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Granulocyte-macrophage colony-stimulating factor, often abbreviated to GM-CSF, is a
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-B family of

30  multifunctional proteins possesses well known immunosuppressive activities. The three
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30  (Thl) lymphocytes, CD8+ cytotoxic lymphocytes, and NK cells exclusively produced yIFN.

However, there is now evidence that other cells, such as B cells, NKT cells, and professional
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30  furin expression via RNA interference, and one or more optional vaccine adjuvants.

The method further comprises the steps of monitoring the progression of the therapy by
measuring a level of a transforming growth factor beta (TGF-beta or TGF-f) and the GM-
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Both inserts are operably linked to a promoter. The TGF-f isoforms whose activation would



20 m R-30a backbone (SEQ ID NO. : 1); the first stemloop structure has
conpl ete conpl enentary guiding strand and passenger strand, while the
second stworbnopIEyructure has three basepair (bp) nm smeCThisgoabepesi tions
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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 10 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.



25 FIGS. 18A and 18B show expression of: (14A) TGF-131 and (14B) TGF-132 in
human cancer lines follow ng si RNAfurin knockdown; and FIG 19 shows the
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I nvention, but their usage does not delim¢t the invention, except as
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this specification can be.inplemented 15 with re ct .to an t hod, Kkit,
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i nvention, Table 1; Abbreviations Tabl e Abbrevi ati onTerm AEAdver se event

ALTAl arfodiigt iegiogath asBRNY dgnycaiper it theod ab TEGgjonanCHIssBIRINA tHasriphi |
count %E&%@M&?%%%S&%ddﬁ%eﬁ? kleSbi-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



ASTAspartate transam nase (also referred to as SGOT) BUNBI ood urea nitrogen
CBCConpl ete bl ood count CDC uster of differentiation CWCyt onegal ovi rus
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2011/ OZ[?a%Z‘[ZoE)lgiréhllJ{SI\%g} 1Oé,o a? :ll')?l’\?g1 tr]éﬂscél%?irog \élefafsfeldoﬂl-l\-IeAr arlrgti\lllgcb%) t?lg siRNA mechanism
of action or from a “doublet ShARNA” 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 dependent RISC formatted) and ecither miRNA or miRNA-like (cleavage-
independent RISC formatted) motifs simultancously. 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 sShRNA 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, target both the coding sequence and the 3 UTR sequence of the

furin mRNA transcript simultancously

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 (cleavage-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
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I BClnstitutional Biosafety Commttee | ECl ndependent Ethics Conmttee
ILInfiltrating | ynphocytes IRBInstitutional Review Board

LAKL I ne- ' ' | | : I
oy B AL Bah e oPUR R TR Bl B SN R oo
r ecept aefeMat r abwKidatlertoNkhENaittailad distripgionT of etht (®yel¥oGL Nag shithl thecel |

| ung cancer PCRPofLyrrerase, ctLai n reacti on PDProgressive disease PRParti al
r espons§companying figures and 1n which:

FIGS. 1A-1C are plots showing the summary of: (1A) TGF-B1, (1B)-p2, 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-f1,
(2E) TGF-B2, 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—32 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 L 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-1 and -f2 knockdown,
30  summarizing: (6A) TGF-p1, (6B) TGF-2, and (6C) GM-CSF protein production before and
after FANG or TAG (TAG 004) plasmid transfection. Values represent ELISA
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i naCtive zynmbgens w th an ef mnal  prosegnent extension, IchTs
aut ocatlalayliatedal uryorr €¢IV edbient birelsandopkasthe lanes icdheutd depraieiRANA. (The
functionality., H gh |evels of furin have heen denonstrated in virtually al
cancer qXFrﬁééﬂdﬂ@‘gNQOQQ? 1ﬁi1:ljﬂé)r5ap’§%]|°a€th?’@ﬁ33l 31 may be produced by human
colorectal, lung cancer and nel anoma cells, and

FIG. 8 shows FANG Vaccine cells from a patient pre-transfection and post-transfection,

irradiation mRNA by PCR. No signal was detected in pre- and post- samples for TGF-f2;

10 FIG. 9 shows FANG-009 Vaccine cells pre-transfection and post-transfection /irradiation
mRNA by PCR;

FIG. 10 shows the overall survival for Cohort 1 versus Cohorts 2 and 3 for advanced-stage

patients (n=61; P =.0186);
FIG. 11 shows a schematic diagram of GM-CSF-TGF-f2 antisense (TAG) plasmid;

15  FIG. 12 shows 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-f2 antisense vector, in

Vitro;

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-32 antisense (TAG) vector;

20  FIG. 14 shows that a 251 base pair probe specifically detects the GM-CSF-2A-TGF-f2
(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-B2 expression in TAG vaccines;

25  FIGS. 18A and 18B show expression of: (14A) TGF-B1 and (14B) TGF-f2 in human cancer

lines following siRNAfurin knockdown; and

FIG. 19 shows the plasmid construct of FANG.



5 likely inpact the immne tol erance state by a higher magnitude.
Transformng gromh factors betas (TG--13) are a famly of nultifunctional
pr ot ei ns wotzhivgbd77known | mmunosuppr essi ve activities. Phe/ushoiemsisaown
TG--13 ligands (TG-131-3, Accession Nos. NM 000660, NM 003238, NM
003239. 2, respectively) are ubiquitou$din human cancers. TGF-13

over expressi on corr ellﬁileﬁlﬂﬁfﬁ Qpﬁemﬂ?ﬁ@@mtqﬂ\wnwr prognosi s.

El evated TGF- 10 p levels wt unor m croenvironment are linked to
an anergi ntitunor response.. The presence.gf furin in tunmor cells |ikely
cont ri bup s T ey and e ol o P ERAR S Hsro bbb eve ety iy

medi at efttaebilpRe itahol MU redifE fige -thdiprsent ihwitidn kjreeeomany appiesenrt s a
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15 RHu . . 1 ni y {

o1 - Punc s MR AR e & Bl hE ST R BRRS s he
knockdawrentibn fatid do noeddihtpthetsedpe of alviakéaa. critically invol ved in the
functional processing of all TGF-13 isofornms. Prior work by the inventors
has demnsidiabRdiht hehdefstRaingvenass idfenfiéNG indnhen &F atinitd alcMi Rk d eBesvessi on
and TGF-131 and TGF-132 depletion in human cancer |ines. The incorporation
of a biTerpg defiped hespial hayp RNARIEE AS COMEBWALT wrlersiwdist & PRI eSPrdinary skibl

autol o I Lne.s [ d i.n.to. pronnt.e d,enhan t he
mune alpdfat HEGEE Rt pRSIP AT RBR " TahE Rt B PR o TS RS

r esponsigtendsl wsettrhernoalyna shgulaeenmitypbutfivciatd dragencrabithiks of @hivhshiNéifleavi ng
two nechani stic pathways of action, that of the si RNA and that,Z of the m RNA
(the gu@@Pkt mandepirddomblustrasionc obhs ErBiTolagy heseip e UpadNR dssamRe esHic or
m'RNA—Ignlﬂﬁ [ : [J1]e ng ar RN T ript).
The term 'td%lt |%i%gr%a?'n§‘;seﬁﬁﬁfg @gftgglgﬁg@aﬁ%ﬁﬁge%@} itt%tellor? ée%i%ggﬁRﬁA

act i ng duwyliteden gicRNAmsechani sm of action. The term "doubl et” shRNA refers to
two shRNAs, each acting agai nst the expression of two different genes but

i n the It iy adhitdrnsinRl "thei dniAniBadénent \M3ca6ktd /if) T90 7RI T¢ation @A0/HE Ghdfetnchbed

survi val benefit and toxicity related to the cancer and the treatment
cortron! Wit gespedt tBaatnD’efH?@O‘iLokléééngeﬁb o LGOPHEPILIOR S ARG InvsaHeh stda¥iPd e -

saf ety ARt RN flohObERL ihiatibl LA QB LGl A AXRTESI Ol ipamat | o
response related t targeted” i mmune stinmulation and suppression o
endogenloa%i;ej- r%eevii ri]oqlis 'aéieon using the novel, mature technol ogy of the 5
present Tnventioh desCribed herein provides an opportunity for safe and
potentially effective clinical assessnent. The commercial expansion of the
RNA i nt eﬁ%’lrﬁ\% %% echnol 0d¥y™and vacci ne manufacturing of the present

i nventi o 11 provi de a/YYEBR&YBpportunity into management of NSCLC and
likely ot¥ler solid tunor$ilamise Hnspmigasa mdveaicleiedrty as §G§§f ate cancer, colon
cancer aldNGreast cancer AlBoldleraoaphigcéuntrune t ol erance with cancer

vacci nesAPEC a prom si ng Buttigdn Pfasenting Cpllsst . The prevailing hypot heses for
i mmune t AlAr ance, based pyspamate krynsamigdsk i@ ko sfereides as ST de t he | ow

i munogemWiN ty of the tumsod@khsitrdghe | ack of appropriate presentation by
prof essi gt antigen preseyiae bfRdklcdund Mune sel ection of antigen-1oss
tunor vagimpnts, tunor ingyged JrmmhesuRriBLessi on, and tunor-induced

privilegeqeite [1]. Nev LEsRirgiecent clinical trials 15 that are based
on trans e- expressi ng o?al%a%arrf%%&i&el | vacci nes have yiel ded prom sing
results 5] . Whol e cancer cel PP Vadtithes can potentially elicit

br oad- ba pol yval ent i € &BPbiYses to both defined and undefi ned
tumor anfRjens, thereby ¢ EPSILAY ™ he possibility of tunor resistance

t hr ough Bgul ati on” af®mypos Epueity bRtTEIoBAdYgEnEY®sS variants [6, 7].

20 DranofdIland Jaf f ee havetahowed lympheéyial nodels [8], that tunor cells
geneti calDy nodified to $wodetiecddh)CSF, as conpared to ot her cytokines,
consi st e denonstr at edddyednpst hypotsemditividucti on of anti-tunor immunity.
Wien i nt @Ot @8 as a cyt Eektam CoREFRONEMeCBroenhafsasnps 8srat at i on of
cancer vaggsRe peptides, Hnypme-168tdd Ihivsalo8sibeRf AWAQl € tumor cells from

ei ther agyjelmgpus or est ghllshgdnaliliRBRNeKELH®tCel | lines [9]. GV CSF
i nduces fhe 25 different iqutdE poietic precursors into

DsifR
pr of essi antigen prese nf,& g\étic el l,s DCE% d attracts
themto ?%2\}% te of vacci hsgl ion [él,n 1 %% E%Beng[ Aséufctgjl%% %Sﬁusmoarsé%li;
adjuvant for the DC maturation and activational processes of tunor antigen
capture, process and presentation, upregul ates their expression of
costinmulatory nolecules, and their ability to mgrate to secondary | ynphoid
tissues for activation of CD4+, CD8+ T 30cells, CDld restricted invariant
natural killer T (NKT) cells, and antibody producing B cells [11]. WO
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Recently, Hodi [12] reported that GVAX vaccination, followed by periodic

i nfusions of anti CTLA-4 antibodies to nodul ate effector and T regul atory
cel | funcvpDans07e¢@n generate clinically meani ngful anti tamas2emmwisdsdy in a
majority of netastatic nelanoma patients. These findings are consi stent
with the thesis that vaccination withld GW CSF-augmented 5 aut ol ogous
cancer Vv | succe |y generate an i mmune nedi ated tunor

destruct %ocn(ril),rg‘f)iajillfri I cul arl X,\ff\ﬁen coupled with an adjuvant treatnment that

depl et ei/F oxP3+ Tregs actEJ;;& %ﬂﬁnhances tunor expression of MHC class | A
chain ( ) . thereby activati atural killer (NK) and T cells, and
enhances ®¥ftYal menory ﬁTEQIPCWC%PrP&a@ﬁQ-IO%éﬁHW%aél.ng‘ﬁ‘i‘étOFﬁ(ﬁ@eé%%‘? oach of
the present invention isNuppdr@@¥d5dy the findings of the inventors in 10
10 patieftMP aut ol ogous aedimasifaciiingrpredisonst rat ed consi stently TGF-131
and TGF- (B2AKeducti ons afiMESEVatedngMitGoiEolevalllogéit GBndracllC and FI GS.

2A- 2F) . #aundness of t he Humidnnbabkptwet harigappr oach has been confirned by
proof of [RCI nci pl e docungmitiaitional BiokifetyN®orhmitigd i nhi bi t or

decanoyl 1 g- Val - Lys- Ar g1 chdac ERWSR SeMttden cancer cel | |ines (CCL-247
colorectg , CRL-1585 nel qm%ﬁhé ocﬁ@f' RVKR-CWK is a peptidyl 15

chl or ometpyl ket one t hat F ASidnbl ® I to the catalytic site of furin
and bl oc jts activity ° dé%c-a R GV either conpletely or partially
reduces activity of fdl |p;l11°au875§r“éat%s ASE (13-site APP-cl eaving
enzyne), JM5- P, and BodCRYRRIARE e[1“(?0]. The present inventors found both
TGF-131 & TGF-132 acti W8 lpfsnieony %i_fi cantly reduced in CCL-247 and
CRL- 1585 Midficer |ines by Mygechisiogom Bayseomplexonfirm ng the effectiveness
of furi nMIRbl ockade on TRed Hmpotpicnraskipnessi on. The FANG plasmid (FI G
19) usedMB transfect théMauwbsd egepssr cells is derived fromthe TAG plasnid
[ 74] by N&pl aci ng t he hummurdldKilB2 anti sense sequence with the

bi - sShRNANKT n DNA sequenoaturel Kelewrsellishese two plasnmids are identical

(confirmagcdayc DNA sequen®iditinalilied 1hg SHBNWAf urin consists of two stem|oop

structuregpw th m R-30a %%p&%;chgllﬂemgdﬁroﬁt 25 stem | oop structure has
conpl ete npl ementary g ding: Sty and passenger strand, while the
second stllz?j) Prur sgil’“t%h({rlégeggebp m smat ches at positions 9 to 11 of

gt | oop struct ume ises
t he pass gger strand (Fltge AP § i nventors adopted a strategy of using a
single t%ﬁé%d site for THHPHINCE nd .sques%r ation. The encoding
shRNA i s to acconmmod&tRPaEYREA {erig MG hYEOHor e t han one types
of RISC gé:t}y]c The rati onalkcsH lprgericely on a single site is 30 that

mul ti-si B8 targeting may Stahde dagssct he chance for "seed sequence” induced

of f-targélLCeffect [66]. Phmlltlwenstommléoop doubl e stranded DNA sequence was
assenbl e§TMNh 10 pi eces Sedthmynt heti c conpl enenting and i nterconnecti ng

ol i gonucitegt i des t hr ough tiahéportds26cidtbd WD A PprbLesSi@10/ 061344 18 |igation.
The conphejeg 241 base pqirgrgf%%\%?zft@mdﬁlﬁ sites at both ends was

insertedpnto the Bam H 8it& ok %@gbgéﬁgsessi on vector in place of the
[ t’he

TGFI 32 apyjsense sequenc ( rlﬁg&%gglf%c L i nserted DNA was screened by

PCR pri ey, ai rs desi gne 'S fcrtee or . the shRNA insert and orientation.
The FANGX@\Estruct has a pﬁg“@n H%E%maén pronoter 5 (CW) that drives the
entire c tte, with an WHREBPQERMAESA i bosomal skip peptide between the
GVt CSF and the furin bifunctional shRNA transcript, followed by a rabbit
polyA tail. There is a stop codon at the end of the GWCSF transcript.

| nser Uil am&ﬁ%e?thﬂe%hb@lﬁié.ﬁﬁﬁg&?ﬁﬁeﬁl%ﬁvéﬁmnﬁ Gihah IFAAR ARSssld SKi p
formation of a peptide bond at t unction of the ZA and downstream
sequendey. Ndadi3$9). o helmeerpbarsl o€ thiofanoly drewprqprattiai coavéntases @) gl prabssopen
reading frame [67]. However, in.the instances jn ich shRNA or, antisense
e belHGNERBRESOLBSTHE ek HRORrURSETT T eyl SRS PHET 1 T o
transcriefhe bﬁd&p‘i@t@%'e,akﬁﬁienﬁg)Ebléa_’W@?ﬁe@ﬁl%of prodnd RathelrRirdd abitkfind Aclae
effective for generating approximately equal |evels of GW CSF and

ant i - TRG¢cBsing aHeT by e consensus equunee vagei hr&/Amhdre (BEKERRY,owiik eRXAR s ame

design for 15The i nventors v dated the a i

.. FAN i l..i licapility of .
si RNA- S A @%ﬁ R AoR ket *Ror LHHRTBIY P%rlhger H&ﬁ%ﬁﬂrﬁ% %eisg%t;‘%)srl%ﬁd as
expression. Prospective siRNA targeting sites (FIG 4B) in the furin nRNA
sequence were determ ned by the published recommendati ons of Tuschl and
col | eagues and the additional selection paraneters that integrates BLAST
searches of the human and nouse genone databases [73]. siRNAs targeting
eligible coding and 3" UTRs 20 sites (FIG 4B) were tested. Foll ow ng
| i pof ection of CCL-247, CRL-1585 U87 and H460 cells, each of the 6
si RNAf unn constructs was shown to nmarkedly reduce TGF-131 and TG--1 32
| evel s in culture supernatants w thout adversely affecting cell survival.
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WO 2011/ 079077PCT/ US2010/ 061344 19 denonstrate a significant shift in Furin
staining (i.e., no positive Furin population identified). Therefore, the

Fl ow Cyt owetoy/woeasrd not be used to denonstrate Furin krQTR$eew/06¥334 an
alternative to Furin protein detection, the inventors also screened sanpl es
for Furin enzyme activity. Using a flldronetric based assay, cell lines

wer e SGlee: 1D \ L.an t - - A\ - - - - AMC)
by Fur (R arael e A SRS hosRint inGioh, il & Ak antSuce )
r el easadmAd inabe ttoplasinid @tiadanrtataehiyvamotistatiat e si gni fi cant knockdown of
Furin enzyme activity. A second barrier to the assay is that the substrate

i's cl eayieH 16xIRbf fusriale bREPHEAERIratdd thhertsR Il baichr lihdse RriobRIdEIRRer
convertasegé;é% famly. Therefore, simlar proteases that are not targeted
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by our eyl hiRNAY e pdrsecedvoy hemae palprectas tlingcaane anldensienanteecdlisyandogeni ¢
substrate,in th ssa t hus reducing the.capability to, det.ect. Furin
enockaaihey Geher B3 uae i BReES S Syt TRE MRt deh SRIFRR derlie: (1)
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decorated (targeted), stealthed bilanellar invaginated | |§osorre (BIV) to
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nvagi nPedofito S part, NEL SRt A Eibuatet SRR s if R cancers.

pr ondt i NGEJFedvRE&bRsf8n 86 86tkS with tﬁﬁtéfF]Isrogﬁrsg@ﬁ aﬁﬂ)f)@&gg@g%o'si@.c Epdiafed TR not
limted to human, TGFI 31, TGFI 32, TGFI33, IG-I11, I1G-1R PDGF A and, in
sorm® t yhdevetsywpitlsn tidithaldvRicrod)vipateatare laked toemyaneigac antttumor resgdnaetThee

d ted (t ted), steal d bil Il ar, i. i nated |i. BI t
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| T ar 1 posone to S

bi | ane I nvagl nat e Inhibit activation of toxin
associ at mochrddnatandtive agprositi ©a pptimpiidieirmaost®fitasatisn. bot ul i sm and Ebol a and
Mar burg viruses and/or (5) System c and/or inhalational delivery of a

bi | amel harFufinkagikaawadadd ORIQUEF-nINMntddd EEANGY | RitoRgdud €wat&! Yh&ine for
maski ng/ stealthing) to inhibit 25 Pseudonbnas exotoxin A production as an
adjldnctHymamMslpianmg end Rengpyarcar: gidNeneziqugly Hnefirperates s Wi-funchena hoedled

Sk of , et L N
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activities [13]. The three 30 known TG--13 |igands (TG-131, 132, and 133)
are ubiigvanteradiap siemenraratedhcerfbectivagesy i Mﬂ%x@ ré@@@*ﬁttmgd &?@C&Fg@?:gewmh
umor pr si;on Jolaly nosi , .. El.evat e - 1. vels

wh i PROTEETY I SruERe; AR, ubf cadh o S YR et eblich fie o vo

20 DY/ 07QRAOREIT SHHERA RO Ml 8tAbiARidre SRANSEMLASF iAH- &l hutolbebusl 3cli RhédMd &
GW CSF i nduced maturation of DCs L22] and their expression of MHC cl ass |1

and co-dsmonsirdedhgreirgpacemels and sphanse dessimmuuppaioResdiondts effect on the
| i popol ??C?lﬁ%{bi %ha(tklg%' rljg 81?% mat ur ati on of nonocyte-derived DCs
aEifeaent Tono pgsgs‘

i nvol ve ctivatio ress-activated protein kinase (p38SAPK),
extrac eAsl llilslearhe%eiil%J Hlael forny g‘tL)Jil-f%%lgtgon%[”O}eFeirsn to a sShRNA having two mechanistic pathways
of action, that of the siRNA and that of the miRNA (the guide strand being non-
25  complementary to the mRNA transcript) or miRNA-like (the guide strand being
complementary to the mRNA transcript). The term “traditional” shRNA refers to a DNA
transcription derived RNA acting by the siRNA mechanism of action. The term “doublet”
shRNA refers to two shRNAs, each acting against the expression of two different genes but
in the “traditional” siRNA mode.

30  Survival of patients with advanced NSCLC, the most common cancer involving both men

and women, is 7 months or less following treatment with second line chemotherapy. Limited



5 ki nase (ERK), phosphoinositide 3-0H kinase (PI3 kinase)/Akt, and nucl ear
factor (NF)-KB pat hways. GVt CSF can exert parallel activities of
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plasmid [74] by replacing the human TGF2 antisense sequence with the bi-shRNAfurin
DNA sequence. Otherwise these two plasmids are identical (confirmed by DNA sequencing).
The bi-shRNAfurin consists of two stem-loop structures with miR-30a backbone; the first
25  stem-loop structure has complete complementary guiding strand and passenger strand, while
the second stem-loop structure has three bp mismatches at positions 9 to 11 of the passenger
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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pressi on
(AMC). However, the detected signal of released AMC was too low to 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 cleave 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, TGFp2, TGFp3, 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 Pscudomonas mediated morbidity and mortality, e.g., cystic

fibrosis.

TGF- Knockdown: Transforming growth factors beta (TGF-f) are a family of
multifunctional proteins with well known immunosuppressive activities [13]. The three
30  known TGF-f ligands (TGF-B1, B2, and p3) are ubiquitous in human cancers. TGF-f
overexpression correlates with tumor progression and poor prognosis [14, 15]. Elevated

TGF-f levels within the tumor microenvironment are linked to an anergic antitumor
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response [14, 16-21]. TGF-p 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 (P13 kinase)/Akt, and nuclear factor (NF)-xB
pathways. GM-CSF can exert parallel activities of stimulating myeloid hematopoietic cell
and leukemia cell line proliferation through rapid, transient phosphorylation of MAP kinase
1/2 and ERK 1/2, whereas TGF-} 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-f 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
by 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-f receptor I, and tolerogenic activity was dependent on TGF-f1 or -f2
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-f 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-f on GM-CSF-mediated immune activation in vivo, and by
extension, support the rationale of depleting TGF-f3 secretion in GM-CSF-based cancer cell

vaccines.

Trials conducted by the present inventors utilizing a tumor cell vaccine with TGF-f3 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 (ITIB/IV) patients was 52% for patients who received > 2.5 x 107 cells/injection, which



day 1 -0.10 93% day 2 -0.08 95% day 4 -0.05 97% day 7 -0.08 95% day 10
-0.11 93% TG-B2 Time Point ACt
WO 2011/079077 PCT/US2010/061344

21
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].

5  TGF-p-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

10 were observed. Eleven of 17 (65%) evaluable patients maintained stable discase for at least 3
months. One patient achieved CR by imaging 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-§2,
given that all three known isoforms of TGF-f ligand (TGF-$1, -p2, and -$3) are ubiquitously
15  produced in human cancers. In particular, up to a 10-fold higher level of TGF-$1 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-f32 antisense treatment.

Furin: All mature isoforms of TGF-f require limited proteolytic cleavage for proper activity.
20  The essential function of proteolytic activation of TGF-f 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-
25  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-f with corresponding
30 immunoregulatory ramifications [54, 55]. Apart from the previously described

immunosuppressive activities of tumor secreted TGF-f3, conditional deletion of endogenous-
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expressing furin in T lymphocytes was found to allow for normal T-cell development, but
impaired the function of regulatory and effector T cells, which produced less TGF-p1. 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-f1 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
contributes significantly to the maintenance of tumor directed, TGF-p1 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 lies in the combined
approach of depleting multiple immunosuppressive TGF-§ 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 isoforms 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-1 and -f2 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-f1 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 TGF32
5  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 disecase) for greater than seven months. The capability of

10 FANG to knockdown both TGF-1 and -2 is supported yb findings in the first 9 patients
(FIGS. 6A-6C) who underwent vaccine construction. All 9 wvaccine 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-f2, and 6 of 7
patients with >100 pg of endogenous TGF-f1 production also demonstrated >50% reduction

15  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-p1 (as well as TGF-$2) 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-p1 was unchanged with the

20  TAG preparation (TAG-004) albeit with the expected depletion of TGF-f2. 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
25  vaccine has already been generated under cGMP conditions for clinical trial of patients with
advanced solid cancers. GM-CSF and TGF-$1, -2, and -3 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- dependent
cell line utilized by the present inventors in previous studies. Processed vaccine will undergo

30  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 cytotoxic
T lymphocyte-4 (CTLA-4) function may enhance the likelihood of clinical success of the
FANG vaccine.

5 RT-qPCR analysis was performed on ten FANG vaccine samples (FANG-003 did not have
adequate mRNA for analysis). Samples were cultured pre-clectroporation and post-
electroporation, post-irradiation 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

10 sample, at each time point. Furin, TGFB1, 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

15  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-clectroporation, 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

20  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

25  reduce endogenous Furin down 80 — 26% (average = 48%) and the downstream targets
TGFB1 and TGFR2 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 TGFP2 mRNA, the conversion of the

30  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 |% Expression Ident. A Ct |% Expression
day O -1.52 35% day O -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 O -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-f1 and TGF-B2 reductions and elevated GM-CSF levels (FIGS. 6A-6C).
5 Both TGF-B1 and TGF-p2 activity by specific immunoassay was also demonstrated to be
significantly reduced in these cancer lines, confirming the effect of furin blockade on TGF-3
isoform expression. The inventors validated the applicability of siRNA-mediated furin-
knockdown for inhibiting TGF-f isoform expression. Prospective siRNA targeting sites in

the furin mRNA sequence (FIG. 4B) were determined by the published recommendations of

%
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of FANG plasmid DNA knockdown of furin mRNA is shown in FIGS 8 and 9. This could
5  only be detected in two of the vaccines because readily detectable furin mRNA was present
in only these two tumors pretransfection. The mechanisms of action of the bi-shRNA™™ are
the blockade of furin protein production at the post transcriptional and translational levels.
The reduced levels of furin protein also impact (by feed back regulation) the expression of
TGF-B1 and TGF-f2 mRNA, the conversion of the proform TGF-f1 and TGF-2 protein
10  into the mature (active) form of their respective proteins [75] and by interfering with the
TGF-pB—furin loop, further dampening the expression of furin itself [76]. The possibility
that the accumulation of the proform of the TGF protein may feedback and inhibit the
transcription of its TGF gene should not be in any way construed as a limitation of the
present invention. The expanded target effectiveness of FANG is best demonstrated in one
15  patient (NSCLC) who had adequate tumor tissue to generate both TAG (TAG-004) and
FANG (FANG-004) versions of autologous vaccine. TGF-1 (as well as TGF-p2) 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-f1 was unchanged with the TAG
preparation (TAG-004) albeit with the expected depletion of TGF-f2 (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-$1 and TGF-p2 levels in culture supernatants
without adversely affecting cell survival. Thus siRNA-mediated furin knockdown is effective

25  for the depletion of TGF-f1 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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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 shRNA’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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cGMP conditions for use in clinical trials. GM-CSF and TGF-B1, -p2, and -3 mRNA and
20  protein expression were measured before and after FANG modification, and cytokine
bioactivity determined by growth outcome on a GM-CSF and TGF-f dependent human cell
line we have previously characterized. Each patient’s processed vaccine will undergo

proteogenomic screening to verify antigenic integrity following FANG modification.

c¢GMP production of FANG: FANG vaccine was generated by plasmid vector electroporation
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-f 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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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)

Frzzz’g& . Vaccine ID | % Viability
2 FANG-002 an
5 FANG-003 54
4 FANG-004 30
5 FANG-005 o4
§ FANG 008 a1
7 FANG-00T an
3 FANG-008 o5
g CANG-008 95
10 FANG 010 o

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
14 day assay (remainder of data not shown). The mean pretransfection TGFBI1 is 1251+ 1544
pg/1x10° cells/ml; median 778pg. The mean posttransfection TGFPI is 191+455 pg/1x10°
cells/ml; median 13 pg. The average percent knockdown of TGFB1 was 85%. The mean
pretransfection TGEB2 is 232+164 pg/1x10° cells/ml; median 225pg.  The mean
posttransfection TGFB2 is 1319 pg/1x10° cells/ml; median 5pg. The average percent
knockdown of TGFP2 was 94%. The average GM-CSF expression post transfection is
5434540 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 TGFf1).
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, TGFB1 and TGFfB2 has been previously
described (Maples, et al., 2009). Briefly, GMCSF, TGFp1 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, TGFf1,
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-p expressions: GM-CSF and TGF-f1 and -B2

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

Validation of bioactivity: GM-CSF-induced proliferative activity similar to that of myeloid
5  hematopoictic 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-f3 on myeloid leukemic cells were
used as an in vitro surrogate model to validate cytokine bioactivity in prepared FANG

10 wvaccine 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+CDI15+
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 compare 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
of 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 gp100, 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-f2 antisense vector,
in vitro is depicted in FIG. 12. 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-p32 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-pB2 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-f2 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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by 26RT-uB@RIity of expression as well as the inhibitory effects of TGFB on GMCSF
immunomodulatory function support the knockdown of all tumor TGFf expression in the

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. TGF 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]. TGFP 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 TGFp expression in this

autologous cancer vaccine treatment approach.
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The term “or combinations thercof” as used herein refers to all permutations and
combinations of the listed items preceding the term. For example, “A, B, C, or combinations
thereof” is intended to include at least one of: A, B, C, AB, AC, BC, or ABC, and if order is
important in a particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB.

30  Continuing with this example, expressly included are combinations that contain repeats of

onc or more item or term, such as BB, AAA, MB, BBC, AAABCCCC, CBBAAA,
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expression in the autol ogous cancer vaccine treatnment approach of the
present invention. The imune suppressor functions of TGFI3 are therefore
likely to play a major role in nodulating the effectiveness of cancer cel
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dendritic cells (DCs) [25] as well as expression of MHC class Il and
co-stinulatory nolecules [26]. It has been shown that antigen presentation
by immature DCs result in T cell unresponsiveness [27]. TGFI3 also inhibits
activated nmacrophages [28] including their antigen presenting function [29,
30]. Hence both the ubiquity of expression as well as the inhibitory
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45 Wat is clained is: 1. A vaccine conposition conprising: a

bi ShRNAf fi rm GMCSF expressi on vector plasmd, wherein the vector plasmd
conprises 5a first nucleic acid insert operably linked to a pronoter,
wherein the first insert



encodes a G anul ocyte Macrophage Col ony Stinul ating Factor (GwW CSF) cDNA;

a second nucleic acid insert operably linked to the pronoter, wherein the
second i ngendiigewdes one or nore short hairpin RNAs (shkRAS2capeaisie of
hybridizing to a region of a nRNA transcript encoding furin, thereby
inhibiting furin expression via RNA 18 nterference; and one or nore

option juvants. 2. The conposition of claim1l1, wherein the
ClﬁCSFathﬁgggﬁﬁe . The conposition of claiml, wherein the shRNA
|ncorpqrates Si RNA aya ge de endent) and m RNA (cl eavage-i ndependent)
notifs. 4A¥Picem%e é)r“tllo r?OBIP M&im 1, wher e| n the ShRNA is both the

cl eavage depend age |ndependent of furin pr essi on.
5. The conp&s.bf%(ﬁ@# of /&%\4&@51 ORI CSho PR MUOTel o r ey WBtMAS. o
bi - f uncd, Lg ShRNA. 6. The conposition of cIa|n11, wherein a picornaviral
2A ri bosomal skip peptide is 20intercal ated between the first and the
secand nucl | ey t > 0 i in_the
oot er i s E st ansest Sperhly ARPROR b GmBlor bl hol 1R ThOd

wher ei rentddes GNMansloogt MaergphagoCelong Shitrail s g daCivl/(GHE-6SF LABNAnhancer
sequence and a CW | E Intron A 9. The conposition of claim1, wherein
the region tasgehéhubliid had ShidNAop&aihginked &H%&@rdrﬁ@b@mmaueuneeecﬁndt he

furin nRNA transcript. 10. The c osition of claiml, wherein the region
t ar get €8S CHCABCSSHIRN meretsmﬂéﬂéaplﬁglg%g.(%%fﬁ) W@bkmﬂhﬁ/ RIS foahEeeranpt .
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preven%#g% Qiiggﬁﬁgﬁﬁ%&angﬁ%ﬁﬁ%ééﬁ|oggg?%ang&Uhg ﬁgﬁ’egﬁé$ﬁ¥1$ﬁgq%ancer
and0 interfactataiagtieri ng an aut ol ogous cell vaccine conprising a

bi sShRNAf fi rml GMCSF expressi on vector plasmd, wherein the vector plasmd
conpri ses acfnieroﬁrmdw@lbtedxﬁlawdcdleiaaﬁﬁaﬁts.S operably linked to a pronoter,
wherein the first insert encodes a G anul ocyte Macrophage Col ony

Sti mul at i ng FRCOApob Y 6BEhink PNOherRinSRE OMLAMGE BlsaRCi d i nsert operably
linked to the pronoter, wherein the second insert encodes one or nore short

hai r pi m RNASH(S g(lﬁﬁggs t?cﬂlpﬁp ! I?lf hWﬁH ﬁ{ %ﬁ@ghﬁﬁ 11{0‘3ﬂio?ﬁesmsﬂéN

transcr|pt enco urin, ereb biting r|n expressi on iR
i nt erfeirepﬁubnt)andlnnﬁblﬁo(clama@ mpiepemdait) wmatfs. ne adj uvant s.

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 mRNA transcript.

10.  The composition of claim 1, wherein the region targeted by the shRNA 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:



1012. The nethod of claim 11, further conprising the steps of:

nonitoring the progression of the therapy by neasuring a | evel of a
transf or mvogogroosi7n f act or beta (TGF-beta or TGH-13) an@Crhs2GMoaSK i n t he
one or nore cancer cells, wherein a reduction in the level of TG-13 and an
el evation in the level of the GWCSF #6 indicative of a successful therapy;
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wher ei n r‘l;lG:-IquJhtﬁ sel e(;tIel fromat |east one of TG-131, TG--132, or
TGF- | 33YMPIPS §18C IR Yf ¢l ai m 11, wherein the cancer is sel ected from

the group consi.sting of 20nel anonma, . .non-snall-cell lung. ¥ in I
bl adder can RSB 5788 ot afRQRREY , CoHr JACHNC AU IS NSy ?%ﬁﬂﬁfgve@@ﬁ_@er,
liver capfrglion®tast pRSSiId, %v%rc'—%ﬂ“tﬁ@b&tc??lﬁﬁﬁﬁ-conﬁﬁiseér heirtEtlorge 9fidGhakm 11,

wher ein the shRNA incorporates si RNA eavage dependent) and m RNA
( cl éavagerabhdbpleddent promutérf svherel® theThest mscticuicodesa GiranuidtytenMerwphagehe

shRNA i s both.the .cl eava e dent ,and 25¢l eavage. i ndependent ..i phj bit or
of tur 1ePIERpruelfyfe PR ReSENTIA S SesP Rl s RGPS el £

f urt herth@gfdnier, ahcriRind Waskd PRak cfEfone YONRRA WA BOFTPENAISRARN 61344
47 a bi shRNAf firnm GMCSF expression vector plasm d, wherein the vector

pl asni capdnpef dgkridizing to g regiogtof pumRA A trasscaipt aeeadingofysing Bieyebly inkibeingo a
pr onot . Wh I . { £ Lhser co . F cDNA:.  bha second
nucl ei g{l%%ieﬁ&fre%é%r%lgggﬁeéé %@érf:t?c%k%}f?&c? thﬁlzor%?) §tr1r% erg?C%\ll\I}?earlalﬁﬁfr?n he second

i nsert encodgs o r I e ort hairpin shRNA) capabl e of

hyéﬁi di £ ngdﬁﬁ%&ﬁ%‘gpgﬂgg}IQE}WCPWﬁ?Eg%@%@gm ng furin, thereby
inhibiting furin expression via RNA interference;. and one or nore optional
vacci ne adj UVHHIEINS 109 PramessiBnplodict NBRPYOYCIEIHTEE & (el of i tFHglorming
COWDOS'graﬁ{h fagtob 964 (TGHRE&EY SPTTGP{-@%M th?'@ﬁ&[-c@%aqﬁlﬂ'lé%ﬁ’é & bR SYHERLQME, of a
cancer, erein the cancer is selected fromthe group consisting of

mel anomehereiorm dudtioncial the lewey o€ A6dep andahlclblatiodder thealkedrof tholCov €iSkals

cancer,. breast cancer f)ﬁari an, |liver cancer, |iver cancer netastases, and
Ewi ng' §" g?tbvgrpéa successful therapy; dnd
15 altering the administration of the autologous cell vaccine based on the levels of the

TGF-B and the GM-CSF.

13.  The method of claim 12, wherein TGF-f is selected from at least one of TGF-f1,
TGF-B2, or TGF-f33.

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 sShRNA is both the cleavage dependent and

25  cleavage independent inhibitor of furin expression.

17. The method of claim 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:



20. A nethod of treating, preventing, and/or aneliorating the synptons of a
Non small 15 cell lung cancer (NSCLC) in a patient by an adm nistration of
a furin-kwockdawm’and G anul ocyte Macrophage Col ony Sti malratseong/okesaed or

(GMF CSF) augnent ed (FANG) cancer vacci ne conprising the steps of:
identifying the patient in need of pré¥ention, treatment, and/or
anelioratio 3 Sy N ' .20 ri t NG
vacci ne corrpnar ?’gﬁhﬁgﬁ Aa b@gﬁaf ?}{prr%%{}[g%%x ?a[eggls@oﬁﬁl\g}eec éfklgp‘?egg)ﬁi @gsrﬁ erein
t he vedaoatprigéasm d conprises a first nucleic acid insert operably Iinked to
a pronoter, wherein the first insert encodes the GwWCSF cDNA, a second

nucl ei ¢ aci di g afucledPaéidbinyert lopk@Blyt Bnitddetodh QFBinGier, WhekR thet it Seeand

i nsert encodes one or nore short hairpin RNAs (shRNA) capabl e of

hybri dicaredgstlee @M-e§FsPNA: a mRNA transcript 25encoding furin, thereby
inhibiting furin expression via RNA interference, and one or nore optional
vacéi ne adj uvsgwosd nRtleicThad mescntodparibly | lankad 20, th¢ prarheter, opimqueinsthageednal st eps

of: WD 2011/ 079077PCT/ US2010/,0613 8 rein a,redqucti.gn.in the |evel of
OG- 1 3 B Gof IR AT oRG T ED AR (TIEUE] Pealplerd R hi Rt e et
successffub fRAVAPYansafst encodingd|fh@h,i Bkrdtie iddpiting Sturmt ie%e@;ﬁoﬂ Rea arRtial ogous
cell vaccine based on the levels of the TG--13 and the CSF. 5 22.The

met hod isferfgrearenand, wherein TGF-13 is sel ected fromat |east one of hunman
TG~ 131, TG--132, or TGF-133. 23. A nethod of making a furin-knockdown
and G anul ooycer Maee optivagevaColneragjuStitsul ati ng Fact or (Gw CSF) augnent ed
(FANG) cancer vaccine conprising the steps of: harvesting one or nore
cari®er 1®el | sTHercompasipah io€olainad 8 piharainltlye cdyplsaminniguiddeo paavertstreat, ael/drs i n

an antibiotic splution in sterile container; formng a cell suspension
fromt r?én@?féFaJ%stﬁ%cFYg’é’Fq}i?ﬁ Oh, 2 \RARGCE| W%fﬂf?él R (FARGH S o@fe%tcrf‘éi am e, EFdWsi on

is achi : L Cn i >t ni i i I h:
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nodi fying the cells genetically by elCectroporating suspension to
make t Hecdsbcanaet bvaiani tiveraahies HRNAEdrcer inkfaGMESFaredpwmgssi sercowmct or  pl asmi d,
wherein the vector plasm d conprises a first nucleic acid insert operably
| i nked 200 a Amostinddesf, trodti@pepmvihmef btidér amsaritipnhodesiptdnes ¢V Sohk solaNA, a
secaond nycleic acid insert. operably linked to the promoter, wherein the
seddnd Fllskpe @RESIASTHY Y erenSRbAn A PRt QL %Tgwmkﬁwfé@ﬁw @dof
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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 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 ¢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-3) and the GM-CSF in the one or more NSCLC cells,



20 expression via RNA interference, harvesting the vaccine; irradiating the
vacci ne; and freezing the vaccine. 24. The nethod of claim 23, wherein the
one or nowe wanoer77cel |s are harvested froma 25 pati encsafsb@wionp4d rom a
cancer selected fromthe group consisting of nelanoma, non-snmallcell |ung
cancer, gall bladder cancer, colorecté® cancer, breast cancer, ovarian,

l'iver vo L C f 1:0g" r : .

2011/ 07807 9peri tRSIIOR 0BT S 36 TCBEF g AMRITRLAP i (RPEFABe SRLCST & (e
genet i daflicytiveadiafsuegtsefel thsrapy.eandut ol ogous cells. 27. The method of claim
23, where in the genetically nodified cells are xenograft expanded cells.

28. The net howrigg tikd @irind&atiyWef ehel Autd1bgoBeREt Vacaiht Wasdddr tHRdeedd b tirr e
al l ogeneic cells. 529. The nmethod of clarm 28, wherein the allogenic cells

are estHpFiPsinddheceM-CSFnes. 30. The method of claim 23, wherein the
genetically nodified cells are adm nistered to the subject once a nonth for
up 32 d@ses.The3ncthdhef ceinhdd, whicreihdih-23s seltntedefromtat dcadowe dthugeneéiGlcal |y

nodi fi adnini stered to the subject is 1 x 107 cells/injection to 5
x 107 Pﬁﬁ#%ﬁ%é??%ﬁ#ﬁﬂOBZ.The nmet hod of claim 31, wherein the

adm nisgration o he. genetically nodified cel]s i art of co nation
t her apy>wi t i ae Ak 4 Birkiney heﬁaﬁéﬁﬂpﬂe&a@bﬁp& 5@@@% Meioohedt C1m 32,

wher ei @tfnﬁiﬁatﬁ%dﬁéck&Q@]M-@S@? anGHLIC GOENE) BiRd: VR chBeomBAR F%% Bpsbper apy i s

71 FN. 34. The nmet hod of C a|ﬁ133, mherelp t he dose of 71 admnistered to
the subj ect Hanetsglgg &geg&'ﬁ?&%%hé%?ﬁélﬁ%&ﬁx é;'aﬁen”t%séb’t &1?;% [ig/m2. 35 The

nmet hod of claim nprising the further step d? cubating the

eneti cal | di fied cell i t.h 71 EN_.af.ter, transfection. . 36. The nmet hod of
A R S G S T R o A TN T UG
cells after transfectjion is.approxj nat el 5QU.m . 20 .37. An si RNA- pedi at ed
e hod Lo | AITAME & sl SRp iR Sl Bor e SolBion, yieein gt Torapiaiger |

expressi on Vieg furin knockdown, the method conprising the steps of:

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 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 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.



selecting a target cell; and transfecting the target cell with an
expression vector conprising a pronoter and a nucleic acid insert operably
| i nked t owohe1p7eo7ot er, wherein the insert encodes one ecTruse@o®613ghor t
hai rpin RNAs (shRNA) capable of hybridizing to a region of a nRNA
transcript encoding furin, thereby inf?biting furin expression via RNA
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nmet hod &baﬁedICHﬂlﬁ? wherein the region targeted by the shRNA is the 3 UTR
regi on sequence of the furin nRNA transcript. 42. The nethod of claim 37,

wher ei gt he FirghQRod éf &%h?ﬁh Q:b’hewfn AORRtCAI 64T 0 489Sk ckhie furin
nMRNA transcript. . A nethod to augrrent antigen expression,

presentayf i onp, g, P ?Fﬁéﬁﬂ 59w f0n tﬂ% alit %&ﬁ%ﬁ é@&{sﬁ&i’%éﬂ lin

i mminosuppressive activity of tran ng gr owt actor etae(gTGFbeta or

TG | 3)30I n al"ﬁ[ rggt%od o(f%l ia’lmtﬁ e}re%) ﬂ} ?aﬁfé/tlggél?ﬁed%teﬁggreogdmlm e?ecd:[ %Sng the

target ‘cell; P ars? &c I hg an expressi

vect or tﬁ@ﬁiﬂfé@bﬂ@: @mbhthSbr ikIC2 @dgesaci d i nsert operably linked to a
pronot er, V\/I'J1erei n the first insert encodes G C SF and a second 15 nucleic

aci d ingert aRehaBby of tRKEY3! RhébLR RE ‘élH&%t&’ff en@ﬁ@'ll?'rﬂoélﬂé‘d SQLUAEhihBRA!
encodes one or nore short hai rpin RNAs capabl e of hybridizing to a

regi on teftheesubiRRNstirahE cell pinjetion dd he lﬂ)um:lHanQdﬁeneby inhibiting furin
expression via RNA interference. 44. The nmethod of claim43, wherein the

t arlfet Xel | sl'terrecthod of olgim§lpwhd=rsin thd Bdmitheratioh tmcﬁdleogenﬁtiedlhy]madiﬁedheeﬂksi n the
target cells are%n elc cells 046. Fe met hod of claim45, wherein the
al | ogeriaPrt 86+ PanBina N PEPY S radRETE ?rap?tﬁ@égen 47. The method of claim

43 wherein the target cells are transfected by plasmd vect

el ect r offor atThsnmethod, ofrichaime g hothetein thy ﬁfi@@onw@fe&pﬁm@g@rﬁ ysedsig) gt ed
from at, Ohl%%ttmg@ﬁer% FN?’l TG 132, or TGF-133. 2549. A net hod of
treating cancer rising the steps of identifying a subject in need of

treat nESQIt The method of claim 33, wherein the dose of YIFN administered to the subject in the

15  combination therapy is 50 or 100 ug/m”.

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 YIFN applied to the genetically modified

cells after transfection is approximately 250U/ml.

20 37.  An siRNA-mediated method to inhibit transforming growth factor beta (TGF-beta or

TGF-B) expression via furin knockdown, the method comprising the steps of:
selecting a target cell; and

transfecting the target cell with an expression vector comprising a promoter and a
nucleic acid insert operably linked to the promoter, wherein the insert encodes one or more
25  short hairpin RNAs (shRNA) capable of hybridizing to a region of a mRNA transcript

encoding furin, thereby inhibiting furin expression via RNA interference.

38.  The method of claim 37, wherein the shRNA incorporates siRNA (cleavage
dependent) and miRNA (cleavage-independent) motifs.



harvesting a cancer tissue sanple fromthe subject; WO

2011/ 079077PCT/ US2010/ 061344 51 pronoter, wherein the first insert encodes
Gwvt CSF; awmd,20m/82a70nd nucl ei ¢ acid i nsert operably |inkedTtus2atb@épsronot er,
wherein the second insert encodes one or nore short hairpin RNAs (shRNAs)
capabl e of hybridizing to a region of 5& nRNA transcript encoding furin,
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cel | s tabeavhge mdEyordentiimhibitorarfuii cguédsionl ent to treat or aneliorating the
synptons of the cancer. 50.The nmethod of claim49, wherein the cancer is
chosen 4or oM EheOmethdd &ff GARC ST SwEQBRI ki ABNXK idRlreiRe MBfindtohs & Mlfingdhhl | ung
cancer, %&ﬁ[ bl adder cancer, col orectal cancer, breast cancer, ovari an,
liver , liver cancer netastases, and Ewing's sarconma. 10 51. The

met hod of claim49, wherein the genetically nodified cells have been

r ender ed. pr ol'ticf methoi of -clanmoli etlentin tye Fagrandiasgatainby B2, shRINA nethvod GARcl ai m

49, where in the ti.cal l ified cells are autol ogous cells. 53. The
met hod "6¥' 8 PEI4 @%@@?ﬁ%&aﬁéﬂ@u cally nodified cells are all ogeneic
cells. H4. e nmethod of .claim53,. wherei.n the all ogeni ells are .

st abi iBhed U PohpRes s d) ThE el Hoacupn Ui8piES 45, BRRBREA #o hReoding
genet i cabiby ofBdiffilif thra@A kSin@h e xenogr af t expanded cells. 56. The nmethod of
claim 497 wherein the genetically nodified cells are adm nistered to the

subj ect ,0nce f : 0 f clai.m4 erein
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wherein the mopistration of th enetically nodified cells is part of a
conbi n%eraowfﬁ%-ﬁgwwg%cgh HeiFiog AP NAE 5> agent. 59. The nethod

of claimb58 wherein the additional therapeutic agent used in the
conbi nat i on selestingpipeitayeqti ey ams560. The met hod of clai m 59, wherein the dose

of 71FN adm nistered to the subject in the
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
15  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.

44.  The method of claim 43, wherein the target cells are autologous cells.
45.  The method of claim 43, wherein the target cells are allogeneic cells.

20 46.  The method of claim 45, wherein the allogeneic cells are established human cell lines.
47.  The method of claim 43 wherein the target cells are transfected by plasmid vector
electroporation.

48.  The method of claim 43, wherein TGF-f is selected from at least one of TGF-f1,
TGF-B2, or TGF-f33.

25 49. A method of treating cancer comprising the steps of:
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 with an expression vector comprising a first nucleic acid insert operably linked to a
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52 62. The nethod of claim®6l, wherein the dose of 7IFN applied to the
geneti calwg 20mdi7di7ed cel ls after transfection i s approxiPomtuske10260W i .
63. An autol ogous cell vaccine conposition for cancer treatnent by

i nhibition of furin expression via RNAljnt erference conprising: b5a
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conpri st nucleic acid insert operabl y I'nked to a pronoter,
wher ei ropbhm}f hml&ti to ﬂ&epsrbmem owlescia the sseuhd mstie eMitico phagembial shoyt hairpin
Stimul ating Factor DNA; a second nucleic acid insert operably
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site for both eavage an a sequestering mechani sm of RNA interference,
wherein the o) cture
comgrl si ng zf%:n lﬁllgﬁ%%%%%r%ﬁ? Jﬁ%ﬁ;’ﬁf@&g&?@ §é ?fet%e %eﬁétl&%ﬁy %{aoggﬁ;éﬁig%lrﬂs (Hﬁaénd and
a secongdbiteimahaaust suffititiiteo CreafUTiagicigrading tiay symapte@nbastp@iamcem smat ches of
the passenger strand capable of hybridizing 15 to a region of a nRNA
transcryopt ereoghem@df afr tlgim e RaRYeih Mhé Bhidengs fcHbdeR BHRAN £ EEdPNoN kancBNA
interference; and one or nore optional vaccine adjuvants. 64. The

conposi wngAting ol malanpBa, nethemeli-aclt hmeswaesid zal élﬁdﬂ@o@ng@rs gelotnctl cangsr.i ses
three hase: Pl % Cﬁba&%t 083 an§e961fv Ihgncgplgg%itfgels dﬁém A M Qe Wherein the

basepalr ms P e At positi ORS ssenger strand. 66. An
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54.  The method of claim 53, wherein the allogenic cells are established cell lines.

15 55. The method of claim 49, where in the genetically modified cells are xenograft

expanded cells.

56.  The method of claim 49, wherein the genetically modified cells are administered to

the subject once a month for up 12 doses.

57.  The method of claim 49, wherein the dose of genetically modified cells administered

20  to the subjectis 1 x 10 cells/injection to 5 x 10 cell/injection.

58.  The method of claim 49, wherein the administration of the genetically modified cells

is part of a combination therapy with an additional therapeutic agent.

59.  The method of claim 58 wherein the additional therapeutic agent used in the

combination therapy is yIFN.

25 60.  The method of claim 59, wherein the dose of yIFN administered to the subject in the

combination therapy is 50 or 100 pg/m®.

61.  The method of claim 49, comprising the further step of incubating the genetically
modified cells with yIFN after transfection.



30 targeted site for both a cleavage and a sequestering nechani smof RNA
interference, wherein WD 2011/079077PCT/ US2010/ 061344 53 the bi-functi onal
ShRNAf f i rmoconp7pees a first stem | oop structure conpri PCmgisaoioonBiet e
conpl ementary gui de strand and a passenger strand and a second stem| oop
structure conprising one or nore basepair nismatches of the guide strand

capabl e_~of bridizing o regi on.of ,a ranscri pt. encoding furin,
her oy 7 nni He i) B8 BReRR AR ok BRAS] HBERF L B SRORHI Bt o

opt i onallly at&itRasRetidhidapproxintafely PIGUGANTPOSI tion of claim 66, wherein the
second stem | oop structure conprises three base pair m smatches. 68. The

conposidsl on of aflof) JBUEEell WREIR! BorhPRiRAS RR @ahcdM iRUBAGR @S @h®itRIn HORM{l ONS 9
to 1011 of the guide strand. 69. A nmethod of inhibiting furin expression
vi a RNA&xpresgof eraghsd interferches genpresid:, t he met hod conprising the steps of:
selecting the target cell; and transfecting the target cell with a
construct canbishRINr""BIGMOSE mexpeesSidnCvS&Roapdhshiid, $fhefeimahé orator splasthid

hai rpin (shRNAs) furin, wherein the bi-functional shRNA furin conprises a
first SCEWPBop structure conprising a conplete conpl enentary gui de strand
and a passenger strand and a second stem | oop structure conprising one or
nor e basepai® it digleihagidonserh opprablyeliglad ©r p aemotghevBeSin HE BISt ARS§EL i onal

RNA T STH . ' . ing furin.
ey any AR AR MR kOO P ST AR eheRasgL po LU
pai © 1 ormt dhuwond el lCaSEARRG SAEM IfeTob G SFEnF R GET A fsp o
m sgat Ghest @iced@tonRQsFirhdrobs-fighctiond khott hbhginasAe RN AT M ap@vidinRa sthiR

met hod of cl aim 69, wherein the base pair m smatches facilitate passenger
st r and tPaEAaHE frrdodya pleavagatng g spgiesering gioshasne P& By mterfergice Tihergit hod

of clai ) I §pt rbazg RAl b SREGD Q Wik gui de
st rand.tH% %f“%ﬁ%%qh%é‘ I\ho[%hi nhi bi ﬁlbgnsn#l%r I nﬁ{;g’%?esg@lyg%e 3?@3‘(&%\'&& ?an? ée?#’%%ence
in a taoggplcoaitdry glide rmathd dindoarassinggr tthendsteps edcond stem-loop structure
comprising one or more basepair mismatches of the passenger strand capable of hybridizing
15  to aregion of a mRNA transcript encoding furin, thereby inhibiting furin expression via RNA

interference; and
one or more optional vaccine adjuvants.

64.  The composition of claim 63, wherein the second stem-loop structure comprises three

base pair mismatches.

20 65. The composition of claim 63, wherein the basepair mismatches are at positions 9 to

11 of the passenger strand.

66.  An autologous cell vaccine composition for cancer treatment by inhibition of furin

expression via RNA interference comprising:

a bishRNA™"/GMCSF expression vector plasmid, wherein the vector plasmid

25  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

30 targeted site for both a cleavage and a sequestering mechanism of RNA interference, wherein
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a construct conprising one or nore GWC SF and bi functional short hairpin
(shRNAs) woronjo7ster ei n the bi-functional shRNA furin cecprisses/oeaisfsrst
stem | oop structure conprising a conplete conplementary guide strand and a
passenger strand and a second stem| o0&p structure conprising one or nore
basepai S #ﬁ}a r t ShRNA
furin hfﬁ%;ﬂl Zﬁ?chgﬂe?oshgl\%g ion lsgsenﬂﬁ{&?l?g glntgé |Sgl'tugteu%%§%19hrlgl gcd E&Hﬁlﬁteer eby

I nhi bi tdoAgldnkntary egyide sstand antlaa FESscnpérestradensd .a setond Thendswspheguabrec! ai m
74, wherein, the second Eteml oQp structure conprises th&;@}%g&zpalr

mi smat CREPIISIMEENCPR &R hiSE 6 it alp b 2 ha e A sk 9%P éhes
are at r@@%hto‘fodnﬁle\IA Qrai]igcrfbft ei]lgc;(hﬁg Mrﬁ%e’%ﬂfﬁﬁnbmng furin expression via RNA

5 interference; and
one or more optional vaccine adjuvants.

67.  The composition of claim 66, wherein the second stem-loop structure comprises three

base pair mismatches.

68. The composition of claim 66, wherein the basepair mismatches are at positions 9 to

10 11 of the guide strand.

69. 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-

15  functional short hairpin (shRNAs) furin, wherein the bi-functional sShRNA 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 sShRNA furin hybridized to a region of a mRNA

transcript encoding furin, thereby inhibiting furin expression via RNA interference.

20  70.  The method of claim 69, wherein the second stem-loop structure comprises three base

pair mismatches.

71.  The method of claim 69, wherein the basepair mismatches are at positions 9 to 11 of

the passenger strand.

72.  The method of claim 69, wherein the base pair mismatches facilitate passenger strand

25  departure by preventing Ago 2 mediated cleavage.

73.  The method of claim 69, wherein the base pair mismatches occupy positions of the

guide strand.

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

method comprising the steps of:

30 selecting the target cell; and
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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 sShRNA furin hybridized to a region of a mRNA

transcript encoding furin, thereby inhibiting furin expression via RNA interference.

75.  The method of claim 74, wherein the second stem-loop structure comprises three base

pair mismatches.

76.  The method of claim 74, wherein the basepair mismatches are at positions 9 to 11 of

the guide strand.



