host cell genes

i nfluencing influenza A virus replication in a genonme-w de RNAI screen is
descri bed. Using an i ndependent assay we confirned 168 hits (59%
inhibiting either the endem ¢ HINL (119 hits) or the current pandenc

swi ne- 20 EBxagiple(121 hits) influenza A virus strains, with an overlap of

60% | npor,antl a,supset, of these co n hits.was al.so.essentj.al for
epl i oAt oHOgpar nedt FEY TBLtaTs gt L6 TP Here EirlSRPliF AL oA ed) oes of
several fapyQehdmeviidectRNAssBRgh i nto their infection stage rel evance.
Not abl y, SON DNA binding protein (SON) (3) was found to be inportant for

normal 25 trafficking of influenza virions to |ate endosones early in
infection. W also show that a small nol ecule inhibitor of CDC-Iike kinase
1 (CLK1) (2¥mmaltes influenza virus replication by nore than two orders of

it ude, i irlstbld TR b M2 MRNA.
Fur't her mor LTefiep AEVNES R Respirilblo RO e qonaP obfefficd antl teckirfihg o
i nhi bivor p8ndelosibPp@Benisca globahthiraaktb piuphc fhiemdtht (1). Higlermutatiah titers

e L PR SRR B 8o DR AR Ll L B
the di ssectiiuys dfrestedusgdinst virtd-enasdédnargetsl gotentisligninefiectdld (2). ah drug
targets T oy At dargeling Shost ol detbrminants temporanly dispensabie for the
host but crucial for virus replication could prevent viral escape.
15
In this example, the discovery of 287 human host cell genes
influencing influenza A virus replication in a genome-wide RNAI screen is
described. Using an independent assay we confirmed 168 hits (59%)
inhibiting either the endemic H1N1 (119 hits) or the current pandemic swine-
20 origin (121 hits) influenza A virus strains, with an overlap of 60%.
Importantly, a subset of these common hits was also essential for replication
of a highly pathogenic avian H5N1 strain. In-depth analyses of several
factors provided insights into their infection stage relevance. Notably, SON
DNA binding protein (SON) (3) was found to be important for normal
25 trafficking of influenza virions to late endosomes early in infection. We also
show that a small molecule inhibitor of CDC-like kinase 1 (CLK1) (4) reduces
influenza virus replication by more than two orders of magnitude, an effect
connected with impaired splicing of the viral M2 mRNA. Furthermore,
influenza virus-infected p27- (cyclin-dependent kinase inhibitor 1B; Cdkn1b)
30 mice accumulated significantly lower viral titers in the lung providing in vivo
evidence for the importance of this gene. Thus, our results highlight the
potency of genome-wide RNAI screening for the dissection of virus-host

interactions and the identification of drug targets for a broad range of



During the course of infection, the influenza virus encounters nunerous 5
bottl e necks, constituted by host cell functions essential or inhibitory
for viralwpnopaget7son (5). Conprehensive know edge of sech/EPrémiocehs host
cell determnants could provide valuable insight into the nol ecul ar
mechani sms of viral replication and facilitate the devel opnent of a novel
generation of drugs that target host <281 factors and are thus | ess prone
to select for 10 resistant viral nmutants. To identify host cell factors

i nvol ved i hfluBBzA viraked Nfection cycle in human cells, we conducted a
genonme-w de RNAi screen using a two-step approach (Fig. la): First, A549
human |ung epithelial cells, transfected wwth siRNAs 48 h prior to

i nfection 'twdbg{ibﬂenza A HINL virus (A/WBN 33), were stained with a
virus-specitic antrbody at 24 h post infection 15 (p.i.) to nmonitor cell
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MRNA (7
bl ocked vi ﬂaterwpﬂntéwéﬂqprw%ygél@b@jiﬁght Aenibel Melessiasnpeckanismsng and

the lucif (L d. isti cal
conti rred Phaven fifeafon WpPleciia@ o) dertiBhivh} fE'a RETeYEETeratbh M. | g
Al | st ars sdRNS) traidiargetr bdsic cell Ifactprofandesard ttisug Fégs prénartd SelectUiirng thi s

bi partite ass we _screened nome- W de_sji L ibrar onsisting of ca.
25 52‘?000“%%'%%1’/1& Vral gaden -c§9q§9?‘§80h%%n ?'L?[%\I@OQ%H%‘?"%‘??@' hegviKglo

predi cted ggseton cycle in humean icdgat wéi cotiduetedh geridrBéEilé tRNAL Séreen
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si RNAs, primary screening data froma ree paraneters were separately
subj ect ed (AVYBNAIR) wees siginasl witle awitus-spetificcantiadycicdkip post isfextiosach

step, fina eadi t i . et i base -scores below -2 (Fig.
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as the vacuol ar A'I(Pasewg%%voﬁ (10, I'1). Cene _ontol og (é%term enri chment
anal ysi s r aga@skdnitianzaavissenugieopreieite dNP) enRNfdd). i %ng veatad uiPi es
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s,
I n-depth anal ysis of selected enriched functional categories using the
STRI NG dat Bip#sieraspay) we sripenedia genarevide siRNAlihsary senaiging efsedci at ed
with the s : @7 i11) an | Nt ti n | L0 actors
connec‘gtged %Q;bho%)rsg?%?ésrglelnﬁg}naa.( gi@@icﬁ&%\}ﬁeﬁ:ﬁ%&;@gp%g@geCtta'egé’f%gE in a
previ ous Rprédictedegemessi ng Drosophila cells (13). 20 However, the snall

ri bosomal subunit and El F3 were enriched in the Drosophil a-based influenza
screen (13) but not in other viral RNA screens (14, 15, 16, 17),

i ndi cating these Foxcitensficatiohdofbgrimafy bitsz thrapasarbietérkSivere included:

luciferase expression, the percentage of infected cells, as determined by

30 immunofluorescence microscopy, and the total number of infected cells.
After excluding non-expressed genes and toxic siRNAs, primary screening
data from all three parameters were separately subjected to an analyses
pipeline with statistical checkpoints at each step, finally leading to hit



Next, we independently ascertained the significance of all 287 primary hits
for replication of the influenza A/WSN 33 (HLN1) and the current 25

pandem ¢ W@i20e/009687¢i n i nfl uenza A/ Hanbur g/ 04/ 2009 ( HLN1pCYiRPa&es7053he
nunber of viruses released fromsi RNA transfected A549 cells was determ ned
by titrating supernatants on Madi n-Darby cani ne ki dney (MDCK) cells. For
each primary hit four different si RNAs2®ere used individually to knockdown
gene function. W found that 119 (A/WBN 33) and 121 30 ( A/ Hanbur g/ 04/ 2009)

of the 287spklkhEH ma@baw@cé&ﬁé@doéwm (P@bsradwmﬁ&jé)h%sunwmhd in
conmparison to control sanples, with a least two siRNAs (Fig 2a), W thout

i mpai ring eech ofitapithres p@m@etexa)wenencwmbmed B6@ fieimnariptali afs22, 363vvere

val i dat ed, r ra | f

'he. act or LOTRRY BFMRAhAYE e ¥RLPEHD B iR Yesionsied BREBTA Y uenza
virus stra(Tebleipdi cative of the| r broad inhibitory potential (Fig. 2b and
Table 2). Validation was extendeg to the h hly pat hogenl cC avian-origin

i nfluefiza 5 A ¢MAY dheghigsRen W%éa(‘ﬂ AR IV 1999¢2@@\29rab§%3a subset
of the compa,giENAS Y %(E@/C OﬁJféiq’r‘{‘”?nfﬁjdéaHrz% \gﬂfsl RshiRAoYE ég;t e Hcéméa(?w' ng

Tabl e (percentages o0 stan evi ation as obtained In three
i ndependenexeomp dactoentNXF1 IBRMAIKXEEKO G 4 ijellSBs rthe] vaeTitarORT Phs85% 2%
ATPEVODL ZA%%%(\/OM (10,11). Gene ontology (GO) term enrichment analysis revealed
our dataset was markedly enriched in gene categories associated with the
10 proton-transporting two-sector ATPase complex, the spliceosome, the small
ribosomal subunit, the eukaryotic translation initiation factor 3 (EIF3), the
COPI coated vesicle transport and the nuclear pore complex (Fig. 1b and
Fig. 9), which comprise functional categories already associated with viral
replication. Further bioinformatic analysis using Reactome (12) corroborated
15 the GO results (Fig. 10). In-depth analysis of selected enriched functional
categories using the STRING database revealed numerous interactions
between factors associated with the same GO term (Fig. 11). Interestingly,
we found multiple factors connected with pre-mRNA splicing (Fig. 1c), which
escaped detection in a previous RNAIi screen using Drosophila cells (13).
20 However, the small ribosomal subunit and EIF3 were enriched in the
Drosophila-based influenza screen (13) but not in other viral RNAIi screens
(14, 15, 16, 17), indicating these factors could be influenza-specific (18).
Next, we independently ascertained the significance of all 287 primary
hits for replication of the influenza A/WSN/33 (H1N1) and the current
25 pandemic swine-origin influenza A/Hamburg/04/2009 (H1N1) viruses. The
number of viruses released from siRNA transfected A549 cells was
determined by titrating supernatants on Madin-Darby canine kidney (MDCK)
cells. For each primary hit four different siRNAs were used individually to
knockdown gene function. We found that 119 (A/WSN/33) and 121
30 (A/Hamburg/04/2009) of the 287 primary hits decreased virus number by
more than fivefold in comparison to control samples, with a least two siRNAs

(Fig 2a), without impairing cell viability (Fig. 12). In total, 168 primary hits
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were validated, comprising an overall validation rate of ~59%. Remarkably, of

the factors inhibiting viral replication, 72 were common to both influenza virus
strains, indicative of their broad inhibitory potential (Fig. 2b and Table 2).

Validation was extended to the highly pathogenic avian-origin influenza

5 A virus of the H5N1 subtype (A/Vietnam/1203/2004) using a subset of the

common siRNAs. The knockdown efficiencies shown in the following Table

(percentages of knockdown * standard deviation as obtained in three

independent experiments):

siRNA Knockdown [%] SD [%]
ATP6VOD1_1 95% 2%
ATP6VOD1_2 98% 1%
COPG_1 89% 8%
COPG_2 63% 25%
EIF4A3_1 96% 2%
EIF4A3_2 95% 3%
NUP205_1 85% 12%
NUP205_2 83% 7%
NUP98_1 86% 10%
NUP98_2 83% 6%
NXF1_1 53% 39%
NXF1_2 79% 17%
SON_1 77% 19%
SON_2 81% 16%

10
Strikingly, H5N1 virus replication decreased by more than two orders of
magnitude using these siRNAs (Fig. 2c). Likewise, knockdown of identical
targets inhibited replication of influenza A/WSN/33 (H1N1) virus and the
pandemic A/Hamburg/04/2009 (H1N1) strain (Fig. 13). The observation that
15 a subset of common factors blocked replication of both swine and avian-
origin virus variants corroborates that these proteins constitute crucial sub-

type independent host-cell checkpoints.

The life-stage relevance of 18 targets, representing a variety of
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functional categories and affecting both H1N1 influenza viruses, was
assessed by immunofluorescence staining for NP as a marker of viral
ribonucleoprotein (vRNP) localisation (19). Typically, vVRNP is confined to the
nucleus early in infection, but enters the cytoplasm for packaging into
5 progeny virions late in infection (19). Here, upon knockdown of all targets, NP
gave a mainly nuclear signal at 3 h p.i. (Fig. 3a, upper panel), shifting
towards cytoplasmic staining 2 h later (Fig. 3a, lower panel). In addition to the
expected blockage of NP synthesis upon inhibition of NXF1 (8,20),
knockdown of several identified hits such as COPG, SON, and ATP6V0C
10 appeared to reduce NP expression levels (Fig. 3a, upper panel) and to delay
export of NP from the nucleus (Fig. 3a, lower panel). Relative frequency
distribution analysis of NP expression and cytosolic to nuclear NP ratios
within single cells corroborated our microscopic observations (Figs. 14-16). In
total, knock down of 11 genes significantly reduced NP expression and

15 interfered with nuclear export of NP.

To analyse the impact of targets, shown to affect NP synthesis and
localisation, on the synthesis of viral RNA, we infected siRNA-transfected
cells with influenza virus and determined the levels of viral genomic RNA

20 (vVRNA) and viral mRBNA at 2 h p.i. by qRT-PCR (7). Most of the analysed
targets had no effect on virus cell entry, as indicated by robust vRNA
detection (Fig. 3b). However, for many targets, including identified ATPases
and SON, a protein known to repress Hepatitis B virion production (3), plus
several factors involved in RNA biogenesis, e.g. NXF1, viral mRNA,

25 synthesis was substantially reduced (Fig. 3b). This demonstrates virus
propagation is affected at a stage between virus entry and mRNA synthesis.
Knockdown of SON also reduced VRNA levels (Fig. 3b), indicating it
functions in an infection step preceding viral mRNA synthesis. Accordingly,
considerably less virus particles co-localised with CD63-labelled late

30 endosomes upon SON knockdown (Fig. 3c; Fig. 17), suggesting this factor is
important for trafficking of influenza virions early in the infection cycle.

Intriguingly, knockdown of the nucleoporin 98kDa (NUP98) increased vRNA
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NP. 10 Todarad eder infectionsdagesof targets, shown to affect NP synthesis and
| ocal i sation, on the synthesis of viral RNA, we infected si RNA-transfected

cells with influenza virus and determined the Ievels of viral genom c RNA
To more closely mimic in vivo conditions, we tested the effect of target

knockdown on influenza virus replication in primary normal human bronchial
epithelial cells (NHBE). Most notably, knockdown of CLK1 and ATP6V0D1
15 strongly reduced viral growth in these cells (Fig. 4a). We independently
assessed the function of CLK1 by treating A549 cells with TG003, a chemical
inhibitor of CLK1 (4). Influenza virus propagation was inhibited by more than
93% (Fig. 4b) without exerting detectable toxic effects (Fig. 18). CLK1
regulates alternative splicing in mammalian cells by phosphorylating the
20 splicing factor SF2/ASF (21, 22), therefore we hypothesized that inhibition of
CLK1 would affect splicing of viral RNAs. In accordance, TG003 reduced
levels of spliced M2 viral RNA, whereas unspliced M1 and NS1/NS2 were
unaffected (Fig. 4c, data not shown). Immunoblot analysis corroborated our
gRT-PCR results, revealing drastically reduced M2 protein levels following
25 treatment with TGO03, whereas M1 protein levels remained relatively
constant (Fig. 4d). Since the SF2/ASF complex is important for splicing and
the shuttling of spliced viral mMRNAs to the cytoplasm (23), it is conceivable
that reduction of M2 protein expression was at least partially caused by
nuclear retention of its mRNA transcript. Our finding that CLK1 is involved in
30 processing viral M2 mRNA is consistent with the essential role of the
SF2/ASF splicing factor in viral M2 ion channel protein production (24).

Interestingly, replication of vesicular stomatitis virus (VSV), which, unlike
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potential of thése targets against novel emerging influenza viruses with

minimised likelihood of developing drug resistant variants. In conclusion,

transient interference with distinct host cell functions during infection is likely

to extend our current armament, consisting of vaccines and virus-targeted

drugs, in the battle against the recurring threat of seasonal and pandemic

30 influenza virus infections.

In the present screen, a range of cellular functions were identified
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al.). The eukaryotic 5-UTR targeting factor GRSF-1, which also enhances

translation of influenza mRNAs, was not identified as a hit in our screen

30 (Kash et al.). Besides these known factors, other host cell proteins may play

an important role in initiating translation of viral mMRNAs (Burgui et al.). The

identification of defined translation machinery components in two influenza

virus RNAI screens but not other viral screens, suggests these factors could
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25 viruses rely upon acidification of the phagosome to enter the cytoplasm

(reviewed by e.g. Bouvier et al.). Single vacuolar ATPase subunits were also
included in the Drosophila-based influenza virus screen (13).

The nuclear transport factors are required for export of the viral RNA

30 into the cytoplasm to be translated and incorporated into new virus particles.
The cyclin-dependent kinase inhibitor 1B (p27, also CDKN1B) involved in

cell cycle regulation and other cellular processes (Borriello et al.), is

associated with this network. Phosphorylation at certain amino acid residues
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di fferent F@iLﬁ%di' leUeBeITVOP I8 .3 IVRinprlg. 39 AHATRIGK: 1451 BYNNIRHEENA Réle in
early infection processes. These observations are in agreement with a
25 previous RNAI screen that identified COPG as essential for influenza A virus
replication in insect cells (13). The underlying mechanism of COPI function in
influenza A virus replication is still unknown. Knockdown of COPI|
constituents could directly affect transport of viral glycoproteins to the
plasma membrane. This hypothesis is supported by recent work
30 demonstrating that anterograde transport of proteins in COPB1 knockdown
cells is blocked or at least reduced (Styers et al., Rennolds et al).
Interestingly, only components of the COPI machinery have been identified

in the present screen. The involvement of COPIl vesicles in normal
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25cel s was added to give a final siRNA concentration of 20 nM Cells were
i ncubated at 37 C and 5% CO2 for 48 h defore infection at MJ 0.12. At 24
hours post infection (p.i.), supernatants were transferred onto freshly
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The followng si RNAs wth the indicated target sequence 5were included in
al | screenPifieippatetheaplashin margbragienpr (Merfere with the normal function of

AAGGAUCUU g@%&%ﬁ@ i hP. 5 iSRS, T = 35) | ' stars
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epi t hel i al pedéins|duniag(idliertBbyiruaTigectiaa, Wesel , Ger many) was grown in DVEM

media (I nvitrogen, Karlsruhe, Gernmany) supplenented with 4 nmM L-gl utam ne,
4 mM s'9di um pyruvate, 100 U/ ml penicillin/streptonycin and 10%fetal calf

serum (FCS, Bi pcRufifRaryBahésd findRigsBAGhIiGRAVERNd eijivicineenBtiodMscrédn.37 C and
5% CO2. The hunman )
Many molecular functions of the host cell known, or expected, to play
important roles in influenza virus replication were recovered in our analysis.
As an extension to previous RNAi-based viral screens (13, 14, 16, 17), which
15 report single functional categories, our findings reveal a range of different

molecular networks.
Methods

20 Summary: siRNA screening
All siRNAs (4 ul/well, 200 nM) were arrayed in 384-well plates. To each well,
8 ul of RPMI medium (Invitrogen, Karlsruhe, Germany) containing 0.35 ul
HiperFect (Qiagen) was added and plates were shaken for 1 min. After 10
min incubation at room temperature (RT), a cell suspension (28 ul) of 500

25 cells was added to give a final siRNA concentration of 20 nM. Cells were
incubated at 37 °C and 5% CO, for 48 h before infection at MOl 0.12. At 24
hours post infection (p.i.), supernatants were transferred onto freshly seeded

293T reporter cells, incubated for 16 h at 37 °C and 5% CO, and then

luciferase activities were measured. The A549 cells were fixed, stained for
30 nuclei and NP, and analysed using the Acumen ¢X3 Cytometer (TTP
Labtech, Royston, U.K.). All multiwell pipetting steps were performed using a
Biomek® FXP Laboratory Automation Workstation (Beckman Coulter,
Krefeld, Germany). An siRNA library (Qiagen Hu_Genome 1.0 and Human



15enmbryoni ¢ kidney cell line 293T (CRL-11268, ATCC-LGC) and the Madi n Dar by
Cani ne Kidney cells (MDCK, CCL-34, ATCC-LGC) were grown in DVEM
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10% FCS. Primary normal human bronchial epithelial cells (NHBE, CC- 2541,
Lonza, Col ogne, Cermany) were grown in 20 Clonetics(r) BEGVr) BulletKit(r)
(CC- 3170, Lonza) supplenented with the3§oll owi ng growt h suppl enents: BPE,
Hydrocortisone, hEGF, Epinephrine, Transferrin, Insulin, Retinoic Acid,
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si RNA screening All siRNAs (4 pl/well; 200 nM were arrayed in 384-well
pl ates. To each well, 8 pl of RPM medi um (I'nvitrogen, Karlsruhe, Gernany)

cont ai ni ngCelistard viruseper Fect (Q agen) was added and pl ates were shaken

f 1 mn. _Aft 0] bat t t
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before infection at an MOl 2 (see below) . At 24 hours post

i nfection gpPRIeMendemvifhtam va@kéammeﬁaﬁwé\“@lr sediuphpyryvaieh GO slé/élﬂied 293T

reporter c 1 5 n ferase
activiti ess\lﬁérﬁg“dr@%%‘ra rfsgédb fett L%alp'&%ﬂgn Q@cg)z\/\er e c?rlﬂ)ﬁ(e(?e‘r' ‘ai ned
for nucl ei GamhaNk) (IMEMn@dmpleda memgmt) hat 82 UG mneX3%CCmather hgmaR

Labt ech, Royston, UK). The nunbe
15 embryonic kidney cell line 293T (CRL 11268, ATCC-LGC) and the Madin

Darby Canine Kidney cells (MDCK, CCL-34, ATCC-LGC) were grown in
DMEM  supplemented with 4 mM L-glutamine, 100 U/mi
penicillin/streptomycin and 10% FCS. Primary normal human bronchial
epithelial cells (NHBE, CC-2541, Lonza, Cologne, Germany) were grown in
20 Clonetics® BEGM® BulletKit® (CC-3170, Lonza) supplemented with the
following growth supplements: BPE, Hydrocortisone, hEGF, Epinephrine,
Transferrin, Insulin, Retinoic Acid, Triiodothyronine, GA-1000. Supplements
added at 0.5 mi/500 ml medium, except BPE (2 ml/500 mi). Cells were
regularly checked for mycoplasma contamination by PCR. The influenza
25 virus strains A/WSN/33 (H1N1) and A/Puerto Rico/8/34 (H1N1) were grown
in the allantoic cavities of 11-day-old embryonated chicken eggs. Production
of recombinant highly pathogenic influenza A/Vietnam/1203/2004 virus
(H5N1) by reverse genetics was done essentially as described previously
(26). The pandemic H1N1 A/Hamburg/04/2009 strain was provided by S.
30 Becker (Philipps University, Marburg, Germany) and was propagated in

MDCK cells in DMEM supplemented with 1 pg trypsin/ml in the absence of
FCS. Virus stocks were titrated by standard plaque assay on MDCK cells
using an agar overlay medium (27).



automatically counted nuclei was further used to estimate cytotoxic effects
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Workstation (Beckman Coulter, Krefeld, Germany). An siRNA library (Qiagen

Hu_Genome 1.0 and Human Druggable Genome siRNA Set V2.0; Qiagen,
20 Hilden, Germany) containing four siRNAs per gene for the druggable
genome (25) and two siRNAs per gene for non-druggable and predicted
genes, was screened three times independently. The following siRNAs with
the indicated target sequence were included in ail screening plates as
controls: siNP  (5-AAGGAUCUUAUUUCUUCGGAG-3’), siPLK1 (5
25 CACCATATGAATTGTACAGAA-3’) and Allstars (Qiagen, Hilden, Germany).

Luciferase reporter assay

To quantify infectious viruses in the supernatants of siRNA transfected A549

cells during the primary RNAIi screen, we used a luciferase-based reporter
30 system. 293T cells were transfected in batches with a FIuA luc plasmid (6),

one day later seeded into 384-well plates at concentrations of 1x104/well,

and subsequently infected with 12.5 pl of virus containing supernatant. At 16

h p.i., Bright-Glo™ firefly luciferase substrate (Promega, Madison, WI, USA)



in 96-well plates, BEGM nedium (w th/w thout supplenents) was used and
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nucl ear pr picebatdd\fdr Afhin at RT. Complex formation was stopped by addition of
25 pl DMEM complete medium. Next, 3000 A549 cells in 50 yl DMEM
15 complete medium were seeded into each well and incubated at 37 °C and

5% CO, for the indicated time periods. For siRNA transfection of NHBE cells

in 96-well plates, BEGM medium (with/without supplements) was used and
15,000 cells/well were seeded. For Western blot experiments, siRNA
transfection was carried out in 12-well plates. For each well, 1 ul of a 20 uM
20 siRNA solution was diluted in 99 ul RPMI (Invitrogen) supplemented with 25
mM HEPES (Invitrogen). The mix was incubated at RT for 5 min before
addition of 5 pl HiperFect (Qiagen) and further 15 min incubation at RT.
Each complex was added to 50,000 A549 cells in 900 ul DMEM complete
medium, mixed carefully, and then transferred to 12-well plates. After 6 h

25 incubation at 37 °C and 5% CO,, the medium was exchanged for fresh

DMEM complete medium and the cells were incubated for an additional 48 h
using the same growth conditions.

Indirect immunofluorescence labeling

30 Cells were fixed with 3.7% formaldehyde and permeabilised with 0.3% Triton
X-100, 10% FCS in PBS. Samples were sequentially incubated with a
primary antibody against the viral nucleoprotein (NP, clone AA5H, AbD
Serotec, UK) diluted 1:10000 in PBS with 10% FCS, 0.1% Tween 20 for 1 h
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L- gl ut ani nkabheckdvelbrein. ddkk A549) or BEGM with suppl enents (NHBE), unless
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Ri co/ 8/ 34 and with 5 A/ Hanbur g/ 04/ 2009 HIN1 viruses were performed under
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automated microscope (Olympus Soft Imaging Solutions). Images were
taken with DAPI and Cy3 filter sets (AHF-Analysetechnik, Tibingen,
Germany). Scan”R Analysis Software (Olympus Soft Imaging Solutions) was
used to automatically identify and quantify influenza nuclear protein (NP) and

15 cell nuclei. For determination of NP localisation, mean and total intensities of
NP were analysed. NP located within the same area as the Hoechst staining
was defined as nuclear NP. NP located within a 5-pixel-wide ring around the
nuclei was defined as cytosolic NP. The distance between the inner edge of
the ring and the nuclei was set at 1 pixel. For each experiments identical

20 camera setting were used.

Host cell viability determination by WST-1 assay

Determination of host cell viability upon siRNA tranfection was performed

using cell proliferation assay WST-1 (Roche, Mannheim, Germany). WST-1
25 reagent was added to the cells 48 h after siRNA transfection and incubated

at 37 °C for 1.5 h. Absorbance was measured at 460 nm and at the

reference wavelength 590 nm. Non-targeting siRNA Allstars and siPLK1

were used as a positive and negative control, respectively.

30 Virus infection
Cells were washed with PBS and then infected with influenza at the indicated
MOIs in infection buffer (PBS supplemented with 0.2% bovine serum

albumin) for 60 min at RT. Cells were washed again (in infection buffer) and



5,000 or 12,000 MDCK cells were seeded in 384- or 96-well plates,
respectively. One day later the cells were washed twice, infected with a
di | uti on wenbu#76873cel | cul ture supernatants and i ncubareu/FReo1®D7¢598 1 h.
I nfection buffer (as above) was added (40 pl or 100 pl/well) and pl ates
were 15i ncubated at 37 C, 5% CO2 for 6 h, followed by fixation with 3.7%
f or mal dehyde, anti body staining and admatic i mage processing, as
described in '"Indirect imunofluorescence |abeling . Gene enrichnment and
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described in ‘Indirect immunofluorescence labeling’.

Gene enrichment and network analysis

20 For gene enrichment analysis, we modified the R-script available from the
Gaggle web site
(http://gaggle.systemsbiology.net/svn/gaggle/PIPE2.0/trunk/PIPEletResource
Dir/ GOTableEnrichment/GOEnrichmentScript.R). This script applies the R-
package GOstats developed by Falcon, S. and Gentleman, R. (28) and is

25 available at the Bioconductor web site (http://www.bioconductor.org). Briefly,

we defined a gene universe consisting of 22843 genes contained and
annotated in the genome-wide library and processed the hit list against this
universe with respect to molecular function (MF), cellular component (CC)
and biological process (BP). Each Gene Ontology term is associated with X
30 number of genes, providing a relative frequency A. In the hit list, the same
term is connected to Y genes giving a relative frequency B. B divided by A is

the enrichment factor.
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Cruz) or 13-actin (Sigma, Cer rrany) at 1:100, 1:1000 or 1:2500 dilution,

respectively, followed by 44 incubation with a secondary sheep anti-nouse
| gG Hor ser ﬁcﬁlemdﬁ("@a‘@EY(l 10000). Staining was perfornmed with ECL

(3 act 1 n wae BROGORLEE A eRE B0 ecs Rt paaar, PRAG B Wi oetgltbe

(3-actin was used as a |l oading contro I nt'ensi Wer e
usi ng t he Asidg aam;z;mlamanqszepy ﬂM%cﬂ&)wéMJammbmwer yh‘psaind1 Zreltal i sed

to 8-actin tlve e detectjon of vi
Vral Pt pdii dkpskcefvelast i Padiedsndn Siraehdn ) °
descri bed (ith. inBicagdd mRW%ﬂ@Wb& EhOirifedtRet wdhvmﬂlhenzaf Amsmz\/\mﬁlév 33
virus (M1 1hlmere | ysed w RLT lysis buffer (Q agen, den, Gernmany).
For reverséV é‘rQ%éfslbeP%tﬁr%’fo@ﬁtp@I D\@ﬁmt hgn GP’i'%PﬁoF)efE ?ﬁ*' sriterankePtus ed:
the negati yg gérf dt & cDNA
using a PAESsplem gpl gonuc eol??%e% %%@%5@%{_8%&%?% d
Resul ti ng Submuﬁ@tly gqngubatededwith pre-warmed infection media (DMEM
15byqRT- PCRwW i l.eof ihgde i flctor L= .
A L e ARl SR 25 BROEE! E%@gi%&mwﬁ%a@wsaw GAPDH
was anpl i f aatibioics)g Afer 0|1i590216C|amii QBS mlﬁAFtEﬂﬂsf owered' fixed with 4%
GGTATCGT GGAAS T . GAPDH, r GCCAP TCAG- 3'
Level s of @%@5@3?‘ é:%é‘@e %Weﬁgﬂ'ﬁﬁg f@ 29 BRI Y GB&?&%M $8PE done in
triplicateg.29% Triton X-100. Cells were then incubated for 1 h with antibodies
targeting CD63 (Millipore) at a dilution of 1:70 and a polyclonal serum
20 against influenza (1:1000), followed by incubation with a fluorescently
labelled secondary antibody (dilution 1:100). Samples were mounted in
MOWIOL. Images were taken with a Leica TCS-SP confocal microscope and
processed using Adobe Photoshop 11.0.

25 Immunoblotting
For immunoblotting, cells were washed with PBS and lysed in 1x SDS
sample buffer containing 75mM Tris HCI (pH 6.8), 25% glycerol, 0.6% SDS,
7.5% B-mercaptoethanol and 0.001% bromphenol blue. Protein lysates (20
pl) were loaded and separated on a 10% SDS-polyacrylamide gel.

30 Separated proteins were transferred to a PVDF membrane and detected
using mouse monoclonal antibodies against viral matrix protein (M1, AbD
Serotec, UK), viral ion channel protein (M2,Santa Cruz) or B-actin (Sigma,
Germany) at 1:100, 1:1000 or 1:2500 dilution, respectively, followed by



To quantify the levels of spliced and unspliced nRNAs, infection of A549
cells with influenza A/ WBN/ 33 virus was perfornmed at an MOL of 4 for 5 h.
RNA was tweroilgobsited usi ng the RNeasy M ni Kit (Q agenpCarmiamwoaisesl with
DNase (Ambion) according to manufacturer's instructions. Reverse 25
transcription of viral nRNA was performed using oligo(dT) priner and the
synt hesi sed cDNA was subjected to real44ine PCR using prinmers specific for
ML (5' - GACCAATCCTGICACCTC-3' and 5' - GATCTCCGITCCCATTAAGAG 3') and M

(5" - GAGGT Cavyhess Tidh3a n &@Wﬁ:w Tl A bed
previ ously (29&. 30Leve|s§&§fé nRNAlgv%ere norrr%lalhissgﬁ ?%%%A%EBH 45
day bef or e(t:1888@k cPiabting, \va9 Q@Tqrmqﬁewi’f\heEIChNéN%S@éfe(ﬂdm@lt Petedienwe! |

pl ate. Trapsf BWA e of 56 nM
with 0.25 p aﬁgb{ ?@géﬁ 8 ageng:gg%aycwlo%é'd‘ S%C?tlemn gl%\%(gr% %gélﬁ

i ndependentontroihrBend intessitiéé tvesre48efermitiddl weing thel Alicad lmagegariéiyzeRNeasy 5
96 Bi oRobo 0] a The rel afj ve anmpunt of target nmRNA was
det er ni*ned (% 3(8384%753 &8“ %M%eﬂﬁﬁfmﬁgsﬁ@fﬁg& SYBR Green RTPCR kit
foll owi ng the manufacturer's instructions (Q agen) and the foll ow ng

prinmers: GAPDH forvvard 5 - GGTATCGTGGAAGGACTCATGAC- 3', 10 GAPDH reverse
5' - ATGCCAGRu=®Lit 3', ATP6VOD1 forward 5'- TGTCGCAACATCGIGIGGAT- 3

ATP6VOD1 () f
5 TooaCTAT WMTW & el SRR (e BTECRs | 15

FAA3 f or wa{qRB-RORGAWGETBSIIORCNGAARRGERISly Bbsetiid ER)e Bsiefly, A549 cells

5 - ATTCETCCICARIEEAG, 2 NUERR 5 et d 31T PR T SRR 8 NP8

buffer (Qiagen, Hilden, Germany). For reverse transcription of viral mRNA,

an oligo(dT)18 primer was used: the negative stranded vRNA of the gene
segment PA was converted to cDNA using a PA-specific oligonucleotide (5'-
GCTTCTTATCGTTCAGGCTCTTAGG-3’). Resulting cDNAs were quantified
15 by qgRT-PCR  with  oligonucleotides  specific for PA  (5-
GCTTCTTATCGTTCAGGCTCTTAGG-3’ and 5-
CCGAGAAGCATTAAGCAAAACCCAG-3’). GAPDH was ampilified using the
oligonucleotides, GAPDH for: 5- GGTATCGTGGAAGGACTCATGAC-3;
GAPDH_rev: 5- ATGCCAGTGAGCTTCCCGTTCAG-3'. Levels of GAPDH
20 were used for normalisation. All experiments were done in triplicate.
To quantify the levels of spliced and unspliced mRNAs, infection of A549
cells with influenza A/WSN/33 virus was performed at an MOI of 4 for 5 h.
RNA was then isolated using the RNeasy Mini Kit (Qiagen) and treated with
DNase (Ambion) according to manufacturer's instructions. Reverse
25 transcription of viral mMRNA was performed using oligo(dT) primer and the
synthesised cDNA was subjected to real-time PCR using primers specific for
M1 (6'-GACCAATCCTGTCACCTC-3 and 5-
GATCTCCGTTCCCATTAAGAG-3) and M2 (5-GAGGTCGAAACGCCTAT-
3’ and 5-CTCCAGCTCTATGTTGACAAA-3’), as described previously (29).
30 Levels of M1 and M2 mRNA were normalised to GAPDH.

Validation of RNAIi by quantitative PCR
siRNA validation was performed as previously described (30). Briefly, one



NUP205 forward 5' - ACCTTCGGAAGGATCTTCCAA -3'; 20 N U P205 reverse 5'

-G GAGT

C C CAGAAT CAC CACAA-3' ; NXF1 forward 5' - TGAGCAAACGATACGATGGC- 3', NXF1
rever se SWVOTCNGZEAS TCAGGACAACGTC-3', SON forward PCT/EP2010/070548
5' - CAAGCCTTAGAGCTGGCATTG 3', SON reverse 5' - GCTTGCGTGATTTGIGITCAG 3'. 25The

rel ative expression | evels of target nmRNA were nornelized agai nst control
transfected cells. GAPDH was used as abinternal standard. Chem cal
The chem cal inhibitor TAO03 (Sigma-Al drich, Minich, Gernany)
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50 pl

PBS) .

15

20

25

30

s later, lungs of infeCted
PCR kit fol owing the ‘manufacturer's instructions (Qiagen) and the following

primers:
GAPDH forward 5'-GGTATCGTGGAAGGACTCATGAC-3/,

GAPDH reverse 5-ATGCCAGTGAGCTTCCCGTTCAG-3',

ATP6VOD1 forward 5'-TGTCGCAACATCGTGTGGAT-3/,

ATP6VOD1 reverse 5-GAGTGCAATTGAGAGCCTTGG-3/,

COPG forward 5'-TCCGCTATGCTGCTGTTCGTA-3',

COPG reverse 5'-GCGGTTTGAATCTGTGACCAG-3',

EIF4A3 forward 5'-TGATCTTGGCTCCCACAAGAG-3/,

EIF4A3 reverse 5-ATTGGTGCCTCCAATGCAG-3',

NUP98 forward 5'-TTCCGGAATCCGATGTCAGA-3',

NUP98 reverse 5'-TGTAAAGCCTTTGGCCGGACT-3/,

NUP205 forward 5-ACCTTCGGAAGGATCTTCCAA -3

NUP205 reverse 5'-GGAGTCCCAGAATCACCACAA-3;

NXF1 forward 5'-TGAGCAAACGATACGATGGC-3/,

NXF1 reverse 5'-TCTGCGATTCAGGACAACGTC-3',

SON forward 5'-CAAGCCTTAGAGCTGGCATTG-3/,

SON reverse 5-GCTTGCGTGATTTGTGTTCAG-3'.

The relative expression levels of target mRNA were normalized against

control transfected cells. GAPDH was used as an internal standard.

Chemical inhibitors

The chemical inhibitor TG003 (Sigma-Aldrich, Munich, Germany) directed
against the kinase CLK1 was dissolved in DMSO to a concentration of 10
mM.

Animal experiments



animal s were isolated and honogeni sed, followed by centrifugation at 800 x
10 g for 8 mn at 4 C. The anmpbunt of infectious viruses in the supernatant
was quantwbized/are87ag t he replication assay (see above). PPTGPRINS7(588 use in
i mrunobl otti ng experinments were obtained by addi ng TRI ZOL Reagent (G BCO
BRL) to the remaining cell pellet, according to the manufacturer's
instructions. 15 Data analysis For idetgification of primary hits, three
parameters were included: |uciferase expression, the percentage of infected

cell's as daheraknGErd Yol SEH R erroeﬁﬁe@fcgﬁm;%gg%ﬁ?@yoon%ﬁ%n%h%iééatr@t& number

of infected cells. The 20 latter paranet ‘informative because’the
nunber of lavelis2sageerdingl fo coemedrat Aoinalt Rrataetionurtiay (lieisahelzgesetzel | s,

bt ool oot TIARSEHEN Rniffal W63l Paf BBBloveFCoy B RoaPalMBriiey ARERant: . 0
raw scr eenfirgGdauradHeltoumddaBozialeseBeiar GABESLS Retsrensd hjueterdGO2PAHO08).el y to
Ch o BebRBALSal SO e PR BB el gy 87 '
consti t uti ¢hapks IRIFICIUHRX RISHHNY of bedirfhOE, %s;%&ifvbgt. wgc@fa ed

non-infected and infected A549 sanples (5814 genes were n xpreéssed) .
Second, webelwganiérnd b sveskrnmeraiitiemasatyu ddectedtwith ddluenaarfidBrertp<750

m cr oscopi BGRSRY W5 LA 5.8 BRSTAMRD S Bie iompl BiS st oxi c -
Si RNAS L ar g9 JBTEAERA SRDRBTISIRidod RG] KeRtitudition"4dcLi cal

anal ysis of luciferase assay data obtained fromthe genone- 4
screemp t hg fooBiroin alg? pLaill be wirgeurfieflinfegticumvirgsescini thersupeneatentiwed: (i)

t he averag j e - LDhg n I (Al]st ). _was
greater tthghﬁ!}g{)Oj séngﬂ]r’glbé;,re%ﬁgatw %%%hg {ﬁ%%f ébg\ﬁec)\é\e‘ib'lr?%%'f‘ﬁn{éf @%?e‘ﬂgt h
bet ween t himmaneobktiyesf iexpednentolwéril lobtainsd andadding ) TRIZEOL riRkédgdrar y
control (NP ast 5 two .orders of magnitude. in nedata' s
Sor eened. S BP0 SR S Jemaiing opl nedleb @ siudaone F& TRHERERE ey pes
attri but abltietigesi tional effects. The revised raw data were subjected to
statistical analysis using cel |HTS (31), an R-inplenented software package
for theé anal ysis of cell-based high-throughput RNAI screen data. Raw data
wer e nor na 'aig%ggﬁlégi ng the B-score nethod to further exclude positional
effects (32). Xt’," a z-score transformati on was applied to center and
scal e the pbaidentfisatichablpriflaey hitscitres psedrectont sndratindudsd:nigeifdrastol | owi ng
equation: 15 , : . :
expression, the percentage of infected cells as determined by
immunofluorescence microscopy, and the total number of infected cells. The
20 latter parameter was informative because the number of viruses per well
correlated with the number of infected cells, with minor influence of cells
present. To maximize the robustness of the hit selection and to minimize
false positives due to off-target effects, raw screening data from all three
parameters were subjected separately to an analysis pipeline incorporating
25 statistical checkpoints at each step (Fig. 8). First, we excluded non-
expressed genes by determining constitutive or inducible expression via
microarray profiling of non-infected and infected A549 samples (5814 genes
were not expressed). Second, we excluded toxic siRNAs which reduced total
cell numbers (<750 cells/well) upon transfection were also excluded (1520
30 siRNAs) using the microscopic assay applied throughout the primary screen.
Third, non-toxic siRNAs targeting expressed genes were further analysed.

For statistical analysis of luciferase assay data obtained from the genome-



where X is a raw score to be standardized, a is the standard devi ati on of
the popul ation, and p is the nean of the popul ation. The nedi ans of the
cent er ed woaoslogbssd val ues of at | east three i ndependenPCrapéloareEss wer e
used for redundant siRNA activity (RSA) analysis (33), which applies a
rank- 20 based hypergeonetric distribution test to identify hits. Only
genes for which two corresponding si RMAS were scored as hits were anal ysed
further. Next, Genedata's Screener(r) package was used to select all genes
with a rob < r "y ] i : Lt
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where X is a raw score to be standardized, o is the standard deviation of the
population, and p is the mean of the population. The medians of the
centered and scaled values of at least three independent replicates were
used for redundant siRNA activity (RSA) analysis (33), which applies a rank-

20 based hypergeometric distribution test to identify hits. Only genes for which
two corresponding siRNAs were scored as hits were analysed further. Next,
Genedata’s Screener® package was used to select all genes with a robust z-
score of less than -2.

25 For the analysis of the hit validation data, for each siRNA the
normalised percent inhibition of infectious virus particles was calculated.
Briefly, the difference of each sample value subtracted from the median of
the non-targeting control (Allstars) values of the particular plate was divided
by the difference of the medians of the non-targeting control and the

30 inhibitory control (siNP). An 80% normalised inhibition threshold was applied.
Genes were scored as validated hits if at least two siRNAs, which did not

impair cell viability, fulfilled this criteria.
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Clains 1. Phar matgagls &xl C@Bhﬁb‘@mrtai cﬁﬁr@mgnmmgnaval@awll@n@mmwmltor of
influenza 5 Vil dr 0, 0 ether with a pharmaceutically
accept abl e carrlg% gghhﬁgi @Sﬁgﬁgn d(ﬂgaddltlve for the prevention,
alleviation or/and treatnent of an |nfluenza virus infection. 2. The
pharmaceutical conposition of claiml, wherein the at |east one 10

i nhi bi for is selected fromthe group consisting of nucleic acids, nucleic
aci d anal ogues such as ri bozynes, peptides, polypeptides, and antlbodies,
and conpounds having a nol ecul ar wei ght bel ow 1000 Dal ton. 153. The

phar maceuti cal conposition of claiml1l or 2, wherein the influenza virus
infection is an influenza A virus infection. 4. The pharmaceuti cal
conposition of any of the clainms 1 to 3, wherein the at | east one inhibitor
i s capabl e of nodul ati ng gene expression or/and 20gene product activity.



5. The pharnmaceutical conposition of claim4, wherein nodul ation of the
expression or/and gene product activity is activation. 256. The

phar macewoDecal1/wwestposi ti on of claim4, wherein nodul ati eoTaEP201087@XHr €ssi on
or/and gene product activity is inhibition. 7. The pharnmaceuti cal
conposition as clainmed in any of the clains 2 to 6, wherein the nucleic
acid is RNA or DNA. 30 54 (a) a nucl &% acid conprising a nucl eotide
sequence sel ected from sequences of Table 1, Table 2, Table 3 and Tabl e 4,
(b) a fragnment of the sequence of (a) having a length of at |east 70% at

| east 80 % at least 90 % at least 95 % at least 98 % or at |east 599%
of the sequence of (a), (c) a nuclei€laiBisd conprising a sequence which is
at least 70 % at least 80 % at least 90 % at least 95 % at |east 98 %
or at least 99% identical to the sequence of (a) or/and (b), or/and (d) a
sequence conpPhraenaeauticabeorinposiiqonenawrising af) leasbdne inhébithr (of influEdz8. The
phar maceuti cal. co sition as clained, in claimg8, wherein the nucleic acid
D 2 Sconpr | el Brltetias aRienaly (Beinet aftce e mATEUA Yo doRaRE o Tabl o
4 and fragmengsrriehesagjolantl Wibent be/anBaadmmry fof ahe GREDPOSIdH, Ulledfatiohal med in

any of the clains 7 to 9, wherein the nucleic acid conprises
or/and treatment of an influenza virus infection.

2. The pharmaceutical composition of claim 1, wherein the at least one

10 inhibitor is selected from the group consisting of nucleic acids, nucleic
acid analogues such as ribozymes, peptides, polypeptides, and
antibodies, and compounds having a molecular weight below 1000

Dalton.

15 3. The pharmaceutical composition of claim 1 or 2, wherein the influenza

virus infection is an influenza A virus infection.

4. The pharmaceutical composition of any of the claims 1 to 3, wherein the
at least one inhibitor is capable of modulating gene expression or/and

20 gene product activity.

5. The pharmaceutical composition of claim 4, wherein modulation of the

expression or/and gene product activity is activation.

25 6. The pharmaceutical composition of claim 4, wherein modulation of the

expression or/and gene product activity is inhibition.

7. The pharmaceutical composition as claimed in any of the claims 2 to 6,
wherein the nucleic acid is RNA or DNA.
30
8. The pharmaceutical composition as claimed in claim 7, wherein the at

least one inhibitor comprises



(i) an RNA nol ecul e capable of RNA interference, such as siRNA or/and
SshRNA, (ii) a mMRNA 20(iii) a precursor of the RNA nolecule (i) or/and
(i), (iwoaofwaegiment of the RNA nolecule (i), (ii) or/ aad/EPRe10)70548) a
derivative of the RNA nolecule of (i), (ii) (iii) or/and (iv), or/and (vi)
a DNA nol ecul e encodi ng the RNA nol ecule of (i), (ii) (iii) or/and (iv).
2511. The pharmaceutical conposition a4cl ai med in any of the clains 7 to
10, wherein the RNA nol ecule is a doubl e-stranded RNA nol ecul e, preferably
a doubl e- st r an@eda shuRIECnatidc abmpwising ar nuchebtide seatiemgeesslectadddwover hang

I t d t S 2. ar ti,cal conposition as
2I g?ﬁeg i gn:nsnofgéwghgggioﬁﬁgfé{% ﬁ%%ﬁﬁeﬁéﬁwogﬁé‘%lf%l ecul e conpri ses at
| east one nucl @)ta ragareal oftee Sedqwattedsiosy habipgue leegth deat leabt 26%, Bhe

pharmaceutical conposition as claimed in any of the claims 7 to 9, wherein
the nucleic acid 'ggs %‘Sa"gt Asesk 9Ruler &t deatiqP o &l lenpt 88cbdPhngt taast

antisense nucl ei %%idf-thééé%gﬁ& &h@gmaceut ical conposition as clained in
13, n

any of the claims 7 to 13, wherein the nucleic acid has a |ength of at
| east 15, pref(@) abhyclaic acidsomprisingba seguenes which istatlleastt701%, ahitssst

preferabl yat | eagy s2laniokeghislent ok of%, RRALARCGY, H aFRIRPTGH, 0N 2
identical to the sequence of (a) or/and (b), or/and
(d) a sequence complementary to the sequence of (a), (b) or/and (c).
10
9. The pharmaceutical composition as claimed in claim 8, wherein the
nucleic acid of (a) comprises a nucleotide sequence selected from the

sequences of Table 4 and fragments thereof.

15 10. The pharmaceutical composition as claimed in any of the claims 7 to 9,
wherein the nucleic acid comprises
(i) an RNA molecule capable of RNA interference, such as siRNA or/and
shRNA,
(i) a miRNA,
20 (iii) 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), (i) (iii) or/and (iv), or/and
(vi) a DNA molecule encoding the RNA molecule of (i), (ii) (iii) or/and (iv).

25 11. The pharmaceutical composition as claimed in any of the claims 7 to 10,
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.

30 12. The pharmaceutical composition as claimed in any of the claims 7 to 11
wherein the RNA molecule comprises at least one nucleotide analogue

or/and deoxyribonucleotide.



10 wherein the nucleic acid has a length of at the maxi num 29, preferably
at the maxi num 27, nore preferably at the maxi num 25, especially nore

pr ef er ablwoabi1tdres7aaxi nrum 23, nost preferably at the naPCEREPR@L/070548

nucl eoti des. 1516. The pharmaceuti cal conposition as clained in any of the
clainms 1 to 6 conprising an anti body, ggerein the antibody is preferably
directed agai nst a pol ypepti de conpri sPHg (a) an am no acid sequence
encoded by a nucleic acid or/and gene selected from sequences of Table 1,
Tabl e 2, Td@.dhe, pmmamnieam@oamitimmplrdaimﬂchiryaexe@lﬁ ekimaet twb, (b) a

fragrrent of th nce of. (a), havin | en f 70% | east
80 % at | east? @th%gtnqcigiggac@sls%n 3&'?%?&%6'&;30@ Ot?aﬁgé‘s %’é’ﬁ/ﬁ%f t he
sequence of (ahe afti¢aiy@® nucleic@cichn am no aci d sequence conprising a

sequence which is at |least 70 25% at least 80 % at |least 90 % at |east

95 % at least 98 % or at |east 99% identical to the sequence of (a)

or/ and {(b) 14 e ff m{,@z@upef@%amﬁ@émmgg%hbann Fhydaherdhit ek 16,

wherei n the pol ypept conprises an ani no sequence encoded by
a 30nucl ei ¢ aovherein/ thednyleie acid deseal léngimofailleast. 15 5preferablyeaizigast r us

phar maceut i call7c BiGETietAar: et 30, RSSplreidiRy ik e BhokBies 1o T
chitosan, which preferably is formulated in nanoparticles. 5
15. The pharmaceutical composition as claimed in any of the claims 7 to 14,
10 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 21

nucleotides.

15 16. The pharmaceutical composition as claimed in any of the claims 1 to 6
comprising an antibody, wherein the antibody is preferably directed
against a polypeptide comprising
(a)an amino acid sequence encoded by a nucleic acid or/and gene

selected from sequences of Table 1, Table 2, Table 3, and Table 4
20 and complementary sequences thereof,
(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 %, or at least 99%
of the sequence of (a), or/and
(c) an amino acid sequence comprising a sequence which is at least 70
25 %, at least 80 %, at least 90 %, at least 95 %, at least 98 %, or at
least 99% identical to the sequence of (a) or/and (b).

17. The pharmaceutical composition as claimed in claim 16, wherein the
polypeptide of (a) comprises an amino acid sequence encoded by a

30 nucleic acid or/and gene selected from Table 4.

18. The pharmaceutical composition of any of the preceding claims further

comprising an agent suitable of transportation of the at least inhibitor of



20. A screening nethod for identification of a conpound suitable for the
prevention, alleviation or/and treatnment of an influenza virus infection,
conpri si Nyorzhe/wssps (a) providing a cell or/and a non- ROFER2@0H2054S M
capable of being io infected with an influenza virus and capabl e of
expressing a gene, wherein the gene or/and gene product thereof is capable
of nodul ating an influenza virus repli ®&ion, (b) contacting the cell
or/and the organismof (a) with an influenza virus and with a conpound
known to be céapfirrzabirumidtdciibnngioldtdll iepartettdrdntood (andegitteligl ¢oll. of t he
gene of (a) or/and the gene product thereof, (c) determ ning the anmount of
I nfl uenza virus produced by the cell or/and the organism and

(d) sel ectiTm Bhe pRRONACEUNCEEEOMBESIESS of BRIMAMEB WheRbintthe fuRhbLSHER igOVi rus
produced by the cell or/and the organism 21. the nethod of claim 20

wher ei n t he gehétosanwhichpreigralely ésifarmstatedtin eanoparisles. 2, Table 3 and
Tabl e 4. 2522. The nmethod of claim21, wherein the gene of (a) is selected
from Tabl e 4. 23. The nethod of any of the clainms 20 to 22 conprising a
cel l ul ar sA@kehistgearisgymedod2fbr destifiestionngf recbogolind swleié ffocahé on of a

conpound suitable for prevention, alleviation_or/and treatnent of. an
i nfl uenza vi rlPoreY‘?ﬁtl?&’i%ﬁ,‘"%@ﬁp‘?#@@é}&%%f@{)@” uenza virus infection,

comprising the steps
(a) providing a cell or/and a non-human organism capable of being
10 infected with an influenza virus and capable of expressing a gene,
wherein the gene or/fand gene product thereof is capable of
modulating an influenza virus replication,
(b) contacting the cell or/and the organism of (a) with an influenza
virus and with a compound known to be capable of modulating
15 the expression or/and activity of the gene of (a) or/and the gene
product thereof,
(c) determining the amount of influenza virus produced by the cell
or/and the organism, and
(d) selecting a compound which reduces the amount of the influenza

20 virus produced by the cell or/and the organism.

21. The method of claim 20, wherein the gene of (a) is selected from Table
1, Table 2, Table 3 and Table 4.

25 22. The method of claim 21, wherein the gene of (a) is selected from Table
4.

23. The method of any of the claims 20 to 22 comprising a cellular screening
assay.
30
24. A screening method for identification of a compound suitable for
prevention, alleviation or/and treatment of an influenza virus infection,

comprising the steps



(i) providing a cell or/and a non-human organi sm capabl e of expressing a
gene, wherein the gene or/and gene product thereof is capable of nodul ating
an i nfl uen@aouia7esy3r epl i cati on, (ii) contacting a eommErandomMsah the
cell or/and the organismof (i), 5(iii) determ ning the anmount or/and the
activity of gene product of the gene of.(i), and (iv)selecting a conpound
whi ch nodul ates the anobunt or/and the thivity of the gene product of (i).
1025. The nethod of claim 24, wherein the gene of (i) is selected from

Tabl e 1, Table 2() Teovidig andcgthbpréand 2eNOMTFHINRN hef@apisne| 6APRIE, Ofiher ei n

the gene of (i) is : f : . t he
clainms 24 to 26, whe é?%élﬁﬁg %&ﬂ%&sgﬁh??ﬁ%%@dﬁﬁe@é%gp%ﬁfocaﬂﬁyrggfthe

i nfl uenza virus prddeapdbleyofirhedalatihg an/iaflubriAaevinusgaplication, 28. The

nmet hod of any of .the clains 24 to 27, . rei du] ati on of the,.

20expr essi on_ of ngfaﬁﬁa&@%&ﬂm?ﬁﬂawﬁﬂ%&r%@&% @‘Fi%’ﬁ?_nf@? O%‘\)e met hod of
any of #he clai ngjjRfetbnidihg MeeaolniBHEh@th® BclNity begétd braduct of tiere gene
i s decrease or increase of the activity. 2530. The screening nethod of any
of the claims 24 t @& offle@BAn the influenza is selected frominfluenza A

' . 31. Theg i se! _
(e S TR AR TE R A ol BBk b Wl
activity of the gene product of (i).

10 25. The method of claim 24, wherein the gene of (i) is selected from Table 1,
Table 2, Table 3 and Table 4.

26. The method of claim 25, wherein the gene of (i) is selected from Table 4.

15 27. The method of any of the claims 24 to 26, wherein the compound of (iv)
reduces the amount of the influenza virus produced by the cell or/and the

organism.

28. The method of any of the claims 24 to 27, wherein modulation of the

20 expression of a gene is downregulation or upregulation.

29. The method of any of the claims 24 to 27, wherein modulation of the

activity of the gene is decrease or increase of the activity.

25 30. The screening method of any of the claims 24 to 29, wherein the

influenza is selected from influenza A viruses.

31. The screening method of any of the claims 24 to 30, wherein the cell is a
mammalian cell, in particular a human cell.
30
32. Use of an inhibitor of influenza virus replication capable of inhibiting or
activating the expression of a gene selected from Table 1, Table 2, Table
3 and Table 4, or/and of inhibiting or activating a gene product thereof,



30 32. Use of an inhibitor of influenza virus replication capable of
inhibiting or activating the expression of a gene selected from Table 1,
Tabl e 2, wakba/Besrad Tabl e 4, or/and of inhibiting or a®CIERRéNgy7E4gene
product thereof, WD 2011/076873PCT/EP2010/070548 58 for the manufacture of
a nedi canent or/and vaccine for the pr% ention, alleviation or/and
treatnment of an influenza virus infecti*on. 33. Use of claim 32, wherein the
gene is selected fromTable 4. 5 34. Use of a nucleic acid conprising a
gene sequence foF thenmanuiaeileoef densdigament oslandciasginte fomtiratpreveantionabl e 2,

Table 3, and T, fr?‘?ﬁﬁﬂ r. i or screening for
conpounds or/ a%%bﬁgﬁag{?gngutl a ﬁp&?ﬁtlﬁ@eafrzgv@r#ﬁé%?ﬂg% evi ation or/and
treatnent of an ioinfluenza virus infection. 35. Use of claim 34, wherein a
conbi nati o f  at ast .two, nucleic acids i s used. . Use of clains 34
to 35, wher 'rP?en%} ﬁﬁ@l‘ & nggrangpe Qﬁﬁe&ﬁﬂﬁﬁ%ifg‘ﬁnﬁgaﬁ%ﬂect ed from Tabl e
4. 37. dJse of claim 36, wherein the conbination of nucleic acids inhibits

expression or/and activity of a gene. 20
34. Use of a nucleic acid comprising a gene sequence or/and a nucleotide

sequence selected from Table 1, Table 2, Table 3, and Table 4 and
fragments thereof in a method for screening for compounds or/and
targets suitable for the prevention, alleviation or/and treatment of an

10 influenza virus infection.

35. Use of claim 34, wherein a combination of at least two nucleic acids is
used.

15 36. Use of claims 34 to 35, wherein the nucleic acid or the combination is
selected from Table 4.

37. Use of claim 36, wherein the combination of nucleic acids inhibits
expression or/and activity of a gene.

20



