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ANTIGEN PRESENTING CANCER VACCINE WITH GAMMA INTERFERON

Related Applications

[Q0011 This application claims the full Paris Convention priorily 1o and benefit of
WS, Provisional Application No, 81/549,681, fisd on October 20, 2011, and U.S.
Provisional Application no. 61/584,304, filed on February 2, 2012, which are
incorporated by this reference, as I fully set forth in thelr entirely herein

Fiald
{0002] The present disclosure relates o frealing 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 nmune response can result, for example, from the fact that
many Wwmor antigens are "self-antigens,” from lack of expression of MMC by the
twmor celis and consequent lack of presentation of tumor antigens by the tumor cells,
from the association of macrophages with tumors where e macrophages express
cviokines that reduce immune rasponse, and from the immunosuppressive aotivity of
T reguiatory cells {Tregs). Lack of immune regponse against fumors also results
from the fact that tumor cells tend not to express moleculss that stimulate innate
immune responseg, that is, molecules that stimulate toll-like receptors (TLRs) or
nucipotide-binding oligomerization domain (NOD)-ike receptors). Cancer
gncompasses sohid tumors as well as the hematologicat cancers, such as the
leukemias and the myelodysplastic syndromes.

fBG041  The immune sysiem encompasses celiular immunity, humoral immunity,
and complement response. Celluar immunity includes a network of cells and svents
involving dendritic ceits, CD8” T calls {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 DC, or blosynihesized
inside of the DC by an infecting organism. The DC processes the polypepiide,
resulting in peptides of about ten amino acids in length, fransfers the peptides to
either MHC class | or MHC class 1 {o form a complex, and shutties the compiex i
the surface of the DC. When a DC bearing a MHC class i/peptide complex contacts
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a CD8" T cell, the result is activation and profiferation of the CD8™ T cell. Regarding
the role of MHC class I, when a DC bearing a MHC class Hi/peptide complex
contacts & CD4™ T cell, the cutcome is activation and proliferation of the CD4™ T cell
{(Munz, etal (2010) Curr. Opin. Immunol. 22:88-83; Monaco {18985 J. Leukocyle
Biol. 57:543-547, Robinson, et al {2002} immunology 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 Nteractions. These inferactions include direct contact of
a C4" T cell to the DC {(by way of contact the CD4” T cel's CDA4D dgand to the DC’s
CD40 recepior), or divect contast of g TLR agonist to one of the dendritic celf's
foli-like receptors (TLRs).

000581 Humoral immunity refers {o B cells and antibodies. B celis become
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-speciic B cells do express CD27 (Persz-Andres, ef al. (2010} Cytometry
Part B 788 (Suppl 1) 847-580). The secreted antibodies can subssquerdly 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 killing of the infected cell
or fumor cell, 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 celis {o bind to the constant region of antibodies,
enables NK cells to specifically kili the cells that are {agged with antibodies. The NK
cell's recognition of the antibodies is mediated by Fc receptor {(of the NK cell) binding
to the Fo portion of the anttbody. This type of killing is called, antibody-dependen
cell cytotoxicity (ADCC). NK celis can also kill cells independent of the mechanism
of ADCC, where this killing requires expression of MHT class | to be lost or deficient
it the target cell (see, o.g., Caligiur {2008) Blood 112:481-480).

{0008] The technique of "delayed type hypersensitivity response” can be used o
dislinguish between immune responses that mainly involve celiular immunity or

mainly involve humora! immunity, A positive signal from the delayed type
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hypersensitivity response indicates 3 celiular response (see, &.9., Roychowdhury, e
al. (2005} AAPS J. E834-£848),.

0007 Autophagy is a8 homeostatic process by which cytosolic componenis and
organcliies are delivered o the lysosome for degradation. Autophagy is also
associated with innale and adaptive immune responses o intraceiluiar pathogens
whereby cylosolic antigens are loaded onio major histocompatibility complex {MHC)

class I motecules for CD4™ T-cell recognifion.
Description

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

Wy

such a&s "a," "an,” and "the” include their corresponding plural references unless the
context clearly dictates otherwise. All references cited herein are incorgorated by
reference {o the same extent as if each individual publication, patent, published
patent application, and sequeance listing, as well 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 disclosure provides a method for preparing a dendritic cell
vaccing, comprising freating melanoma cells acquired from a first subject with an
agent that prevents cell division, trealing the melanoma celis with IFN-gamma or an
{FN-gamma mimetic, selecting melanoma cells that are autophagic and
non-apopiolic melanoma cells, and cortacting the selected melanoma cells with
autclogous dendritic celis from the same first subject. Also provided is a compasition
that comprises a dendritic ool vaccine, as prepared by the above method. What is
alss provided by the disclosure is a method for stimulating Immune response against
a melanoma-specific antigen, comprising administering the above composition o a
subject that has melanoma.

Q0101 A vaccine comprising a population of mammalian dendritic celis from a
given subject thal s disessad with melanoma and wherein the subject comprises
melanoma cells, wherein 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 dendrilic cells comprise melanoma-

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

o

are from melanoma celis that are autophagic and non-apopiotic, wherein less than
40 percent (%) of the melanoma-spedific peptides comprised by the dendritic celis
are from melanoma cells that are non-auiophagic and apopiotic, and whersin the
dendritic celis and melanoma cells are from the same subject. What is provided is
the above population of dendsitic cells, wherein the autophagic and non-apopiotic

mejanoma cells are acquired by adhesion {o a surface.

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

metanoma celis that are non-autophagic and apoptotic,

{0012] Disciosed is a vaccing, wherein, in some instances, greater than 80% of the
melanoma-specific peplides are from melanoma cells are autophagic and non-
apoptotic, and wherein less than 10% of the melanoma-specific peptides are from
melanoma cells that are non-autophagic and apoptolic.

{0043] Disciosed is a vaccing, wherain, in some instances, sssentially all of the
melanoma-specific peplides are from melanoma celis that are incapable of call

division.

0018]  Disciosed is a vaceine, wherein, in some inslances, assentially all of the
melanoma-specific peplides are from melanoma celis that are incapabie of cell

division becauss the melanama celis ave irradiated.

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

f0018] Disciosed s 2 vaccing, wherein, in some insances, ail of the melgnoma-
specific peplides ars from melanoma cells that are IFN-gamma-treated, or

iFN~gamma mimetic-freated melanoma cells.

{0017] Oisclosed i3 8 vaceine, wherein, in some instances, all of the melanoma-
specific peplides are from melanoma cells that are not IFN-gamma treated, and ars
not IFN-gamma mimetic-regted, melanoma cells.
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10018] [isclosed is a vaccing, wherein, in some instances, thers is a first number
of melanoma-specific peptides from melanoma cells that are autophagic and non-
apoplotic, and wherein there s @ secand number of melanoma-specific peptides
from meianoma cells that are non-autophagic and apoplotic, and wherein sakd first
rumiber and second number both refer to the number of melanoma-specific antigens
that is one of S-100, HMB-45, Mel-2, Mealan-A, Mel-b, MAGE-1, MART-1, or
Tyrosinase, and wherein said greater than 80 percent (%) is darived from the first
number and wherein said lesser than 40 percenit (%) is derived from the second

number.

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

apopiotic, and

{002G8] Wherein there is a second number of melanoma-speacific peptides from
melanoma cefls that are non-autophagic and apoptotic, and wherein said first

umber and sscond numbsr both refer fo the number of melanoma-specific antigens
that is two of S-100, HMB-45, Mel-2, Melan-A, Mel-5, MAGE-1, MART-1, or
Tyrosinase, and wherein said greater than 60 psr&ni {%} is derived from the first
nunber and wherein said lesser than 40 percent {36 is derived from the second
number.

{0021] Disclosed is a vaccing, wherein, in some instances, there is a firs! number
of melanoma-specific peplides from melanoma cells that are autophagic and non-
apoptotic, and wherein there 18 a second number of melanoma-specific peptides
from melanoma cells that are non-autophagic and apopiotic, and whersin said §rst
rumber and sacond number both refer to the number of melanoma-specific antigens
that is thres of 5-100, HMB-45, Mel-2, Melan-A, Mel-b, 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 second
number. Other embodiments make use of four, five, six, seven, or eight of the
recited antigens. Also encompassed, is use of 3 iolally different melanomsa-speacific
antigen.
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100221 Disclossd is a vaccing, wherein, in some instances, essentially aif of the

melanoma-specific peptides are from melanoma cells that are IFN-gamma-trealed

misianomea cells.

100231 Disclosed is 3 vaccine, wherein, in some instances, essentially all of the
melanoma-specific peplides are from melanoma celis that are feated in wiro o be
ncapable of cell division, VWhat is also embraced, is the above vaccine whergin the

given subject is & human subject.

10024} In addition, the disciosure provides vaccines, wherein the given subjectis a

marnmat that is not human,

00251 Disclosed is a methad for stimulating an immune response against a
melanoma-specific antigen, comprising adminsiering an mmune-simulatory amount
of the above vaceing {0 a subject.

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

response.

100271 Disclosed is 3 method wherein the CD4™ T cell response, CD8” T cell
respanse, or B cell response, can be measwyed by ELISPOT assays, by intraceliuar
cytokine siaining assays, by tetramer assays, or by detecting antigen-specific
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 2 method wherein the administration comprises injections of
the vaccing given weekly for three months and then monthiy for five months.
[0031] Disciosed is a method for preparing a dendritic sl vaceine,

10033 Disclosed is 8 method for preparing a dendritic cell vacoing involving
melanoma cells and dendrific celis from the same subject, wherein ohe or more
melanoma cells is freated with an agent that prevents cell division, wherein the one

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

(4]
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with an {FN-gamma mimetic, whersin melanoma cells that are aufophagic and
non-apopiotic are sslected, wherein melanoma ceils that are non-aufophagic and
apopiotic are rejected, and wherein the melanoma cells that are aulophagic and
non-apoptotic are provided 1o one of more auiclogous dendrilic celis, or wherein
peptides derived from the melanoma cells that are autophagic and non-apoptotic are

provided o one or more autologous dendritic cells,

{0033) Disclosed is a composition comprising al lsast 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 melanoms cell s aulophagic, non-
apoptolic; and MHC class H-exprassing. In another aspect, what is encompassed is
the above composition, whersin the IFN-gamma-treated melgnoma cell is loaded
into the APC; as well as the above composition, wherein the FN-gamma-treated
metanoma cell s not loaded into the APC. In another aspect, what is embraced s
the above composition wherein the melanoma cell is from a subject with Slage |,
Stage i, Stage i, or Siage IV meianoma. Additionally, what is contempiated is the
above composition, related kits, and relaled methods, whersin the APC comprises at
least one dendritic cell.

8024  in one aspect, the gharmacsutical compuosition, reagent, and related
methods, of the present disclosure uses a preparation of cancer calis that, alter IFN-
gamma treatment, is 7-AAD negative and annexin V negative. This population can
be, e.g., about 88% 7-AAD negatlive and about 88% annexin V negative, or af least
95% 7-AAD negative and at least 85% annexin V negalive, or at least 80% 7-RAD
negative and at least 90% annexin V negative, to provide non-fimiting examples.

0035 Furthermore, what is embraced s the gbove composition, wherein
autophagy is demonsirated by a lest that assays microlubule-associated protein light
chair 3 (LC3); and the above composition, wherein the cells are demonstrated o be
nen-apoptotic using at least one of the reagent, 7-aminocactinomycin D {7-AAD), or
the reagent, annexin.

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

g
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rasponse against a melanoma in & subject or patient, compnsing administering the
above composition of {0 a subject

00371 Disciosed s a method, wherein the melanoma celis from the patient are
non-apoptotic, are autophagic, and wherein the melanoma oalis respond {0 added
iFN-gamma by expressing MHC class i) as well as the above method, wherein the
melanoma cells are irradiated prior {0 loading on anligen-presenting celis.

(00381 Disciosed is a method fur reating a melanoma in a melanoma patient,
comprising determining that the msianoma celis are insansitive {0 the pro-apoplotic
effects of IFN-gamma, and adminisiering one or more of the above compositions to a

subject.

00381  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 cells are insensitive o the pro-apoptotic effects of
{FN-gamma, and administering one or more of the above-disclosed compositions {o

subject. Alsc supplisd, is the above method, wherein the immune response is ohe
of more of humoral immune response, cellidar immune response, and innate
MMUNe responss,

00487 Ina kit aspect, the present disclosure provides a kit for festing immune
response against a Wwimor antigen in a subject, whersein the subject s freated by one
or more of the above methods, and wherein the kit comprises a seagent that detects
numoral immune response, celiular immune response, of innale Immune responss,

Pefinitions

10041 immune-stimulatory amount, without imitation, can be an amount that
ncreases ELISPOT assay resuits by a measurable amount, that increases IC5
assay resutis by a measurable amount, that increases tetramer assay resulla by &
measurable amount, that increases the bicod population of antigen-specific CD&™ T
cells by @ measurable amount, thal increasss the blood population of
anfigen-specific COB™ T cells by a measurable amount, or where the increase is by
at least 10%, 20%, 30%, 40%, 50%, 60%,. 70%, 80%, 80%, 100%, 1.5-fold, 2.0-fold
3.0-fold, and the like, when csmpared to a suitable control. A suilable control can
be g control vaceing, where dendritic celis are not loaded with melanoma cells, or
are not loaded with peptide derived from melanoma celis.
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{80427 The term "melanoma-specific anfigen” encompasses antigens thal are
frequently associated with melanoma, and where the antigen is considered to be
unigue 1o melanoma, as opposed 16 being associated with other cancers, and in
addition, the term "melanoma-specific antigens” encompasses antigens that are
frequently associated with melanoma, and where the antigen is also associated with
other fypes 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 alse encompasses irvadiation by
x-rays, electrons, newutrons, protons, electromagnetic irradiation, visible light,
ultraviolet ight, and so on. In one aspedt, the irradiation functions to prevent celt
division of the melanoma celis. In another aspect, the radiation prevents cell
division, but also denatures celiular proteins. As an alternative (o irradiation, the
present disclosure prevents cell division of melanoma cells by way of physical
disruption, &.g., sonication, cavitation, dehydration, ion depletion, or by toxicky from
exposure to one of maore salls,

{0044] interferon-gamma ({FN-gamma), in the present disclosure, induces
autophagy. As an altemative, or in addition, avtophagy inducers such as mTOR
nhibitors, gnd mTOR-indepsndent reagents can be used. mTOR inhibitors suitable
for the present disclosure include, e.g., rapamycin, tamoxifen, toring, temsirolimus,
evarolimusg, IKK stimulation, MAPK kinase inhibitors, MEK1/2 inhibitors, dehydration,
and stress-aciivated molecules such as JNK1 that are induced by starvation.
mTOR independent reagents include low inositoldriphosphate (1P3) levels induced
Dy lithium, carbamazepine, and valproic acid, or low intraceliular calcium caused by
exposure to L-iype calolum channe! anfagonisis such as minoxidil, Cther mTOR
independent reagents include chemical inhibition of calpain {calpasiating,
spingolipids (51F), and reactive oxygen such as hydrogen peroxide, e.g., as induced
by starvation or hypoxic condiions.  One or more of these reagents Is provided for
use, instead of IFN-gamma of instead of an IFN-gamma mimetic. See g,
Ravikumar ot al (2010) Phys. Revs. 80:1383-1435.

100458 The term “percent,” as in “greater than 60% of the melanoma-specific
peptides,” refers 1o the number of peptide molecuiss, and not to the number of
different antigenically distinct peplides. The term “percent,” as in "greater than 80%

of the melanoma-specific peplides.” refers o the number of peptide molecules, and
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not to the number of different antigenically distingt peptides. The f&rm "percsnt” as

i “tess than 40% of the melanoma-specific peplides.” refers o the number of

peptide molecules, and not to the number of antigenically distinct peptides. The ferm
“percent,” as in "less than 20% of the melanoma-spacific peptides,” refers to the
number of peptice molecules, and not fo the number of antigenically distingt

paplides, and the liks.

{0048 The term "peplides,” as in “greater than 0% of the melanoma-specific
peptides,” refers to the sum of the number of peplide molecuies, oligopeptides
moiecules, and polypeptide molecules. The ferm “peplides,” as in “greater than 80%
of the melanoma-specific peptides,” refers o the sum of the number of peptide
malecules, oligopeptides molecules, and polypeptide molecules. The term,
‘peptides,” as in “less than 40% of the melanoma-specific peptides,” refers 1o the
sum of the number of peplide molecules, cligopeptides molecules, and polypeptide
molecuies. The ferm, “peptides,” as in "less than 20% of the melanoma-specific
peptides,” refers {o the sum of the number of peplide molecules, dligopeptides

malecules, and polypeptide molecules, and the like.

fo047] The lerm “biased lo being sutophagic and non-apoptotic” refers (o cancer
oelis, for example, melanoma cells, that when treated in vitro with IFN-gamma, are at
least 80%, af least 70%, al least 80%, at least B0%, at least B8%, at least 88%,
autophagic and non-apoptotic, Note the foliowing difference in the terminology used
to refer to various melanoma celis: cells that are gutophagic and non-apogptotic are
net the same as cells that are non-autophagic and apoptotic.

[6048] "Denved 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 a
homogenizer or by osmotic bursting, resulting in a crude exiract. Peplides,
oligopeptides, and polypeptides of the crude extract can be exposed fo dendritic
celis, foliowed by processing of the peptides by the dendritic 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
stilt metabolically active, or where the cancer calls have been treated with 2 nugleie
acid cross-iinking agent but are still metabolically active. "Derived from” inciudes
mixiures of cancer cell debiis, free cancer cell proteins, and iradiated cancer oells,

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

16
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[0048] "Admirdsiration” as & applies o a human, mammal, mammalian subject,
animal, veterinary subjeci, placebo subject, research subject, experimential subject,
cell Hssue, organ, or biclogical Buld, refers without fimitation to contact of an
exogenous ligand, reageni, placebo, small molecule, pharmaceutical agent,
therapeutic agent, diagnostic ageni, or composition o the subjscl, csll, tissus, vrgan,
or biclogica! fivld, and the ike. "Administralion” can refer, e.q., 10 therapsutic,
pharmacokinetic, diagnostic, research, placebo, and sxperimental methods.

Treatment of g cell encompasses contact of a reagent {o the cell, as wel as contact

<

f a reagent o a fluid, where the fluid is in confact with the cell. "Administration” also
encompasses i vitre and ex vivo freatments, e.g., of a cell, by a reagent, diagnostic,

binding composition, or by another call,

100507 An "agonist” as il relates to a ligand and receplor, comprises a moleculs,
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 GAACSF, @ mutein or derivative of GM-USF, &
peptide mimetic of GM-CSF, 3 small molecule that mimics the biclegical function of
GM-CSF, or an antibody that stimudates GM-CSF recepior. An antagonist, as it
refates ko a figand and receptor, comprises a molecule, combination of molecules, or
a complex, that inhibits, counieracts, downregulates, andior desensitizes the
recepior. "Antagonist” encompasses any reagent that inhibits a constifutive activity
of the receptor. A constitulive activily is one that is manifest in the absence of 8
Hgandfreceptor inferaction. "Antagonst” also encompasses any reagent thal inhibifs
o prevents a stimulated {or regulated) activity of a receptor. By way of exxample, an
antagonist of GM-CEF receptor includes, without implying any imitation, an antibody
that binds to the igand {(GM-CSF) and prevents it from binding o the receptor, or anl
antipody that binds 1o the receplor and prevents the ligand from binding v the

recepior, or where the antibody locks the receplor in an inactive conformation.

{80081] Unless expressiy staled otherwise, or diclated otherwise by the context, the
term "expression” encompasses the following. Expression encompasses the
biosynthesis of mRNA, polypeptide bicsynthesis, polypeptide activation, e.g., by
post-iransiational medification, or an activation of expression by changing the
subceditiar looation or by recruitment {6 chromating In other words, "increased
gxpression” encompasses increased biosynthesis, or increased activity that is

11
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caused by phosphorylation, or an increased activity that is caused by migration from

the cytosol o the nucleus.

I0052]  Antigen presenting celis {APCs) are cells of the immune system used for
presenting antigen o T cells. APCs inchude dendritic cells, monocyiss,
macrophages, marginal zone Kupffer cells, microgiia, Langerhans cells, T calls, and
B cells (ses, e.g., Rodriguez-Pinto and Moreno (2008) Eur. J. Immunel. 38:1007-
1105}, Dendritic cells occurin at least two ingages. The first lineage encompasses
pra-DC1, myeloid DC1, and mature DC1. The second iineage encompasses
CD34""CH45RA- early progenitor multipotent cells, CD34™ CRI4BRAT cells,
CO347CDESRA™ CDE {L-3Raipha™ pro-DC2 cells, CD4'CD11e plasmanytoid pre-
DC2 cells, iymphoid human DCZ plasmacytoid-derived DU2s, and mature DCEs
{see, e.g., Gilliet and Liu {2002) J. Exp. Med, 105:685-704; Bauer, st al, (2001} 4.
frmungl. 188 5000-5007; Arpinali, of al. (2000) Biood 85:2484-2480; Kadowaki, et
al. (2001} 4. Exp. Med. 184:883-869; Liu (2002) Humean Immunology §3:1067-1071;
McKenna, et al. {2008) J. Virgd, 78:17-27; O'Nelll, et al. (2004) Blood 104:2235-22486;
Rossi and Young (2008) J. immunol 175:11373-1381; Banchereau and Palucka
{2005} Nal. Rev. immuncl, 5:286-306).

{00531 "Effective amount” encompasses, without limitation, an amount that can
ameliorale, reverse, mitigate, prevent, or diagnose a symplom or sign of a medical
condifion or disorder. Unless dictated otherwise, explicitly or by context, an
"effective amount” is not limited fo a8 minimal amount sufficient 1o amelicrate &
condiion. The severily of a disease or disorder, as well as the abilily of 2 reatment
to prevent, treatl, or mitigate, the disease or disorder can be measured, without
implying any Bmitation, by a biomarker or by a clinical parameter,

{00584] Biomarkers include polypeptides, location of polypeptides {e.g., vesicular,
intracelivlar, membrane-bound), nucleic acids, bloed counts, metaboiite levels in
serum, uring, or cersbrosping! fuid, tumor cell counts, cancer siem cell counts,
fumor levels. Tumor levels can be determined by the RECIST ariferia (Eisenhauer,
et al, (2008) Eur. J. Cancer. 45:228-247). Expression markers encompass genetlic
gxprassion of mRNA or gene amplification, expression of an antigen, and exprassion
of a polypeptide, Clinical perameters include progression-free suvival (PFS), 6-

i

morgh PFES, disease-free survival (DFS), fime o progression (TTP), fime to distant

3

metastasis {TOM), and overall survival, without implying any limitation.
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{00858] A composition that is "iabeled" is delectable, either directly or indirectly, by
spectroscopic, photochemical, biochemical, immunochemical, isotopic, or chemical
methods. For example, useful labels include P, ¥p, ¥g, Mg, *H, % stable
isotopes, epitope fags flucrescent dyes, slectron-dense reagents, subsirates, or
anzymas, €.¢., as used in snzyme-inkad immunoassays, or fluorettes (see, g,
Rozinov and Nolan {18988) Chem. Biol. §:713-728).

Mathods for assessing immune response

{0088] The present disclosure also provides ELISFOT assays, intracelivlar
cytokine staining (HC8), and telramer assays, for characterizing immune response
{see, ay.. of US 2007/0180028 of Pardoll, Chattopadhyay (2008} Cytometry A 2008
73 1001-1008; Vollers {2008) immunology. 123:305-313; Lalvany, et al. {1887} 4.
Exp. Med, 186:858-865; Waidrop {1987} 4. Clin. Invesl. 82 1738-1750; Hudgens
{2004} J. Immunol, Methods 288:18-34; Goulder (2001) J. Virol. 7513381347,
Goulder {(2000) 4. Exp. Med. 182:1818-1831; Anthony (2003} Methods 28:260-289;
Badovinac and Harty (2000} J. Immunol, Methods 238107117} Immune response
in a patient can be assessed by endpoints that are used in oncology clinical trials,
including objective response (RECIST criteria), overall survival, progression-free
survival {(PFS), disease-free survival, ime to distant metastasis, 8-month PFS,

12-month PFS, and so on.
Yaceines

[0087] Dendritic cell vaccine of the present disclosure can be administersd by
intradermal, infranodal, mucosal, or subcutaneous routes, or any combination of the
above. Each dose can comprise about 10 x 10% dendritic celis, 20 x 10° cells, 50 x
10° calls, 100 x 10% cells, 200 x 10° cells, 500 x 10° celis, 1 x 10° cafis, 2 x 10° cells,
20 x 10° cells, 50 x 10° celis, 100 x 10° cells, 200 x 10°%, 500 x 10% 1 x 10% celis, 2 %
107 cells, 5 x 107 cells, 10 x 10° cells, and the fike. Administration frequency can be,
€.Q., once per week, twice per week, once svery two weeks, once every thres
weaeks, once every four weeks, once per month, once gvery two months, once every
three months, once every four manths, once every five months, once svery six
months, and so on. The total number of days where administration occurs can be
eneday, onZdays, oron 3,4, 5,8, 7, 8, 8, 10 11, 12, 13, 14, 15, 16, 17, 18,18, or
20 days, and so on. s understoed 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 tumorcells, where atlsast 10%, where gl least 20%, at
least 30%, atl least 40%, at least 50%, at least 60%, at least 70%, atleast 80%, at
least 80%, alleast 85%, or at least 88%, of the melanoma celi-derived protein thatis
‘caded into the dendritic celis resides in whole tumor calls. in non-limiting
gmbodiments, dendritic cell vaccine is held in a flask, na vial ina bottle, ina
syringe, in a cathetler, in a cannula, and so o, For administration, at least 20%, at
imast 30%, al least 40%, al least 50%, 3t least 80%. at least 70%, at least 80%, a
ieast B0%, al jeast B5%, at least 89%, of the dendrilic oslis that are administered are

mature dendrific calls.
¥aceine homogensity

00581  In exemplary implementations, the disclosure provides a vaccine comprising
dendritic cells that coniain melanoma peplides derived from in vitro loading, where
the vaccine comprises dendritic celis {sum of DCs containing melanoma peptides,
and DCs not containing melanoma peptides) at a ratio of dendritic celis/imelanoma
celis of at least 5/85, 10/90, 20/80, 3Q/70, 40480, SO/50, 80/40, 70/30, BL/20, 80/10,
0545, 98/2, 99/1, and the like. Also provided, is a vaccine comprising dendrific cells
that contain melanoma peptides derived from in vitro loading, where the vaccine
comprises dendrific celis {sum of DCs containing melanoma peptide, and DCs not
containing metanoma peplides) at a ratio of [dendritic celis/[oeils that are neither
OCs nor melanoma], of af lsast K85, 10190, 20/80, 30/70Q, 40/8G, 50/50, 80/40,
F0/30, 80/20, 90M0, BY/E, 88/2, B9, and the like. The disciosure dlustartes a
comparimented cordainer, where a first compariment containg melanoma cells, and
a second compariment containg dendritic cells. The two compartments can be
separated by a membrane, filter, valve, condull, coupler, which prevents the
melanoma cells from contacting the dendrntic cells, bul where manual transfer, or
where ramoval of the membrane or opening of the valve allows the melanoma cells
o contact the dendrific cells, allowing loading of melanoma cells, melanoma call
fragments, andfor melanoma peptides, on the dendriic celis.

interferon-gamma mimetics

00881 The present disclosure encompasses mimstics, for example,
interferon-garmma mimetics, such as mimetic peplide 95-132 (Ahmed (2007} 4.
immunal. 178:4578-4883,; Fulcher (2008) FEBS Lett. 582:15689-1574). The

i
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disclosure provides IFN-gamms mimetics, where an overali goal is o acquire a
population of melanoma celis that s enviched in melanoma cells that are aufophagic
and non-apopiotic. IFN-mimetic encompasses, €.g., an antibody that has the same
agonist activity as inferferen-gamma.

Inactivating melanoma cells

{0080} The present disclosure provides compositions and methods, where cancer
cells are inactivated, for example, by radiation or by way of nucleic acld
cross-linkers.  Exgmnplary oross-linkers, have the abifity fo cross-iink DNA but fo
leave proteins unmodified. A nucleic acid alkylator can be beta-alanine, N-{acridin-8-
vy, 2-[bis(2-chioroethyliaminolethyl ester. In some embodiments, the nucleie acid
targeted compound is a psoralen compound aclvated by UVA kradiation. For
instancs, the nucieic acid targeting compound can be £-{d-amino-2-oxa)butyi-4,5' 8-
trimethyipsoralen {aiso referred to herein ag "5-58"). Celis can be inaciivaled with
150 micromolar of psoralen 8-58 and 3 Jom® UVA light (FX 1018 irradiation device,
Baxter Fenwal, Round Lake, IL}. The inactivation with S-58 is referred to as
photochemical trealiment and resulis in complete inactivation of the cells. Various
concantrations of nucleic acid cross-linked agent can be tested for efficacy in
inactivating ceils, for sxample, for efficacy in preventing celt division. 858 s
distinguished by its ability o cross-link nucleic acids, but o leave proteins intact an
unmodified. Cells can be suspended in & ml of saline containing €, 1, 10, 100, and
1000 nM of psoralen S-58. Each sample can be irradialed as follows. The 558 ¢an
be added al 8 concentration of 100 i, Sampiss can be UVA irradiated at a dose of
approximately 2 Jlom® (FX1019 irradiation device, Baxter Fenwal, Round Lake, i},
Each sample can then transferred to a 15 ml tube, centrifuged, and the supematant
removed, and then washed with 5 mi saline, cenirifuged and the supernatant
removed and the final peliet suspended in 0.5 mb of saline (U.S. Pal. Nos. 7,833,775
of Dubensky and 7,891,383 of Dubenshky}.

Enriching for melanoma cells that are non-apoptotic

{8081] A population of melanoma cells can be enriched in melanoma cells that are
nor-apoptotic, for exampie, by use of the technigue that separates non-apoplotic
antd awtophagic celis from cells that are non-autophagic and apoptotic, where
separation is by the adhesion of the autophagic and non-apoptotic cells to a surface,

whare the cther celis ars floating. A population enniched in non-apoptotic melanema
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celis can also be acquired by removing apoptolic cells by way of an antibody specific
for phosphatidy! senne. Techniques for removing cells by way of immobilized
antibodies are avaliable (Onodera (1898} Ther. Apher. 2:37-42). Antibodiss specific
for phosphatidyisering are available {e.g., EMD Millipors, Billerca, MA). Alsg, bulk
oopuiation of melanoma celis can be [abeled with fluorescent anti-phosphatidyiserine
antibodigs, where the tagged apoptotic melanoma cells are removed by flow
cytometry, affinity chromatography, immunomagnetic separation (see, e.q.,
Hoeppener {(2012) Recent Results Cancer Res. 195:43-58; Dainiak (2007) Ady.
Biochem. Eng. Biotechnol. 106:1-18).

inhibiors of apoptosis

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

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

Caspases play a critical role in the highly regulated process of apoptosis that
includes nuclear fragmentation, chromatin condensation, and {oss of cytoplasmic
integrity. The pan-capase inhibitor, z-VAD-fmk {carbobenzoxy-valyl-alanyl-aspariyi-
{C-methyl}- Buoromethyiketone) irreversibly binds the catalyiic site of caspase
proteases and inhibits thelr function in inducing apoplosis. inhibiting the ability of
cells to undergo apoplosis in response to 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 floating apoptolic cells.

00831 0 one embodiment of the invention, tumor celis are trealed with
{FN-gamma prior fo leading tumor cells on dendritic cells, or on another type of
antigen-presenting cell {APC). In anciher smbodiment, umor cells are not trealed
with IFN-gamma prior to loading tumor cells on dendritic cells, or on anocther type of
APC,

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

antibodies, or antigens. What is also provided are methods for administaring
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compositions that comprise at least one dendritic cell and at least one antigen,
methods for stimulating antibody formation, methods for stimulating ADCC, methods
for stimulating complement-dependent oylotoxicity, and methods and kifs for
determining patient suitability, for determining patient inclusion/exciusion criteria in
the context of a dlinical trial or erdinary medical reatment, and for predicling
response to the pharmaceutical or reagent. Complement-dependent cytotoxicily is
described {see, ¢.g., Goodman, et al. {1880} J. Chn, Oncol. 8:1083-1082; Cheson
{20103 .1, Clin. Oneol. 28:3525-3530). The pharmaceutical compositions, reagents,
and related methods, of the disclosure encompass CDEI positive dendritic callg,
whete CDE3 is induced by loading with IFN-gamma-treated cancer cells. ina CD8R
aspect of the disclosure, the CDE3 s induced by al least 2%, atleast 3%, atleast
4%, 6%, 7%, 8%, 9%, 10%, and the like. in another aspect, what is sxcluded ars
OC reagents, or DC-reiated methods, where CDB3 of dendritic celis is not deteciably
induced by loading with IFN-gamma-freatsd cancer cells.

Figures

{0085] Figure 1 reveals a graphic of cultured Wimor celis before treatment with
{FN-gamma (leff) and after treating with IFN-gamma for 72 hours {right}. Alter
treatment, the cultured tumor cells are either foating, non-autophagic, and apoptotic,
or agherent, atdophagic, and non-apoptotic. The floating celis are shown expressing
the apoptotic marker, phosphatidyl serine. The floating cells are shown witl

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

expressed MHC class i,

100868} Figures 2A-D show characterization of iIFN-gamma treated autologous
tumor cells used for loading dendritic cells. Autologous melanoma tumor celis were
freated with or without 1000 U/mL IFN-gamma for 72 hours in 18% FBSECS in
RPFML, harvested and irradiated with 100Gy and cryopreserved. Celis were then
thawed in AMV and 2 sample taken for flow cytometry and for preparation of call
tysates for immunobiotiing prior to antigen loading of DCs. An example of four
separate autclogous melanoma cell iines is shown (Fig.2A, Fig.2B and Fig 2C).
induction major histocompatibility complexes by IFN-gamma freatment of autologous
twmor oslis (Fig.2D) Tumor cells were harvesied after being treated with or without
1000 Wiml IFN-gamma for 72 hours and then assayed for MMC class | and class il

Conirol isolype antibodies were used o identify positive populations. Dark data

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

85.

[0067] in one aspect, the disclosure sxcitles non-autologous tumar celis for

ivading dendritic cells, and exciudes methods of using non-autologous tumor celis

for lnading dendrilic cells,

{0088] Figures 34 and 3B describe phenotype of dendrific cells loaded with
auiologous melanoma cell lines treated with or withow! interferon-gamma. A setof
four autoipgous melanoma cell lines were freated with or without 1000 HU/imL of IFN-
gamma for 72 hours, irvadiated and cryopreservad. The cells were then thawed in
ARV and combined with autclogous dendritic cells for approximately 24 hours prior
to harvest and assaying by flow cylometry for the expression of CREG, CDE3, CD8S
and MRC class | (Flgure 3A). The data is summarized in Figure 3B, Averages +
S are shown, n=4,

[0068] Figures 4A and 4B show phenotype of dendritic cells used for dose
praparation. Samples of DU prior to loading (Pre-ATC Load DC, N = 53} and after
ioading {Post-ATC Load DU, N = 85) with IFN-gamma trealed, radiated autologous
tumor cells were accessed by flow cytometry Tor the expression of CDE0, CDE3,
{088 and MHC class f. FACS Caliber® beads were used to set the inilial flow
sytometer instrument setlings which were then held constant throughout the
coliection of data (Figure 4A). Values of percent expression and mean filorescence
intensity {MF) & SD are compared in Figure 48 for Pre-ATC and Post-ATC loading.
*p=0.018 and ™ p = 0.0008.

[0070] Figwres SA fo §C show interferon-gamma treated melanoma cells underge
auiophagy. A selection of commercially available melanoma call iines were
incubated with 1000 IU/mL {FN-gamma for 72 hours in 5%FBS/RMPL Phase-
contrast photomicrographs of SK-5-Mel celf cullures were taken af the end of the
incubation pericd {Figure 5A) showing enlarged celis with vacuoles reminiscent of
autophagosomes. Confirmation of the formation of autophagosomes was
demonstrated by transfection with GFP-LC3B constructs prior 1o treatment with {FN-
gamma {Figure 58), Autophagy induction gfler 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 64 and 8B revea! apoplosis and autophagy induced in response o
interferon-gamma. SK-5-Mel cells were incubated with 1000 {U/ml of IFN-gamma for
72 hows after which non-adherent and adherent populations were collected and
assayed for apoptosis and autophagy by flow cvtomelry using 7-AAD and Annexin-V
{Figure 6A}. Enzo Cyio-iD Autophagy Detection Dye was used Yo measwe
autophagy by flow cytometry by measuring the mean intensify peak shift of dye
provided by the manufacturer (Figure 88}, Fold changes in the peak shift in
comparison to 5% FBS/RPM are shown in Figure 8C with serum-fres as posiiive

contrel for the induction of autophagy.

0872 Figure 7 discloses autophagy induction afler blocking of caspase activily
did not affect the induction of autophagy in responss {o IFN-gamma in melancma
celis. SK-5-Mel cells were Ireated with 1000 IU/ml of IFN-gamma in the presence of
20ulM of the pan-caspase inhibitor z-VAD or its control compound, 2-FA for 72 hours.
The cells were harvested and assayved for aulophagy by Sow cytometry as in Figure

C.

o

[0073] Figure 8 shows SK-5-Me! cells which were incubated with 1000 Ll/ml of
IFN-gamma in the presence of 10 uM of the autophagy inhibitor 3-methyladenine (3
MA) for 72 hours. The celis were then harvested and assayed for apopiosis and
MHC class | (MLA-DR) expression by flow cytometry.

{0074] Figure 8 shows [FN-gamma treatsd cells from tumor cell lines generaled
from patient tumor specimens (N = 36) were assayed for changes in MHC class fH or
apoptosis.  The data shown gre averages of mean fluorescent intensity £ SE.

{0075] Figure 10 shows [FN-gamma freated cells that were assayed for MHC
class  or apoptosis by Row cylometry from samples used for loading dendritic celis
for a patient-specific vaccine immunotherapy (N = 84}, Foki changes in MHC class B
mean fuorescence intensity and percent apoptolic cells {Annexin-V positive) an
shown.

0078} Figure 11 and Figure 12 show a correlation between induction of MEC
class i 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 dendntic cells loaded with autophaygic, non-apopiotic interferon-gamma
treated tumor cells,

[0O7T] Figure 13 shows survival curves from three trials. The plof (Kaplan-Meler
plof) is a stepwise curve showing the percent of sfudy subjects surviving during the
cowrse of ciinical trials.  The groups are designated DC-54 (solid circle), TC-T4

olid square), TC-24 {solid Iriangles) and DC-18 (ine). Poorast survival scourred
with TC-24. The next poorest survival was with TC-74. TC-24 refers {o s vascing of
tumor cells in a study involving 24 subjects. DC-54 refers v a dendrific cell vaccine,
where 54 sublects were treated, and where the vaccine comprised autologous
dendritic cefls (DCsj that had been co-cultured with irradiated autologous tumeor

calis,
Further Description
Autoiogous dendritic celf generation

{0078] Dendritic cells were generated by plastic adherence method of ficoled
aphevesis products (Choei, ot gl (1988) Clin. Cancer Res. 4:2708-2718; Luft, et al
{1998) Exp. Hematol, 28:489-800; Cornforth, et al. {2011} Cancer mmungl.
immunother. 80:123-131), in antibictic-free AIM-V medium (Invitrogen, Grand Island,
NY) supplemented with 1,0001U/mL sach of -4 {(CeliGenix, Fraisherg, Germany}
and GM-CSF (Berlex, Seatlle, WA} (DC madium). The Hasks were then cultivated
for & days prior to loading with {FN-gamma treated, irradiated aulologous tumor calls.

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

00731 Pure tumor cells were generated according to Comforth, st al. (Cornforth, et
al. (2011} Cancer Immunol, immuncther. 60:123-121; Dillman, st al. (1883} J.
immuncther, Emphasis Tumer mmunol. 14:85-88, Diliman, et al. (2000} Cancer
Siother. Radiopharm, 15:161-1868). The tumor cells were then incubated with
1.000U/mL of interferon-ganmima {InterMune, Brisbane, CA) for 72h, vadiaied with
100Gy from a cesium source and oryopreserved (Ssivan, et al.{2007) Int. 4. Cancer
132:1374-1383; Selvan, et al. (2010) Melanoma Res. 200280-282). The {F-gamma
freated and irvadiated tumor calls were recoveraed from cryopreservation, washed
with phosphate buffered saline (PBS), and then added o the cullivated dendrilic
cells {B0s) and then incubated for about 24h The antigen-loaded DCs were
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narvested by gentie scraping with a rubber policeman and cryopreserved. Aliquots
of IFN-gamma treated or untreated tumor cells and loaded DCs were oblained for

flow oylomelry evaluation and rypan-blue exclusion assay.
Staging of cutansous melanoms

{0088} The pharmaceautical or reagent of the disciosure can be administered to
melanoma patients, where melanoma s diagnosed at Stage |, Stage {f, Stage i}, or
Stage IV {Mohr, ef al (2008} Ann. Oncology {Suppl. §) vitd-viZ1). Stags i for
axample, refers o patienis with primary melanomas without evidence of regional or
distant metastasis. Slage I includes palients without evidence of lymphatlic dissase
or distani metastases, where the patients are further characterized, e.4., by lesions
geeater than tmm and less than or equal 1o 2mm thick with ulceration of the
overiying epithslium, or by lesions greater than 2mm and fess than or equal to 4mm
thick with epithelial wiceration. Stage H melanoma includes issions with
pathologically documented involvement of regional lymph nodes or intransit or
sateliite melasiases, where patients may have, e.g, one, two, three, or four or morse
affected lymph nodes. Stage IV melanoma is defined by the presence of distant
metasiases, where the metasiasis is located only in distant skin, subcutansous
issues, of lymph nodes, where the metastasis involves lung metlasiases, or where
the metastasis involves all other visceral sites.

[0084] The disclosure encompasses methods for administration that are
preventative, that is, for use with subjects not yet or never diagnosed with a
melanoma. Whatis sncompassed are methods for administration where a subject
had earlier been diagnosed with a melanoma, and had earlier been successfly
treated {o eradicate the melanma {(or had experienced a spontaneous conmplele

remission), and where Tollowing eradication the administration is used preventatively.
Tumor anligens

00821 Withow! implying any limilalion, melanoma cells of the disclosure express
ane or move of Mage, Mart1, Mel-5, HMB4S, S100, or fyrosinase {Dillman, et al.
{2011} Cancer Biotherapy Radiopharmacsuticais 28:.407-415). in one aspect,
detection of tumor antigen uses cells that were nat exposed to FN-gamma while, in
ancther aspect, 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 26:345-351). What is encompassed are melanoma cells
SXPIESSing one oF more Mmelanoma antigens, or compositions comprising one of
more isolated melanoma antigens, as disclosed by US2007/0207 171 of Dubensky,

ot al, which is incorporated herein by refergnce in s sntirety.
Measuring apoptosis

[0083] Apoptosis can be detected or measured with a number of reagents, e.g..
fucrochrome-labeled annexin, by siaining with dyes such as propidium iodide and
7T-amineactinomycin D {7-AAD), by determining loss of mitochondrial inner
memebrane potential, by measuring activation or cleavage of caspases. See, o.g.,
George, etal (2004) Cyltomelry Pard A SO0A237-245. An early event iy apoplosis is
axposire of phosphatidyt serine on the outer surface of the plasma membrang,
which can be detected by fuorochrome-iabeled annexin, The avaiiable methods can
distinguish between live cells, necrotic cells, early apopiotic cells, and late apoplotic
oelis, The disclosure uses melanoma cells that are not apoplolic by 7-ADD assay,
not apoptotic by annexin V assay, not apoptolic by an assay for apoptosis after IFN-
gamma treatment {Diliman, et al. (2011} Cancer Biotherapy Radicpharmaceuticals
28:407-418), or not apoptotic by one or more of the biomarkers Bal-2, paspase-3,
PR3, or survivin {(Karam, et &l {2007} Lancet Oneol. 8:128-138). The pharmaceutical
gompositons, reagents, and related methods, of the disclosure exclude iFN-gamma-
freated melanoma cells that are apoptotic, where apoptosis is determined, 2.g.,
according to U.S. Pal No. 7,544 405 issued to Herlyn, el al U.S. Pal No. 7,714,109

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

10084]

£y

Autophagy is a naturally ccourming process that is used for the degradation
of many proteins and some organelles, Aulophagy mediates protein and organelie
furnover, starvation response, cell differentiation, cell death, and so on. Microtubule-
associated protein light chain 3 (LC3) is {0 monitor autophagy. in one approach,
autophagy can be detected by measuring the conversion of LC3, which invoives
convarsion of LC3-1 to LCS-H. The amount of LC3-H is correlated with the number of
agutophagosomes. In detall, LC3 is cytosolic and soluble, while LC3-H is present on
membranes. LC3-i has a greater molecular weight because it is conjugated with a
fipid. LC3 processing can be measured, e.¢., by western biots, while autophagy,
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autophagic vesicles, ani autophagosomes, can be measured by microscopy.
Autophagy can be quantitated, e.g., by detecting precessed LC3-1, by the ratio
betweean sarly (v late aytophagic compartments, or by autophagic volume. See,
{Mizushima and Yoshimori {2007) Autophagy 3:642-548:634-641; Tanida, et al
§2008} Mathods Mol, Biol, 445:77-88; Eng, st al (2010} Autophagy 6:634-8641). In
ne aspeact, the present disclosure uses aulophagy as 2 screening tool, for sslacting
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 cytosclic compariments by the autophagosome, (2)
fusion of the autophagosome with the lysosome {o form the aulclysosome, and (3)
degradation of the autophagosomal contents by proteases within the lysosome. In
another aspedi, the present disclosure includes mainly celis displaying the first
siage, mainly the second stage, mainly the third stage, mainly the firsf and second
fage, mainly the second and third stage, or mainly ceills displaying all three slages.
in yet another aspect, the disclosure comprises cells displaying the frst stage, the
sacond stage, the third stage, the first and second, the second and third stage, or

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

FODBS]  IFN-gamma {type § interferon) signaling depends on expression of a
number of genes, 2.q., IFN-gamma receptor, STATY, STATZ, STATT homodimers,
STATHSTATZ heterodimers, IRF-1, GAS, and IRF-E. Studies have shown that IFN-
gamma signaling is dependent on IFN-gamma receplor (IFNGR1 chain; IFNGR2
chain). Low expression of IFNGR on the cefl surface can block some aspects of
IFN-gamma signaling (Schroder, ot al. (2004) J. Leukocoyte boil. 768:163-188). 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 aspect, the
disclosure contemplates screening cells for those with STATT phosphorylation
{serine-737). Whatis also contemplated, is excluding cancer cells from patiends
naving loss of function mutations in the 8TAT1 gene (see, e.g., Dupuis, et al. {2001
Science 283:300-303; Schroder, et al, (2004) J. Leukoo. Biol, 75183189}, The
following concerns the IRF gene family. IRF-1, IRF-2, and IRF-8, all participate in
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IFN-gamma signaling. The disciosure embraces using cancer celis that express ong
or more of these IRF gene family genes, or exciuding cancer cells that do nat

express one of more of these genss.
FH-gamma responsive genes

[0086] In some exemplary embodiments, the disclosure embraces biotogic
material, compositions, reagents, and msthods that requive using a melanoma celf,
or pre-neopiastic meianoma cell, that responds to IFN-gamma. The melanoma cell
can be identified, distinguished, and sslected, by an assay for the expression of ane
or more IFN-gamma-responsive genes. A number of IFN-gamma-responsive genes
have besn identified (see, e.0., Malonen, et al. (2008} J. Newroimmunol. 175:18-30;
Machiicking (2004} 11:601-609; Soehm, et al. {1987) 15:745-785). Ssid assay can
involve removing one or more melanoma celis from {he patient, cuituring the ceallin
the presence and absence of added IFN-gamma, and determining responsiveness {o
iFN-gamma. in the assay, IFN-gamma induced gene expression can be defected by
assays sensitive 1o binding of a transcription factor {o the promoter of an FN-gamma
snduced gene, {o expression of mRNA from an IFN-gamma induced gene, to
sxprassad polypeplide, and the tke. The IFN-gamma response gene can include,
8.g., & gene used for immune response, encoding a transcription factor, & ransport
profein, 8n apoptosis gene, a gene used for cell growth or maintenance, a gene used
for lipid metabolism, a gens that mediates endocytosis or exvoylosis, an intraceliudar
signaling gene, a glucose metabolism gene, a celt adheasion gene, as well a5 genes

without an established function.

IB0BY]  inone aspect the discliosure sxcludes melanoma calls that, with IFN-
gamma frealment, show reduced expression of MHC class H, shaw no detectable
change in exprassion of MHC class §f, show an increase of MHC class | expression
of 10% or less, show an increass it MHC class § expression of 15% of less, show
an increass in MHUO class H expression of 20% or less, 25% or less, 30% or jess,
40% or less, 50% or less, and the ke, In one aspect, the value for percentage
refers {0 the average expression vaiue for the population of melgnoma cells, 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 cells
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0088 =bOU0BT7, JARSOLCSET, mb3sgt, irN-gamma inducible protein (mag-1)
m3ass80, Macrophage inflammatory protein 1-8; m18681, MCOP-1 (JE) yO7711,
zyxin; M3481‘3, Monokine induced by IFN-gamma (MIG); m33288, interferon
inducible profein 10 (1P-10);, U44731 | Puring nucleoctide binding protein ; U8B328,
Sup. of cytokine signalling-3 (SOCS-3);, M210685 |, interferon regulatory factor 1
MO3630, GTP binding protein (IRG-47) ; UMDY, G-profein-iike LRG-47,; L27990,
Ro protein ; M31418, 204 interferon-activatable protein ; afG22371, interferon-
inducible protein 203; U28404, MiP-1 alpha receptor; U43085, Glucocorticoid-
aitenualed response 38, x58123, Talin, m31418, 204 interferon-activatable protein
UB3E219 | GTPase IGTR; 138444, T-call specific protein: M31418, 202 inlerfsron-
activatable profein; 438417, Aryihydrocarbon receplorn, m2607 1, Tissue factor {mif,
313758, Cot proto-oncogens; M18194, Fibronectiny; ub8483, ICH-3; M13845, pim-1
proto-oncogens; L20450 | DNA-binding protein {seg, Gii, et al. (2001) Proc. Nall,
Acad. Sci 98:6680-6885), The disclosure encompasses use of the IFN-gamma
induced gens, CHTA (ses, &.g., Chan, et al. {2010} 1. Leukooyte Biol. 88:303-311;
Kwan, et &l {Z007) Mol Immunol. 44:2841-2848)

{0088] The present disclosire embraces measuring expression of one or more of
the following FN-gamma inducible genes, as a screening procedure for gualifying or
selacting patients for administering a pharmacsutical. The genes include, (gene 1)
FOGR1A, (gene 2} ILBR, {(gene 3} CXCLY, {(gene 4} CLLSF 14, {gene 5) UBD, {gene
8} C/EBPalpha, and {gene 7} MHC2TA (CHTA) (see, Waddell, et al. {2010} PLeS
ONE 8:97583). Also embraced are use of specific clusters of thess genes, inthe
quatifving procedure, such as, genes 1and 2, 2and 3, 3and 4, 4and 5, 5and 8, &
and 7, tand 3, Tand 4, Tand b Tand6, tand? 2and4, 2and §, 2and § 2 and
7,3and$, 3and 8, 3and7, 4and g, dand 7, 5, and 7, and well as combinations of
threa genes, e.g., 1, 2,3, 0r 3, 4, 5, or 4, 5,, B or5 6 7 ort, 3.4, 0r1,3,5,0rt, 3,
Bor1, 3. Vot 2 4 on, 2 5 or 1,2, 8 or1, 2 7, and the ke, {These gene

numbers are arbitrary }
interferon-gamma {reatiment

{0080] Reagents, and related methods, that encompass melanoma celis that are
exposed fo (FN-garmma treatment, are indicated below. What is encompassad are
celis where induction of an FN-gamma-responsive gene is at least 20% (1.2 times
the control value), at least 30%, at least 40%, at least 50%, at least 60%, at least
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70%, at least 80%, al least 80%, al least 100% (2.0 times the control valus), at lsast
2.5-fold, at least 3.0-fold, al lsast 4.0-fold, and so on,

{0081} What is excluded is a popuiation of melanoma cells where, after IFN-
gamma treatment, less than 80% are autophagic, less than 80% are auloghagic,
legs than 70% are autophagic, less than 80% are autophatic, less than 50% are
autophagic, less than 40% are autophagie, and the ke,

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

non-apoptolic, less than 40% are norn-apopiolic, and the like.

{00931 What is excluded is a population of melanoma cells where, after iIFN-gamma
treatment, less than 830% are non-acherent, less than 80% are non-adherent, less
than 70% are non-adherent, less than 60% are non-adherent, less than 50% are

non-adherent, less than 40% are non-adherent, and the kke.
Measuring expression of MHC class ¥

10084 Expression of MHC class i can be measured, for example, using antibodies
or nuclele acid probes that are specific for MHC class I gene products. These MBEC
class 1 gene products inciude HLA-DPA1T, HLA-DPBT, HLA-DQAT, HLA-DQE1,
HLASDRA, HLACDREB1, as well as HLA-DM and HLA-DO {see, e g., Aposiolopoudos,
et al. {2008) Human Vaccines 4:400-408).

{0085] For example, the present disclosure encompasses reagents, methods of
treatment, and methods of diagnosis, thatl require the melanoma cells [0 express
STATY and STATZ, fo have an active STAT 1-signaling pathway, to have an active
STATZ-signaling pathway, or fo have active 8TAT1 and 8TATZ2-signaling pathways.

{3098] The disciosure provides a pharmaceulical composition or pharmaceutical
reagent, related methods of administration, and methods of reatment, that resultin
survival data with 3 hazard ratio (HR) of less than 1.0, HR less than 0.8, HR less
than 0.8, ¥R less than .7, HE less than 0.6, HR ess than 8.5, HX less than 0.4, HE
less than 0.3, and the like. The disclosure resulis in overall survival dats,
progression-free survival data, ime to progression data, and so on. What is also
provided is 8-month PFS of at least 40%, atieast 80%, al least 80%, at least 70%, &t

least 75%, at least 80%, at least 85%, at least 80%, 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 80%, af least 70%, atleast 75%, at least 80%, at least B8%, at least 80%, at
least 85%, and so on. Additionally, what is provided is 1-year (or 3-year) PFS of at
least 40%, at isast 0%, at least 80%, at least 70%, al least 75%, al least 80%, at
least 85%, at least 80%, atleast 85%, and so on. Moreover, what is provided is 1+
year {or 2-year) overall survival of at least 40%, at ieast 50%, st ieast 80%, at least
T0%, af least 75%, al least 80%, at least 85%, at leas! 80%, atleast 85%, and so on
{see, &.g., U.S. Dept. of Health and Human Services. Food and Drug Adminisiration.
Guidance for industry. Clinical iral endpoints for the approval of cancer drugs and
biologics {Aprit 2008)).

The use of IFN-gamma and the induction of autophagy

{8087} Induction of autophagy after iIFN-gamma treaiment, as measured by
increases in the expression of maior histocompatibility class H complexes, s a
method to determine response {0 systemic iFN-gamma treatment. f a measureable
population of biopsied melanoma twmor cells, upon exposure to IFN-gamma in
culture, undergo autophagy but not apoplosis, this indicates that these patients wil
respond favorably (o systemic FN-gamma treatment.  Additionatly, if successul catl
lines ars established from the biopsies, that patient would also benefii from cell-
therapy products prepared from IFN-gamma realed puntfied twumor cells iines that
are from aulophagic bul non-apopiotic adherent populations.

FO088] The disclosure embraces isclating and characlerizing major
histocompatiability complexes isolated from autophagic, nan-apoptiotic 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 responsss.  The complaxes would represent a largs
reperioire of antigens would not be present in non-awdophagic cells due o the action

of ysomal mediated antigen processing induced in autophagic ceils.

FO0881 Non-apoplotic, autophagic tumor cells generated from IFN-gamma ireated call
lings can be fused with dendritic cells fo enhance the antigen presentation due o the
high levels of major histocompatability complexes on the surface of the auloghagic
tumor cells. This process would yield & novel cellular product generated from the
fusion of the two cell ypes.
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1001807 The process of induction of awtophagy in response o IFN-gamma may be
induced in & manner that does not rasult in apoplosis. By combining the treatment of
fumor cells with caspase inhibitors and interferon gamma, the process of cell death
{and ultimately the formation of tolergeneic apoplotic cells} van be blocked without
inhibiting the induction of autophagy or the increase in major histocompatbility class

fedd

it complexes.
Procedure o eiiminate apoptotic 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 trial {Comfordh, et al (2011) Cancer
immunol. immuncther, 80:123-131; Diliman, st al, (2011} Cancer Bicther,
Radiopharmacsuticals 26:407-415). The following stugy investigated the induction
of autophagy, apoptosis and MBC class  molecules after IFN-gamma treatiment of

melanoma twnor celis in vilro,
Filtering

[00102] The following provides g “filtering” procedure. The present disclosure
provides mathods, and cells generated by these methods, for enriching & population
of melanoma cells in celis that are non-apopiotic. Before in vitro IFN-gamma
treatment, in any given population of melanoma ceills, a first percentage cells may be
biased towards being apoplotic, and second percentage of the cells ¢an be biased
towards being non-apoplotic. In this context, biasing means that in vitro IFN-gamma
treatment stimulates apopiosis of the first percentage of celis {or first sub-poputation
of cells), but does not stimulate apoptosis of the second percentage of cells {or
second sub-population of calls), In embodiments, invifro IFN-gamma freatment can
be used to envich for an immunclogy stimulatory population of melanoma ceils for
use in dendritic cell vaccine, by forcing the melanoma cells that are biased to being
apoptolic 1o experience apoptosis. Once the sub-population of melanoma celis that
are biased to being apopliotic experiences apoptosis, these celis can be removed
and discarded.

[30103] The methodology of the study was as follows. Aulologous and moded
melanoma tumor cell ines were incubated with 1000 IWYmL of IFN-gamma for 72
hours prior to assaying for aulophagy, apoptosis and MHC class H expression.

Autophagy was detected by immunobioling with antibodies against LC3 H and by
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flow cytometry with Enzo's CytolD® Autophagy Detection Kit. Apopiosis and MBEC
class H induction were assayed by flow cytometry using 7-AAD and annexin-V
staining and antibodies against MHC class 1, respectively.

f00104] The results from the study demonstrated that IFN-gamma induces both
autophagic and apoptotic cell populations in melanoma cell lines. The apoptotic
population was predominantly found in the non-adherent population while the
gutophagic cells remained adherent o the flask. Blocking of autophagy with the
inhibitor 3-methviadenine (3-MA) inhibits the induction of MHC class I positive calls
iy response to IFN-gamma {39.4% IFN-gamma vs. 10.0% IFN-gamma + 3-MA).
inhibition of caspase activily with the pan caspase inhibitor Z-VAD prevents
apoplosis but does not perturb autophagy in IFN-gamma freated cells (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 cells while retaining viable autophagic cells, and IFN-gamma treatment can
enhance the effectiveness of this type of cell-based immunotherapy.

Materials and methods from first study
Autologous dendritic cell generation

{00108] Dendritic celis were generated by plastic adherence method as previously
described {Chot (1888} Clin. Cancer Res. 4:2708-2718; Luft {1998) Exp. Hematol.
25:485-500). Briefly, autologous apheresis product was subjected o ficol-hypague
{BE Healthcare, Buckinghamshire, United Kingdom) density gradient separation.
The resulting peripheral blood mononuciear cells were placed in antibictic-free AIM-
V medium {Invitrogen, Grand istand, NY) supplemented with 1,000 {W/mL each of iL-
4 {CellGenix, Freisberg, Germany) and GM-CSF (Berlex, Seattle, WA} (DC medium)
at 15 x 10° celis/mL in cell cuitivation flasks (Corming-Costar, Coming, NY). After one
hour incubation, the non-adherent population was discarded and fresh DC medium
was added {o the flasks. The following moming, the non-adherent cells were
discarded, the fasks were washed once with ambient temperature PBS, and fresh
DC medium was added. The flasks were then cultivated for 8 davs at which me Sow
cytomelry evaiuation is performed {o determing the percentage and phenotype of DC
generated by this approach {pre-load DC).
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Autologous humor cell ine generation

{00108} Pure tumaoy cells generated and characterized as previously reported were
expanded to 200 million cells and then incubated with 1000 lW/mi of IFN-gamma
{interMune, Brisbane, CA)} for 72 hours in 15%FBS/ECS in RPMI {complete
medium), iradiated with 100 Gy from a cesium source and cryopreserved as
praviously described (Chol {1998} Clin. Cancer Res, 4:.2708-2716; Luft {1998} Exp.
Hematol. 26:488-500; Dillman {1893} J. Immunother. Emphasis Tumor Immunol.
14:65-68). The IFN-gamms lreated and iradiated umor cells were recovered from
cryopreservation, washed 3x with PBS, and then added to the in vifro cultivated DC
and incubated for ~24 hows. The anligen loaded DC were harvested by gentie
seraping with a rubber paliceman and crvopreserved al equal amounts in 911
aliquots. An aliguot of cells was oblained for fow cyiometry evaluation which
represents the post-ivaded DU calls,

Flow cytometry

{O107] Phenotypic characterization of the dendritic celf populations were performed
using monoclonal antibodies against surface markers obtained Fom BD Pharmingsen
San Diego, CA anti-MHC class H conjugated o PerCp, anti CD11c conjugated to
APC, anti-CD80, ant-CDEJ, anti-CDB6 conjugated fo PE. isclype controls were
used 10 delermine percent positive cells,  Flow oytomelry of tumor cells was
conducted using antibodies against MHC class | and il conjugated to FITC, annexin-
V-PE and 7-amino-actinomycin D {7-AAD) from BD Phammingen. CaliBRITE flow
cytometry calibration (BD Pharmmingen) was used prior {o each run and the same
instrument sellings were used hroughout the collection of flow cytometric data.

immunoblot assays

001087 Cyloplasmic cell lysales were prepared with Mammalian Protein Exiraction
Reagent (Thermo Scientific, Rocklord, L) plus proteass inhibitor cockiall (Rochs,
indianapolis, N} at 10,000 cells/ul onice. Approximately 25 ulsfiane of cell lysates
wers separated on 12.5% tris-glycine gels, transferred to PVDF membrane and
probed with antibodiss against the following: calreticulin (MBL, Woburn, MA), Hsp-
8¢, Hsp-T0, Hep-80 {R&D Systems, Minneapolis, MN), HMBG-1 {Cell Signaling.
Danvers, MA), ICAM-1 {Santa Cruz Biotech, Santa Cruz, CA}, Mel-4, Mart-1 {Signet,
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Emeryvilie, CA), tyrosinase (Upstate, Lake Placid, NY} and GADPH ({Calbiochem,
Darmstady, Cermany).

immunchistochemistry

{00108 Dxpression of g panst antigens by melanoma lines were determined using
immunocyiochemical procedure, Cells were cultured iy 8-chamber culfure slides
{Thermo Fisher, Rochester, NY} in the presence or absence of 1000 WinbL
iFN-gamma. After 72 hours, the cells were washed 3 imes with 1X Phosphate
Buffered Satline {PBS} and fixed in cold acetone. After blocking endogenous
peroxidase, cells were incubated with appropriaie primary antibodies against the
antigens listed. Immunonhistochemistry was performed using bictinylated aniimouse
or rabbil imynunogiobudine, Super Sensitive enzyme-conjugated streplavidin labeling
and horse radish peroxidase chromegen, and substrate Kits (Biogenex, San Ramon,
CA). The reactivity of the following anti-human polycional or monocional antibodies
was investigated with isotype matched control antibedy: S-100 and HMB-45
{Biogenex, San Ramaon, CA}, Mel-2, Mel-5, Marl-1 (Signet, Dedham, MA),
Tyrosinase and Mage-1 {Thermo Sclentific, Fremont, CA}, Melan-A HLA-¢lass | ang

HUA-class I {Dako, Denmark),
Statistical analysis

(001107 Student t-est of two-lailed, two samples of equal variancs.  Significant
differences were determined by p value £ 8.05.

Resuits from the first study

001111 Celt death was diffsrentially induced in the autclogous melanoma tumer
celis iing in response {0 incubation with FN-gamma for 72 hours in complete
medium. Trypan-blus dye exclusion assay performed on celis aither treated with
IFN-gamma or not, revealed a significant trend toward lowsr viability in the IFN-
gamima treated calls (851 £ 6.8% vs. 848 2 8.3%, p=0.014 N=47} Analysisofa
sample of four autologous melanoma cell ines by flow cytometry for apoplosis
induction {Figure 1A) revealed that melanoma celis are differentially sensitive o the
effects of IFN-gamma induced apoptlosis with some cells displaying more late
apoptosis or 'dead’ populations {7T-AADHARNexin-V+) while others displayed signs of
garly apopitosis or 'dying’ populations {7-AAD-/Amnexin-V+). The resulting presence
of apoptotic calis after iIFN-gamma treatment was associated with significant

LA
oty
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decreasas in progression-free and ovarall survival {Comforth (2018) Cancer
Immunol. Immunother. Resistance to the proapopiotic effects of interferon~gamma
on melanoma cells used in patientspecific dendritic cell immunotherapy is
associated with improved overall survival), A logrank esi revealed a significant
association with {ower viability upon (FN-gamma freatment of melanoma tumor cells
and overal survival in patierts under study.

100142] Lysates from cells that were incubated in the presence or absence of IFN-
gamma were subjected o immunchictting for a variety of molecules hat may be
important mediators of immunily (Figure 18). In the setling of melanoma cells
treated with IFN-gamma, heat shock proteins appear io be differentially regulated but
remain largely present in the cell preparations, especially in the case of hsp-70. The
endoplasmic reticulum prolein, caireticulin, and high-mobifity group box-1 protein
{(HMGB-1), appear to be up-reguiated in some cases upon freatment with IFN-1
{Figure 18). By contrasi, common melanoma antigens (melh4, Mart-1 and
fyrosinase} generally appear 1o be down reguiated by IFN-gamma while ICAM1. 2
iymphocyie adhesion molecule associated with sensitivity to iymphocyie mediaied
cytotoxicity (Mamai (2008} Cancer Res. 88:8854-9864), is significantly up-ragulated
{Figure 10}, indeed, iIFN-gamma frealed melanoma fumor cells were found fo be
more sensitive {o oytotoxic T lymphocyie (CTL) activity.  Additionally,
mmunohistochemistry of @ panel of melanoma associated antigens revealed that
{FM-gamma results in the down regulation of antigen expression in many of the
antigens examined (Table §,

{00113] The use of IFN-gamma resulls in the up-regulation of the major
histocompatibiiity complexes, class | and class I (Bohn (1888} . Immunel. 161:807~
908). As shown in Figure 1D, the treatment of autologous melanoma cells with IFN-
gamma resuited in the near universal and significant up-reguiation of MHC class | {p
= 2.8 x 10°) with a median fold induction of 2281 £ 1,13 (95% C.1). Additionally, the
mean fluorescence intensity of MHC class Y was also significantly higher but less 50
{p = 0.038) with a madian induction 0f 4.23 £ 2.86 (85% C.I.). The level of MHC
ciass Hf molecules on the surface of the autologous melanoma cells was generally
tower than that of the MHC class | molecules but in 70% of the cases the induction
was greater than two foid in response o IFN-gammas treatment for the MHC class §

muolecuies due to the low initial isvel of MM class H expression. The presence of
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thess molecules on the tumor cells during loading of antigens onto dendritic calls
may provide an opportunity for “cross dressing” MHC complexes onte antigen
presenting cells (Dolan {2008} J. Immunol. 277.6018-8024, Dolan (2008} J. Immunol.
176:1447-1455),

F001144] A sef of four representative autologous melanoma cell fines were incubated
with IFN-gamma and loaded in equal amounts ondo dendritic celis which were then
assayed by flow cytomelry for the expression of CD8Q, CD83, CDEBB and MHC-class
H. The resulls indicated that a smail but appreciable increase in the percent positive
poputation of dendritic celis expressing CDE3 was seen upon the loading of the IFN-
gamma treated melanoma cells (Figure 2). Additionally, more unprocessed tumaor
ceills are noted in the CD8E dot plot {upper el quadrant) which resulted in a
discermnible reduction in the percent CD86 positive population, indicating that IFN-
gamma untreated tumor cells were st present. This effect is most likely due to the
induction of apoptosis by IFN-gamma, as apoplotic cells are more tikely fo be
phagocytosed by dendritic cells as previously reported.

{00115] As shown in Figure 3, a sample of pre~loaded DC showed that they
expressed CD80 (30.0 » 16.2%), CD83 (7.1 £ 8.9%), CDBB (73.8 £ 18.5%) and were
MHC class i positive with a viability of 86.2 £ 5.0%. The loaded DC had a
significantly higher percentage of CDB3 (8.4 £ 7.1%, p = 0.014) with a significantly
nigher mean fucrescence intensity {(172.8 £ 79.0, p = 0.0008) indicating that loading
tha DC with iradiated, IFN-gamma ireated tumor cells induces maturation in some
dendritic cells (Figure 3B}

Discussion from first study

{00118} Protocols for antigen loading, maturation, and administration, in the context
of anti-tumor immurity, and guidance on dendritic celf (DC)-based immune therapy
are practiced by the skilled arfisan. This type of therapy encompasses use of
nurified autologous tumeor cells as the source of antigen, and contains 2 patient-
specific repertoire of lumor-associated antigens (Sehvan (2010) Melanoma Res.
20:280-282; Dillman (2007} Cancer Bicther, Radiopharm. 22:308-321). Some clinical
rials are using unpuriiied autologous bulk tumors. This source of antigen may have
contaminating fibroblasts and necrotic tissue {O'Rourks {2007) Melanoma Res.
17:316-322). Tumor stem cell associated antigens may be present in the purified
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celf fnes {Dillman (2006} New Engl. J. Med. 385:1178-1181). iFN-gamma treatment
increases expression of MHC class i} molecuies. MHC class §§ molecudes are
imporiant for response fo dendritic cell-basged 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 in addifion to
confributions by cytokine cocklails, The present preparation of DCs shows a frend
toward maturation, which can be associated with the phagocyiosis of iale stage
apoptotic cells {p (2004; J. Immunol. 173:188-186), Use of apopiotic cells has been
correlated with the generation of dendritic cells that were more effective &t
stimulating lymphocyie FN-gamma secretion versus dendritic cells loaded with
either tumor cell fysates or necrotic cells suggesting that dendritic ceds loaded with
apopictic cells may be more potent in vivo.  Resistance {o the proapopiotic effects of
FN-gamma may be associated with a belter chinical oulcome {Comforth (2010}
{Cancer mmunol. immuncther, 80:123-131) Interleukin-12 {L-12) secretion by
mature DC can lead to robust oytotoxic iymphocyie (CTL; CD8" T celis) activity. The
issue of whether ex vivo maturation leads o lasting fumor immunity, has been
addressed. The risk of induction of reguiatory T celis, which can suppress antigen
specific CTLs, by immature DC has also been shown to occur with cylokine matured
5C. A re-evaiuation of the sequence of signaling events that leads to maturation is
being investigated to improve DC maturation protocols. Thus, the use of irradiated
whole fumor cells as the antigen source in this study, without the necessity of ex vive
cytokine maturation, may be & more preferable method of DO immunotherapy since
the evidence presented here indicates that the DC have begun the process of
maturation. Upon injection, these "maturing” DCs may complete the process of
maturation by secreting chemokines which will atfract ficensing, antigen-spetific
CD40L expressing C04™ T ceils. Serum chemokines, fike CCL17/TARC produced
by dendritic cells in response 10 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 exprassion of co-stimulatory molecules fike CDED
and COBE. As a marker of maturation, CD83, is exprassed on mature dendritic ¢ells
and may covrespond {o dendritic cells that can induce a more potent immune
response {Prazma {2008) immunol. Lett. 115:1-8). This represenis a fraction of all
the celis in the pharmacsulical preparation. The number of malure DOs alons, In

34



WO 2013/059778 PCT/US2012/061294

any one pharmaceutical regiment, may or may not be correlated with a betfer patient

response.
Tabie from the Srststudy

P07 Table I Change in the expression level of cornmon tumor associated
antigens in response o intgrferon-gamma in melanoma cell fines used patient-

specific cell based dendritic cell therapy,

Table 1
Antigens Mo ba::aj Basal expression Change after
Expression {FN-gamma freabment
None Down
5100 74.1% 25.9% 42.9% 57.1%
HMB-45 18.5 81.5 54.5 45/5
Mel-2 37 896.3 48.2 53.8
Melan-A 11.1 88.9 28.2 708
Mei-5 185 818 727 27.3
MAGE-1 51.8 481 38.5 L B15
MART-1 883 4.8 852
Tyrosinase 259 | 74.% 40.0 80.0

00118] N =27 samples.
Materials and methods for the second study
Relanoma cefl Hnes

[30118] The commercially availsble melanoma cell lines AZ7S, SK-Mel-5 and SK-
Mel-28 were purchased from American Type Culture Collection (Catalogue numbers:
CRL-1618, HTBY70, and HTB-72). A37TS, SK-Mel5, and SK-Mal-28 were mainiained
in 5% fetal bovine serum in RPMI-1840 (Invitrogen, catalogue number 11875-0858).
The pan-capase inhibfor, Z-VAD-fmk and its control compound, 2-FA-fmk, were
purchased from BD Pharmingen (Calalogue numbers: §50377 and 550411).
Transfeclions of GFP-LC3 were performed as per manufacturer instructions
{frvivotGen, catalogue numbers psef2-giplel and iyes-12) and photomicrograph wers
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taken on an Olympus BX-51 microscope using a DP72 digital camerg.  Tumeor cells
ines were incubated with 1000 UWmb of IFN-y {InterMune, Cat #) for 72 hows prior fo
assaying. Patient-specific cell ines were generated as described {(Hamai {2008}
Cancer Res. 88:9854-8884; Tyring {1884} J. Natl. Cancer inst. 73:1087-1073) by
enzymatic digestion of surgical tumor samples, cullivation in RPMI- 1640 tissue

cuiture media supplemented with fetal bovine and enriched calf serum {Omega
Scientific, San Diego, CA) plus 1mM sodium pyruvale, 1 mM gitdamine snd HERES
buffer. Phase contrast pholomicrographs were taken on a Olympus OK-2

microscape using a8 Nikon B&-L1 digital microscope camera.

Autclogous dendritic cell generation

1001207 Dendritic cells were generated by plastic adherence method of ficoled
apheresis products {Sslvan {2007} int. J. Cancer. 122:1374-1383; Comforth (2010}
C_f:mcer immunol, 8123131} in antibictic-free ANV medium {invitrogen, Cai¥)
s&pp?&mented with 1,000 iW/mL each of iL-4 {CeliGenix, Cat#) and GM-CSF (Beriex,
Seattle, WA} (DC medium). The flasks were then cuiltivated for 6 days priorto
ioading with IFN-gamma freated, iradiated autologous tumaor cells.

Flow cylometry

I00121] Analysis of tumor call death and changes in major histocompatibility class |l
expression in response to IFN-gamma were conducted by use of antibodies directed
against MHC class H, annexin-V and 7-armino-sctinomycin B {7-AAD) and acguired

A

on a Beckton-Dickenson FACS Calibur® flow cytometer.
Western biotting

F00122) Melanoma tumor cell lysates were resolved on 10-12.5% SDS-PAGE,
fransferred to nitrocellidose and probed with primary antibodies overnight prior fo
secondary antibedy conjugation and develppment by Novex AP Chrornogenic
substrate (Invitrogen, Carisbad, CA) o develop bands. Antibodies against LB
antibodies {Cell Signaling Technologies, Boston, MA) and CADPH (EMD
iosclences, Germany) were used at manufaciurers recommended dilutions of 1100

and 1:10,000, respectively.

Description of the sscond study
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{00123} VWhat was investigaled was the induction of auto ophagy, apoplosis and MHC
class il molecules after IFN-gamma reaiment of melanoma tumeor ceiés in vitro,
Autologous and mods! melanoma tumor cell ines were incubated with 1000 Wiml of
IFN-gamma for 72 hours prior {0 assaying for autophagy, apoptosis and MHC class

i expression. Aulophagy was detecied by immunobloting with antibodies against
L.C3 H and by flow cylometry with Enzo's CytolD Autophagy Detection Kit. Apoplosis
and MHC class §l induction were assayed by fow cytomebry using 7-AAD and
annexin-\' sfaining and antibodies against MHC class i}, respectively.

Hesults of the second study

{00124] The resulls demonstrated that IFN-gamma induces both autophagic and
apoplotic cell popuiations inmelanoma cell lines. The apoplotic population is
oredominantly found in the non-adherent poputation while the autophagic cells
remain adherent io the flask. Blocking of autophagy with the inhibitor 3-
methyladenine {(3-MA} inhibits the induction of MHT class i positive cells ]

respanse o IFN-gamma (39.4% IFN-gamma vs. 10.0% IFN-gamma + E-MA}.
Inhibition of caspase activily with the pan caspase inhibitor Z-VAD prevents
apoplosis but does not perfurb autophagy it IFN-gamma treated celis (275 015
{FN-gamma vs. 3.04 £ 0.27 IFN-.gamma + Z-VAD, fold change). induction of
apoptosis is associaled with reduced levels of autophagy and MHC class #
expression. Patients receiving aulologous tumor cell loaded dendritic cells that are
nor-apopiotic autophagic cells derived from interferon-gamma Yreated purified tumor
cell fines have improved progression-free and overall survival {p 0.003 and p $.002,
respectively). A procedure o eliminate apoplotic celis while refaining viable
gutophagic celis after IFN-gamma trealment may enhance the effectiveness of this

type of cell-based immunotherapy,

Pooled Analysis of Studies

{D0125] Autologous, proliferating, self-renewing fumor cells {putative fumor stem
elis and/or early progenitor cells), are important to estalilishment of new depols of
metastatic cancer, and may be excellent sources of antigen for vaccings. These

studies addressed the impact on survival from immunizing with antigens from such

celis.

Methods
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[00128] Data was povled from three successive phase | trials, all of which included
patients with documented melasiatic melanoma, who were freated in protocols that
utilized antigens from cell cultures of autologous tumor cells, 8.C. Injactions were
given weekly for 3 weeks, then monthly for § months: 74 patients were injected with
gradiated tumor celis {TC): 54 patients were injected with aulologous dendritic cells
{3C) that had been co-cutturad with iradiated autologous twinor calis {(NCEVG1-
1648} in a randomized phase § trigl, 24 patients were injected with TC, and 18 with
DO (NCT00436930).

Results

[60127] Table 2 summarizes overall survival {O8) in sach trial. In the pocled
analysis there were 88 TC and 72 DC patienis. Characteristics were similar in terms
of age (&1, 52), male gender (62%, 82%), no evidence of disease at the time of
freatment (468%, 47%;), and prasence of M1c visceral disease at the fime of freatment
{13%, 14%;). O% was longer in patients reated with DO (median 63.1 vs 20.2
months, S-year OF §1% vs 26%, p=0.0002 Mantle-Cox log-rank test). The
difference i 08 in the randomized trigl is also significant (p=0.007).

{00128} Patientspecific DC vaccines primed with antigens from  autologous
profiferating, seif-renewing tumor cells are associated with encouraging long-term
survival rales, and are sugenor io palient-specific TC vaccines in populations of

patients who have been diagnosed with metasiatic melanoma.

Table 2.

Vaccine # patients | # deaths Median O8 29108 {5y O8
TC 74 80 20.3 mos 48% 28%
DC 54 31 | 58.4 mos 72% 50%
ic 24 18 { 15.8 mos 31%

DC 18 5 Not Reached | 72%

The survival curves from the three {rials of patient specific vacoines are shown in
Figure 13. Consecutive Phase | and Phase i clinical trials were conducted using
autclogous tmor cells, in combination with aulologous dendritic calis (DCY or
without. Subcutaneocus injections were given for three (3) weeks, the monthly for five
{5} months: 74 patients were injected with irradiated tumor calls without pre-
reatment with IFN-gamma, &4 patients were injected with autoiogous dendritic cells
that had been co-cullursd with iradialed autologous tumor celis {TC) with pre-
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freatment with interferon gamma. in a randomized Phase i trigl, 24 patients were
iniected with tumor celis (TC) without IFN-gamma pre-treatment, and 18 with

dendritic celis (BC) plus tumor cealls {TC) without pre-ireatment with FN-gamma.
Characteristics of IFN-gamma treatment

00128 IFN-gamma treatment forces melanoma cells thatl are biased lowards
apoplosis, to actually enter apoplosis, and therefore (o be removable by the
absorptionffloating technique. IFN-gamma treatment results in & greater population
of autophagic, non-apopliotic cells, even before selecting with the adsorption/floating
technigue. IFN-gamma treatment resuls in a greater population of autophagie, non-
apoplotic cells, as measured after selecting with the adsorption/floating technigue.
The IFN-gamma treatment resulls in a greater population of autophagie, non-
apopiolic cells where increased autophagy resulls in greater cross-priming for

antigen presenting cells.

[O0130] Thus, while there have shown and described and pointed out fundamental
novel features of the disclosure as applied 1o an exemplary implementation andfor
aspects thereof, it will be understood that various omissions, reconfigurations and
substitutions and changes in the form and details of the exemplary implementstions,
disclosure and aspects thereof may be made by those skilled in the art without
departing from the spirit of the disclosure andior claims. For example, it is expressly
intended that all combinations of those elements and/or method steps which perform
substantially the sams function in subsiantially the same way o achieve the same
resiits are within the scope of the disclosure. Moreover, it should be recognized that
structures andior elements andfor methed steps shown andior desoribed 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. i is the intention, therefore. to not Bmit the scope of the
disclosure. All such modifications are intended to be within the scope of the claims
appended herelo.

FO0131] Al publications, patents, patent applications, references, and seguence
listings, cifed in this specification are herein incorporated by this reference as if fully

set forth herein
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[00132] The Abstract is provided to comply with 37 CFR §1.72({b} to allow the reader
o guickly ascertain the nature and gist of the technical disclosure. The Abstract is
sttbmitted with the understanding that Lwill not be used to interpret or limit the scope

or meaning of the claims.
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YWhat is clsimed 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 said melanoma-specific peptides are acquired in vitro by dendritic cells
from said melanoma cells that are treated in vitro 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 {FN-gamma mimetic are aulophagic and non-apoptotic, and

wherein the dendritic cells and melanoma celis ave from the same subject.

Claim 2. The population of dendritic cells of ¢claim 1, wherein:
greater than 80% of said melanoma celis that are treated in vitro with

iFN-gamma or FN-gamma mimelic are autophagic and non-apoplotic.

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

dendritic cells of claim 1.

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

peptides that are scquired in vitro, are from melanoma cells that are incapable of cell

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

melanoma cells are radiated.

Claim 8. The dendritic cells of claim 1, whereln essentially all of the melanoma-specific
peptides are from melanoma cells that are incapable of cell division because the
chromosomes of the melanoma celis 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 treated with IFN-gamma and radiation.

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

radiation.

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

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

Claim 10, The dendritic celis of claim 1, wherein essentially all of the
melanoma-specific peplides are from melanoma cells that are Yeated inviro to be
incapable of cell 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 subjec! is a2 mammal that is not

human.

Claim 13. A melanoma vaccine comprising at least one mature dendritic cell from a
subiect that has melanoma,

wherein the at least one mature dendritic cell is prepared 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 at least one

mature dendritic cell s non-dividing, autophagic, and non-apopistic.

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

vaccing of claim 13 o the subject of claim 13,
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Claim 15. The methad of claim 14, wherein the immune response that is stimulated
comprises one or more of CU4" T cell response, CD8" T cell response, and B celf
response,

{Claim 16. The method of claim 17, wherein the CD4" T cell response, CD8 T cel
response, or B cell response, can be measured by ELISPOT assays, by intraceilular
oyioking staining assays, by telramer assays, or by detecling antigen-specific antibody

production.

Claim 17. The method of claim 14, wherein the immune response comprises a 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 clalm 14, wherein the administration comprises subcutanaous

infections of the vaccine.

Claim 18, The methoed of claim 14, wherein the administration comprises injections of

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

Claim 20. A method for prepanng a dendritic cell vaccing, involving melanoma cells and

dendritic celis from the same subject, the method comprising:

treating the one or mare melanoma cells in vitro with interferon-gamma
{(IFN-gamma} or with an IFN-gamma mimstic;

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

refecting melanoma cells that are non-autophagic and apoptotic;

contacting the melanoma cells thatl are autophagic and non-apoptotic io one or

more aulologous dendritic cells; and
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alfowing uptake of al least one melanoma-derived peplide by the one or more

autologous dendritic cells.

Claim 21, A composition comprising:

wrierferon-gamma {IFN~gamma) treated melanoma cells from a first subject, and
antigen presenting celis (APCs) from the same first subject, wherein the meianoma celis
are;

autophagic; and

non-gpopictic.

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 cells,

macrophages, or B celis.

Claim 24, The composiion of claim 21, wherein the melanoma ¢ells comprise
melanoma-specific peplides, and whersin the melanoma specific-peplides are not

contained in the APCs.
Claim 25. The composition 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 claim 21, wherein the IFN gamma-treated melanoma
cefis are lpaded info the APC,

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

cells are not ioaded into the ARG,
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Claim 28. The composition of claim 21, wherein autophagy of the melanoma cells is
demonstrated by 2 test that assays microlubule-associated protein fight chain 3 (LC3).
Claim 28. The composition of claim 21, wherein the melanoma cells are demonstrated
o 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 subject having melanoma and
comprising melanoma cells, wherein the subject is the same subject as the first subject,
comprising administering an immunology effective 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 celt {APC), wherein the at lsast one autophagic,
non-apoptotic melanoma tumor cell s 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: freating melanoma celis
acquired from g 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 cell vactine, as prepared by the mathod of

claim 32.

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