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presenting cells, immune selection of antigen-loss variants, tumor induced immunosuppression,
and tumor induced privileged site. Whole cancer cell vaccines can potentially solicit broad-based,
polyvalent immune responses to both defined and undefined tumor antigens, thereby addressing
the possibility of tumor resistance through downregulation and/or selection for antigen-loss

variants.

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 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 tumor
produced and/or secreted different isoforms of transforming growth factor beta (TGF-B). The

TGF-B family of multifunctional proteins possesses well known immunosuppressive activities.
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shRNAfurin transcripts under the control of a mammalian pronoter (CW) that
drives the entire cassette. This construct is used to generate an

aut ol ogous (i.e., patient specific) cancer vaccine genetically nodified for
furin knockdown and GVt CSF expression. The construct used to produce the
FANG vaccine in the present invention includes a bifunctional

ShRNAf uri n/ GMCSF expr essi on vector plasmd conprising two nucleic acid
inserts. The first nucleic acid insert is operably |linked to a pronoter,
and it encodes a G anul ocyte Macrophage Col ony Stinul ati ng Factor (Gw CSF)
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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 present invention has two
mechanistic pathways of action, that of the siRNA and that of the miRNA. Thus, the bi-
functional shRNA of the present invention is different from a traditional shRNA, i.e., a DNA



For a nore conpl ete understandi ng of the features and advantages of the
present invention, reference is now nade to the detailed description of the
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summari zing (FIG 1A) TG-131, (FIG 1B) TG~ (32, and (FIG 1C) GV CSF
protein production before and after FANG or TAG (TAG 004) plasmd
transfection. Values represent ELISA deternmi nations of cytokine production
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one embodiment, the ShRNA may target the 3’ untranslated region (UTR) sequence of the furin

mRNA transcript.

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 acid
insert operably linked 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) and miRNA (cleavage-independent) motifs, and inhibit
furin expression in both a cleavage dependent and cleavage independent manner. Additionally,
the expression vector may target the coding region of the furin mRNA transcript, or in the

alternative it may target the 3° UTR region sequence of the furin mRNA transcript.

The present invention further provides a composition comprising a therapeutically effective
amount of cells with an expression vector. The expression of the composition comprises a cell
transfected with 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 (shRNA) capable of hybridizing to a
region of a mRNA transcript encoding furin, thereby inhibiting furin expression via RNA
interference. In one aspect the GM-CSF is human. The encoded shRNA incorporates siRNA

(cleavage dependent) and miRNA (cleavage-independent) motifs and functions as both a



FIG 11 shows the plasm d construct of FANG DETAILED DESCRI PTI ON OF THE
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i nvent i orwanetdi7swassed in detail below, it shoul d be apprast@dadisvhat the
present invention provides nmany applicable inventive concepts that can be
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the present invention the cells are xenograft expanded allogeneic tumor cells and comprises 1 x

107 cells to 2.5 x 107 cells. The composition described herein further comprises a therapeutically

effective dose of yIFN (gamma interferon), wherein the therapeutically effective dose of yIFN is

50 or 100 pg/m®.
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the features and advantages of the present invention,
reference is now made to the detailed description of the invention along with the accompanying

figures and in which:

FIGS. TA-1C show an assessment of GMCSF expression and TGF-p1 and -f2 knockdown,
summarizing (FIG. 1A) TGF-p1, (FIG. 1B) TGF-f2, and (FIG. 1C) GM-CSF protein production
before and after FANG or TAG (TAG 004) plasmid transfection. Values represent ELISA
determinations of cytokine production in harvested autologous cancer cells transfected with
FANG. Data represents autologus vaccines independently generated from 9 patients who
underwent FANG processing (FANG 001 — 009). One patient had sufficient tissue to construct
both a FANG (blue) and TAG vaccine (red) (FANG 004/TAG 004);

FIG. 2 shows the siRNA targeted regions of furin mRNA (Accession No. NM_002569).
Prospective siRNA targeting regions in 3’-UTR and encoding regions of furin mRNA and the
targeted sequence by each siRNA;

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

patients (n = 61; P = .0186);
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FIG. 4 shows a schematic diagram of GM-CSF-TGF-2 antisense plasmid;

FIG. 5 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-32 antisense vector, in vitro;

FIG. 6 shows that 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-2 antisense vector;

FIG. 7 shows that a 251 base pair probe specifically detects the GM-CSF-2A-TGF-f32 transcript
expressed in vitro in NCI-H-460 and NCI-H-520 cells (lanes 6 and 10);

FIG. 8 shows the GM-CSF expression in TAG vaccines;
FIG. 9 shows the TGF-f32 expression in TAG vaccines;

FIGS. 10A and 10B show expression of (FIG. 10A) TGF-f1 and (FIG. 10B) TGF-f2 in human

cancer lines following siRNAfurin knockdown; and
FIG. 11 shows the plasmid construct of FANG.
DETAILED DESCRIPTION OF THE INVENTION

While the making and using of various embodiments of the present invention are discussed in
detail below, it should be appreciated that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed herein are merely illustrative of specific ways to make and use the

invention and do not delimit the scope of the invention.

To facilitate the understanding of this invention, a number of terms are defined below. Terms
defined herein have meanings as commonly understood by a person of ordinary skill in the areas

TP TS
a

relevant to the present invention. Terms such as “a”, “an” and “the” are not intended to refer to
only a singular entity, but include the general class of which a specific example may be used for
illustration. The terminology herein is used to describe specific embodiments of the invention,

but their usage does not delimit the invention, except as outlined in the claims.

It is contemplated that any embodiment discussed in this specification can be implemented with
respect to any method, kit, reagent, or composition of the invention, and vice versa. Furthermore,

compositions of the invention can be used to achieve methods of the invention.
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Table 1: Abbreviations Table

Abbreviation Term

AE Adverse event

ALT Alanine transaminase (also referred to as SGPT)

ANC Absolute neutrophil count

APC Antigen Presenting Cells

AST Aspartate transaminase (also referred to as SGOT)

BUN Blood urea nitrogen

CBC Complete blood count

CD Cluster of differentiation

CMV Cytomegalovirus

CO, Total carbon dioxide

CR Complete response

CRF Case report form

CTCAE Common Toxicity Criteria for Adverse Events

CTL Cytotoxic T lymphocyte

DC Dendritic cell(s)

DTH Delayed-type hypersensitivity

ECOG PS Eastern Cooperative Oncology Group Performance Score

ELISA Enzyme-Linked ImmunoSorbent Assay

ELISPOT Enzyme-Linked ImmunoSorbent Spot

ER Endoplasmic reticulum

FANG bishRNA™™ and GMCSF Augmented Autologous Tumor Cell
Vaccine

FL Flt-3-Ligand

GM-CSF Granulocyte Macrophage-Colony Stimulating Factor

GMP Good manufacturing practice

GVAX GMCSF Secreting autologous or allogenic tumor cells

HLA Human Leukocyte Antigen

IBC Institutional Biosafety Committee

IEC Independent Ethics Committee

IL Infiltrating lymphocytes

IRB Institutional Review Board

LAK Lymphokine-activated killer

LD Longest diameter

LLC Large latent complex

MHC Major histocompatability complex

MLR Mixed lymphocyte reaction

MR Mannose receptor

NK Natural Killer

NKT Natural Killer T cell(s)

NSCLC Non small cell lung cancer

PCR Polymerase chain reaction

PD Progressive disease

PI Principal Investigator
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Abbreviation Term

PR Partial response

PS Performance Status

RECIST Response Evaluation Criteria in Solid Tumors

SCLC Small cell lung cancer

SD Stable disease

SLC Small latent complex

STMNI1 Stathmin 1

TAP transporter associated with Ag processing

TGF-p Transforming growth factor-f3

TIL Tumor infiltrating lymphocytes

TNF Tumor necrosis factor

ULN Upper limits of normal

WNL Within normal limits

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. 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.

High levels of furin have been demonstrated in virtually all cancer lines. 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. Transforming growth factors betas
(TGF-P) are a family of multifunctional proteins with well known immunosuppressive activities.
The three known human TGF-f ligands (TGF-f1-3, Accession Nos. NM_000660, NM_003238,
NM 003239.2, respectively) are ubiquitous in human cancers. TGF-f overexpression correlates
with tumor progression and poor prognosis. FElevated TGF- levels within the tumor
microenvironment are linked to an anergic antitumor response. The presence of furin in tumor
cells likely contributes significantly to the maintenance of tumor directed TGF-f1 peripheral
immune tolerance. Hence, furin knockdown represents a novel and attractive approach for

optimizing immunosensitization.
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The incorporation of a bi-functional shRNAfurin in combination with hGM-CSF into an
autologous cell vaccine is demonstrated herein to promote and enhance the immune response

based on its effect on the afferent limb of that immune response.

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; (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, 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 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) (=decoration and reversible masking/stealthing) to inhibit
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.

A Furin-knockdown and GM-CSF-augmented (FANG) Autologous Cancer Vaccine for Human
Melanoma and Lung Cancer: FANG uniquely incorporates a proprietary bi-functional small
hairpin RNA (shRNA) construct specific for the knockdown of furin, a proprotein convertase
critically involved in the functional processing of all TGF- isoforms. Prior work by the
inventors has demonstrated the effectiveness of FANG in generating GM-CSF expression and

TGF-B1 and -B2 depletion in human cancer lines.

As used herein the term “bi-functional” refers to a sShRNA having two mechanistic pathways of
action, that of the siRNA and that of the miRNA. 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.
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induction of anti-tumor immunity. When integrated as a cytokine transgene, GM-CSF enhances
presentation of cancer vaccine peptides, tumor cell lysates, or whole tumor cells from either
autologous or established allogeneic tumor cell lines [9]. GM-CSF induces the differentiation of
hematopoietic precursors into professional antigen presenting (APC) dendritic cells (DC) and
attracts them to the site of vaccination [8, 10]. GM-CSF also functions as an adjuvant for the DC
maturation and activational processes of tumor antigen capture, process and presentation,
upregulates their expression of costimulatory molecules, and their ability to migrate to secondary

lymphoid tissues for activation of CD4+, CD8+ T cells, CD1d restricted invariant natural killer T
(NKT) cells, and antibody producing B cells [11].

Recently, Hodi [12] reported that GVAX vaccination, followed by periodic infusions of anti-
CTLA-4 antibodies to modulate effector and T regulatory cell functions, can generate clinically
meaningful antitumor immunity in a majority of metastatic melanoma patients. These findings
are consistent with the thesis that vaccination with a GM-CSF-augmented autologous cancer
vaccine can successfully generate an immune mediated tumor destruction, particularly when
coupled with an adjuvant treatment that depletes FoxP3+ Tregs activity, enhances tumor
expression of MHC class I A chain (MICA) thereby activating natural killer (NK) and T cells,

and enhances central memory T-cell CD4+ and CD8+ response.

TGF-f Knockdown: Transforming growth factors beta (TGF-) are a family of multifunctional

proteins with well known immunosuppressive activities [13]. The three known TGF-f§ ligands
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expr e SETORBOHH P MLRNTEAN SERYUZFHI. knockdown is shown in FIGS. | A -1C.

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 present inventors

have successfully completed GMP manufacturing of FANG vaccine in 9 cancer patients (breast -



The capability of FANG to knockdown both TGF- 131 and -(32 is supported by
findings in the first 9 patients (FIGS. | A and 1B) who underwent vaccine
const ructworo11A7po7® vacci ne preparati ons denonstrated siPgmiudSzeansi3go

el evated | evels of G CSF (80-1870 pg/ M at day 4 of culture, nmedian of 739
pg/m). Al 9 patients denonstrated >50% reductions of TG~ (32, and 6 of 7
patients with >100 pg of endogenous TG-- 131 production al so denonstrated
>50% r eduction of this cytokine The ekpanded target effectiveness of FANG

is best ns.t i n pentq.( ) Who ahgC i ssue
to gefliérc g@gnb%’trﬁa%ﬁ%}( Tﬁ%gggiédegndl’gi%?FAm%%% n@%?g?ons % %g it %%“%gous
vacci nad TOER 13dd {fesknvekdovasis Fbwih 32F1G8d Adepl. et ed to bel ow det ect abl e

| evel s using the FANG preparation (FANG 004) froman initial concentration
of 184 RahBi1iYRLTARGG tdikfocki@hn beetGrp 1 T8k Bsorkia swh i fRe TAG
preparation (TAG 004) albeit with the expected depletion’of TG--(32. These
fi ndi PgmteopgdiGS.t he apdti&ntwial urakbnaetttageciod corseruFANG AlR8 oiapeng pegparaibnon.

Val i dati on of pioactivity of r sqnal .i FANG vacci nes: Gene
roct  REGERgRH PeBiEh e aaTHs e (eeCF T SRALRE HEel G5 ehebarhyer or
G CSaanish 8¢ bho bURHT AN paGH dbabrdpiald(P30v% ik RienOBE TIZES, LY 6 fofr N
knockdown. Cancer “pati ent autol ogous FANG vacci ne has al ready been
gener ghtchtundar> 100 camdbgdmons TIOH-S t praiuct@dn &lsé dbmofistyasdd 506 ratiuttion of
advanced solid cancers. GW CSF and TG 131, (5)2 and - (33 mMRNA and protein
expr edli gytakiice The sxpndgd daeplagiieciyenane of HANG ys Bess drRRBEaRdh bt Patiphibki ne
bi oact i f 1 Lfi.cati r+ ae _ in
= o (RO g AR (o] e S T O e B MaEARRIE
in prevAdGO&t)udireisns Bf aaedseds wacaha1eT@FIJ] @edeclyas PreOE-Soyevaendeplesalr eeni ng
to verify anti g@ni c integrity follow ng FANG nodi fication, To characterize
al

the albgleendstagatle deaets winacthe AAMNG) vemadion GANG- OO fromaNanitiAhGANSLRITAERN onl y
i npact f i ensLit i inC i P :

 phect? 08 AESAL SVIRSETSLLLe RO, BB Sl nctaoptaer
ant i t YImiG-004) Gaee: with Sieldipetigd TegtisH BPTEFSPO NTRAE/ diRR Rapsdrnthe poddnfti@rt or s
(Teff) by bl ockade of the cytotoxic T |ynphocyte-4 (CTLA-4) function may
enhan@évariggel dlikled FADGdvasting prapatgdionsuccess of the FANG vaccine. WO

2011/ 079070PCT/ US2010/ 061309 15 The FANG approach was supported by the
fi ndi nNgdidatiamod bpacirett oapesbogond o AEi IeNG witicoles:cOnsd staenidayion will be

d trated TGF-131 TGF- (32 reduyct i | evat. F | evel
(P Co achiv by B WSRAF A PRemId 3318 frordias S5ONERF ) oy pdti shor Hids say
was alosHeRAshhaheed tter Rfirs k%ﬂkﬁb@ﬁgmﬂce& %%%dadt&og&%%m%@ciﬁé AgS.

confirmng the effect of furin blockade on T 3 isoform exﬁr ession. The
i nventabeadywbden dznerdiet hadepgMPatsinditiops &dr dinfAtriag of astedts with akvanskd evld f or

i nhibiti - P i P i Si RNA t. ti it
(' o35 (s, A TP henat Cdi ek RBOGE) ol erpiondh B RSl Faned
r econBAdAT thORBaf abuaahde dﬁ@%s@.ot%ﬁﬂl@%ﬁo&%ﬂ?it% Egu&ﬁ@l'g tH 008! m8& ki8S idnORas

I
paraneters that integrated BLAST searches o human and nouse genone
dat abalsesminetithy: gromah wiutcomet inedd WNB(HFT asd RKMkef tdepersicRNed] tiae gatizagbelthai bl e

transl ated and 3' UTRs sites .FI? 2% re .test.ﬁd. Fol | owi ngﬁnlloi pof ecti.on of
CCL- 2P7CSCRRNYAHERE STV S - 8PP HERIG ! H@d%rggim‘? RCenst ket s
was sh@\a&i@nﬂgérh@%ygrgfwmﬂﬁAmG ARdifitéioR2 levels in culture _
supernat anfs wthout adversely affecting cell survival. Thus si RNA-nedi at ed
furin [ | | &t Of: s ot

| sof orrip e s B Sl BEhinClR o SR ARG Er S rARR i dfizaion,
used tonft impany plor atfesenbommusibsiNAitianebnmpiidéss, iadditfousic apppoadhes ohqoprentose f or

optim zi ng gene knockdag 61]. The si RNA conponent .is encoded as a hairpin
and eHUBRpIREHE %@e@fgéfp[étre%oa&ss%aoémgp MQLR &N IREE RO TP
strandgeg FRLhRWINY £li&RY8GRIneMgt Fe eﬂ@&él%”g%fgstb&am)cpé’det ke Mcoensiske I (Ago
2) of the -i nduced silencing conplex (RI SC, "an endonucl ease wth RNase
H | i kdymphaoyte4 (CTha-Hulivdeiant man @nlngel shet bkdmdod oé sliaisalt fuecase wp tienBANAT y
target nMRNA sequence (cl eavage-dependent process). In distinction, the

m RNA-PfRE conponent of the "bi-functional” vector incorporates nismatches
bet ween the passenger and guide strands within the encoding shRNA hairpin
in order to achieve | ower thernmodynam c stability. This configuration

al l ows the passenger strand to dissociate fromRI SC wi t hout cl eavage

(cl eavage-i ndependent process) independent of Ago 2 [62, 63], and the m RNA
gui de conponent to downregulate its target through translational

repressi on, nMRNA degradation, and sequestration of the partially
conplementary target nRNA in the cytoplasm c processing bodi es (P-body).
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m cr ot ubul e renodel i ng of the cytoskel eton and found to be upregulated in a
hi gh proportion of patients with solid cancers [64]. The bi-functi onal
shRNA comsonroctto7awhi eved ef f ecti ve knockdown agai nst STREHAIS2@SObt3DNG in a
5-1 0g dose enhanced potency of tunor cell killing as conpared with si RNA

ol i gonucl eoti des directed agai nst the sane gene target. Asimlarly

desi gned bi-functional shRNA was used to effect furin knockdown. The

bi -sh-furin consists of two stem|oopl8tructures with a m R 30a backbone;

t he fimst I i g and
passergrt /Bt SRR A S R 0 TR 3 T AT S B (e WA

m smatcohdsedtly @asdrisirated TIGF-ghdnd 2 GH-p2 helupasseamgasicvaitadaBM-CTRAdevelwv@GOr S
adopted a strat eg>é of usi nﬁ a single targeted site for both cl eavage and

sequedty &t 1 ©h Botlo de'slels andrieTelicediviiy byhRRASC ameuppassers vids flso dlemenstiedr e
ShRNA § %% gl%n{fl%gl%ﬁ? dre(agit:%% eilqls%liqe%g %Qnarﬁ%f ﬁlqees ¢ (%lrﬂier{ngrg%% %%egt%;f]furig E)E)éi(a?&/ee Q]L"Péﬁ-

focusé% a singl e 1<% rt'e i'ng y In ase e chance
for " geedfsafeRprssion. NUKE aav@idrs tvaliggkd ehé eegptpﬁcz[‘tﬁ@ﬂy- ofl RIRN MO &lig6d | RAR-
structure was put together with 10 pieces of conplenenting and

i nt er dondelowinnigr olhitlgomgiTGEefd isdasmt dupoasgion DAtaspeicget $18MNA @rgamgatteod16f 2t he

i nsert.ed was. Scr d by PCR pri r pai desi gnhe o screen, f.or the
AT e Tl AR AN R A A S e S R TR
confi riyeghiahd 8&%&@@ thO1&ddifid10Y 8d18&%on DlamdBas atht @it ShiBNBIFAIMiAghes bhT ee

i 's were constructed. The opti nal tarp/?etl ng sequence was

bi -functional s
i dent itlh¢ dwmanhend-ANGse ogenomec tdatabasea Gitpgire wrarmigkiwhiopr oY aext). CMRNAhat

Eéi Xéi#ggtﬁage ; :'%%fﬁ%ﬁ?g% i 1 s kfﬁﬁﬁ?fz:yﬁ%ﬁg%%@ﬁé\i ' ?Zﬁ?:é'r i pts; Toll owed
' [ ' . F.
{7 ansdphgb ing el e FC R KR 87 Sol Bl 6h pRss SR adirn

ri bosSQERGricR Wi dvil {qiﬁfaﬁ{édgl rRuRERGFS BRNGALRS & el URCLIIQR QJ%ehﬁ%m%A\ and

downst ream sequences, |leading to the production of two proteins froma

si ngl evidpenadvesdlyngfdctiagreel] Sifyivall faus snR&HK -arcdiat@iufodntkihatkdohe iR Affbétiviedor t o
be effective for._generating approxi mtely equal |evels of GwW CSF and

ant i -T@:dipéettoﬁléﬁélg}ﬁ-%l §n%[§ffs‘?fg€nsl’AG vacci ne, and elected to use the sane
design for FANG WO 2011/079070PCT/ US2010/ 061309 17 and protein expression
wer e rcstnrad pwpionaioand BANer A-ANduneiderfal Catecton, wasnesed yhasknespepsadottyi ty
det er %} g etl)ﬁ/d %{iﬁwAhliFéj L Oc%nglncc?‘m%\ﬁ %%Ffoarng tirqz:fn 3 gn%pgﬁ](gciagwhug?ﬂ fl?el |

| i ne we have previously charact er12ed. “Each %a Fent &8 processeg acci ne

wi | yIrdeAgonpoaf egerottCasSChafin Bl txouphssdky canplic@anhichinpegichtes of the
foll ow ng FANG nodification. cGW production of FANG FANG vaccine was
gener 2eeEnEy daginil sijands oFollaveng rdgsngs Pbihcopassaizahpiryeby HimArewante-2

i : | ect F I i - -0l
e A A e
downr egtiviat, i tha. guidartrarfd baids an ofd GbhveSRhananBEméBagxpres sShRNS sédieaSF and

TG-- (31 and 432 expression s determ ned by cytokine specifigc. colorinetric
assay (ée%ﬁa.ge\(}ﬁpqnalaleﬁ RIRCEH)- Blilwgasewne yhe @«M%#ﬂienmme%?ﬁ tth elgafqn%onarlm

act i Viyk¥o iflohratb© nfifiadciRls BBARLLN ﬁlﬁgﬁ%ﬁlg&o&ﬁt %ﬁd& QlrhiishaRhiR&RY ARREIy ed
I as diated by th

in myeloid | eukem a ce I nes, e rapid and transi ent
phos phbRNAakdigm of olPlokichgse oW therthoBRKandic 2tabBity.cBn$ cagtgurali@a-alldws ulans

of f GVt CSF- nedi at.ed K si | i y i.phi bition of the P13-Kkinase- Akt
pat ol aEy G, S gt ogey ardaiy slobrben it e s BRTYbI of o
| eukeqhdepeRddn® oA R 2968 683, and i MIIRNA SHitE REApEndM A8 dokwdirdpdlldtsl @k Qarget
cytoki ne bioactivity in prepared FANG vacci ne cul ture supernatants.

through translational repression, mRNA degradation, and sequestration of the partially

complementary target mRNA in the cytoplasmic processing bodies (P-body).

The inventors have previously demonstrated the enhanced effectiveness of a bi-functional

shRNA to knockdown stathmin (STMNI; oncoprotein 18), a protein that regulates rapid



Cytokine activities in the FANG (or control -transfected) vaccine culture
supernatants were validated by co-culture studies with erythrol eukem c
CD34+ TF-wo2a1108bd78 [ 69] and, if necessary, confirmed wprCh/ush@olbsphenot ypic
B nyel ononocytic | eukem ¢ CD1O+CD15+ MW4-11 cells [70] (ATCC, Rockville,
MD). Both of these cell |ines have been shown respond to the positive
proliferative effects of GWCSF and the negative inhibitory activity of
TG--(3 at ng/m anounts [25]. Prollfeﬂ@tlve act|V|ty will be determ ned by
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aut ol 5&%&%‘% m c[d“%%“Lt% SS&HE‘%P ‘E)B?‘ie%}‘c %fttuPWrPHg@ %i‘s t hat
this 'cﬂﬁﬁﬁféﬁtm%lm Afzoa8bstidel g‘i’i@&g@ ad it WRAanRtRpdipgany differenti al
clinical "outcone in vaccinated patients: WO 2011/ 0790 PCT/ US2010/ 061309
10 90 LA ANRHh o DENERL o] SN B3 B-LARNELARWACTHE Bl Ffe

t her apeuti cs”for “cancer tients I'g roug put gene expression array

anal ysbssinasf{ cas sicedloop tstrtuctum@ adr € ntiRe3 0ditatlevomns uhalﬁrgem@neo«m @agiuwe has

profile of FANG t{ransfecte ntrol vector-transfected canger cells.
Di fferCQWPIeé‘F ICQmPLPS%ﬂ n%rfé‘aegrﬂnﬂol?asﬁ@éﬁfarsﬁi‘? ngh ‘gﬁ‘réhecé‘?PSP e%ienéﬁ
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strong cation exchange colum (SCX) and a 2nd d n RP nano colum. The
fract iadosted astrs‘wglf tOé dsmg tacs ¢ it TR Mt O MaLIDlcavagennd (dR@stxat®D mmgesglsat es

lied Bi f ct
{heP adit: BaoRhE TR Anea BN to e restS AR Gt oo B Pt Berki Sene
expr espheodt Idl@ta[ %etlﬂ@dm&y @édﬂ@écﬁ@h B¥in! ?téesu@%ﬁﬁ@%umfmt@@g&@%ﬁmbﬁ:aw te.

Prot eogenom ¢ analysis was carried out for the purpose of determ ning the
ant i gébe ehapes tooi“sasd opquenec”dndusicd gbugrashpidents Madci ne before and after FANG
process. In addition to the validation of furin knockdown, particular

at t entliben twasstémdose dstiontuty Wwas glui negether diitl elle mi¢cab @(mpwkinmmtiog and

ant | ganepmAne SHER TR DR A Tiatse DRgrindBe Foreidr dnones
MAGE- 3crebhdd vy POR paferiaBk ldesighdd toobes FRCHRE khRXA, indetl al@d‘grléﬁtzﬂﬁfn Pesevd ed
TAAs; 3) HLA antigens and co-stinulatory nol ecul es (CD80/86) expression; 4)

pr ot eictones nyase @p@dtedoaudh@qa@mszecqﬁﬂ@g@ rat eeqiraghtalns. dHpese nT Xhl Bysed on
expr es%\cllAtﬁlndm S, {(hreeo%otgl ho%%l f NRWI v@‘ﬁ(’jcf)‘{'}l Qrwzﬂ{e%niflg%% Qo t& \Igaetm% aeqsutence

over al’l - surviv versus age
pati eriss iddntific8l; P = .0186) is shown. A schematic di agram of

GVt CSF- TG-- (32 anti sense pI asmd is represented by FIG 4. The expression

of GG ANGNGnstrh4 Gfds B0k %n%ﬂtlian?’z@mw (ERPO) thhffifesAak lenfiNSCakekte,
cont ai ni ng the pUWC3- GM 2A- TG anti sense vector, in vitrois

depi ctveth almmltar@nu@g 2M®sm@1§é:m p@tndn bEIvGen ﬁhgﬁMﬁSﬂ@drtb@l fuftn rfunetionar- ( 32
| evel s Cl - H-460 ua NCl=.H 520, Lar th
t he p Qfﬂﬁaw Cﬁ% %ﬁﬁgetal\gec LS P © ‘%F the %rws?q-t% Eg{ base

pair mg@b@a@p@@fl cally detects the Gw CSF-2A- TG (32 transcrl pt expressed
invitroin NCl-H 460 and NCl -H 520 cells (lanes 6 and 10). FIGS. 8 and 9

shows 1h&ei Vb Sofcoadird GA (sé’%w%w BSS nAONAD cAdss VARSIM&So {185 I8Gidivglof-a WO
2011/ 079070PCT/ US2010/ 06130
peptide bond at the junction of the 2A and downstream sequences, leading to the production of
two proteins from a single open reading frame [67]. The inventors found that the 2A linker to be
effective for generating approximately equal levels of GM-CSF and anti-TGF-f transcripts with

the TAG vaccine, and elected to use the same design for FANG.

cGMP FANG vaccines: Cancer patient autologous FANG vaccines were generated under cGMP

conditions for use in clinical trials. Human GM-CSF and human TGF-f1, -p2, and -$3 mRNA



19 FIG 10A shows the expression TGF-131 in human cancer lines follow ng
si RNAfurin knockdown. Simlar expression profile for TG (32 is shown in
FI G 10B.wBl2@1/a78hows the plasm d construct of FANG | PCmuskotoseisnger st ood
that particul ar enbodi nents descri bed herein are shown by way of
illustration and not as limtations of the invention. The principal
features of this invention can be enpl oyed in various enbodi nents w t hout
departing fromthe scope of the invenifon. Those skilled in the art will

" 000 Syroffn REpABIGh (Rs@IAERHR NSNS AHELERNAHdi AHIAC and cytokin
experimentation, nunerous equivalents to the specitic procedures described
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CAB. Continuing with this exanple, expressly included are conbi nations that
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description may vary wi'll depend on how great a change can be instituted
and stNITT abrayd6®lne of ordinary skilled in the art recogni ze the nodified
feature as still having the required characteristics and capabilities of

t he uMmodotipiedprofist unelysik nofg&ANG@I mobifiicatsanhj Boin tkmothkdowor dikelgi ngpacts the
di scussion, a nunerical value herein that is nodified by a wrd of
appr oXKAEESIoh YuOHeAsProRyyLTUDsEES ViR, e ofdfgeheseqr s d I AGHIBY 1o TPEALt 1,
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exper ideennhated drom rahdeg Iphtiafts, tihehgp resenbhatdhis ahfosmaton Wy | te ddatnl cowpdsithd ons
and nethods of this. jnvention have been described in ternms of preferred
emboditarEEnding apy fiteERTah S OUEGTE B HRIGRA T r (he art ¢ hat
variations may be applied to the conpositions and/or nethods and in the
steps or in the sequence of steps of the nethod described herein wthout
departing fromthe concept, spirit and scope of the invention. Al such
simlar substitutes and nodifications apparent to those skilled in the art
are deenmed to be within the spirit, scope and concept of the invention as
defined by the appended cl ai ns.
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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.

In FIG. 3 the overall survival for Cohort 1 versus Cohorts 2 and 3 for advanced-stage patients (n
= 61; P = .0186) is shown. A schematic diagram of GM-CSF-TGF-B2 antisense plasmid is
represented by FIG. 4. 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 1s depicted in FIG. 5.

Data presented in FIG. 6 shows the reduction in TGF-f2 levels in NCI-H-460 Squamous Cell
and NCI-H-520, Large Cell (NSCLC) with the pUMVC3-GM-CSF-2A-TGF-f32 antisense vector.
FIG. 7 shows that a 251 base pair probe specifically detects the GM-CSF-2A-TGF-f32 transcript
expressed in vitro in NCI-H-460 and NCI-H-520 cells (lanes 6 and 10). FIGS. 8 and 9 shows the
GM-CSF and TGF-f2 expression in TAG vaccines, respectively.
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experimentation, numerous equivalents to the specific procedures described herein. Such

equivalents are considered to be within the scope of this invention and are covered by the claims.

All publications and patent applications mentioned in the specification are indicative of the level
of skill of those skilled in the art to which this invention pertains. All publications and patent
applications are herein incorporated by reference to the same extent as if each individual
publication or patent application was specifically and individually indicated to be incorporated

by reference.

The use of the word “a” or “an” when used in conjunction with the term “comprising” in the
claims and/or the specification may mean “one,” but it is also consistent with the meaning of

EE 1Y

“one or more,” “at least one,” and “one or more than one.” The use of the term “or” in the
claims is used to mean “and/or” unless explicitly indicated to refer to alternatives only or the
alternatives are mutually exclusive, although the disclosure supports a definition that refers to
only alternatives and “and/or.” Throughout this application, the term “about” is used to indicate
that a value includes the inherent variation of error for the device, the method being employed to

determine the value, or the variation that exists among the study subjects.

As used in this specification and claim(s), the words “comprising” (and any form of comprising,
such as “comprise” and “comprises”), “having” (and any form of having, such as “have” and
“has”), “including” (and any form of including, such as “includes” and “include”) or
“containing” (and any form of containing, such as “contains” and “contain”) are inclusive or

open-ended and do not exclude additional, unrecited elements or method steps.

The term “or combinations thereof” as used herein refers to all permutations and combinations of

the listed items preceding the term. For example, “A, B, C, or combinations thercof” is intended
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will depend on how great a change can be instituted and still have one of ordinary skilled in the

art recognize the modified feature as still having the required characteristics and capabilities of

the unmodified feature. In general, but subject to the preceding discussion, a numerical value

herein that is modified by a word of approximation such as “about” may vary from the stated

value by at least £1, 2, 3,4, 5, 6,7, 10, 12 or 15%.

All of the compositions and/or methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the compositions and
methods of this invention have been described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be applied to the compositions and/or
methods and in the steps or in the sequence of steps of the method described herein without
departing from the concept, spirit and scope of the invention. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the spirit, scope and

concept of the invention as defined by the appended claims.
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9. The expression vector of claim1l1l, wherein the region targeted by the
shRNA is the 3' UTR region sequence of the furin nRNA transcript. 10. The
expr essi omovertpo7of claim 1, wherein the region target @dThp2el0e68hRNA | s
the coding region of the furin nRNA transcript. 11. A bi shRNAf expression
vector conprising: a nucleic acid insert operably |linked to a pronoter,
wherein the insert encodes one or nore short hairpin RNAs (shRNA) capabl e
of hybridizing to a region of a nRNA 2¥anscri pt encoding furin, thereby
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17. A conposition conprising a therapeutically effective amount of cells

Wi th an expression vector conprising: a cell transfected with a first
nucl ei c awod0imEer® operably |inked to a pronoter, wherecm/ush@ofsre? i nsert
encodes GVt CSF and 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 hybridizing to a region of a nmRNA transcript encodi ng
furin, thereby inhibiting furin expre%glon via RNA interference. 18. The
conpo |.aim 17, wherein the GMWCSF is human. 19. The conposition
of cl 3?%??€d9%%§fg.n the ShRNA |ncorporates si RNA (cl eavage dependent) and
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2& Eﬁ%@q‘gs g(ﬂ?lﬁ%% CXPIY Gdib Vector 1asm1

mhereln th eavage epen én agcleavage |ndependent

nhi bitor of furin.e e osition of c rein
e SHRRA! fucllls 14 AGa PRt aslfﬁkeﬂ.tofm "@ﬁfilwlieﬁw T3 el <ofiBoa £ on
of cl aydhdide m&ﬁipﬂlage ObIeRY Bﬁﬁiu[a%hg%ﬁctbf Qos0RF) GRUR; peptide is

|ntercalate between the first and the second nuclelc acid inserts. WO

2011/ %7S%QJIRP&EE/1&§§8&%5%FJ(§Q%%Q liniedt toFH@ Rfo%masw heRih ‘EHe s%L&}idmn% ﬁﬁ{!‘&ﬁése the
pronoter 1s a n pronoter, ancer ang I ntron.
conposint i anmofe ghiomi hnitpin RNAs gsIRNAg qap@le) mftlgfrbgdtzatg by at ﬂegmshm mBNphe 3'
UTR 1 %gdlngcrr]ip’? gl(l:lcu %PncgefugL t&lgr%b; lljl{llllbnltllrlrg mt erx%pessgigrll Q/Ea' RNA interference.

2. The expression vector of claim 1, wherein the GM-CSF is human.

3. The expression vector of claim 1, wherein the shRNA incorporates siRNA (cleavage

dependent) and miRNA (cleavage-independent) motifs.

4. The expression vector of claim 1, wherein the shRNA is both the cleavage dependent and

cleavage independent inhibitor of furin expression.

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

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

8. The expression vector of claim 7, wherein the CMV mammalian promoter contains a

CMYV IE 5° UTR enhancer sequence and a CMV IE Intron A.

9. The expression vector of claim 1, wherein the region targeted by the shRNA is the 3’
UTR region sequence of the furin mRNA transcript.

10.  The expression vector of claim 1, wherein the region targeted by the shRNA is the coding

region of the furin mRNA transcript.
11. A bishRNA™™ expression vector comprising:

a nucleic acid insert operably linked to a promoter, wherein the insert encodes one or more short
hairpin RNAs (shRNA) capable of hybridizing to a region of a mRNA transcript encoding furin,

thereby inhibiting furin expression via RNA interference.



25. The conposition of claim 17, wherein the region targeted by the shRNA
Is the coding region of the furin nRNA transcript. 26. The conposition of
cl ai m 17, wotherigi7ooohe cel | s are aut ol ogous tunor cel |l s. PC2US2010®61309
conposition of claim17, wherein the cells are xenograft expanded

aut ol ogous tunor cells. 28. The conposition of claim17, wherein the cells
are allogeneic tunor cells. 29. The conposition of claim 17, wherein the
cells are xenograft expanded al | ogenef® tunor cells. 30. The conposition

of clabm 1%; L; i tjo I X; I 07
cel | sab' 31&@%%%%%%&??&%%% cl 1all W%%&%%?@%At ﬁé%S%géSsﬁﬁ%n&f‘ %rv té%%r
conpr idependant) hed apRNA (kb jgcahigendane) aosl. of ylI FN (gamma interferon). 32.
The conposition of claim31, wherein the therapeutically effective dose of
yI FN i18. 50 Toie ek@fbs§ib@Ab&or of claim 11, wherein the shRNA is both the cleavage dependent

and cleavage independent inhibitor of furin expression.

14. The expression vector of claim 11, wherein the shRNA is further defined as a bi-

functional shRNA.

15.  The expression vector of claim 11, wherein the region targeted by the shRNA is the 3’
UTR region sequence of the furin mRNA transcript.

16.  The expression vector of claim 11, wherein the region targeted by the shRNA is the
coding region of the furin mRNA transcript.

17. A composition comprising a therapeutically effective amount of cells with an expression

vector comprising:

a cell transfected with 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 (shRNA) capable of
hybridizing to a region of a mRNA transcript encoding furin, thereby inhibiting furin expression

via RNA interference.
18. The composition of claim 17, wherein the GM-CSF is human.

19.  The composition of claim 17, wherein the shRNA incorporates siRNA (cleavage
dependent) and miRNA (cleavage-independent) motifs.

20.  The composition of claim 17, wherein the shRNA is both the cleavage dependent and

cleavage independent inhibitor of furin expression.

21. The composition of claim 17, wherein the shRNA is further defined as a bi-functional

shRNA.

22.  The composition of claim 17, wherein a picornaviral 2A ribosomal skip peptide is

intercalated between the first and the second nucleic acid inserts.
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23.  The composition of claim 17, where the promoter is a CMV mammalian promoter,

enhancer and intron.

24.  The composition of claim 17, wherein the region targeted by the shRNA is the 3 UTR

region sequence of the furin mRNA transcript.

25.  The composition of claim 17, wherein the region targeted by the shRNA is the coding

region of the furin mRNA transcript.

26.  The composition of claim 17, wherein the cells are autologous tumor cells.

27. The composition of claim 17, wherein the cells are xenograft expanded autologous tumor
cells.

28.  The composition of claim 17, wherein the cells are allogeneic tumor cells.

29.  The composition of claim 17, wherein the cells are xenograft expanded allogeneic tumor
cells.

30.  The composition of claim 17, wherein the composition comprises 1 x 107 cells to 2.5 x
107 cells.

31.  The composition of claim 17, wherein the composition further comprises a

therapeutically effective dose of yYIFN (gamma interferon).

32.  The composition of claim 31, wherein the therapeutically effective dose of yIFN is 50 or
100 ug/m”.



