PHARVACEUTI CAL COVPOSI TI ON Cross Reference to Related Applications
This application clains the benefit of Japanese Patent Application
No. 2009-26539 filed on Novenmber 20, 2009, the entire disclosure of
whi ch is hereby incorporated by reference. TECHNI CAL FI ELD

The present inventi o iPEYRET T PharMatett TEAN conpositi ons.
BACKGROUND ART I nfl uenza viruses are classified into types A
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syste pl e organs and may kill their host.
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bound to the receptor, it is taken up by cells and then begins to
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Infection of cells with an influenza virus reguires
binding of HA to a receptor on the host cell surface. After
the influenza virus has bound to the receptor, it is taken up
by cells and then begins to replicate within the cells. Low
pathogenic wiruses require cleavage of HA by an extracellular
protease that is secreted locally to obtain infectivity, which
indicates that the cleavage of HA is coupled to the infection.
On the contrary, highly pathogenic viruses replicate within
cells; and their HA is cleaved and thus they become infectious
when they are releazsed from the cell. This means that the
highly pathogenic viruses that are present outside the cell
already retain infectivity and the cleavage of HA is not
coupled to the infection. Accordingly, the HA of highly
pathogenic viruses is said to be of a self-cleaved type
{Kawaoka, Y. and Webster, R. G., Proc. Natl. Acad. Sci. USA,
vol. 85, pp. 324-328, 1988).

Most subtypes of influenza wviruses infect or bind to



Al t hough transm ssion of avian influenza viruses frombirds to humans
has been reported in sone cases, human-to-human transm ssion of these
viruses has not yet been observed. However, an outbreak of avian
influenza is threatened if the highly pathogenlc avi an influenza
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am no acid sequence can suppress the infection with the highly
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possess a specific series of basic amino acids, RERRRKKR (SEQ

ID NO. 1), at the cleavage site of HA. However, the function
of this seguence has not yet been elucidated. The present
inventors investigated the function of this amino acid sequence
and became aware of the fact that a peptide with this amino
acid sequence could serve as a cell penetrating peptide (CPP}.
This functicon is expected to be responsible for the systemic
infection of the highly pathogenic influenza viruses. Taken
the above into consideration, the present inventors produced a
polyclonal antibody that recognozes the amino acid seguence in
guestion and found that this antibody could inhibit the entry
of the peptide with this amino acid sequence into cells. In
this way, 1t was revealed that the antibody that recognozes
this amino acid sequence can suppress the infection with the

highly pathogenic influenza wviruses, and the present invention



Anot her aspect of the present invention is a pharnaceuti cal
conposition containing an inhibitory substance that inhibits the
activity of an RR sequence, in particular, RERRRKKR (SEQ ID NO 1) to
permt a peptide or a nolecule to be introduced into cells, the RR
sequenées f BraF ngoarPpaFredoef the nol ecule, and an entry inhibitor
product thatn iadidit sothenenpiysehtt hevpaptisde iRawng e R or a
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highly pathogenic influenza virus in which the medicament
contains the inhibitory substance that inhibits the activity of
an RR seguence, 1n particular, RERRRKKR (SEQ ID NQ. 1) to
permit a molecule to be introduced into cells, the RR sequence
forming a part of the molecule. It is preferable that said
cell have no functional influenza wvirus receptor, and
especially, it 1s preferable that said cell be other than a
respiratory or intestinal cell. If the cell is a respiratory
or intestinal cell, it i1s preferable that the function of the
influenza virus receptor be inhibited. The inhibitory
substance may be said antibody or a fragment thereof, or an
expression vector that expresses one of them. The highly

pathogenic influenza virus may be the H5N1 subtype of the



i nhi bitory substance.lt is preferable that said neuram ni dase
inhibitor is selected fromthe group consisting of oseltamvir,
zanamvir, salts thereof, hydrates thereof, and m xtures thereof.
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ant i bod§S T THE’ upper "f GHPTFAAGPS Y& ETpdrith tt ¢ Bt hient 3= usf ngh am -
GFP- RRrrﬁeushD@hppopethotgtéﬁat:edn\mmlenaapehym onedy and | frodysthat subtype
recogni zes, @ pepil de hayi ng.an RR.sequence while the | oner four

panel s correspond to control experiments using a GFP- Ui dn
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corresponds to an experiment usin usion protein treated
with & pdt feréNalr -armtd bt § hat Sﬁgéﬁgrﬁ%%e‘afpebﬁ’idﬁé‘tl‘f'fasvﬁﬂ‘geléﬁoﬁR and
sequeneextures thlEkoA shows that, in one exanple of the present
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inventicn, a peptide having an RR seguence enters cells. In

both Figs. 1A and 1B, the upper left panel represents GFP
flucrescence signals, the upper right panel represents signals
ocbtained by antibody staining with an anti-GFP antibody, the
lower left panel represents signals obtained by nuclear
staining with DAPI, and the lower right panel represents a
triple overlay of GFP flucrescence signals, signals obtained by
antibody staining with an anti-GFP antibody, and signals
obtained by nuclear staining with DAPI.

Fig. 2 shows that, in one example of the present
invention, a polyclonzl antibody that recognizes a peptide
having an RR seguence can inhibit the entry of that peptide
into cells. The four panels in the left column represent
signals obtained by nuclear staining with DAPI while the four
panels in the right column represent signals obtained by
antibody staining with an anti-GFP antibody. The upper four

panels correspond to experiments using a GFP-RR fusion protein



to an experinment in which cells were infected with a highly

pat hogenic influenza virus treated with PBS while Fig. 4B corresponds
to an experinment in which cells were treated with serum contai ni ng
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or a measurement instrument, if any, is used as described
according to prcoctocols attached thereto.

The above and further objects, features, advantages, and
ideas of the present invention are apparent from those skilled

in the art from consideration of the detailed description of



Tabl e 1 | NFLUENZA VI RUS TYPE OF DNA SEQUENCE SEQUENCE SEQ D NO.
H5Commonsequence RERRRKKR 1 H51 ndonesi a RESRRKKR

this specification. Furthermore, those skilled in the art can
easily reproduce the present invention from these descriptions.
The mode (s) and specific example(s) described below represent a
preferable embodiment of the present invention, which is given
for the purpeose of illustration or description. The present
invention is not limited thereto. It is obvious to those
skilled in the art that various modifications may be made
according to the descriptions of the present specification
without departing from the spirit and scope of the present
invention disclosed herein.

An embodiment of the present invention is an inhibitory
substance that inhibits the activity of an RR sequence, in
particular, RERRRKKR {(SEQ ID NO. 1} to permit a molecule of
which it forms a part to be introduced into cells. This
inhibitory substance is preferably an antibody that recognizes
a peptide having the RR seguence {(hereinafter, referred to as
an "RR peptide recognition antibody"). However, the inhibitory
substance is not specifically limited and may be an aptamer, a
cyclic peptide, or a low molecular compound, as leng as it can
inhibit the activity of the RR seguence to permit a molecule of
which it forms a part to be introduced into cells. The
antibody is not specifically limited as long as it has a
structure to inhibit the function of the RR sequence. However,
it is preferable that the antibody recognizes the RR seguence
as an epitope. This antibody may be monoclonal or polyclonal,
or may be an artificial antibody such as a humanized antibody.
These antibodies can be produced by any producticn method known
to those skilled in the art. The antigen used for this purpose
may be the RR sequence itself or may be conjugated with another
substance such as hapten.

It is noted that the RR sequence refers to a basic
sequence of amino acids consisting of 5-8 amino acid residues,
located at the cleavage site of HA of highly pathogenic
influenza viruses. More specifically, the RR sequence includes
a sequence RERRRKKR (SEQ ID NO. 1) of the H5N1 subtype of the
influenza A wvirus, variants thereof (SEQ ID NO0S. 2-4) and basic
amino acid sequences (SEQ ID NOS. 5-9) of the H7 subtype of the

influenza A wvirus (see Table 1).



2 H5 Egypt GERRRKKR 3 H5Chi na RERRRKR 4 H7 KRRAR 5 KKREKR 6

Table 1
INFLUENZA VIRUS
SEQ ID

TYPE OF DNA SEQUENCE
SEQUENCE Ho
HS Common sequence RERRRKXR 1
H5 Indonesia RESRRKKR 2
H3 Egypt GERRRKKR 3
H5 China RERRRKR 4
KRRRR 5
KKREKR 6
H7 KKRREKR 7
KKKKKEKR 8
HEQLTHHMRKXR 9

Another embodiment of the present inventicn may be a
fragment of the RR peptide recognition antibody. This antibody
fragment is not specifically limited as long as it is a part of

an antibody and 1is an antigen binding site containing the

variable region. As an example, a Falk fragment or a Flab’).
fragment may be used. These {fragments can be obtained by, for
example, partial digestion of a monoclonal antibody with a
protease. Any protease may be used, provided that it can
produce Fab fragments or F(ab’), fragments. Examples include

enzymes such as pepsin and ficin.

Yet another embodiment provides DNA that codes for the RR
peptide recognition antibody or a fragment therecf, or an
expression vector having the DNA that expresses the RR peptide
recognition antibody or & fragment therecof. The DNA and the
expression vector can be produced by any production method
known to those skilled in the art.

The RR peptide recognition antibody cor a fragment thereof
may be produced by constructing an expression vector using a
promoter that functions in, for example, E. coli or mammalian
cultured cells, introducing the expression vector iInto the host
cells to express the antibody or a fragment thereof, and then
purifying it. It is preferable that a signal peptide is added
te the antibody or a fragment thereof, which is secreted
outside the cell.

An RR sequence inhibitory substance that inhibits the



KKRRKR 7 KKKKKKKR 8 HKQLTHHMRKKR 9 Anot her enbodi nent of

the present invention may be a fragnent of the RR peptide recognition

anti body. This anti body fragnment is not specifically limted as |ong

as it is a part of an antibody and is an antigen binding site

cont ai AFhgVE RE Qar FaBl 8Rr SGIWIRAS -ant Texeatpl e U 2 FabRERBGFRERt (§FQalD

F(ab' )Rofragmest peeyike aused.cthese S agmant si €afo bes obt ghpedcBypef or
introduced into cells, preferably, the RR peptide recognition
antibody or a fragment thereof can bind to a peptide hawving the
RR seguence and inhibit interactions between a cell membrane
and the site containing the RR seguence, and thereby can
inhibit the entry of this peptide into cells. Accordingly, the
RR seguence inhibitory substance can be used in vivo and in
vitro as an entry inhibitor product that inhibits the entry of
the peptide having the RR sequence into cells. Likewise, the
expression vector that can secrete the RR peptide recognition
antibody or a fragment thereof outside the cell may also be
used as the entry inhibitor product. The cell is not limited
to a specific one. It is préferable, however, that the cell is
not infected with any low pathogenic influenza viruses but is
infected with highly pathogenic influenza viruses, such as the
cell having no functional influenza virus receptor. A cell
other than & respiratory or intestinal cell is particularly
preferable. If the cell is a respiratory or intestinal cell,
it is preferable that the function of the influenza virus
receptor is inhibited. The functional influenza virus receptor
as used herein refers to a receptor to which a low pathogenic
influenza virus binds to infect the cells, that is, a receptor
having a carbohydrate structure with a sialic acid on the cell
surface, to which the influenza wviruses binds. How to inhibit
its function is not specifically limited. For example, sialic
acid on the cell surface may be removed by sialidase treatment,
or a compound that binds to sialic acid competitively with the
influenza virus may be administered.

In addition, highly pathogenic influenza viruses have an
RR sequence at the terminus of the capsid peptide and enter
cells with this segquence. Taken this into consideration, the
RR sequence inhibitory substance is intended to bind to the
capsid peptide to inhibit the highly pathogenic influenza
viruses from entering the cells. Thus, the RR sequence
inhibitory substance can be used as an infection inhibitor
product for highly pathogenic influenza wviruses.
The highly pathogenic influenza viruses as used herein are

not specifically limited as long as they systemically infect

the host. These viruses preferably have the RR sequence at the
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the | fd Mo, k48, depending on the medicament to be prepared. For
example, when the medicament is prepared as a solution, the
carrier may be purified water (sterile water), physiological
buffer, or injectable organic esters such as glycol, glycerol,
and olive oil. The medicament may contain additives that are
normally used, such as stabilizers and excipients. The
administration route is not specifically limited and may be
determined appropriately depending on, for example, dosage
forms, age and sex of a patient, seriousness of the disease,
and other conditions. In particular, it is preferable that the
dosage form be those for parenteral administration, such as
injectables, infusions, and aerocsols. When the medicament is
used as an injectable or infusion, it is mixed with salt
solution or normal fluid such as a gluccse or amino acid
solution, if necessary and then injected intravenously,
intramuscularly, intradermally, subcutaneously or
intraperitoneally. This medicament may be used alone or in

combination with other drug(s) (such as other antiviral
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EGFP? primer-R: gCATTCCCCAATggTTTTgTATAGTTCATCCATgCCATg (SEQ ID

NO. 13)

The wvector pCold-II was cleaved with EcoRI. The DNA was
inserted into it by hocmeclogous recombination using an In-fusion
kit (Takara). The GFP portion was fused at the N terminus of
the RR seguence in GFP-RR. This expression vector was
introduced into E. coli host strains, Rosseta-Gami'" (Novagen),

and cultured at 15°C for 48 hours. Cultured cells were lysed

with BugBuster® (Novagen) and then the protein was purified
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"GFP-RR fusion protein") g talned from
pat hog¥ht tPadY a OFnﬁpu@hﬂatVPeﬁﬁaﬁﬂﬁ 3 FBNIlWlRR §e(§1¥éﬁ§é’r\ﬂa’§ated
anpl i fdedi byoPER uscngntheohgl 1(@WLREG 1RMIANEr STadKIMRS 500 x dilution)

CoRCATCH TG RAT T TATCIET LHTTEMTCTRETETE (SEQ B A1) " T8

conbi ration of §hPsR8efuence amdtannE@&ﬁﬁoge:riea ore tlhe EGRgenenad one
was insesd@dsh Nt Ret PeePLALEI B reXRKEE$IQN MG PCOl d-dY e (Jakara)ndhe

EGF2 was anplified using_ the follow ng priners. EG-P priner-F;
CgAggg%%%%m@%mggﬁgﬁﬁaﬂﬁﬁ%ﬁet@éﬁq NG pre stained wich
DAPI and the fluorescence of DAPI was also detected.

No fluorescence was detected for Cy3 and GFP when the GFP
protein without the RR seguence was used (Fig. 1a), indicating
that this protein did not enter the cells. On the contrary,
fluorescences for Cy3 and GFP were detected in the cells when
the GFP-RR fusiocn protein was used (Fig. 1B), indicating that
this fusion protein has entered the cells. The nuclei stained
with DAFPI are shown as faint round spots in the four panels in
the lower rows in Figs. 1A and 1B. The GFP-RR fusion protein
is visualized as discrete bright dots in the three panels in
Fig. 1B, except for the one at the lower left.

Thus, the protein with the RR sequence can enter the cells

by themselves.

(3) Production of polyclonal antibody

A rabbit was immunized with a synthetic peptide ({(Sequence:
CTGLRNSPQRERRRRKKR (SEQ ID NO. 14)) four times at two-week
intervals. More specifically, 600 ug of the peptide for the
primary immunization and 300 pg for the secondary and
subsequent immunizations were subcutaneously injected on the

back of the rabbit. As adjuvant, used were 300 ul of TiterMax
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EGFP primer-R gCATTCCCCAATggTTTTgTATAgQTTCATCCATgCCATg (SEQ | D NO.
13) The vector pCold-I1 was cleaved with EcoRI. The DNA was
inserted into it by honol ogous reconbi nati on using an In-fusion kit
(Takara). The GFP portion was fused at the N term nus of the RR
sequen%@lijﬁ GEPDRRO sTRil s TOXpridSsifon RAsct ormiest FhtForlueed fREpMELete
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added to a nedium(a 1:9 mxture of DDMEMwW th 10% FCS and OPTI - MEM
of BHK cells (1 x 105 cells/m) and incubated in the presence of 5%
CO2 at (8yCrtoaudthedrssf ?ﬂbao@elolnsﬁlv\arrﬁﬁﬂd@,d wi th parafor rral dehyde
and bl ocked, wi t h skinmed m |k cgntaining an. anti.- GP
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pr ot ei e dlrmrounenaeltonhendeitlhs s@i etelne weentoearoy e d | udTle&rceM@lsoqu@nal
Qy3 a%gﬁ&&@é@ Q@Jt:@cfaggdheehh%sq_@llgl %om%et he GFRnBR fusipne protein

was used (Fi 13), in |cat|n% his fusion protein has entered
the cettsiPafehubfef SEAPRBE \MthhEIBAﬁIA éf’rlé?hsﬁd\ﬁn HL R T Y ound
spot s ;ierpfth@efmjédpaael shenitmh@niawenr chows idbthigs.ad Aaxﬂtl‘tdochy dihet
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Thus, the protein W|th the RR sequence can enter the cells by
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I Tmunl zed W a, etiCc ep | equence.
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6000f idmeurpepdt den foeréhedded to 10 pg of GFP-RR fusion protein and

incubated feor 3 hours at room temperature. The mixture was
then added to a medium (a 1:9 mixture of D-MEM with 10% FCS and
OPTI-MEM) of C1C12 cells (1 x 10°/ml) and incubated in the
presence of 5% CO, at 37°C for 3 hours.

The cells were fixed with paraformaldehyde and bloccked
with skimmed milk containing an anti-GFP antibody (polyclonzl,
MBL, 500 x dilution) for 30 minutes at 37°C. Subsequently, the
cells were treated with 0.1% Triton X-100 for 30 minutes at
room temperature. They were immunostained with an anti-GFP
antibody (monoclonal, MBL, 500 x dilution) used as the primary
antibody for 30 minutes at 37°C, and with & Cy3-conjugated
anti-mouse IgG antibody {(polyclonal, Jacksocn, 500 x dilution})
used as the secondary antibody for 30 minutes at 37°C. The
entry of GFP-RR fusion protein into the cells was examined

based on the presence of Cy3 fluorescence. At the same time,
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primary inmuni zation and 300 |ig for the secondary and subsequent

i mruni zati ons were subcut aneously injected on the back of the

rabbit. As adjuvant, used were 300 !ll. of TiterMax ol d@ (Funakoshi)
for the primary inmunization and inconplete Freund' s adjuvant for the
secondarylandvsubsegaéned whid AdtHlons.F \hol 2 diwood hasode anantwo

weeks @ftepqthgnkagt wonmruriizat iy jandk W&@%M@P%@Qe@@gdUSEd as
a polyclonal  antibody. (4) Producti on of nmopnoclonal antib A

ody
nouse was |Wh|%%lﬂb%\}tﬁeéu§yﬁ?ﬁ§f‘l Eepepti d8TCSediencd s expression of
CTG_RIWERRRRKKRr(rSEthDtN@ cEA))s f(iu'l’dltda’ﬂaﬁuﬁtt}ial\ﬂ weekrusienval s.
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|mmn|E}é‘f|%% gThelﬂ%bg EFi FiEed ™Y VideKd St Lé?l?%ep’f%%‘?m into
i mruni Zag i @eﬂlamdwahelspheememspraereﬂ\sedn Ehen,ummnod onal o anti podk es

wer e pffpgug@sily@glgamgh' e :Rr gaedures. SIhese antd hadi e o¥fd Sspots in
screened t he aforenenti oned peptlde used

ELI
i nmuni Z&% %‘i’]ufopﬁb?éFnlantaﬁt L6ddy ceRambitRdS % that Béﬁptq’%%‘R%S)
Inmlmﬁuiwbmpr@téynbyspehyebmmabdaablhadwrete or ikt et Ol i 4 efsge of
rabbit, serum taken before or after QJI zati on. were, i added to 10 g of
GFP- RR $Us1 oh pr%?el n"and I ncubatrée 5 '3 hadr s room t enmper at ure.
The m xtur €wes ttHen addededy e nede uﬁﬁ(aequgnmexpame igfh iD-iMENMDA t h

10% FGS s OPT1 e VEM) ¢ 0kr C) %:aeﬁ%lel $ rbh %n2Q3/imL) and ddcubated i, ¢

t he presence of 5% CO2 at 37C for hours. The cells were
fixed With Parsfof haf dRhYHe 8Ad  BEEERed Swith TSRI e T | K RO 45 $i ng
an antiriGREP antibody (pel ychonabraWBbn D@0 thedidrutded)e for 30t dm i es
at 37C Supbsequently, the cells were treated with 0.1% Triton X-100

for 30 mnutes at roomtenperature. They were i munostained with an
anti-GFP anti body (nonoclonal, ML, 500 x dilution) used as the

pri marys antiboslyt {oF S ahouyesyarad87€Eragardnwi th a Cy3-conj ugat ed

anti - uspe I(QJG ant i bogy ggo% cl onal Jackson, 500 x dilution) used as
the sedondary” ant?body *H'Rlfes at 37C. The entry of GFP-RR
fusi on prottei nTa@t @Itm@crstd | sawase exafd aed cpasedobaithes presence ofrom

Cy3 f|ﬂé@fkﬁsl§egggumAthm@a§r@mgtlamubo@i(\else'a%&@ st e Widh . More

DAPI . Fig. 2 shows fluorescence
speCLflcally, i8 ml of Tris-HC1l buffer (pH = 8.0) was added to
2 ml of serum and the mixture was centrifuged at 15,000 rpm for
10 minutes. The supernatant was mixed with Protein G Sepharose
4 Fast Flow (GE Healthcare). The mixture was loaded onto an
open column, washed with 10 ml of PBS/0.1 Tween 20, 20 ml of
Tris-HCl buffer (pH = 8.0}, and 10 ml of PBS, eluted with 1 ml of
160 mM Glycin-HCl (pH = 3.0), and neutralized by the addition of
1l ml of 1 M Tris-HCl (pH = §.0}.

A Fab fragment was prepared from the purified antibodies
using Pierce Fab Preparation Kit (Thermo Fisher Scientific,
Inc.) according to the protocol provided with the kit. More
specifically, the purified antibodies were digested with
papain, and Fc fragments and intact IgG were absorbed on

Protein A to purify the Fab fragment.

2) Inhibition experiments using Fab fragment

Ten microliters of the Fab fragment were added to 10 ul (10
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m crographs (two fields each) of the stainings observed. Wth
rabbit serumtaken before inmunization, expression of GFP was
observed in the cells, indicating that the fusion protein has entered
the cells (panels in the lower half of Fig. 2). On the other hand,

wit h riabbief sekeinFEBnREI AkAG orhe rafEilivody cafitreyu i amshi Zat | dnh o mos GFP
expression vwaspebsenved imritthe caliliss (indi cafsipg )t Rat-d he S Fya Of ana
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round spotstén. t e fiowr wparielrs (an i:fte o ieftuoolaufmb+iMENFI gitR. 1Thercs
GFP- S} p in_i [ i s di te bri.ght t S, | h
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sequengex £ o8 epteihBgptRedcell:s,3 30 dhatad i s canti hody Gandt-e of 53
consi dceé ed as an inhibitory substance which inhibits the

i ncorporation of the RR sequence into the cells. (6) Inhibition of
entry by Fabhd ragrermtd 191 Pt ddaetlonvekreFdb xkdagriem paraforAp IdgB vde
ant i bodys was, PRE AT §,€dn 00 PHALE! 1@k AMNMS M 4,ABDI L1 SEF MM n ¢ ibody
contai ni ng anti bodies after i mmuni zation. Nore specifically, 18 nml of
Tri's. HE=But t epo L BHLona L) “Ade Sdded €0 12O Sk U dhcPt Hes mF Xt ur e
was centya.fugad sdquldn 009, rpmefoe116 nendt essathe super matiantT wason x-
m xed Wit h.Protein. haro 4 E Fl_ ow (CE |t hcare). The

m xtur%w/vafsofogageﬁllgﬁﬁgga%toggﬁmcgl%ﬁl e,rawélsr%éd vlmﬁltaﬁ?; 100 m of PBS/ 0.1
Tween 20mupgs i iped TrishHED baftfieCFFpHnt @)y, @rmisi wnefl@BSL, MBL,
eluteds o th di e 06n10Q:8W Gsyehn- Bk nepH 3nd iQod @b Nedd ral i zeds byt
the addjtion of 1 m of 1 MTris-HC1 (pH = 9.0). A Fab
fragment was Yt ebared £56m T He bﬁ?F?FegnéﬁfanBﬁle%gﬁs iPAd 1Bi%ice Fab
Preparataloyc ke tal TheaobsEFhsher 0Sei @dtlivftiien )] me.e)d sacCarttd nge ¢ ond hey
protocol. proyy degd, we bt he kit ;Morgospecifically,t he RYH fHed o5 opn
anti bodi es were digested with papain, and Fc fragnments and 1 ntact |1gG
were dbroel oht Prbtei ASALfoYpar PRy MERE PR Sadiferitie DT T PR tP BN
exper igENt 81 wst dige &abe { r agaepheTeama Grale,t ens 16fi tthe: Sabx d 1agiment th
wer e to,10 Rg) of the GEP-RR fusjion pratein d.

i ncubat e ‘fo(r)T%e h%%]?gs&gt f?%%)%ntgﬁﬁefétnurté:.eéféfz ce gﬂh( &ﬁ%ﬁ 21/ el
wer e mﬂﬁny@xgmmwmization was used as a control. Fig. 3 shows

fluorescence micrographs of the stainings observed.

As shown in Fig. 32A, when the GFP~RR fusion protein
treated with the rabbit serum before immunization was
administered to the C1C1l2 cells (control), expression of GFP
was cbserved in the cells, indicating that the fusion protein
has entered the cells. On the other hand, as shown in Fig. 3B,
nc GFP expression was observed in the cells when the GFP-RR
fusion protein treated with the Fab fragment was used,
indicating that the entry of the fusion protein into the cells
was 1inhibited. The GFP-RR fusion protein is visualized as
discrete bright dots in Fig. 3A while the nuclei stained with
DAPI are shown as faint round spots in Figs. 3A and 3B.

Thus, the Fab fragment of the antibody to the RR segquence
can also inhibkbit the protein with the RR sequence from entering
the cells, so that this Fab fragment can be used as an
inhibitory substance which inhibits the incorporation of the RR

segquence into the cells.
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1-m aliquots were plated on culture dishes of 3.5 cmin dianeter. To
the medium (a 1:9 m xture of DMEMw th 10% FCS and OPTI-MEM, the
whol e amount (10 ilg) of the GFP-RR fusion protein treated with the
Fab fragment was added, and the m xture was incubated for 3 hours at
37C i n{f heEpresened o fsggdeEtion of cphel g réatedl @1€CIDNcelprSigepreid
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| s. wa
i nhi bit? e & GFP- RR° £ LS SnWSFoPéFﬁncélb\ﬂ SifaliYed dH sth e%?e Cbrﬁ“gh‘%ES
dots iaw F&egrurBAda\mrebehelnuchel sefcaiirped (&)t RHOAR|. are shown as faint

round SpOt%1|ng11:|:|rg§Jrs’3Aa@{@r 3Bne 1nfectIQHS chhe Eah frw%g:%emasq}cec; he

ant i body to the RR sequence can_al so inhi bit the protein with t RR
sequertte ¥ roif ent ¥ PAg ERB EePl-d? 6 ™Rat Wi If‘é’ol?trlafg'iverﬁ“%a‘ﬁr %te‘i
used asitan 0 nhi brfoteynsubssbancmm/amchumhe@ tax thterd NCOIOr ot b H&. Of

the REH%%IC yc tI totﬂF cg?E Were(Z%e§4% rIw Iﬁ éﬁ anfeCtI

0
zZa
cells sralic¢ acid 6n their cel " mentran wﬁtrh inf1tenza
Virus virus NP protein antibody (monoclonal Mllllpore Corporation,

500 x dilution) used as the primary antibody for 1 minute at
37°C, and with a Cy3-conjugated anti-mouse IgG antibody
{polyclonal, Jackson, 500 x dilution) used as the secondary
antibody for 30 minutes at 37°C. Efficacy of virus infection
was determined based on the presence of Cy3 fluorescence. Fig.
4 sheows fluorescence micrographs of the stainings observed.

The influenza virus treated with PBS has entered the cell
even after the removal cf the sialic acid on the cell surface
(Fig. 434a). On the contrary, when the influenza virus was
treated with the serum containing the antibody specific for the
RR seguence, virtually no entry of the influenza virus into the
cells was detected {(left panel in Fig. 4B}). For the purpose of
visualizing the cells, nuclei were stained with DAPI (right
panel in Fig. 4B). Thus, the antibody specific for the RR
segquence significantly inhibits the entry of the influenza
virus into the cells.

Thus, the antibody to the RR sequence can inhibit the

infection of the cells by the highly pathogenic influenza virus
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As a nodel system for adm nistration of a neuram nidase inhibitor
product, cells were infected with a highly pathogenic influenza virus
after the sialic acid on the cell surface was renoved by sialidase
treatnment. The antibody specific for the RR sequence was used to
verlfyuPF§geFPécﬁRoﬁeﬁNWWG@t|n@qﬂﬂiq#ﬁﬁkﬁdoﬁhl%bﬂ?éh¥ﬁﬁﬂa$é useful as
( Sei kagakunlKegy@hni sehatbed ot Ry Ept aCOCLuS: BHAOK, s4 I ak puwas used
as the sialidase.First, 0.17 Umnm of enzyne was added to a nedi um of
MDCK cells (2 X 5/ml) and treated for one hour at 37C to renove
the si&NbesasrdLoaPehe cedlTlnisur face. Then, A/ Wiooper

Swan/ Hokkai N geni i f r was
Sided o kb e O RO A Y RECREVSE B4
The infTE8RZACYI F08 1844 TWaS P&t dfFat ¥t #%ﬁlﬂ?%bﬁrvhfu§7c in PBS or
serum descri bed in the section (3) above. Ei ght hours after the
infection, the cells were washed with PBS, fixed with a 3.7%

for mal dehyde solution, and treated with 0.1% Triton X-100 for 30

m nutes at roomtenperature. Subsequently, the cells were treated
with an anti-influenza virus NP protein antibody (nonoclonal,

M I 1ipore Corporation, 500 x dilution) used as the primary anti body
for 1 mnute at 37C, and wwth a Cy3-conjugated anti-nouse 1gG

anti body (pol yclonal, Jackson, 500 x dilution) used as the secondary
anti body for 30 mnutes at 37C Efficacy of virus infection was

determ ned based on the presence of Cy3 fluorescence. Fig. 4 shows

fl uorescence m crographs of the stainings observed. The

i nfluenza virus treated with PBS has entered the cell even after the
renoval of the sialic acid on the cell surface (Fig. 4A).On the
contrary, when the influenza virus was treated with the serum
containing the anti body specific for the RR sequence, virtually no
entry of the influenza virus into the cells was detected (|l eft panel
in Fig. 4B).For the purpose of visualizing the cells, nuclei were
stained with DAPI (right panel in Fig. 4B).Thus, the antibody
specific for the RR sequence significantly inhibits the entry of the
i nfluenza virus into the cells.
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Thus, the antibody to the RR sequence can inhibit the infection of
the cells by the highly pathogenic influenza virus wusing the RR
sequence. Accordingly, this antibody is useful as an infection

i nhi bitor product for an influenza virus. | NDUSTRI AL APPLI CABI LI TY
The pres@ht®invention makes it possible to provide an infection

i nhi bitor product for an influenza virus. Cains: 1. An antibody or

a fragment fhercof, vhich, recognizes.a peptide faving an RR sequence.
2. The anti od@ or a ¥ragnen fAErécf “accor ingto ai ML~ Whet ei n
t he ant¢bbidgeohagihpagmeRfR Skaneofcer-ecogni zes an anmino aci d sequence
of the RR sequence as an epitope. 3. The antibody or a fragnent

thereof according to Claiml or 2, wherein the RR sequence is
RERRRKRR (§E@W $kyoi¥_cr a fragment thereof according to Claim 1,

wherein the antibody or a fragment thereof recognizes an amino

acid sequence of the RR sequence as an epitope.

3. The antibody or a fragment therecf according teo Claim 1 or
2, wherein the RR sequence is RERRRKKR (SEQ ID NO. 1).

'
4. The antibedy or a fragment thereof according to any one of
Claims 1 to 3, wherein said antibody is a polyclonal anfibody

or a monoclonal antibody.

5. A DNA coding for the antibody or a fragment thereof

according to any one of Claims 1 to 4.

6. An expression vector, wherein the vector comprises the DNA
according to Claim 5 and is capable of expressing the antibody

or a fragment thereof accerding to Claims 1 to 4.

7. A pharmaceutical compositicon comprising an inhibitory
substance, wherein the substance inhibits the activity of an RR
sequence to permit a molecule to be introduced into a cell, the

RR seguence forming a part of the molecule.

8. The pharmaceutical composition as claimed in Claim 7,
wherein said inhibitory substance is the antibody or a fragment
thereof claimed in any one of Claims 1 to 4, or the expression

vector claimed in Claim 6.

9. A medicament for preventively, prophylactically or
curatively treating influenza, comprising the pharmaceutical

composition of Claim 7.

10. The medicament for preventively, prophylactically or
curatively treating influenza as claimed in Claim 9%, wherein

said medicament is used with a neuraminidase inhibitor.
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4. The antibody or a fragment thereof according to any one of C ains
1 to 3, wherein said antibody is a polyclonal antibody or a

nonocl onal anti body. 5. A DNA coding for the antibody or a fragnent
t hereof according to any one of Clainms 1 to 4. 6. An expression
vector, wherein the vector conprises the DNA according to Claimb5 and
is capabl e of @%pﬂassmgbwerap&bbady @h ra ;ihmagmentn 4 hereafnaeeas di 019
to Cains 1.t . % armaceut i cal Lo osition conprisin

inhibi?%?§lgﬁbs€§ﬁ8§ ARhéreit 41 Subdtah e 1 hhi BITR én%c??V|ty of
an RR seglentervospéestrianca . nwm@mMM@tuhdnﬁdhﬁvznnmedmhhbbta cekl, the

RR seqyepce: £ or B‘fngh@ R@rts fLhRe Mo equlg . 8. Jhe.phar preguti cal
conposj tion as claimed a|n17 wherein said inhibitory substance

i s thel@htPHBa§Y0 F“éofFﬁdﬁéntt@ﬁeﬁ@oﬁﬁﬂ%ﬁﬁﬁﬁiﬁ?F%&@goﬁeP%¥tCP5|HEe
to 4, os1ébeirexpression vector clained in daim6. 9. A nedicanent
for preventively, prophylactically or curatively treating influenza,
conprising the pharnmaceutical conposition of Caim?7. 10. The

nedi cabent Tor preventivebytoprpphghact rearirylion dur dfiadel y tr edtd mgin

i nfluenzagasngh gk pBdyi BuELALEMQ, 1Whenel N saivh Jedl cafrent s dwe Msedn M- LB ¢

a neur am ni dase i nhi bitor.
according to any one of Claims 1 to 4, or the expression vector

according to Claim 6.

13. An infection inhibitor product for a highly pathogenic
influenza virus for inhibiting infection of a cell by the
highly pathogenic influenza virus with an RR sequence,
comprising an inhibitory substance, wherein the substance
inhibits the activity of the RR sequence to permit a molecule
to be introduced into a cell, the RR seqgquence forming a part of

the molecule.

14, The infection inhibitor product for a highly pathogenic
influenza wvirus according to Claim 13, wherein said cell does

noet have a functional influenza virus receptor.

15. The infection inhibitor product for a highly pathogenic
influenza virus according to Claim 14, wherein said cell is
other than a respiratory or intestinal cell, or if said cell is
a respiratory or intestinal cell, the function of the influenza

virus receptor is inhibited.

l16. The infection inhibitor product for & highly pathogenic
influenza virus according toc any cne of Claims 13 to 15,
wherein said inhibitory substance comprises the antiboedy or a
fragment therecf according to any one of Claims 1 to 4, or the

expression vector according to Claim 6.

17. The infection inhibitor product for a highly pathogenic
influenza virus according to any one of Claims 13 to 15,

wherein said highly pathogenic influenza virus is the H5NI1
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11. An entry inhibitor product for inhibiting the entry of a peptide
havi ng an RR sequence into cells conprising an inhibitory substance,
wherein the substance inhibits the activity of the RR sequence to
permt a nolecule to be introduced into cells, the RR sequence

form nytatpaet °6f “PRe i RBLEERIZE. 2121 THfe entry inhibitor product
according to Caim1l, wherein said inhibitory substance is the

anti body or a fragnent thereof according to any one of Clains 1 to 4,
or the expression vector according, to daim6. 13. An infection

i nhi bi tor product for a highly pathogenic influenza virus for
inhibiting infection of a cell by the highly pathogenic influenza
virus with an RR sequence, conprising an inhibitory substance,
wherein the substance inhibits the activity of the RR sequence to
permt a nolecule to be introduced into a cell, the RR sequence
formng a part of the nolecule. 14. The infection inhibitor product
for a highly pathogenic influenza virus according to Caim 13,
wherein said cell does not have a functional influenza virus
receptor. 15. The infection inhibitor product for a highly

pat hogeni ¢ i nfluenza virus according to Caim 14, wherein said cel
is other than a respiratory or intestinal cell, or if said cell is a
respiratory or intestinal cell, the function of the influenza virus
receptor is inhibited. 16. The infection inhibitor product for a

hi ghl y pat hogeni c influenza virus according to any one of Clains 13
to 15, wherein said inhibitory substance conprises the antibody or a
fragnent thereof according to any one of Clains 1 to 4, or the
expression vector according to Claim6. 17. The infection inhibitor
product for a highly pathogenic influenza virus according to any one
of Clains 13 to 15, wherein said highly pathogenic influenza virus is
the HoN1 subtype of the influenza A virus.
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