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ANTIGEN PRESENTING CANCER VACCINE WITH GAMMA INTERFERON

Related Applications

Q0011 This application claims the full Paris Convention priority to and benefit of
WS, Provisional Application No. §1/549,631, §ied on Oclober 20, 2011, and U8,
Provisional Application no. §1/554,304, filed on February 2, 2012, which are
incorporated by this reference, as F fully set forth in their entirety herein,

Fiald
{0002] The present disclosure relates 1o freating melanoma, screening subjects
suitable for reatment, compositions of matter, methods and Kits.

Background

{0003] Cancer is distinguished by the lack of effective immune response against
the cancer. Lack of nmiunie response can result, for example, from the fact that
many Wumaor antigens are "seif-antigens,” from lack of expression of MRC by the
twmor celis and consequent {ack of prasentation of tumor antigens by the tumor cells,
from the association of macroghages with tumors where the macrophages express
cviokines that reduce Immune response, and from the immunosuppressive aotivity of
T reguiatory cells {Tregs). Lack of immune response against umors also resulls
from the fact that tumor cells tend not to express moleculss that stimulate innate
immune responseg, that is, moelscules that stimulate toll-like receplors {(TLRs) or
nucipotide-binding oligomerization domain (NOD)-Hke receptors). Cancer
gncompasses sohid tumors as well as the hemalological cancers, such as the
leukemias and the myelodysplastic syndromes.

fBG041  The immune sysiem encompasses celiviar immunily, humeoral immunity,
and complement response.  Cellular immunily includes a network of cells and events
involving dendritic ceits, CD8” T cells {cytotoxic T ceils; cytotoxic lymphocytes), and
CD4™ T celis (helper T cells). Dendritic celis {(DCs) acquire polypeptide antigens,
where these antigens can be acquired from oulside of the OC, or blosynthesized
inside of the DO by an infecling organism. The DC processes the polypeptids,
resulting in peptides of about ten aming acids in length, frensfers the peplides to
either MHC class | or MHC class i {o form a complex, and shulties the complex io
the surface of the DO, When a DC bearing a MHC class i/peptide complex contacts
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a CD8™ T cell, the result is activation and proliferation of the CD8™ T cell. Regarding
the role of MHC class i, when a DC bearing 2 MHC class ilfpeptide complex
contacts & CD4” T cell, the cutcome is activation and proliferation of the CD4™ T celi
{(Munz, etal {(2010) Curr. Opin. Immunol. 22:88-83; Monaco {1985} J. Leukocyte
Biol. 57:543-547; Robinson, el al (2002) Iimmunciogy 105:252-282). Although
dendritic cells presenting antigen to a T cell can "activate” that T cell, the activated T
cell might not be capable of mounting an effective immune response. Effective
immune response by the CDE' T cell often requires prior stimulation of the DC by
one or more of a number of interactions. These inferactions include direct contact of
a Q04" T call to the DT {(by way of contact the OD4” T cell's CD4D Sigand to the DC’s
CD40 recepior), or divect contact of a8 TLR agonist {o one of the dendritic ¢elf's
toli-like receptors {TLRs).

{00081 Humoral immunity refers to B cells and antibodiss. B cslls becoms
ransformed o plasma celis, and the plasma cells express and secrete antibodies.
Nalve B cells are distinguished in that they do not express the marker CD27, while
antigen-speciiic B cells do express CD27 (Perez-Andres, et al. {2010) Cytometry
Part B 788 (Suppl. 1) 847-580). The secreted antibodies can subssquently bind to
wmor antigens residing on the surface of tumor cells. The result is that the infected
calls or tumor celis become tagged with the antibody, With binding of the antibody to
the infected cell or tumor cell, the bound antibody mediates kiling of the infected cell
or wmor cek, where Killing is by NK celis. Although NK cells are not configured o
recognize specific target antigens, in the way that T cells are configured 1o recognize
targel antigens, the ability of NK cells {0 bind {¢ the constant region of antibodies,
enables NK cells to speaifically kil the cells that are {agged with antibodies. The NK
cell's recognition of the antibodies is mediated by Fo receptor (of the NK cell) binding
to the Fo portion of the antibody. This type of kiing is called, antibody-dependent
cell cytotoxicity (ADCC). NK cells can also kil cells independent of the mechanism
of ADCC, where this killing requires exprassion of MHE class | to be iost or deficient
it the target cell (see, 2.g., Calighy (2008} Blood 112:481.460).

{0008] The technique of "delayed fype hypersensitivity response” can be used o
dislinguish between immune responses that maindy involve cellular immunity or

mainly involve humoral immunity. A positive signal from the delayed type
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hypersensitivity response indicates s celiular response (see, 8.9., Roychowdhury, &
al. {2005} AAPRS J. EB34-E848},

0007 Aulophagy is a homeosiatic process by which cytosolic components and
organciies are delivered to the lysosome for degradation. Auiophagy is aiso
associated with innale and adaptlive immune responses o intraceiiular pathogens
whereby cylosolic antigens are loaded onlo major histocompatibility complex (MHGC)

class It motecules for CD4™ T-cell recognition.
Description

{0008] As used herein, including the appended claims, the singular forms of words

Wy

such as "a," "an,"” and "the” include their corresponding plural references unless the
context clearly dictates otherwise. All references ciled herein are incorporated by
reference {o the same extent as if each individual publication, patent, published
patent application, and sequance lHisting, as wail as figures and drawings in said
publications and patent documents, was specifically and individually indicated to be

ncorporated by reference.
Summary of the Disclosure

{0008] The present disciosure provides a method for preparing a dendrific cell
vaccing, compriaing frealing melanioma cells acquired from a first subject with an
agent that prevents cell division, trealing the melanoms ceils with [FN-.gamma or an
{FN-gamma mimelic, selecting melanoma celis that are autophagic and
non-apopiolic melanoma cells, and contacting the selected melanoma cells with
autclogous dendritic celis from the same first subject. Also provided is a composition
that comprises a dendrilic oell vaceine, as prepared by the above method. Whatis
alsc provided by the disclosure is a method for stimulgting immune response against
a melanomsa-spacific antigen, compnsing administering the above composition o a
subject that has melanoma.

Q0101 A vacone comprising a popuiation of mammalian dendritic celis from a
given subject that is diseased with melanoma and wherein the subject comprises
melanoma cells, whereiln the melanoma cells comprised by the subject include
melanoma cells that are autophagic and non-apoptotic when treated in vitro with
IFN-gamma or IFN-gamima mimetic, wherein the dendritic cells comprise melanoma-

specific peplide antigens, wherain said melanoma-specific peptide antigens are
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acguired in vitro by dendritic ceils in from said melanoma cells, wherein greater than
50 percent (%) of the melanoma-specific peptides comprised by the dendritic cells

1

are from melanoma celis that are autophagic and non-apoptotic, wherein less than
40 percent {%) of the melanoma-specific peptides comprised by the dendritic oslis
are from melanoma cells that are non-aulophagic and apopiotic, and whersin the
dendritic cells and melanoma cells are from the same subject. What is provided is
the above population of dendritic cells, wherein the autophagic and non-apoplotic

mejanoms oells are acquirsd by adhesion {o a surface.

00141 Disclosed is a vaccine, wherein, in some instances, greater than 80% of the
malanoma-specific peptides are from melanoma cells are aufophagic and non-
apoptotic, and wherein less than 20% of the melanoma-specific peptides ars from

metanoma celis that are non-aufophagic and apoptotic.

{0012] Disciosed is 3 vaccine, whereln, in some instances, greater than 80% of the
melanoms-specific peplides are from melanoma cells are autophagic and non-
apoptotic, and wherein less than 10% of the melanoma-specific peplides are from
melanoma cells that are non-autophagic and apoptotic.

{00431 DUisciosed s a vacoing, wherein, in some insiances, essentially all of the
melanoma-specific peptides are from melanoma cells that are incapable of cet

division.

{0014]  Disclosed is a vaocing, wherein, in some instances, assentially all of the
melanoma-specific peplides are from melanoma cells that are incapable of ceil

division hecause the melanamsa oelis awe irradiated.

[0045] Disclosed is a vaccing, wherein, in some instances, essentially all of the
melanoma-specific peptides are from melanoma cells that are incapable of cell
division because the chromosomes of the melanoma cells are cross-inked by a
nucteic acid cross-linking agent.

[0018]  Disciosed s a vaccine, whersin, in some inslances, gl of the melanoma-
specific peplides ars Form melanoma cells that are IFN-gamma-trealed, or

iFN~gamma mimetic-treated melanoma cells.

{0017] Disclosed i g vaceine, whersin, in some instances, all of the melanoma-
specific peptides are from melanoma cells that are not IFN-gamma treated, and are
not IFN-gamma mimetic-reated, melanoma cells.
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10018] Uisclosed is a vaccine, wherein, in some instances, there is a first number
of melanoma-specific peptides from melanoma cells that are autophagic and non-
apoplotic, and wherein there is a second number of melanoma-spectfic peplides
from meianoma cells that are non-autophagic and apoptotic, and wherain said first
rumber and second number both refer to the number of melanoma-specific antigens
that is one of S-100, HMB-45, Mel2, Melan-A, Mel-b, MAGE-1, MART-1, or
Tyrosinase, and wherein sald greater than 80 percent (%) is derwved from the first
number and wherein sald lesser than 40 percert (%) is derved from the second

number.

{0018] Disclosed is a vaccing, wherein, in some instances, there is a first number
of melanoma-specific peplides from melanoma celis that are autophagic and non-

apoplotic, and

{0028 Wherein there is a second number of melanoma-specific peplides from
melanoma cells that are non-autophagic and apogtotic, and wherein said first

umber and sscond numbsr both refer fo the number of melanoma-specific antigens
that is two of $-100, HMB-45, Mel-2, Melan-A, Meil-5, MAGE-1, MART-1, or
Tyrosinase, and wherein said greater than 60 psr&ni {%} is derived from the first
numnber and wherein said lesser than 40 percent {38) is derived from the second
number,

{0021] Disclosed is a vaccing, wherein, In some instances, there is a first number
of melanoma-specific peplides from melanoma cells that are autophagic and non-
apoptotic, and wherein there is a second number of melanoma-specific peptides
from melanoma cells that are non-autophagic and apoptotic, and wherein said first
rumber and second number both refer to the number of melanoma-specific antigens
that i three of S-100, HMB-45, Mel-2, Melan-A, Mel-§, MAGE-~1, MART-1, or
Tyrosinase, and wherein said greater than 80 percent (%) is derived from the first
number and wherein said lesser than 40 percent (%) is derived from the ssecond
number. Other embodiments make use of four, five, six, seven, or sight of the
recited antigens. Also encompassed, is use of 3 iolally different melanoma-spacific
antigen.
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100221 Disclosed i3 a vaccing, whersin, in some inslances, essentially all of the

melanoma-speciiic peptides are from melanoma cells that are IFN-gamma-ireated

misianoma oalls.

100231 Disclosed is & vaccine, wherein, in some instances, essentially alt of the
melanoma-specific peplides are from melanoma cells that are freated invitro to be
ncapable of cell division, What is also embraced, is the above vaccine whergin the

given sitbject is a human subject.

10024} in addition, the disciosure provides vaccines, wheraein the given subjectis a

marnmat that is not human,

[0025] Disclosed s a method for stimulating an immune response against a
melanoma-specific antigen, comprising adminisienng an immune-stimulatory amount
of the above vaceoine 10 a subject.

[0028] Disclosed is a method, whereln the immune response that is stimulated
comprises one or more of CD4™ T cell response, CD8' T cell response, and B celf

response.

100271 Disclosed is 3 method wherein the CB4™ T cell response, CD§™ T cell
response, of B cell response, can be measured by ELISPOT assays, by infracellidar
cytokine staining assays, by tetramer assays, or by detecting antigen-speciic
antibody production.

10028} Disclosed is a method wherein the Immune response comprises a survival
time that comprises Z-year overall survival {O8), and where the 2-year overall
survival is at least 80%.

[0029] Furthermore, what is provided is the above method wherein the
administration comprises subcutaneous injections of the vaccine.

[0030] Disclosed is a method wherein the administration comprises injections of
the vaccine given weekly for three months and then monthiy for five months.
[0031] Disclosed is a method for preparing a dendritic celi vaceine.

10033 Disclosed is a8 method for preparing a dendritic cell vacoing involving
melanoma celis and dendrific cells from the same subject, wherein one or more
melanoma cells is treated with an agent that prevents cell division, wherein the one

or more melanoma celis is treated in vitro with interferon-gamma (iIFN-gamma) or

(4]
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with an {FN-gamma mimetic, whersin melanoma cells that are autophagic and
non-apopiofic are selected, whereln melanoma cells that are non-autophagic and
apopiotic are rejected, and wherein the melanoma celis that are autophagic and
non-apoptolic are provided 1o one of more aulclogous dendritic cells, or wherein
peptides derived from the melanoma cells that are autophagic and non-apoptotic are

provided {¢ one or more autologous dendritic cells,

{0033 Disciosed is a composition comprising at least one interferon (IFN}-gamma-
treated melanoma cell from a first sublect, and at least one antigen presenting cell
{APCs) from the same first subject, wherein the melanomas cell is! autophagic; non-
apoptolic; and MHC class H-expressing. In another aspect, what is encompassed s
the above composition, wherein the IFN-gamma-treated melanoma cell is fvaded
into the ARPC; as well as the above composition, wherein the FN-gamma-trealed
metanoma cell is not loaded into the APC. In another aspect, what is embraced is
the above composition wherein the melanoma cell is from a subject with Slage |
Stage i, Stage i, or Stage IV melgnoma. Additionally, what s confempiated is the
above composition, related kits, and related methods, wherein the APC comprises at
least one denaritic cell.

8024  In one aspect, the pharmaceutical composition, reagent, and related
methods, of the present disclosure uses a preparation of cancer celis that, afler IFN-
gamma treatment, is 7-AAD negative and annexin V negative. This population can
be, e.g., about 88% 7-AAD negative and about 88% annexin V negative, or at least
95% 7-AAD negative and at laast 85% annexin V negalive, or at least 80% 7-AAD
negative and at least 80% annexin V negative, 1o provide non-imiting examples,

{0035 Furthermore, what is embraced s the above composition, wherein
autophagy is demonsirated by a lest that assays microlubule-associated profein light
chair 3 (LC3); and the above composition, wherein the celis are demonsirated 1o be
non-apoptolic using at least one of the reagent, 7-aminoactinomyein B {(7-AAD), or
the reagent, annexin.

10038] In methods aspects, what is provided a method of manufacturing the above-
disclosed composition, comprising removing at least one melanoma cell Fom the first
sublect, remnoving at least one ARPC from the first subject, and allowing the
metanoma cell to contact the APC, as well as a method for stimulating immune

g
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rasponse against 3 melanoma in & subject or patient, comprising administering the
above composition of 10 a subjsct

00371 Disciosed s a method, wherein the melanoma cadis from the patient are
non-apoptolic, are autophagic, and wherein the melanoma cells respond 1o added
iFN-gamma by sxpressing MHC class i) as well as the above method, wherein the
malanoma cells are irradiated prior fo loading on antigen-presenting cells.

(00381 Disciosed is a method for trealing a melanoma in a mslanomsa patient,
comprising determining that the msignoma cells are insansilive {0 the pro-apopiotic
gffects of IFN-gamma, and administering one or more of the above compositions to a

subject.

100381  In another aspect, what is provided is a method for stimulating or enhancing
an immune response against a melanoma in a melanoma patient, comprising
determining that the melanoma ceils are insensitive fo the gro-apoplotlic effects of
{FN-gamma, and administering one or more of the above-disclosed composifions {o

subject Also supplied, is the above method, wherein the immune response is one
of more of humoral immune response, cellidar immune response, and imate
Mmune responss,

00407  Ina kit aspect, the present disclosure provides a kit for testing immune
response against a Wimor antigen in a subject, whersin the subject s treated by one
or more of the above methods, and wherein the kit comprises a reagent that dstects
numoral immune response, celtular immuns response, or innale IMmMUne responss,

Pefinitions

10041 immune-stimulatory amount, without limitation, can be an amount that
ncreases ELISPOT assay results by a measurable amount, that increases {C8
assay resulis by a measurable amouni, that increases fetramer assay resuits by 8
measurable amount, that increases the blood population of antigen-specific 004 T
cells by @ measurable amount, that increases the blood population of
anfigen-specific CDB' T cells by a measurable amount, or where the increase is by
at least 10%, 20%, 30%, 40%, 50%, 680%, 70%, 80%, 90%, 100%, 1.5-%oid, 2.0-fold
3.0-fold, and the tike, when csmpared to a suitable control. A sullable control can
be a control vaceing, where dendritic cefis are not loaded with melanoma cells, or

are not loaded with paptide derived from melanoma celis.
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{80427 The term "melanoma-specific antigen” encompasses antigens that are
fraquently associated with melanoma, and where the antigen is considered to be
unigue to melanoma, as cpposed io being associated with other cancers, and in
addition, the term "melanoma-specic antigens” encompasses antigens that are
frequently associated with melanoma, and where the antigen is also associated with
other types of cancer, such as breast cancer, colorectal cancer, and the like.

0043} “hradiated,” in the context of irradiating melanoma cells for the present
disclosure, is preferably by gamma-irradiation, but also encompasses irradiation by
x-rays, electrons, neutrons, protons, electromagnetic irradiation, visible light,
ultraviolet light, and so on. In one aspedt, the irradiation functions to prevent cell
division of the melanoma cells. In another aspect, the iradiation prevents cell
division, but also denatures cellular proteins. As an alternative o irradiation, the
present disclosure prevents ceil division of melanoma cells by way of physical
disruplion, e.g., sonication, cavitation, dehydration, ion depletion, or by {oxicly from
exposure {0 one of more salls,

{0044] interferon-gamma {(IFN-gamma), in the present disclosure, induces
autophagy. As an altermative, or in addition, awtophagy inducers such as mTOR
nhibitors, and mTOR-independent reagents can be used. mTOR inhibitors suitable
for the prasent disclosure include, e.g., rapamycin, tamoxifen, torind, temsiratimus,
evarolimus, KK stimulation, MAPK kinase inhibitors, MEX1/2 inhibitors, dehydration,
and stress-activated molecules such as JNK1 that are induced by starvation.
mTOR independent reagents include low inositol-riphosphate (1P3) levels induced
Dy lithium, carbamazeping, and valproic acid, or low ntraceliular calcium caused by
exposure to L-iype caloium channe! anfagonists such as minoxidil, Cther mTOR
independent reagents include chemical inhibition of calpain {calpastatin,
spingalipids (51P), and raactive oxygen such as hydrogen peraxide, e.g., as induced
by starvation of hypoxic conditions.  One or more of these reagents is provided for
use, instead of IFN-gamma or instead of an IFN-gamma mimetic. See, e.g.,
Ravikumar ot af {2010) Phys. Revs. 80:1383-1435.

100458} The term “percent,” as in “greater than 50% of the melanoma-specific
peptides,” refers 1o the number of peptide molscuies, and not o the number of
different antigenically distingt peptides. The term “percent,” as in "greater than 80%
of the melanoma-specific peptides.” refers to the number of peptide molecules, and
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not to the number of different antigenically distinet peptides. The ferm “percent” as

i “tess than 40% of the melanoma-specific paplides,” refers {o the number of

peptide molecides, and not {o the number of antigenically distinct pephides. The term
“percent,” as in “less than 20% of the melanoma-specific peplides,” refers to the
number of paplice molecules, and not 1o the number of antigenically distingt

paplides, and the liks.

{0048 The term “peptides,” as in “greater than 0% of the melanoma-specific
peptides” refers to the sum of the number of peplide molecudes, oligopeptides
moiecules, and polypeptide molecules. The term “peplides,” as in “greater than 80%
of the melanoma-specific peplides,” refers {0 the sum of the number of peptide
malecules, oligopeptides molecudes, and polypeptide molecudes. The term,
‘peptides,” as in “less than 40% of the melanoma-specific peptides,” refers to the
sum of the number of peplide moleculss, cligopeptides molecules, and polypeptide
molecuies. The ferm, "peptides,” as in "less than 20% of the melanoma-specific
peptides,” refers to the sum of the number of peptide molecules, cligopeptides

malecules, and polypeptide molecules, and the like.

fo047] The lerm "biased lo being sulophagic and non-apopiotic” refers (o cancer
oelis, for example, melanoma cslis, that when treated in vitro with IFN-garmma, are at
least 80%, al least 70%, at least 80%, at least 80%, at least 95%, at \east 98%,
autophagic and non-apoptotic, Note ihe foliowing difference in the terminology used
to refer to various melanoma celis: cells that ars autophagic and non-gpoptotic are
net the same as celis that are non-autophagic and apoptotic.

[6048] "Derived from,” in the context of peptides derived from one or more cancer
celis, encompasses the following. The cancer cell can be broken, for example, by 8
homogenizer or by ocamotic bursting, resuiting In @ crude extract. Peplides,
oligopeptides, and polypeptides of the crude extract can be exposed {o dendritic
celis, foliowed by processing of the peptides by the dendiitic cells.  Derived from
also encompasses providing dendritic cells with intact cancer cells, where the cancer
celis are living, or where the cancer cells have been treated with irradiation but are
still metabolically active, or where the cancer ¢eils have been freated with 2 nudleie
acid cross-linking agent but are still metabolically active. "Derived from” includes
mikiures of cancer cell debris, free cancer cell proteins, and madiated cancer celis,

that are taken up by dendritic cells, and therefore are derived from the cancer cells.

16
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[0048] "Admirdsiration” as it applies ip a human, mammal, mammalian subject,
animal, veterinary subject, placebo subject, research subject, experdmental subject,
cell Hssue, organ, or biclogical Huld, refers without limitation o contact of an
exogenous igand, reagent, placebo, small molecule, pharmaceutical agent,
therapeutic agent, diagnostic ageni, or composition 1o the subjscl, cell, issus, organ,
or biclogica! figld, and the like. "Administralion” can refer, e.q., o therapsutic,
pharmacokinetic, diagnostic, research, placebo, and experimental methods.

Treatment of a cell encompasses contact of a reagent to the cell, as well as contact

<

f a reagent to a fluid, where the fluid is I contact with the cell. "Administration” alse
encompasses in vitre and ex vivo treatments, e.g., of a cell, by & reagent, diagnostic,

binding composition, or by another gell,

{00507 An"agonist” as itrelates o a ligand and recsptor, comprises a molecule,
combination of molecules, a complex, or a combination of reagents, that stimulates
the receptor. For example, an agonist of granulocyte-macrophage colony stimulating
factor (GM-CSF) can encompass GM-CSF, a mutein or derivative of GM-CEF, &
peptide mimetic of GM-CSF, 3 small molecule that mimics the biclogical function of
GM-CSF, or an antibody that stimulates GM-CSF recepior. An antagonist, as i
refates (o a figand and receptor, comprises a molecule, combination of molecules, or
a complax, that inhibits, counteracts, downreguiates, andfor desensitizes the
recepior. "Antagonist” encompasses any reagent that inhibits a constitulive activity
of the receptor. A constitutive activity is one that is manifest in the absence of 8
Hgandfreceptor inferaction. "Antagonst” also encompasses any reagent that inhibils
o prevents a stimulated {or reguiated) aclivity of a receptor. By way of example, an
antagonist of GM-CEF receptor includes, without implying any limitation, an antibody
that binds o the iigand (GM-CSF) and prevents it from binding to the receptor, or an
antipody that binds 1o the recepior gnd prevenis the ligand from binding o the

recepior, ar where the antibody focks the receptor in an inactive conformation.

{0081] Unless expressiy staled otherwise, or dictated otherwise by the context, the
term "expression” encompasses the following. Expression encompasses the
bipsynthesis of mRNA polypeptide bicsynthesis, polypeptide activation, e.g., by
post-transiational modification, or an activation of expression by changing the
subceditiar location or by recrultment {o chromating In cther words, "inoreased

gxpression” encompasses increased biosynthesis, or increased activity that is

11



WO 2013/059778 PCT/US2012/061294

caused by phosphorylation, or an increased activity that is caused by migration from

the cytosol o the nucleus.

f0052]  Antigen presenting cells (APCs) are celis of the immune system used for
presenting antigen to T celis. APCs include dendritic cells, monocyies,
macrophages, marginal zone Kupffer cells, microgiia, Langerhans cells, T cells, and
B cells (see, e.g., Rodriguez-Pinto and Moreno {2008) Eur. J. Invnunol 381007
1105}, Dendrilic cells occurin al least two ingages. The first lineage encompasses
pra-DC1, myeloid DO, and mature DC1. The second lineage encompasses
CD34""CD4SRA- early progenitor multipolent cells, CD34™ ' CD48RA" calls,
CO347CDESRA™ CDE™ L-3Raipha’™ pro-DC2 cells, CO4A'CD11e plasmasytoid pre-
DC2 cells, iymphoid human DC2 plasmacytoid-derived DU2s, and mature DC2s
{see, e.g., Giliet and Liu {2002} J. Exp. Med, 195:685-704; Bauer, stal, (2001} 4.
frmungl. 188:5000-5007; Arpinati, ot al. (2000} Blood 85:2484-2480; Kadowaki, et
al. (20017 J. Exp. Med. 194:863-868; Liu {2002) Human mmunoiogy 83:1067-1071;
McKenna, et al (2008} J. Virgl. 79:17-27; O'Neill, et al. (2004) Blood 104:2235-2248;
Rossi and Young {2008) 4. Immunol 175:11373-1381; Banchereau and Palucka
{2005} Nal. Rev. immunol. 5:286-306).

{00531 "Effective amount” encompasses, without Emitation, an amount that can
ameliorale, reverse, mitigate, prevent, of diagnose a symptomn or sign of a medical
condifion or disorder. Unless dictated otherwise, explicilly or by confext, an
"gffective amount” is not limited {o a minimal amount sufficient to amelicrate a
condiicon. The severity of g disease or disorder, as well as the abilily of a treatment
to prevent, treat, or mitigate, the disease or disorder can be measured, without
implying any imifation, by a biomarker or Dy a clinical parameter,

{00584] Biomarkers include polypeptides, location of polypeptides {e.g., vesicular,
intracelivlar, membrans-bound), nucleic acids, blood counts, metaboiite levels In
serum, uring, o cersbrospinal fuld, tumor cell counts, cancer stem cell counts,
fumor levels, Tumor levels can be determined by the RECIST cariteria (Eisenhauer,
et al, (2008) Eur. J. Cancer. 45:228-247). Expression markers encompass genetic
gxprassion of mRNA or gene amplification, expression of an antigen, and exprassion
of a polypeptide. Clinical parameters include progression-free survival (PFS), 6-

i

morth PES, disease-free survival {(DFS), ime o prograssion {TTP), time to distant

X

metastasis {TOM), and overall survival, without implying any limitation.

12
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{00858] A composition that is "abeled" is delectable, either directly or indirectly, by
spectroscopic, phetochemical, biochemical, immunochemical, sofopic, or chemical
methods. For example, useful iabels include P, ¥p, ¥g M¢, *H, ™ stable
isotopes, epiiope tags flucrescent dves, slectron-dense reagents, substrates, or
anzymas, €.g., as used in enzyme-linked immunoassays, or fluorsttes {see, eg.,
Rozinov and Nolan (1888) Chem. Biol. §:713-728).

Mathods for asssessing immune response

{0088] The present disclosure also provides ELISPOT assays, intraceliular
cytokine staining (IC8), and telramer assays, for characterizing Immune response
{see, ey, of US 2007/0180028 of Pardoll; Chatiopadhyay (2008} Cytometry A, 2008
73 1001-100%; Vollers {2008) immungclogy. 123:308-313; Lalvan, et al. {1807} J.
Exp. Med. 186:850-865; Waidrop {1887} J. Clin. Invest. 8&1738-17580; Hudgens
{2004} 4. Immunol, Methods 288:18-34; Goulder (2001) 4. Virol 75:1338-1347;
Goulder {2000} 4. Exp. Med. 182:1818-1831; Anthony (2003} Methods 29:260-288;
Badovinac and Harly (2000) J. Immunol, Methods 238:107-117).  Immune response
in a patient can be assessed by endpoints that are used in oncology chinical trials,
including objective response (RECIST criteria), overall survival, progression-free
survival {(PFS), disease-free survival, ime fo distant metastasis, 8-month PFS,

1Z2-month PFS, and 50 on.
Yaceines

[0087] Dendritic celt vaccine of the present disclosure can be administered by
intradermal, infranodal, mucosal, or subcutaneous routes, or any combination of the
above. Each dose can camprise about 10 x 107 dendritic cells, 20 x 10°% cells, 50 x
10° calls, 100 x 10° cells, 200 x 10° cells, 500 x 10° celis, 1 x 107 celis, 2 x 10° celis,
20 x 10° celis, 50 x 10° celts, 100 x 10° cails, 200 x 10°, 500 x 10%, 1 x 10°% celis, 2 x
107 cells, 5 x 10° cells, 10 x 10° cells, and the like. Administration frequency can be,
e.Q., once per wesk, twice per week, once every two weeks, once every three
weaeks, once every four weeks, once per month, once evary two months, once every
three months, once every four months, once svery five months, once svery six
months, and so on. The total number of days where administration occurs can be
one day, on 2 days, oron 3,4, 5,8, 7, 8, 5, 10, 11, 12,13, 14, 15, 16, 17, 18, 18, or

20 days, and so on. s undersiood that any given administration might involve two
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or maore injections on the same day. In one aspect, the disclosure involves loading
dendritic cells with whole wmorcells, where atleast 10%, where gl least 20%, at
least 30%, alleast 40%, alleast 50%, at least 60%, af least 70%, atleast 80%, at
least B0%, atl least 85%, or al least 58%, of the melanoma celi-derived protein thatis
‘caded into the dendritic cells resides in whole tumor celis. In non-limiting
smbodiments, dendritic cell vaccine is held in a flask, inavial ina botlle, ina
syringe, in a catheler, in a cannuilg, and so on. For administration, at least 20%, at
imast 30%, atieast 40%, alleast 50%, at least 80%. at least 70%, af least 80%, a
ieast B0%, al least 85%, atleast 89%, of the dendrilic celis that ave administered are

matiire dendrnilic calls.
¥aceine homogensity

fOO58]  In exemplary implementations, the disclosure provides a vaccine comprising
dendritic cells that coniain melanoma peplides derived from in vitro foading, where
the vaccine comprises dendritic cells (sum of DCs containing melanoma peptides,
and DCs not containing melanoma peptides) at a ratio of dendrilic cells/meianoma
celis of at least 5/85, 10/00, 20/80, 30/70, 40/80, S0/50, 80/40, 70/30, 80/28, 8010,
9545, 98/2, 99/1, and the like. Also provided, is a vacoine comprising dendritic calls
that contain melanoma peptides derived from in vilro loading, where the vaccine
comprises dendrific celis {sum of DCs containing melanoma peptide, and BCs not
containing melanoma peptides) at & ratio of [dendritic celis)/[osils that are neither
DCs nor melanoma], of at least 5/85, 10/90, 20/80, 30/70, 40/80, 50/50, 8040,
FO/30, 80/20, 90M10, BY/A, 98/2, BY/Y, and the like. The disciosure dlustartes a
sompartmented container, where a first compartment containg melanoma cells, and
a second compartment containg dendritic cells. The two compariments can be
separated by a membrane, filler, valve, condull, coupler, which prevents the
melanoma cells from contacting the dendniic cells, but where manual transfer, or
where ramoval of the membrane or opening of the valve alfows the melanoma cells
o contact the dendritic cells, allowing loading of melanoma cells, melanoma celf
fragments, andfor melanoma peptides, on the dendriic celis.

interferon-gamma mimetics

D081 The present disclosure encompasses mimstics, for example,
nterferon-garmma mimetios, such as mimetic peplide 95-132 (Ahmed (2007} 4
immunal. 178:4578-4883; Fulcher (2008} FEBS Lett. 582:1568-1574). The

i
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disclosure provides IFN-gamms mimetics, where an overall goalis o acquire a
population of melanoma celis that is enriched in melanoma cells that are autophagio
and non-apoptotic. (FN-mimetic encompasses, .¢., an anlibody that has the same
agonist activity as interferon-gamma.

Inactivating msianoma celis

{0060} The present disclosure provides compositions and methods, where cancer
cells are inactivated, for example, by radiation or by way of nucleic acid
cross-linkers,  Exemplary cross-linkers, have the ability to cross-fink DNA butto
leave proteins unmodified. A nucleir acid alkylator can be beta-alanine, N-{acridin-g-
v}, 2-[bis{2-chicroathyhaminolethyl ester. In some embodiments, the nucleic acid
targeted compound is a psoralen compound activated by UVA tradiation. For
instance, the nucieic acid targeting compound can be £-{d-amino-2-oxaybutyl-4,5' 8-
trimethyipsoralen (aiso referred to herein as "5-58"). Celis can be inaciivated with
150 micromolar of psoralen §-58 and 3 Jom?® UVA fight (FX 1018 irradiation device,
Baxter Fenwal, Round Lake, IL}. The inactivation with S-58 is referred to as
photochemical treatment and results in complefe inactivation of the cells. Various
concantrations of nucieis acid cross-linked agent can be tested for efficacy in
inactivating ceils, for example, for efficacy in preventing cell division. §-58 s
distinguished by iz ability fo cross-link nucleic acids, but to leave proteins intact an
unmodified. Cells can be suspended in & mb of saline containing €, 1, 10, 100, and
1000 nM of psoraien 5-59. Each sample can be irradiated as follows. The 5-58 can
be added at a concanfration of 100 nM, Sampiss can be UVA irradiated at a dose of
approximately 2 Jom® {(FX1019 irradiation device, Baxter Fenwal, Round Lake, ).
Each sample can then ransferred to a2 15 mib tubeg, centrifuged, and the supermatant
removed, and then washed with 5 ml saline, centrifuged and the supematant
removed and the final peliet suspended in 0.5 mb of saline (U.5. Pal. Nos. 7,833,775
of Dubensky and 7,681,383 of Dubensky}.

Enriching for mslanoma cells that are non-apoplotic

{8081] A population of melanoma cells can be enriched in melanoma celis that are
nor-apoptotic, for example, by use of the lechnique that separates non-apoptotic
antd awtophagic cells from cells that are non~-autophagic and apoptotic, where
separation s by the adhesion of the autophagic and non-apoptolic cels to a surface,

whare the gther cells are flcaling. A population enniched in non-apoptotic melanoma
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celis can also be acquired by removing apoplotic cells by way of an antibody specific
for phosphatidyl serine. Techniques for removing celis by way of immobilized
antibodies are avalable (Onodera {1888) Ther. Apher. 2:37-42), Antibodies specific
for phosphatidylsering ars available {e.g, EMD Millipors, Billerca, MA), Alsg, bulk
oopuiation of melanoma celis can be labeled with fluorescent anti-phosphatidyiserine
antibodigs, where the tagged apopiotic melanoma cells are removed by flow
cytometry, affinity chromatography, immunomagnetic separation {see, 8.g.,
Hoeppener (2012) Recent Resylis Cancer Res. 195:43-58; Dainiak (2007) Adv.
Blochem. Eng. Biotechnol. 106:1-18).

inhibilors of apoptosis

[0082] Z-VAD (Z-VAD-fmk), an inhibitor of apoplosis, can be acquired from, e.g.,
Enzo Life Sciences {Exeler, UK}, R & D Systems (Minneapolis, MN), Tocns
Biosciences (Bristol, UK}, BioMol (Plymouth Mesting, PA), and EMU Chemicals
(Gibbstown, NJ}. Z-VAD-fmk is a synthetic peplide, Z-Val-Ala-Asp(OMe}-CHoF
Caspases are cysteine-aspartic acid-specific members of the protease

family. Caspases are activaled by a death receplor ligalion, e.g., TRAIL, FAS, by
DNA damage, stress, serum starvation and in some cell types, interferons.

Caspases play a critical rode in the highly reguiated process of apoptosis that
includes nuclear fragmentation, chromatin condensation, and loss of cytoplasmic
integrity. The pan-capase inhibitor, 2-VAD-fmK {carbobenzoxy-vaiyi-alanybaspartyl~
{O-methyll- Suoromethylketone) irreversibly binds the catalylic site of caspase
proteases and inhibits their function iy inducing apopiosis. inhibiting the ability of
cells to undergo apoplosis i response o IFN-gamma can be a means by which cells
that are non-apoptotic but autophagic and be generated without the steps of
selection by the washing o remove flogting apoptolic celis.

00831 in ons embodiment of the invention, twmor celis gre treated with
IFN-gamma prior {o leading tumor cells on dendritic cells, or on another type of
antigen-presenting cell {APC). In ancther smbodiment, tumor cells are not treated
with IFN-gamma prior to loading tumar cells on dendritic cells, or on ancther type of
APC,

{0084] The disclosure provides pharmaceuticals, reagents, kits including diagnostic
kite, that wherein the pharmaceuticals, reagents, and kifs, comprise dendritic celis,

antibodies, or antigens. What is also provided are methods for administaring
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compositions that comprise at least one dendritic cell and af least one antigen,
methods for stimulating antibody formation, methods for stimulating ADCC, methods
for stimulating complement-dependent oytotoxicity, and methods and Kits for
determining patient suitability, for determining patient inclusion/exclusion criteria in
the context of a clirdeal trigl or ordinary medical ireatment, and for predicting
response o the pharmacesutical or reagent. Complement-dependent cytotoxicily is
described {see, &.g., Coodman, et al. (1880} 3. Clin. Oncol. 810831082, Cheson
{20103 .1, Clin. Oneol. 28:3525-3530). The pharmaceutical compaositions, reagents,
and related methods, of the disclosure encompass CUED positive dendritic celig,
whete CD83 is induced by ioading with IFN-gamma-treated cancer cells. ina CD83
aspect of the disclosure, the CDE3 s Induced by st least 2%, atleast 3%, at least
4%, 6%, 7%, 8%, 8%, 10%, and the like. in another aspect, what is sxcluded are
OC reagents, or DC-related methods, where CD83 of dendrilic calis s notl delectably
induced by loading with IFN-gamma-freatsd cancer cells.

Figures

{0085] Figure 1 reveals a graphic of culfured Wumor celis before trealment with
IFN-gamma (left)y and after treating with IFN-gamma for 72 hours {right). After
freatment, the cultured tumor cells are sither Noating, non-autophagic, and apoptotic,
or agherent, awtophagic, and non-apopletic. The fioaling celis are shown expressing
the apopliotic marker, phosphatidyt serine. The floating cells are shown wit!

refatively few expressed MHNC dlass i, while the adherent cells are shown with over-
gxpressed MHC class i,

10088} Figures 24-D show characterization of IFN-gamma treated autologous
tumor cells used for loading dendritic cells.  Autologous melanoma tumor cells were
freated with or without 1000 [UmL IFN-gamma for 72 hours in 15% FBS/ECS in
RPFML harvested and irradiated with 100Gy and cryopreserved. Celis were then
thawed in AIMV and 2 sample {aken for flow cytomelry and for preparation of cell
tysates for immuncblotiing prior 1o anligen loading of DCs. An example of four
separate autclogous melanoma cell lines is shown (Fig.2A, Fig.2B and Fig 2CL
induction major histocompatibility complexes by IFN-gamma freatment of guiologous
twmor oelfs (Fig 2D} Tumor cells were harvesied after being treated with or without
1000 Wiml tFN-gamma for 72 hows and then assayed for MMC class | and class il
Conirol isolype antibedies were used o identify positive populations. Dark data

£
1
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points indicate median mean Ruorescent plus/minus 85% confidence interval. N =

85.

{0067  in one aspect, the disclosure sxcludes non-aulologous tumor celis for

ivading dendritic cells, and exciudes methods of using non-autslogous fumor celis

for Inading dendrilic cells,

{0068} Figures 34 and 3B describe phenotype of dendritic cells lpaded with
auinlogous melanoma cell lines treated with or without interferon-gamma. A setof
four autoingous melanoma cell lines were freated with or without 1000 UL of IFN-
gamma for 72 hours, radiated and cryopreserved. The cells were then thawed in
ARV and combined with autclogous dendritic cells for approximately 24 hours prine
to harvest and assaying by flow cyiomelry for the expression of CR86, CB&3, CDES
and MRC class H (Figure 3A). The data is summarized in Figure 3B, Averagses +
S are shown, n= 4,

[0068] Figures 44 and 4B show phenolype of dendritic cells used for dose
praparation. Samples of DO prior o loading (Pre-ATC Load DC, N = 83} and after
ioading {Post-ATC Load DG, N = 85 with IFN-gamma treated, irradiated autologous
tumor cells were accessed by flow cytometry for {he exprassion of CDE0, CDE3,
{088 and MHC class . FACS Caliber® beads wers used {o set the iniial fow
sytometer instrument saetlings which were then held constant throughout the
coliection of data {Figure 4A). Values of percent expression and mean fiuorescance
intensity {MFD) & SD are compared in Figure 4B for Pre-ATC and Post-ATC leading.
*p=0.018 and ™ p = 00000

[0070] Figures SA fo 5C show interferon-gammas treated melgnoma cells underge
auiophagy. A selection of commercially available melanoma celi lines were
incubated with 1000 iU/mL {FN-gamma for 72 hours in 5%FBS/RMPL Phase-
contrast photomicrographs of SK-5-Mel celf culiures were taken at the end of the
incubation period {Figure 5A) showing enlarged cells with vacuocles reminisceni of
autophagosomes. Confirmation of the formation of autophagosomes was
demonstrated by transfection with GFP-LC3B constructs prior 1o treatment with {FN-
gamma {Figure 58), Autoghagy induction after IFN-gamma treated was confirmed
by western blotting using an antibody for LO3B (Figurs 5C) which identifies a faster
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migrating form of LC3 that has been shown o be associated with autophagic vessel
formation,

{0074} Figures 6A and 8B reveal apoplosis and autophagy induced in response to
interferon-gamma. SK-5-Msi cells were incubated with 1000 BiimL of IFN-gamma for
72 howrs after which non-adherent and adherent populations were collected and
assayed for apoplosis and autophagy by flow cytometry using 7-AAD and Annexin.V
{Figure 6A}. Enzo Cyto-iD Autophagy Detection Diye was used o measwe
autophagy by flow cytomelry by measuring the mean inlensity peak shift of dye
provided by the manufactrer (Figure 88). Fold changes in the peak shiftin
comparison to 5% FBS/RPM are shown in Figure 50 with serum-free as positive

control for the induction of autophagy.

{0072 Figure 7 discloses aufophagy induction after blocking of caspase activily
did not affect the induction of autophagy in response {o IFN-gamma in melanoma
celis. SK-5-Mel cells were treated with 1000 liml of IFN-gamma in the presence of
20ulM of the pan-caspase inhibitor z2VAD or s conirol compound, 2-FA for 72 houwrs.
The cells were harvested and assaved for autophagy by flow cviometry as in Figure

C.

o

[0073] Figure 8 shows SK-5-Mel cells which were incubated with 1000 Hl/mb of
IFN-gamma in the presence of 10 uM of the autophagy inhibifor 3-methyladenine (3
MA) for 72 hours. The celis were then harvested and assaved for apoplosis and
MHC class I} (HLA-DR) expression by flow cytometry.

{0074] Figure 8 shows IFN-gamma treated cells from tumor cell lines generatad
from patisnt tumor specimens (N = 36) were sssayed for changes it MHC class Hor
apoptosis.  The data shown are averages of mean fluorescent intensity £ SE.

{0075] Figure 10 shows IFN-gamma treated celis that were assayed for MHC
class o apoptosis by flow cylemetry from samples used for loading dendritic celis
for a patient-speacific vaccine immunotherapy (N = 84}, Fold changes in MHC ¢lass |
mean fuorescence intensity and percent apoplotic cells (Annexin-V positive} ar
shown.

0078} Figure 11 and Figure 12 show a correlation between induction of MHC
class H and the absence of apopiosis {interferon-gamma resistant} is associated with

betler progression-free survival (Fig. 11} and overall survival (Fig.12) in patients
4
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recaived dendritic cells loaded with autophagic, non-apoptotic interferon-gamma
treated tumor cells,

[007T] Figure 13 shows survival curves from three trials. The plot (Kapian-Meier
plof) is a stepwise curve showing the percent of study subjects surviving during the
cowrse of clinical trials.  The groups are designated DC-84 {solid circle), TC-T4
{solid square}; TC-24 {solid Wriangles); and BC-18 (line). Poorast survival ocourred
with TC-24. The next poorest survival was with TC-74. TC-24 refers {0 a vasting of
tumor celfs in a study involving 24 subjects. DU-54 refers 1o a dendritic cell vaccine,
where 54 subjects were treated, and where the vaccine comprised autologous
dendritic cells (DCs) that had been co-cultured with irradiated autologous tumaor

calis,
Further Description
Autoiogous dendritic cell generation

{0078] Dendrilic cells were generated by plastic adherence method of ficoled
aphevesis products {Choi, ot al. (1988) Clin, Cancer Res. 4:2708-2718; Luft, et al
{1998) Exp. Hematol. 28:489-800;Comforth, et al. {2011} Cancer Immunol.
immunother. 80:123-131), in antibiotic-free AIM-V medium {Invitrogen, Grand Istand,
NY) supplemented with 1,0001U/ml. each of IL-4 (CeliGenix, Freisberg, Germany}
and GM-CSF (Berlex, Seatlie, WA} (BT medium). The flasks were then cultivated
for & days prior o loading with IFN-garama treated, irradiated suinlogous tumor calls,

fFN-gamma autologous tumor cell line generation and preparation of
pharmaceautical

00731 Pure tumor cells weve generated according to Cornforth, st al (Comforth, et
al. (2011) Cancer Immunol, Immuncther. 60:123-131; Dilman, of al (1893} J.
immuncther, Emphasis Tumer Immunol. 14:85-69, Dillman, et al. (2000) Cancer
Siother. Radiopharm, 15:161-188). The tumor cells were then incubated with
1.000Wmi of interferon-gamima {InterMune, Brisbane, CA} for 72h, vadiated with
100Gy from a cesium sowrce and oryopreserved (Ssivan, et al.{2007) inl. J. Cancer
1232:1374-1383; Selvan, et al. 2010) Melanoma Res. 200280-282). The {FN-gamma
freated and irradiated fumor cells were recoverad from cryopreservation, washed
with phosphate buffered saline (PBS), and then added 1o the cullivaled dendnitic
cells {DUs} and then incubated for about 24h. The antigen-loaded DCs were
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narvested by gentle scraping with a rubber policeman and cryopreserved. Aliquots
of IFN-gamma freated or untreated tumor cells and icaded DCs were oblained for

flow oytometry evalustion and trypan-blue exciusion assay.
Staging of cutansous melanoms

{0080} The pharmaceautical or reagent of the disciosure ¢an be administered to
melanoma patients, where melanoms is diagnosed at Stage |, Stage i, Stage ¥, or
Stage IV (Mol et & {2008} Ann. Oncology {Suppl. 8} vitd-vi21). Stage |, for
axample, refers to patients with primary melanomas withowt evidence of regional or
distant metastasis. Stage I includes palients without evidence of lymphatic dissase
or distant metastases, where the patients are further characterized, e.4., by lesions
greater than Trrm and tess han or egual 1o 2mm thick with ylceration of the
overiying epithslium, or by lesions greater than 2mm and less than or squal to 4mm
thick with epithelial wiceration. Siage Ui melanoma includes iesions with
pathologically documented involvement of regional lymph nodes or infransit or
sateliite melasiases, where patients may have, e.g., one, two, three, or four or more
affected iymph nodes. Stage IV melanoma is defined by the presence of distant
metasiases, where the metasiasis is located only in distant skin, subcutaneous
tissues, or iymph nodes, where the metastasis involves lung melastases, or where
the metastasis involves all other visceral sifes.

[0081] The disclosure encompasses methods for administration that are
preventative, that is, for use with subjects not yet or never disgnosed with a
melanoma. Whatis encompassed are methods for adminisiration where a subject
had earlier been diagnosed with a melanoma, and had eartier been succassiully
treated o eradicate the melanma {(or had experienced a spontanesus complete

remission), and where following eradication the adminisirafion is used preventatively.
Tumor antigens

I0082] Without implying any limitalion, melanoma cells of the disciosure express
ane or move of Mage, Mart1, MelB, HMB4S, 5100, or tyrosinase (Dilman, et al.
{2011} Cancer Biotherapy Radiopharmaceuticals 26:407-418). In one aspect,
detection of tumor antigen uses ceils that were not exposed to FN-garmma while, in
ancther gspect, detection of tumor antigen is conducted on cells that were treated

with (FN-gamma (see, e.g., Comforth, et al, (2011) Cancer Bictherapy
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Radiopharmaceuticals 26:345-3581). What is encompassed are melanoma ceils
SXPrEssing one or more meianoma antigens, or compositions comprising one of
more isolated melanoma antigens, as disclosed by US2007/0207 171 of Dubsnsky,

ot al, which is incorporated herein by reference in iis sntirety.
Measuring apoptosis

100831 Apoplosis can be detected or measursd with a number of reagents, e g..
fucrochrome-tabeled annexin, by siaining with dyes such as propidivm iodide and
7T-amineactinomycin D {7-A4AD), by determining loss of mitochondrial inner
memebrane potential, by measuring activation or cleavage of caspases. Seg o.g.,
George, elal (2004) Cytomelry Pad A S8A237-245. An early event in apoplosis is
gxposire of phosphatidyt serine on the outer surface of the plasma membrang,
which can be detecled by fucrochrome-labeled annexin, The available methods can
distinguish between five cells, necrotic cells, early apoplotic cells, and late apoplotic
pelis, The disclosure uses melanoms cells that are not apoplotic by 7-ADD assay,
not apoptolic by annexin V assay, not apoplotic by an assay for apoptoesis after IFN-
gamma treatment (Dliman, et al. (2011} Cancer Biotherapy Radiopharmaceuticals
28:407-418), or not apoptotic by one or more of the biomarkers Bal-2, caspase-3,
PR3, or survivin (Karam, et &l {2007) Lancel Oneol. 8:128-138). The pharmaceutical
sompositions, reagents, and reiated methods, of the disciosure exclude IFN-gamma-
freated melanoma celis that are apoptotic, where apoptosis is determined, .g.,
according to U.S. Pal No, 7,544 465 issued to Herlyn, et al, U.S. Pat No. 7,714,108

issued to Thorpe, et al, which are incorporaled herein by refersnce.
Measuring autophagy

10084]

£y

Autophagy is a naturally ccourring process that is used for the degradation
of many proteins and some organelies. Aulophagy mediates protein and organeiie
furnover, starvation response, cell differentiation, cell death, and 8o on. Microtubule-
associated protein light chain 3 (LC3) is to monitor autophagy. In one approach,
autophagy can he detected by measuring the conversion of LT3, which involves
convarsion of LO3- 1o LG3-H. The amount of LC3-H is correlated with the nurmber of
autophagosomes. Indetall, LC3 is cytosolic and soluble, while LC3-H is present on
membranes. LC3-H has a greater molecular weight because it is conjugated with a

lipid. LC3 processing can be measured, e.g., by western blots, while autaphagy,
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autophagic vesiciss, gnd auiophagosomes, ¢an be measured by microscopy.
Autophagy can be quantitated, e.g., by detecting processed LC3-, by the rafio
betweean early to late autophagic compartments, or by autophagic volume. See,
{Mizushima and Yoshimor (2007) Autophagy 3:642-548:634-641; Tanida, et al,
{2008) Methods Mol. Biol 445.77-88; Eng, et al. {201Q) Autophagy 6:634-641). in
one aspect, the present disclosure uses aulophagy as a screening tool, for sslaecting
appropriate autophagic cancer celis, where the cells can be selected according to
occurrence of autophagy in one or more particular stages. These autophagy stages
nolude: (1) sequestering of cylosolic compartments by the autophagosome, (2)
fusion of the autophagosome with the lysosome {o form the aulolysesome, and (3)
degradation of the autophagosomal contents by proteases within the lysosome. in
nother aspedt, the present disclosure includes mainly celis displaying the first
siage, mainly the second stage, mainly the third stage, mainly the first and second
fage, mainly the second and third stags, or mainly cells displaying all three stages.
in yet another aspect, the disclosure comprises cells displaying the Srat stage, the
sacond stage, the third stage, the first and second, the second and third stage, of

cells displaying all three stages.
Interforon-gamma {{FN-gamma) signaling

FO08S8]  IFN-garyna {type | interferon) signaling depends on expression of a
number of genes, e.g., IFN-gamma receptor, STATY, 8TATZ, 8TATY homodimers,
STATHETATZ heterodimers, IRF-1, GAS, and IRF-E. Studies have shown that IFN-
gamma signaling is d&;pena:ﬁem on {FN-gamma receptor (IFNGR1 chaln; IFNGR2
chain). Low expression of [FNGR on the cefl surface can block some aspects of
IFN-gamma signaling (Schroder, et al. (2004) J. Leukocyte boil 75:163-188). Inone
aspect, the present disclosure excludes using cancer cells that show low surface
expression of IFNGR. In another aspect, the present disclosure screens cancer cells
for those that express the STAT1 homodimer, uses these cells, and substantially
excludes celis that do not express STATT homodimer. In yet another aspact, the
disclosure contemplates screening cells for those with STATT phosphorylation
{serine-727). Whatis also contemplated, is excluding cancer cells from patients
naving loss of function mutations in the STAT1 gene (see, e.g., Dupuis, et al. (2001)
Science 283:300-303; Schroder, et al. (2004) J. Leukoc. Biol, 75:183-189). The
following concerns the IRF gene family. IRF.1, IRF-2, and IRF-8, all parlicipate in
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iIFN-gamma signaling. The disciosure embraces using cancer ceiis that express one
or more of these IRF gene family genes, or excluding cancer celis that do not

express one or more of these genes.
FHN-gamma responsive genes

[0086] In some exemplary embodiments, the disclosure embraces biologic
material, compositions, reagents, and methods that requive using a melanoma celf,
or pre-neopiastic meianoma cell, that responds to IFN-gamma. The melanoma cal
can be identified, distinguished, and selaected, by an assay for the expression of ons
or more FN-gamma-responsive genes. A number of IFN-gamma-responsive genes
have besn identified {see, e.g., Malonen, et al. (2008} J. Newrohmmunol 175:18-3(,
Machiicking (2004} 11:601-603; Boehm, el gl {1987) 15:748-785). Said assay ¢an
involve resmoving one or more melanoma celis from the patient, cuituring the cellin
the presence and absence of added IFN-gamma, and determining responsiveness to
iFN-gamma. in the assay, IFN-gamma induced gene exprassion can be detected by
assays sansitive o binding of a transcription factor to the promoter of an IFN-gamma
nduced gene, {o expression of mRNA from an IFN-gamma induced gene, ©
sxprassad polypeptide, and the fke. The IFN-gamma response gene can include,
8.g., & gene used for immune response, encoding a transcription factor, 8 transport
protein, an gpoptosis gene, & gens used for cell growth or maintenance, a gene used
for lipid metabolism, a gene that mediates endocylosis or exucylosis, an infraceliular
signaling gene, a glucose metabolism gene, a celt adheasion gene, as well a5 genes

withou! an established function.

IB0BY]  inone aspect the disclosurs excludes meianoma csalis that, with IFN-
gamma freatment, show reduced expression of MHC class H, show no detactable
change in expression of MHC olass §i, show an increase of MHC class I expression
of 10% or less, show an increase in MHC class I expression of 15% of less, show
an increase in MHO class 1 expression of 20% or less, 25% or less, 30% or less,
40% or less, 50% or less, and the ke, In one aapect, the value for percentage
refers to the average expression value for the population of melanoma celis, residing

i & biopsy or part of a biopsy, from a given subject or patient.

Non-dimiting lists of IFN-gamma Inducible genes for use in screening for IFN-

gamma responsive cancer celis
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F0088Y a2bROCSTY, JARSOCSET, mo3881, IFN-gamma inducible protein {(mag-1) ;
mass8l, Macrophage inflammatory protein 1-8; m18681, MCP-1 (3E), y07711,
zyxin; M34815, Monokine induced by IFN-gamma (MIG); m33288, interferon
inducible protein 10 (1P-10), U44731 | Purine nucieoctide binding protein ; UBB328,
Sup. of eytckine signaliing-3 {S0OCS-3); M21085 |, Interferon regulatory factor 1
MB3630, GTP binding protein (IRG-47) 1 U18119 | G-protein-ike LRG-47; 127890,
Ro protein ; M31419, 204 inlerferon-activatable profeiny | af22371, interferon-
inducible protein 203, U28404, MiP-1 alpha receptor; U43085, Glucocorticoid-
aitenualed response 39, x88123, Talin, m31418, 204 interferon-activatable protein
UB3E219 | GTPase IGTP; 138444, T-call specific protein; M31418, 202 interferon-
activatable protein; 438417, Aryihydrocarbon recepltorn, m2807 1, Tissue factor (mify,
313758, Cot protfo-oncogene; M18184, Fibronectin; ub8483, ICH-3; M13845, pim-1
proto-oncogens; L20450 | DNA-binding protein (see, Gil, st al. (2001} Proc. Natl.
Acad. Sci 88:5680-6G88), The disclosure encompasses use of the IFN-gamma
induced geng, CHTA (see, &.g., Chan, et al 2010} 1 Leukooyte Biol, 88:303-311;
Kwan, et al {2007) Mol Immunol 44:2841-3848}.

{0088] The present disclosire embraces measuring expression of one or more of
the following IFN-gamma inducible genes, as a screening procedure for qualifying or
selecting patients for administering a pharmaceutical. The genes include, {gene 1)
FOGR1A, (gene 2} ILBR, {gene 3} CXCLY, {gene 4) CLLSF14, {gene 5) UBD, {gene
8} C/EBPaipha, and {gene 7) MHC2TA (CHTA} (see, Waddell, e al. {2010} PLoS
ONE 8:g9753). Also embraced are use of spacific clusters of these gengs, inthe
quatifving procedure, such as, genes 1and 2, 2and 3, 3and 4, 4and 5 5and §, &

and 7, tand 3, Tand4, tand b tand8 1and7 2and 4, 2and 5, 2and § 2 and
7.3and§, 3and B, 3and7,4and 8, dand 7, B, and 7, and well as combinations of
threa genes, eg., 1, 8,3 0or3 4, § a*:{ 5,, B or5 6 7 ort,3.4,0r1, 3,5 0r1 3
8 ori, 3 Frort 2 4 001, cor 1, 24,8, 081, 2, 7, and the like. (Thesse gene
numbers are arbitrary

interferon-gamma freatment

{00801 Reagents, and related methods, that encompass melanoma celis that are
exposed {o IFN-gamma reatment, areindicated below. What is encompassed are
celis where induction of an IFN-gamma-responsive gene I8 at least 20% (1.2 times
the control valus), al least 30%, at least 40%, at least 50%, at least 60%, at least
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70%, at least 80%, al least 80%, atleast 100% (2.0 imes the contrel value), at least
2.5-fold, at least 3.0-fold, at least 4.0-fold, and soon,

{00811 What is excluded is a popuiation of melanoma cells where, after IFN-
gamma reatmenti, less than 80% are autophagic, less than 80% are aulophagic,
legs than 70% are autophagic, less than B0% are autophatic, less than 50% are
autophagic, less than 40% are autophagic, and the ke,

{00821 What Is excluded is a population of melanoma cells where, after iFN-gamma
treatment, less than 80% are non-apoptotic, iess than 80% are non-apoplotic, less
than 70% are non-apopiotic, less than 60% are non-apoplotic, less than 50% are

non-apoptalic, less than 40% are non-apopiotic, and the like.

{60931 What is excluded is a population of melanoma cells wherg, after IFN-gamma
treatment, less than 80% are non-adherent, iess than 80% are non-adherent, less
than 70% are non-adherent, less than 80% are non-adherent, less than 50% are

non-adherent; less than 40% are non-adherant, and the bke.
Measuring exprassion of MHC ¢class ¥

10084] Expression of MHC class 1t can be measured, for example, using antibodies
or nuicleio acid probes that are specific for MHC class i gene products. These MBC
class I gensg products include HLA-DPA1, HLA-DPBY, HLA-DQAT, HLA-DQB1,
HLADRA, HLA-DRB1, as well as HLA-DM and HLA-DO {see, e.g.. Aposiolopouics,
et al. (2008) Human Vacoines 4400408},

{0085] For example, the present disclosure encompasses reagents, methods of
treatment, and methods of diagnosis, that require the melanoma cells 0 express
STATY and STATZ, {o have an active STAT 1-signaling pathway, to have an aclive
STATZ-signaling pathway, or to have active STAT1T and STATZ-signaling pathways.

{3098] The disclosure provides a pharmaceuiical composition ar pharmaceutical
reagent, related methods of administration, and methods of treatment, that result in
survival data with 3 hazard ratio (HR) of less than 1.0, HR less than 0.8, HR less
than 0.8, HR less than 0.7, HR less than 0.8, HR less than 8.8, HR less than 0.4, HR
less than 0.3, and the like. The disclosure resulls in overall survival data,
progression-free survival data, time to progression data, and 50 on. What is also
provided s §-month PFS of at least 40%, al least 50%, at least 80%, &l least 70%, st
feast 75%, at least 80%, alleast 85%, al least 0%, atl least 85%, and so on.
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Moreover, what is provided is 8-month overall survival of at least 40%, at least 50%,
at least 809%, at least 70%, atleast 75%, at least 80%, at least B5%, at least 80%, at
least 85%, and so on. Additionally, what is provided is t-year {or 2-year) PFS of al
least 40%; af lvast 80%, at least 80%, al least 70%, al least 75%, al least 80%, at
least 85%, af least 80%, at least 85%, and so on. Moreover, what is provided is 1~
year {or 2-year) overall survival of at least 40%, at ioast 50%, st least 80%, at least
TO%, af lsast 78%, at least 80%, at leas! 88%, at least 80%, at least 85%, and g0 on
{see, &.g., U.S. Dept. of Health and Human Services. Food and Drug Adminisiralion,
Guidance for industry. Clinical trial endpoints for the approval of cancer drugs and

biologics {Aprii 2008)).
The use of IFN-gamma and the induction of autophagy

{8087} Induction of autophagy after IFN-gamma trealment, as measured by
increases in the expression of major histocompatibility class I complexes, is @
method to determine response {0 systemic (FN-gamma treatment. if g measureable
population of biopsied melanoma fumor cells, upon exposure to [FN-gamma in
culture, undergo autophagy but not apoplosis, this indicates that these patients wil
respond favorably to systemic iFN-gamma treatment. Additionally, if sucoesstul call
lines ars established from the hiopsies, that patient would also benefit from call-
therapy products prepared from FN-gamma realed purtfied tumor cells ines that
are from aulophagic bul non-apopiotic adherent populations.

FO088] The disclosure embraces isclating and charactenzing major
histocompatiability complexes isclated from autophagic, non-apoptotic cells collected
from tumor cell lines treated with interferon-gamma. Major histocompatibility

-
Y
3

compilexes contain antigens specific for CD4" T cells and have been associated with
antibody mediated immune responses.  The complexes would represent a large
reperioire of antigens would not be present in non-awdophagic cells due {0 the action

of ysomal mediated antigen processing induced in autophagic ceils.

00881 Non-apoptotic, autophagic tumor cells generated from {FN-gamma trealed call
lings can be fused with dendritic cells to enhance the anligen presentation due {0 the
high levels of major histocompsatability complexes on the surface of the autophagic
tumor cells. This process would yield a novel celiular product gensrated from the
fusion of the two csll types.
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1001807 The process of induction of autophagy in response {o IFN-gamma may be
induced in & manner that does not result in apoplosis. By combining the treatment of
fumor cells with caspase inhibitors and interferon gamma, the process of celi death
{and ultimately the formation of {olergeneic apoplotic celis} can be blocked without
inhibiting the induction of autophagy or the increass in major histocompatibiiity class

it complexes.
Procedure o sliminate apopiotic cells, while retaining viable autophagic cells

100101] Studies of melanoma demonsirated a correlation between the presence of
gpopiotic cells and poor survival in a clinical inal {Cornforth, et all {2011 Cancer
immunol. Immunother, 80:123-131; Diliman, et al {2011} Cancer Biather.
Radiopharmacsuticals 26:407-415). The following study investigated the induction
of autophagy, apoptosis and MHC class 1 molecules after IFN-gamma treatiment of

melanoma tumor celis in viro,
Filtering

[00102] The following provides g “fiftering” procedure. The present disclosure
provides methods, and cells generated by these methods, for enriching & population
of melanoma cells in cells that are non-apopiotic. Befors in vitro IFN-gamma
treatment, in any given population of melanoma cells, a first pereentage celis may be
biased towards being apoptotic, and second percentage of the cells can be biased
towards being non-apopiotic. In this context, biasing means that in vitro {FN-gamma
treatment stimulates apopiosis of the first percentage of celis {or first sub-population
of cells), but does not stimulate apoptosis of the second percentage of ceils {or
second sub-population of cells}. In embodiments, in vifro IFN-gamma treaiment can
be used o envich for an inmunoiogy stimulatory population of melanoma cells for
use in dendritic cell vaccine, by forcing the melanoma cells that are biased to being
apoptolic to experience apoptosis. Once the sub-population of melanoma cells that
are blased o being apaplotic experiences apoptosis, these cells can be removed
and discarded.

I60103] The methodology of the study was as follows. Autologous and mode
metanoma umor cell fines were incubated with 1000 IW/mL of IFN-gamma for 72
hours prior {o assaying for avtophagy, apoptosis and MHC class I expression.

Autophagy was detected by immunobicting with antibodies against LC3 I and by
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flow cytometry with Enzo's CyiolD® Autophagy Detection Kit. Apoptosis and MBC
class H induction were assayed by fow cytometry using 7-AAD and annexin-V
staining and antibodies against MHC class |, respectively.

f00104] The results from the study demonstrated that IFN-gamma induces both
autophagic and apopiotic cell populations In melanoma ceff lines. The apoptiotic
population was predominantly found in the non-adherent popuiation while the
agutophagic cells remained adherent to the flask. Blocking of aufophagy with the
inhibitor 3-methyiadenine {3-MA) inhibils the induction of MHC class I positive cells
iy response to FN-gamma {32.4% IFN-gamma vs. 10.0% IFN-gamma + 3-MA).
inhibition of caspase activily with the pan caspase inhibifor Z-VAD prevents
apoplosis but does not pertwrb autophagy in IFN-gamma freated calls (2.75 £ 015
IFN-gamma vs. 3.04 £ 0.27 FN-gamma + Z-VAD, fold change). To conclude,
irduction of apoptosis is associated with reduced levels of autophagy and MHC
class I} induction. This disclosure provides method or procedure 1o eliminate
apoptotic ocells while retaining viable autophagic cells, and IFN-gamma treatment can
enhance the effectiveness of this type of cell-based immunoctherapy.

Materials and methods from first study
Aultologous dendritic cell generation

{00108] Dendritic cells were generated by plastic adherence method as previously
described (Chot {1888} Clin, Cancer Res. 4.2708-2718; Luft {1898) Exp. Mematol.
25:485-500). Briefly, autologous apherasis product was subjected {o ficoll-hvpague
{BE Heaithcare, Buckinghamshire, United Kingdom) density gradient separation.
The resulting peripheral blood mononuciear cells were placed in antibictic-free AIM-
V medium {Invitrogen, Grand isiand, NY) supplemented with 1,000 {U/mi each of i~
4 {CellGenix, Freisberg, Germany) and GM-CSF (Berlex, Seattle, WA} (DC medium)
at 15 x 10% celis/mL in celt cultivation flasks {Coming-Costar, Coming, NY). After one
hour incubation, the non-adherent population was discarded and frash DC medium
was added {o the flasks. The following morning, the non-adherent cells were
discarded, the fasks were washed once with amblent temperature PBS, and fresh
DC medium was added. The flasks wers then cullivated for 8 days at which fime fow
cytomelry evaluation is performed {o determing the percentage and phenotype of DC
generated by this approach {pre-oad DC).
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Autologous tumor call ine generation

{00108} Pure tumor cells generated and characterized as previously raported were
expanded o 200 million cells and then ncubated with 1000 iWmb of IFN-gamma
{interMune, Brisbane, CA) for 72 hours in 15%FBS/ECS in RPMI {complete
medium), iradiated with 100 Gy from & ceslum source and cryopreserved as
previously described (Chol (1998} Clin, Cancer Res, 4:2708-2718; Luft {1998} Exp.
Hematol. 26:488-500; Dillman {1893} 4. immunother. Emphasis Tumor Immunol.
14:65-68}). The IFN-gamma treated and iradiated fumor ceils were recovered from
cryopraeservation, washed 3x with PBS, and then added to the in vifro cullivated DC
and incubated for ~24 hows. The antigen loaded DC were harvested by gentie
seraping with a rubber policeman and crvopreserved at equal amounts in 9-11
aliquots. An aliguot of cells was oblained for fow cylometry evaluation which
represenis the post-ioaded DU calls,

Flow cytometyy

{007] Phenotypic characterization of the dendritic cell populaions were pearformed
using moneclonal antibodies against surface markers oblained fom BD Pharmingen
San Diego, CA: anti-MHC class ll conjugated o PerCp, anti CO11c conjugated to
APC, anti-C080, anti-CDEJ, anti-CDBE conjugated {0 PE.  isolyde controls were
used 1o determine percent positive cells.  Flow oytomelry of fumor cells was
conductad using antibodies against MHC ciass { and i conjugated fo FITC, annexin-
V-PE and T-amino-actinomycin D {7-AAD) from 8D Phammingen. CaliBRITE flow
cytometry calibration (BD Pharmingen) was used prior {o gach run and the same
instrument seffings were used throughout the collection of flow cytometric data.

immunoblot assays

001087 Cyloplasmic cell ysales wers prepared with Mammalian Prolein Exiraction
Reagent {Thermo Scientific, Rockford, i) plus profeass inhibitor cocktall (Rochs,
indianapolis, 1N} at 10,000 celisful onjce.  Approximately 25 uls/lane of cefl lysates
wers separated on 12.5% tis-giycine geis, iransferred to PVDF membrane and
probed with antibodies against the following: calreticulin (MBL, Woburn, MA}, Msp-
80, Hsp-70, Hep-80 {R&D Systems, Minneapolis, MN), HMBG-1 {Cell Signaling,
Danvers, MA), ICAM-1 {Santa Cruz Biotech, Santa Cruz, CA}, Mel4, Mart-1 {Signhet,
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Emeryville, CA}, tyrosinase {Upsiate, Lake Placid, NY} and GADPH (Calbiochem,
Darmstady, Germany).

immunchistochemistry

{00108] Bxpression of a pans! antigens by melanoma lines were determined using
immunocytochemical procedure, Celis were cultured in 8-chamber culture shides
{Thermo Fisher, Rochester, NY} in the presence or absence of 1000 UimL
iFN-gamma. After 72 hours, the cells were washed 3 fimes with 1X Phosphate
Buffered Saline {(PBS) and fixed in cold acetone. After blocking endogensus
peroxidase, cells were incubaled with appropriale primary antibodies against the
antigens listed. Immunonistochemistry was performed using bictinylated anitmouse
or rabbif immunogiobuling, Super Sensitive enzyme-conjugated streptavidin labeling
and horse radish peroxidase chromogen, and substrate Kits (Blogenex, San Ramon,
CA). The reactivity of the following anti-human polycional or monocional antibodies
was investigated with isotype matched control antibody: S-100 and HMB-45
{Biogenex, San Ramon, CA), Mel-2, Mel-5, Mart-1 (Signet, Dedham, MA),
Tyrosinase and Mage-1 {(Thermo Sclentific, Fremont, CA}, Melan-A, HLA-class | and

HUA-class I (Dako, Denmark),
Stalistical analysis

[O01101 Student tlest of two-lailed, two samples of equal varance.  Significant
differences were determined by p value £ 8.05.

Reosuilts from the first study

00111] Cell death was differentially induced in the autologous melanoma fumer
celis iine in response {o incubation with FN-gamma for 72 hours in complete
medium. Trypan-blue dye exclusion assay performed on oelis either treated with
IFN-gamma or not, revealed a significant trend toward lowsr viability in the IFN-
gamima reated cells (851 £ 6.8% vs. 848 2 8.3%, p= 0.014, Nx=47) Analysisofa
sampie of four autologous melanoma cell lines by flow cytometry for apoplosis
induction {Figure 1A) revealed that melanoma celis are differentially sensitive fo the
effects of IFN-gamma induced apoplosis with some cells displaying more late
apoptosis or ‘'dead’ populations {T-AADWANRnexin-V+) while others displayed signs of
sarly apoptosis or 'dying’ populations {7-AAD-/Annexin-V+). The resulting presence

of apoptotic cells after IFN-gamma treatment was associated with significant

LA
oty
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decreasas in progression-free and overall survival {Cornforth {(2010) Cancer
Immunol. immunother. Resistance to the proapoptotic effects of interferon-gamma
on melanoma cells used ¥y patient-specific dendritic cell Immunotherapy is
associated with improved overall survival). A fog-rank fest revealed a significant
association with lower viabilty upon IFN-gamma treatment of melanoma fumor cells
and overal survival in patients under study.

100142] Lysates from cells that were incubated in the presence or absence of IFN-
gamma were subjected v immunchictting for a vartety of molecules thal may be
important mediators of immunity (Figure 18). in the setling of melanoma cells
treated with IFN-gamma, heat shock profeins appear 1o be differentially regulated but
remain largely present in the cell preparations, especially in the ¢ase of hep-70. The
endoplasmic reticuium profein, calreticulin, and high-mobility group box-1 protein
{HMGB-1), appear 10 be up-reguiated in some cases upon freatment with IFN-
{Figure 18). By contrast, common melanoma anfigens (mel-4, Mart-1 and
tyrosinase;} generally appear 1o be down reguiated by FN-gamma while ICAM-1, 2
iymphocyte adhesion molecule associated with sensitivity i lymphocyie mediated
cytotoxicity (Hamal (2008) Cancer Res. 68:9854-8864), is significantly up-regulated
{Figure 10}, indeed, iIFN-gamma freated melanoma fumor cells were found o be
more sensitive {o cyfotoxic T lymphocyte {CTL) activily.  Additionally,
mmunchistochemistry of a panel of melanoma assodiated antigens revealed that
{Fh-gamma resulls in the down regulation of antigen expression in many of the
antigens examined (Table §.

{00113] The use of IFN-gamma resulls in the up-reguiation of the major
histocompatibility complexes, class | and class I {(Bohn (1888} 4. Immunol. 161:897-
908). As shown in Figure 1D, the treatment of aulolegous melanoma cells with IFN-
gamma resulted in the near universal and significant up-regulation of MHC class { {p
= 2.8 x 10°) with 2 median fold induction of 2.81 £ 1,13 (95% C.1). Additionally, the
mean fluorescence intensity of MHC class § was also significantly higher but less so
{p = 0.038) with a2 median induction of 4.23 £ 2.86 (85% C.I.). The level of MHT
ciass lf molecules on the swrface of the autologous melanoma cells was generally
tower than that of the MHC class | molecuies but in 70% of the cases the induction
was greater than two fold in response o IFN-gamms treatment for the MHC class §

muolecuies due o the low initial level of MHC class H expression. The presence of
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these molecules on the tumor cells during loading of antigens onto dendritic cells
may provide an opportunity for “cross dressing” MHC complexes onte antigen
presenting cells (Dolan {2008} 4. Immunol 277:6018-8024, Dolan (2008) J. Inmunol,
176:1447-1455).

F001144] A sel of four representative autologous melanoma cell lines were incubated
with IFN-gamma and loaded in equal amounts onto dendritic celis which were then
assayed by How cytometry for the expression of CD80, CD83, CDB6 and MHC-class
H. The resulls indicated that a small but appreciable increase in the percent positive
poputation of dendritic calls expressing CDE3 was seen upon the loading of the IFN-
gamma treated melanoma celis (Figure 2). Additionally, more unprocessed tumor
cells are noled in the CD8E dot plot {upper left quadrant) which resulted in &
discemnible reduction in the percent CD85 positive population, indicating that IFN-
gamma untreated tumor cells were st present. This effect is most ikely due to the
induction of apoptosis by IFN-gamma, as apoplotic cells are more fkely to be
phagocytosed by dendritic celis as previously reported.

{D0115] As shown in Figure 3, a sample of pre-loaded DC showed that they
expressed CD8U (30.0 & 16.2%), CO83 (7.1 £ 5.9%), CDOBB (73.8 £ 19.5%) and were
MHC class i positive with a viability of 86.2 £ 5.0%. The loaded DC had a
significantly higher percentage of COB3 (8.4 1 7.1%, p = 0.018) with a significantly
nigher mean flucrescence intensity {172.9 £ 79.0, p = 0.0009) indicating that loading
tha DC with iradiated, IFN-gamma treated tumor cells induces maturation in some
dendritic cells {(Figure 3B).

Discussion from frst study

100118] Protocols for antigen loading, maturation, and administration, in the context
of anti-tumor immunity, and guidance on dendritic celf (DC)-based immune therapy
are practiced by the skilled arfisan. This type of therapy encompasses use of
nurified autologous tumor cells as the source of antigen, and contains a patient-
specific reperioire of lumor-associated antigens {Selvan (2010) Melanoma Res.
20:280-292; Dillman {2007} Cancer Biother, Radiopharm. 22:308-321). Some clinical
rials are using unpurified autologous bulk tumors. This source of antigen may have
contaminating fibreblasis and necrotic tissue {O'Rourke {2007) Melanoma Res.

17:316-322). Tumar stem cell associated antigens may be pressnt in the purified
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celf fnes {Diliman (2008) New Engl. J. Med. 385:1178-1181). IFN-gamma treatment
increases expression of MHC class i molecuies. MHC class # molecules are
imporiant for response fo dendritic cell-based therapy. Molecules present in
phagocyiosed material, such as calreticulin, HMGB-1, and heat shock proteins, may
contribute to @ maturation signal, where this contribution may be iy addition o
contributions by cytokine cockliails, The present preparation of DCs shows a frend
toward maturation, which can be associated with the phagocytosis of iale stage
apoptotic cells (ip (2004} J. immunol. 173:188-186), Use of apopiotic ceils has been
correlated with the generation of dendritic celis that were more effective at
stimulating hynphocyte IFN-gamma secretion versus dendritic colls loaded with
either tumor cell lysates or neorolic cells suggesting that dendritic cells loaded with
apopictic cells may be more potent in vive.  Resistance o the proapopiotic effects of
FN-gamma may be associaled with a belter clinical outcome (Comforth (2010
{Cancer immunol. Immuncther. 801123131} Interieukin-12 (L-12) secretion by
mature DO can lead to robust oytotoxic iymphocyie (CTL: CDE™ T celis) activity. The
issue of whether ex vivo maturation leads o lasting fumor immunity, has been
addressed. The risk of induction of regulatory T celis, which <an suppress antigen
specific CTLs, by immature DC has also been shown 1o occur with cylokine matured
5C. A re-evaiuation of the sequence of signaling events that leads fo maturation is
being Investigated to improve DC maturation protocols. Thus, the use of irradiated
whole fumeor cells as the antigen source in this study, without the necessily of ex vivo
cytoking maturation, may be & more preferable methoed of DC immunotherapy since
the evidence presented here indicates that the DC have beagun the process of
maturation, Upon injection, these "maluring” DCs may complete the process of
maturation by secreting chemokines which will attract licensing, anligen-spetific
CD40L expressing CD4™ T cells. Serum chemokings, jike CCLAT/TARC produced
by dendritic celis in response {0 the adjuvant GM-CSF, have been associated with
better progression-free survival rates. In some contexts, activation of lymphocytes
by dendritic cells may require the expression of co-stimulatory molecules fike CD8D
and COB6. As a marker of maturation, CD83, is exprassed on mature dendritic cells
and may correspond o dendritic cells that can induce a more potent immune
response (Prazma 2008) mmunol Lett. 115:1-8). This represents a fraction of all
the cells in the pharmaceutical preparation. The number of mature DCs along, in
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any one pharmaceutical regiment, may or may not be correlated with a betler patient

response.
Tabie from the first sfudy

P07 Table & Change o the expression level of cormnmon fumor associated
antigens in response to interferon-gamma in melanoma cell lines used patient-

specific cell based dendritic cell therapy,

Table 1
Anhigens Mo ba::aj Basal expression Change after
EXPIESSIOn {FN-gamma freabment
None Down
5100 74.1% 25.9% 42.8% 57.1%
HMB-45 185 81.5 H4.5 45/5
Mel-2 37 56.3 45.2 53.8
Melan-A 11.1 88.9 282 708
Mel-§ 185 818 727 27.3
MAGE-1 51.8 481 385 LOB1E
MART-1 88.3 14.8 §5.2
Tyrosinase 258 | 74.1 40.0 §0.0

O8] N = 27 samples.
Materials and methods for the second study
Relanoma ceff Hnes

[30118] The commercially available melanoma cell lines A378, SK-Mel-5 and SK-
Mel-28 were purchased from American Type Culture Collection {(Catalogue numbers:
CRL-1618, HTET0, and HTB-72). A375, SK-Mel-5, and SK-Mel-28 were mainiained
in 5% fetal bovine serum in RPMIL1840 (Invitrogen, catalogue number 11875.085).
The pan-capase inhibifor, z-VAD-Imk and its control compound, z-FA-fimk, were
purchased from BD Pharmingen (Calalogue numbers; §50377 and 550411).
Transfections of GFP-LC3 were performed as per manufacturer instructions

{frvivo(Gen, catalogue numbers psetz-gfpled and yec-12} and photomicrograph wers
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taken on an Olympus BX-51 microscope using a DPT2 digital camerg.  Tumor celfis
ines were incubated with 1000 Wil of IFN-y {interMune, Cat #) for 72 howrs prior o
assaying. Patient-specific cell ines were generated as described {Hamai (2008)
Cancer Res. 88:9854-8884; Tyring (1884} J. Nall. Cancer Inst. 73:1087-1073) by
enzymatic digestion of surgical tumor samples, cullivation in RPMI- 1640 tissue

cuiture media supplemented with felal bovine and enriched calf serum {Omegsa
Scientific, San Diego, CA) plus 1mM sodium pyruvats, 1 mM gliamine and HEPES
buffer. Phase contrast photomicrographs were taken on a Olympus K2

microscope using a Nikon D&-L1 digital microscope camera.

Autclogous dendritic celf generation

100120] Dendritic cells were generated by plastic adherence method of ficoled
apheresis products (Selvan {2007} Int. J. Cancer. 122:1374-1383; Comforth {2010
C_f:mcer immunol, 801123131} i1 antibictic-free AIMWV medium {nvitrogen, Cat¥)
s&pp?&mented with 1,000 i/mL each of iL-4 {CeliGenix, Cal#) and GM-CSF (Berex,
Seattle, WA) (DC medium). The flasks were then cultivated for € days priorto
ioading with IFN-gamma treated, radiated autologous tumor cells.

Flow cytometry

00121] Analysis of tumor call death and changes in major histocompatibility class |
expression in response o IFN-gamma were conducted by use of antibodies directed
against MHC class i, annexin-V and 7-amino-actinomyein D {7-AAD} and acguired

A

on a Beckton-Dickenson FACS Calibur® fow cylometer.
Western blotting

F00122) Melanoma tumor cell lysates were resolved on 10-12.5% SDS-PAGE,
fransferred o nitroceliudose and probed with primary antibodies overnight prior fo
secondary antibody conjugation and development by Novex AF Chromogenic
substrate {Invitrogen, Carlsbad, CA) to deveilop bands. Antibodies against LC3-B
antibodies {Cell Signaling Technologies, Boston, MA) and CADPH (EMD
osclences, Germany) were used at manufaciurers recommended dilutions of 1:100

and 110,000, respectively.

Description of the second study
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[00123] Whal was investigated was the induction of auto ophagy, apoptosis and MHC
class i molecules affer IFN-gamma treaiment of melanoma tumeor ceiés in vitro,
Autologoeus and modet melanoma tumor cell lines were incubated with 1000 U/mb of
IFN-gamma for 72 hours prior o assaying for autophagy, apoptosis and MMC class

i expression. Autophagy was detected by immunobioting with antibodies against
L.C3 H and by fiow cytometry with Enza's CytolD Autophagy Detection Kit. Apoptosis
and MHC class I induction were assayed by flow cytomelry using 7-AAD and
annexin-\ sfaining and antibodies against MHC class §, respectively.

Hesults of the second study

{00124] The resuils demonstrated that IFN-gamma induces both autophagic and
apoptotic cell populations in melanoma cell lines, The apoptotic pooulation is
oredominantly found in the non-adherent population while the autophagic cells
remain acherant o the flask. Blocking of autophagy with the inhibifor 3~
methyladenine {(3-MA} inhibits the induction of MHC class H positive celis |

respanse {o IFN-gamma (39.4% IFMN-gamma vs. 10.0% IFN-gamma + E-MA}.
Inhibition of caspase activily with the pan caspase inhibitor Z-VAD prevents
apoplosis but does not perlurb autophagy i IFN-gamma treated celis (2752 0,15
\FN-gamma vs. 3.04 £ (.27 IFN-gamma + ZVAD, fold change). induction of
apoptosis i associaled with reduced levels of autophagy and MHC class
expression. Patients receiving autologous tumor cell loaded dendritic ceils that are
nor-apoptolic gutophagic cells derived from interferon-gamma Ysated purifisd fumor
cell fines have improved progression-free and overall survival {p 0.003 and p 0.002,
reapectively). A proceduwre o sliminate apoplotic celis while retaining viable
gutophagic celis after IFN-gamma frealment may enhance the effectivenass of this

type of cell-based mmunotharapy.

Pooled Analysis of Studies

{D0125] Autclogous, prolferaling, self-renewing fumor cells {putative tumor stem
cells and/or early progenitor cells), are important to establishment of new depols of
metastalic cancer, and may be excellent sources of antigen for vaccines. These
studies addressed the impact on survival from immunizing with antigens from such
celis.

Methods

L3
o
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[00128] Data was pooted from three successive phase i trials, all of which includsd
patients with documented melasiatic melanoma, who were freated in profocols that
utilized antigens from cell cultures of autologous tumor calls, S.C. Injections were
given weekly for 3 weeks, then monthiy for § months: 74 patients were injecied with
gradiated fumar celis {TC): 54 patients were injected with autoiogous dendritic cells
{3C) that had been co-culturad with irradiated autologous twrnor cells (NCHVOT-
16848} in a randomized phase § trial, 24 patients were injected with TC, and 18 with
DO (NCT00436830).

Results

[60127] Table 2 summarizes overall swrvival (O8) in sach trial. In the pooled
analysis there were 88 TC and 72 DC patients. Characteristics were similar in terms
of age (&1, 52), male gender {62%, §2%), no svidence of disease af the time of
freatment (48%, 47%;), and prasence of M1 visceral disease at the time of reatment
{13%, 14%}. O was longer i patients reated with DO {median 631 vs 20.2
months, S-year O §1% vs 26%, p=0.0002 Mantle-Cox log-~rank test). The
difference it O8 in the randomized trial is also significant (p=0.007).

100128} Patlentspecific DC vaccines primad with antigens from  autologous
profiferating, self-renewing tumor cells are associated with encouraging long-term
sunvival rates, and are sugenor {0 patientspecific TC vacoings in populations of
patients who have been diagnosed with metasiatic melanoma.

Table 2.

Vaccine # patients | # deaths Median O8 291 08 {Byr 08
TC 74 80 20.3 mos 45% 28%
DC 54 31 | 58.4 mos 72% 50%
ic 24 18 | 159 mos 31%

DC 18 5 Not Reached | 72%

The survival curves from the three trials of patient specific vacoines are shown in
Figure 13. Consecutive Phase | and Phase it clinical trials were conducted using
autclogous tumor cells, in combination with aultclogous dendritic celis (BC) or
without. Subcutaneocus injections were given for three (3) weeks, the monthly for five
{5} months! 74 patients were injected with irradiated umor cells without pre-
reatment with {FN-gamma, 54 palients were injecied with autoiogous dendritic vells

that had been co-cullured with irradiaied autologous tumor cells (TC) with pre-
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freatment with interferon gamma. in a randomized Phase i trigl, ¥4 patients were
iniected with tumor cells (TC) without IFN-gamma pre-treatment, and 18 with

dendritic calis {(BC) plus umor calls {TC} without pra-treatment with IFN-gamma.
Characteristics of IFN-gamma treatment

0028} IFN-gamma treatment forces melanoma cells that are blased towards
apoptosis, 1o actually enter apoptosis, and therefore {0 be removable by the
absorptionffloating technique. IFN-gamma freatment resulls n & greatsr population
of autophagie, non~apopliotic calls, even before selecting with the adsorption/fioating
technigue. FN-gamma treatment results in a greater population of autophagic, non-
apoplotic cells, as measured after selecting with the adsorption/fioating technigue.
The IFN-gamma treatment resulls in 3 greater popudation of autophagic, non-
apopiolic cells where increased autophagy resulls in greater cross-priming for

antigen presenting osiis.

[O0130] Thus, while there have shown and described and pointed out fundamental
novel features of the disclosure as applied to an exemplary implementafion andfor
aspects thereof, it will be understood that varicus omissions, reconfigurations and
substitutions and changes in the form and details of the exemplary implementstions,
disclosure gnd aspecis thergof may be made by these skilled in the art without
departing from the spirit of the disclosure and/or claims. For example, it s expressly
intended that all combinations of those elements and/or method steps which perform
substantially the same function in subsiantially the same way (o achieve the same
resuits are within the scope of the disclosure. Moreover, it should be recognized that
structures andior slements andfor method steps shown andior described in
connection with any disclosed form of implementation may be incorporated in any
other disclosed or described or suggested form or implementation as a general
matter of design choice. His the intention, therefore. to not Bmit the scope of the
disclosure. Al such modifications are intended to be within the scope of the claims
appended hereto.

FO0131] Al publications, palents, patent applications, references, and sequence
listings, cited in this specification are herein incorporated by this reference as if fully

set forth hersin.
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001321 The Abstract is provided to comply with 37 CFR §1.72(0) to allow the reader
o guickly ascertain the nature and gist of the technical disclosure. The Abstract is
sttbmitted with the understanding that i will not be used to interpret or limit the scope

or meaning of the claims.
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YWhat is cisimed is:

Claim 1. A population of dendritic cells from a subject comprising:

melanoma-specific peptides from melanoma cells taken from a subject that has
melanoma,

wherein sald melanoma-specific peplides are acquired in vitro by dendritic cells
from said melanoma cells that are treated in vilro with IFN-gamma or IFN-gamma
mimetic,

wherein greater than 80 percent (%) of said melanoma celis that are freated in
vitro with IFN-gamma of IFN-gamma mimetic are aulophagic and non-apoptctic, and

wherein the dendritic cells and melanoma cells are from the same subject.

Claim 2. The population of dendritic cells of claim 1, wherein:
greater than 80% of said melanoma cells that are reated In vitro with

IFN-gamma of IFN-gamma mimelic are autophagic and non-apoplotic.

Claim 3. A vaccine for the subject of claim 1, comprising the population of mammalian

dendritic celis of claim 1.

Claim 4. The dendritic cells of claim 1, wherein essentially all of the melanoma-specific

peptides that are acguired in vilro, are from melanoma cells that are incapable of cell

Claim 5. The dendritic cells of claim 1, wherein gssentially all of the melanoms-specific
peptides are from melanoma csils that are incapable of cell division because the

melanoma cells are yradiated.

Claim 8. The dendritic cells of claim 1, whereln essentially all of the melanoma-specific
peptides are from melanoma cells that are incapabie of cell division because the
chromosomes of the melanoma celils are cross-linked by a nucleic acid cross-linking

agent.
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Claim 7. The dendritic cells of claim 1 comprising melanoma-specific peptides that are

from melanoma cells that are reated with IFN-gamma and radiation.

Claim 8. The dendritic cells of claim 1 comprising melanoma-specific peptides, whersin
all of said peptides are from melanoma cells that are freated with {FN-gamma and

radiation.

Claim 8. The population of dendritic cells of claim 1, whereln the autophagic and

non-apopiotic melanoma cells are acquired by adhesion to a swface.

Claim 10, The dendritic cells of claim 1, wherein essentially all of the
melanoma-specific peplides are from melanoma cells that are treated invitro to be
incapable of celf division,

Claim 11. The dendritic cells of claim 1, wherein the subject is a human subject.

Claim 12. The dendritic cells of claim 1, wherein the subject is a mammal that is not

human.

Claim 13, A melanoma vaccine comprising at least one mature dendritic cefl from a
subject that has melanoma,

wherein the at least one mature dendritic cell s preparad by contacting with at
ieast one melanoma tumor cell from the same subject,

wherein the at least melanoma tumor cell that is contacted with the atl least one

mature dendrific cell is non-dividing, autophagic, and non-apopistic.

Claim 14. A method for stimulating rmune response against 2 melanoma-specific
antigen comprising administering an immune-stimulatory amount of the dendritic cells of
claim 1 to the subject of claim 1, or administering an immune-stimulatory amount of the

vaceing of ¢laim 13 fo the subject of claim 13,
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Claim 15. The method of claim 14, wherein the immune response that is stimulated
comprises one or more of CD4" T cell response, CD8 T cell response, and B cell
response,

-

{Claim 16. The method of claim 17, wherein the £D4" T celf response, CD8” T cell

response, or B cell response, can be measured by ELISPOT assays, by intraceliular
ovioking staining assays, by telramer assays, or by detecling antigen-speacific antibody

production.

Claim 17. The method of claim 14, wherein the immune response comprises g survival
time tha! comprises 2-year overall survival (08}, and where the 2-year overall survival is

at lsast 80%.

Claim 18. The method of claim 14, whergin the administration comprises subcutaneous

infections of the vaccine.

Claim 18, The method of claim 14, wherein the adminisiration comprises injections of

the vaccine given weekly for three months and then monthly for five months.

Claim 20. A method for preparing a dendsitic cell vaceine, involving melanoms cells and

dendritic cells from the same subject, the method comprising:

treating the one or more melanoma cells in vitro with interferon-gamma
{IFN-gamma} or with an IFN-gamma mimetic;

selecting the melanoma cells that are autophagic and non-apoptotic;

refecting melanoma cells that are non-autophagic and apoptotic;

contacting the melanoma cells that are aufophagic and non-apoplictic io one or

more aulclogous dendritic cells; ana
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alfowing uptake of al least one melanoma-derived peptide by the one or more

autologous dendritic cells.

Claim 21, A composition comprising:

wrierferon-gamma {{FN-~gamma) freated melanoma cells from a first subject, and
antigen presenting celis (APCs) from the same first subject, wherein the melanoma celis
are!

autophagic; and

non-gpoplatic.

Claim 22. The composition of claim 21, wherein the melanoma cells are MHC

ciass {hexpressing.

Cilaim 23, The composition of claim 21, wherein the APCs are dendritic celis,

macrophages, or B cells,

Claim 24, The composilion of claim 21, wherein the melanoma cells comprise
melanoma-specific peplides, and wherein the melanoma specific-peplides are not

contained in the APCs.
Claim 25. The composiion of claim 21, wherein the melanoma cells comprise
melanoma-specific peptides, and wherein at least one of the melanoma-spacific

paplides is taken up by the APCs and is comprised by the APCs.

Claim 26, The composition of olaim 21, wherein the IFN gamma-treated melanoma
cefis are loaded info the APC,

Claim 27. The composition of claim 21, wherein the IFN gamma-treated melanoma

cells are not loaded into the ARG,
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Claim 28. The composition of claim 241, wherein aufophagy of the melanoma cells is
demonstrated by a test that assays microlubule-associated protein light chain 3 (LC3)
Claim 28. The composition of claim 21, wherein the melanoma cells are demonsirated
to be non-apoptotic using at least one of the reagent, 7-aminoactinomycin D (7-ADD), or

the reagent, annexin,

Claim 30. A method of stimulating immune response in a subjact having melanoma and
comprising melanoma cells, wherein the subject is the same subject as the first subject,
comprising administering an immunology sffective amount of the composition of

clabrn 21

Claim 31, A method for manufacturing the vaccine of claim 1 or the composition of
claim 21, comprising contacting at least one autophagic, non-apoptotic melanoma tumor
cell to at least one antigen presenting cell (APC), wherein the at least one autophagic,
non-apoptotic melanoma lumor cell is from a first human subject, and wherein the at

teast one APC is from the same first human subject.

Claim 32. A method for preparing a dendritic cell vaccine, comprising: treating melanoma cells
acquired from a first subject with an agent that prevents cell division; treating the melanoma

cells with IFN-gamma or an IFN-gamma mimetic; selecting melanoma cells that are autophagic
and non-apoptotic; and, contacting the selected melanoma cells with autologous dendritic cells

from the same first subject.

Claim 33, A composition that comprises a dendritic celt vaceine, as prepared by the method of

claim 32.

Claim 34, A method for stimudating immiune response against a melanoma-specific antigsn,
comprising administering the composition of claim 33 to a subject that has melanoma.
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