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ANTIGEN PRESENTING CANCER VACCINE WITH GAMMA INTERFERON

Relzted Applications

60811 This application claims the full Parls Convention priority to and benefit of
LLS. Provisionat Application No. 81/548 681, filed on Oclober 20, 2011, and UG
Provisional Application no. §1/584 304, filed on February 2, 2012, which are
incorporated by this reference, as § fufly set forth in their entirely hersin,

Fleld
{O602]  The present disclosurs relates 16 ireating melanoma, screening subjects
suitable for reatment, composhions of matter, methods and kits,

Background

{BU03]  Cancer s disinguished by the lack of sffective iImmune regponse against
the cancer. Lack of imnune response can result, for exampie, from the fact that
many Wmor antigens ars "seif-antigens,” from tack of expression of MM by the
wimor cells and consegquent lack of presentation of tumor antigens by the tumor cetls,
from the asseciation of macrophages with fumors where the macrophagss express
cytokines that reduce Immune rasponse, and from the immunosuppressive activity of
T reguiatory cells {Tregs). Lack of immune response agains! tumors also results
from the fact that tumor cells fend not (o express molscules that stimulale inhate
immune rasponsg, that s, moiscules that stimulate toli-like receptors (TLRs) or
riucieotide-binding oligomerization domain (NOD)-like recaptors). Cancer
gncompassas solid tumors as wel as the hemaloiogical cancers, such as the
isukemias and the myelodyaplastic syndromes.

F0084)  The pnmune sysiam encompasses celiular immunity, humeoral Immunity,
and complement responss. Celldar immunily includes a nebwork of cells and svends
involving dendritic celle, CDB” T calls {oytotodic T cells; cyioioxic lymphocytes), and
CD4™ T celis (helper T cells). Dendritic celis {DCs) acquire polypeptide antigens,
whare these anligens can be acquired from outside of the DO, or blosynihesized
inside of the DO by an infecting organism. The DO processss the polypeptids,
rasulting in peptides of about fen amino acids in length, Fansfers the paplides to
sither MHC class | or MHC class 1o form & compiex, gnd shuities the compiex o
the surface of the DC. When a DC bearing a MHC dass Upeplide complex conlacts
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a CDE" T cell, the resull is activation and prolifsration of the CDE T cell, Regarding
the roie of MHC class [1, when a DC bearing a MHC class iipeplide complex
contacts & CD4” T cell, the sutcome is activation and proliferation of the CD4™ T cell
{Munz, et gl (2010 Curr. Opin. Immunol, 22:88-83; Monaco (1885} J. Leukoevie
Biol 87:843-547, Robinson, at a!l (2002} Immunclogy 105:252-282). Although
dendritic celis presenting anligen o a T call can "activale” that T cell, the activated T
cell might not be capabile of mounting an effeciive immune response. Effective
immuhe response by the SR8 T cetl often requires prior stimulation of the DC by
one of more of 2 number of intersclons. Thase inferactions include direct contact of
g CDd" T cell fo the DC (by way of contact the CD4” T gei's CD4D fgand to the DC's
CD40 receptor), or direct contact of 8 TLR agonist {0 ong of the dendritic call's
foli-like receptors (TLRs).

0008 Humoral immunity refers to B cells and antibodias. B oslis become
transformed 10 plasma celis, and the plasma oslis express and secrete antibodies.
Naive B cells are distinguished in that they do not express the marker CDE7, whils
antigen-specific B cells do express CD27 {Perez-Andres, &t gl {2010) Cytometry
Part B 788 (Suppl 1) 847-380). The secreted antbodies can subseguently bind o
umor antigens residing on the surface of umor cells. The resuit is that the infected
celis or tmor celis become tagged with the antibody, With binding of the anlibodv 10
the infected cell or tumor cell, the bound antibody mediates kiling of the infecied cell
ot fumor cell, where Kiling s by NK cells. Atthough NK celis are not configured to
recognize specific target antigens, in the way that 7 cells are configured to renognize
targel antigens, the ability of NK celis fo bind to the constant region of antibodies,
anables NK cells to specifically kill the cells that are {agoed with antibodies. The NK
cedl's recogrition of the antibodigs is mediated by Fo receptor (of the NK cell) binding
to the Fo portion of the antibedy.  This type of Killing is calied, antibody-daepantant
cell eytotokcity (ADCO). MK cells can aiso kil cells independeant of the mechanism
of ADCC, where this kiliing requires expression of MRED class | 1o be lost or deficient
in the target cell {ses, e.g., Calighn! (2008) Blood 112:4681.469},

{08068 The technique of “delaved type hypersanaitivity response”™ gan be used io
distinguish between immuns responses that malnly invelve celiular immunity or

mainy involve humora! Immunity, A positive signat from the deiaved fype



hypersensitivity response indicates a cellutar response (see, e.g., Roychowdhury, et al. (2005)
AAPS J. E834-E846).
[0007] Autophagy is a homeostatic process by which cytosolic components and organelles are
delivered to the lysosome for degradation. Autophagy is also associated with innate and
adaptive immune responses 1o intracellular pathogens whereby cytosolic antigens are loaded
onto major histocompatibility complex {MHC) class Il molecules for CD4* T-cell recognition.
Description
[0008] As used herein, including the appended claims, the singular forms of words such as "a,"
"an," and "the" include their corresponding plural references uniess the context clearly dictates
otherwise. All references cited herein are incorporaied by reference to the same extent as if
each individual publication, patent, published patent application, and sequence listing, as well
as figures and drawings in said publications and patent documents, was specifically and
individually indicated to be incorporated by reference.
Summary of the Disclosure
[0008] In one aspect there is provided a melanoma vaccine comprising:

at least one dendritic celi from a subject that has melanoma,

wherein the at least one dendritic cell has been contacted in vitro with at least one
melanoma tumor cell from the same subject

wherein the at least melanoma tumor cell is non-dividing, autophagic, and non-apoptotic
[000%a] In one aspect there is provided a composition comprising:

interferon-gamma (IFN-gamma} treated melanoma cells from a subject, and antigen
presenting cells (APCs) from the same subject, wherein the melanoma cells are autophagic;
and non-apoptotic.
[0G0%k] In one aspect there is provided use of an immunologically effective amount of the
composition as described herein or the melanoma vaccine as described herein in the
manufacture of a medicament for stimulating an immune response against a melanoma-specific
antigen in a subject having melanoma.
[060%¢c¢] In one aspect there is provided a method for preparing a melanoma vaccine,
comprising melanoma cells and dendritic cells from the same subject, the method comprising.

treating one or more melanoma cells is with an agent that prevents cell division;

treating the one or more melanoma cells in vitro with interferon-gamma (IFN-gamma) or
with an IFN-gamma mimetic; selecting the meianoma cells that are autophagic and non-

apoptotic;



rejecting melanoma cells that are non-autophagic and apoptotic;

contacting the melanoma cells that are autophagic and non-apoptotic with one or more
autologous dendritic cells; and

aliowing uptake of at least one melanoma-derived peptide from the melanoma cells by
the one or more autologous dendritic cells to produce a melanoma vaccine.
[0009d] in one aspect there is provided a method for preparing a melanoma vaccine,
comprising:

treating melanoma cells obtained from a subject with melanoma 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
subject to form a melanoma vaccine.
[06G9e] In one aspect there is provided a composition comprising a melanoma vaccine
prepared by the method as described herein.
[C0GEf] in one aspect there is provided use of the melanoma vaccine as described herein in the
manufacture of a medicament for stimulating an immune response against a melanoma-specific
antigen in a subject with melanoma.
[000%8g] In one aspect there is provided use of the compaosition as described herein in the
manufacture of a medicament for stimuiating an immune response against a melanoma-
associated antigen in a subject with melanoma.
[6008h] In one aspect there is provided use of the compaosition as described herein in the
manufacture of a medicament for the treatment of melanoma.
[0008I] In one aspect there is provided use of the melanoma vaccine as described herein in the
manufacture of a medicament for the treatment of meianoma.
[0008]] In one aspect there is provided use of an immune-stimulatory amount of the melanoma
vaccine as described herein, in the manufacture of a medicament for treating mefanoma in a
subject in need thereof.
[0009k] In one aspect there is provided use of an immune-stimulatory amount of the
composition as described herein in the manufacture of a medicament for treating melanomain a
subject in need thereof.
{00091 The present disclosure provides a method for preparing a dendritic cell vaccine,
comprising treating melanoma cells acquired from a first subject with an agent that prevents ceil

division, treating the melanoma cells with IFN-gamma or an IFN-gamma mimetic, selecting
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melanoma cells that are autophagic and non-apoptotic melanoma cells, and contacting the
selected melanoma celis with aufologous dendritic celis from the same first subject. Also
provided is a composition that comprises a dendritic cell vaccine, as prepared by the above
method. What is also provided by the disclosure is a method for stimulating immune response
against a melanoma-specific antigen, comprising administering the above composition to a
subject that has melanoma.

[0010] A vaccine comprising a population of mammalian dendritic cells from a given subject that
is diseased with melanoma and wherein the subject comprises melanoma cells, wherein the
melanoma cells comprised by the subject include metanoma cells that are autophagic and non-
apoptotic when treated in vitro with IFN-gamma or IFN-gamma mimetic, wherein the dendritic
cells comprise melanoma-specific peptide antigens, wherein said melanoma-specific peptide

antigens are
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acgyired in vitro by dendritic calls in from said malanoma cells, wherein greater than
50 percent (%) of the meianome-specific peptides comprised by the dendritic ceills
are from melanoma celis that ars autophiagic and non-apoptotic, wherein less than
40 parcent (%) of the melanoma-specific peptides comprised by the dendritic celis
ars from melanoma oeils that are non-aulophagic and apopiotie, and whersin the
dendritic celis and melanoma cells are from the same subject. What is provided is
the above population of dendritic cells, wherein the sutophagie and non-apoptotic
mgtanoma calis are acquired by adhesion to g surface.

814l Disclosed is a vaceine, whersin, in some instances, grealter than 80% of he
malanoma-specific peptides are fram melanoma cells are autophagic and non-
apoptotic, and wherein less than 20% of the melanoma-speciiic peptides are from
melanoma celis that are non-auiophagic and apoptotic,

0012 Disciosed & a vaccing, wherein, it some instances, greater than B0% of the
melanoms-specific peplides are from melanoma cells are auwtophagic and non-
apopiotic, and whereln less than 10% of the melanomea-apeciiic peptides are fom
melanoma cells that are non-autophagic and apopict

B3l Disclosed is a vaccine, whersin, in some instances, essentially ait of the
melanoma-specific peptides are from melanoma celis that are incapable of el

division.

014 Disciosed s & vaccing, whereln, in soms instances. essentially all of the
melanoma-specific peptides are from melanoma celis that are hoapable of cell
division because the melanoma celis are radisted

D018]  Disclosed is a vaccine, whersin, in soma instances, essentially all of the
melanoma-specific peplides are from melanoma celis that are incapable of ced
division because the chromosomes of the melanoma calls ave cross-linked by &
nucielc acid cross-linking agent.

048] Disciosed ¢ 2 vacoine, whersin, in some instances, all of the melanoma-
specific peptides are from melanoma cells that are IFN-gamma-treatad, or
FN-gamma mimetic-treated melanoma cells,

00171 Disclosed is 8 vaceine, whereln, in some instances, all of the melanoma-

gpecific peplides are from melanoma cells that are not IFN-gamma freated, and are
not IFN-gamma mimetic-reated, meiznoma cells.
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[0018] Oisclosed is 2 vaooing, wherein, in some insiances, there is a first numbey
of melanoma-specific peptides from melanoma celis thal gre sutophagic and non-
apoptoic, and whersin there § & second number of melanoma-spectic pephides
from melanome cells that are non-autophagic and apopiotic, and wherein said first
ruamibar and second number both refer to the number of melanoma-speciic antigens
that s one of S100, HMB-45, Mel-2, Melan-A, Mslb MAGE-1, MART, or
Tyrosinase, and wherein said greater than 80 percent (%) is derived from the first
number and wherein said lesser than 40 percent {9%) ts derived from the second

rREnber.

[6018] Disclosed is a vaccine, wherein, in some instances, there is a fiest number
of melanoma-specific paptides from melanoma celis that are autophaglc and non-
apopioiic, and

80207 Vhereln thare s a second number of melanoma-~-specific peptides from
metanoma cells that are nor-aufophagic and apoptotic, and wherein said first
number and second numbsr both refer io the number of melanoma-specific antigans
that is two of S-100, HME-45, Mel-2, Malan-A, Mel-&, MAGE-1, MART-1, or
Tyrosinase, and wherein sald greater than 60 percent {%;) ts derivad from the first
number gnd wherein said lesser than 40 peroent (%) is derived from the second
number.

[0021] Discloged is a vacting, whergln, in some insiances, therp is & first number
of melanoma-specific peplides from mealanoma cells that are autophagic and non-
apoptotic, and wharein there is a second number of melanome-specific peptides
from melanoma cells that are non-autophagic and apoptotic, and whergin said first
rrimiber and sacond number both refer to the nuimber of melanoma-spedific antigens
that is (hiee of 5100, HMB-45, Mel-Z, Melan-A, Mebhb, MAGE-T, MART-L or
Twrosinese, and wherain said greater than 80 percent (%) is derivad from the first
number and wherein said lesser than 40 percent (%) s derived from the second
riymber, Other embodiments make use of tour, fve, six, seven, or gight of the
reciied antigens. Also encompassed, is use of 8 iolaily different melanomea-spacific
antigen,
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(00221 Disciosed is & vaccing, whersin, in some instances, essentially ail of the
melanoma-spacific peplides are Fom melanoma cells that are FN-gamma-ireaied
melanoma calis.

IG023] Disciosed is a2 vaccine, wherein, i some instances, essentially all of the
malanoma-specific peptides are from metanoma celis that are freated invitro o be
incapabie of cell divigion, What is also embraced, s the above vaccine whersin the
given subject is & human subject.

{00241 in addition, the disclosure provides vacrines, wherein the given subjeci s a
mammal that is not human,

F0028] Disclosad is 2 method for stimulating an immune response against a
melanoma-specific antigen, comprising adminisienng an immune-stirnulatory ameunt
of the above vacsine o & subject.

10G28] Disclosed is 2 methnd, wharsin the immune response that is stimulated
campises one or more of CD4™ T cell response, CDE' T cell response, and B cell

response.

0027 Disclosed is 3 method wherein the CD4™ 7 cell response, CDB™ T osll
response, of B cell response, can be messursd by ELISPOT assays, by intraceiiuar
cytokine siaining assays, by telramer assays, or by detecting antigen-spesii
antibody progustion.

190281 Disclosed is 2 methed wherein the Immune rasponhse comprises a survival
thne that comprises 2-year overall survival {08), and where the 2wear overal]

survival iz ot least 80%.

100281 Furthermore, what is provided & the above method wherein the
administration comprises subcuiansous injections of the vageine.

60301 Disciosed is 2 method wherein the administration comprises injections of
tha vaccine given weekly for three mordhs and then monthiy for five months.
0031 Disclosed is a method for preparing a dendritic call vacoine,

06321 Disclosed iz a method for preparing a dendritic cell vacoing involving
melanoma cells and dendrific celis from the same subject, wherain one or more
metenoma calls is freated with an agerd that prevents cell division, wherein the one

of more melanoma celis is reated i vitrp with interferon-gamma (FN-gamma) or
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with an IFN-gamma mimetic, whersin melanoma cefls that are autophagic and
nan-asopiotic are selected, wherein melanoma cells that ars non-autophagic and
apoptotic are rejecied, and wherein the melanoma oslis that are autophagic and
non-apoptotic are provided {o one or more aulclogous dendritic cells, or whersin
peptides derived from the melanoma cells that e autophagic and non-gpoptotic are
orovided 1o one or more autologous dendrilic cells.

80331 Disciosed is 2 compuosifion comprising at lsast ong interferon GFN}-gamma-
reated malanoma cell from o first sublect, and at teast one antigen presenting call
(APCs) fram the same first subject, wherein the malanoms cell is: avtophagic, non-
apoptofic; and MHC plass -expressing. inanother aspact, what is encompassed i3
the above composition, whersin the IFN-gamma-treated melanoma call is loaded
into the ARG as well as the ghove composition, wherein the FN-gamma-treaied
metanoma ceil is not loaded ints the APC. i another aspact, what is embraced {8
the above composition wherein the melanoma cell ks from a subject with Stags |
Stage i, Btage I, or Stage IV melanoma, Additionally, what s contemplated is the
above composition, related kils, and related mathods, whersin the APC comprises at
lsast one dendritic cefl.

0034) I one aspect, the pharmaceutical composition, reagent, and refated
methods, of the present disciosure uses & preparation of cancer calls that, after IFN-
gamma treatment, is 7-AAD negalive and annexin V negative. This population can
be, 2.4, about B8% 7T-AAD negative and aboutl B8% annexin V negative, or at least
85% 7-AAD negalive and af least 85% annexin V negative, or at lsast 80% 7-AAD
regative and al least 90% annexin V negative, to provide nondimiting examples,

TO038] Furthenmors, what is embraced s the above composition, wherein
autophagy is demonstrated by a test thal assays microlubule-associated protein fight
chain 3 (LO3), and the above composition, wherein the celis are demonsirated o be
non-apoptolic using at least ong of the reagent, 7-aminoactinomyein D {T-AAD)} or
the reagent, annsxin

00581 In methods aspects, what is provided a method of manufactuning the above-
disciosad composition, comprising removing al lsast one metanoma cedl from the first
subject, removing at least one APC from the first subject, and allowing the

malanoma cell fo comact the APC, as well as g method for stimulating immune

%
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response against 8 mefanoma in & sublect or patient, comprising administering the

above composition of 10 a subjsch

TGD3TT Disclosed & a methed, whersin the melanoma celis from the patient are
non-apoptiotic, are atfophagic, and wherein the melanoma calis respond to added
iFN-gamma by expraessing MHC class 1 as well as the above method, wherein the
meanoma cells are irradiated prior fo lvading on antigen-preseniing cells,

[R03E]  Discipsed 15 & method fur treating 8 melanoma in & medanoma patient,
comprsing determining that the melanoma cefls are insensitive 1o the pro-apoplotic
effects of IFN-gamma, and administering one or more of the above compositions o a

sublact,

0038 in another aspect, what is provided is & method for stimulating or enhancing
an mmune response against a melanoma in a melanoma patient, comprising
determining that the metanoma cells are insensitive © the pro-apoplotic effects of
{FN-gamma, and administering one or more of the above-disclosad compositions {o
a subject. Also supplied, is the above mathod, wherein the mmune response is ohe
of morg of humoral immune response, cellidar immune response, and innate
Immune response,

00401 In & Kit aspect, the present disciosure provides 2 kit for tesiing immune
response against & tumeor antigen in a subject, whersin the sublsct is treated by one
or more of the above methods, and wherein the Kit comprises 2 resgent that datects
numoral immune response, celiular immune response, of innale Immune response,
Definitions

10041 immune-stimulatory amount, without mitation, can be an amount that
increases ELISPOT assay results by a measurable amourt, that increases 108
assay resulls by a measurable amount, that increases tetramer sssay results by a
measurable amourt, that increases the blood popuiation of antigen-specific CDA™ T
cells by a measurable amount, that increases the biood poputation of
anfigar-specific COB™ T cells by & measurable amount, or where the increase is by
at least 10%, 20%, 30%, 40%, 50%, 80%, V0%, B0%, 90%, 100%, 1.5-foid, 2.0-fold,
3.0-fold, and the like, when compared 0 a sultable control. A sultable condrol can
be a control vaccine, where dandritic celis are not loaded with melgnoma cells, or
are not loaded with peptide derived from melanoma csiis,
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B042] The term "mefanoma-specific anfigen” encompasses antigens thatl are
fréque ntly associated with melanoma, and where the antigen is considered to be
unigue to melanoma, as opponsed 1 being associated with other cancers, and in
addition, the ferm “‘melanoma-specilic antigens” encompasses antigens that gre
frequently associated with melanoma, and whers the anfigen (s aiso associated with
other types of cancer, such &5 breast cancer, colorecial cancer, and the like.

0431 “hradinled,” in the context of pradiating melanoma celis for the present
disciosure, Is preferably by gamma-rradiation, but also encomipassas iradiation by
X-T&VS, electrons, neutrons, protons, slectromagnetic irradiation, visibie kight,
ultraviolet light, and so on. Inone aspect, the fradistion functions to prevent oell
diviston of the meianoma cells, In another aspect, the iradiation prevents cell
division, but aiso denatures cellular proteins. As an alternative (o iiradiation, the
oresent disclosure prevents cell division of melanoma cells by way of physical
disruption, e.g., sconication, cavitation, dehydration, ion depietion, or by toxicly from
SXposlEe o one of more salis,

0044]  Infecferon-gemma ((FN-gammea), in the dresent disclosure, induces
autophagy. As an alternative, or in gddifion, audophagy inducers such as mTOR
inhibitors, and mTOR-independent reagents can be used. mTOR inhibitors suilable
for the present disclosure include, e.g., rapamycin, tamoxifen, torind, temsirolimus,
everolimus, KK sfimulation, MAPK kinase inhibitors, MEK1/2 inhibllors, dehydration,
and siress-aciivaiad molecuies such as JNK1 thaet are induced by starvation.

mTOR independent reagents include low inositol-triphosphate (1P3) levals induced
by fithium, carbamazepine, and vaiproic acid, or low ntraceliudar caloium caused by
gaposure 1 L-fype calokem channe! antagonisis such as minoxidll, Cther mTOR
independant reagents include chemical inhibition of calpain {calpasiating,
spingaiipids (519, and reactive owygen such ag hydrogen peroxide, e.g., as induced
by starvation of hypoxic condifions.  One or more of these reagents is provided for
use, instead of IFN-gamma of instesd of an IFN-gamma mimetic. See, eg.,
Ravikumar ef gl {2010) Phys, Revs, 8013831435,

{0045] The term “percent,” as in “greater than 80% of the melanoma-specific
neptides,” refers o the number of peptide molecules, and not to the number of
differant antigenically distingd peptides. The ferm “percent,” as in "greater thar 80%
of the melanoma-specific peptides” refers to the number of peptide molecules, and
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not o the number of different antigenically distinet peptides. The term "parcent” as
in “tass than 40% of the melanoma-specific peplides,” refers {0 the number of
peptide molecules, and not 1o the number of antigenicelly distinct peptides. The term
"nercart,” as in less than 20% of the melanoma-specific peptides,” rafers o the
nutmber of peptide molecules, and not 1o the number of antigenically distingt
pephides, and the Hke.

10048] The lerm "peptides.” as in "greater than §0% of the mealanoma-specific
peptides,” refers to the sum of the number of peplide molecides, oligopeptides
molesuies, and polypeptide molecutes, The temm “peplides,” a8 in “greater than 80%
of the melanoms-specific peptides” refers (o the sum of the number of peplide
malecuies, oligopeptides molecuies, and polypeptide molecules. Tha term,
“‘pepliges,” as in “less than 40% of the melanoma-specific peptides,” refers o the
sum of the number of peplide moleculss, oligopepiides molecules, and polypeptide
molecuies. The isrm, "peptides,” &g in "iess than 20% of the melanoma-specific
peptides,” refers {0 the sum of the number of peplide molecules, cligepeptides

modecules, and polypeptide molecules, and the ke,

D047 The term “biased o being sutophagic end non-apoptotic” refers to cancer
cells, for example, melanoma oblis. that when treated i vitrs with (FNwgammae, are at
least 80%, at least 7%, at least 80%, at lzast 80%, at least 85%, at least 98%,
autophagic and non-apoptotic, Note the {oliowing difference in the terminology used
to refar 1o various melanoma celis: catls that are gutophagio and non-gpoptolic are
not the same as celis that are non-autophagic ang apopletic.

6048] “Derwved from,.” in the contexd of peptides derived from one or more cancer
celis, encompassss the folldwing. The cancer call can be broken, for exampls, by &
homogenizer o7 by esmotic bursting, resuling in @ crude extract Peplides,
sligopeptides, and polypaptides of the srude axtract can be exposad to dendritic
celle, foliowsd by processing of the peplidss by the dendritic calls.  Derived from
also encompasses providing dendritic calls with intadt cancer celis, where the cancer
cells are living, or where e cancer celis have been trealed with irradiation buf are
sfifl metabolically active, or where the cancer cells have been trealed with 2 nusisic
acid cross-linking agent but are stil metabolically active. "Derived from” includes
mixtures of cancer cell debris, free cancer call profoins, and irradiated cancer celis,
that are taken up by dendritic cells, and therefore are derivad from ths cancer oells.
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(00481 "Adminisiration” as it applies v a hirnan, mammel, mammalian subiect,
animal, velerinary sublect, placeho subject, ressarch subject, experimental subjest,
cell, tissue, organ, or biclogical fluld, refers without mitation o contact of an
exogenous ligand, reagent, placebo, small molecule, pharmaceuiical agent,
therapeutic agent, diagnostic agent, or composition to the subjscl, csl, issus, organ,
or biological fuld, and the ke, "Adminisiration” can refer, e.g., to therapeutic,
pharmacokingtic, giagnostic, research, placebo, and experimental methods.
Traabment of 3 cell ancompasses contact of 2 reagent 1o the cell, as well as contact
of & reagent to a fluld, whars the fluid s In contact with the cell. "Administration” also
ancompasses i vilre and ex vivo treatmenis, e.g., of a cell, by a reagent, diagnostic,

binding composition, or by another cell,

Ba50]  An "agonist” as i relates fo g lgand and recepior, comprises a molecule,
sombination of molecules, a complex, or 2 combination of reagents, that stimulates
the receptor. For example, an agonist of granulceyte-macrephage solony stimulating
factor (GM-CSF) can encompass GMOSE, a mutein or derivative of SM-CEF, &
peptide mimetic of GM-CSF, a small molecule that mimics the bislogical funciion of
GM-CSF, or an gntibody that stimulates GM-CSF recepior. An antagonist as i
refates o a fgand and receptor, comprises @ molecule, combination of moleculss, or
a complax, that inhibits, counteracts, downreguistes, andior desensitizes the
recanior, "Antagonist” encompasses any reagent that inhibits & constitutive activity
of the receptor. A constifulive activity is one thatl is manifast in the sbsence of 3
figandfreceptor inferaction. “Antagonst” glso encompasses any reagent thal inhibiis
ar prevents a stimulated (or regulated) activity of a receptor. By way of example, an
artagonist of CM-CEF receptor includes, without implying any imitation, an antibody
that binds {0 the hgand (GM-USF) and prevents it fram binding o the receplor, of an
antibody that binds 1o the recepior and prevents the ligand from binding o the
receptor, or where the antibody locks the receptor in an inactive conformation.

f8081]  Unless expressiy staled otherwise, or diciated otherwise by the context, the
torm "exnression” encompasses the following, Expression sncompasses the
biosynthesis of mRNA, polypeptide blogynthesis, polypeplide activalion, e.g., by
postiransiational modification, or an astivation of expression by changing the
subceliviar location or by recruitrnent (o chromating in other words, "increased
gxpression” encompasses increased biosynthesis, or increased activity that is

1t
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caused by phosphorviation, or an increased activity thatl is caused by migration fom
the cytosel fo the nucieus.

D0S2]  Antigen presenting celis (APCs) are cells of the immune systerm used for
praserting antigen fo T cefls, APCs include dendritic cells, monocyies,
macrophages, marginal zone Kupffer cells, microglia, Langerhans cefis, T cells, end
B cells (sep, a4, Rodrigusz-Finto and Moreno (20058) Bur. 4. immunol 38:1087-
1105} Dendnlie cells ooour in at least two Bneages. The first lineage encompasses
ore-00 1, myedoid DCY, and matures DC1. The second lineage encompasses
COR4CDASRA- sarly progenitor multipotent cells, CD34 " CR4ERA™ cells,
CO34TCDEERA™ D47 fL-3Ralpha™ pro-DC2 calts, CO4CD1 1o plasmacytoid pro-
PC2 calis, lymphoid human DC2 plasmacytaid-derived DT2s, and mature DO2s
{sea, o.q. Giliet and Liy {2002} 4. Bxp. Med, 195:885-704; Bauer, st al, (2001} J
Immunel, 188.5000-5007; Arpirvati, st al. (2000) Blood 85.2484.248{; Kadowaki et
al, (20011 J. Bxp. Med 194:883-869; Liu {2002) Human brmunology 8§3.1067-1071,;
Maokenng, et al {2008) J. Virgl, 791727, O'Neill, gt gl {2004 Blood 104:2235-2246;
Rossi arwd Young (2008} d. Immunot. 17511373-1381; Banchersau and Palucka
(2005) Nat Rev, immunol. 5:296-306),

00831 "Effective amounl” encompasses, without imitation, an amount that can
ametiorate, reverse, mitigate, prevent, or diagnose & symptom or sign of a medical
sondifion or disorder. Unless dictaied otherwise, explicitly or by contexd, an
"effective amount” is not lirnited o 3 minimal amount sufficient to ameliorate 3
songifion. The severily of a dissase or disorder, as well as the ability of & raaiment
to prevent, treatl, or mitigate, the disease or disorder can be measured, withou
impiving sny Bmitation, by a blomarker or by 2 clinice! paramsist,

{0054} Bilomarkers include polypeptides, location of polypepiides {e.g., vasictdar,
imtraceliulsr, membrane-bound), nucleic scids, blood counts, metabolite lavels in
serum, wrine, of perebrosping! fuld, tumor cell counts, cancer stem cell counts,
wmor levels, Tumor levels can be determined by the RECIST criteria (Eisenhauer,
gt al, (2008) Bur. J. Cancer, 45:228-247), Expression markers gncompass genelic
oxpression of mRNA or gene amplification, expression of an anfigen, and sxpression
of & polypepiide, Clinical perameters inciude progression-fres survival (PFS), &
morth PFS, disease-free survival (DFS), fime o progression (TTR), fime to distant
matestasis {TOM), and overall survival, without implving any limitation.

12
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{0088] A composition that is "abeled” is delectabla, either directly or indirectly, by
speciroscopic, photochemical, biochemical, immunochernical, isofopic, o chemical
methods, For sxample, useful iabsis includge %P, ¥p ¥g Mo, %9 ) siable
isctopes, epiiops fegs fluorescent dyes, slectron-dense reagenis, subsirgles, of
SNZymMes, e.¢., as used in anzyme-inked immunoassays, or fluorsties (ses. e.g.

Rozinov and Nolan {1898 Chem, Biol §:713-728).
Mathods for assessing nmune responss

{6088} The present disclosure also provides ELISEOT gssays, intraceliular
cyiokine siaining (IG5}, and tetramer assays, for characterizing immune response
{see, e.g.. of US 2007/0180028 of Pardoll; Chattopadhyay (2008} Cytometry A 2008
7310011009, Vollers {2008 immunoiogy. 123:305-313,; Lalvars, et al, {1887} J.
Exp. Med. 1B8:858-868; Waidrop {1887} J. Clin. invest. 8@1738-1780; Hudosns
{2004} 4. Immunol, Methods 288:18-34; Goulder (2001 4. Virol 75133812347
Goulder (2000) J. Exp. Med. 192:1818-1831; Anthony (2003} Methods 28260-289;
Badovinao and Harty (20007 J. Immunel, Methods 238107117 Immuneg response
in & patiant can be assessed by endpoints that are used in oneology clinicat trials,
including oblective response (RECIST oriteria), overall survival, progression-free
survival (PES), disease-free survival, ime to distant melastasis, 8-month PFS,
12-month PFS, and so on.

¥actines

[O087]  Dendritic cell vaceine of the present disclosure can be adminisiered by
intradermal, infranodal, mucosal, or substdansous routes, or any combination of the
above. Each dose can comprise about 10 x 10° dendritic celis, 20 x 10% celis, 50 x
10° ealis, 100 % 10° calls, 200 % 10° cells. 500 x 10° celis, 1 % 10° calis, 2 ¥ 10° calls,
20 107 cells, 50 x 10° cells, 100 x 10° cails, 200 x 10°, 500 % 10% 1 x 10% cells, 2
10°% cetls, 5 x 10° celis, 10 x 10° calls, and the ks, Administration frequency can be,
&.4., ONCE Der weelk, twice per week, once every two weeks, once every three
waeks, once svery four weeks, once per month, onoe every two months, once avery
three months, once every four months, onde svery five months, ohoe svery six
months, and so o The fotal number of days whers administration ooours can be
gneday, on2days, oren 3 4,5 6, 7, 8,8, 10, 11, 12,13, 14, 15,16, 17, 18, 19, or
20 davs, and so on. 1his undarsicod that any given administration might invalve two
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or more injections on the same day. In one aspect, the disclosure involves foading
dendrific calle with whole lumor cells, where at least 10%, where ai least 20%, at
least 30%, af least 40%, af least 50%, at least 80% af least 70%, at lsast 80%, &t
ieast 80%, at least B5%, or at least 899%, of the melanoma celi-derived profein that s
ioaded into the dendritic cells resides in whole fumor calls. In non-imiting
ambodiments, dendrific call vactine 15 heid in a flask, ina vial ina botlle, Ina
syringe, in & catheler, in & cannula, and 0 o, For agministration, at least 20%, &
oasl 30%, ot least 40%, at least 50%., atleast 80% atl least 70%, 2 least 80%, at
ieast BO%, af least B5%, al lsasi 89%., of the dendrilic calis that are adminisisrsd are
matre dendrific qelis.

Yacoine homogensity

(00881 i exermplary implementigtions, the disclosure proviges 2 vaooine comprising
dendritic cells St contain melanoina peplides derived from in wiro loading, where
the vaccine comprises dendditic celis (sum of DUs containing melanoma peptides,
and DCs not containing melgnoma peptides) &t 2 retio of dendiitic cellsimelanoma
valis of at least 8/98, 10/80, 20/80, 30/70, 40/80, S0/50, 80440, 70130, B2, 90710,
Q5/5, BB/Z, 8O/, and the ke, Also provided, is a vaooing comprising dendrfic cells
that pontaln melanoma peptides derved from in vitre loading, where the vaccine
somonises dendritic calls (sum of DCs comtaining malanoma daptids, and DCs not
containing melanoma peplides) al a ratic of [dendritic celislf{oells that ars nelther
DCs nor melanoma), of ot least /68, 1790, 20/80, 30/70, 40780, 80/50, 60740,
7O/30, 80/20, 90H0, BE/S, 92, 991, and the ke, The disclosure Slustartes &
comparimented container, where a frst compartmant containg melanoma cells, and
2 sgcond compartiment containg dendritic celis. The two compartments can be
separated by a membrane, Tiler, valve, condult, coupler, which prevents the
metancrmg cells from contacting the dendritic cefls, but where manual transfer, or
whare removal of the membrane or opening of the vaive allows the melanoma ceils
to contact the dendnitic cells, allowing loading of melanoma celis, mefanoma ced
fragments, andior melanoma peptides, on the dendrific cells.

interferon-ganyna mimetics

IDO8E  The present disclosure encompasses mimatics, for example,
interferon-gamma mimetics, such a3 mimetic peplide 85-132 (Ahmed (2007} J.
tmmuncl. 17845784883, Fulcher (2008) FEBS Lett £82:1568-1674). Ths
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disclosurs provides IFN-gamma mimetics, where an overali gosl is o acquire a
population of melanoma celis that is enriched In melanoma cglis that ars sutophagic
and non-apoptotic. FN-mimetic encompasses, e.g., an antibody thal has the same
agorist activity as interferon-gamma,

inactivaling meianoms cells

IB080F The present disclosure provides compasitions and maethods, whera cancer
cafls are inactivated, for exampie, by radiation o by way of nudisic acid
cross-linkers. Exemplary croes-inkers, have the ability to cross-iink DNA but to
leave proteins unmodified. A nucielo acid sltkylator can be beta-alanine, N{acridin-g-
yi}, 2-[bia(2-chicroethyliaminolethyl ester. In some embodiments, the nucieic acid
targeted compound is a psovalen compound activated by UVA irrsdistion. For
insfance, the nuclelc acid targeting compound can be £-M-amino-Z-oxa)buivi-4,5° B-
trimethyipsoralen {also referred to herein as "5-59"). Cells can be inaciivaled with
150 micromolar of psoraten $-59 and 3 Jfom? UVA light (FX 1018 irradiation device,
Ravter Fenwal, Round Lake, 1L} The inactivation with 5-5¢ is referred io as
photachemical treaiment and resulis in complete inaclivation of the celis. Various
concantrations of hucisic acid cross-linked agent can be lested for efficacy in
inactivating cells, for example, for efficacy in preventing ceil division. $-58 is
distinguished by s abllity to cross-link nucleic acids, but to leave protains intact an
unmodified. Calls ¢an be suspended In § mi of saline containing 0. 1, 10, 100, and
1000 ol of psoraien 3-58. Each sampie can be iradiated as foliows. The 5-58 can
pe sdded at & concentration of 100 n. Samiples can be UVA iradiated al & dose of
approximately 2 Som® (FX 1018 irradiation device, Baxter Fenwal, Round Laks, 1),
Each sample can then fansferred fo 2 15 ml twbe, centrifuged, antg the supemsatant
ramoved, and then washad with 5 mi saline, centrifuged and the supernaiant
removed and the final pelist suspended in 0.5 ml of saline (1.5, Pal Nos. 7833778
of Dubensky and 7,881,383 of Dubernsky).

Enriching for melanoma cells that are non-apopiotio

006811 A popudation of melenoma cells can be enviched in melanoma cels that are
nen-apoptotic, for example. by use of the technigue that separates non-apoptotic
and autophagic oells from celis that are non-gutophagic and apoplotic, where
separation is by the adhesion of the auiophagic end non-apoptotic celis fo & surface,

whare the other celis are floating. A populalion snriched in non-apoptolic melanoma
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celis can aigo be acquired by removing apopiotic celis by way of an antibody specific
for phosphatidy! serne. Technigues for removing celis by way of immobilized
aniibodies are avallable (Onoders (1888} Ther. Apher. 2:37-42), Antibodias spacific
for phosphatidylserine are avafiable {e.g., EMD Millipore, Billerca, MA), Also, bulk
sopuiation of melanoma cefie can be labeled with flusrescent anti-phosphalidvisering
antibodies, where the tagged apopiotic melanoma calls are removed by fiow
oyiometry, affinily chvomatography, immunomagnetic separation {see, e.g.,
HMoeppener (2012) Recent Resulls Cancer Res. 185:.43-58; Dainiak {2007} Adv,
Biochem. Eng. Biotechrol 108:1-18}).

inhibitors of apoptosis

00621 Z-VAD {(Z-VAD-fmk), an inhibltor of apoptosis, can be acquires from, &.g.,
Enzo Life Soienves (Exeter, UK}, R & D Systerms {Minnsapolis, MN}, Toons
Biogciences (Bristol, UK), BioMo! (Plymouth Mesting, FA}, and EMU Chemicals
{Gibbstown, NJ}. Z-VAD-fmk is 2 synthetic peplide, Z-Val-Ale-Asp(OMe)-CHaF.
Caspases are cysteine-aspartic acid-specific members of the protease

family. Caspases are activated by & death receplor ligation, e.g., TRAIL FAS, by
DNA dammage, stress, serum starvation and in some cell types, interferons.
Caspases play g oritical role in the highly reguiated process of gpoptosis that
inciudss nusiear fragmentation, chromatin condensation, and loss of eyloplasmic
integrity. The pan-capase inhibitor, 2-VAD-Tmk (carbohenzoxy-valybatanyb-aspartyi-
{C-methyll- Suoromethylketone) ireversibly binds the catalytic sits of caspase
proteases and inhibits thelr function in inducing apoptosis. Inhibifing the ability of
cells to undergo apoptosis it response (o IFN-gamma can be a means by which cells
that are non-apoptolic but avlophagic and be generated without the steps of
selection by the washing o remove floating apoplotic cslls.

{80831  in one ambodiment of the invention, umor calls are reated with
IFh-gamma prior {o leading wimor cells on dendritic calls, or an another type of
antigen-preserting call (APC). In ancther embodiment, tumor cells are not reated
with IFN-ganmyna priorio loading lumor celle on dendritic cells, or on ancther type of
ARG,

10641 The disclosurs provides pharmaceuticals, reagents, kits including diagnostic
kita, thatl whergin the pharmaceuticals, reagents, and kils, comprise dentritic cells,
antibodies, or antigens. What is aiso provided are methods Tor administering
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compuosiions that comprise at isas! one dendritic cell and at least one antigen,
mathods for stimulating antibody formation, methods for stimulating ADCC, methods
for stimulating complament-dependent oytotoxicity, and methods and kils for
determining patient suitabiiity, for determining patient inclusion/exclusion oritenia in
the context of a clinical trial or ardinary medical treatment, and for predicling
responss to the pharmaceutical or reagent. Complement-dependent ovtotoxichy is
dascribed (ses, 8.g., Goodman, et &l {1880) 4. Clin, Onecol. 810831082, Cheson
{2018y 4. Clin, Oncol. 28:3825-3530). The pharmaceudical composiiions, reagsnts,
and relgled methods, of the disclosure encompass CUES positive dendritic celis,
wherg CDE83 is induced by loading with FN-garmuma-treated cancer oells. ina G083
aspect of the disclosurs, the CDE3 s induced by af least 2%, atleast 3%, al ieast
4%, 8%, T%. 8%, 8%, 10%, and the like. in another aspect, what is excluded are
DC reagenis, or Dl-relatad methods, whers CDES of dendriic cells is nol deleciably
induced by loading with IFN-gamma-treated cancer cafls,

Figures

100681 Figurs 1 reveals 2 graphic of cultured Wmar celis before treatment with
IFN-gamma (eft) and afier regting with IFN-gammas for 72 howrs {right). Adter
treatment, the cultured tumeor celis are sither foating, non-autophagic, and apoptotic,
or adherent, attophagic, and non-apopiotic. The Floating cells ars shown expressing
the apoptotic marker, phosphatidy! serire. The ficaling cells are shown with
refatively fow axpressed MHC class I while the adherert cells are shown with over-
sxpressed MHC ciass i,

{DOBET  Figures 24-D show characterization of IFN-gamma realed aulclogous
twmor cells usad Tor inading dendritic cells. Autelogous melanoma tumor cells were
reated with or without 1000 el FN-camma for 72 hours in 15% FES/ECS in
RPMI, harvested and irradiated with 100Gy and cryopreserved. Celis were then
thawed in AIMY and 2 sample taken for flow cyiometry and for preparation of call
ysates for immmunobictiing prior o antigen loading of DCs. An example of four
separate autclogous melanoma cell lines s shown (Fig.2A, Fig.2B and Fig 2C).
induction malor histocompatibility complexes by IFN-gamma freatment of aulologous
furnor colle (Fig.20). Tumor cslls were harvested after being treatad with or without
1000 Wmb IFN-gamma for 72 howrs and then assayed for MG ciass | and class i
Confrol isolype antibodies were used 1o identify posilive populations. Dark data

s
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poinis indicate median mean fuorascent plusiminus 85% confidence interval N =
&5,

I0067]  in one aspect, the disclosure exciudes non-autologous fumar cslis for
inading dendrific cells, and exciudes methods of using non-autologous tumor celis

for ipading dendritic calls.

10068 Figures 34 and 3B describe phenotype of dendritic calls loaded with
auiologous melanoma cell ines treated with or withoul iterferon-gamma. Asstof
four gutoiogous melanoma cell ines wers reated with or withouwt 1000 UL of IFR-
gamma for 72 hours, iradiated and cryopreserved. The cells were then thawed in
AR and combined with aulclogous dendritic cells for approximately 24 hours prior
io havvest and assaying by fow ovlometry for the expression of GDE0, CDE3, CL8S
and MHC olass | (Figrs 3A). The dais is summarized in Figure 38, Averages ¢
S are shown, 1= 4,

{0058 Figures 44 and 48 show phenotype of dendritic calls used Tor dose
preparaion. Bamples of DU prior to loading (Pre-ATC Load DC, N = {3 end alter
ioading {Post-ATC Load DO, N = 85) with iIFN-gamma freated, iradiated autologous
tmor cells ware accessed by flow cytometry for the expression of CD80, CDES,
CURE ang MHC class §. FACS Caliber® beads ware usad {o sel the inifial flow
cyiometer insirument sattings which were then held constant throughout the
coliection of data {Figure 44}, Values of percem expression and mean fiuorescance
intensity (MFD & 8D are compared in Figure 48 for Pre-ATC and Post-ATC loading.
o= 0018 and ™ p = D.0000.

HMOTEY  Figuwres 54 to 5C show inlerferon-gamma ireated melanoma celis underge
autophagy. A selection of commaercially available melanoma cell linas were
ineubated with 1000 [UfmL IFN-gamma for 72 hours in §%FBS/RMPL Phase-
contrast photomicrograghs of SK-5-Met cell cullures were {aken al the end of the
incubation period (Figure 5A) showing enlarged cells with vacucies reminiscent of
atdophagosomas. Confirmation of the formation of sutophagosomes was
damonsicated by transfection with GFP-LC3E constructs prior 1o treatment with IFN-
gasma {Figurs 58). Autophagy induction after IFN-gammia treated was confirmed
by western biolting using an antibody for LO3B (Figure 5C) which identifies a fasier
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rigrating form of LC3 that has been shown o be associated with autophagic vesssl
formation.

{0071} Figures 6A and 65 reves apopiosis and autophagy inducad in response o
interferon-gamma. SK-5-Msl calls wers incubated with 1000 Uil of IFN-gamma for
72 hows aftar which nen-adhersnt and adherent populetions were collected and
assavad for apoptosie and auophagy by flow cvtomelry using 7-AAD and Annexin-V
{Figure 84), Enzo Cyio-1D Autophagy Detection Dye was used 1o measure
autophagy by flow cytometry by measuring the mean intensity peak shift of dye
nrovided by the manufachurer (Figure 88). Fold changes in the peak shiftin
comparison in 5% FBS/RPME are shown In Figure 80 with serum-free as posiiive
conirol for the induction of autophagy.

MUY Figwrs 7 discloses autophagy induction after blocking of caspase activity
did not affect the induction of autophagy in reaponse o FN-gamma in melanoma
relis. B5K-5-hel calls were treated with 1000 iimb of IFN-.gamma in the presence of
20ul of the san-caspase inhibitor z-VAD or s control compound, z-FA for 72 howrs,
The celis wers harvesied and assaved for autophagy by flow oylometry 88 in Figure

gl

D,

190731 Figurs 8 shows SK-5-Mel cefls which were incubated with 1000 1U/mb of
IFiN-gamma in the presence of 10 ul of the aulophagy inhibitor 3-methyladenine (3-
WA for 72 hours. The cells were then harvested and assaved for apoptosis and
MHC class I {HLA-DR) expression by flow cytometry,

[0074] Figure 8 shows IFN-gamma treated oalls from tumor call ines generatad
from patient tumor specimens (N = 38} were assayed for changes in MRC class i or
apoptosis.  The data shown are averages of mean fiucrescent infensity = SE.

f00TS] Figwe 10 shows FN-gamma trealed cells thal were agsayed for MHC
ciass I or apoptosis by fow cytometry from samples used for loading dendritic cells
for & patient-epecific vacine immunotherapy (N = 84} Fold changes in MHC class B
mean fuorescence intensily and percent apoptotic cells (Annexin-V positive} are
shown.

IBO7E Figure 11 and Figure 12 show a correlalion betweean induction of MO
class § and the absence of spoptosis {nferferon-gamma resistant] is associated with
betier progression-free survival (Fig. 117 and overall survival (Fig 12} in patients
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received dendritic cells loaded with autophagic, non-apoptotic inferferon-gamma
treated tumor cells,

[BOT7]  Figure 13 shows survival curves from three trals. The plot (Kaplan-Meier
plol} s a stepwise curve showing the percent of study sublects surviving during the
course of clinical inials. The groups are dessignated DC-84 {solid circle), TC.74
{solid syuare), TC-24 {solid triangles); and DO-E (line). Poorest survival oscurred
with TC-24. The next poorest survival was with TO-74. TC-24 refers o a vaccing of
tumor calls i a study Involving 24 subjects. D084 refers i a dendritic cell vaccine,
whare 54 subjects were treated, and where the vaccing comprised autologous
dendrtic cels (DCs) that had been co-cultured with iradiated sultlogous tumar

cells,
Further Description
Autologous dendritic cell generation

0078]  Dandritic cells were genarated by plastic adherance method of ficoled
aphearesis products (Chol, et gl (19898) Clin. Cancer Res. 4:2708-2715; Luf, et al.
{1998} Exp. Hamalo!, 26:489-500;Cormforth, et al. {2011} Cancer Immunol,
immynother. 8001123-131}, in antibictic-free AlM-V smedium {(nvitrogen, Grand istang,
MY} supplemented with 1.000{UImL each of 1L-4 {CeliGenix, Fraisberg, Germany)
and GM-CSF (Berlex, Seatlie, WA) (DT medium). The flasks were then cultivated
for § days priorto loading with IFN-gamma treated, irrediated autdlogous tumor calls.

iFN-gamma autologous tumor cell Hine generation and preparstion of
pharmacautioal

100781  Pure umor cells were gensrated according to Comforth, 8t al (Comforth, et
al. (2011 Cancer Immunol. immunother. 60123131 Ditlman, et al {1883) 4L
frrmunother, Emphasts Tumay immunol. 1485-88; Dillman, etal (2000) Cancer
Hiother. Radiopharm. 15:161-188). The lumeor celle were ther incubated with
1,000l of interferon-gamima {InterMune, Brisbane, CA) for 72h, iradiatad with
100Gy from & ceslum souree and oryopreserved (Seivan, et al (2007) Int. 4. Cancer
T22:1374-1383; Seivan, et al (2010} Melanoma Res. 20:280-282). The Fi-gamma
reated and irvadiated tumor cells were recovered from cryppreservation, washed
with phosphate buffered saline (PES), and then added o the cultivated dendritic
cetls {D0s) and then incubated for about 24h. The antigen-oaded DCs were
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narvested by gentle scraping with & rubber policemanand eryopreserved. Aliguols
of IFN-gamma treated or untreated tumor cells and loaded DCs were oblained for
fiow cytometry evaliglion and rypan-bilig exclusSion assay.

Staging of cutanscus melanoma

[O080]  The pharmaceutical or reagent of the disclosurs can be administered ©
melenoma patienis, whers melanoms is diagnosed at Stage |, Stege i, Stage I, or
Stage IV (Mohy, 5t al (2008} Ann. Oncology {Suppl. 6) vita-wiZ1}. Stage |, for
example, refers fo patients with primary melanemas witholt evidence of reglonal or
digtant metastasis. Stage I includes patierds without avidence of lymphatic dissase
or distant metastesas, where the patients are further chevacterized, e.g., by lesions
graater than trum and less than or equal to Zram thick with tlceration of the
gvariving epithelium, or by lesions greater than Zmn and tess than or equal 1o dmm
thick with epithelial wiceration. Siage i melanoma includes lesions with
pathologically documentsd involvemert of regional lymph nodes or indfransit or
saiellite metasiasss, where patients may have, 8.g., one, two, three, or four or more
affected vmph nodes.  Stage IV melanomais defined by the presence of distant
metasiases, where the metasiasis is located only in distant skin, subcutaneous
tssues, ot iymph nodes, where the metastasis involves lung melssiases, or where
the metastasis involves 2 other visceral sifes.

00811 The disciosure encompasses methods for adminisiration that are
oreventative, that fs, for use with subjects not yet or never diagnosed with a
melanoms. What is encompassed are methods for adminisiration where & subject
nad sarlier been disgnosed with a melanoma, and had sarder been successiuily
weated (o sradicate {he melanma (or had experienced 2 spontaneous compiets
remission), and where following eradication the administration is used preventatively.

Tumaoar antigens

IO Without implying any fimBation, melanoma celis of the distiosire express
ane of more of Mage, Mark1, Mel-B, HMB4S, 51040, or tyrosinase (Dillmarn, et al
{2011) Cancer Biotherapy Radiopharmacsuticals 28:407-415). In one aspedt,
detection of Wmor antigen uses cells that were not exposed o FN-gamma while, in
anather aspect, detection of turnor antigen is conducted on cells thal were tregled

with IFN-gamma {see, e.g., Comforth, et al, (2011) Cancer Bictherapy
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Radiopharmaceuticals 26:345-351). What is encompassed are melanoma cells
axpressing one or more metanomae antigens, or compositions comprising ons or
more isolsted medanoma antigens, as disclosed by USZ007/0207 171 of Dubensky,
ot i, which s incorporated herein by referanca in it antirety,

Measuring apoptosis

TOOB3] Apoptosis can be detected or measured with a number of reagents, .4
Hucrochrome-labeled annexin, by staining with dyes such as propiditey lodide ana
7-aminoactinomyein D {7-AAD), by determining loss of mitochondrial inner
memeabrane potential, by measuring activation or cleavage of caspases. See e.g.,
Georgs, et gl {2004) Cylomely Pad & B8A237-245. An early avent Iy apoplosis is
axposure of phosphatidy serine on the outer surface of e plasma membrang,
which can be detected by fucrochrome-iabelad annexin, The available methods can
distingish betweesn lve cells, necrotic oelis, early apopiotic celis, and lale apoplotic
selis. The disciosure uses melanome cells that are not apopiolic by 7-ADD assay,
not apoptolic by annexin V assay, not apoptotic by an assay for apoptosis after IFN-
gamma treatment {Diliman, et al, (2011) Cancer Biotherapy Radiopharmaceuticals
28:407-418), or not apoptolic by one or more of the biomarkers BelZ, caspase-3,
P53 or survivin {Karam, et al, {2007} Lancet Oncoll 81128-138). The pharmaceutical
compositions, reagents, and related methods, of the disclosure excluds IFN-gamma-
treated melanoma ceils that are apoptolic, where apoptosis is determined, 8.5,
according to U.S. Pal. No. 7,544 465 {ssued o Herlyn, et al U.S. Pal No. 7,714,108

issued to Thorpe, &t &l, which are incorporated herein by referance.
Maoasuring attophagy

0084]  Autophagy is = naturally occurring process that & used for the degradation
of many proteina and some organslies, Autophagy mediates protein and organglle
fumover, starvation response, cefl differentiation, cell death, and so on. Microlubule.
assooiated pratein light chain 3 (LC3) s to monllor avtophagy. in one approach,
autophagy can be detected by measwring the conversion of L3, which involves
sonversion of LC3- 1o LC3-. The amount of LOCZ-H s sorreiated with the number of
attophagesomas, Indelall, LC3 s cylosolic and soluble, while LC3-H s present on
membranes. LG3- has a greater molecular waight because it is conjugaied with a

fipid, LT3 processing can be measurad, e.4., by westem blots, while autoghagy,

jud
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autophagic vesicles, and autophagosomes, tan be measured by microscopy.
Autophagy can be guantitated, e.q., by detecting processed LT3, by the ratio
betwesn early fo lale aulophagic compartments, o by autophagic volume. See,
{Mizushima and Yoshimort (2007) Autophagy 3:642.546:634-641; Tenida, st al.
{2008} Methods Mol Biol 445:77-88; Eng, e al. {2010) Autophagy 5:634-841) In
one aspect, the present disciosure uses sulophagy as a scresning food, for selacting
appropriate autophagic cancer celis, whare the cells can be selented according to
oocurrence of autophagy In one o more particular stages, These sutophagy stages
include: (1) sequestering of cyiesolic compartments by the sutophagosome, (2}
fusion of the autophagosome with the lysosome to form the aulolysosome, and (3)
degradaion of the autophagosomal contents by profeasas within the lysosome, In
another aspedct, the present disclosure includes mainly celis displaying the first
siage, mainly he second stage, mainly the third stage, mainly the first and second
stage, mainly the second and third stage, or mainiy cells displaying all thres stages.
in yei another aspedt, the disclosure comprises cells displaying the first stags, the
second stage, the third stage, the first and second, the second and third stags, or
celis displaying all three stages.

interferon-garmma {iFi-gamma) signaiing

FO0BSY  IFN-~gamma {type i interferon) signaling depends on expression of a
viumbear of genas, e.q., IFN-gamma receptor, STATY, STATZ, STATT homodimers,
STATHETATZ helerodimers, IRF-1, GAS, and IRF-E. Studies have shown that IFN-
gamma signaling is dependent on IFN-gamma receplor (FNGR1 chaln; FNGRZ
chain), Low expression of IFNGR on the cell surface can block some aspects of
iFN-gamma signaling {Schroder, ot al. (2004} J. Leukogyte boil 75:163-189). Inone
aspact, the present disclosure exciudes using cancer cells that show low surface
axpression of IFNGR. In another aspect, the present disciosure screens cancer calls
far those that express the BTATY homodimer, uses these gells, and substantiatly
exciudas cells that do not express STAT T homodimer. in vel ancther aspect, the
disclosurs contemplates screening cells for those with STATY phosphorylation
{serine-727). Whatis also contemplated, is excluding cancer calls from palienis
having loss of funclion mudadions in the 8TAT1 gene {see, e.g., Bupuis, et al {2004
Sclence 283:300-303; Schroder, ¢t al, (2004) J. Leukoo, Bipl, 75.183-188). The
following concerns the IRF gene family. IRF-1IRF-Z, and IRF-8, ab parlicipate in
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{FNugamma signaling. The disclosure embraces using cancer cails that express one
or mose of these {RF gens family genes, or exciuding cancer celis that g not
axpress one or more of these genes.

Figamma responsive genes

FOOBS]  In some exemplary embadiments, the disclosure ambraces bisiogic
material, compositions, reagents, and methods that require using & melanoma el
of pre-neopiasic melanoma cell, thal responds o IFN-gamma. The melanoma cell
can be ideniified, disiinguished, and selacted, by an assay for the exprassion of ane
or more FN-gamma-responsive genes. A number of IFN-gamma-responsive genes
have bean identified (see, e.o., Halonen, el al. (2008} J. Newroimmunol 1751830,
Machicking (2004} 11:801-609; Boehm, el al (19977 15:748-795). Said assav can
involve ramoving ohe of mors melanoma celis from the patient, culturing the cedin
the presence and absence of added IFiN-gamma, and determining résponsivensss to
IFN-gamma. in the assay, IFN-gamma induced gene expression can be delected by
agsays sensitive to binding of a franscription factor to the promoter of an IFN-gamma
mnduced geng, {o expression of mRNA from an IFN-gamma induced gene, o
sxprassad pelypeptide, and the ke, The iFN-gamma responsse gene can nciude,
2.g., & gene used for immune response, encoding 3 franscription factor, & fransport
profein, an apoptosis gene, & gene used forcell growth or maintenance, a gene used
for lipid metabolism, a gens that mediates sndocyiosis or exvoytosis, an infraceliudar
signaling gene, a glucose metabelism gane, a celf adhesion gens, as well as genes
without an esiablished funclion.

18087 in one aspect, the disclosure excludes melanoma cells that, with IFN-
gamma treatment, show reduced expression of MHC ciass H, show no deteciable
chahge in expression of MHO class i show an inorease of MHC class U expression
of 10% of lgss, show an increass in MHC class H expression of 15% of iess, show
an increass i MHC class B sgwession of 20% orless, 25% or less, 30% or iess,
40% or less, 30% or less, and the fike. In one gapsct, the value for percentags
refers o the average expression value for the popuistion of melanoma cells, residing

in & hiopsy or part of & blepsy, from a given subject or patient,

Hondimiting lists of IFN-gamma inducibile genes Yor use in scresning for Fh-
gamma responsive cancer cails
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T008B}  ab0OCBY7, JAR/SOCET mE3861, IFN-gamma inducitle profein (mag-1}
m38580, Macrophage inflarmmatory protein 1-8; 118681, MCOP-1 (3B yOT714,
zyxin, M34815, Monokine induced by FN-gamma {(MIG); m332886, interferon
inducitle protein 10 {{P-10); U44731 | Puring nuciaotide binding protein ; UBB32§,
Sup. of cvioking signalling-3 (S0CS-3), M21085 |, inferferon reguiatory factor 1
MB3830, GTP binding protein (IRG-47) { MEHE |, Ggrolein-like LRG-47 L27630,
Ro protein | M31418, 204 inlerferon-activatable protein | af022371, interferon-
inducible profeln 203, U28404, MIP-1 aipha receptor; U43085, Glucacorticaid-
attenuated responss 35, k68123, Talin m31419, 204 interferon-activatable protein;
LE3219 | GTPase IGTP 138444, Tocall specific profeiny MI1448, 202 interferon-
activatable profein; 38417, Arvihydrocarbon recepion, m28071, Tissue factor (mif);
213758, Cot profo-oncogens; M18184, Fibronectin ubB482, 1ICH-3; M13845, pim-1
proto-oncogens; L2045C | DNA-binding protein (ses, G, et al. (2001} Proc. Natl.
Acad. Sof 98:0680-66888). The disclosure encompasses use of the IFN-gamma
induced gene, CHTA (seg, ¢.g., Chan, et al (2010) J. Leukooyie Bigl, 88:203-311;
Kwan, et al {2007} Mol Immunol. 44:2841-2849).

{00881 The present disclosire embraces measuring expression of one or more of
the foliowing IFN-gamma inducible genes, as 8 scresning provedure for qualifving or
selecting pabents for administering & pharmaceutical. The genes include, {gene 1)
FOGR1A, {gene 2) IL8R, {gene 3} CACLY, {gene 4} CLUSF14, (gene 5) UBD, {gene
§) C/EBPaiphe, and (gene 7) MHCZTA (CHTA) (see, Waddel], &t al. {2010) PLeS
ONE £:68753). Also embraced are uss of specific clusters of these genes, in the
qualifying procedure, such s, genes Tand 2, 2and 3, Sand 4, 4and 5, S and 8, 8
and 7 tand 3 Tand4 tand 5 tandG 1and? 2andd, 2and 5, Z2and & 2 and
7.3and 5, 3and 8, Sand 7. 4and 6, 4and 7, 5, and 7, and well as combinations of
threegenes, eg., 1.2, 3 0r3 4, 5004, 6,8 or 5. 6, 7o 1,3, 400 1,3, 5, or 1. 3,
Soort, 3 Hort 2400 28 0rt, 2 8 or 27 and the ke, (These gene

numbers are arbitrang.}
interferon-gamms reatment

{0080] Reagents, and reiated methods, that encompass melanoma calis that are
exposed o FN-gamma reatment, are indicated below., What is encompassad ars
celts whare induction of an IFN-gamma-responsive gene s at least 20% (1.2 times
the comtrol value), at least 30%, at least 40%, at least 50%, at least 60%, &t keast
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70%, of least B0%, at wast 80%, at least 100% (2.0 fimes the control value), at least
2.5-foid, gt least 3.0-T0id, at isast £4.0-fold, and 50 o

fp0st]  What s excluded is a popuiation of melanoms celis where, after IFN-
gamma treatment, less than 20% are autophagic, 1ess than BG% are autophagic,
less than 70% are autophagic, less than B0% are auiophalic, less then 50% are
autophagic, less than 40% are autophagic, and the Bke.

0082 What is exciuded is g populalion of melanorma cells where, after IFN-gamma
treatment, less than 80% are non-apdptolic, less than 80% are non-apoptotic, less
than 70% are non-apopiolic; less than 60% are norn-apopiolic, less than 50% are

non-apoptolic, less then 40% are non-apopiolic, and the ke,

00831 What is excluded is & population of melanoma celis where, after IFN-gamma
treatment, less than 80% are non-adherent, iess than 80% are non-adherent, less
than 70% are non-adherent, less than 80% are non-gdherent, less than 50% are
non-adherard, iess than 40% are non-adherent, and the ke,

Measuring sxpression of MHC class §

{D084Y Expragsion of MHU class § can be measured, for example, using antibodiss
or nuclele acid probes thatare specific for MHC class i gene products. These MHC
class  gene products inciude HLA-DPAY, HLA-DPBY, HLA-DQAT, HLA-DQE1,
HLADRA, HLA-DRBI1, as well as HLA-DM and HLA-DG (seg, 2.g.. Aposiolopouios
ef al. {2008) Human Vaooines 4.400-408).

{0088] For example, the present disclosure encormnpasses reageﬁ*g methods of
treatment, and methods of dlagnosis, thal require the melsnoma cells o express
STATY and STATZ, fo have an active STAT 1-signaling pathway, t© have an aclive
STATZ-signaling pathway, or fo have active STATT and STATZ-signaling pathways.

{3098] The disclosure provides 3§ pharmaceutical composition or pharmaceutical
reagent, related mathods of administration, and methods of treatment, that resulf in
syrvivad datp with 3 hazard rafio (HR) of less than 1.0, HE less than 0.8, HE less
than 0.8, HR less than 0.7, MR less than 0.8, HR less than .8, HE fess than 0.4, HE
jess than 0.3, and the like. The disclosure resulls in overall survival data,
progression-free survival data, tme o progression data, and so on. What is alsc
nrovided s G-month PFZ of at least 40%, atleast 80%, at least 80%, atleast 70%. &t

least 78%, at izast BO%, & laast B5%, af leas! 80%, al least 85%, and soon.
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Moreover, what is provided s 8-month overall survival of at least 40%, atleast 50%,
at least 80%, at least 70%, at sast 75%, 2t least 80%, at least B5%, al least 80%, &t
east §5%. and so on. Additonaily, what is provided is 1-year {or 2-year) PFS of at
loast 40%, at leasi 50%, at least 80%, at least 7T0%. at least 75%, at least 80%, at
least B5%, at least 0%, at least 85%, and so on. Morsover, whatis provided &8 1
year {or 2-yaar) overall survival of at least 40%, at loast 50%, ot least 0%, atleast
TO%. at least 78%, at least 80%, ot least 88%, at least 80%. at least 85%, and s0 on
{sme, &g, U.S. Dept of Health and Human Services. Food and Drug Adminisiration,
Guidance for Industry. Clinical irial endpoints for the approval of cancer drugs and
bintogics (April 20081

The use of IFN-gamma and the induction of autophagy

0087 Induction of autophagy sffer IFN-gamma freaiment, as measured by
increases in the exprassion of major histocompatibiiity class [ complexes, s a
method to determing response o systemic [FR-gamma reatment. i g measursable
nopulaficn of biopsied melanoma tWwmor cells, upon exposure o [FN-gamma in
culiure, undsergo autophagy but not apoptosis, this indicates that these pallents wii
respond favorably to systemic Fi-gamma reatrment. Additionally, if sucoessiul gall
lines are established from the biopsies, that patient would alsc benefit from celb-
serapy products prepared from IFN-gamma eated punified tWwmor cells fines that
are from autophagic but non-apoptotic adherent populations.

[O0B8] The distlosure embracas isciating end characlerizing mgjor
histooompatiabiity complexes isolated from autophagic, non-apoptotic cells collecied
fromy tumor oall lines treagled with interferon-gammasa. Major histocompalibiiity
complexas contain anfigens specific for CD4™ T oells and have Deen associated with
antibody rnediated immunes rasponses.  The complexes wollld represent a large
reperinire of antigens would not be present in non-aulophagic cells dug o the acltion
of ysomal mediated antigen processing induced in autophagic cels.

19089 Non-apoptotic, autophagic umor cells generated from IFN-gamma reaied cell
lines can be fused with dendritic celis to enhiance the antigen presentalion due o the
High levels of major histocompatability somplexes an the surface of the autophagic
tumor celis. This process would vield 8 novel celiular product generated from the
fusion of the o cell fypes.
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00108 The provess of induction of autophagy in response o FN-gamma may be
induced in a manner that does not rasull In apoptosis. By combining the fresbment of
fumor calls with caspase inhibitors and inferferon gamms, the process of cell death
{and ultimately the formation of tolergeneic apoplolic calis} can be blocked without
inhibiting the induction of autophagy or the increase In major histocompatibitity class
i complexes,

Procedure o sliminate apoptotic cells, while retaining viable autophagic cells

fO0101] Studies of melanoma demonsiraled a correialion bebwesn the presence of
apoptotio cefls and poor survival in a ciinical irial {Cornfordh, et &l (2011} Cancer
Immunol, immunother, 861234131, Ditiman, et gl {2041} Cancer Bigther,
Radiopharmaceuticals 28:407-418), The following study investigated the induction
of autophagy, apoptosis and MHC class I molecules after IFN-gamma trestment of

malanoma wmor celis in vitro,
Filtaring

fG6182] The foliowing provides a “THering” procedure, The present disclosure
provides methods, and cells generaled by these methods, for enriching a population
of melanoma celis in cells that are non-apoptetic. Befors in vitro IFN-gamma
fraatment, in any given population of melanoma cells, s Brst percentage celis may be
hiased fowards being apopiotic, and second percentage of the celis can be blased
towards being non-apoptolic. in this contexd, biasing means that in vitro iIFN-gamma
treatment stimulates apopiosis of the first perceniage of celis {or first sub-population
of calls), but dees not stimulate apoptosis of the second percentage of cells {or
second sub-popuiation of celis) In embodiments, in vitro IFN-gamma frzatment can
be used to enrich for an immunology stimulatory popuiztion of melanoma cells for
use in dendritio call vaccine, by forcing the meianoma oells that are blased to being
apoptolc 1o experience apoptosis. Once the sub-population of melanoms csils that
are blased o being apopiclic experiances apoplosis, these celis can be removed
and discarded.

160103] The methodology of the study was as follows. Autclogous and mode
matanoma fwmoer cell iines were incubated with 1000 W/mL of FN-gamma for 72
hours prior fo assaving for autophagy, apoptosis and MHC class U sxpression.
Autophagy was detected by immunohicting with andibodies against LO3 Hand by
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flow cytometry with Enzo's CyiolDE Avtoghagy Detection Kit. Apoplosis and MBEC
ciass I induction were assaved by flow cytomelry using 7-AAD and annexin-V
stgining and antibodies against MHG class |, respectively.

¥0104] The resulls from the study demonstrated that IFN-gamma induces both
auiophagic and apoptotic call populations in melanoma celt iines. The apopiotic
population was predominantly found i the non-adherent popuiation while the
autophagic cells remained adherent to the flask. Blocking of sutophagy with the
inhibitor 3-methyiadenine (3-MA) inhibits the induction of MRC class H positive celis
in response to IFN-gamma (38.4% [FN-.gamma vs. 10.0% IFN-gamma + 3-MA).
inhibition of caspase achivity with the pan caspase inhilitor Z-VAD prevents
apopiosis but does ot perturh autophagy in IFN-gemma treated cells 2752015
IFNygamma vs. 3.04 2 0.27 Figamma + Z-VAD, fold change). To conclude,
induction of apopiosis Is associated with reduced levels of autophagy and MHC
class i induction. This disciosure provides method or procedure o sliminate
apopiutic cells white retaining viable autophagic cells, and IFN-gamma treatment can
snhance the effectivenass of this type of cell-based immunctherapy.

Materials and methods from Hrst study
Autologous dendritic csll generation

00105 Dendritic cells were generated by plastic adherence mathad 8s previously
described (Chol (1888) Clin, Cancer Res. 43708-2716; Luft {1988) Exp. Mematol.
26:485-500). Bristly, sutolngous apheresis product was subjected to ficoll-hypague
(GE Healthcare, Buckinghamshire, United Kingdom) denaity gradient separation.
The resulting peripheral blood monenuciear cells were placed in antibictic-free AlM-
W medium (nvirogen, Grand isiand, NY) supplemented with 1,000 Wmi. each of iL-
A {CeliGenix, Freisberg, Germany) and GM-CSF (Sertex, Seatile, WA} (DT medium)
2t 45 10% celis/ml in call cultivation Hasks (Corming-Costar, Coming, NY). After one
howr incubation, the non-adherent population was discarded and fresh DC madium
was added fo the flasks, The following moming, the non-adherent cells ware
discarded, the fasks wers washed once with amblent temperature PBS, and fresh
DO medium was added. The flasks were then cultivated for 8 days at which time fow
cytomelry evaluation is performed fo detenming the percentage and phenotype of RO
penerated by fhis approsch {pre-load DCY.
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Autologous umor cell fine generation

GO108] Pure fumor celis generated and characterized as previously reported wers
expanded o 200 million calls and then incubaled with 1000 tU/ml of IFN-gamma
{interbune, Brisbane, CA} for 72 hours in 15%FBS/ECSE in RFM (compiste
medium), iradiated with 1060 Gy from a ceslum source and cryopreservad as
praviously describad (Chol {1598} Clin. Cancer Res, 4270527 16; Luft {1988] Exp.
Hamatol 28:488-500, Bllmen {1893) 4. Immunather. Emphasis Tumor immungl.
14:65-88). The IFN-gamma reated and iradiated tumor cells were recovered from
cryopreservaliion, washed 3x with PES, and then added t© the in viro cultivaled DO
and incubated for ~24 howrs. The antigen leatded DO were harvested by gentis
seraping with & rubber policeman and crvopreserved af equal amounts in 811
aliquots, An aliguot of celis was oblained for fow cyiometyy evaluation which
represents the post-loaded DO cells,

Flow cyiometry

{00167 Phenotypic characterization of the dendritic osli popuiations were parformed
using monacional antibodies against surface markers obtained from BD Phanmingen
San Disgo, CA anti-MHC class U conjugsted to PerCp, antt CDic conjugated o
APRC, antl-CDBL, ant-CDE3, ant-CDBG conjugated to PE.  isclype conbols were
used 1o determing percant positive cells.  Flow oytometry of tumor cells was
conductad using antibodies against MHC class | and |} conjugated to FITC, annexin-
V-PE and T-amino-actinomyein D {(7-AAD) from BD Phamingsn. CaliBRITE flow
cytometry calibration {(BD Phammingen) was used prior 1o gach run and he same
mstrument seltings were used hroughotd the coliection of fiow cytometric data.

immunobio! assays

TO0M08] Cytoplasmic cell lysates were prepared with Mammalian Protein Exiraction
Resgent (Thermo Sclertific, Rockiord, i) plus protease inhibitor cockiall {(Roohs,
indisnapolis, N} at 10,000 callsiul anice.  Approwimatsly 25 ulsflane of cell lysales
weare separated on 12.5% Yis-giycine geis, Wansferrad to PVDF membrang and
probed with antibodies against the following: calreticulin (MBL. Woburn, MA), Hsp-
80, Msp-T0, Mep-80 (RED Systems, Minneapelis, MN), HMBG-1 {Cell Signaling.
Danvers, MAY, H0AM-1 {Sants Cruz Biotech, Santa Cruz, CA), Mei4, Mart-1 {Signet,
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Emeryvilie, CA}, tyrosinase {Upsiate, Lake Placid, NY} and GADPH (Calbiochem,
Darmstadt, Germany).

immunchistochemistry

{00408 Bxpression of a panel antigens by melanoma lines were determined using
immunocviochemical procedurs, Cells were culiured in 8-chambar culture siides
{Tharmo Fisher, Rochester, NY) in the presence or absence of 1000 U
IFN-gamma. After 72 howrs, the cells were washed 3 8mes with 1X Phesphate
Buffered Saline {(PBS) and fixed in cold acetons. Affer blocking endogenous
peroddase, cells were incubaled with appropriale primary anfibodies against the
antigens listed. Immunehisiochamistry was performed using biglinyiated aniimouse
or rabbit immunoglobulins, Super Sensitive enzyme-conjugated streptavidin iabeling
and horse radish peroxidase chromogen, and substrate kits (Biogenex, San Ramon,
CA)Y. The reactivity of e following anti-human polycional or monocional antibodies
was investgated with isotype matched control antibody, 34100 and HMB-45
{Biogenex, San Ramon, CA} Mel-2, Mel-&, Mart-1 (Signet, Dedham, MAL
Tyrosinase and Mage-1 (Thermo Sclentific, Fremoni, CA), Melan-A HLA-class | and
Hi A-class I {Bako, Denmark).

Statistical analysis

[O0140] Student Hest of two-lailed, two samples of egual variance.  Significant
gifferences were determinad by p value s 0.05.

Resulls from the frst study

00111 Cell death was differentially induced in the aulologous melanoma tumor
celis ins in response 1o incubation with FN-gamma for 72 houwrs in complete
medium.  Trypan-blue dye exclusion assay performad on calls sither reated with
IFN-gamma or not, revealed & significant trend oward lowsr viability in the IFN-
garmims reated cells (B8 1+ 6 8% vs. 849 2 83%, p= 0014 N=47). Analysis of g
sample of fouwr aulologous melanoma cell lines by flow cytometry for apoptosis
induction (Figurs 1A) revealed that melanoma cells are differentially sensitive fo the
effects of iIFN-gamma induced apopiosis with some cells displaying more lals
apoptosis or 'dead’ popuiations {T-AAD+/Annexin-V+) while others displayed signs of
aarly apoptosis or dying’ populations {T-AAD-/Annexin-V+). The resulting presence
of apoptotic calls after IFN-gamma reatment was gssociated with significant

cnh
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gecreases in progression-free and overall survival (Cormnforth (2018} Cancer
immunel. mmanother. Resisiance {o the proapopiotic effects of interferon-gamma
on metanome celis used &y patientapecific dendritic cell Immunotherapy is
associgted with improved overall survival), Alog-rank tesi revealed a significant
associalion with iower viability upon FN-gamma freatment of melanoms umor calls
and overal survival In patients under study.

[0112] Lysates from cells sl were incubated in the presence or absence of IFN-
gamma wers subjactad 1o immunabictting for a varely of molacules hat may be
important mediators of immunity (Figure 18). In the sefling of melanoma ceils
treated with IFN-gamma, heat shook profeins appsar 1o be differentially regulated but
remain fargely present in the cell preparations, espacially in the case of hep-70. The
andoplasmic reficuium profein, cairsficuin, ang high-mobility group box-1 protein
{HMOGBE-1), appear 1o be up-reguiated in some casss upon realmeant with IFN-D
{Figure 18). By contrast, common melanoma antigens {mekd, Mart-1 and
tyrosinase} genevally appeat to be down reguiated by FN-gavnma whils [CAM-1, &
imphocyts adhesion molecule associated with sensiiivity o lvmphocoyie mediated
cytotoxicity (Hamal (2008} Cancer Res. 68:3854-8884), is significanily up-regulalad
(Figire 1C).  indeed, IFN-gamma freated melanoma lumor cells were found {o be
more sensitive o oytotoxic T lymiphocyte {CTL) activily.  Additionally,
rnmunchistochemistry of @ panel of melanoma associated antigens revesied that
FM-gamma resulis in the down regutation of antigen sxpression in many of the
andigens examined (Table &,

00113 The use of iFN-gamma resulls in the up-regulstion of the majof
nistocompatibiiity complexes, class | and clags 1 (Bohn (1988 J. Immunal. 161807
90&). As shown in Figure 1D, the treatment of autologous melanomae cells with IFN-
gamma resulied in the near universal and significant up-regulation of MHC class | {p
= 2.8 x 10°) with & median fold induction of 284 2 113 (§5% C.1). Additionally, the
mean fluorescence intensity of MHC class U was also significantly higher but less so
{p = 3.039) with a2 median induction 0f 4.23 + 2.86 (85% C.1.). Ths level of MHUT
class Il molscuies on the sirface of the audologous melanoma cells was generally
tower tharn that of the MHO class | molecules but in 70% of the ¢ases the induction
was grealer than two fold in responss o IFN-gamma treatment for the MHC class |

moiecuies due to the low iniliag! level of MHC class i expression. The presence of
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thess molecules on the tumor cells during loading of antigens onte dendritic cells
hay provide an opportunity for “cross dressing” MHC complaxes onto antigen

presenting cells (Dolan (2008) 4. Immunol. 277:8018-8024, Dolan (2008} J. immunal.
176 1447-1455).

f00144] A set of four representative auiclogous melanoma cell fines were incubated
with IFN-gamma and {caded in squal amounts ooto dendrilic cells which wers then
assayed by fow cytometry for the expression of CD8J, CDE3Z, CDES and MHE-class
H. The results indicated that a small but appreciable increase in the percent positive
population of dendrilio cells exprassing CDE3 was seen upon the loading of the IFR-
gamima treated melanoma celis (Figure 2}, Additionally, more unprocessed tumaor
cells are noled in the CDBE dot plot {upper left guadrant) which resulted in g
discarnible reduction in the percent CDSE positive poputation, indicating that IFN-
garma untreated fumor calls wers sHlf present. This effect is most ikely due to the
induction of apoptosis by IFN-gamma, as apoplotic cells are maore likely to be
phagocytosed iy dendrilic cells as pravicusly reported.

{00118] As shown in Figure 3, a sample of predoaded DC showed that they
gxprossed CDB0 (39.0 2 16.2%,), CDB3 {7.1 £ 8.9%;), CDBE (73.6 £ 19.5%) and were
MHC class i positive with a viability of 882 £ 8.0%. Theloaded DU had a
significantly higher percentage of CDB3 (8.4 x 7.1%, p = 0.019) with 2 significantly
higher mean fucrescence intensity (172.8 £ 79.0, p = 0.0008) indicating that loading
tha DC with irradiated, FN-gamms treated tumor cells inducss maturation i some
dendritic calis (Figure 383,

Discussion from first study

To011€] Protocols Tor antigen loading, maturation, and administration, in the comtaxt
of anti-tumor immunity, and guidance on dendritic celt {DC-based immune therapy
arg practiced by the skilled arfisan. This type of therapy encompasses use of
ourified autologous tumor cefls as the soures of anligen, and contains a patient
spacific repartoire of iumor-associated enfigens {Ssivan (2010) Melanoma Res,
20.280-282; Difhman (2007) Cancer Biother, Radiopharm. 22:308-321}. Some clinical
frials are using unpurifisd autologous bulk mors. This sourcs of antigen may have
sontaminating fibroblasts and necrotic issue {O'Rourks (2007} Melanpoma Res.
17:318-322). Tumer stem cell associated antigens may be presant in the purified
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cell tnes (Dilman (2008} New Engl. J. Med. 388:1179-1181). FiN-gamma iresiment
inoreases exprassion of MHC class I molecules. MHC class i molecules are
important for response to dendritic celi-based therapy. Malecules present in
phagoeytosed material, such as calreticudin, HMGB-1, and heat shock profeins, may
cordribute fo a mairation sighal, where this confribution may be in addilion o
contributions by oytokine cockialis. The present preparation of DCs shows a frend
toward maturation, which can be associated with the phagooytosis of late stage
apoptofic celis (ip (2004; . immunal. 173:188-198), Use of apopiotic cells has been
comrelated with the generation of dendritic cells that were mors effactive &t
siimulating lymphooyte FN-gamma secretion versus dendritic celis loaded with
aithes tumor cell fysates or necrotic celis suggesting that dendritic oeils loaded with
apoptotic cells may he more potent in vivo.,  Resistance o the proapopivtic sifects of
Fi-gamma may be associated with a better shinfcal sulsome {Gomforth 2010
Cancer nraunel. Immunother. 80:123-131). interleukins12 {.-17) secretion by
mature DT can lead to robust oyioloxic lymphocyis (CTL, CD8™ T cslis) activity. The
issue of whether ex vivo maturation leads o lasing fumor immunity, has been
addressed. The risk of induction of regulatory T cells, which can suppress antigen
specific CTLs, by immature DC has aleo been shown 1o ooour with cyiokine matured
DO, A re-evaluation of the sequence of sighaiing events that isads o maturation s
being iveestigated fo improve DC maturation protocols. Thus, the use of iradiated
whole lumer cefls as the antigen source in this study, without the necessity of ex vive
cytokine maturation, may be & more preferable method of DC immunotherapy since
the evidence pressnted here indicates that the DO have begun the process of
maturation, Upon injection, these "mahiring” DCs may compiets the process of
maturation by secreting chemokines which will attract icensing, antigen-specific
CD40L expressing CD4™ T eails. Serum chemokines, like CCLIT/TARC produced
by dendritic ceils in response 0 the aditvant GM-CSF, have been associated with
better prograssion-free swrvival rafes. In some conlexts, activation of lymphooytes
by dendritic celis may require the expression of co-stimulatory melecules fike CD80
and CDB6. As a marker of maturation, CO8J, s exprassed on mature dendritic cells
arvd may corvespond to dendritic cells that can induce 8 more potent immune
response (Prazma (2008) mmunot. Lett. 115:1-8). This represents & fraction of all

the celis in the pharmacsutical preparation. The number of mature DCs along, In
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any one pharmaceutical regiment, may or may not be coreigted with & better patient
Fesponss.

Tabie from the firet study

{00117 Table & Change in the expression level of cornmon turnor associated
antigens in reésponse to interferon-gamma in mstanoms cell Enes used pafient-

spacific cell based dendritic cell therapy.

Table 1

Antigens i No basal Basal axpression Change after

BADIESSION . {FN-gamma reatmeni

i None Down

| 5-100 _ 741% 26.8% LAS% 57.1%
HMB-45 18.5 81.5 54.5 455
a2 AT 6.3 482 538
Melan-A 111 88.9 A 282 708
Mel-5 185 1.8 727 273
MAGE-] 51.9 48 1 385 . 815
MART-] IR 883 g
Tyrosinase 255 74,1 40.0 80.0

{BO118] N = 27 samples.
Materials and methods for the second study
Mslanoma call Hnes

(001181 The commercially available melanoma cell ines ASTS, SK-Mel-b and SK-
Mel-28 were purchased from American Type Culture Collection {Catalogue numbers:
CRL-1818, HTE-70, and HTB-72). AS7S, SK-Mel5, and SK-pMal-28 were mainiained
iy 5% fetal bovine serum in RPMI-1840 (Invitrogen, catalogue nutber 11875-085).
The pan-capase inhibitor, z-VAD-fmi and s control compound, 2-FA-fImk, were
purchassed from BD Pharmingen (Catalogue numbers, §80377 and 5504113,
Transtections of GFP-LCE were performed as per manufaciurer instructions
{imvivolen, calalogue numbers peetr-gipled and iyes-12) and pholomicrograph were
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faken on an Olympus BX-51 microscope using a DP7T2 digital camerg.  Tumor celis
ines were incubated with 1000 Wml of IFN-y {interMune, Cat # for 72 hours prior fo
assaying. Patientspeciic oall Hnes were generaied as described {(Hamai (2008}
Cancer Res, B8:9854-3864; Tyring (1884} J. Nall Cancer inst, 7310871073 by
enzymatic digestion of surgical tumor samples, culbivation in RPMI-1640 tissue

cufture media supplemented with fatal bovine and enriched caif serum {Omega
Scientific, San Disgo, CA) plus 1mM sodium pyruvate, 1 mM glulamine and HEPES
huffer. Phase tontrast photomicrographs wers taker on a Olympus SK-2

rrHoroscope using g Nikon DS-L1-digital microscope camera.
Autologous dendritic cell generation

FO0120] Dendritic cells were generated by plastic adherence method of ficoled
apheresis products {Salvan [2007) Int. J. Cancer. 12213741383, Cornforth (2040)
Caﬁcer munol, 80123-131) In antibiotic-free ARV madium {nvitrogen, Cai)
supplemenisd with 1,000 Ul each of L4 {CeliGenix, Call) and GM-CEF (Beriex,
Seatlle, WA) (DC medium). The Hlasks were then cultivated for 6 days prior to
inaging with IFN-gamma freated, iradiaied suiologous umor oalls,

Flow oyiomstry

0121] Analvsis of umor cell death and changes ih major histocompstibility class ¥
exXpression in response to IFN.gamma were conducted by use of antibodies dirscted
against MHG ciass I, annexin-V and 7-amino-actinomyein D {7-AAD) end acguired
on a Beckion-Dickenson FALE Caltbw® flow oytomeler,

Western biotling

F00122] Maelanoma tumor cell tysates were resoived on 10-12.5% SDS-PAGE,
ransferred o nitrocelivlose and probed with primary antibodies overnight priot fo
secondary antibody conjugalion and development by Novex AR Chrorogsnic
substrate (Invitrogen, Carlsbad, CA) to deveion bands, Antibodies against LUSB
anfibodias {Call Signaling Technologiss, Boston, MA) and GADPH [EMD
biosclences, Germany) were used at manufaclurers recommended dilulions of 11100
and 110,000, respactively,

Dascrinption of the second study

0
h
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[ogi 231 What was investigated was the induction of aulophagy, apopiosis and MHD
ciass # molesules affer IFN-gamma treatment of melanoma tumer calis in vitro,
Autologous and mods! melanoma fumor cell lines were inoubated with 1000 Hiiml of
FiN-gamma for 72 hours prior 1o assaying for aulophagy, apoptosis and MMC class
H expression. Autoghagy was delected by immunobicting with antibodies against
LCZ H and by fow cytometry with Enze's CytolD Autophagy Detection Kit. Apoplosis
and MHC class I induction wers assayed by fow oyvlomely using 7-AA0 and
annexin-V staining and antbodies against MHC class i, respectively.

Resuits of the second study

f00124] The resuils demonsiraied that IFN-gamma induces both autophagic and
apopiotic coll populations in melanoma celf lines. The apoptolic population is
orecominantly found in the non-adherery population while the autophagic cells
remiain adhyerant 1o the flask. Blocking of autophagy with the inhibifor 3-
methyladenine (3-MA) inhibits the Induction of MHC class I positive celis in
response o IFN-gamma {39.4% [FN-gamma vs. 10.0% iFN-gamma + 3-MA).
inhipiion of caspase activily with the pan caspase inhibitor Z-VAD prevends
apopiosis but does not periurb autophagy in FN-gamms treated celis (2752015
iFN-gamma vs. 3.04 £ 0.27 IFN-gamma + ZVAD, fold change). Induction of
apoptosis is associaled with reduced levels of autophagy and MHC class §
gxpression. Pabenis receiving suttiogous tumor cell loaded dendritic cells that are
ner-apoptotic avtophagic cefls derived from interferon-gamma treated purifisd tumor
cell ines have improved progression-free and overall survival (p 0.003 and p $.002,
respectively). A procedite fo sliminate spopiotic cells while relaining viable
autophagic cells after IFN-gamma realment may enhance the affectiveness of this
tvpe of cell-based mmunotherapy.

Pooled Analysis of Sludies

100125] Autclogous, proiiferaling, selfrenewing fumor cells (pufative fumor stem
cells anctfor early progenitor calls)], are important to establishment of new depols of
metastatic cancer, and may be excelient sowcss of anfigen for vaccings. These
shudies addressed the impact on survival from Immunizing with antigens from such
calls,

Methods
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001281 Dats was pooled from three successive phase H irials, all of which included
patienis with docsumented metasialic melanoma, who were freated in profocols that
utitizad antigens from cell cultures of autclogous Wwimor calls, S.C. injactions were
given weekly for 3 weeks. then monthly for § months: 74 patients were injeciad with
iradiated tumor celis {TC) 54 patients were injected with autologous dendritic cells
(0C) that had been co-cultured with irradiated autologous Wwmor celis (RO
1848) in a randomized phase H gl 24 patients were injected with TC, and 18 with
D0 {NCT00438830),

Rosuite

FeQ12T] Table 2 summarizas overall survival {08} in sach trial. In the pooled
analysis therg were 88 TC and 72 DO petients. Characteristics were similar inferms
of age (51, 52}, male gender (B2%, §2%), no evidence of disease 2t the fime of
freatment (46%, 47%), and presence of M1c viscera! disease at the fime of freatment
(13%, 14%). O8 was longer in patients treafed with DC (median §3.1 vs 20.2
maonths, S-year 08 §1% vs 26%, p=0.0002 Mantie-Cox log-rank test. The
difference in O8 in the randomized trig! is also significant (p=0.007).

{80128) Patlent-spacific DO vactings primed with antigens Trom  autoipgous
orofiferating, seif-renewing tumor cells gre asscciated with encouraging long-term
survival rates, and are superior {0 patient-specific TC vacoines In populations of
patients who have been diagnosad with metasiatic melanoma.

| Table 2,

| Vaceine #patients | #deaths | Median 08 2yr Q8 | Sy 08
i 74 - B0 20.3 mos 45% 28%
DC 54 {31 58 4 mos 72% 50%
T ' [24 18 15,8 mos 31%
e |18 ‘5 | NotReached | 72%

The survival curves from the three frials of patient specific vactines are shown in
Figure 13. Consecutive Phase | and Phase i clinical inals were conducted using
guitlogous twumor cells, in combination with autclogous dendritic calls (B0 or
without, Suboutansous misclions were given for twee (3) weeks, the monthly for five
{5} months! 74 patients wers injected with iradiated tumor calis without pre-
treatment with IFN-gamma, 54 palients were injected with autoiogous dendritic cells
that had been co-vultured with iradiated aulologous tumor celis {TC) with pre-
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freatment with interferon gamma. in a randomized Phase I trial, 24 patients were
injected with fumor cells (TC) without IFN-gamma pre-treatment, and 18 with
densritic cellz (DC) plus tumor cells {TC) without pre-treatment with IFN-gamma.

Characterisiics of FN-gamma regimant

00T IFN-gamma treatment foroes melanoma cails that are biased towerGs.
apoptosis, 1o actually enter apoptosis, and theeafora (o be removable by the
absorptionffivating technigue. IFN-gamma treatment results in a grealer populalion
of autophagic, non-apoplotic calls, even before selacting with the adsorptionffigating
wohmigue, IFNgamma treatment resulis in 8 greater population of autophagie, non-
apopiotic celis, a8 measured after selecling with the adsorplion/fioating technigque.
The iFN-gamma treatment resulls in g greater popidation of autophagic, non-
apopictic celis where increased autophagy residts in greater cross-priming for
antigen presenting ceils,

I001307 Thus, while there have shown and describad antd pointed out fundamendal
novel fealures of the disclosure as applied to an exemplary implementation andior
aspects thareof, it will be understond that various gmissions, reconfigurations and
substitutions and changes in the form and detalls of the exemplary implementations,
disclosyre angd aspects thereo! may be made by those skilled in the aft without
departing from the spirlt of the disclosure andior claims. For exaniple, | is expressly
intended that all combinations of those elements and/or method steps which perform
substantiafly the same funclion in substantially the same way 1o achieve the same
residis are within the scope of the disclosure. Moreover, it shouid be recognized that
structuras sndfor elements andfor methed steps shown andfor described in
connection with any disciosed form of implementation may be ncorporated in any
other disciosed or described or suggested form or implementation as a general
matier of design choice. T is the intention, therefore. to not Bmil the scops of the
disciosure. Al stch modifications ars intended {0 be within the scope of the claims
appended hereto,

1a0131] Al publications, patenis, patent applications, references, and seguence
listings, cited in this specification are herain incorporaied Dy this reference as i fully

sat forth herain.
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{80132 The Abstract is provided 1o comply with 37 CFR §1.72(b} to allow the reader
o guickly ascertain the nalire and gist of the technical disclosure. The Abstract s
sitbmitted with the understending that it will not be used o interpret or limit the scops
ar meaning of the claims,
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What is claimed is:

1. A melanoma vaccine comprising:

at least one dendritic celt from a subject that has melanoma,

wherein the at least one dendritic celt has been contacted in vifro with at least one
melanoma tumor cell from the same subject,

wherein the at least one melanoma tumor cell is non-dividing, autophagic, and non-
apoptolic,

wherein the vaccine is effective fo provide superior long-term survival rates
: compared fo patient-specific irradiated tumor celis.
2. A method for preparing a melanoma vaccine, comprising meianoma cells and
dendritic celis from the same subject, the method comprising:

treating one of more mslanoma celis is with an agent that prevents cell division;

treating the one or more melanoma celis /n vitro with interferon-gamma {IFN-
gamma) or with an IFN-gamma mimetic; _

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

rejecting melanoma cells that are non-autophagic and apoptotic;

contacting the melanoma cells that are auiophagic and non-apoptotic with one or
more autologous dendritic cells in vitro; and

allowing uptake of at least one melanoma-derived peptide from the melanoma cells
by the one or more aulolegous dendritic cells to produce a melanoma vaccing,
3. A method for preparing a melanoma vaccine, comprising:

ireaiing meianoma cells obtained from a subject with melanoma with an agent that
prevents cell divisior,

freating the melanoma cells with IFN-gamma or an IFN-gamma mimetic;

selecting melanoma cells that are avicphagic and non-apopiotic; and

contacting the selected melanoma cells with aufologous dendritic cells from the
same subject in vitro 1o form a melanoma vaccine.
4, A composition comprising & melanoma vaccine prepared by the method of claim 3.
5. The method of claim 2 or 3, whersin greater than 80% of said melanoma cells that

are treated in viiro with [FN-gamma or a IFN-gamma mimetic are autophagic and non-apoptotic.
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6. The melanome vaccine of claim 1, wherein ali of the melanoma cells are incapabie
of cell division.

7. The melanoma vaccine of claim 1, wherein the meianoma cells are renderad
incapable of cell division by irradiation or by a nucleic acid cress-linker.

8. Use of the melanoma vaccine of claim 1 in the manufacture of a medicament for
stimulating an immune response against a melanoma-specific anfigen in a sublect with melanoma.
9. Use of the melanoma vaccine of claim 1 in the manufacture of a medicament for the
freatment of melanoma.

10, Use of an immune-stimulatory amount of the melanoma vaccine of claim 1 in the

manufacture of 2 medicament for treating melanoma in & subjact in need thereof.
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