GENETIC REGULATION OF HOST DEFENSE MECHANISMS BY MUCOSAL EXPOSURE TO
NATURAL INTERFERON ALPHA SPECIES CROSS-REFERENCE TO RELATED APPLICATION
5This applica}&p%gﬂi({p@,{the benefit of Application No. 61/029,308, filed Fehruaty,dR,&2p8, and
Application No. 61/051,366, filed May 8, 2008. BACKGROUND OF THE INVENTION This invention
relates to use of a-interferon (IFN-a) composition, which o contains a mixture of naturally occurring
a-interferons and other optional components, to activate an immune response combating cancer or

infection byagierie ¥pEiRAcROMadofDS MsEal e ANISIE eppaaia aBRufacturing

medicaments are provided. The immune s%/stem consists of innate immur&égﬁ%hich does not require
15 antigen selectiofXdtfd SUEHR Egﬂ‘,‘%ﬁ&l' &épmgﬁﬁﬂﬁﬁﬁn@‘ ﬁhﬁ:ﬁﬁzat‘j’i I onger period of time for
induction after contact with antigen. Thus, innate immunity can react quickly but nonspecifically against
(i) foreign invaders such %s%hgélt ' r (ii t f IQQ,in precancerous and
cancerous conditions. 2% 'Sn%[%t%g%ﬁ§ gi@ﬁ%ﬁ%ﬁ%ﬁ%ﬁ Q)R]synchronize the timing and
relativg amounts Shisrpptcadioblelaimsutre rhedisftord (Bpplictiokinds) BaMIREAVBnMiede response.
The absence ofIEN-Pcandgad s ABfEauAN b pateamabMales cales) "eytokine storm”)
resulting in' overwhelming pneumonid. Post mortem examination showed that these inflammatory
cytokines (e.g., 25 tumor necrosis factor-alpha or TNF-a) can injure the lungs, and possibly lead to

death, through such immune dystegitgtionimraynerdysregelatiaprean be normalized by very small
doses of interferon-a applied to the oral, nasal, or buccal mucosa, either before or during early stages

of otherwise overWRSIHIHeNREl Elatadie. v RE ST VY tﬁ%mﬁﬂW‘Spfowmﬁaes of IFN-a

applieg to thengineRinpasal, AIriaiceahBeearhipdrpRs aaeer ardritwionpbyaderigor protozoa.
Surprisingly, unlike other chem,otherageutic a%ents that are onlé;?eﬁecti%/e tatoc1r<151ihr)1s%ﬁa{:} st%?gfic microbe or
cancer (e.g ¢RI AEHAB AN USRTTASAET CATBBHTME R ShIEERLRY metidteXate), a low
dose of orabiRhbabes. vesitbapplitatiedies dreantinnicrabiabehersstse fapendoufgetrattective in
treatment of bacteria, Protozo% ?géjdcancer by acting directly on the immune system. U.S. Patent
4,497,795 iSs Ec%égelrr}lg’rgéesi%g e efficiency of food utilize- 5 tion by administering human alpha
interferon orally irTa<losagabeayséem sbosists k¥ amate BnmenfstisHErl AR 3 OV SIS body weight
per day. P . i S tacting.the OGRSy ugosa with
interfgr%on o%e%é gt %&%&gafﬁ%%ﬁ/z%gﬁﬁ‘%dd%%:@ﬂ%%@iﬁ%mntiélte cﬁ%ggﬁ%cgrrective

immune resposrieaiver@biianes BRitdacian EiensRMES Yt ANIgeRse Sidtes M@ cterized by
apparent hyperactive.on RYROBSHN ML B SysiemcIRcHgBindEXBMpeg Rf theatahiesdigeases listed

therein are "neoplastic disease, hyperaller%fnicii%/, imm%nore istant or immunodebilitating viral
infections, &d BRREHAMARE REBIERE AarHbterBbd B TRIBIA S e BEEANSHHRE ifffmmation.”
Human patigmsamitisasifeitibegmatoid 15 arthritis, multiple sclerosis, asthma, acne, malignant

| h , li th iti ighi | . Iph
ivas afinistored Wt 7 TR S B el S ot D aNSELT L e A= on <lon
concentratianduelativat arsimgits dobageicos|ddiehégi ritiisiete ieckal@Rinte ©f aBHBOKINSA) to about 20
ml of quuid-dg@gogﬂ%mrné?@% '{égéig%g%.d?ﬁs ihadhednauiiiena ralicd ol fing uatembput one

.S, Patent 6,361, I

minute. scloses using interferon at 1500 IU/day to 20 x 106 1U/day
applied to ordlase druphaityrigést erltassaciéakbm §z§3&§ihinﬁ?ﬁé‘,“ﬁ@dﬁtfé‘@@ﬁ'&?'W@&dﬂ%%%nerative,
parasitic, oryirahcpaditinBieRH amPHAbARIARShieRs R RasaRsta Nigtikinusified mixture of 25

different human interferons as used in our invention, which achieves systemic .%?ti\%ttgn and

moduf&tion Wbﬂ%ﬂ%@ﬁ%‘@&@r@sﬁ@%ﬁb%niﬁquﬁwg’?elb‘ﬁ‘l%?i’oﬁ% Pos3RMe157S 1Pis an
objective ofdbgtinvemriign uerarideifiealysriiatiarpatieninn deedgilativantirabeenabagent,
antiprotozoal agent, and/or antiprolife- 3Q rative agent. Methqods for treati bj processes for
making megﬁgﬁn &,‘%B@&& PRvOIVIN % SCrous %Plvelltgé]e(?%ﬁg%roé%é1 tggﬁséibﬁcgf?r%gére provided.
Other objectivessadeitieariaiyes are desyisedpatages3S UMEMRE OFETMEINVENTRON  Itis an
objective to.freat.a supj ] ipal), NCipL i PRcigsial or
protozoal |nﬁ%ﬁéﬁj%n%ﬁﬁeﬁfg%%%g%%%m%gg‘y }%1303&\2? ?ﬁe%&%ﬁgr%ﬂgk to balance (i.e.,

remodiflatiotphrieeelaorreselevasERiBh It eRRFEHATEEHAMON AL SE R ular, the level
of tumor neggeigdiacior-alrhea (UWer) dRamos seseast angdnnrg frihaiegysnpy bfaivieed (e.g.,

measured as a decrease in the number or severit(y of pneg}mogia-i'ke indi atiogﬁt%gggé oxidative
damage, pUASRIASHARRFALICI UG e Mo AAATRY) (69 THICRE AL REP St el 40 dided the use
of a pharmaceutical composition comprised of a purified mixture of at least three different human
interferon-alpha proteins with native amino acid sequences and glycosylation patterns in the
manufacture of a medicament for treating a subject infected



15 with a bacterium or protozoan, wherein the pharmaceutical composition is to be applied
oropharyngeally and in a dosage from 5 IU per pound body weight/day to 1000 IU per pound body
weight/day. ¢ sYhissimnay be infected with a bacterium or protozoan. A pgayfiRaseiaedbssical
composition, which is comprised of a low dose ofan IFN-a cocktail, is administered to the subject.
Infection of the subject is reduced or eliminated thereby as assayed by decreased recovery time,

increased iBHNYAE. Gl SHRRASAAAHRAHERS Y MP hRG SR ofitsratip-or tilingrhintected cells),

decreased division or growth of the infectious agent, or any combination thereof 25 as compared to the

subject notRRAeti Wit @ teYerePelianalosangytic agert sHEHKEIRIHERIE R 84t a subject

(e.9., humayy ereRRINMANAliRCIEAYAYIEE ARREI IS AIEINEE AU SBATAtGY Sé2gn, neoplasm or tumor),
and thereby up regulate host defense ézi%oihses to transfor ted %immortgy%gg dcel{;% aaqd to control
abnormal cell prok etaliGie84:497 4% %ﬁaefsf%éﬁatﬁg% ep?o{ﬁbeend: the 8RS |§har_maceutical
compositioficrPByPsisathadtarpidr fies anixtipteadhdfeast thrakty differensagenbetiveerfeeondipha proteins
with native amino acjd.seguenges an : [ in: cture of a medicament for
treating a s@&%@t’@e drslﬁa%r l?r{ri]%r}agr oqﬁgeyrﬁ ggﬁé%%agg%%ﬁ]fwhgﬁﬁe%g armaceutical composition is
to be applied oroph&ryRgtzily 2AA0MH a6 dissirstdrad iGN sURWANGR pEP #3¢ @£ 2000 1U/pound
body weight ger oy ifusubiechigiay be plticied by abnastial eelbatilpEriandedadgeoplasm or

tumor, other transformed cells). A pharmaceutical composition, which is comprised of a low dose of an

1FN-a cockigipoteatialm draatproIHE SiMs Ay HRS A8ePRNHRS JIRELR 2RfIEEUSF e IR ated thereby
2 ashseyeqr%llfper%gtgapﬁliggas@r @f@f&lit}gﬁmﬁr@z@g@ddmuagm@m immiﬂfnwﬁgy titer,
ymphocyte proliferation, or killing transformed cells), decreased divisjqn oy, growt rqliferating or
transforme ARSI Y BHRTHIRGRIE M HEREHPas c%%ﬁﬁ}ﬂ t8ﬁﬂ%eégan[ﬂﬁioorr{%tases tsted

a Subjéct not treated
with a low dese:pf dhe hdbelaarkiniease Ayptratieltjentiity jsmoieatesEbjgar(Erynunmman or animal)

infected by terium. or. protozoa or affected by a pathoaenic dj i to- 4 immune
or neurode&%ﬁ@?ﬁﬁ{)g Hi@i@%CESQEBSREIg Yotea %Sﬁ%ﬁ%‘%}%ggﬁﬁ %egrﬁ%(g? rge%%r;{gﬁi{%y type 1

interferons tidspleategeeetisgteonfrositatipwhidiumeonprissiofdtivwaddte SheTARE cocktail, is
admin 1|?'§teread Lo iPrée %%% Qlé?ﬁﬁg 'Qs%‘ﬁ%‘f(?i@ﬁé !%Qﬁi&q&q Wﬁﬁﬂgﬂ@ég%@@;ﬁ@@%mcrea&ng

expres- 5 sion of Underexpressed genes and decreasing expression of overexpressed genes as

compared tortaetbondistmtis e trratad il JitaTEeIonN abbe o HRETRIRTOABRRAES  In a third

aspect, theteyis:Rrquided dhs #se M AMARELHRA KOMRSIHEN, GanPHEHdretiaspuiititas mixture of at
least three different human 10 interferon-alpha proteins with native, ?{mino acid ee%léences and
infec

glycosylatidiPige P SIRIRBITALRTBREIESE 2 FO@EANSRIBREIRG SLHUR Bdby a

bacterium qjgaretezsiasabaffesieth b @b egeastitigliss abecppatiess saidcietideitb desrment by specific
genes regulated bﬁ in%grferon:a%)hf\tﬁ[‘otein w ere%nowee[%rhartr%laceutical composition is to be applied
orophaPyngBRIf8HEIPEHBEAGE Fa's ﬂB/E)oa QBSEY welght per day to 1000 1U/pound body weight
perday.  In a fauBSh Rspettt Bete Ropdindthed thesirge ivterfpraitiat] THREUIL/OrN 1ol three different
human interfeson-alpha ' [ [ m%g equankes 0 | terns to
manufacturisa Mé%gm%rﬁﬁgg t?év a%;ldrl:éyg?op aryngeaﬁly and in agggg%ﬁ‘%grﬁﬁﬁ?&gg’pound body
weight/day toyrobedte jair peuredeasneradightrripsicireiing! sapdHaNhfection, protozoal infection, or
cancer.  An IFNga, qaekinih may R Mbitwas difelrRpicaumagnieieramalphiatoretems. It includes

human interferon-alpha proteins of at least three, at least six, at&(?aaisé}‘lo, at least 14, or at least 18

differe?f subijigeant BUBAReNtefRIGRS PSvHREH At YoM Rt FFBEEBIRERRMIE mammalian
cells. The IRNA@tensMayhe-aoriisd frarphdmaediosd pfoghmtsmetited i vhiciuhaman
virally-infected leukocytes were cultured, or medium or a body fluid (e.qg., blood, milk, urine) in which
cultured or fi agﬂﬂz mammalian cells recombinantly express human IFN-a genes. The purified
cocktail thus contaitg reftueally-desiverbjesthen detigeimoentib olifte pravidel sealimype samadified in

accordance yih marimaliay givesaen AURIAS <Hhs enelied cgekial pse atably paministered by

topical applf?:% 10N to oral, nasal, uccalFmucosa (1.e., oropharyngeal application) instead of

enterator paatineeeglendmititinstiofordreatinn S8N6E iR FaGRIEESHIR I IR KBTS Fon of the

purified cocktailat lgaskeemedulaion §-srdegirasingisdesrensingdiaskietienaaonaldryels of a
healthy subject) cytokine production or co-stimulator molecule,s%gsgv which had been initiated by

the microbeRsP AR SEEFRIRFIYSH ANTLAMANRY: HEHGIHSR in the subject.  Also
provided are processes for using and making medicaments. It should be noted, however, that a claim
directed to the product is not necessarily limited to these processes unless the particular steps of the
process are recited in the product claim. Further aspects of the invention will be apparent to a
person skilled in the art from the following description of specific embodiments and the claims, and
generalizations thereto. WO 2009/102497PCT/US2009/000960 5 DESCRIPTION OF SPECIFIC
EMBODIMENTS OF THE INVENTION An infection by a bacterium or protozoan may be treated. It
may infect a human or animal subject. The inféction may be incipient or established. The microbe may

be a bacterium or protozoan, especially those that can cause 5disease (i.e., pathogenic microbes).
Hare the tarme "microbe" and "micronraoa- niem” are 1iead interchanaeahlyv The bhactearitim mav he



20 pneumoniae, S. pyogenes), Treponema (e.g., T. pallidum), Vibrio (e.g., V. cholerae, V. vulnificus),
or Yersinia (e.g., Y. pestis). These include Gram-negative or Gram-positive bacteria, chlamydia,
spirochetes, mycobacteria, and mycoplasmas. The protozoan may be a species of the genus
Cryptosporidium (e.g., C. 25 hominis, C. pan/unt}, Entamoeba (e.g., E. histolytica), Giardia (e.qg., G.
intestinails, G. lamblia), Leishmania (e.g., L. amazonensis, L. braziliensi, L. donovani, L. mexicana, L.
trap/ca), Plasmodium (e.g., P. falciparum, P. vivax), Toxoplasma (e.g., T. gondii), or Trypanosome
(e.g., T. bruci, T. cruzi). Cells of a subject undergoing abnormal proliferation may be a neoplasm 30 or
tumor (e.g., carcinoma, sarcoma,JelkermRYIyphistRd)N \Esphdtiay cells transformed by a tumor virus

(e.g., DNA or RNA virus carryi transforming. aQro iSg | by a virus
essciated with canSor AT 00T 8 S0 BD0Sa B B Bt et virus
(EBV) is agsieciated esthtfiabephaagteriall canewmiododyinfesinnpiomat Bk S1apkdina, and other

o-ce) Ymphomas. IRRLCRR s Sand e vises {HEN A HEVicHe asseoaleuth ver cancer

human herpesvirus Is associated with Kaposi's sarcoma; human S%E%ﬁg)m viruses (e.g.,
] i -
c

HPV6, HP\aY0jH i1 6erpiziian dpfcansiyRiaGutatRer B Hie d5ShARTEd Witk cer, anal
cancer, and.genifalyars aadaumand-bisHhetpbig wiss K8 Tei)dedssatintegl pétnd-cell leukemia

or lymphoma. Cancers include those originating from the gastrojnt stinal%%.glr., eso \pa us, colon,
intestine, il&XEN, TeBtUpg, AUNRSHIES pdRERSYES t@ﬁ@cﬂ?,cg%?ﬁ?omi HIBIEG, Dladder, Kidney,
prostate), raessHiFkelatafikacabsHOMMRRAT e Oxidatigy, derepredyrtives(@y., eeerng.ovary,
testicle) organ systems. Interferons (IFN) are naturally occurring, hormone like proteins with
antivirst, arﬁ?ﬁ?dﬁ?é?@ﬁ()’@gﬁﬂd immune-enhancing properties. They are produced by the body at low
levels in responsettqu4ra| infaetionspria, otheraingduserddad leastuse séverptiffenentptiottin subtypes of
alpha interferon are present in ALFERON LDOO: IEN-a2, IFV\Léa4, IEN-a7,.lEN-a8, IFNé?llO, IFN-al6,
and IFN-a17omPPERIN BB BhAdRLE GAITHIIE ) aHiEAS!( TRRATSIRS i}%naerlved)) is a

different forpyalatipmofifid BREMNGitaLBre atinn 3¢rNeirasabliessataigiycosyaitiom 5 x 105 1U
per ml), the only natural interferon currently FDA 20 approiila?d an% availablﬁjin {he m?éléetplace.
bEF8 L

Unlike reconiREmt IPNDS sreoutastirfch B eIt 1S 8 TERISCLIRRTSh alfa-n3

contaifs at |east.Seuena0RFies Rbibbban Iikskind tethesame seteniausrapisitsieiertalfa-2b.

ALFERON-LDOG6 interferon alfa-n3 consists of interferon alpgaz%roéijgjs about 166 agﬂr&o acids in
6539528 a0 Ty PRIBEES |

length and R GRGIRMBIEBHRYARSGHY ndhd 16 I LRFI9S S8 IFN-a2;

IFN-a4, IFW%W%?QOHWWPM anpdyRMerht/dEe specific activity of interferon alfa-n3 is at

least about 2 x 108 Ill/mg of protein. The IFN-a cocktail may be manufactured from pooled units of
human blood. The manufactiing piagess inglies isalatip ol i seaieukgrtass 3L.nduction by
incomplete infecti WHESENG I'virus, immunoaffinity chromatography with a murlne,rlnonoclonal,
antibody agaiastenmippktispecieisbf - KomREf calich g 9 Ferahvady i 8 1 Hadtvate and/or
clear possible conta- 2000/102497 PETMS20391200960cf minsting-ifectisimiagants (e.g.,
Sendai viru&§ ursné'a'%%e? %Mﬁ%tﬁc% or blood borne viruses such as HIV-l,ﬁI%JLV-I, HB,{V, E‘SV-l, hCMV,
and EBV), dhdreblfimatssatadhut6gaipRy cAIERaNeRly IRGe 45 E6 77 1 PN ¥h&e%e8ektail may be

isolated fro%g#@%bmgﬁg?%sﬁ(‘?ygqp%@_@eb&@ﬂ?@faﬁﬁwn@rqﬁmu@umdrﬁemediumifiﬂ,Which

mammalian cells. produce human IFN-a protein of naturally-derived sequenc | ylation
pattern (e.gq@onditienalyrieaiRng o sl esiqys ﬂ%ex%é) 128y (f%%rlrﬁ u}gcgt]gtag%w%o%sgcament.

Formulationsdororakagminiskatipfeinciue-aatsustiselusionsseyoifiss dfikirs, grsitits, granules,
tablets, and capsules which may contain excipients i9. such as hindi il ilizers,
disintegrants, Wettiﬁdsa@'é?ﬁ%?rs ﬁ&“\’ﬁn@ a‘?eehtt?, %H%ﬁ?&ﬁ%&'g%%%%%?ﬁ@%ﬂéﬁe béltj%gr salts,
flavoring agexts colaragcagarisoswaatanngagentiiion dmygcomiarin tRErE8NAEmapbe a liquid,
nebulized solution, aerosol spray, syrup, tablet, le,.or lo rally; \nigtesed
formulation MOt @58%% e gté)éa{g Sl%fé%&%%%&? tl%fr%c?)%%@iﬁg gﬂ Is!?aqgﬁgfrs sodium
benzoate asgaigsantiveshimohabralbuaiinesaealiferaiiaid water as vehicle.  The IFN-a cocktail may
be administered by any route involving oral, nasal, and/or buccal mucosa. The cocktail is preferably
not administered by an enteral, parenteral, or inhalation route. It will be appreciated that the preferred
20 dosage may vary with condition and age of the subject, the nature of the infectious or neoplastic
disease, and the chosen IFN-a species. It is preferred to use highly purified mixtures of different
human interferons (e.g., at least 80% or 85% or 90% or 95% of proteins in the cocktail are IFN-a
-species, not including intentionally added carrier proteins). The activity of the IFN-a cocktail may be at
25least 106 1U/mg, at least 107 1U/mg, or at least 108 Ill/mg of protein. The dosage of the IFN-a
cocktail will depend on the clinical status of the subject and the experience of the physician or
veterinarian in treating the infection or tumor burden. It may be administered as an aqueous solution in
the range from 5 IU per pound body weight/day to 1000 IU per pound body weight/day 30
(alternatively, 25 IU to 200 IU per pound body weight/day). When calculated on the basis of a 150

pound human, this dosage is from 750 1U per day to 1.5 x 105 IU per day. Our experience indicates
haneaficial raciilte are ohtained at docanea \ WO 2000/102A4072PCT/I 1IKS2000/0N0N0RN



levels of a-interferon in excess of 750 1U per day, that is greater than 5 IU per pound body weight/day.
EXAMPLES 5 Example 1 Study A: asymptomatic HIV infected subjects with CD4 levels > 400
were treated with 500 1U or 1,000 IU of ALFERONO in an aqueous buffered solution prepared by
diluting ALFERON(r) for injection administered orally daily for 10 days. RNA from peripheral blood
leukocytes was isolated from blood o collected hefore, during and post-therapy using Paxgene
technology for RNA isolation. A cDNA microarra%nalysis was utilized to identify genes which were
modulated as a result of the ALFERON(r) oral dosing. Study B: normal healthy volunteers being
studied in a similay manner. The I‘eSL#{S %emon_strate a%f inc&jlction of z?-inteﬁerpnna(r%attecglgene activity
15 and differential%@wé?ﬁ%ﬂlﬁ?&? P ﬁﬁﬁe‘ﬁaﬁﬂ%\g %’u o%y&'esg 8 Io%vi%gat%e ora {mucosal)
administratgsdEibi)nipiesd Wioh gporifiécs peigtesenafusbldaskdoyde aiffeesferonmearived
from-human. ALFERONO used in the study was supplied as an agueoys solution packaged in
SR S Ao

sealed polyHiEFFAEAIREA RIREEIRKAL AULRCCBMRIREHUERS APBrE R FERDRNL (500 1U or

1,000 1U) gszplenedbm Selutensiacierdaken onalijoeasintdyrftreiblrdapssitbddobtaaringter is to be
taken 30 minutes &[ior to throu%r; 30 mir%[ﬁ:s after aﬂamin'stration to.avpid ergg}/rﬂatic.deistruction of the
. i &

polypeptide i HRRfHpRRtPERSH Celinpiig e &bﬁﬁﬁ@%%‘l'&cf ZSTRER'C SR Day Number
and Event hb®applidd@ dtupreeyndéalp antOihld 2bd8det ioht 5 Bl SduippdysvizrigivhpgvO
2009/102497PCT/%é§§%000 %(%%\;‘Da, = Baaeline period in which two separate samples (131
and B2) ardl@¥atin [ %ﬁr WRRVREH St T1-T5 Samples to two Baseline Samples
Combined (i.e., B +62é,5 lood sam Le re subjected to cDNA microarray gene analysis as follows.
Array constructior#'ﬁlﬂ Jﬁﬁi%@#ré@ aﬁ g?ﬁ%#’s%%d&’ﬂ%%ﬁf N 585‘:3%%&(6? éqnl%eor%%s\%rified
cDNAclonesrframithe Resedrshsiemetic$40:000. cliterset eepiced entimg@S5tage nebhicbntaining
adenylate/uridylate rich elements rn and 1 nes ntially i ved | -directed-mRNA decay,
855 ISGs r&? Egﬁﬁé:gozfna é?’(gaélsglsgnogf%ngr}gﬁo%gl?/%g%éri!ge%eﬁ%hgg%é%d?ouﬁti}i(r%n%%g{)gr.l&!f?rmed and
candidate desesstimnldted bytENS it drdusetelitypisimE8ddhesaiBspahsRESRY BOlyP.poly(C), and
85 housek%%?@vganﬁ\%rbidity or mortality, increased immunity {e.g., increased antibody

titer, lymphocyte proliferation, or kiling transformed cells), decreased division

or growth of proliferating or transformed cells, or any combination thereof as

compared to the condition of a subject not treated with a low dose of the IFN-a

cocktall,

Another objeciive is o treat a subject (e.g., human or animal) infected by

a bacterium or profozoa or affected by a pathogenic disease process (l.e., auio-



Target RNA preparation. Target RNA was generated in a T7 polymerase 15 based linear amplification
reaction. Two pg total RNA and 5 pmol of T7-(dT)24 primer
51-GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG-(dT)24-3' (SEQ ID NO:1) in a total
volume of 5.5 pl was incubated at 70C for 10 mirfand chilled on ice. For first strand cDNA synthesis,
the annealed RNA template was incubated for 1 hr at 42C in a 10 pl reaction containing first strand

bufer (Invi; 20 t@@%?%%lsﬂcgagcgo%yaavy RecaleniiRbiaspmhianinin Yk TBaoRRd 2 U per p

SUperscrip{rﬂn(}ILrIlwtroge strand synthesis was for 2 hr at 16C in a total reaction volume of 50
pl containinmpfies stefdtedaeyidvparadutagesecontt sirarmararicahermeRRY IBNFaNETPs, 0.06 U

per pl DNA Jigase (ambian)» 0. 26,44 RerH RMApelymarase Vs sseant Bisiabsbas 0.012 U per
pl 25 RNase H (Ambion), followed by the addition of 3.3 U of T4 DNA poI}/merase (F% lrJeg_er pl; New

‘England BibigBapana frigHeiets FifIHeanatoR ST T SSEEhYstaliTEAc S prodicts were
purifie by phenet:ciHaesiomriseamytbalsobeleytactos iy Rraseiednmitrocertrifugeaties

(Eppendorf) according to manufacturer's instructions and ethanol precipitated, In vitrg transcription
was perforaRtESREIFTRET Y R‘ﬂééﬁ%ﬁ W(R%i%% JEE?CB i rs%{)efg %‘?(]j%e; kﬂf);%gogc?o% which
purified cDNA yras gambiaad with 1 pl each 10x ATP, GTP, CTP and UTP and 1 WO
2009/102497PCT/US2009/000960 10 pl of T7 enzyme mix in a 10 pl reaction volume and incubated
for 9 hr at 37C. AmplifiechRiNAwyranutified using thidRdlensy peefichtmnpkia(maiotizal  RNA
labeling. Cy3 or Cy5 labeled cDNA was prepared by indirect incurpgratio plified RNA, 1
pl dT12.18 pAMEBP#LEY ﬁ@ﬂﬁf’ﬁ‘?\ﬁt%gaeﬁ)‘!rgeéfﬁﬁ‘é‘}?dg‘inaﬁg%(%snﬂ%@&igg@%ﬁ? ‘gﬁ"r%;ﬁ], Invitrogen)
and 1 i antRINAsSHATRRION)prstEsreoMpitied inadiveactionivoluraeidf 15:8ptanesincabated for 10 min
at 70C. Reverse transcription was for 2 hr at 42C in a 30 pl reaction ¢ iRing ed RNA
template, fir@ySRaH@IRAFHFAEBE IR e%@h "BA ?é@f?—’,o(f(ﬂ' @%@8%%?&% %ﬁ% 4
aminoallyl-diyFR£SigmaketO M BT enehl 27 prpierzolal @r Saffersatign| aFpatbagsiaie hydrolysis,
10 pl of 0.1 M NaOH was added to the reverse transcrjption reaction ' incubated
for 10 min 1PHESAIBHEFTD éb‘éFﬁPF%cE?ntPe&’fS@?g?ﬁFg f%Vss%?ﬁ%{%dger‘%%tgrgﬁ%@%@%on of 10 pl of
0.1 M HCI. ghbHsWws Apeciprsesiat wiidor 8 nphafteacelditah cbrbposititnessr derpamide
(Ambion), 4 pl of 3 M NaOAc (pH 5.2) and 100 pl absolute 1 nol t r in 5 plof0.1
M Nchos.aPBP%ﬁ/é?Eb‘EEﬁ’iW@,%%?'Xoﬂ‘EgnE B P ETSPN%ZQ%%%?%ﬁ?&?ﬁﬁv%&éﬁg%%gws dye
(AmershamBjpssianees) uss sigssdvedysight plerf &MSO. Five pi of dye solution was mixed with the
cDNA and incubated for 1 hr in darkness at room temperature. Labeled cDNA was purified on a
Qiaquick PCR purification column (Qiagen) according to menu- 20 facturer's instructions. Eluted cDNA
was dried under vaguapanH rRgisnended is BlopiddGtive e Ibhgtpidifiedomixtiffer ¢Aaibion). After 2
min of denaturation at 95C, the hybridization mixture was applied to.the microar Ij nder a
cover-siip. H?Bﬁﬁ?ﬁﬁ@n@ﬁﬁ%@ﬁgﬁrﬁ%rm ?ﬁoél'é%é/ré% ﬂ]‘%% g gvrﬁﬁer}%%% %@X v%%gér?fath.
Post-hybridizgatipanslidesneyuastiadsuceataivalydomamifzeact a A%dic88eM10. 19408DS at 55C,
then 2x SSC at 55C plus a final 5 rﬂin wash in 0.2x SSC at%oom gemer%tpr%bu Data.acquisition
and normali ZRRYRID LAY AERNE Allith 'S CerdPiRYU00BE Taser ScahRer and GenePix Pro 5.0
software. RaysRagdugradmuntedinteds grasil ing6y0 sefigrdrédBificoriresingicdsyeiedalormalized
based on the distribu- 30tion of all values with locally weighted linear regression (LOESS) before
further analy8i€cioD @M@ﬂ%’ﬂﬁz@fﬂﬁa@ﬂﬁ%ﬁbogeo 11  The results demonstrate that orally
adminigtered Aileron(r) was well tolerated at the 500 and 1,000 IU/day dosage levels. cDNA
microarray analysistideRtifiecd-38kigienas thatavergiexpresseteasantairtan iwerdiotdoegsipaseline in

two or more patient s les (greater than 2-fold change over.baseling, is statistically reli- 5 able
evidence of Eongirrﬁogmagﬁ%]ﬁ% U&%@t‘@%ﬁc?grﬁ:%aﬁﬁ%).pA%?%BBriﬁé?@l?}?&hﬁ?olgfn% se in gene
expression vas séeteasthidl,000ch$iday, dosageltna] d8mptezerd SaftypkEdali.(o<@@R01). Although,

not an exhaystive.list, h r 240ld over baseline
in greater thteél%té(\)éﬁ %éjﬂa‘} ?(?’ \3?3%/2% o?}p@ﬁ%%{g %ﬁ%ﬁ@s@lﬁlgﬁaﬁﬁmgﬁ&?ﬁnﬁ% h—%%o |8@S-'1O
adenylate syhitiretfdedikerdletesafian P theuop g igpre i@t §lamss progudiigoadénylare synthetase
is an importait caMRERSALAEING kR B URIARRIL R AN YRRt pathyay.iRRAr iGNy gapes related to
activation of an inflammatory response such as tumor necrosis factor (TNF) related genes were
actually down regulated, thus abrogating the harmful "cytokine storm" in disease processes. 15 Table
2. Genes Expressed > Two Fold Over Baseline in > 33% of Patient Samples Identified Gene
Expression Frequency (%) 500 IU 1,000 IU Overall 1



SFRS protein kinase 1 83 40 59 2 Homo sapiens, clone image:5164031, MRNA 17 87 56 PDZ and
UN domain 5 0 93 52 Interleukin 17 receptor 0 93 52 5 21-6 oligoadenylate synthetase-like 33 67 52 6
Similar to KIAA0160 gene product 0 87 48 7 N-myristoyltransferase 2 0 80 44

4a

fluid (e.g., blood, milk, uring) in Which cultured or transgenic mammalian cells
recombinantly express human IFN-a genes. The purified cockiail thus contains
naturally-derived human sequences of different IFN-a sublypes modified in
accordance with mammalian glycosylation patterns. The purified cocktail is
preferably administered by topical application to oral, nasal, and/or buccal
mucosa (i.e., oropharyngeal application) instead of enteral or parenteral
administration, or intranasal or intratracheal inhalation. Administration of the
purified cockiail at least remodulates (i.e., increasing or decreasing back to the

- normal levels of a healthy subject) cytokine production or co-stimulatory mole-
cule signaling which had been initiated by the microbe or processes resulting in
autoimmunity or neurodegeneration in the subject.

Also provided are processes for using and making medicaments. |t
should be noted, however, that a ¢laim directed to the product is not necessa-
rily limited to these processes unless the particuiar steps of the process are
recited in the product claim.

Further aspects of the invention will be apparent to a person skilled in
the art from the following description of specific embodiments and the claims,

and generalizations thereto.
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DESCRIPTION OF SPECEF—‘IC EMBODIMENTS OF THE INVENTION

An infection by a bacterium or protozoan may be treated. It may infect a
human or animal subject. The infection may be incipient or established. The
microbe may be a bacterium or protozoan, especially those that can cause

5 disease (i.e., pathogenic microbes). Here, the terms “microbe” and "microorga-
nism” are used interchangeably. ”

The bacterium may be a species of the genus Bacillus {(e.g., B. anthra-
cis, B. cereus), Bartonella (B. henselae), Bordetella (e.g., B. pertussis), Borrelia
(e.g., B. burgdorferi), Brucella (e.g., B. abortus), Campylobacter (e.g., C. jejuni),

10  Chlamydia (e.g., C. pneumoniae), Clostridium (e.g., C. botulinum, C. difficile, C.
perfringens, C. tetani), Corynbacterium (e.g., C. amycolatum, C. diphtheriae),
Escherichia (e.g., E. coli O175:H7), Haemophilus (e.g., H. influenzae), Helio-
bacter (e.g., H. pylorrj, Klebsiella (K. pneumoniae), Legionella (e.g., L. pneu-
mophila), Listeria {e.g., L. monocytogenes), Mycobacterium (e.q., M. avium, M.

15  bovis, M. branderi, M. leprae, M. tuberculosis), Mycoplasma (e.g., M. genita-
tium, M. pneumoniae), Neisseria {e.g., N. gonorrheae, N. meningitidis), Pneu-
mocystis (e.q., P. carinii), Pseudomonas (P. aeruginosa), Rickettsia, (e.g., R.
rickettsia, R. typhi), Salmonella (e.g., S. enterica), Shigella (e.g., S. dysente-
riae), Staphylococcus {(e.g., S. auréus, S. epidermidis), Streptococcus (e.g., S.

20 pneumoniae, S. pyogenes), Treponema (e.g., T. palffidum), Vibrio (e.g., V.
cholerae, V. vulnificus), or Yersinia (e.g., Y. pestis). These include Gram-
negative or Gram-positive bacteria, chlamydia, spirochetes, mycobacteria, and
mycoplasmas. .

The protozoan may be a species of the genus Cryptosporidium (e.g., C.

25  hominis, C. parvum), Entamoeba (e.g., E. histolytica), Giardia (e.g., G. intesti-
nalis, G. lamblia), Leishmania (e.g., L. amazonensis, L. braziliensi, L. donovan,
L. mexicana, L. tropica), P!asmodium (e.g., P. falciparum, P. vivax), Toxo-
plasma (e.g., T. gondif), or Trypanosoma (e.g., T. bruci, T. cruzi). |

Cells of a subject undergoing abnormal proliferation may be a neoplasm

30 or tumor (e.g., carcinoma, sarcoma, leukemia, lymphoma), especially cells
transformed by a tumor virus (e.g., DNA or RNA virus carrying a transforming

gene or oncogene) or otherwise infected by a virus associated with cancer. For



Major his_tocompatibility complex, class I, F 33 47 41 13 Sarcoglycan, beta (43kDa
dystrophin-associated glycoprotein) 0 73 41 14 Glutamate dehydrogenase 1 0 73 41 15 FGG 0 67 37

16 Coagulat@,gg I%l;qu%,ﬁthromboplastin, tissue factor) 0 67 37 17 Interf , and omega)
receptor 1 0 67 37 18 Ribosomal protein S6 kinaSe, 90 KDa, polypeptidgg%fé%eggm&%@

example, Epstein-Barr virus (EBV) is associated with nasopharyngeal cancer,
Hodgkin's lymphoma, Burkitt's lymphoma, and other B-cell iymphomas; human
hepatitis B and C viruses (HBV and HCV) are associated with liver cancer,
human herpesvirus 8 (HHVS8) is associated with Kaposi's sarcoma; human
5  papillomaviruses (e.g., HPV8, HPV11, HPV16, HPV18, or combination thereof)
are associated with cervical cancer, anal cancer, and genital warts; and human
T-lymphotrophic virus (HTLV) is associated with T-cell leukemia or lymphoma.
Cancers include those originating from the gastrointestinal (e.g., esophagus,
colon, intestine, ileum, rectum, anus, liver, pancreas, stomach), genitourinary
10 (e.g., bladder, kidney, prostate), musculoskeletal, nervous, pulmonary (e.g.,
lung), or reproductive (e.g., cervix, ovary, testicle) organ systems.
hjterferons {IFN) are naturally occurring, hormone like proteins with anti-
viral, antiproliferative, and immune-enhancing praoperties. They are produced by
the body at low levels in response to viral infection or to other inducers. At least
15  seven different protein subtypes of alpha interferon are present in ALFERON
LDO®: iFN-a2, IFN-a4, {FN-a7, IFN-a8, IFN-a10, IFN-a16, and IFN-a17.
ALFERON LDO® (low dose oral interferon alfa-n3 (human leukocyte derived))
is a different formulation of ALFERON N® interferon alfa-n3 (an injectable
solution containing 5 X 10° IU per mi), the only natural interferon currently FDA
20  approved and avaitable in the marketplace. Unlike recombinant IFN-a products
which contain a single subspecies of IFN-a, interferon alfa-n3 contains at least
seven species of IFN-a. They bind to the same receptors as interferon aifa-2b.
ALFERON-LDO® interferon alfa-n3 consists of interferon alpha proteins about
166 amino acids in length and ranging in molecular weight from 16 Kda to 27
25 Kda. They include at least IFN-a2; IFN-a4, IFN-a7, IFN-a8, IFN-a10, IFN-a16,
and IFN-a17. The specific activity of interferon alfa-n3 is at least about 2 x 108
1U/mg of protein.
The IFN-a cocktall may be manufactured from pooled units of human
blood. The manufacturing process includes isolation of buffy coat leukocytes,
30 induction by incomplete infection with Sendai virus, immunoaffinity chromato-
graphy with a murine monoclonal-antibody against muitiple species of IFN-q,
a.cidiﬂcation (pH 2) for five days at 4°C to inactivate and/or clear possibie conta-
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minating infectious agents (e.g., Sendai virus used for induction or blood borne
viruses such as HiV-1, HTLV-, HBV, HSV-1, hCMV, and EBV), and gel filtra-
tion chromatography. Alternatively, at least some IFN-a in the cocktail may be
isolated from human blood product {e.g., whole blood or serum) or cultured

5 medium in which mammalian cells produce human IFN-a protein of naturally-
derived sequence and glycosylation pattern (e.g., conditioned medium). The
purified cocktail may be used to formulate a medicament.

Formulations for oral administration include agueous solutions, syrups,
elixirs, powders, granules,\ tabiets, and capsules which may contain excipients

10 such as binding agents, fillers, stabilizers, disintegrants, wetting agents, suspen-
ding agents, emulsifying agents, preservatives, buffer salts, flavoring agents,
coloring agents, sweetening agents, or any combination thereof. It may be a
liquid, nebulized solution, aeroso! spray, syrup, tablet, capsule, or lozenge. An
orally administered formulation may contain sodium lactate as buffer, glycerol

16 andfor xylitol as stabilizers, sodium benzoate as preservative, human albumin
as carrier, and water as vehicle. _

The IFN-a cocktail may be administered by any route involving oral,
nasal, and/or buccal mucosa. The cocktail is preferably not administered by an
enteral, parenteral, or inhalation route. It will be appreciated that the preferred

20 dosage may vary with condition and age of the subject, the nature of the infec-
tious or neoplastic disease, and theé chosen IFN-a species. It is preferred to use
highly purified mixtures of different human interferons (e.g., at least 80% or
85% or 90% or 95% of proteins in the cocktail are IFN-a species, not including
intentionally added carrier proteins). The activity of the IFN-a cocktail may be at

25 least 10® IU/mg, at least 107 1U/mg, or at least 10° 1U/mg of protein.

The dosage of the IFN-a cocktail will depend on the clinical status of the
subject and the experience of the physician or veterinarian in treating the infec-
tion or tumor burden. It may be administered as an aqueous solution in the range
from 5 1U per pound body weight/day to 1000 U per pound body weight/day

30 (alternatively, 25 IU to 200 1U per pound body weight/day). When calculated on
the basis of a 150 pound human, this dosage is from 750 iU per day to 1.5 x 10°
IU per day. Our experience indicates beneficial results are obtained at dosage



33 Example 2 Cynomolgus macaques (Macaca fascicularis) were infected with influenza virus
H5N1, demonstrated that clinical signs in the macaques resemble 5 those found in humans infected
with the avian influenza H5N1 viruses, thus allowing the infection of cynomolgus macaques with
influenza HoNA AHIAEE5 serve as a model for these infections in humaﬁ§¥§ﬁ‘ﬁ?ﬂ%@%§§n et al. Avian
Dis, 47(3 Suppl):931-933, 2003; Kuiken et al. Vet. Pathol. 40:304-310, 2003; Rimmelzwaan et al. J.
Virol. 75:6687-6691, 2001). WO 2009/102497§@/U82009/ 00960 13 Theén ague H5N1
infection mMBYRPRISEAPITRIDA B\ FXESTS th¥etermfhd e p'ﬁy?&%ﬁ&eégﬁ@éjcy o?ﬁAf?&[on() in
cynomolgusoonatagdesviatiawdag. oro-mucosal delivery of Aileron(r) starting five days before
intratracheal challenge with influenza virus A/Vietnam/1194/04 (H5N1), and followed by 5daily dosing
for ten days at various doses. Animals were anesthetized before each procedure for safety and
practical reasons (oro-mucosal delivery of AkfdARIERInfection with influenza virus H5N1). The
experipené&g%%eg of four groups of three animals each. Group A was treated with 10 mg/kg

Aileron, group B'with 25 mg/kg Alferon0, 10 group C with 62.5 mg/kg Aileron, and %rou%D with
placebo. There wetedo Adwsisaripraticobberiaigcted gBIPESUHAG A KPS aftef Wkection,

n;]acrozcom&%ngéﬁﬁﬁf&mxd%@%t(Batﬁ@@Palg fé@m@ewm@iat?@ Wi &8 mgtkereleron(r) <o
showed no separated dark red area(s) or diffuse dark areas.on the lungs in contrast t0.15 animals o
the other g?BMQWHfg%%E%QWW%MeE{%%éﬁiﬂ%ﬁlﬂ&sa\%ﬁ?&g ﬁ%ﬁaca?er%ﬁ oég‘ $wer grade of
primary atypicabpaaysndrisainloathgefintrariabivuticeuttakytng lobessolatéthdrowt thisagroup.
Prophylactic treatment of macagues with org:mucosa i f t ve a beneficial
cose BbpehEU GReRE Mt B Sogt R ARt ok Bt gy o (g ey A
asymptomatiatibninfecidtsotijectsreythiGlysiewsls glisaest thidealily wenssredtisiMweIs00 1U or
1,000 1U of '@G%Eég;ﬁﬁ; AR oredreelion Bl eaiRd. Bl Boisraniia danjnjection

administered orally ‘for 10 days. RNA from peripheral blood leukocytes was isolated from 25
blood colle¥eddresnrereing s divd fod StRbApPaRIRS Paxgene technology for RNA isolation. A cDNA

?icfoa”g%/ 3”?%@’?%3&%@7@%&}@&?%%&5ﬁaﬁdﬂthig!awrﬁéﬁ@d%ﬂa@ldt@a geﬁﬁ@uﬂlcﬁfv_t’fgle Ailelior_l oral
osing. udy b normal nealtny volunteers pein S% |€%5}@§|ml rm nneéw . Inig|al results Iin
BY &rAl

Study'A demehSiffaee Rl ARFoMRSHaHTo RRIRE %8 & "Ho8¥ leukocytes

following the grarrdeiaisteiinmief-afenl dfBE0000 ¢ nOaoTIUIteS pe ciestiresparat fenladasae a-interferon.
WO 2009/102497PCT/,U%26(2)O9/0 096 1;L4 h Aileron() used in the study was supplied as a liquid
solution palStipsyth Sa b%h}%ﬂﬁ?ﬁeﬁ%nﬁh@%rﬁ‘ pouches. Each pouch contained 1.0 ml of
Aileron(r) (500 |U & AHRONG) osqdagelibe ludiorsanesetaliet erlfnesehefisfsioldigays. No food
or water is taken 30 minut ror nyt 5 inistrati ' blood
sampling afs %%%r? r}r}]1 #gg%%b%ﬁ%gﬁgﬁﬁﬁgéﬁgﬁﬁ Li%%%blggeﬁ%% éi.e'ﬁggl)erz@?f ﬁSléi[]ﬁ’dﬁﬁl'@lglay Number
and Ex@ent DagfMuhBE@NE2(80) U or 1,000 1U) or placebo. Solutions were taken orally

each day for 10 days. No food or water is to be taken 30 minutes prior to through
30 minutes after administration to avoid enzymatic destruction of the polypeptide

mixture. Dosing and blood sampling.are shown in Table 1.

25  Table 1. Study Day Number and Event

Day o123 j4}15}6}7 8 g 10 | 11 12 113 1 14 | 15 | 16
Number N

LDO xIxdxIxtxtxix] x| x1|x
Dosing

Blood |T B? TT1 TT2 : TT3{TT4 T

Samples |, go T5
Drawn .




5678910111213141516 LDO Dosing X XX XXX X X X X Blood Samples Drawn

1

WO 2009/102497 PCT/US2009/000960

*Day 0 = Baseline period in which two separate samples (B1 and B2) are
drawn

Goal: Compare gene expression o% T1-T5 Samples to two Baseline Samples
Combined (i.e., B1+B2) |

Blood samples were subjected to cDNA microarray gene analysis as follows.
Array construction. The fnicroarray used in this study comprised a
subset of sequence verified cDNA' clones from the Research Genetics 40,000
clone set representing 950 genes containing adenylate/uridylate rich elements
10 and 18 genes potentially involved in AU-directed mRNA decay, 855 ISGs repre-
seniing an expansion of a previously described clone set containing confirmed
and candidate genes stimulated by IFNs in diverse cell types, 288 genes respon-

sive to poly()-poiy(C), and 85 housekeeping genes.

Target RNA preparation. Target RNA was generated in a T7 polymerase
15 based linear amplification reaction. Two ug total RNA and 5 pmol of T7-{dT )
primer 5-GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG-(dT)s-3
(SEQ ID NO:1) in a total volume of 5.5 pl was incubated at 70°C for 10 min and
" chilled on ice. For first strand cDNA synthesis, the annealed RNA template was
incubated for 1 hr at 42°C in a 10.ul reaction containing first strand buffer (Invi-
20 trogen), 10 mM DTT, 1 U per yl anti-RNase (Ambion), 500 yM dNTPs, and 2 U
per ul Superscript 1 (Invitrogen). Second strand synthesis was for 2 hr at 16°C in
a total reaction volume of 50 ui containing first strand reaction products, second
strand buffer (Invitrogen), 250 uM dNTPs, 0.06 U per pl DNA ligase (Ambion),
0.26 U per pl DNA polymerase | {(New England Biolabs) and 0.012 U per gl
25 RNase H (Ambion), followed by the ‘addition of 3.3 U of T4 DNA polymerase (3 U
per ul; New England Biolabs) and a further 15 min incubation at 16°C. Second
strand reaction products were purified by phenol:chloroformiisoamyl alcohol
extraction in Phaselock microcentrifuge tubes (Eppendorf) according to manufac-
turer's instructions and ethanol precipitated. In vitro transcription was performed
30 using the T7 Megascript kit (Ambion) according to a modified protocol in which.
purified cDNA was combined with 1 pl each 10x ATP, GTP, CTP and UTPF and 1
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linear acrylamide (Afnbion), 4l of 3 M NaOAc (pH 5.2) and 100 ul absolute

165  ethanol then resuspended in 5 pl.of 0.1 M NaHCO;. For dye coupling, the
contents of one tube of NHS ester containing Cy3 or Cy5 dye (Amersham Bio-
sciences) was dissolved in 45 ul of DMSO. Five i of dye solution was mixed with
the cDNA and incubated for 1 hr in darkness at room temperature. Labeled cDNA
was purified on a Qiaquick PCR purification column (Qiagen) according to manu-

20 facturer's instructions. Eluted cDNA was dried under vacuum and resuspended in
30 pl of Slidehyb I} hybridization buffer (Ambion). After 2 min of denaturation at
95°C, the hybridization mixture was applied to the microarray slide under a cover-
slip. Hybridization proceeded overnight in a sealed moist chamber in a 53°C
water bath. Post-hybridization, slides were washed successively for & min each in

25  2x 8SC/0.1% SDS at 55°C, then 2x SSC at 55°C plus a final 5 min wash in 0.2x
SSC at room temperature.

Data acquisition and normalization. Data were acquired with a GenePix
4000B laser scanner and GenePix Pro 5.0 software. Raw data were imported into
GeneSpring 6.0 software (Silicon Genetics') and normalized based on the distribu-

30 tion of al) values with locally weighited linear regression (LOESS) before further

analysis.



Amplified RNA was purified using the Rneasy purification kit (Ambion). RNA labeling. Cy3 or Cy5
labeled cDNA was prepared by indirect incorporation. Two pg of amplified RNA, 1 pi dT12-18 primer (1
pg per pl, Inyi pi random hexanucleotides (3 pg per pl, Invitro ti-RNAse 20
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ldentified Gene | Expression Frequency (%)
| 500 1U 1,000 1U Overall
polypeptice
11 | Interferon induced transmembrane proiéin 2 33 47 41
12 | Major histocompatibility complex, class §, F 33 47 41
13 Sligzop%igéﬁg). beta (43kDa dystrophin-as§ociated o 73 a1
14 | Glutamate dehydrogenase 1 N 0 73 41
15 | FGG 0 67 37
16 | Coagulation factor i1l (thromboplastin, tissue factor) 0 67 37
17 | Interferon {alphz, beta, and omega) receptor 1 g 67 37
18 | Ribosomal protein S$6 kinase, 90 KDa, polypeptide 3 0 60 33
18 | Hemoglobin, epsilon 1 33 33 33
20 légil;‘coenzyme A dehydrogenase, short/branched 0 60 33
21 | Hypothetical protein MGC20481 _ 17 47 33
22 | RAB7, member RAS oncogene family 17 47 33
23 | Ribosomal protein $15a 4] 60 33
24 | Glutamate dehydrogenase | ‘ 0 60 33
05 ?é!;(aganuclear RNA activating compiex, polypeptide 3, 25 40 a3
Example 2

Cynomolgus macaques (Mécaca fascicularis) wére infected with influ-
enza virus M5N1, demonstrated that clinical signs in the macaques resemble
5 those found in humans infected with the avian influenza H5N1 viruses, thus
allowing the infection of cynomofgljs macagques with influenza H5N1 viruses to
serve as a model for these infecti‘ons in humans (Rimmelzwaan et al. Avian
Dis. 47(3 Supp!):931-933, 2003; Kuiken et al. Vet. Pathol. 40:304-310, 2003;
Rimmelzwaan et al. J. Virol. 75:6687-6691, 2001). |
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The macaque H5N1 infection model described above was used to deter-
mine the prophyiactic efficacy of Alferon® in cynomolgus macaques following
oro-mucosal delivery of Alferon® starfing five days before intratracheal
chalflenge with influenza virus A/Vietnam/1194/'04 (H5N1), and followed by

5 daily dosing for ten days at various doses.

Animals were anesthetized before each procedure for safety and prac-
tical reasons (oro-mucosal delivery of Alferon® and infection with influenza
virus H5N1). The experiment consisted of four groups of three animals each.
Group A was treated with 10 mg/kg Alferon®, group B with 25 mg/kg Alferon®,

10 group C with 62.5 mg/kg Alferon®, and group D with placebo. There were no
adverse effects observed.

Upon euthanasia at day 5 after infection, macroscopic lung lesions indi-
cated that animals from group C treated with 62.5 mg/kg Alferon® showed no
separated dark red area(s) or diffuse dark areas on the lungs in contrast to.

15 animals of the other groups. This is consistent with the microscopic findings
which indicate also a lower grade of primary atypical pneumnonia in both left
cranial and caudal lung lobes in animals of this group.

Prophylactic treatment of macaques with oro-mucosal delivery of
Alferon® appears to have a beneficial dose dependent effect with reduced

20  gross and histo pathology in treated animais.

Study A: asymptomatic HIV infected subjects with CD4 levels greater
than 400 were treated with 500 U or 1,000 U of Alferon® in an aqueous
buffered solution prepared by diluting Alferon® for injection administered orally
daily for 10 days. RNA from peripheral blood leukocytes was isolated from

25  blood collected before, during and post-therapy using Paxgene technology for
RNA isclation. A cDNA microarray-analysis was utilized to identify genes which
were modulated as a result of the Alferon® oral dosing. Study B: normal
healthy volunteers being studied in é similar manner.

_ Initial results in Study A demonstrate induction of a-interferon related

30 gene activity in peripheral blood leukocytes following the oral administration of
50010 or 1,000 1U ofa multi-species natural leukocyte a-interferon.
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Alferon® used in the study was supplied as a liquid solution packaged in
sealed polypropylene lined foil pouches. Each pouch contained 1.0 ml of Alferon®
(500 iU or 1,000 IU) or placebo. Solutions were taken orally each day for 10
days. No food or water is taken 30 minutes prior to through 30 minutes after

5  administration. Dosing and blood sampling are shown in Table 3. Dose effects

are shown in Tables 4 t0 6.

Table 3. Study Day Number and Event

Day

o l1121 3145l 78| 9 (101111271131} 14 | 15 116
Number

LDO
Dosing

Bood 1B |1 T 172 173|174 175

Samples [* B2
Drawn

*Day 0 = Baseline period in which two separate samples (B1 and B2) are

10  drawn

Goal: Compare gene expression of T1-T5 Samples to two Baseline Samples
Combined (i.e., B1+B2)

Blood sampies were subjected to cDNA microarray gene analysis as foliows.
15 Array construction. The microarray used In this study comprised a
 subset of sequence verified cDNA clones from the Research Genetics 40,000
clone set representing 950 genes containing adenylate/uridylate rich elements
and 18 genes potentially involved in AU-directed mRNA decay, 855 ISGs repre-
senting an expansion of a previously described clone set containing confirmed
20 and candidate genes stimulated by IFNs in diverse celi types, 288 genes respon-
sive to poly(l) poly(C), and 85 housekeeping genes.

Target RNA preparation. Target RNA was generated in a T7 polymerase
based linear amplification reaction. Two ug total RNA and 5 pmol of T7-(dT ).
primer 5-GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG-(dT)24-3'

25 (SEQ ID NO:1) in a total volume of 5.5 ul was incubated at 70°C for 10 min and
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chilled on ice. For first strand cDNA synthesis, the annealed RNA template was
incubated for 1 hr at 42°C in a 10 yi reaction containing first strand buffer (Invi-
trogen), 10 mM DTT, 1 U per y! anti-RNase (Ambion}, 500 UM dNTPs, and-2 U
per pl Superscript Il (Invitrogen). Second strand synthesis was for 2 hrat 16°C in
5 a total reaction volume of 50 pl containing first strand reaction products, secend
strand buffer (Invitrogen), 250 pM dNTPs, 0.06 U per pl DNA ligase (Ambion),
0.26 U per pl DNA polymerase | (New England Biclabs) and 0.012 U per pl |
RNase H (Ambion), followed by the addition of 3.3 U of T4 DNA polymerase (3 U
per pl; New England Biolabs) and a further 15 min incubation at 16°C. Second
10 strand reaction products were purified by phenol:chioroform:isoamyl aicohol
extraction in Phaselock microcentrifuge tubes (Eppendorf) according to manufac-
turer's instructions and ethanol precipitated. In vitro transcription was performed
using th'e T7 Megascript kit (Ambion) according to a modified protocol in which
purified cDNA was combined with 1 pi each 10x ATP, GTP, CTP and UTP and 1
15l of T7 enzyme mix in a 10 pl reaction volume and incubated for 9 hr at 37°C.
Amplified RNA was purified using the Rneasy purification kit (Ambion).
RNA labeling. Cy3 or Cy5 labeled ¢cDNA was prepared by indirect incor-
poration. Two ug of amplified RNA, 1 i dT:2.48 primer (1 pg per pl, Invitrogen),
2.6 pi random hexanucleotides (3 pg per ui, Invitrogen) and 1 pl anti-RNAse
20  (Ambion) were combined in a reaction volume of 15.5 pl and incubated for 10 min
at 70°C. Reverse transcription was for 2 hr at 42°C in a 30 pl reaction containing
annealed RNA template, first strand buffer, 500 mM each dATP, dCTP, dGTP,
300 pM dTTP, 200 pM aminoally-dUTP (Sigma), 10 mM DTT, and 12.7 U per I
Superscript II. For template hydrolysis, 10 pi of 0.1 M NaOH was added fo the
95  reverse transcription reaction and the mixture was incubated for 10 min at 70°C,
allowed to cool at room temperature for 5 min and neutralized by addition of 10 yl
of 0.1 M HCI. cDNA was precipitated at —20°C for 30 min after addition of 1 pi of
linear acrylamide (Ambion), 4 ul of 3 M NaOAc (pH 5.2) and 100 pl absolute
ethano! then resuspended in 5 pl of 0.1 M NaHCO;. For dye-coupling, the
30 contents of one 'tube of NHS ester containing Cy3 or Cy5 dye {Amersham
Biosciences) was disso!#ed in 45 ul DMSO. Five Ipi of dye solution was mixed
with the cDNA and incubated for 1 hr in dérkness at room temperature. Labeled
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cDNA was purified on a Qiaquick PCR purification column (Qiagen) according to
manufacturer's instructions. Eluted cDNA was dried under vacuum and resus-
pended in 30 ul of Slidehyb I hybridi'zation buffer (Ambion). After 2 min of denatu-
ration at 95°C, the hybridization mixture was applied to the microarréy slide under
5 a coverslip. Hybridization proceedéd ovemight in a sealed moist chamber in a
55°C water bath. Post—hybridizatiori, slides were washed successively for 5 min
gach in 2x SSC/0.1% SDS at 55°C:‘ then 2x SSC at 55°C plus a final 5 min wash
in 0.2x SSC at room temperature. |
Data acquisition and normalization. Data were acquired with a GenePix
10 4000B faser scanner and GenePix Pro 5.0 software. Raw data were imported into
GeneSpring 6.0 software {Silicon Genetics) and normalized based on the distribu-
tion of all values with locally weighted linear regression (LOESS) before further
analysis.
Initial results in Study A demonstrate that orally administered Alferon® was
15  well tolerated at the 500 and 1,000 1U/day dosage levels. cDNA microarray ana-
lysis identified 385 genes that were expressed greater than two fold over baseline
in two or more patient samples. As shown in Tables 4 to 6, an approximately four-
fold increase in gene expression was seen at the 1,000 IU/day dosage level
compared to 500 U/day {p<0.0001). Although, not an exhaustive fist, Table 7
20 shows 25 genes that were expressed greater than 2-fold over baseline in greater
than or equal to 33% of patient samples. PDZ and LIN domain 5 and 2'-5' oligo-
adenylate synthetase-like were among the top five upregulated genes. 2'-5 Oligo-
adenylate synthetase is an important component of the interferon intracellular
antiviral pathway. Importantly, as shown in Table 8, genes related to activation of
25 an inflammatory response such as tumor necrosis factor (TNF) related genes
were down regulated.
Recent evidence shows that-the virulence of influenza A including avian
(H5N1) isolates correlates with the ability of the non-structural NS1 viral protein to
bind to human PDZ domains and thereby abrogating the expression of antiviral
30 genes in host cells including interferon pathways. Thus, the finding that orally
administered Alferon® can upregulate PDZ domain expression raises the possi-
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bility that Alferon® could havé an important role in abrogating the ability of influ-
enza viruses including avian (H5N1) to evade human host defense mechanisms.
Orally administered Alferon® was well-tolerated with no serious adverse
events reported. Only several mild adverse events were reported, such as a
5 metallic taste in mouth or flatulence or bloating. There were no clinically signifi-
cant change‘s in laboratory parameters and no changes in Kamofsky Perfor-
mance Status (KPS). ]
Experimenis to date indicate that a bioclogical cocktail of natural human
interferon species administered orally has systemic biological activity based on
10 upregulation of a-interferon related genes in peripheral blood leukocytes.
Because alpha a-interferon are broad spectrum antiviral or immunomodulatory
molecules,. potential applications in numerous a-interferon-sensitive diseases

exist, including application to respiratory infections such as avian influenza,

15  Table 4. Dose Effect: Number of Genes with Expression Increased > 2 Fold

Qver Baseline in Two or More Patient Samples

Dose 500 U | 1,000 U Fold
: increase of

Patient # 1 2 3 Mean 4 5 6 Mean Mean

Day 2 10 1 39 16.7 85 77 108 90 5.4

Day 5 14 4 23 13.7 54 72 35 54 3.9
Day 11 1 8 4 4.3 4 45 40 30 6.9
Day 12 3 15 - 9.0 19 | 44 28 30 3.4
Day 16 ; 14 ; 14 3 59 48 37 2.6

Mean 70 | 84 22 12.5 33 59 52 48 3.9

Student's t-test, p-value <0.0001 (n=385)
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<0.0001 (n=69) WO 2009110249719PCT1US20091000960 Table 7. Genes Expressed > Two Fold

Over Baseli ZoRaLP f Patient Samples Identified Gene Expression {00/ 500 IU 1,000
goorinzdey | : . :
IU Overall 1%@??% prote?n kinase 1 83 40 59 2 Hd@mo sapiens, clone ma%ée:g{%g%% ,OOF’B?EQNA 17 87

Table 5. Dose Effect: Number of Genes with Expression Increased > 2 Fold
Over Baseline in Three or More Patient Samples

Dose 500 1U . 1,000 1U Fold
increase of
Patient # 1 2 3 Mean 4 5 6 Mean Mean
Day 2 3 1 19 7.6 36 41 42 39.7 52
Day 5 2 2 6 3.3 16 17 16 16.3 4.9
Day 11 1 1 1 1.0 3 3 3 3.0 3.0
Day 12 1 2 - 1.5 7 8 8 7.7 | 5.1
Cay 16 - 0 - 0 2 2 2 2.0 >5
NMean 1.8 1.2 8.7 3.9 12.8 14.2 14.2 13.7 3.5
Student's t-test, p-value <0.0001 (n=252)
5  Table 6. Dose Effect: Number of Génes with Expression Increased > 3 Fold
Over Baseline in Two or More Patient Samples
Dose 500 U 1,060 1J Fold
Increase of
Patient # 1 2 3 Mean 4 5 8 Mean Mean
Day 2 0 0 9 3.0 23 10 37 23.0 7.8
Day 5 5 1 5 3.7 16 19 4 13.0 3.5
Day 11 1 2 0 1.0 0 14 3 5.7 5.7
Day 12 1 O - 20 3 10 2 5.0 2.5
Day 16 - 0 - 0.0 0 14 6 6.7 >5
Mean | 18 | 12 | 47 | 26 | 84 | 134 | 104 | 107 4.1

Student's t-test, p-value <0.0001 (n=69)



56 3 PDZ and UN domain 5 0 93 52 4 Interleukin 17 receptor 0 93 52 5 21-5' oligoadenylate
synthetase-like 33 67 52 6 Similar to KIAAO160 gene product 0 87 48 7 N-myristoyltransferase 2 0 80

44 ProteasqipS iyesQnie, macropain) 266 subunit, ATPase, 6 0 73 41 §&oagilatigndactor I
(thrombin) receptor O 19

Table 7. Genes Expressed > Two Fold Over Baseline in > 33% of Patient

Samples
Identified Gene 3 Expression Frequency (%)
500 U 1,000 U Qverall
1 SFRS protein kinase 1 83 40 59
2 | Homo sapiens, clone image:3164031, mRNA 17 a7 56
3 | PDZandLINdomainb 0 93 52
4 Interleukin 17 receptor 0 93 52
5 | 2'-B' oligoadenylate synthetase-like 33 67 52
6 | Similar to KIAAQ160 gene product . 0 87 48
7 N—myfistoylzransfer[ase 2 0 80 44
8 :rToézzzc’}ge {presome, macropain) 26? subunit, 0 73 41
9 | Coagulation factor I} (thrombin) receptor 0 73 41
10 EX?,?;’Q;Z;”: P450, family 51, subfamily A, 0 73 a1
11 | Interferon induced transmembrane protéin 2 33 47 41
12 | Maior histocompatibility complex, class |, F 33 47 41
13 g;zco‘;%g;ai:}, beta (43kDa dystrophin-associated 0 73 44
14 | Glutamate dehydrogenase 1 ‘ 0 73 41
15 | FGG , 0 67 37
16 | Coagulation factor 11l {thromboplastin, tissue factor) ¢ 67 37
17 | interferon (alpha, beta, and omega) receptor 1 0 67 37
18 | Ribosomal protein 86 kinase, 90 KDa, polypeptide 3 0 60 33
19 | Hemoglobin, epsiion 1 ’ 33 33 | 33
20 Acyl-coenzyme A dehydrogenase shorﬁbranched 0 80 33

chain

21 | Hypothetical protein MGC20481 : 17 47 33




73 41 10 Cytochrome P450, family 51, subfamily A, eels/peptide 0 73 41 11 Interferon induced
transmembrane protein 2 33 47 41 12 Major histocompatibility complex, class I, F 33 47 41 13

Sarcoglycanybetmd4akba dystrophin-associated glycoprotein) 0 73 41 14c@lutamaindehydrogenase 1
07341 15 FGG 0 67 37 16 Coagulation factor IA thromboplastin, tissue factor)

Identified Gene . Expressien Frequency (%)
500 1U 1,000 1U Gverall
22 | RAB7, member RAS oncogena family | 17 47 33
23 | Ribosoma! protein S15a 0 60 33
24 | Glutamate dehydrogenase i ‘ 0 60 33
55 gln;%}i(%uactear RNA activating complex, polypeptids o5 40 a3

Table 8. Tumor Necrosis Factor (TNF) Related Genes with > 50% Reduction in

Expression

TNF (ligand) superfamily, member 11

TNF receptor superfamily, member 6b, decoy
TNF receptor — associated factor 1

TNF, alpha-induced protein 6

TNF receptor superfamily, member 10b

5 Patents, patent applications, books, and other publications cited herein
are incorporated by reference in their entirety.
in stating a numerical range, it should be understood that all values
within the range are also described {e.g., one to ten also includes every integer
value between one and ten as well as all intermediate rangeé such as two to
10 ten, one to five, and three to eight). The term “about” may refer to the statistical
uncertainty associated with a measurement or the variability in a numerical
quantity which a person skilled in the art would understand does not affect
operation of the invention or its patentability.
All modifications and substitutions that come within the meaning of the
15 claims and the range of their legal equivalents are to be embraced within their
scope. A claim which recites “comprising” allows inclusion of other elements to
be within the scope of the claim; the invention is also described by such claims
reciting the transitional _phraées “consisting essentially of" (i.e., allowing the

inclusion of other elements to be _within the scope of the ¢laim if they do not



0673717 Int(_arferon (alpha, beta, and omega) receptor 1 0 67 37 18 Ribosomal protein S6 kinase, 90
KDa, polypeptide 3 0 60 33 19 Hemoglobin, epsilon 1 33 33 33 20 Acyl-coenzyme A dehydrogenase,

short/branched £hainH0 33 21 Hypothetical protein MGC20481 17 47 831 \Mehooswo0960
2009/10249720PCT/U52009/000960 Identified &&ne Expression Frequency (%) 500 U

materially affect operation of the invention) or “consisting of” (i.e., allowing only

the elements fisted in the claim other than impurities or inconsequential

activities which are ordinarily associated with the invention) instead of the

“comprising” term. Any of these three transitions can be used to claim the
5  invention.

It should be understood that an element described in this specification
should not be construed as a limitation of the claimed invention unless it is
explicitly recited in the claims. Thus, the granted claims are the basis for deter-
mining the scope of legal protection instead of a limitation from the specification

40 which is read into the claims. In contradistinction, the prior art is explicitly
excluded from the invention to the extent of specific embodiments that would
anticipate the claimed invention or destroy novelty.

Moreover, no particular relationship between or among limitations of a
claim is intended unless such relationship is explicitly recited in the claim (e.g.,

15 the arrangement of components in a product claim or order of steps in a
method claim is not a limitation of tﬁe claim unless explicitly stated to be so). All
possible combinations and permutations of individual elements disclosed
herein are considered to be aspects of the invention. Similarly, generalizations
of the invention's description are considered fo be part of the invention.

20 From the foregoing, it would be apparent to a person of skill in this art
that the invention can be embodied in other specific forms without departing
from its spirit or essential characteristics. The described embodiments should
be considered only as illustrative, not restrictive, because the scope of the legal
protection provided for the invention will be indicated by the appended claims

25  rather than by this specification.
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50KDa 25 40 33 Table 8. Tumor Necrosis Factor (TNF) Related Genes with > 50% Reduction in
Expression TNF (ligand) superfamily, member 11 TNF receptor superfamily, member 6b, decoy TNF
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the inclusion of other elements to be within the scope of the claim if they do not
2. The use according to Claim 1, wherein the subject is infected by a

bacterium.

3. The use according to Claim 1, wherein the subject is infected by a

protozoan.

4, Use of a pharmaceutical composition comprised of a purified mixture of
at least three different human interferon-aipha proteins with native amino acid
seguences and glycosylation patierns in the manufacture of a medicament for
treating a subject bearing a tumor or other transformed cell, wherein the
pharmaceutical composition is to be applied oropharyngeally and in a dosage

from 5 1U/pound body weight per day to 1000 IU/pound body weight per day.

5. The use according to Claim 4, wherein the subject has a cancer initiated

by virus infection.
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combinations apl%ﬁ%rmutations‘of individual elements disclosed herein are considered to be aspects

of the inventioR B CheRemRosiiBRLSIP R RPLRH SR BEsE sl ars BbAsidered to be part of the
invention. 20 HoeagéHecforedoinguidimidg beignpareds fac1pasayshad dedhisaghthat the invention

can be embogg%g [%)gapther specific forms without departing from its spirit or essential characteristics.
The described embddiments should be considered only as illustrative, not restrictive, because the
scope of the legal protection provided for the invention will be indicated by the appended claims
25rather than By thiSispes#ieatonting2dAInkScCLAIME R IS whekdseRE a@hasmaeeutical
composition cRumr%ir?ed of a purified mixture of at least three different human interferon-alpha proteins
with native amino acid sequences and glycosylation patterns in the manufacture of a medicament for
treating a subject infected with a bacterium or protozoan, wherein the pharmaceutical composition is to
be applied oraqpharyngsally apsbidiadiRsagedreBrTitihen PeungdagyMeight/day to 1000 IU per
pound body weight/day. 2. The use @ccordirﬂ\%%%élaim 1, wherein the subject is infected by a

bacterium. 3. FE TREHICR GRTGRESERIS 1 MRS R@Ed by a protozoan. 4. Use of

a pharmaceutical composition comprised of a purified mixture of at least three different human

interferon-alpita proteips GaBHRFBIORAT SRAEAIAS BRZkolicosyalion patters in the

manufacture of a medicament for treating a subject bearing a tumor or other transformed cell, wherein
the pharmacefAERESIAP S5 MbhEE NG HXpIiRtetrsphaldally and in a dosage from 5 1U/pound
body weight per day to 1000 EU/pound body weight per day. 5. The use according to Claim 4,

wherein the syjectfias 2 caReerdRlAREhDNLE GiFFIoN, 25 8HS A2 phgmaceutical

composition comprised of a purified mixture of at least three different hruman I eron-alpha proteins
with native anfifRstaeligagGeridsumanyyriasgisiopaling miahedrhenrfiotiatedby medicament for

treating a subﬁ@tm&@%%bb@mi%ﬁ@mw@rﬁhﬁﬁﬁg%ﬂ RA-REYRAGRNIG Hisease process
susceptible to Heatm.ent by specific genes regulated by interferon-alpha protein, wherein the

~ pharmaceuticAl &SHYEEitorT| %‘%%’p é%egWﬁH%ﬁ GEEE AR J¥EHEEPRSHR ™R li/pound body
weight per dapria<if0 1U/pound body weight per day. 7. The use according to any one of Claims 1-
6, wherein the subject is a human. 8. The use according to any one of Claims 1- 6, wherein the
pharmaceutical composition is ALFERON(r) LDO interferon alfa-n3. 9. The use according to Claim 7,

wherein the plarmaddttifita Refigedisivie #iattareiNiige DberaeifufsamIfa-n3. 10. The use

according to anasekpimscichavieieiniab gamcuiakissqpedestion Yresligdlatory molecule
signaling which Qad bfen initi:f-lted l%y the g]icrobe r Erocesses resulting in autoimmunity or
neurodegener3iion i NG SlIB[EEHE R NS {ﬁg%%r'f)%)t & FRRUBPCETRIIAERSFFHYASA Mterferon-alpha
proteins. 11. Wsessige prorified Unieiupe widi delastehybiddifferefiObui ariperfer oBdlpha proteins with
native amino ggi %ﬂlz)éﬁﬁ i e facture a medicament to be applied
oropharyngeaél}l‘%%ﬁg&i%yZfb((zﬁtsﬁ,E:ét%gitlaH rom 5%{%@?%%%@%%%%%&@ i 1900 Tu per pound body
weight/day for treating bacterial infection, protozoal infection, or cancer.



