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TECHNI CAL FI ELD OF THE | NVENTI ON The present invention relates in
general to the field of vaccine devel opnent, and nore particularly,

to the devel opnent of conpositions and rrft hods for maki ng and using

an 5 aut ol ogous cancer vaccine genetically nodified for Furin

knockdown and GWt CSF expressi on. BACKGROUND OF THE | NVENTI ON W t hout
limting FORINCRAOCKDIWN AR GMICSF-AUGRIKITEDFANGFEANCERY A ECINE
connection with the devel opnent of genetically nodified whole cell
cancer vaccines. Mre specifically, the 10 present invention relates

to vacci nes capabl e of au§keRRNI W@ﬁt’ﬁé}%mé{ﬁﬁﬂ@N on,
presentation, and processing through expression of the Gw CSF
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presentation by professional antigen presenting cells, inmune

sel ect i oncxpiesai®ni gen-1 oss variants, tunor induced inmunosuppression,

and tunor induced privileged site. Wl e cancer cell vaccines can

potentially solicit broad- BSEHGREIINDADEAHE BNWWBNTI@Sponses to both
defined and undefined tunor antigens, thereby addressing the

polssi bi li W]éitheﬁt Hmaiting ﬂhFSb@ieaffCthe tikrentigh i&(hlikahglib&@dl ﬁsaﬂéseﬁbe'ﬂn'ﬁ/ ddhnection with
selection for antigen-]oss variants. G anul ocyte-nacrophage i

col ony- st ihmfexelppgentLl gspeti éﬁo‘ialgﬁﬁi &Kok @31 ?@CW?’@S’ECSJ@%? Meeifisplly, the
secr efed @é@@%@%ﬁe&im& lvhéoin&aé%pas@ bf ,augaga%@e Hﬁrcg@éeegh@gp}ession,

fibrobl as When I ntegrated as a cyt okl ne transgene, ances
pr esent at presentdtiona audk procassoignthrqeght ¢xgpesssion wifthe GNIHCIE sratsgsne end whelvating

tunor cells fromeither autol ogous patient tunpr.cells 25 or

ot abl | SHEITATY PRPURE RS oY | e LGP A SR BB (ehb SRNA transgene
di f f er ent jnahéQxr@bkdiRymt opoi eti c precursors and attracts themto the
site of vaccination. GWCSF al so functions as an adjuvant for
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Gwvt CSFnedi at nsitization can be suppresse feren
i sof okdrs wimunegesicy ofithegugoowtlls, thadiakrofhep@p(idiehréspntptiod iy prbfessthhelr antigen

secreted by tunor ceJls.. The TG-ft. famly of. 30 nultifunctional .
prot ei ns B%% BesCHSI | RO i SRATSRUPRT e LBTE-108% i VieripliS,  Fyeon pinduced
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03) are ubiquitous in human cancers. TGF-p overexpression correl ates

wi t h t unopotprtindly esobirio hraadcbapesh popvelgnbenmundrespensesl toTgrh fefingd gl undefined

within the tunor..m.croenvipronngnt are Jinked..to_ an erqgic _tunor
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and co-stinulatory nol ecul es. This negative inpact of TGF-P on
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protein secreted by macrophages, T cells, mast cells, endothelial cells and fibroblasts. When
integrated as a cytokine transgene, GM-CSF enhances presentation of cancer vaccine
peptides, tumor cell lysates, or whole tumor cells from either autologous patient tumor cells

25 or established allogeneic tumor cell lines. GM-CSF induces the differentiation of
hematopoietic precursors and attracts them to the site of vaccination. GM-CSF also functions
as an adjuvant for dendritic cell maturation and activational processes..However, GM-CSF-
mediated immunosensitization can be suppressed by different isoforms of transforming

growth factor beta (TGF-B) produced and/or secreted by tumor cells. The TGF-$ family of

30  multifunctional proteins possesses well known immunosuppressive activities. The three




Al'l mature isoforns of TG~ 13 require furin-nediated limted proteolytic

cl eavage for proper activity. Furin, a calciumdependent serine
endoprotease, is a nenber of the subtilisin-like 10 proprotein convertase
fam |y. FurWa208/068857 knot for the functional activation SCIEEOIR/06i3¢h
correspondi ng i munor egul atory ram ficatjons. Apart fromthe previously
descri bed i munosuppressive activities df tumor secreted TGF- P, conditional
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colorectal, lung cancer, and nel anoma cells, and likely inpact the immune
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likely Cﬁ?&ﬁégﬁ es significantly to the nmai ntenance of tunor directed,
TGF- P- mediMredt Hasadnaieesicell ¥aHESt ol er ance. Hence furin knockdown
represents a novel and attractive approach for optim zing GW CSF- nedi at ed
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cytoki ne tha ays a critical role in the host innate .and agdaptiye. ipmune
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coordi nates a diverse array of cellular prograns through transcriptiona
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antigen-presenting cells secrete ylFN. ylFN production b

pr of essi angkirgdP@mcinn odaygBitonc awhbigror Gerets,i which peddised BSs ) JGEGH i nigurin
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| ynphocyt es becone the jor source of yIFN in the adaptive 1 mmu

r esponse.prbdudtioer nore, a role for yIFN in preventing devel opment of primary
and transpl anted tunors has been identified. ylFN production is controlled
by cyt okiHigh [sety ef fdinthavABES demeistattdbhithially efll uédriings. LThd Znvaitbrd ndl 8.

Negative regulators of ylIFN production include I1L-4, 1L-10,
gl ucocor tqthap ave Fovad th upsto & deinlkrsheoteveie! TIVERITMaN brherogucsd dim human
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conprises a first nucleic_acid encodiag Gw CSF, which nmay be hunan GW CSF
and a secomatongrecrictumer dirpsied riGH-H-wpdaigh pgriphrsalommuicdoleraice. hlaned fHIIRNAS
(ShRNA) ¢ of 1.di zi 1.0 n 1.r @ encodi ng
furin, tH%?bgégWhﬁﬂ%§¥ﬁﬁgé?ﬂr?n&g&%Péggﬁoﬁ*@%%%ﬁﬁﬁﬁfﬁﬁgéngéﬁéggﬁ§§¥%Rgi
nucl ei ¢ aedrfuriodssitizatiati.e operably linked to a pronoter. The shRNA nay be

bi -functional, incorporating both (cleavage dependent) RI SC (RNA i nduced
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both the R SC cle e dependent and, Rl SC cl eavage independent. i nhi bi of
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pi cor navi ¢kdighed 12DAPRER! aghy RIPERNGCpidRtRAC AhRLEH tRAkMaRPBnkINeduldidh 8nd
the second nucleic acid inserts, and tﬁe pronoter nmay be CW nmanmal i an
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regi on (3HoWIR, $8RUSHES Ridehbethhtibing: FiNALH 39 BUAIRINKERE]1$,Ain@Peofessional
enbodi nent may target both the coding sequence and the 3' UIR séquence of
the furin nRNA transcript sinultaneously.. The cells used to produce the
vacci ne nmay be autol ogous tunor cells, but xenograft expanded 30 aut ol ogous
tumor cells, allogeneic tunor cells, xenograft expanded all ogeneic tunor
cells, or conbinations of themmay al so be used. The vacci ne dosage

adm nistered to patients contains 1 x107 cells to 2.5 x 107 cells. The FANG




4 therapeutically effective amount of TIFN (gamma interferon). The dosage
range of ylFN may be 50 or 100 p.g/n2 The present invention describes an
aut ol ogous cel |l vacci ne conposition conprising: a bi shRNAt hri n/ GUCSF
expression vector plasm d and one or nore optional vaccine. The 5 vector
plasm d conprises a first nucleic acid idﬂsert operably linked to a
pronoter, wherein the first insert encodes a G anul ocyte Macrophage Col ony
Sti mul at | g BAGREnEVCERX AP sBlitthedy SRE ONENIWR RicioR Ul pHA8&EdnaPREPED! Y
l'i nked to tﬁe pronot er, wherein the second I nsert encode Sne or  Hore Short
hai r pi n RAmotgthRMAjophagalcadutic bsllsr (REs)] agingdoeallyegihp be dfnpartaffNA cell self-
transcript encoding furin, tr}.erealé%z{ i@n@lﬁi bi hﬁ}g furin expression via RNA 10
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cl eavage i ndependent RI SC formatted inhibitor of furin expression and is
further derheEROEs? &olBifoF YREL ngHarensRadavelamment of prmery asp gensplanted tumors
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CW IE Intron A In a related aspect the manmal 1 an pronoter. | n other
aspect s tlhel} @ficorortigeigatand T3F-Bhe shRNA is the 3' UTR regi on sequence of
the furin nRNA transcript and the region targeted 20 by the shRNA is the
codi region of the furin I iRt nt invention provides
a rre?lg)od of preventi ng, tregmyégxgrjg&n%@r%ﬁ §esymtom of a cancer
in a patient by conprising the steps of identifying the patient in need of
preventi dhhe presattnméntioanals®praviddsi an atifotogond (1.612 pateptspsEfiof cidier canEes

and adm ni sterj ng gn t ol ogg)us cel]| vaccine ,coHprl sing a bi shRNAfi m/ GMCSF
expr essi oPREPSHQ t( f\Nﬁj YGGTE). SRRTsing & hierepentically pifadticamannbel edls witly 9 st
nucl ei ¢ agirayA r I | a 9 : ' ' jhsert
ncodes & ARECe S,y e JHETRLSE coHBFLELD PR it s
second nuaicedliog aGMICBHs evticlo peaya bt yhunank €MGSR, amdpae oseotret nuvlbier edid inket

seco i nsert. encodes one or, nor.e or irpin. R shRNA) capabl e of
ybr 1 21 508 257 85 TaSRE SroThh TR R SRR R P hrind (¢ sty of en
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basedYon PHINAks Botfs sRultancpusly. Iy mme epbodmrstof the nsesent insentionhhg shRNghe
present i: i f P i o) B T
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| i ver, cancer

col orect al ncer, breast cancer, ovarian, liver cancger,
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di scl oses an autol ogous fiirin-knockdown and
sequence and the 3’ UTR sequence of the furin mRNA transcript simultaneously.. The cells
used to produce the vaccine may be autologous tumor cells, but xenograft expanded
30 autologous tumor cells, allogeneic tumor cells, xenograft expanded allogeneic tumor cells, or

combinations of them may also be used. The vaccine dosage administered to patients

contains 1 x10 cells to 2.5 x 107 cells. The FANG vaccine can be given in conjunction with a




G anul ocyt e Macrophage Col ony Stimnul ati ng Factor (GWt CSF) augnented (FANG
cancer 15 vaccine conposition conprising: a bi shRNAffidn/ GMCSF expr essi on
vector plasm d, wherein the vector plasmd conprises a first nucleic acid
insert operably linked to a pronoter, wherein the first insert encodes the
GW CSF cDNA and a second nucleic acid in%ert operably linked to the
pronoter, wherein the second insert encodes one or nore short hairpin RNAs
(shRNA) capabbaidfly Rybetivd hdigit boyIFN @aineih @ferRrdiNFh ' |
furin, ther??y 20 |ynhi2bi ting furi}rll ex%rgessi on vidﬁRNA%t?%F%ﬁaggéegggﬁmggne
or nore ope $GemlO0isgi ne adj uvants. The conposition of the present
invention is used to prevent, treat, and/or aneliorate the synptons of a
cancer, wibe giresehthénveaticrerdebgitee| anc betdldgposncehevagrine peongpesitivhi dgnpising: a

nel anonma, , hon-sSad L= | ung ..cancer, gall. bl adder cancer, .col orectal
cancer, b?lgﬁlgwic aﬁ}éyfféﬂO\?éPlie on |vVeeiar pgaﬁﬁ‘é%raflgl(?r\?e?r EWRE optioRal agcgges Thand
Ewing'ss s r L4 8l Rk e X ' :
cancers. ?én&&er? é%ﬁg}tltﬁ’gﬂrprgﬁsbgg?ﬁen#? %}tidh e&% rnﬁejés%{étn(%&?an eirllitg%%int%i %ng%ngé%ph %gl ot
treating, ther msem gnceded/ o Gramdddyty Macraphage Colomyt Strsulefing Facor $GM-CSER! |
| ung canc NSCLC) in,a patient. by an m.nistration of a furi.n-knockdown
and Q@ anutdSon BvheseBih Byl SR Bl PRRey RS o P e arierel i reeat
(FANG) caig@t eNafdes e 60MRFd SHomThdikpen RNMRS(sBRNA)QEPAIE ¥i Rebrifzihhfo RALIiEN!
in need of prevention, treatment, and/or anelioration of the synptons of

t he NSCLCfarsd miiNAnirgnweriph gencpding ANGny dberche ipbibgitigsifugn aexpression via RNA
bi sh t hj i R..expr I . 1 rein the r. plasmd
conpﬁ\ésa\esing&{rl SF Bes ﬁécég%déﬁ%gg?tlﬂé%g%g?ﬁm % Efsﬁﬁcéghet %ﬁﬁ\s‘gﬂ% gptes
wher ei n t HBNA (déavhps dependantOUISE fotmafidd) GRE b AniRNAeGORRNAIRT ©leatidd-
insert operably linked to the propoter, wherein the second insert encodes

one or no‘rl’@e@ﬁ‘é?ﬁt. RG fﬂrﬁla. m(’@ﬁRNh& Sb%lﬁébilsgd‘éﬁfﬂkﬁﬁph?rémziﬁ hgth dheaclpavgion
of _a IRNAILICARSE B FRGRMA %1 Eb gk gﬁ&eg}axdén@ R kot !SI BY 67 H0f
via RNA interference, and one or nor opt1onal vacci ne adjuvants. e

met hod of exphessionsindnd furtheeddfined a$ ubi-hectiowaiphRNANg t he steps of: nonitoring
the progression of the therapy by neasuring a |l evel of a transformng

gr ow 1t f ant afotlixe tagpdcl, Grplbeinaviedl 2PCHbISHmaARRipt fepti@Gakertdlatbd BeORen The TR €
NSCLC cells, wherein a reduction in the | evel of TGF-0 and an elevation in

the | evel 20k the secopfinpeieiq aciq Hgertsain yet apthst atneeidhe pramaterals adyMYraammalian ng
the adm nj i : j b | evel s of
the Tor. PRt QRiling SR T A9TUPR ChhanclPRERBRDARCE APy 18 oy, £V &

TG 113 | slatel egieedthier GMiVamaneasianopremofer TlEFoth8il aspEGs-thS 2cgion taFgdted 33.thd he

present i i.op | urt.her enbodi nent, describes a neth of making a
furin- kn%‘%%%rﬁ @%ﬁ?ﬁl%ﬁ%‘emf&fgﬁﬁm @@M%@%%ﬂf&ﬁg’e@%%geted
(GVCHF) BHERBRARRA (NG disRRERN HFARSTIRR RRNAl tatisB§ptt he steps of: (i)
harvesting one or nore cancer cells from 15 a patient aseptically, (ii)

pl aci ng t t: el | s, i 1Oy Qtd ' L: ri S
Cont ai mer G (T o dffeuen, ProdfieF JRLhOY e Pred Bt Yook SpBl: siBionstine
wher ei n t ienftomsaf keanad it hgateltlby doimpyistigshe sispoof: idenaling tedhaiyntein ziee@dt i C

di ssection, nechani cal disaggregation.or both, (v) nodifyi the cells
geneti cal 2 p6_§/"%‘PB‘&t F@ﬁmeé‘[t’?%&g&’ﬁear@gll‘qm%% pfgnéeo)r?y%_‘“}%{eoq\tgﬁlée \Féé%‘?rnén@vi th
a_bi shRNAL (iR AeSEn QXRIIGSS ORIV 5dcRle PoASHNif AVBRARNAMHENIESE Y fé'sr & d

20 corrgrises a first nucleic acid insert operably linked to a pronbter,
wher e?h t Westdri plesmidn seheteie lon dessort hlesiGid @8RpLEBIA, fisst swcleivdaaididhseitcommratdy
insert operably |linked to the pronoter erein the second insert encodes
one or m)ﬁ $hdrt _pﬁ%ﬁl%ﬁ ’nwmg t%‘es' %Tg%ﬁga%ﬂ% S8t Wﬁﬁfﬁﬁe%ﬁﬁoi)%agﬁ ‘.él@f%n.
of a nMRNAStimansas imttoe TCMLICNF) fADNA, & Reslymicdié REAd] Rgerf BpérabIoXRIREShaRe Vi a
RNA interference, (vi) harvesting the vaccine, (vii) irradiating the

vacci ne aR@nmsgry wheyein i ¢qodt lheery gaeddae ong rpromercashesic haitrfin tRSAseHRNAD he
one or no ql ). r v O, t i ent. fferjing fr .
cancer serBepRRTiRlD: B St 8 B S B RS K bR B Brgng
cance’( gélrin dlpadsion vaRNArinteettehdlon€ angefe optioRaStacciadeguvadyari an,

| iver cancer, liver cancer netastases, and Ewing's sarconma as well as other

patient dghé wadhodChnthdr RoAGHSENhe s3hsCANEBhRoridgIRNYbBREsIGS BEGhe iit@apy by
genetically nodified cells have been rendered proliferation-inconpetént” by

i rradi at i BWasuringyeelevelnuft hapndepusg grdvethcfecter betal (TpFrwmtt b EGFe@) angl the GM-
aut ol ogous, allogenic, or xenograft expanded cells. 7




In one aspect the allogenic cells are established cell lines. In another
aspect the genetically nodified cells are admnistered to the subject once
a nonth for up 12 doses, wherein the dose of genetically nodified cells
adm nistered to the subject is 1 x 107 cells/injection to 5 x 107

cel Ui njection and the adm nistration of §he genetically nodified cells is
part of a conmbination 5 therapy with an additional therapeutic agent. In

yet anot hesFaaneeiont ke raedi ctaanoaad:entshemamuwIedlagleﬁtmuaedevem ofMEGESNR{ngt | on
therapy is ylFN, wherein the dose of ylFN adm nistered to the subject In

t he conbi ¢latation ip kg éﬁwl ok the G YrCEBGS H}dgqaﬁize of Resueashish ﬂmapm@dpfd@mgtthe
t ified
I nvention, it k 9{1 tragﬁog?éeo% cell %Q%c\)% d%%&'@ﬁ%ﬁé“&vél@%f%gerlﬁ_ﬁf.g% %ytga Lfie

cells mnt% y ction rein the dose o t he
genet i cal C§F. rmgi pén md mﬁh&&oﬁﬂﬁaquesbﬁt invemt&fnetht ITIF-PSs sglpstak fromt &l ¥ast 98 bf M
(500 m _over. 24 hour 0O Um over 48 hours) Anqgt her enbodi nent of
the i T&B‘rﬁlp dGf- lg? M@%ﬁ? AR PSP ther GRFFH? B? lecteh oElihe EEQPosPISIting
transfor h h01-RAt Rink TGhcd3)eaMi 0 d
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cel | w t hcaanergrparess liger wcdzrothrmapmrsmcctgst@ep,rmth\emgésrmir@rrmml wtlt aacthdr

i nsert operab i o the.pronoter i nsert 15 odes one or_nore
short  hay St faesd(CHRRArO BRI ERG. T bl 2G5 ARNGG FoATSrtss SR
transcri picla 'd@ﬁexfdéﬁﬂ IRISEOTS@ekRNS | ndi B tiReAf tUr' Huﬁmr ﬁEé' Ravige- RNA
interference. The shRNA may be bi-functional , i.e., it si nmul t ane st
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i ndependesiotid $6pOheBhREA fmmwmeﬁﬂai dsi aiahotionhNRGKPr €SSi Oon vect or nay
target the coding region of the furin nRNA transcript, or it may target the
3" UTR r e fdilxe tuRatn&it tl&é‘%re%éﬂthﬂvéﬁffb%dﬁsﬁ:ﬁﬁ@s%ﬂ Q&tolo%Bus! FurlfB¥ndcREGEHE 2R D
t he codi ng sequence and t UTR sequence of the turin nRNA transcript
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selecting a target cell and transfecting the target cell with an expression

vector cowpee the firshensersapedss ther@M-e8RPhL 2ude seopad npelpistasishinsarconezstiet
cells m@}p%ggl) qubn\(&sé Wheftlif Gild &%8{1@}4 a4 Sn&nﬁs he 3F nibee LRLE hi m@g&r t
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encodes encodes one or n‘ore
hai r pi n N‘dARN@SMRNﬁﬂ& of Ehphhﬂlemgftofwtnglcdi af mglRNAatrarnegnplrEnOédlﬁgl fmfRNAhereby

trans ncoding furin, th Y. |b|t furin expression via
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in need of treatnent: (i) harvestlng a cancer tissue sanple fromthe

subj etk : TOFif pigeneing eanicess. modi fyi ng the cancer cells in the harvested
cancer sanple; and (iv) adm nistering a therapeutically effective dose of
genet i cal lyystedbtheednbediment thetrrescstibjvention i$haemethpd of sieatimgy podventing edd/foo
transfeet _the cells co I ses .two nucI id 10 in The fi.rst

nucl ei ¢ a¥PEITALE ﬁl g’%ﬁ%@s &y edeny | Pelfi n@p‘éaf’ﬁ%rl @‘?ﬁﬁ%w £ Pete BhdRer .
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these cellular types. For vaccination, cells are adninistered to the

subj ect once a nonth for up 12 doses, each one containing 1 x 107 cells to
2.5 x 107 cells. 20 Dose escalation to 5 x 107 has been shown to be safe.
The genetically nodified cells can be adm nistered as a stand-al one

t herapy; however, they may al so be adnlnlstered as part of a conblnatlon
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9 The present invention includes a unique nethod of inhibiting TG 13
through RNA interference with furin, a proprotein convertase invol ved
critically in the functional processing of all TG 13 isofonns. The FANG
vector uniquely incorporates a bi-functional small hairpin construct
(shRNAfurin) specific for the knockdown .of furin. The hi-functional 5
shRNAfurin of the present invention conprises a two stem | oop structure
with a k& bhaekbese whehen fiie fist fisemehcmnies st GM-USE DN A N2 s&doRMucleic
precursor conponent, while the second stem] oop structure is the m RNA-1i ke
pr ecur soracompahepgrably jinked & Siprameisi: WhetRid 19 sggamgyinsest ensodeseons e mgee

t ar get ed §) 3 e i .

ot or for S hefbin RL, eV oncaaB SERYSRUENENY ROl T 0F iy huprprvt

t ar get ed eatddisg finire thaebyl thhibigng feday ageessivh vaR W Arintehferened uasit @fel siOmore
conmponent conprised of, but npot | hn&tﬁgl t.o, the cading region of the nmRNA
transeri pPUgHY verengedipigrts. ddiegpetied phie, tipvgniep fyrther Cawprsing g §teps n
this enbqgh : [ i bdk b i | oop
ST uct Ur o T o T (R bl R O P e ok T
conpl et e fesopbanElbRbytaguiThing) snd hadMANBHas dergeor starah$Clkhedls, wherein

second stem| gop .st,ruyct ur as, t hree basepair (b 1 hes at .

o5t 11 ond BUEoR it i E1ed o TEE R SLHEGHIR I FegRe ity NEeE 1 pdicative of

bi - f unct i:0fRkessiRAAYY dhd StctiPRkd 8@HinRhrativ® o HRMGUHABP R IH GlabEiRS bi¥dekbn

m R-30a backbone; the first stem| oop structure has conpl ete conpl enentary

gui dilfg ghe kewels @h thepBSEdrandrthe GMEEE . liheneeespee of deaniesest mwentmphe TiGkep i e
has th i ' 9 to 11 of th id
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strand. I'n er e m smat ches wi || occupy

posi tion reventi.n 0 2 nediated ¢l eavage and nmake jt thernpdynam cally
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m smat chagoWkddwiPstUBYanBR kel MBSrophageNEO18M) I8malatiaR FactdP EGTANGEF A dndcd
contains GV CSF and the bi-functional shRNAfurin transcripts under the
control dFAXGessnedrivancipe eoropesing thonsreps gt (Ddrarvasting hree enmpreccapeysetls &oniThi s

t t. L.S: fate. 5 . €, ti t ifi.
cancdrveio BR® SSerura ) TG nw SRR SR B st BE nh Rop GBRF ek
expr essi antafie, CONBimigla tdeshspensinofioraahd harvERNGolaes, Rthetdin tHiefoRhesANt

invention includes a bi- functional shRNAfurin/ GUCSF expression vector
pl asni d bk sedb Gy suspeniRn igiaghigvgddby shzsmeatc dppretipp,mechapicplalisaggraeatiomater t

is |linke . r : i

b e R R B LDk e L SRBOM RSP AMIEN W e,
i nsert i svaatine withnk bidhRNa"AHGMESF ehgremianudctor, plasnddj wheniotie veane phsmibr e
short, hairpin. shRNA) cagpabl e of ridizing to a regi on of an nMRNA
trangdri g %P&ﬁ_gtrfi}‘&%% é@lﬁﬁpmomh%#% f adromeRpr : iﬂarrﬁ_@ FaStpRpRre

i nterferenggdes the dNI-d3inebNANal sce BN AEic LR i_n% Bgcﬁglﬁ?tlhﬂ@& ?@Eﬂe%oﬂ%ﬁeﬁ,t Wo

mechani stic pathways of action, that of the siRNA @ hat of the m :
Thus, t hevipireihuthe tseomall ins¢rRIgAcasies tone qyrmsenshortnbamtin RANAS (ShRINA) eagabler ofn a

traditional ShRNA, i.e. . a tyanscription derived. RNA acti.ng. t he.

51 RNA edRERRERFo  ficior sF  rUhRE° FibRhb o fn st aneRhy dRtiogire fin
ShRNAs, eaplessioh V¥R RAdinRsferdnde, (91)@%BIcSSd BB vadcihd\Pvidh ifrhGh@iY thaeAeSndttd i N
the traditional siRNA node. In one enbodinent of the invention, the GVt CSF
i s hudan. (vihdresprgithg ackines unct i onal , i ncorporating both si RNA (cl eavage
dependent RI SC formatted) and either m RNA or m RNA-1i ke

(cl eavagédni orte papedenf thR B€tHodr that aneddr moté enest walls areebusksted fronorepatient
enbodi nent .of. the present inventio the shRNA. i s both the cl eavage
dependentUREes AORFAETEY sl budhe HAP RABRI A Ao RS rGh Rbda lune

i nhi bi t orca@terf %’éﬂ Mol SARE RBHER colbRR 1@ XRNEFS bRAstY e, dVaMark OfNeRl dinder, liver

pi cornaviral 2A ribosonmal_ skip peptide intercal ated between the first and

t he secondnpeichetastasesi ahd Reaa s sareerda eheverasmsherpatigyt desiveM Gigfrabileming

pr o er I.C oul o] LN a [ 5 enhancer sequence and-a .. | E
i r o AL BRI I s e dly Byl GAUIRTS bef RURCET AU,
limted tiacoapitag Sequedessn. in oaneatsthadiagRot thd henddeaslhRMAdIEY tallgeke t he
3" untranslated region (UTR) sequence of the furin nmRNA transcript and, in
one enbocﬁ%%lﬁgqustél?(@émcb@t’??nf’g@ mlgdselfsence and the 3' UTR sequence of
the furin nRNA transcript sinultaneously The present invention also

i ncludes a vector that may be used to specifically knock down the




expression of furin in target cells. This shRNAfurin expression vector
conprises a nucleic 20 acid insert |inked operably to a pronoter. Such

i nsert encodes one or nore short hairpin RNAs (shRNA) capabl e of
hybridizing to a region of an nRNA transcript encoding furin, thereby
inhibiting furin expression via RNA interference. The bi-functional shRNA
may si nmul taneously incorporate si RNA (cl eavage dependent RI SC formatted)
and ei t helln Gh&t¥pedr the al ISRt ickies {rel savhAgRdiclependarinoebesicer fl‘?égéeﬁgﬁcall
motifs, and inhibit furin expression 25 in both a cl eavage dependent RI%C

f or mat t ed Mdified el agpadmimsisasddenie Rbmet pereanpriy faprnt? dossgdvidreindhd goset he
expressi o - codi | bitd.n. 7
Cransori pb LaruRiinfRbalRadhs hARERG TR HEBIEL: | R30E cbIGHERN 5 wifla
transcri ptell/ofjedtionnmy theadpeinishation oitke godttiogllspgddirdecAnid gahe 3’ cobibation
sequence of the firmn nNRNA transcript simultaneously. 30BRI EF DESCRI PTI ON
OF THES DRAWMESIth g pgﬂltlanﬂdﬁ%w%ﬁlﬁ%?@- IhadraepdRtpwgcidhe erditipeattherapeusing
advant age : - -0, K i th aj;l.ed
Geseri pti SR b ePRRRESaRbinLANE ek is PENRERET bR ARMTOAR, Minhla e Fike
whi ch: Fl GjedtAn 16 edrtbiphtinsthepwin§0 bheos uphmt TheictcdPor (Rdprdaknt ibktioa32,
and (1C GMCSF 5 protein production pre and post FANG plasm d transfection.
ELI SA val dergher raompmiags dheoptephed Igubripgdir egameealiyomediffedcgdllokwitle yIFNdaftdri on

Vacoi nes. FARRURRer IS B oe: SRecok IR F0P0H (Rribs SC M OPRBITEI PRl after
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expression 1n 10 FANG O tunor c S pre’and

t FANG i f.ectian -and: _ . TGE-132. and
05F) st isr BBBE kol LERR1GRiR 10SROE Rhndliied danclP ol 0B, |
t r ansf ect iobtransFéxhGaf @b veth dacFAGBOA GIF-B) Fiadnrih keockdown! Thiomeansdl qiasBestd

sequential]ly on the . sanme two days . as a.denonstration_of conparative
oxpr essi OBt 8 iSF’GQ?“&ZP(%&%GER?@@IIQrtéanﬁfeﬁ%g StoliF e ceHavith e Sraesiy- wioes
conpar i soR,@hrighg Gt gé)ﬂ)?i@fe@fah&“a Rl ANG klfsgg 'r@gﬁib% AIRA 6 DEpARSELD $he insert

manuf acturing proc versus the TAG p 0 patient tunor ce
denond?$ r akrebde3 Ghe GVEBIFE phrast biirpip RO (shBIN Agnmpelde ob hiybaditing ;to @AYol GF-ah3 1

expressi on cked do by ,FANG but not TAG and..(3B) TG--132 knockdo y
bobh EANCIERR T B ERY Thrttiding Firite) cotetestnis TEtiTEL s P renbt g (oA
bi - ShRNAr fiitBrf&endy, ITHeNShRNR &b Be! BORNSHITMET, Ul Sit Wk sBRulfinBordp ikRrkhare

(SEQIDNO.: 1); the first steml|oop structure has conplete conpl enentary
gui di ng st¥an (elsavasasiseensient BISG dermagiad) and: ¢ithes s BA ot anRNdolike alenyage-e

has three; ' ) ¢l ches.at tions .9 o 11.0of .the.passgnger
strand; I@E&%}E{ sflé}g\%s f&ﬁ%@?&%ﬁ’ﬁfgr 6(3(?2%}11?139@8%&8?%5{?% i 4 efed &
Prosp@et i iepsidBNRIST fietangl smDélonage indBpenddAfR BT farhnadd Aginhegirddgionklly,

furin nRNA and the targeted sequence by each 25 siRNA; FIG 5 is an inage
shows PE‘II\'Iﬁé?I'eXﬂeSéV(’}I Végfgoir Moy tgEgct S codtigeregiPAIdBAAHE: RN A draasGiRt.f rdhmay

response. ; i l,wjlm A : WﬁgN Lo VRY, Lapsy
whi ch revea itdtqﬁg mal gég%c%/eduﬁ%&v@stgkqg%?s owggtﬁﬂesé et’sgman %g?dp%ﬁ/%gﬂp{h%
expr essi oroding sdq@endSdndathel 3> WIR denuoicd ofithe f30n sRIvA tiansanpt sipGApndoaslyl 31,
(6B) TGF-132, and (6C) GM CSF protein production before and after FANG or

TAG ( TAG 004)preyeasmiventignanss eedvide’.a Malhoe So aapmestediitighh kBfression, presentation,
25 and processing, and to attenuate secretory immunosuppressive activity of transforming
growth factor beta (TGF-beta or TGF-f) in target cells. This method comprises the steps of

selecting a target cell and transfecting the target cell with an expression vector comprising

two inserts. The technique used to transfect the target cells may be plasmid vector
electroporation. The first nucleic acid insert encodes GM-CSF, whereas the second insert

30 encodes one or more short hairpin RNAs (shRNAs) capable of hybridizing to a region of an
mRNA transcript encoding furin, thereby inhibiting furin expression via RNA interference.

Both inserts are operably linked to a promoter. The TGF-f isoforms whose activation would




12 determ nations of cytokine production in harvested autol ogous cancer
cells transfected with FANG Data represents autol ogous vacci nes

i ndependently generated from9 patients who underwent FANG processi ng ( FANG
001 - 009). One patient had sufficient tissue to constrict both a FANG
(blue) and TAG vaccine (red) (FANG 004/ TAG 004); 5 FIG 7 shows the GVCSF
MRNA by RT-gPCR in Pre and Post FANG Transfected / Irradiated Tunor Cells.
Absent bandsretl0d&PBE kRScKikedbvam & SxesidnOinelags adgdp R e -pand
in FANG 009 is DayB% saklhlrgg | oaded tvl\fce) FIG 8 sh %MMGXCG Vgl?é??g éc)gl | s
froma paTqr@ﬁtceb? way mﬁ@e@m logpus 9 alheaeneic calls dueh way bt estallished bumaRdoll by
PCR. No Isilk%g‘? was detected in pre- and post- sanples for TGF-132; 10 FIG
9 shows 009 Vaccine cells pre- transfectl on and post - transfection
/irradiatjon MRNA .by PCR; FI G , 10 sho urvival for Cohort 1
ver sus. ColtSt PESGARYEISOR S TGS & SETgH T EEDe Feting) Mo imgigaye
FIG 31 Ssl%'ﬂﬂﬁorﬁs SELRIBL biE adthAstPgahe @ﬁ@l&a&}ﬁl‘e t@)é}% ti8ms | BROER HolABprises

pl asm d; FIG 12 shows the expression of in NCI-H 460 Squzfm)us
Cel | and theistaps 3F0(1) idangéyitelal subNSCITpeeh Af aieatmgt t(H@ harvesting a cancer tissue

UWC3- T ho
‘FI)'GF 132%@FS%QP&%(Q%CQSEHIE%%%Cﬁ}péﬁdga r%%éa‘t‘s{ Felgﬁa%ﬁtﬁ I—I—e\,\%‘i‘%caq_cﬁ? ge
Cel | ( NSGa@plepiant (tvbadmuwgﬁn@m@@eaﬁcag%ﬂ&avaameS@mg@eﬁJaé@)mwi%@ lcell20
FIG 14 shows that 251 base pair probe specifically detects the

G\ CSF- 2 A0 Tty subgect Th@yxnrﬁ%ﬁr@cvq%r %ﬁ%ﬁ%@@ﬁeﬁt ih Fellsocamprivey twp aBdeigragid
NCI - Hp52
TAG \3oo et Bt i e B kot odeb s SRLERE MR 1i1E o P REPLER Bk, £

s hows t heThk@ecdiBPnwctgic esigiiosert i aBAGpembLi e 18 ShdhrGotet SadaindndddiBs shovt
expression of: (14A) T612-13 14B), TGF- .n human cancer _|ines
f ol | owi ng™85e A?W‘F\l M Gepeble 1¢f é}ﬁ 1Zipg £Opt FEHPH %ﬁ%tmﬁyﬁ of

of vari éﬁ%%b@?%ﬁ??@f B e s o S Bt e 10

bel ow, i tensbyslinentod thgppresanit atvedtldzm dhe ¢dnecrprezgstedtfor treesmentan amumandmﬂanmlw
app! II?Dagl%O%P%%{]%ﬁﬁ%egpglg%g%%c%rhafo %grpdep Ghe %gggucaﬂy moc%ﬁed cells prohfteyatlon-

wPee incompetent, they may be irradiated. The genetically modified cells in the FANG vaccine
may be autologous cells, allogeneic cells, xenograft expanded cells, established human cell
lines, or combinations of these cellular types. For vaccination, cells are administered to the
subject once a month for up 12 doses, each one containing 1 x 107 cells to 2.5 x 107 cells.

20  Dose escalation to 5 x 107 has been shown to be safe.

The genetically modified cells can be administered as a stand-alone therapy, however, they
may .also be administered as part of a combination therapy. In this embodiment of the
invention, the FANG vaccine may be combined with another therapeutic agent[s], such as,
but not limited to, IL-12, IL-15 and/or yIFN. When including yIFN in the treatment with
25  FANG vaccine, the method comprises the further step of incubating the genetically modified
cells with approximately 100 U/ml of yIFN for 48 hours or 500 U/ml for 24 hours,
respectively, after transfection. For combination therapy, cells are administered to the subject

once a month for up to 12 doses, each one containing typically 1 x 107 cells to 2.5 x 107 cells

(although doses up to 5 x 107 have been shown to be safe) plus a dose of yIFN of 50 or 100
30  pg/m” The method further comprises the step of incubating the genetically modified cells
with yIFN after transfection, wherein the dose of yIFN applied to the genetically modified

cells after transfection is approximately 250U/ml.



5enbodi ments di scussed herein are nerely illustrative of specific ways to
make and use the invention and do not delimt the scope of the invention.
To facilitate the understanding of this invention, a nunber of ternms are
defined below. Terns defined herein have neani ngs as commonly understood by
a person of ordinary skill in the areas éelevant to the present invention.
Ternms such as "a", "an" and "the" are not 10 intended to refer to only a

si ngul ar "Bid iprasenblidiventioh Uideludbe ag@nrfual methadsobfinkibitiah & Cthidugh R e
may be used for illustration. The term nology. herein is used to describe
speci fi c BBEENGRnYEh ofurim e | BIORISGIH nCONFRRtast h BvPIvgd agrdticadlys im ghe dianptinnal t he
I nventio t I d | FaRS ] ed, t hat..an
enbodi e mg‘%gg{gl sose ?ﬁkt%%gﬂ)sr%lgcﬁp‘fec at| or%%tgthglgﬁ?lﬁpqﬁéﬁgﬁagé al‘%l'islenn‘ftﬁona

respect tamahbairpét bogtruki (shR Nedgem) specific fontho kinbélatowaf oft fagini TivehitfugBtiorand
Vi ce vers t her nor onpositions of the invention can be used to

e, C ! !
achi eve Tigsoft the DIeRERNIVERIONTCHINIIISES 2 A9, HEMAPPR Siguctans| with a miR-30a

Abbr evi at > TALani; ) . to
o s SRR AR eI R ot (RIS pRREAN OtfrsAl Ay SheddcSt

ASTAspar t #itte-loomastamtirn éstbe (HRYA-Hk¢ preceon cngpnSEAN) thBUNBicdadenty tha smategypgen
CooRomp! el 208 52U, 0 Ul o Bl erenthatl on cor anegal ol i,
interference. In one embodiment, the strategy is to use two different targeted sites, one for
10  the cleavage and one for the sequestering component comprised of, but not limited to, the
coding region of the mRNA transcript and the 3° UTR region of the mRNA transcript,
respectively. In this embodiment, the bi-functional shRNAfurin is comprised of two stem-
loop structures with miR-30a backbone; the first stem-loop structure has complete
complementary guiding strand and passenger strand, while the second stem-loop structure
15 has three basepair (bp) mismatches at positions 9 to 11 of the passenger strand. In one
embodiment, the bi-functional shRNAfurin is comprised of two stem-loop structures with
miR-30a backbone; the first stem-loop structure has complete complementary guiding strand
and passenger strand, while the second stem-loop structure has three basepair (bp)
mismatches at positions 9 to 11 of the guide strand. In other embodiments, basepair (bp)
20  mismatches will occupy positions preventing Ago 2 mediated cleavage and make it
thermodynamically favorable for passenger strand departure. In other embodiments the
basepair mismatches will occupy positions of the guide strand. The FANG construct contains
GM-CSF and the bi-functional shRNAfurin transcripts under the control of a mammalian
promoter (CMV) that drives the entire cassette. This construct is used to generate an
25  autologous (i.e., patient specific) cancer vaccine genetically modified for furin knockdown

and GM-CSF expression.

The construct used to produce the FANG vaccine in the present invention includes a bi-
functional shRNAfurin/GMCSF expression vector plasmid comprising two nucleic acid
inserts. The first nucleic acid insert is linked operably to a promoter, and it encodes a
30 Granulocyte Macrophage Colony Stimulating Factor (GM-CSF) ¢cDNA. The second nucleic
acid insert is also linked operably to the promoter, and it encodes one or more short hairpin
RNAs (shRNA) capable of hybridizing to a region of an mRNA transcript encoding furin,
thereby inhibiting furin expression via RNA interference. The bi-functional shRNA of the




CTCAECommon Toxicity Criteria for Adverse Events CILCytotoxic T |ynphocyte
DCDendritic cell(s) DTHDel ayed-type hypersensitivity ECOG PSEastern
Cooperative Oncol ogy G oup Performance Score ELI SAEnzyme- Li nked

| mmunoSor bent Assay ELI SPOTEnzynme- Li nked | mmunoSor bent Spot EREndopl asm ¢
reti cul um FANGbi shRNAt hr m and GMCSF Augment ed Aut ol ogous Tunor Cell 14
Abbr evi ati onTerm Vacci ne FLFIt-3-Ligand CSFG anul ocyt e Macr ophage- Col ony

St i mul at iRgehP@lition RS w6 indsthMNdstid\DABOORSE) acERGaach TR HIRACA Whd Ritht BF @l | ce
GVAXGMCSF Secreting autol ogous or allogenic tunmor cells HLAHuman Leukocyte

Antigen IBBNt Thusi tabi-Binsdemab 1S ROATt thee PTastitnBepRitie it dEfiferents from &
Comm tt €Qraditional ShRNA, i.e., a DNA transcription derived RNA acting by the siRNA mechanism

of action or from a “doublet ShRNA” that refers to two shRNAs, each acting against the

5  expression of two different genes but in the traditional siRNA mode. In one embodiment of
the invention, the GM-CSF is human. The shRNA is bi-functional, incorporating both siRNA
(cleavage dependeﬂt RISC formatted) and either miRNA or miRNA-like (cleavage-
independent RISC formatted) motifs simultaneously. In one embodiment of the present
invention, the shRNA is both the cleavage dependent RISC formatted and cleavage

10 independent RISC formatted inhibitor of furin expression. The expression vector may contain
a picornaviral 2A ribosomal skip peptide intercalated between the first and the second nucleic

acid inserts, and the promoter may be CMV mammalian promoter which could contain a
CMV IE 5’ UTR enhancer sequence and a CMV IE Intron A. The mRNA sequences targeted

by the bi-functional shRNA are not limited to coding sequences; in one embodiment, the

15  shRNA may target the 3* untranslated region (UTR) sequence of the furin mRNA transcript
and, in one embodiment, targét both the coding sequence and the 3> UTR sequence of the

furin mRNA transcript simultaneously

The present invention also includes a vector that may be used to specifically knock down the
expression of furin in target cells. This shRNAfurin expression vector comprises a nucleic
20  acid insert linked operably to a promoter. Such insert encodes one or more short hairpin
RNAs (shRNA) capable of hybridizing to a region of an mRNA transcript encoding furin,
thereby inhibiting furin expression via RNA interference. The bi-functional shRNA may
simultaneously incorporate siRNA (cleavage dependent RISC formatted) and either miRNA
or mi-RNA-like (clezivage—independent RISC formatted) motifs, and inhibit furin expression
25 in both a cleavage dependent RISC formatted and cleavage independent RISC formatted
manner. Additionally, the expression vector may target the coding region of the furin mRNA
transcript, or it may target the 3’ UTR region sequence of the furin mRNA transcript, or it
may target both the coding sequence and the 3’ UTR sequence of the furin mRNA transcript

simultaneously.

30 BRIEF DESCRIPTION OF THE DRAWINGS




ILInfiltrating | ynphocytes |IRBInstitutional Review Board

LAKLynphoki ne-activated killer LDLongest dianmeter LLCLarge |atent conple
VHCMaj or hi stoconpatability conpl ex MLRM xed | ynphocyte reacti on MRMannose
receptor NKNatural Killer NKTNatural Killer T cell(s) NSCLCNon small cell
l'ung cancer PCRPol ymerase chain reaction,PDProgressive di sease PRParti al
response PSPerformance Status RECI STResponse Evaluation Criteria in Solid

Tunors SQidzmable e@hpleteundesanding obi dahredimieanant@hésSsmht prat&Thv&RidR! ex
STMN I Stathmn | TAPtransporter associ ated with Ag processing :
reference is now made to the detailed description of “the invention along with the

accompanying figures and in which:

FIGS. 1A-1C are plots showing the summary of: (1A) TGF-B1, (1B)-$2, and (1C) GMCSF
5  protein production pre and post FANG plasmid transfection. ELISA values from Day 4 of
the 14-day determinations of cytokine production in manufactured autologous cancer cells.
Data represents autologous vaccines independently generated from 10 patients who

underwent FANG processing (FANG 001 - 010).

FIGS. 2A-2F are plots showing: (2A) TGF-B1, (2B) TGF-B2, and (2C) GMCSF expression in
10 FANG-004 tumor cells pre and post FANG ¢GMP plasmid transfection and (2D) TGF-p1,
(2E) TGF-PB2, and (2F) GMCSF expression in TAG-004 tumor cells pre and post TAG cGMP
plasmid transfection. FANG-004 and TAG-004 are from the same tumor and processed

sequentially on the same two days as a demonstration of comparative expression profiles;

FIGS. 3A-3C are plots showing that the side-by-side comparison of electroporation of FANG

15 plasmid (the cGMP vaccine manufacturing process) versus the TAG plasmid into patient
tumor cells demonstrated (3C) GMCSF protein production and concomitantly; (3A) TGF-$1
expression knocked down by FANG but not TAG and (3B) TGF-B2 knockdown by both
FANG and TAG (coincident line),

FIG. 4A is a schematic showing the bi-shRNA™™" comprising two stem-loop structures with
20 miR-30a backbone (SEQ ID NO.: 1); the first stem-loop structure has complete
complementary guiding strand and passenger strand, while the second stem-loop structure

has three basepair (bp) mismatches at positions 9 to 11 of the passenger strand;

FIG. 4B shows the siRNA targeted regions of furin mRNA. Prospective siRNA targeting

regions in 3’-UTR and encoding regions of furin mRNA and the targeted sequence by each
25  siRNA;

FIG. 5 is an image shows PET CT 11 cycles in a patient after TAG demonstrating significant
response. Residual uptake at 1. 2 was followed up with a MRI scan and biopsy which

revealed no malignancy;

FIGS. 6A-6C show an assessment of GMCSF expression and TGF-p1 and -f2 knockdown,
30 summarizing: (6A) TGF-B1, (6B) TGF-B2, and (6C) GM-CSF protein production before and
after FANG or TAG (TAG 004) plasmid transfection. Values represent ELISA




TGF- PTransform ng growh factor-13 TILTunor infiltrating | ynphocytes
TNFTunor necrosis factor ULNUpper limts of normal WNLWthin normal |imts
Furin is a nenber of the subtilisin-likc proprotein convertase famly
(human Furin Accession No. NM 002569). The nenbers of this famly are
proprotein convertases (PCs) that proces]% | at ent precursor proteins into
their biologically active products. Furin, a cal ciumdependent 5 serine
endopr ot easermightiinsi rdytokind peUeSionrigtarEsled PLRIGINS ctcet REIY 1RRKIEH BAFI C
am no acid processing sites by the consensus sequence -Arg- X- KIArg-Arg.

( RXI ¢/ RR) FANG: h Dafaxseressaais 2t i9l89ys (vAecRas indenendgnslygegeratsidt foml9 ketiemsnyho

ot her pro}ease ] } _ in iyve.z ens. W th.an
N-term naf" pr ognetgg%fﬁcgifo ecﬁg%?ﬁo%:%ﬁﬁl Cl’(l)elfs ﬁﬁ?j()cg%{ael é‘?‘%eé%{ﬂgg Siuif?fﬂ?}gduﬁs}’le e
endopl asntanstrettiboth aPANG ddbd)evd TAG obdomeatréd) YFANG@OV4/BXE 0D49f futin have
been denonstrated in virtually all cancer lines. A 10-fold higher |evel of
TGF- pl 5 mayIde7 phodciad GYIASATRIRNGA! bF @ot-gPCRI iﬁngrecaaﬁtp@rostapmlﬁmg@a&@'/' S,
and 5 likely inpact the imune tol erance state by a higher magnitude.

Tr ansf or rrkF?éhaégfgﬁlﬁlof Setlyr Absenthandsigrsory ohths langsaisiduy tofdegratied Rdvct(Toaal

T p 11 oo AAR00 O MR RIS PEb 60, A 003238, KM 003239, 2,

respectiv )oate ubiguitous.in n cancers. TG--13 overexpression .
correl at egi% ? ﬁﬁ?\ﬁﬁg‘lﬁq‘#og?%?&% 8efqtql’a ﬁmp%é’?tleﬂ’? (}ﬁﬁ-%pgfgctgnevgfg@pt-f@sfgq@nn
level s Wi frhidiatiohenRNATHy POR ! BRMLYdT0RAE Béte@E®in prokamd fodt- mPRE FEGRRLI t unor
response. The presence of furin in tunor cells likely contributes

si gni fg captcd yo t ARG Tl gﬁ%‘e TGE=| i .o
peri pher al R? n?‘rusg%‘w?gql er alryggWEH%%lceg{:e%Sﬂé&?r? a%%%c ognnd %%rtgaég%?g&g%ﬁ%\c}gfm%nd
attracti velRApPb&ER;f or optim zi ng i nmunosensitization. A Furin-|cnockdown
and Gwt CSF- augnent ed (FANG Aut ol ogous Cancer Vaccine for 15 Human Mel anoma
and Lung EHhcHY shoRANE: ontrglislyyival dor Qoliat ¢s/emsubiCohtns Rixaaa fos malAncbaistapt N
RNA (shRNA .con(st_r¢1q _sRﬁgi fic for the knockdown of furin, a proprotein
conver t asBEPIPE ) ?T PYed in the functional processing of all TGF-13
isoforms. _Prior work by the inventaors has denonstrated the effectiveness of
FANG i n gBierldishays exsrleopatis,dineaagiob GMBFFERF B2ansisensy (FAG3 plagmid;et i on i n
human cancer lines. The incorporation of a bi- 20 functional shRNAfurin in
conbi Hat i Bi-wi2 phavamvhesprassion off GMtGSD dro MNECII#460 iaeines Csll cedowSt-Haj28g

he. af t or KRS BPCLER R fhite Toe STRRECO R RERARIOE A enisSuy wocior, I

"bi-functigpal" refers to a shRNA having two nechani stic pathways

FIG. 13 shows that TGF-P2 levels are reduced in NCI-H-460 Squamous Cell and NCI-H-520
Large Cell (NSCLC) with the pUMVC3-GM-CSF-2A-TGF-B2 antisense (TAG) vector;

H

20 FIG. 14 shows that a 251 base pair probe specifically detects the GM-CSF-2A-TGF-B2
(TAG) transcript expressed in vitro in NCI-H-460 and NCI-H-520 cells (lanes 6 and 10);

FIG. 15 shows the GM-CSF expression in TAG vaccines;
FIG. 16 shows the TGF-B1 expression in TAG vaccines
FIG. 17 shows the TGF-p2 expression in TAG vaccines;

25  FIGS. 18A and 18B show expression of: (14A) TGF-B1 and (14B) TGF-B2 in human cancer

lines following siRNAfurin knockdown; and

FIG. 19 shows the plasmid construct of FANG.




of action, that of the siRNA and that of the m RNA (the guide strand being
non- 25 conplenentary to the nRNA transcript) or mRNA-1i ke (the guide
strand being conplenentary to the nRNA transcript). The ten in
"traditional” shRNA refers to a DNA transcription derived RNA acting by the
si RNA nechani sm of action. The tern1"dog§let" ShRNA refers to two shRNAs,
each acting against the expression of two different genes but in the
"traditional" si RNA nD@ETANEDDESCRIPTIENEH THEMNVENTION Y rel ated to the
cancer and the treatnment commonly forces patients to decline finther

therapy. Wam® ﬂgm%ihg BnPfisiS@betatioal emexdiefnis\e tied praéeeinvessdd 4k GRLLQBd in
i ncl udi ng exanpl es of dramatic response related to "targeted” 1 mune

sti nul at i dstaikheowu iipthesksi b apieaipigd deaiohs prespriniaventiontprovides aeinpgpphieable
ool ton ailybIPRaR P S EFuR RS ik VAR SRpaBr B nab gt

| or safe an entia
asses $nendmboliteo ARt GE heRip arsher!yofilubiiaiveBNA spotifle filye nE endke GRAAlse @e and
vacci ne manufacturing of the present invention will provide a gateway
oppor-t uni ipyentiepgnddnagbdeiirnit e skErLd Ay VeI y ot her solid tumors, notably
mel anoma, ovary, prostate cancer, colon cancer and breast cancer 10
Over coni nkp ifmiitate thsl endertanding bt ¢lis devenyiaoc i masgnties o termosriass defitmdt below.

di fficul t.gues T revai | ing. hypot heses.for i t ol erance, ..based.

or i 11 yPSarne BBl il B8 DR e TD Enk e RO B SraiB a3 S
cells, thg thaGkea9frel@pataprth@prespiteiaeaitiohl Orerhy REPhLESE? 0RAT 2D 4L hre not
presenting cells, immune selection of antigen-loss tunor variants, tunor

i nducldd i inended thprefadtel oy asigula et Ruuieekdp the, genstpd ¢lass o€ whigh a specific
Never t hel &atpld El%?nt;[e %lgh S ﬁius&gﬁcﬁll. S ffes tetxﬁﬁ{ol lﬁ&lgi‘ﬁeig.u ?d to describe specific
t ransgene-expressi ng whol' e cancer cell vaccin ave yielded pronlsPng
resul ts [émEddimWelof tharioemtior) butvihelri msage caes pot delimalthy i@ten€ibd, except as
br oad- based, pol yval ent i nmune responses to both defined and undefi ned
tumor ant YR In{he¢lais- addr essing the possibility of tunor resistance

t hrough downregul ati on and/ or selection for antigen-loss variants [6, 7].
20 Dr anof}t inpentgapleied thatvanysembedimantadipovssednin dbissppaficationgantheniprplena¢nt

genetjscal \lv?&)ll @dsgieéﬂ %daréffrggﬁx?)ﬁ? Rﬁolgtyéegl?,f or EoingcatRe &4k Gn '?iISE Gyd QLNg

Yoa.
-tunor Tmmunity.

consi'sten nonst r e uction of an

When i nt eBurgieados campasitives oé tHerianagieonean tdhiedHo actiievicasthpdesfahé alviettiorOf
cancer vacci ne peptides, tunor cell lysates, or whole tunor cells from
ei t her aursyl®yoNBbreviagsisaldbiehed al | ogeneic tunor cell lines [9]. GwW CSF

i nduces the 25 differentiation of henatopoietic precursors into
pr of essi onagd pratiaésn Presenjisme (APC) dendritic cells (DC) and attracts
themto thepsite of vaccinaf QR &end0] . GW CSF al so functions as an

adj uvant f%ﬁ he DC naturatAﬁpin%Q n?a%ith%t(hlgg?éf rﬁ&f)t%%ﬁ%%ﬁ)]gf. tunor antigen
capture, pr gss and presen gohgn Lﬁg{{pﬁﬁul ates Phei T expressi on of

cost i mul atdﬁé mol ecul es, arfd"} g_f; . ggu?o nigrate to secondary |ynphoid
tissues for &ctivation of teendppsentngbely |s  CDid restricted i nvari ant
natural ki IAF T (NKT) cel 133PaAls temeapinass (plseaeferediomsci9h) [11]. 17
Recent |y, HHdN [12] report cBlophatca@itrogapacci nati on, fol |l owed by periodic

i nfusi ons dfB@nti CTLA-4 antCdoplietesbloed ervaitil at e ef fector and T regul atory
cell functi@ns, can gener at@luster of diffeteptiagani ngf ul antitunor inmunity in a
maj ority ofCvtastatic nel aDpomepsalbiiens s. These findings are consi stent
with the thagj s that vacci npgthiodardnt dloddéW CSF- augnent ed 5 aut ol ogous
cancer vacqie can successfgbhylegaRgiate an i mune nediated tunor
destructiompparticularly when', wi th an adjuvant treatnent that

o
depletes F Tregs activy, D i of MVHC class | A
chain (M ?‘ﬁgr eby activ élﬁgoﬁai$%g§i§t%{;or?%ﬁgﬁa8 Scells, and
enhances central menory T- celP¥% %H8+ response. The FANG approach of
the presentP$nvention is sugpFtedel®)t he findings of the inventors in 10
10 pati ent £THut ol ogous vacktAEd-RADEPEFESGNEY r at ed consistently TGF-J31
and TGF- p2 BE@UARS ons and eFasiein &@opwptsrOnesledysGromp Esriopnance edrer| GS.
2A-2F) . Soudd®éss of the fukEngyneebinked bnmappyasbat Assay been confirmed by
proof of prEHSPPITe docunent Bhiyore-hinkbd itv@uheSdrbent Shotbi t or
decanoyl - ArgR Val - Lys- Ar g- CMBnddpésaididRc@e) in cancer cell |ines (CCL-247
col orectal ,FARG 1585 mel anopBhiRNAES) andDes1 KR UGMEnicd AutBRRbLATUmbP Cell
chl oronet hyl ketone that binds irreversibly to the catalytic site of furin
and blocks its activity [59]. Dec-RVICR-CW either conpletely or partially
reduces the activity of furin substrates BASE (Il 3-site APP-cl eaving
enzynme), MI5- MVWP, and Boc- RVRR- AMC [60]. The present inventors found both
TGF-131 and TG--02 activity to be significantly reduced in CCL-247 and
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25 stem | oop structure has conplete conpl enentary gui ding strand and
passenger strand, while the second stem| oop structure has three bp

m smat ches at positions 9 to 11 of the passenger strand (FIG 4A). The
inventors adopted a strategy of using a single targeted site for both

cl eavage and sequestration. The encodi n? ShRNA is able to accommpdat e

mat ure shRNA | oaded onto nore than one types of RISC [65]. The rationale
for focusi m,bqgviaﬁsﬁ ngle sitegmi s 30 that nmulti-site targeting may increase
t he chance for "seed sequer\%cmgnduced off-target effect [66]. The two
stem | oop gguble stranded RHA lﬂgnce was assenbled with 10 pieces of

synt hetic nting an t hy ough

18 ligati ohﬁiﬂ%s?fonpl et ed %&gi%eo %ﬁ):‘dhg%\l%uog?%“@a?%&ﬁ%e a&fof Z‘écc SlB%t h
ends was Iﬁfﬁ ted into the gl e of the TAG expression vector in

pl ace of t GF132 anti se HEEed T iEat i on of. t he |nserted DNA was
screened bW¥PER prinmer pai @M§§§ esting guielasarhor glogenie twpmslls nsert  and
orientatiofllAhe FANG constifuwresn keikoayts Aieen narmal i an pronoter 5 (CW)
that drivedBEhe entire casdestitetional Bipsafiatyi Goramitéasi ng 2A ribosomal skip
pepti de bell€en the GW CSF Iadapetrdrmt Ethi¢sChnfitteet i onal shRNA transcri pt,

fol l owed byLa rabbit pol yAlhfiitdating hemghocgteqs st op codon at the end of the
GV CSF tramgpri pt. |nserti gpstBfitigiaCREVIwIBoald 2A sequences i nto MRNAs causes
ribosones gqskip formation efsrakReRLIGR.PRNE: at the junction of the 2A and
dovmstreamﬁfquence | eadi gy, Hﬁ@m@&oductl on of two proteins froma
single 10 readlngfra < 1 , In the instances in which shRNA

or antisen re bei ng exp ond transcrlpt (as exanpl es),
only the fi transcri pt ﬁajf)lf §’F3‘f18 absﬁﬁ' ®htors found that the 2A
| i nker to ffective for WEsaDAEP 1’H’q ﬁﬁ?%‘?flrratel y equal |evels of GwW CSF
and anti-TP&13 transcri pt sV'HIRC {998P9NG vacci ne, and el ected to use the
same desi gWor FANG 15 TH¥atpiglBilesrs val i dated the applicability of

si RNA- nedi &kl f uri n- knock d¥ameral Killer dhdeB(s)i ng human TGF-13 isoform

expr essi OI’]NS@E@DGCU ve si Rih tmealbedlilngg sinces (FIG 4B) in the furin nRNA
sequence W&(OR det er m ned byolyreerpsddhasheactioaconmendat i ons of Tuschl and
col | eagues pand the additi ormbgesdivcdibcage paraneters that integrates BLAST
sear ches ofppt he human and rpaﬁsegr%{gﬁg@e dat abases [73]. siRNAs targeting

eligible cod ng and 3' UTRs p 4B) were tested. Follow ng

l'i pof ecti ofprhigCL- 247, of the 6

Si RNAf i t hn truct S was %ejsapce %%Zlu@ﬁ %Qla ﬁ(b:le)ﬁdraﬁ—ﬁ%%l and TGF-132

| evel s in ure super nat ltH%% et ver sel y affecting cell survival.
Thus si RNAYedj ated furin k W/ﬁals effective for the depletion of
TGF-f31 an 32 isoforns. lﬁFeé‘E%(fﬁ‘p Fhventors attenpted to detect

endogenous SﬂMNh protein i meEMn | nes via Western 25 Bl ot and Fl ow
Cytometry. TARe different deamagarter agsoeinteil bodi A8 pweessingcr eened for Western
Bl ot and of&Hfe- | abel ed arkratsdoyming grosah éemee f or Fl ow Cytonetry. Al
studi es yi dliled negati ve reRumhdranfilthadng fymighoeytest udy of the conmercial ly
avai | abl e amNp bodi es, al |l idimditRess¥gh@odevel oped agai nst fragnents (or”

peptides) qfpyhe Furin protgder i oYésingsin Bl ot studi es denpnstrated that
t he 60kDa pant was pref eg@ptd @l gigkected in 4 of the 5 30 antibodies

screened. The | ast antibody did not det ect Furin protein under the Wstern
Bl ot conditions tested. Control |ysates provided by the comercial vendors
produced simlar results to in-house cell |ine sanples. The pre-| abel ed

ant i body Fmin Blaonertlydraiftier gubdlisindie prdfodmnmonstrtat il (igiiahi Rugint AclRbdién i n

Furin st t|v Fur.i n_popul ation identifi Ther ef or e,
the Flow tlﬁﬁdeﬁp?e@auﬂef Rembes of dis g sa@mg&rpfépbcmﬁﬂweﬁ FERR B ProoRS® o
al ter nati Mgnf BrebthsbNpRELy Eh%hﬁfﬁélb@)f&alht B&iVeHEMIRL SF&JH;S% &%@:ﬁnﬁgeml es

for Furin enzynme act|V|ty Using a I’uororretrl c ased assay, I nes

wer e scr eengd ehdoprotreses eﬂimmélysdewesfprwb@r padteing RY thelyr priffldr basicsaniing- aaidC)

by Furin to rel ease the fl uorophore ver ted, si of
o1 cased MRESSIaE NE0 W oe <HREEREY dur ety are A R RE SRR o
Furin enzmu@ﬁh% VYhd Mrinifhab eReMbe@e! I19ke tnk Qﬁheﬁ%ﬁ@%adé phabret RAtresiRed hat e
is cleaved by alT serine proteases in the subtilisin-Iike prohdunone
convertase (PC) famly. Therefore, simlar proteases that are not targeted
by our FANG 10 shRNA product would remain active and cl eave the fluorogenic
substrate in the assay, thus reducing the capability to detect Furin
knockdown. O her applications for the bi-functional shRNAfurin include: (1)

Systemi c delivery via a tunor ( tunor extracellular matrix (ECM) selective
decorated (targeted), stealthed




bi | anel | ar invagi nated |iposonme (BIV) to enhance the efferent |linb of the
i mune response; 15 (2) System c delivery via a tunor selective decorated
(targeted), stealthed bilanellar invaginatcd |iposone (BIV) to directly

subvert the tunor pronoting/ maintaining effects of furin target nol ecul es

including, but not limted to human, TG:-131, TGFp2, TGF133, I1G--11, 1G-1R
PDGF A, ‘and, in sone tunor types, MI1- ; (3) Systemc delivery via a
tunor sel 1ﬁ§€§tiv\ée hatwith GhaNgeihgdl, p@ts@@ﬂlénheﬁté@mioamm@{ il RuRGhHRtEdly

| i posonme (BIV) t Irectly 20 subvert the NOTCH p300 pat hway in putative

cancer stiemored msthe cajopbymieraticulyel foviehipve fuackonaliior sel ective decor at ed
(targeted), stealthed bilamellar invaginated |iposome (BIV) to inhibit
act i vat i diigbflevalxpfifiraskavei tee demonsiragask inreixtypalBhilfagnodi fheshedi B-foldhiphes,

botul i sm an ses d/ or stem ¢C nd/ or

Cohal ao 1 dan! oGdE Bhste el bl FiFen FOSER Tk b Pt aopma cells, and
(decorsat ign \ / i t it 0

xot oo LA pACHEE Sirbh e BIKNG) SE T T fter gL T G DABR TR

di seases factbts hetaght(EGEEP)r iask f faPslyudd nomdsunainak gootrorsbivdiit ywahdknown

nortality, e. stic f.ibrosj TG 13 wn: . Transformn ro
factors ﬁl&t%uw@v rSSjveicHVey-aPF et W&Kﬁlgﬁn@f %MT&Fo%ﬁnéc%s%ﬁnmSl
known i v i i ] ds
(Tar 111, A QURGITE Soly GRSk KM R2NES] resfifu 0] 86 ilatiRn iidh L0
over expr eiE@F{p}bmafxpeésa]bﬁszomlhh:s twdthoinmpr pigesssion and pdorrognadiso Eieais TGH

15]. Elevated TG--13 levels within the tunor mcroenvironnent are |inked to
an andr gik layels Wﬁh’ﬁrthe lemé%lm@@rqmm 235 1pnkpd toraanpseif Anfitymoes re@/p@sﬂhe

i nduced b Y f . VHC.cl ass | |

co-st 1 muararct bE Rl jndoh 5oks A LR B PRETRRAN Rk TGRSR LB | e
(LPS) - i ndugeedTECEpatrh&iiated mfayﬁmnﬁﬁé w@dn@csqéﬂauoﬁuﬁﬁqtnag&do%tﬂeﬁx@s&fts p38
stress-activated protein kinase (p38SAPK), extracellular signal-regul ated
prot ei n 52 Reviehard {ERIOR, 2ppieesh faiontimiizingeniguaieensiiizagion. (Pl 3 ki nase)/ Akt

and nucl ear factor (NF)-KB pathways. GM CSF can exert parallel activities
of stimul &t Engnﬂcylebkﬁodvnhemat@ﬁeﬁﬁ-mgm@md ARANG uketiegooe | Cankem& accine for

e B o g RadEs R Dine GRRSHCPRNY PREH iiaieie S grmsriong vl
Pl 3- ki nasighi¥glin RNLADWNAQ%BM& BpdcAR] for #H2 ibbcktddeedf g pﬂogl\(ﬁém came!rﬁ&n

presentation by immture DCs contributes to T cell anergy [ . TG-p
simlarl ycritwlallblm‘s)lmbmoﬁha@ecmi veacessmg off hll HF-Phispformmt P@Hanrkeb}erthe ng

a1 ngmREURE eSS e s 20V n raciiRe GO Y B GRprayo
TG P2 al §f4 TORVET tahid TRYE- 35“2' eghét for ih ToREn C@hb& i%{esl rm%b%o&fnomg a bi-

transcription factor FOXP h emergence of Treg leading to the 15
shut ddwn Bihctional mbRbIéstfumaum @nm[oﬁtallon Adthoh@GMrESFoinRobhm Iau{cﬂacxgops tcell erogeaiis

DCs and s I essor T 1 cytes were sent in_al a | anong.
These | mmAREPTaaR S pyisat R RS Hain R SBinwb rbonsh Yorich i by Bireg on he
activity y@sesiepengembt lgﬁnmgp’égls@r 432 binding. At the i nnate i mrune

response |evel, TG--P is antagonistic on NK cells and down-regul ates 20

| ynphoki ngg ﬁ%éd’ W&élﬁ%éﬂ&ﬁl%l-ﬂfé& aQ’ekaeI’s ?(ﬂ&'%lquﬁ iR¢h WS d&[ﬁ@ilgﬂa&lwys

35-39]. Pena rte recently showed at tunor-s
suppr esseef mmﬁhhﬂ_bf (tﬁb FIRNAvedid athet of nttma npsRINAI (ﬂhz aguldm sufancﬁ\%eu:@ ln®ni n

the i noco etcnt B16 nel a nmodel.. . In vi e r ction
of TR P THBOEURS LA R DR WrOSoihpPor SRRt RS o2 SR POl 12
expr essi n&@&h&&d@r tdf mmhRNATmﬁﬁnfpt)n dhBgsmf Ufradlﬁasna\r’alsmﬁkeretfa@ 6% DNA

negative inpact of TGF- on GwW CSF-nedi ated i mmune activation in vivo, and

by ext ensir@mcngmnppmvedﬁéNAaaqtm &Yethgf&&l‘éél recqhaglsmﬁi agioseThetéron“daublet”

GW CSF- ba CI ne rials duct ed.

Cvent or <R FEHE R IR p s REEL R aellok R TRE Fe B os NG RS kv ety
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strand (FIG. 4A). The inventors adopted a strategy of using a single targeted site for both
cleavage and sequestration. The encoding shRNA is able to accommodate mature shRNA
loaded onto more than one types of RISC [65]. The rationale for focusing on a single site is
30  that multi-site targeting may increase the chance for “seed sequence” induced off-target
effect [66]. The two stem-loop double stranded DNA sequence was assembled with 10

pieces of synthetic complementing and interconnecting oligonucleotides through DNA
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Anal ysi s of FANG Vacci e Versus Post El ectroporation FANG: 008
FUr i %SI Sﬁetlllé, 43§ H%/%,g éé?ﬁﬁlA(ﬁBg ConStructs was shown to markegly reduce "I)GF—BI and T%F-SZ
levels in culture supernatants without adversely affecting cell survival. Thus siRNA-

mediated furin knockdown is effective for the depletion of TGF-$1 and -B2 isoforms.

The present inventors attempted to detect endogenous Furin protein in cell lines via Western
25  Blot and Flow Cytometry. Five different commercial antibodies were screened for Western
Blot and one pre-labeled antibody was screened for Flow Cytometry. All studies yielded
negative results. Upon further study of the commercially available antibodies, all idiotypes
were developed against fragments {(or peptides) of the Furin protein. The Western Blot
studies demonstrated that the 60kDa variant was preferentially detected in 4 of the 5
30  antibodies screened. The last antibody did not detect Furin protein under the Western Blot
conditions tested. Control lysates provided by the commercial vendors produced similar

results to in-house cell line samples. The pre-labeled antibody for Flow Cytometry did not
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demonstrate a significant shift in Furin staining (i.e., no positive Furin population identified).

Therefore, the Flow Cytometry could not be used to demonstrate Furin knockdown.

As an alternative to Furin protein detection, the inventors also screened samples for Furin
enzyme activity. Using a fluorometric based assay, cell lines were screened for the
5  conversion of substrate (Pyr-Arg-Thr-Lys-Arg-AMC) by Furin to release the fluorophore
(AMC). However, the detected signal of released AMC was too low fo accurately
demonstrate significant knockdown of Furin enzyme activity. A second barrier to the assay
is that the substrate is cleaved by all serine proteases in the subtilisin-like prohormone
convertase (PC) family. Therefore, similar proteases that are not targeted by our FANG
10 shRNA product would remain active and cleaye the fluorogenic substrate in the assay, thus

reducing the capability to detect Furin knockdown.

Other applications for the bi-functional shRNAfurin include: (1) Systemic delivery via a
tumor (= tumor extracellular matrix (ECM)) selective decorated (targeted), stealthed
bilamellar invaginated liposome (BIV) to enhance the efferent limb of the immune response;
15 (2) Systemic delivery via a tumor selective decorated (targeted), stealthed bilamellar
invaginated liposome (BIV) to directly subvert the tumor promoting/maintaining effects of
furin target molecules including, but not limited to human, TGFg1, TGFB2, TGFB3, IGF-II,
IGF-1R, PDGF A, and, in some tumor types, MT1-MMP; (3) Systemic delivery via a tumor
selective decorated (targeted), stealthed bilamellar invaginated liposome (BIV) to directly
20 subvert the NOTCH/p300 pathway in putative cancer stem cells; (4) Systemic delivery via a
tumor selective decorated (targeted), stealthed bilamellar invaginated liposome (BIV) to
inhibit activation of toxins associated with-anthrax, Shiga, diphtheria, tetanus, botulism and
Ebola and Marburg viruses and/or (5) Systemic and/or inhalational delivery of a bilamellar
invaginated liposome (BIV) (xdecoration and reversible masking/stealthing) to inhibit
25  Pseudomonas exotoxin A production as an adjunct to antibiotic therapy in patients with
diseases with heightened risk of Pseudomonas mediated morbidity and mortality, e.g., cystic

fibrosis.

TGF-B Knockdown: Transforming growth factors beta (TGF-B) are a family of
multifunctional proteins with well known immunosuppressive activities [13]. The three
30 known TGF-B ligands (TGF-p1, B2, and B3) are ubiquitous in human cancers. TGF-B
overexpression correlates with tumor progression and poor prognosis [14, 15]. Elevated

TGF-B levels within the tumor microenvironment are linked to an anergic antitumor




TGFB1 Time Point A G % Expression day 0 -0.09 94% day 1 -0.10 93% day 2
-0.08 95%day 4 -0.05 97%day 7 -0.08 95%

20
response [14, 16-21]. TGF-B inhibits GM-CSF induced maturation of DCs [22] and their
expression of MHC class II and co-stimulatory molecules [23]. Ardeshna [24] showed that
lipopolysaccharide (LPS)-induced maturation of monocyte-derived DCs involved activation
of p38 stress-activated protein kinase (p38SAPK), extracellular signal-regulated protein
5 kinase (ERK), phosphoinositide 3-OH- kinase (PI3 kinase)/Akt, and nuclear factor (NF)-xB
pathways. GM-CSF can exert parallel activities of stimulating myeloid hematopoietic cell
and leukemia cell line proliferaﬁon through rapid, transient phosphorylation of MAP kinase
1/2 and ERK 1/2, whereas TGF-f turns off GM-CSF-induced ERK signaling via PI3-kinase-
Akt pathway inhibition [25].

10 At the efferent level, antigen presentation by immature DCs contributes to T cell anergy [26].
TGF-B similarly inhibits macrophage activation [27] and their antigen presenting function
[28,29]. TGF-B inhibits the activation of cytotoxic T cells by impairing high affinity IL-2
receptor expression and function [30, 31]. TGF-B2 also converts naive T cells to Treg cells
{)y induction of the transcription factor FOXP3 [32], with emergence of Treg leading to the

15  shutdown of immune activation [33]. According to Polak [34], tolerogenic DCs and
suppressor T lymphocytes were present in all stages of melanoma. These immune cell types
expressed TGF-§ receptor I, and tolerogenic activity was dependent on TGF-B1 or -B2
binding.

At the innate immune response level, TGF- is antagonistic on NK cells and down-regulates
20  lymphokine activated killer (LAK) cell induction and proliferation [30, 35-39]. Penafuerte
[40] recently showed that tumor-secreted TGF-B suppressed GM-CSF+IL2 (GIFT2)
mediated immunosensitization of NK cells in the immunocompetent B16 melanoma model.
In vivo blockade of B16 production of TGF-f improved survival otherwise compromised by
the growth of non-GIFT2 expressing bystander tumors. These findings further validate the
25 negative impact of TGF-B on GM-CSF-mediated immune activation in vivo, and by
extension, support the rationale of depleting TGF- secretion in GM-CSF-based cancer cell

vaccines.

Trials conducted by the present inventors utilizing a tumor cell vaccine with TGF-B 2
knockdown activity (Belagenpumatucel-L) in patients with non-small cell lung cancer
30 demonstrated acceptable safety, and a dose-related survival improvement in response to
randomized control patients and historical experience. The two-year survival for the late

stage (IIIB/IV) patients was 52% for patients who received > 2.5 x 107 cells/injection, which
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compares favorably with similar patient historical data of less than 10% survival at 2 years.

The study patients also displayed significantly elevated cytokine production (IFN-y, p=0.006;
IL-6, p=0.004; IL4, p=0.007) and antibody titers to vaccine HLA antigens (p=0.014),

suggesting an immune activating outcome. [41].

TGF-B-knockdown and GM-CSF Expressive Cancer Cell Vaccine (TAG): Thirty six patients
were harvested for TAG vaccine. GM-CSF expression and. TGF-$2 knockdown met product
release criteria. Three (all gastrointestinal tumors with luminal access) had bacterial
contaminants and could not be released. One had insufficient cells. Nineteen advanced
refractory cancer patients were treated [42-44]. No Grade 3 toxic effects related to therapy
were observed. Eleven of 17 (65%) evaluable patients maintained stable disease for at least 3
months. One patient achieved CR by imagin;g, criteria (FIG. 4; melanoma). Thus the TAG

vaccine appears to be safe and has evidence of clinical efficacy.

A potential limitation of TAG vaccine, however, is the restricted specificity for TGF-B2,
given that all three known isoforms of TGF-B ligand (TGF-B1, -B2, and -B3) are ubiquitously
produced in human cancers. In particular, up to a 10-fold higher level of TGF-B1 may be
produced by human colorectal, lung cancer, and melanoma cells. The tolerogenic role of
TGF-B1 in antigen presenting dendritic cells (DC) and regulatory T cells (Treg) is well

established, and this activity is not impacted by TGF-B2 antisense treatment.

Furin: All mature isoforms of TGF- require limited proteolytic cleavage for proper activity.
The essential function of proteolytic activation of TGF-p is mediated by furin. Furin is a
member of the subtilisin-like proprotein convertase family. The members of this family are
proprotein convertases (PCs) that process latent precursor proteins into their biologically
active products. Furin, a calcium-dependent serine endoprotease, efficiently cleaves precursor
proteins at their paired basic amino acid processing sites by the consensus sequence —Arg-X-
K/Arg-Arg (RXK/RR), with -RXXR- constituting the minimal cleavage site [53]. Like many
other proteases, PCs are synthesized as inactive zymogens with an N-terminal prosegment
extension, which is autocatalytically removed in the endoplasmic reticulum to achieve

functionality [52].

Furin is best known for the functional activation of TGF-B with corresponding

immunoregulatory ramifications [54, 55]. Apart from the previously described

immunosuppressive activities of tumor secreted TGF-B, conditional deletion of endogenous-
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expressing furin in T Iymphocytes was found to allow for normal T-cell development, but
impaired the function of regulatory and effector T cells, which produced less TGF-B1. Furin-
deficient Tregs were less protective in a T-cell transfer colitis model and failed to induce
Foxp3 in normal T cells. Additionally, furin-deficient effector cells were inherently over-
5 active and were resistant to suppressive activity of wild-type Treg cells. In APCs, cytotoxic T
lymphocyte-sensitive epitopes in the trans-Golgi compartment were processed by furin and
the less frequented TAP independent pathway [56]. Thus furin expression by T cells appears
to be indispensable in maintaining peripheral tolerance, which is due, at least in part, to its

non-redundant, essential function in regulating TGF-p1 production.

10 High levels of furin have been demonstrated in virtually all cancer lines [45-52}. The present
inventors and others have found that up to a 10-fold higher level of TGF-B1 may be produced
by human colorectal, lung cancer, and melanoma cells, and likely impact the immune
tolerance state by a higher magnitude [34, 57, 58]. The presence of furin in tumor cells likely
;ontributes significantly to the maintenance of tumor directed, TGF-1 mediated peripheral

15 immune tolerance [54]. Hence furin knockdown represents a novel and attractive approach

for optimizing immunosensitization.

FANG (furin shRNA and GMCSF) vaccine: The present inventors constructed the next
generation vaccine termed FANG. The novelty of the FANG vaccine Iieé in the combined
approach of depleting multiple immunosuppressive TGF-f isoforms by furin knockdown, in
20  order to maximize the immune enhancing effects of the incorporated GM-CSF transgene on

autologous tumor antigen sensitization.

All mature misoforms of TGF-f require proteolytic activation by furin. The feasibility of
achieving concomitant depletion of multiple TGF-f isoform activity in several cancer cell
lines (H460, CCL-247, CRL-1585, U87) was determined using furin-knockdown and the

25  present inventors have successfully completed GMP manufacturing of FANG vaccine in 9
cancer patients (breast -1; colon — 2; melanoma — 4; gallbladder — 1; NSCLC - 1).
Assessment of GMCSF expression and TGF-81 and -2 knockdown is shown in FIGS. 1A-
1C and FIGS. 2A-2F.

Electroporation of FANG plasmid into patient tumor cells demonstrated GMCSF protein
30 production and concomitantly TGF-B1 and —f2 knockdown as predicted. FIGS. 3A-3C
depicts Day 7 assay data of a FANG-transfected NSCLC tumor’s expression profile (FANG-
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004) versus tissue from the same the tumor processed by the cGMP TAG vaccine method
(denoted TAG-004). There are similar reductions in TGFB2 (FIG. 3B; single line shown due
to coincident data) and similar increases in GMCSF (FIG. 3C) expression. However, while
TGFp1 expression is completely inhibited by FANG, it is unaffected by TAG as the TGFB2
antisense cannot block TGFB1 expression (FIG. 3A).

FIG. 5 is a PET CT image of an advanced melanoma patient after 11 TAG vaccine treatments
demonstrating a significant clinical response. Residual uptake at L 2 was followed up with a
MRI scan and biopsy which revealed no malignancy. The patient has consequently become a
complete response (no evidence of disease) for greater than seven months. The capability of
FANG to knockdown both TGF-B1 and -B2 is supported yb findings in the first 9 patients
(FIGS. 6A-6C) who underwent vaccine construction. All 9 vaccine preparations
demonstrated significantly elevated levels of GM-CSF (80-1870 pg/ml at day 4 of culture,
median of 739 pg/ml). All 9 patients demonstrated >50% reductions of TGF-$2, and 6 of 7
I;atients with >100 pg of endogenous TGF-B1 production also demonstrated >50% reduction
of this cytokine. The expanded target effectiveness of FANG is best demonstrated in one
patient (NSCLC) who had adequate tumor tissue to generate both TAG (TAG-004A) and
FANG (FANG-004) versions of autologous vaccine, TGF-B1 (as well as TGF-B2) was
depleted to below detectable levels using the FANG preparation (FANG-004) from an initial
concentration of 1840 pg/ml whereas this high level of TGF-$1 was unchanged with the
TAG preparation (TAG-004) albeit with the expected depletion of TGF-p2. These findings
support the potential advantage of the FANG vaccine preparation.

Validation of bioactivity of personalized cGMP FANG vaccines: Gene modification will be
achieved by the use of a plasmid vector encoding for GM-CSF and a bi-functional short
hairpin (bi-sh) RNA optimized for furin knockdown. Cancer patient autologous FANG
vaccine has already been generated under cGMP conditions for clinical trial of patients with
advanced solid cancers. GM-CSF and TGF-1, -p2, and -p3 mRNA and protein expression
were measured as part of the quality assurance process. Cytokine bioactivity following
FANG modification was determined by growth outcome in a GM-CSF and TGF-f dependent
cell line utilized by the present inventors in previous studies. Processed vaccine will undergo

proteogenomic screening to verify antigenic integrity following FANG modification.

To characterize the augmenting effect of CTLA-4 blockade: Given that FANG immunization

only impacts the afferent immunosensitization process, additional approaches that promote
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tumor-specific immune effector responses may further promote antitumor outcome.
Disrupting Treg suppression and/or enhancing T effectors (Teff) by blockade of the cytotoxib
T lymphocyte-4 (CTLA-4) function may enhance the likelihood of clinical success of the
FANG vaccine.

RT-qPCR analysis was performed on ten FANG vaccine samples (FANG-003 did not have
adequate mRNA for analysis). Samples were cultured pre-electroporation and post-
electroporation, post-irradiatioﬁ for up to 14 days. Total RNA was extracted from each
sample at various time points and converted into cDNA via reverse transcription (RT).
Quantitative PCR (qPCR) was performed to assess the amount of template present in each
sample, at each time point. Furin, TGFp1, and TGFB2 qPCR samples were normalized to
endogenous GapDH to produce a relative cycle threshold (Ct) value. GMCSF was quantified
against an external standard curve to produce an absolute Ct value, relative to the standard
curve. The GMCSF mRNA detection is shown in FIG. 7. Post-transfection, GMCSF mRNA
is detected in all vaccines but the values are variable depending on mRNA quality — a
persistent issue. Table 1 illustrates representative data from two FANG vaccines (FIGS. 8
and 9). All samples were calculated as normalized pre-electroporation Ct values minus
normalized post-electroporation, post-irradiation Ct values (pre-post) to calculate the delta Ct
(A Ct). A calculated A Ct < 0.00 represents a decrease in template DNA and a calculated A
Ct > 0.00 represents an increase in template DNA. The A Ct value is used to estimate the
percent change in expression (% expression). Values less than 100% represent a decrease in
DNA (from pre to post) and values greater then 100% represent an increase in DNA (from
pre to post). The nature of sShRNA / siRNA silencing can optimally reduce the template
DNA 90%, which is equivalent to a A Ct = -3.3. (A A Ct = -1.0 is equivalent to a 50%
knockdown.) Therefore, the data below demonstrate that the FANG plasmid DNA is able to
reduce endogenous Furin down 80 — 26% (average = 48%) and the downstream targets
TGFB1 and TGF2 are reduced down 98 — 30% (average = 75%). The mechanisms of action
of the Furin bifunctional shRNA are to block Furin protein production at the post-
transcriptional and translational levels. The reduced levels of Furin protein also impact (by
feedback regulation) the expression of TGFB1 and TGFB2 mRNA, the conversion of the
proform of TGFB1 and TGFB2 protein into the mature (active) form of their respective
proteins [75], and, by interfering with the TGFp—furin amplification loop, further dampen
the expression of furin itself [76]. It is also possible that accumulation of the proform of the

TGF protein may feedback inhibit the transcription of its TGF gene.
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Table 1: RT-qPCR Analysis of FANG Vaccines (Pre Versus Post Electroporation)

FANG-008 FANG-009
Furin Furin
Time Point |A Ct |% EXxpression Ident. A Ct |% Expression
day 0 -1.52 35% : day 0 -0.66 63%
day 1 -1.50 35% day 1 -0.69 62%
day 2 -1.48 - 36% day 2 -0.34 79%
day 4 -1.50 35% day 4 -0.31 80%
day 7 -1.22 43% day 7 -1.93 26%
day 10 -1.41 38% day 10 0.00 n/a *
TGFB1 , TGFB1
Time Point |A Ct [% Expression | ident. A Ct |% Expression
day O -0.09 94% day O -0.54 69%
day 1 -0.10 93% day 1 -0.49 71%
day 2 -0.08 95% day 2 -0.42 75%
day 4 -0.05 97% day 4 -0.31 81%
“|day 7 -0.08 95% day 7 -0.04 98%
day 10 -0.11 93% day 10 -1.29 41%
TGFB2 TGFB2
Time Point |A Ct % Expression Ident. A Ct 1% Expression
day O 0.00 n/a * day 0 -0.53 69%
day 1 0.00 n/a* day 1 -0.47 72%
day 2 0.00 n/a* day 2 -0.45 73%
day 4 0.00 n/a* day 4 -0.52 70%
day 7 0.00 n/a * day 7 -1.70 31%
day 10 0.00 n/a* day 10 -1.74 30%

A Ct baseline = 0.00
% expression baseline = 100%

* n/a = not applicable because template was below detection limits

The FANG system was used with 9 patient autologous vaccines, which consistently
demonstrated TGF-p1 and TGF-B2 reductions and elevated GM-CSF levels (FIGS. 6A-6C).
5  Both TGF-B1 and TGF-$2 activity by specific immunoassay was also demonstrated to be
significantly reduced in these cancer lines, confirming the effect of furin blockade on TGF-B
isoform expression. The inventors validated the applicability of siRNA-mediated furin-
knockdown for inhibiting TGF-B isoform expression. Prospective siRNA targeting sites in

the furin mRNA sequence (FIG. 4B) were determined by the published recommendations of
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15 patient (NSCLC) who had adequate tumor tissue to generate both TAG (TAG-004) and
FANG (FANG-004) versions of autologous vaccine. TGF-B1 (as well as TGF-82) was
depleted to below detectable levels using the FANG preparation (FANG-004) from an initial
concentration of 1840 pg/ml. This high level of TGF-B1 was unchanged with the TAG
preparation (TAG-004) albeit with the expected depletion of TGF-B2 (FIGS. 1A-1C and
20 FIGS. 2A-2F). These findings support the mechanistic advantage of the FANG vaccine

preparation.

Following lipofection of CCL-247, CRL-1585 U87 and H460 cells, each of the 6 siRNAfurin
constructs was shown to markedly reduce TGF-B1 and TGF-B2 levels in culture supernatants
without adversely affecting cell survival. Thus siRNA-mediated furin knockdown is effective

25  for the depletion of TGF-B1 and -B2 isoforms.

Design and construction of FANG: A “bi-functional ” vector was used that incorporates both
siRNA and miRNA-like functional components for optimizing gene knockdown [61]. The
siRNA component is encoded as a hairpin and encompasses complete matching sequences of
the passenger and guide strands. Following cleavage of the passenger strand by the
30 Argonaute-2 (Ago 2) of the RNA-induced silencing complex (RISC), an endonuclease with
RNase H like activity, the guide strand binds to and cleaves the complementary target mRNA

sequence. In distinction, the miRNA-like component of the “bi-functional” vector
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stem-loop structure has three bp mismatches at positions 9 to 11 of the passenger strand. The

inventors adopted a strategy of using a single targeted site for both cleavage and

sequestration processes. The encoding shRNAs are proposed to allow mature shRNA to be

loaded onto more than one type of RISC [65]. The inventors focused on a single site since

20  multi-site targeting may increase the chance for “seed sequence” induced off-target effects

[66].

The two stem-loop structure was put together with 10 pieces of complementing and
interconnecting oligonucleotides through DNA ligation. Orientation of the inserted DNA was
screened by PCR primer pairs designed to screen for the shRNA insert and
25  orientation. Positive clones were selected and sequence confirmed at SeqWright, Inc.
(Houston, TX). Based on siRNA findings, three bi-functional sShRNA’s were constructed.

The optimal targeting sequence was identified.

The FANG construct has a single mammalian promoter (CMV) that drives the entire cassette,
with an intervening 2A ribosomal skip peptide between the GM-CSF and the furin bi-

30 functional shRNA transcripts, followed by a rabbit polyA tail. There is a stop codon at the
end of the GM-CSF transcript.
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25  of established human cell lines. The selected FANG plasmid vector represents a construct

containing the furin shRNA that has been prevalidated for optimal TGF-p downregulation.

Before being injected into patients, a frozen vial (dose) was thawed at room temperature and
processed in a biosafety hood. The cell suspension will be delivered in a capped 1mL syringe.
The prepared vaccine will be injected intradermally into patient at a dose of 1 x 107 or 2.5 x

30 107 cells per injection.
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The tumors processed range in size, as well as type, and the resulting viable cell yield varies
greatly as shown in Table 3. All vaccines are vialed at either 1.0 x10” cells (dose Cohort 1)
or 2.5 x107 cells (dose Cohort 2) depending on the total viable cell count on Day 2 of
manufacturing. Patients with multiple tumor harvests were allowed to combine vials to
10 qualify for minimum clinical dose requirement. A maximum of 12 doses at Cohort 2 dose
level will be made available for patient treatment. Because tumor cell yield is highly variable
due to tumor mass, cellularity, and processing compatibility, the minimum dose number and

lower dose cohort (Cohort 1) were included.
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Table 3: Final product viability (Day 2, Pre Irradiation)

?;iem;; . Vaceine ID % Viability
FANG-001 78
2 FANG-002 an
3 FANG-003 54
4 FANG-004 B9
5 FANG-005 o4
8 FANG-008 a1
7 FANG-D0T 98
8 FANG-008 g5
g FANG-DOD 85
10 FANG 010 23

The Day 4 expression profiles of the 10 tumors processed are depicted in FIGS. 1A-1C. Note
that the y-axis scales are different for all three cytokines. These data are representative of the
5 14 day assay (remainder of data not shown). The mean pretransfection TGFB1 is 1251+ 1544
pg/1x10° cells/ml; median 778pg. The mean posttransfection TGFB1 is 1914455 pg/1x10°
cells/ml; median 13 pg. The average percent knockdown of TGFB1 was 85%. The mean
pretransfection TGFB2 is 232+164 pg/1x10° cells/ml; median 225pg.  The mean
posttransfection TGFB2 is 1319 pg/1x10° cells/ml; median 5pg. The average percent
10 knockdown of TGFP2 was 94%. The average GM-CSF expression post transfection is
543+540 pg/1x10° cells/ml; median 400 pg. These data indicate that the GMCSF expression
is consistent with the TAG vaccine as is the TGF B2 knockdown. In contrast, FANG
vaccines have reduced the TGFB1 expression more than fivefold. The minimum detectable
quantity of TGFp1 is approximately 4.6 pg/ml (R&D Systems, Quantikine Human TGFB1).
15 The minimum detectable quantity of TGFB2 is approximately 7 pg/ml (R&D Systems,
Quantikine Human TGFB2). The minimum detectable quantity of GMCSF is approximately

3 pg/ml (R&D Systems, Quantikine Human GMCSF).

The protocol for setting up cultures pre and post Transfection for Autologous tumor cell
vaccine to test for the expression of GMCSF, TGFfB1 and TGFB2 has been previously
20 described (Maples, et al., 2009). Briefly, GMCSF, TGFf1 and TGFB2 expression were
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determined by commercially available ELISA kits (R & D Systems). The ELISA assays
were performed according to manufacturer’s instruction. The pretransfection sample (4 x
106 cells) is taken on Day 1. After manufacturing is completed, the sample is removed from
the manufacturing facility so that the cell cultures can be set up for generating the sample for
ELISA. On Day 2, the post-transfection, post-irradiation, pre-freeze sample (4 x 106 cells) is
taken. After manufacturing is completed, the sample is removed from the manufacturing

facility so that the cell cultures can be set up for generating the sample for ELISA.

Ten (10) vaccines (FANG -001 to -010) have been manufactured as part of the preclinical
qualification process. These vaccines have been evaluated for GM-CSF, TGFB1 and TGFb2
mRNA and protein expression using post-transfection, post-irradiation samples compared
with pre-transfection, pre-irradiation samples (per FDA review, TAG vaccine, BB-IND
13650). In addition, Furin protein detection was attempted by several methods. Furin
mRNA was detected by qRT-PCR.

The present inventors detected endogenous Furin protein in cell lines via Western Blot and
Flow Cytometry. Five (5) different antibodies (from 3 different vendors) were screened for
Western Blot and one (1) pre-labeled antibody was screened for Flow Cytometry. All

experiments yielded negative results (data not shown).

A summary of all ELISA data for all manufacturing processes (Table 4) indicates that the
median level of GMCSF expression is about 400 picogram/ml and the average is 543
picograms/ml. Further, the level of GMCSF tends to increase with time. In all manufactured
products, GMCSF expression is observed although the level of expression is variable
between manufacturing processes (tumor types). In addition to documented variability in the
level of GMCSF expression between manufacturing processes, the levels of expression
achieved with the FANG vaccine are deemed clinically relevant as 1) use of a plasmid rather
than a viral vector obviates the obfuscating effects of elicited anti-viral neutralizing
antibodies, 2) use of a plasmid likewise prevents the development of elicited antibodies
interfering with long-term gene expression, and 3) concurrent suppression of furin, TGFp1,
and TGFB2 will minimize tumor associated inhibition of GMCSF induced dendritic cell

maturation [25].

Table 4: FANG vaccines 1-10 TGFB1, TGFB2 and GM-CSF expression in the 14 Day post

manufacturing expression assay.
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Quantification of GM-CSF and TGF-f expressions: GM-CSF and TGF-f1 and -p2

expression was determined by cytokine specific colorimetric assay [68].

Validation of bioactivity: GM-CSF-induced proliferative activity similar to that of myeloid
5  hematopoietic cells has been observed in myeloid leukemia cell lines, as mediated by the
rapid and transient phosphorylation of MAP kinase 1/2 and ERK 1/2. By contrast, TGF-§
turns off GM-CSF-mediated ERK signaling by inhibition of the PI3-kinase-Akt pathway
[25]. The growth regulatory effects of GM-CSF and TGF-f on myeloid leukemic cells were
used as an in vitro surrogate model to validate cytokine bioactivity in prepared FANG

10 vaccine culture supernatants.

Cytokine activities in the FANG (or control-transfected) vaccine culture supernatants were
validated by co-culture studies with erythroleukemic CD34+ TF-la cells [69] and, if
necessary, confirmed with the biphenotypic B myelomonocytic leukemic CD10+CD15+
MV4-11 cells [70] (ATCC, Rockville, MD). Both of these cell lines have been shown
15  respond to the positive proliferative effects of GM-CSF and the negative inhibitory activity
of TGF-p at ng/ml amounts [25]. Proliferative activity will be determined by Easycount

Viasure assay (Immunicon) and MTT assay [68].

Phenotypic profile analysis of FANG modification: Furin knockdown likely impacts the
expression of other protein substrates with the target sequence in addition to TGF-f
20 downregulation [51]. The antigenic profile of the FANG-processed autologous vaccines
were determined from cancer patients, in the event that this information may be useful

towards the understanding any differential clinical outcome in vaccinated patients.
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High throughput genetic profiling was used to develop individualized therapeutics for cancer
patients. High throughput, gene expression array analysis was carried' out to compafe the
differential gene expression profile of FANG-transfected vs. control vector-transfected

cancer cells.

Differentially labeled FANG and control preparations are combined and fractionated by high
performance liquid chromatography (Dionex), using a strong cation exchange column (SCX)
and a 2™ dimension RP nano column. The fractions are spotted onto Opti-TOF™
LC/MALDI Insert (123 x 81 mm) plates (Applied Biosystems) in preparation for mass
spectrometry analysis using the Applied Biosystems 4800 MALDI TOF/TOF™ Analyzer.
Both protein and gene expression data were then evaluated by the GeneGo, MetaCore

software suite.

Proteogenomic analysis was carried out for the purpose of determining the antigen repertoire
of the autologous cancer vaccine before and after FANG process. In addition to the validation
6f furin knockdown, particular attention was focused on 1) baseline and differential
expression of furin-substrate proteins; 2) expression of landmark tumor-associated antigens
(TAAs; such as gpl00, Martl, MAGE-1, tyrosinase, for melanoma; MAGE-3, MUC-1 for
non-small cell lung cancer) [71, 72] and other reported TAAs; 3) HLA antigens and co-
stimulatory molecules (CD80/86) expression; 4) proteins unrelated to the above categories

that are differentially expressed by 2-fold or higher following FANG transfection.

FIG. 10 shows the overall survival for Cohort 1 versus Cohorts 2 and 3 for advanced-stage
patients (n = 61; P = .0186). A schematic diagram of GM-CSF-TGF-B2 antisense plasmid is
shown in FIG. 11. The expression of GM-CSF in NCI-H-460 Squamous Cell and NCI-H-
520, Large Cell (NSCLC) containing the pUMVC3-GM-CSF-2A-TGF-B2 antisense vector,
invitro is depicted in FIG. 12. TGF-B2 levels are reduced in NCI-H-460 Squamous Cell and
NCI-H-520, Large Cell (NSCLC) with the pUMVC3-GM-CSF-2A-TGF-B2 antisense vector.
This reduction is seen in the date presented in FIG. 13. FIG. 14 shows that a 251 base pair
probe specifically detects the GM-CSF-2A-TGF-B2 transcript expressed in vitro in NCI-H-
460 and NCI-H-520 cells (lanes 6 and 10); GM-CSF and TGF-B2 expression in TAG
vaccines are shown in FIGS. 12 and 13, respectively. Expression of TGF-$1 and TGF-$2 in
human cancer lines following siRNAfurin knockdown is shown in FIGS. 18A and 18B.

Finally FIG. 19 is a schematic of the plasmid construct of FANG.
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autologous cancer vaccine treatment approach of the present invention.

The immune suppressor functions of TGFP are therefore likely to play a major role in
modulating the effectiveness of cancer cell vaccines. TGFB inhibits GMCSF induced
25  maturation of bone marrow derived dendritic cells (DCs) [25] as well as expression of MHC
class II and co-stimulatory molecules [26]. It has been shown that antigen presentation by
immature DCs result in T cell unresponsiveness [27]. TGFB also inhibits activated
macrophages [28] including their antigen presenting function [29, 30]. Hence both the
ubiquity of expression as well as the inhibitory effects of TGFB on GMCSF
30 immunomodulatory function support the knockdown of all tumor TGFB expression in this

autologous cancer vaccine treatment approach.
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30 Continuing with this example, expressly included are combinations that contain repeats of

one or more item or term, such as BB, AAA, MB, BBC, AAABCCCC, CBBAAA,
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and co-stinulatory nolecules [23]. It has been shown that antigen
presentation by imuature DCs result in T cell unresponsiveness [26]. TGFP
al so inhibits activated macrophages [27] including their antigen presenting
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inhibitory effects of TGFP on GMCSF i munonodul atory function support the
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30 i mmunonodul atory function support the knockdown of all tunmor TGP
expression in this autol ogous cancer vaccine treatnent approach. 35
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vacci ne conposition conprising: a bi shRNAf unn/ GMCSF expressi on vect or
pl asm d, wherein the vector plasmd conprises 5a first nucleic acid insert
operably linked to a pronoter, wherein the first insert encodes a

G anul ocyt e Macrophage Col ony Stinulating Factor (GW CSF) CcDNA; a
second nucleic acid insert operably linked to the pronoter, wherein the
second insert encodes one or nore short hairpin RNAs (shRNA) capabl e of
hybridi zing to a region of a nRNA transcript encodi ng furin, thereby
inhibiting furin expression via RNA 10interference; and




one or nore optional vaccine adjuvants. 2. The conposition of claim1,
wherein the GWCSF is human. 3. The conposition of claim11, wherein the
shRNA i ncorporates si RNA (cl eavage dependent) and m RNA

(cl eavage-i ndependent) notifs. 15 4. The conposition of claim 1, wherein the
ShRNA is both the cl eavage dependent and cl eavage i ndependent i nhibitor of
furin expression. 5. The conposition off5claim 1, wherein the shRNA is
further d&)‘ i ped aar%e(?isbi -functional shRNA. 6. The conposition of claima1,
wherei n a BRESEHEVIET S 2A ri bosomal skip peptide is 20intercal ated between
the first,and the second nu(cl eic acid inserts. 7. The conposition of claim
|, whereih t heJPEHBT EFmRBSHONEHP PSSl i an pronoter. 8. The conposition of
claim?7, wherein the CW i an pronoter cqontains a CW_IE 5 UTR |
enhancer sequehcdsE A a FﬁErPgﬁﬁo%Vecmr plepmigy vhegip odet vesteroplasmid m
1, Merei&gﬁﬁ}ﬁegegi on targeted by the shRNA is the 3 UTR 25 region
sequence 0 e furin nRNA transcript. 10. The conposition of claiml1,

wherein the regi rget ' ' reqi on  of e.furin
TR O anser ot taRiE B ek BBl 1R RGN, MRIDL AR ghetoime

t r eat ment encadél DGraatRici@Midrophagt Colmysytimpileim: RictdriieM-a3EeeDNad

adm ni stering an autol ogous cell vaccine conprising a bi shRNAfirnl GUCSF

expressi on vec4 gecoplasitidl avldeisdrh ophabesiied Bl A PromeRAPHheRH fhel ddeshd
nucleic acid insert 5 operably linked to a pronmoter, wherein the first

i nsert enestibencedey emupapteeshorcraphn B ARy ASchpablead] ndridizingto ¢ RGi@SF)
cDNA, a secaond l el c jd_insert.opergbly l.inked ta the pronoter. rein
the secont ian?egl%]l&eﬁr(a:%s g@ geﬁlg@%ﬁrlé n%lpg’ st eorF:l%fy Hai 15%%’“ %N}lté GC‘BW? Y:%p%e‘% of
hybrix zi ingrfegeney®2gi on of a nRNA transcript encoding furin, thereby
inhibiting furMexpression via RNA interference, and one or nore optional

vacci ne adj uvagicor mékd dptitieul PR divagtsai m 11, further conprising the
steps of: nonitoring the progression of the therapy by neasuring a

level of & trafgd %nﬁ@&ﬂi&r&%ﬁnflég}éﬁei@%%MT@F R%ﬁgﬂf TG—-13) and the

GWM CSF in the one or nore cancer s, wherein a reduction in the |evel of

TGF- P and, an vaptj 4.0 the | .evel . i.s.1ndicati of ,a
successf u%' th g?%b 3 ;Hngﬁﬁhqu eﬂqt "ellr“?“ng ' the r%g ﬁt}h%\%@g ilg%o%%a§g§ %ﬁéoﬁ%%%’& §°
cel | vaccdependaseshdaniRNve (¢dleavaps-imfepétilent) motifs.

15 4. The composition of claim 1, wherein the shRNA is both the cleavage dependent and

cleavage independent inhibitor of furin expression.

5. The composition of claim 1, wherein the ShRNA is further defined as a bi-functional
shRNA.
6. The composition of claim 1, wherein a picornaviral 2A ribosomal skip peptide is

20  intercalated between the first and the second nucleic acid inserts.
7. The composition of claim 1, wherein the promoter is a CMV mammalian promoter.

8. The composition of claim 7, wherein the CMV mammalian promoter contains a CMV
IE 5 UTR enhancer sequence and a CMV IE Intron A.

9. The composition of claim 1, wherein the region targeted by the shRNA is the 3> UTR

25  region sequence of the furin nRNA transcript.

10.  The composition of claim 1, wherein the region targeted by the sShRNA is the coding

region of the furin mRNA transcript.

11. A method of preventing, treating and/or ameliorating symptoms of a cancer in a

patient by comprising the steps of:




TGF-13 and the GMW CSF. 13. The nethod of claim 12, wherein TGP is
selected fromat |east one of TG--Pl, TG-02, or TG--133. 14. The net hod
of claim1l, wherein the cancer is selected fromthe group consisting of
20mel anoma, non-small-cell |ung cancer, gall bladder cancer, colorectal
cancer, breast cancer, ovarian, |iver cancer, liver cancer netastases, and
Ewi ng's sarcoma. 15. The nethod of claftn 11, wherein the shRNA

morifs 16, THeuheE SRR ATRELGE R, Mt B BN RE e oavage

dependent an 25§étﬁ$\é§&%mggependent i nhibitor of furin expression. 17.

The neth ongs ein the shRNA is further defined as a
bi -functional shRNA 47 a bi shRNAf " n/ GMCSF expr essi on vef;;cmor
pl asmi d, wher AGNIREETIDE c £ 2AHPREMY COnYRFdRs comprising g rRishRNNB( e/ GMESHY

insert o e : t A i { . - he
G G5 o RRIESEYn vEREE RN IRERIR v IR cafpirl? : Ar i REEE R 07
wher eiSn tdperabéc tinkked tos@ ptonssten ddsram ¢hofirsmmsertsinoodeshea Gragiuto dRidAM aC RIPRNA)

capabl e of hybri.dizing to a regj MRNA transcri pf. encoding furi
Choreby aiPbr SiTHaRERCieR s BECPEN AN, Rebeont pariei skt ssrbneerany 1okedisr o
opti onal HapeirMGe@diHeYANkIR sebBAP inkBe AEIMRODhE bPtdRé skdrfhMh8 RNASIGIRNAE
conposition'is used to prevent, treat, and/or ameliorate the synptons of a
cancer, whaprtde of hybridiamgdo & rwgivnl ot BdkNA dransdrigt gnendmg i, gteirehy inhibiting
cancer ol or ect al

mel anomg, . non-snal.| - cel u al | bl adder cancer,

cancer, hFHRSFPIESHLYIA I%\J\Aluﬂ RENETE %éen%ré??m Iopggrﬂ‘a AT 2WEPRSt ases, and
Ewi ng' s sgrconmg. 20, A petho reating, preventing, and/or ameliorating
t he g'}?ﬁpt@ms (r)[fheamﬁbﬂdg pym gl&%’@%“frcpﬁ’r?&g@gﬁ}&ee?tef(s CLC) in a patient by an
adm ni stration of a_ furin-knockdowmy and G anul ocyte Macrophage Col ony .
Stinul ating Faepwforpepvhedestssiitfept i (DEIRRE) by BSBRYIng o Kvgk OF @ripAisENming he

steps of: i i fE|m g i € f. i t,
o160 O iyt el 8 0 B AL ERly 00 QRS BAHROV! Rl Lkl
wherein a reduction in the level of TGF- and an elevation in the level of the GM-CSF is

indicative of a successful therapy; and

15 altering the administration of the autologous cell vaccine based on the levels of the
TGF-P and the GM-CSF.

13, The method of claim 12, wherein TGF-f is selected from at least one of TGF-B1,
TGF-B2, or TGF-B3.

14.  The method of claim 11, wherein the cancer is selected from the group consisting of
20  melanoma, non-small-cell lung cancer, gall bladder cancer, colorectal cancer, breast cancer,

ovarian, liver cancer, liver cancer metastases, and Ewing’s sarcoma.

15, The method of claim 11, wherein the shRNA incorporates siRNA (cleavage
dependent) and miRNA (cleavage-independent) motifs.

16.  The method of claim 11, wherein the shRNA is both the cleavage dependent and

25  cleavage independent inhibitor of furin expression.

17. The method of ciaim 11, wherein the shRNA is further defined as a bi-functional
ShRNA.

18.  An autologous furin-knockdown and Granulocyte Macrophage Colony Stimulating

Factor (GM-CSF) augmented (FANG) cancer vaccine composition comprising:




20adm ni stering the FANG vacci ne conpri sing a bi shRNAf unn/ GMCSF expr essi on
vector plasm d, wherein the vector plasmd conprises a first nucleic acid
insert operably linked to a pronoter, wherein the first insert encodes the
GVt CSF cDNA, a second nucleic acid insert operably |linked to the pronoter,
wherein the second insert encodes one or, , mor e short hairpin RNAs (shRNA)
capabl e of hybridizing to a region of a transcript 25encoding furin,

t hereby inhibig immﬂ‘w@wp:sess%ﬁessvd@v% IPMsBlif eRaRESn MB0VRAR BlashR ©
optional vaccine adjuvants. 21. The nethod of claim 20, further conprising
t he st epscoptprise®yg wherein a reduction in the level of TG-13 and an
elevation in the level of the GMWCSF is indicative of a successful therapy;
and al t ex ifing niedeiqdnidninsent aperhlyotinkdte taaat wbowtus whetelin vieec Girsteinkas ed
on the Ievel$ Qﬁ b@g §§F$h§ and the GWCSF, 5 22. The nmethod of claim 21,
wher ei n 708 RSO oL om at | east one of human TOP- 131, TGF-132, or
TGF-133. 23. A metEod of m?aigi ng a furj n-]keg(gckdo and Granul ocyte
Macr ophage Col DASFOBEiTHGIeH AFg ipsret gperekiv yltadggr@ﬁ?@ate(mh@ymcﬁlﬁcs@pond
vacci ne ¢ ; V [ . .rom a
pat i ent aneny SR S ERBl R D R NR) PlpBY & IIRARIRER & Feride
sol uti on ofnaandMAi trenscopt @homting fforing figerebyc ehhibsingpénsi erpfesgon tvie RNA
har vest ed. so%uti on, wherein the formation of the cell suspension is
achi eved BFTBHASHlc di ssection, mechanical disaggregation or both:
nodi fying the cells genetically by electroporating the cell suspension to
make the 15 va¥iWanQiF ORLenabVadeRNAIRFeRBGVCSE expr essi on vect or pl asni d,
wherein the vector plasmd conprises a first nucleic acid insert operably
| i nkeld t ol% prBptoarpositivarogickRimie, whersin the semposeipiod esed toeprSignCorat BHOT a
second nugl gj chd | o] i to t r ter rejn the
second | n%réeﬁl&%t%c%lg egﬁ g‘é&% roqen%%ghé Yo r‘{h léﬁegrll rﬁéle nﬁﬁﬁﬁsggﬁ%m \%cg%bg[ Y & P
hybri di zi @@sisting of agil@onal nén-SibiActN Ansc tdnpbr, gat adddder tadeet, RoldrbRsledyicer,
inhibiting furin 20 expression via RNA interference, harvesting the
vacci ne; BTeRsh@Rneer. 9yatiHe [yaeeanee; s ganses Bietastseshand BWalenesarcoma. The met hod
of claim 23, wherein the one or nore cancer cells are harvested froma

20. A method of treating, preventing, and/or ameliorating the symptoms of a Non small

15  cell lung cancer (NSCLC) in a patient by an administration of a furin-knockdown and
Granulocyte Macrophage Colony Stimulating Factor (GM-CSF) augmented (FANG) cancer

vaccine comprising the steps of:
identifying the patient in need of prevention, treatment, and/or amelioration of the
symptoms of the NSCLC; and

20 administering the FANG vaccine comprising a bishRNAﬂmn/GMCSF expression
vector plasmid, wherein the vector plasmid comprises a first nﬁcleic acid insert operably
linked to a promoter, wherein the first insert encodes the GM-CSF cDNA, a second nucleic
acid insert operably linked to the promoter, wherein the second insert encodes one or more
short hairpin RNAs (shRNA) capable of hybridizing to a region of a mRNA transcript

25  encoding furin, thereby inhibiting furin expression via RNA interference, and one or more

optional vaccine adjuvants.
21.  The method of claim 20, further comprising the steps of:

monitoring the progression of the therapy by measuring a level of a transforming

growth factor beta (TGF-beta or TGF-B) and the GM-CSF in the one or more NSCLC cells,




25 patient suffering froma cancer selected fromthe group consisting of

nmel anonma, non-snallcell |ung cancer, gall bladder cancer, col orectal

cancer, breast cancer, ovarian, |liver cancer, |iver cancer netastases, and
Ewi ng's sarconma. 49 26. The nethod of claim 23, where in the genetically
nodi fied cells are autol ogous cells. 27. The nethod of claim 23, where in
the genetically nodified cells are xenogrfaft expanded cells. 28. The nethod

of clai M @ReredNEr&tubAord hﬁtlﬂ%@él'd%‘al*dﬂy-ﬁ%‘é: altna 8ev&Rh! i Byl !)Pg}%a MicRE dé S

29. The nethod of claim 28, wherein the allogen c ce are e

cel | |inewdice8¢: dfresucetshiodithstapyt aidn 23, wherein the genetically nodified
cells are adm nistered to the subject once a nonth for up 12 dose& 31. The
met hod of cl ai aite2idg thédredmimisttation ddske afitopgoed telbvhotineOstiséd 68 tkeldvsls of the
adninisterag fo tHe ubject is 1 x 107 cells/injection to 5 x 107 cell!

i nj ection: ndrthe MG of claim 31, wherein the adninistration of the
geneti cal l}/ nodified cells is part of a 10conbination therapy wth an

addi t i‘ona?Z-t heFagpegthod odglam 21, wherehEGH} igseleeted dioai ah 183t onhef imart FEF-

addi ti onag; tihaf apeytic. agent used in the conbination therapy is ylFN.  34.
The net hgédl’of c?ﬁa)’io%llé% B\?\}her ein the dose of ylFN adm nistered to the

bj in, th i nat j h is 5 100 jig/nR. 1535. T d of
ol el m 23, Zonpf SERG: R HPnar P RPosRaRe i, rt et Mrortaer yColony °
modi fi ed S@hhBtiMg Fhotyf @Rll/lﬁlfgf'%_raugﬁ@ﬂt%ﬁ EEANDY) catlr TARIIELROH s0lo tﬁ+ ﬁgﬁga@fér

wherein the dose of ylFN applied to the genetically nodifiedce _
transfection 'Ear@&l%g?éhér&tﬁb)’ <O Jlis ﬁ'glq)le’d;% 'e{ﬂé&s@ {19 augnment antigen

. c
expression, presentatl on, and processi ng, attenlate secret ory

i MMuN@suppr ess] IV f f Or.m : or beta (TG--beta or
TG 1 in a t%l\réglg? ?%:Ie a;n,;éé%e?\ec eﬁge?’hn%da%glg]r?%?isg{uﬁéﬁ ﬁ}hgegtg{lfép%’ n% hsel ect i ng the
target cell; aﬁ)gming a cell suspension from the harvested solution, wherein the formation of the

cell
suspension is achieved by enzymatic dissection, mechanical disaggregation or both;

modifying the cells genetically by electroporating the cell suspension to make the

15  vaccine with a bishRNA™*/GMCSF expression vector plasmid, wherein the vector plasmid
comprises a first nucleic acid insert operably linked to a promoter, wherein the first insert
encodes the GM-CSF ¢DNA, a second nucleic acid insert operably linked to the promoter,
wherein the second insert encodes one or more short hairpin RNAs (shRNA) capable of
hybridizing to a region of a mRNA transcript encoding furin, thereby inhibiting furin

20  expression via RNA interference,
harvesting the vaccine;

irradiating the vaccine; and

freezing the vaccine.

24. The method of claim 23, wherein the one or more cancer cells are harvested from a
25  patient suffering from a cancer selected from the group consisting of melanoma, non-small- |
cell lung cancer, gall bladder cancer, colorectal cancer, breast cancer, ovarian, liver cancer,

liver cancer metastases, and Ewing’s sarcoma.

25.  The method of claim 23, wherein the genetically modified cells have been rendered

proliferation-incompetent by irradiation.




50 operably linked to the pronoter, wherein the second insert encodes one
or nore short hairpin RNAs (shRNAs) capable of hybridizing to a region of a
MRNA transcript encoding furin, thereby inhibiting furin expression via RNA
interference. 38.The nethod of claim 37, wherein the target cells are
aut ol ogous cells. 539. The nethod of claim 37, wherein the target cells are
all ogeneic cells. 40. The nethod of claim 39, wherein the allogeneic cells
are established human cell lines. 4149 The nethod of claim 37 wherein the
target- cells are nansfected by plasm d vector electroporation. 42. The

met hod cl al [ = IS sel ec! rom | east one of
TCF-131?%TGFa%g%Q%?I€§$ég?ngggﬁﬂﬁggﬁéﬁéﬁﬁgﬁkgﬂm@%%%}?%)m%é%{er conpri si ng
the steps of: identifying a subject in need of treatnent; harvesting a -
cancer t3’ssudhsmefnde! ¢lpiged i heredutbs geatticallyaedificdeslly age xepatiafyekpagdet helscancer
cells in the harvested cancer sanple by transfecting the cells 15 with an

expressign Vast A&hdaMLimDB NeheR if thé ShetRMGIRuGieAGIIhd MSGHLic QREr ably Iinked to
a pronoter, wherein the first insert encodes GW CS?; and, a second nucleic

acid insert eraply _linked to. the pronoter, wherejn the second insert
encodes ohe eﬁﬁﬁ@“@ﬂﬂ?§§ﬁﬁfFﬁWWaﬁ%ﬁgcfeﬁ?ﬁﬁﬁfmﬁﬁﬁﬁ%wﬁ&of hybridizing to a
region of a nRNA transcript encoding furin, thereby inhibiting furin

expr essiwn viTae Redbodiofiti@imi28verea, theaagktically modified cells agedfininis@ice fol tRGuigect

t her apeuf i.ealdvn £f fa6tiue dose of the genetically nodified cells to the
subject 1n an 20amdunt sufficient to treat or aneliorating the synptons of

the cancer . 44. The nethod of claim43, wherein the cancer is chosen from
a group f cdhewetiodobelaimed; Wyreprtheareoh enreticalyarpdifisdeeils daliistaredrigthe ancer, gal |
bl adder wBBgarN,x 100eDYigGitdh toGaANOEK] / RjcaRst cancer, ovarian, |iver cancer,

| i ver cancer netastases, and Em ng's sarcoma. 45. The nethod of claim43,

wherei n t.he netjcal.l.y. dified cells have. been.render.ed oliferation-
e omo en TR bt I et G B R PR b BEARE B RS | O e
genet cadompingtivd thefapsaiwithedn [additzppd theupatioggonis cel |'s. 47. The nethod of claim

43, where in the genetically nodified cells are allogeneic cells.
33. The method of claim 32, wherein the additional therapeutic agent used in the combination therapy

is yIFN.

34, The method of claim 33, wherein the dose of YIFN administered to the subject in the combination

therapy is 50 or 100 pg/m’.

15 35, The method of claim 23, comprising the further step of incubating the genetically modified cells
with yIFN after transfection.

36. The method of claim 35, wherein the dose of vIFN applied to the genetically modified cells after
transfection is approximately 250U/ml.

20 37. A method to augment antigen expression, presentation, and processing, and to attenuate secretory
immunosuppressive activity of transforming growth factor beta (TGF-beta or TGF-f) in a target cell, the

method comprising the steps of:

selecting the target cell; and

25 transfecting the target cell with an expression vector comprising a first nucleic acid insert

operably linked to a promoter, wherein the first insert encodes GM-CSF and a second nucleic acid insert




48. The nethod of claim47, wherein the allogenic cells are established
cell lines. 49. The nethod of claim43, where in the genetically nodified
cells are xenograft expanded cells. 550. The nmethod of claim43, wherein the
genetically nodified cells are admnistered to the subject once a nonth for
up 12 doses. 51. The nethod of claim43, wherein the dose of genetically
nodi fied cells adm nistered to the subject is 1 x 107 cells/injection to 5
x 107 cell/injection. 52. The net hod>®f claim 43, wherein the

adm nistration of the genetically nodified cells is part of a 10conbi nation

th i I f claimb52
erapy %}aﬁggtg(eggqﬁ flrc%%@e v&her%m%g%ychll(ﬁns%g IQE)d(TS one%{ rﬁore S ﬂgatﬁog‘nt craim

wher ei n tion t herapeut1 ¢ agent use e co therapy is
yl FN.  5@hRNAecapsbierrd ybofliziag @raﬁ?% Ofﬁf\m%NéFfﬁ‘Strh’éendm figgfn, herft imbéhitingi st ered to
t he subj &6k edpRsddi®iaGNhBAd R therapy is 50 or 100 ug/ nR. 1555. The net hod
of claim43, conprising the further step of incubating the genetically

nodi fi ed ceII r transfection he nmet hod of clai m 55,
wher ei n the dIggwg?dé%ERPg%ﬁﬁ?@ﬁmfgq?ﬂﬁﬁﬁﬁﬁﬁPP€%?F Smodified cells after
transfection is approximately 25011/ m . 57. An autol ogous cell vaccine
conposi t3%n e methorod claitr 33 atreesint thdxyreétndiis biie bilagemedfeelfsur i N expressi on via
20RNA interference conprising: a bi shRNAt hrw GMCSF expressi on vect or

pl asmi d. 49N " Blecliboih & el i o ABREUSES exsplished huhaf bfiFhesnUC! €1 C aci d

i nsert operab y 0 a pronnter erern Irst 1nsertencodes a
Granul ocyte Macrophage Col o Stimulating Factor (GW CSF) eDNA; 52 a .
second n%]cl ei Ehalertlepdnﬁ%mt”w aeim e (prae sl tepsiiclsa Pyplesmit eetor wherein t he
second i as@bforsicodes one or nore bi-functional short hairpin RNAs
(ShRNAf t wi n) providing a single targeted site for both a cleavage and a

sequest efj ng sm of . rein t tiona
shRNAf fi Tin gggpr 'ge SC%? 1 ﬂm é%gﬁwggﬁﬂﬁnﬁrgoguﬁgﬁfg ﬂg&gﬁdﬁnplete

conpleneh¢aby. gui de strand and a passenger 5 strand and a second stem| oop
structure conprising one or nore basepair m snmatches of the passenger

strand capablﬁmgﬁodrbypgahgg &hddBeotnPrishe RGN be0f @ MRNA transcript encodi ng
furin, thereby inhibiting furin expression via RNA interference; and

identifying a subject in need of treatment;
harvesting a cancer tissue sample from the subject;

genetically modifying the cancer cells in the harvested cancer sample by transfecting the cells
15 with an expression vector comprising a first nucleic acid insert operably linked to a promoter, wherein the
first insert encodes GM-CSF; and, a second nucleic acid insert operably linked to the promoter, wherein
the second insert encodes one or more short hairpin RNAs (shRNAs) capable of hybridizing to a region of
a mRNA transcript encoding furin, thereby inhibiting furin expression via RNA interference; and

administering a therapeutically effective dose of the genetically modified cells to the subject in an

20  amount sufficient to treat or ameliorating the symptoms of the cancer .

44. The method of claim 43, wherein the cancer is chosen from a group of cancers consisting of
melanoma, non-small-cell lung cancer, gall bladder cancer, colorectal cancer, breast cancer, ovarian, liver

cancer, liver cancer metastases, and Ewing's sarcoma.

45. The method of claim 43, wherein the genetically modified cells have been rendered proliferation-

25  incompetent by irradiation.




one or nore optional vaccine adjuvants. 58. The conposition of claim57,
wherein the second stem |oop structure coses three base pair 10m smat ches.
59. The conposition of claimb57, wherein the basepair m smatches are at
positions 9 to 11 of the passenger strand. 60. An autol ogous cell vaccine
conposition for cancer treatnment by inhibition of fain expression via RNA
interference conprising: 15a bi shRNAffithi GUCSF expression vector plasmd,
wherein the vector plasmd conprises 51 a first nucleic acid insert
operably linked to a pronoter, wherein the first insert encodes a

G anul ocyt e Macrophage Colony Stinmul ating Factor (GW CSF) cDNA; a second
nucl ei c cidjﬁﬁ§@ﬁﬁo ﬁ@PéBPVwVWhﬁ%%m?BMV%@dﬂF (ot ET autolgeeiis gl t he second

i nsert encodes one or nore bi-functional short hairpin RNAs (shRNAt uri n)
provi di igg. a Thagtteodtoacigmtsedvisietiethd gnethalymoaifi2Oelleavalgenanglla sequesteri ng
mechani sm of RNA interference, wherein the bi-functional shRNAthrin

conpri seg a i3kt §T:L0AP, RILHMEL M Enf AIREL SR SQRRLEL e compl ement ary
gui de strand and a passengér stran nd a second steml oop structure
conprising one or nore basepair m smatches of the guide strand capabl e of
hybri di z%g tTée methad@f rmyp. vehereRNbe geneiisdliymiopifiedsslondt ¥egogtafirckprnded hdiseby
inhibiting furin expression via RNA interference; and 25one or nore

opt i onal sovacCiHdéeed $VRIM B, whedoh thSgenetithl§ neMBORI dORnistdrdadd Mk §BjeciWher ei n

t he basepair ms tc% S are at positions 9 to 11 of the guide strand. 63.
A met hod®"6%2 oI 161 i gm?%rhdexpression via RNA interference in a target
cell, the nethod conprising the steps of: 5selecting the target cell; and

t r ansf ecili ng THaencthad gfetainc4d, Whenditt the doscafiasrtetiaatiy meddingd c¢lls hdngnigiered withenor e GV CSF
and bi - f upet i.Qnal’ SR@htcdRlofsRi 107 LBARNAS) furin, wherein the bi-functional
ShRNA furi'n conprises a first stemloop structure conprising a conplete
conpl ementary gui de strand and a passenger strand and a second stem| oop
structur® c o%ﬁﬂ? methodgf epim ‘8 rvheisindhaduivisagtion of teragretipidy medifigdsellsgensg ehtyer
strand, sheihgion tHelagy With-oh ddition0fatapeldsHRMA furin hybridi zed to a region of a
MRNA transcript encoding firm thereby inhibiting furin expression via RNA

interfer %nc e. The method of claim 52 wherein the additional therapeutic agent used in the combination therapy

is yIFN.

54. The method of claim 53, wherein the dose of yIFN administered to the subject in the
combination therapy is 50 or 100 pg/m’.

15 55. The method of claim 43, comprising the further step of incubating the genetically modified cells
with yIFN after transfection.

56. The method of claim 55, wherein the dose of YIFN applied to the genetically modified cells after

transfection is approximately 250U/ml.

57. An autologous cell vaccine composition for cancer treatment by inhibition of furin expression via

20  RNA interference comprising:
a bishRNA™"/GMCSF expression vector plasmid, wherein the vector plasmid comprises

a first nucleic acid insert operably linked to a promoter, wherein the first insert encodes a

Granulocyte Macrophage Colony Stimulating Factor {(GM-CSF) ¢cDNA,;




64. The nethod of claim63, wherein the second stem| oop structure
conprises three base pair m smatches. 65. The nethod of claim63, wherein
t he basepair m smatches are at positions 9 to 11 of the 15passenger strand.
66. The nethod of claim63, wherein the base pair msnmatches facilitate
passenger strand departure by preventing Ago 2 nedi ated cl eavage. 67. The
nmet hod of claim 63, wherein the base pair m snatches occupy positions of
the guide strand. 68. A nethod of inBPbiting funn expression via RNA
interference in a target cell, the method 20conprising the steps of:

sel ecting the Larget ce sfec

et cel th a
construct conpfisi mmkwamdhmaﬂ%mmmﬁﬂgﬁgﬁﬁwﬁﬁnﬁ&rPh%% ﬁ%ﬁﬁrggﬁgpF“ﬁﬁirpln
( shRNAS) ofiear mate bvxfmeqﬂenah shoty Baitpin RNASCHRYAAT) pstviivs afsingle frrasodpieifsbgtha fir st

st em | 00RleShEUGE AdecBueSOHR iesHaRiEn @f}@@rmleg&@mswm&@%emﬁaﬁorgwhﬁm@@r and and a
passenger strand and a second stem| oo str cture co ri sing one or nore

basepai r COFRSHY & SFE L5100k G F‘H@’“@‘P% a1 p PRI PR SUIAT ‘F“Eﬁ‘?&? i’ PAIPESE hRNA
f ur i nshysttand ird@deconl seenr-leg sonchoé coalptlw@\dﬁe Ornm)mseppt migngchel df the hastdnper t her eby

| i DI L1 Qhnf Ukl EERERBAL A 4hdh RNARNALGELEK B0GEne furdifine B nnfiihe TN OT Of

cl ai m 68, el n e se op st ucture conprises t base pair
m smat ch&wressioryia Riysingeelerises 284 ¢l ai m 68, wherein the basepair m smatches
are at positions 9 to 11 of the guide strand

one or more optional vaccine adjuvants.

58. The composition of claim 57, wherein the second stem- loop structure comprises three base pair

10  mismatches.

59. The composition of claim 57, wherein the basepair mismatches are at positions 9 to 11 of the

passenger strand.

60. An autologous cell vaccine composition for cancer treatment by inhibition of furin expression via

RNA interference comprising:
15 a bishRNA™"/GMCSF expression vector plasmid, wherein the vector plasmid comprises

a first nucleic acid insert operably linked to a promoter, wherein the first insert encodes a

Granulocyte Macrophage Colony Stimulating Factor (GM-CSF) cDNA;

a second nucleic acid insert operably linked to the promoter, wherein the second insert encodes
one or more bi-functional short hairpin RNAs (shRNA™™ providing a single targeted site for both a
20  cleavage and a sequestering mechanism of RNA interference, wherein the bi-functional shRNA™™
comprises a first stem-loop structure comprising a complete complementary guide strand and a passenger
strand and a second stem-loop structure comprising one or more basepair mismatches of the guide strand
capable of hybridizing to a region of a mRNA transcript encoding furin, thereby inhibiting furin

expression via RNA interference; and
25 one or more optional vaccine adjuvants.

61. The composiiion of claim 60, wherein the second stein-loop structure comprises three base pair

mismatches.
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62. The composition of claim 60, wherein the basepair mismatches are at positions 9 to 11 of the

guide strand.

63. A method of inhibiting furin expression via RNA interference in a target cell, the method

comprising the steps of:
selecting the target cell; and

transfecting the target cell with a construct comprising one or more GM-CSF and bi-functional
short hairpin (shRNAs) furin, wherein the bi-functional ShRNA furin comprises a first stem-loop structure
comprising a complete complementary guide strand and a passenger strand and a second stem-loop
structure comprising one or more basepair mismatches of the passenger strand, wherein the bi-functional
shRNA furin hybridized to a region of a mRNA transcript encoding furin, thereby inhibiting furin

expression via RNA interference.

64. The method of claim 63, wherein the second stem-loop structure comprises three base pair
mismatches.
65. The method of claim 63, wherein the basepair mismatches are at positions 9 to 11 of the

passenger strand.

66. The method of claim 63, wherein the base pair mismatches facilitate passenger strand departure

by preventing Ago 2 mediated cleavage.
67. The method of claim 63, wherein the base pair mismatches occupy positions of the guide strand.

68. A method of inhibiting furin expression via RNA interference in a target cell, the method

comprising the steps of:
selecting the target cell; and

transfecting the target cell with a construct comprising one or more GM-CSF and bi-functional
short hairpin (shRNAs) furin, wherein the bi-functional shRNA furin comprises a first stem-loop structure
comprising a complete complementary guide strand and a passenger strand and a second stem-loop
structure comprising one or more basepair mismatches of the guide strand, wherein the bi-functional
shRNA furin hybridized to a region of a mRNA transcript encoding furin, thereby inhibiting furin

expression via RNA interference.

L et
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69. The method of claim 68, wherein the second stem- loop structure comprises three base pair
mismatches.
70. The method of claim 68, wherein the basepair mismatches are at positions 9 to 11 of the guide

strand.




