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TIFLE OF THE INVENTION
COMPOSITIONS AND MLITHODS FOR INDUCING SPECIFIC CYTOLYTIC T
CELL RESPONSES

CROSS.REFERENCE TO RELATED APPLICATION
‘This application claims the benefit of United States Provisional Applicalion Serial No.
60/233,009, filed on 13 September 2000.

BACKGROUND OF THE INVENTION

This invention relaies generally to diseases and vonditions hat are mediated by
pathelogically abecrant cells, such as antoimmune disorders, nfecpouns diseases,
allargy, and proliferative diseases such as cancer and, more specifically, to metheds of
preparing immune cells that can be used to trear cancer and other cell proliferation

disorders,

Cancer is one of the leading causes of death in the United States. Euch year, more
than half a million Americans die from cancer, and more than one million are newly
diagnosed with the disease. Cancerons twimors result when a cell escapes from its
pormal growth regulatory mechanisoes and proliferates in e uncontrelled tashion.
Tumor cells ean metastasize to secondary sites if’ treatment of the primary tumer is
either not complete or not imtiated before sobstantial prosression of the disease,
Cancer-related mortality can be decreased by prevention, carly delection, and rigorous

therapies.

A hurdle to treating cancer is the relative lack of agents that can selectively target the
cancer, while sparing normal Hissue. For example, radiation therapy and surgcry,
which generally are localized weatments, can cause substantial damage to normal
tissue 10, the breatment fisld, resulting in scarving and in severe cases, loss of function
of normal tissue. Chemotherapy, wlbch generally is adnzinistered systemically, can

cause substantial damage Lo organs such as bone marrow, mucosae, skin and the small

Page t
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intestine. Other cancer therapies include antibodies dicected to tumor cell surface
proteins, and antibodiss conjugated to cytotoxic agents. Therapeutic antibodies are
targeted to tumor cells by the recognition of tumor-specific cell swiace proteins. The
production of antibodies (hat bind or deliver toxin to 2 particular tuwmor therefore
requires thai a protein target be ideptified, and that the protein be exposed on the cell
surface. The efficacy and side effects of zntibody therapies vary, and some

therapeutic antibodies can cause serious allergic responses in ndividuals,

Other therapies iovolving the use of the body’s immune system to fight cancer are
wndex development. One impmunctherapy approach aims to stimulate the immune
systern of the cancer patieat indirectly using agents such as vaccines and cytokines. A
more direct immunaotherapy approach is to increpse the anfi-tumor immunity af the
padent by administering immune cells that attack the tumer. The latter methnd,
refesred to as adoptive jmmunotherapy, has been used with varying degrees of success
to treat patients suffering from several cancers, including malignancies of the brain,
Iidney, skin, and blovd. Long-term cancer regression after adoptive immunotherapy

freatment has not been reproducibly observed.

Cne method of adoptive jmmmunotherapy involves vsing tumor-specific cytotoxic T
Iymphacytes {CTLs). CTLs are a specielized variety of CDEY T lymphocytes that are
capable of recognizing an antigen on the surface af & ccll in zssociation with Class 1
molecules of the Major Histocompalibility Comples (MHC) and subsequently
destroying the cell. The role of CTLs in the irounc system is to recognize snd
eliminate infecied cells, tumor cells, and foreign cells. For adaptive immunotherapy,
a population of amti-tumor CTLs derived from the patient, or a donor, can be

generated using ex vivg culture methods.

Methods for gencrating anti-tumor CTLs gx vivo using peptides derived from tumor

associated antigens and subseyuently administering the CTLs t a cancer patient have

been reported with varying success. However, such approaches for generuting CTLs

Page 2
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are limited to cases in which a wmor-specific antigen is konown and appropriately
processed [ generate peptides that sre presented by antigen presenting cells, Another
drawback to gx vivo peptide induced CTL is the unpredictability of whether the

resulting CTL will retain the ability to recegnize the corresponding antigen on the
tumor ¢ell swrface because the aflinty of the CTLs generated against the peptide
might not bg sufficient to recognize the endogenously processed antigen. Theretfore,

the desired specificity or efficacy needed for therapeutic use of ex vive generated

CTL has been generally difficult 1o achieve. Another problem with ex-vivo generated
CTi. has been the difficulty in maintaining the CTL in vitro for mere than 2 or 3
rounds of restimulation. Moreover, this methad is furiher limited by gencrating CTLs

that recognize only one antigen on the target tumor cell.

Thus, there existe a need to generate and mainiain selective CTLs in culture for
adoptive immunotherapy. The present invention satisfies this need and provides

related advantages as well,

SUMMARY OF THE INVENTION
The invention provides a method of inducing CD8” T lymphocytes selective for 2

pathologically aherrant coll ex vive, The nrethod censists of contacting an apoptotic

pathalogically aberrant ecll with 2 mixture having at least dendritic cells (DC), D4t
T eells und CDS* T Iymphocytes, and culturing en apoptotic patholegically aberrant
cell with the mixiure [or sulficient lime o gonerate CDE™ T ymphocytes (TL) heving
untigenic specificity for, and/or cytolytic activity toward a pathologically aberrant
cell.

The invention further provides a metbod of inducing CD8* T Iymphocytes selective
P 3 ymp.

for one or more target antigens ex vivo. The method consists of contacling one or

more target antigens with & mixture having at least dendritic cells (DCY, CDA™ T cells,
CD8* T cells and 17, and cnlruging said one or more target anfigens with the

Page. 3
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mixture for sufficient time to generatc C8' 1 lymphoeytes (TL) having antigenic

spatificity for, and/or seleclive imnmune reactivity loward one or more warget antigens.

The invention fusther provides a method of treating a patiemt having a disease
mediated by a pathologically aberrant cell. The method consists of sdministering an
effective amount of a CD8" T [ymphocyles pmdu@ by the methods of the invention
whesein the CD8* T lymphocytes have antigenic specificity for, sndfor cytolyiic

activity toward a pathologicelly sberrant cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 - Panel A, Panel B, Panel C and Panel D:
Shows cytotoxic activity of CD8 cells induced by immature dendritic cells
and dendribe cells treated with LPS, TNF, or CDM4EL, and the cylotoxic
activity of CDR cells induced by immaturc or CD40L-trcated dendritic
cells in the presence of IL-12, IL-7, or IL-12 and IL-7,

FIGURE 2 - Panel A, I'anel B, Panel C and Panel D:
Shows eytolytc activities of LB-specific CTL lines darived from PBMCy
of bone matrow transplant recipients, bone marrow cells of bone marrow
transplant donors and from PBMCs of bone marrow trapsplane danors.

Four donor/recipient pairs are represeated in panels A-I»

FIGURE 3:

Shows thai CTL numbers increase after each in vitwro stimulation with LBs.

FIGURE 4 — Pawel A and Panel B:
Shows that LB-specific CTL lines are CD§*, class I restricted.

FIGURE 5 - Panel A and Panel B:
Shows that CTL-mediated LB 1ysis is perforin dependent.
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DETAILED DESCRIFTION OF TTIE INVENTION
“This invention is directed 1o methods of generating CD8™ T cells for use in treating an
individual having a disease mediated by a pathologically aberrant ccll. Provided are

methods for ex vive production of CD8" T lymphocytes (1L) thac have omtigenic

spacificity for, andfor cytolytic activity selective for a pathologicaily aberrant cell,
such as a tumor cell, a cell Lysate, a cell fraction, a cell component, or a vescle, ora B
cell, a cell praducing 2 substance that mediates a disease or a condition, or cell
rendered aboonmal due to the effects of an infectious agent. In addition, a cell can be
considered abnommil because )t produces abnormal proteing or proteins that albeit
normal under certain circumstances, are invelved with the induction or progression of
disease. The CD8* T lymphocytes having cytolytic activity aguinst a target cell, such
as a pathologically aberrant cell, wre referred to as 2 CTL. An advanitage of this
method is that CTLs selective for a whole pathologically aberrant cell can be
generated, eliminzting the need Lo identify a specific tumor or disease-related antigen.
This method also eliminates unknown factors associatcd with processing and
presentation of peptide antigens. Another advantage of the methad is that CTLs
generated against a whole target cell can provide a poly-specific responss against a
pathological target. Furthermore, induction of CTLs using the whole cell allows for
the selection of the CTLs that are present in each individual's CDS" T cell repertoire,
In fact, it is known (hat, in some patients, some CTL specificities may be absent due
to iolerance. Moreover, generating CTLs against the whole tumar cell allows for the
induction of CTLs specific for individual murations thar have occurred in the iarget
cell,

The invention also provides methods for generating CD8* CTLs, and their precursor

antigen-specific CD8* TL, that can be maintained in vilro for longer periods of time,
which is a characteristic of CDB* memory cells. CD8" memory cells arc progenitors
for the expansion of CTLs that, when administered therapeutically, can provide a
patient with long-term mmunity against o selectively targeted pathologically aberrant

cell. CD8+ memory cells refer to a €8+ cell that has the capacity (o proliferats in
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vitro for at least five rounds of stimaulation, rsaintaining its antigen specificity. The
stimulation can be mainiained by the antigen or by non-specific means including, for
example by mitogens or antibedies directed against the T cell receptor or co-

stimulatory molecules ar by procedures well known to those skilled in the art.

Selective CTLs and antigen-specific CDE* TL, that recognize pathologicfly aberrant
cells are useful for adopiive immunatherapy approaches to treating cancer, as well as
other diseases in which the elimination of abnormal or pathalogically abereant cells
can providc cffcctive treatment.  CTLs that seleciively destroy a pathologically
aberrant cell are useful for treating discase because the elimination of diseased cells
can reduce sympioms asseciated with the presence or unwantsd proliferation of
pathologically aberraunt cells. The generation of CTLs seleciive for pathologiealty
abemant cells for use in adoptive immunotherapy will increase the treaiment options
available for reducing the symiptorns of, of suring, conditions in which. destruciion or

reduction of pathalogically aberrant cells would provide benefit.

In one embodiment, the iovention is directed 10 the ex vivo generation of CTLs with

selective cytolytic activity toward tumor celis. Tumor-selective CTLs are prepared by
incubating CD8" T cells and dendritic cells from the peripheral blood of & doner with
apoptotic tumor cells isolated from an individual having acuie myeloid leukemia
(AML) who will receive the product CTLs in an adoptive immwnotherapy treatment.
Ixendritic cells and apoplatic patholegically aberrant cells are incubated together for
sufficient time so that dendritic cells present antigens of the patholegically aberrant
cell. Isolated CD8* TL from the donor are added to the mixture of dendritic cells and
apoplofic pathelogically aberrant ¢ells in the presence of IL-7 and IL-12, and he
papulations are incubated for a sufficient time to produce amtigen-specific CD&* TL
and sclective CTLs. The resulting tumar-selective CTLs can be administered to the

bone marrow recipient to ireai or reduce the severity of dissase.
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In another embodiment, the invention is directed to the ¢x vivo generation of CD3*

memary T cells from wiich 2 population of CTLs selective for a tumor cell can be
expanded. Ci:)S+ memory T cell populations prepared using the method of the
invention can reproducibly sarvive repeated in vitro stimulation with antigen, The
method involves culturing 2 mixtare of dendritic cells, CD8* TL and CD4* T cells
with target tumor cells in e presence of [L-7. The tesulling CD3* cell population
contzins antigen-specific CD&* TL, CTLs sclective to the tmor cell and, after two or
mere generations, contains CD8" memory TL that can be expanded ex vivo for five or

more generalions.

Anti-turnor CTL generated vsing the methods of the invention can be utilized to treat
an indjvidual having cancer.  For exaruple, adoptive jmmunotherapy can be vsed to
jutroduce anti-tumor imaunity to a patient with a4 hematopojetic cancer who bas
canuer relapse after receiving a bone marrow transplant.  Anti-tumer CTL can be
generated from the CDX8* TL, dendritic cells, and. CD4+ T cells of the hone marrow
donor combined with the tumer cells from the patient. In this case, in which tmor
cells of the BMT recipient are HLA identical to the CDE* 'IL and CD4* T cells and
dendritic cells of the houe marrow donor, naive donor CD8™ TL exhibit a primacy
jmnune response against non-migjor HLA antigens. Using the methods of the

invention, the generation of CDS* memory TL allows for long-term maintenance of

these 22 Vive induced primary responses.

For example, anti-tumor CTLs generated using the meihods of the invenlion were
found to be induced from the peripheral blood and bone marrow of the bone marrow
donor, as well as from the peripheral blood of the bone marrow recipient, six months
after the adoptive inmunatherapy procedure. The genesation of tumor-selective CTLs3
that have immunological memory will jprove the probability that long-term

protective imumunity can be provided by adoptive therapy treatment.
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As used herein, the ter “pathologically aberrant cell” refers to a cell that 1s altered
from normal due to changes In physiology or phenolype associated with a disease or
atmormal condition of » mammalian cell or tissue. A patholopically aberrant cell can
be distinguished from z normal cell dus te an alteration that has occurred that causes a
disease or abnormal condition, or that is the result of a disease or abnormal conditian,

From these pathulogically abemant cells can be made sub-cellular prepamations, such

as cell lysates, cell fractions, cell cowpenents or vesicles, using slandard techniques

known in the art, such as chemical and physjcal disruption, centrifugation, gradient
separation and chromatography. Such sub-celiular preparations are useful in the
methods of the present invention and ¢an be substituted for whole cell preparations of

pathelogically aberrant cells.

Pathologically aberrant cells include cells that have a loss of regulation or conirel of &
cellular function. Laoss of control of a cellular function can lead to cellular changes
that distinguish a pathologically aberrant ccll from normal. Examples of cellulac
functions are proliferation and differeatiation. Loss of control of proliferation can
result in cellular changes that cavse an abnormal condition of a cell or tissue. For
example, cancer ceils are abnormal and proliferate in an unregulated manner, which
reaults in tissue destruction. As used hecein, the term “tumor cell™ refers to a cancer
cell. Specific examples of cancers include prostate, breast, lung, ovary, uterus, brain
and skin cancer. Similarly, the proliferation of cells mediating avioimmune diseases
are aberrantly regulated, which results in, for example, the continued proliferation and
activation of immune mechznisms with destruclion of the host’s cells and tssue.
Autoimmune diseases include, for example, rheumasoid arthoitis, diaberes, aod

multiple selerasis.

Pathologically aberrant cclls include, for example, cells that produce sobstauces

capable of mediating a discase or condiiion. An example of such a pathclogically

_ aberrant cell is a B cell that produces an IgE antibody responsible for the appeacance

of wllergic symptoms. Pathologically aberrant cells also include ells and specific celf
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types found in specific organs of the body, whether the organ is a vital or nen-vital
organ. For example, an organ may be comprised of several different cell types, such
as epithelial, myocyle andfor fibroblast. One or more of these cells types may be
pathologically aberrant, and a3 goch can be targeted by the CD8* TL and CTL
produced by the methods of the present invention.

Logs of regulation or contrsl of cellular fuocticns can also occur dus to infection of a
cell by a pathological agent. The term “pathological agent™ refers to an infoctious
agent that causes diseasc. Examplcs of pathological agents include viruses, bacteria,
fungi, amoeba, axd parasites. Specific examples of infectious diseases include DNA
or RINA viral diseases, bacterial diseases, and parasitic dizeases.

The term "apoptosis” reters 1o the process of progranuned cell death. Programmed
cell death is a regulated process in which a celil responds to a specific physiological or
developrmental signal and undergors a programimed series of events that leads to its
death sod removal from the organism. Examples of ihe cellular events that
characterize apoptosis are cell shrinkage, mitochondrial break down with the relesse
of cylochroree ¢, cell swface blebbing, chromatin degradation, and phosphatidylserine
exposure on the surface of the plasma nembrane. Apoptosis is distinct from necrosis,
or cell death thut results from injury, which is characterived by overall cell and
organelle swelling, witl: subsequent early loss of membrane intcgrity followed by cell
and organelle lysis. Necrosis, unlike apoptosis, is accompanied by an inflaminacory

respanse in vive.

The term. “CD4" T cells™ refers to lymphocytes that produce the CD4 protein, and are
able te interact with dendritic cells to ipduce antigen presentation by or maturation of
the dendritic eells. Such CDM* T cells include, but are not limited w, cells isclated
from natural sources such as blood, cell lines grown in cultute, and CD4Y T el

clones.
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The term "selective”, when used in reference to CDS' cyielyiie T cell, is intended to
mean a CD8* cytolylic T Iymphocyte (CTL) rhat preferentially recognizes and has
cytolytic activity toward 2 particular pathelogically aberrant target cell, compared to a
non-target cell. A selective CTL can distinguish, or can be made to distingnish, a
target pathologically aberrant cell from a population of non-target cells, and does not
substaotiadly cross-react with non-target cells. When used in reference fo immune
reactivity or antigenic specificity, the term “selective” is intended to mean thata T
cell receptor of a CTL or CD$* TL prefercntially binds to a4 particular target antigen.
A CIL that exhibits selective irmune rexctivity does not substantially cross-react
with non-tirget antigens, and can distinguish a pathologically aberrant cell exhibiting

the turget antigen from a normal or non-target cell.

The term "ex vive" when used in refercnee to a cell is intended to mean a cell outside

of the body. Therefore, an ex vivo cell culwre method involves harvesting cells from

an individual.  Ex vivo culturc methods are applicable to a ccll harvested from any

tissue or organ of an individual, Cell culture cunditions of ex vive culturss include a

variety of compositions. Cells ‘tan be in a heterageneous mixture or can be isolated
cclls. Medinm can be an undefined or defined cell culture medinm or can contairt
added factors. Medium can contain factors that eohanee the therapentic potential of
the cells, For example, factors can be used to promote growth, viability or
differentiation. Added factors can include nther cells, protein factors, and chomical

TEAgENIS.

The term "sufficient time" is intended to mean a period of time that eliows s CD8* T
cell to be induced. The CO8* T cell induction process includes at least processing and
presenting of an antigen by dendritic cells, recognition by CDE* T cells nf an antipen,
and activation of cytolytic activity. A sufficient time that allows for the completion of
this procese can be a small or large pedod of time hecanse diffecences in the various
cell populations of the methods will resull in diffcrences in rates of antigen uptake.

Faciors thai can affect the sufficient time for CD8* T cell induction can be, for
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cxample, the types of cells in a culture, the purity of various cell typey, concenirations
of cell types, and whether dendritic cells are immature or are presenting antigen at the
time of cultore. A sufficient time can vecur instantaneously, within minutes, hours,
days or weaks, depending on the composition of the reaction mixture. For example,
when a CDE* T' cell js added 1o a reaction mixture that contains prepared roanre
dendritic cells presenting antigen, priming of the CD8' T cells will gecur in &
relatively stoall period of time becavse the step of dendritic cell antigen uptake and
processiag has already ocenrced compared to a case in which a CDg" T cell js added
to reaction inixture that contains immature dendritic cells and target pathologically

aberrant cells or other antigen{s).

As used herein, term “isolated” refers to a celi that is separated from one or more
componenss with which it is associated in nature. An isolated cell also includes a cell
purified from non-cellular lissue components, such as connective tissue fibers. An
isolated ol can be, for example, a primary cell, either freshly pwified from non-
cellular tissue compoaents, or cultaved for one or more geveration. An example of an
isolated eoll is o call that that has been scparabed from blood, such as a cell of a

prepuration of peripheral bload moneninclear cells {PEMCs).

The tenm "substantially” when used in reference to an isolated cell i3 intended to mean
a cell represents 90-99% of a purified cell population. For example, a substantally
isolated cell ean be 90-95% pure, 93 % pure, 93-99% pure, or cen be as pure al $9%
or greater,

The term “substantially purified” when used in reference to CD40 Ligand (CD40L) or
1L-12 is intended to mean that the proteins &re substantially free of other components
with which they are naturally associated. For exarnple, CD40L and IL-12 proteins are
normally found with other proteins in cefls, These proteive may act as unwanted

contaminants when CO40L or IL-12 i3 used to treat cultured cells.
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The term “nen-B-cell leukemia cell” refers to any <cll type that is not a B cell-
leukemia cell or a pre-B cell leukemia cell. A non-B-ell leukemia el includes a
normal non-cancerons B cell, and also includes a B cell of a non-levkemia cancer,
such as a B-cell lymphoma cell.  Non-B-cell leukernia cells include other types of
leukemia eells, such as T-cell lenkemia cells. Non-B-cell lenkemia cells can be any
type of cancer cell that is not & B-cell or pre-B-cell leukemia cell, and can be non-
cancer cells of any type, including cells that are pathologically aberrant due to a non-

cancer condition or disease.

As used herein, term “antigen” 1s intended to mean a wolecule that can be processed
und presented by an antigen-presenting cell and subsequently recognized by a T cell

receptor. Such a molecrle can be for example, a polypeptide.

“Ihe temm "larget”, when usexl in reference to the immune reactivity of a CD¥' T cell is
any predeternined antigen. A predetermined antigen can be, for example, a cell or

polypeptide.

As used herein, the term “naive” when used in reference to a CD8” T cell is intended
to mean that a CD&* T cell, has either not seen a partcular target cell or antigen jn
vivi, Therefore, a naive CD8™ T cell must be expossd to a parlicular target cell or

antigen ex vivo in order for it to be capable of CTL activity selective for the particular

target eell or antigen.

As used herein, the term “in situ ™ when used in reference to selective CTL. activity is
intended to mean that selective CTLs can destroy a tarpet pathelogically aberrant cell
in &n intact struciore of the body.  For example,  selective CTL can destroy a target
cellin a heterogeneous population of cells, Specifically, a selective CTL cun eliminate
a pathologically aberrant ecll, such as a twnor cell, from a tissue, such s blood or

hone marrow.

Page 12

JP 2004-512030 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

20

25

(55)

W 02/21048 POCTIUSOLZ8016

As used hersin, the tenn “treating” i5 intended to mean reduction i severity or
prevention of a pathological coudition mediated by a pathologically zbarram cell.
Reduction in severity includes, for example, an arrest or decrease in clinicai
symptoms, physiological indicators, biochemical markers or metabolic indicators.
Prevention of disease includes, for example, preciuding e occurmrence of the disease

or restoring 2 diseased individual to their state of health prior to disease.

As used hezein, the term “effective amount” is inmﬂdcd to mean an amount of CD&*
cytulytic T cells required to effect a decrease in the extent, amount or rate of spread of
 pathological conditien when administered to an individual, The dosage of o CTL
preparalion required to be therzpeutically effective will depend, for cxample, on the
pathological condition to be treated and the (evel of abundunce and density of the
target untigens as well as the weight and conditien of the individual, and previous or
concurzent therapies, The appropriate mmount considered as an effective dose for a
particular application of selective CTLs provided by the methad can be determined by
those skilled in the art, using the gnidance provided herein. For example, the amount

for adiministration can be extrapolated from in vitro ov in vive eytotoxicity assays as

described below. One skilled in the art will recognize that the condition of the patient
needs to be monitored throughout the course of therapy and that the ameunt of the
composition that is administered can be adjusted according o the individual’s

response to therapy.

The invenlion provides a meihod of inducing the cytolytic activity of CD8* T cefls

specific for a puthologically aberrant cell ex vivo, The method eonsists of contacting
an apaplofic pathologically aberrant cell with a nixtare having at least dendrific cells
(DC), CDA™ T cells and CD8" T eells, and eultwing said apoplotic pathologically
aherrunt cell with gatd mixture for sufficient time to generate CDEY cytolytic T cells

(CTL) having selective cytolytic activity toward said pathologically aberrant cell.
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The invention further provides a method of inducing CD8* T cells specific for a

pathologically aberrant cell that is a non-B-cell lsukenia cell.

The methads of the invention can be used to generate a population of CTLs selective
for any apoptotic pathologically aberrant cell or pon-B-cell lsukemin pathologically
aberrant cell, preferably when elimination of a pathologically aberrant cell can
provide benefit to an individual, Such berefits can include reducing disease severity,
disease sympioms, disease progression, or rate of disease progression. Particular
types of pathologically abermant cells include, for example, those cells that are
abnormally regulated cormpared to a normal cell. Pathologically aberrant cells can be
celfs that are changed from noomal due to disease, or can be 2ltered cells that cause
disease by thcir presence, or cells that produce fuctors that cause disease. Therefors,
the methods of the invention are applicable to pathologically aberrant cells that
mediate diseases such as cancer, autoimmune disorders, infectious diseases, and

allergies,

By specilic mention of the above categories of pathological conditions, these skilled
in the art will noderstand that such terms include all classcs aond types of these
pathological conditions. For example, the term cancer is intended to includo all
known cancers, whether churaclerized as malignact. benigo, soft tissue or solid tumer.
By exemplification, 2 pon-exhavstive list of known cancers is provided below in
Table 1. Similarly, and by analogy to the classes and types of canvers sbowr: in Table
1, the terms infectious diseases and autminmuse diseases are intended te include 2ll
classes and types of these pathological conditions. Those skilled in the art are familiar
with the various classes and types of infectious and sutoimmune diseases and

allergies.
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Table 1.

TUMOR AND CANCER TYPES

adrenal tumor, acoustic neurome, adenocercinoms, acral ladiginous
melanoma, arthenoblastoma, atiial myxoma, astrocytoma

hasal cell cancer, benign ear tumars, bile duct cancer, bone neoplasm,
bone thnor, brain Himor [primary, secondary and mefasial—ic), ‘breast
cancer, bronchogenic carcinoma, Burkitt's tumor

cancer of the cervix, cancer of the esophagus, cancer of the kidney ox
urcter, cancor of the penis, cancer of the perineum, cancer of the testicle,
cancer of the vulva, carcinoma of the renal pelvis or ureter, carcinoma of
the stomach, carcinoma of the testes, cerebellopontine angle tumor, colon
cancer, colozectal cancer, choriocarcinema, chorioblastoma,
choricepithelioma, craniopharyn gioma, cancer of the uterus, cancer of the
larynx or vocal chords.

endometnial cancer, ependymaoma, Ewing's sarcoma

gastric cancer, glioblastoma multiforme

hepatocellular carcinoma, Hodghkin's lymnphoma, histioeytic Ivmphooa,
hypemephroma, heart tumor

intestinal cancer, islet cell tumors

large bowel necplasm, leukemia, laryngeal cancer, biver cancer, lung
cancer, lymphocytic lymphoma, Iymphoblastc lymphoma, lentign
maligna melanoma

malignant melanoma, malignant  plasmacyloma, meduloblastoma,
meningioma, metastatic cancer to the long, metastatic pleural tunor,
multiple myeloma, myxoma

neplucblastoma, reuroghioma, non-Hodgldn's lymphoma, non-small celt
lung cancer

Olizodendroglioma, osbegsarcoma, osteogenetic carcinoma, oral caneer

Pancreatle cancer, pituitary tumer, plasma cell mycloma, prostatic
neoplasm

renal cell carcinoma, renal neoplasm, retincblastoma, reticulum cell
carcinoma

Schwannama, salivary duct tumor, sarcoma, sarcoma hetryoides,
seminoma, Sertoli-Leydig cell tumor, small cell hng cancer, sguamous
cell cancey, spinal cord tumor

Throat cancer, thyrold-medullary  carcingma, thyroid  cancer,
trophoblastic tumor

Wilms turnor
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The methods of the invention are applicable to producing CTL cells (hat are selective
for pathologically aberrant cells that sre aberrantly tcgulated. Aberrantly repulated
cells melude, for example, cells that eshibit vncontralled cell proliferation as well as
cells that exhibit dysfunction 1a specific phases of (he cell eyele, leading to alwered
proliferative characteristics or morphological phenotypes. Specific examples of
aberrantly regulated cell types include neaplastic. cells sueh as cancer and hyperplastic
cells characteristic of tissue hyperplasia, Another specific example includes immune
cells that becorme aberrantly activated or fail to down regulate following stirmilation,
Such aberrantly regulated immune cells mmediate autoimmune diseases. Aberrantly
regulated cells also includes cells that are biochemically or physiclogically
dysfunctional. Other types of aberrant regulation of cell function or proliferation are
known to those skilled n the art and are similarly pathologically aberrant cells

applicable to methods of generating CT1.s of the invention.

Pathologically abervant cells include aberrantly regulated cells such as those described
above, and additionally inclade, for example, cells that are infected with a
pathological agent, such as an infectious agent. Infectious agents that render a cell
abnormal include, for example, those sgents that requite host cell machinery for
survival or propagalion. For example, virnses infect cells and cause cancer. Includsd
within such infectons agents s DNA viruses, RNA viroses and paragites, Specitic
examples of DNA viruses include adengviruses and parvoviruses, Specific exsmples
of RNA viruses include poliomyelitis, influenza and retrovituses. Viruses thut rapidly
mutate are applicable to the methods of the invention. The use of a pathologically
aberrant cell as a sowce of antigen can provide CTL cells that are specific for
mouitiple epitopes on a cell infected with a rapidly mutating virus, Compared (o 2
CTL population that selectively recognizes one target antigen, a CTL population
selective for muMiple target antigens can increase the probability that a virus-
containing cell will be deswoyed, Parasites that utilize cekaryotic host cell machinery
for survival or propugation include, for example, wypanosomes. The cells infected by

these and other agents known in the art, which utilize bost coll machinery, are
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rendered abnormal because they are compromised in normal cellulay fogetion, which
can manifest in morpholopical and biechemical changes. As such, CTLs geoerated by

the methods of the invention can target these cells.

Pathologically abertant cells include cells that we abpormal due to changes in
proteins, such as changes in regulation of normal protein expression, Changes in
prolein expession include increased cxpression of a protein, expression of a foreign
protein, cxpression of a proiein not normally expressed in a particular cell type at &
particular stage, and expression of & mutant protein. Pathologically aherrant cells
having changed profein expression from normal can also have cell surface antigens
that are istinct from those of normal cells. Pathologically aberrant cells also include
cells that are making & protein (hat causes & disease or condition, such as B cells
making Igk antibodies specific for an allergen, or other types of antibodies that can

mediate other diseases or conditdans.

Pathologically aberrant cells that are non-B-cell leukemia <clls, including non-pre-B-
cell leukemia cells, can he B cells that are patholosically aberrant due to « disease or
condition other than levkecmia, For example, a non-B-cell jsukemia cell can be a
different type of B-cell cancer cell, such as a B-cell lymphoma cell. Non-E-cell
teukemia cells can be leukernia cells of a type other than B cell or pre-B-cell leukemia
cells. For example, a non-B-cell leukemia celt can be a T-cell leukemia cell, A B-
celi leukemia cell can be a B cell or pre-B cell that is not expressing CD40. Such a

cell is incapable of responding to CD40L.

All of the above aberrant und abnormal cell classifications and cell types exhibit
undesirable physiological characteristics and phenotypes that can lead to unwanted
cell growth and comgplications. As such, these abewantly regulated or abnormal cells
will exhibit differences in antigen synthesls or cxpression compared to normal cells.
These differences can be distinguished by CTL that are selective for the target
paihologically aberrant cells generated by the methods of the invention.
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According to the methods of the invention., & population of COS' T cells is induced to
generate cytolyiic T lymphocytes (CTLs) ihat are seleclive for a pathologically
abemrant cell. A cell that is selectively recognized by a CTL will be destroyed by
either direct cytotoxicity or by the induction of apoptosis. CTLs are mature CD3™ TL
that recognize antigen in the form of polypeptide fragments complexed with MHC .
class 1 melecules. The binding of an aniigen to a T cell receptor (TCR} complexed on
the surface of o CD8" TL is one event involved in the initiation of intracellular
changes that lead to differentiation of CD& TL to eytolytic T lymphocytes (CTLs).
CTLs exhibit cytolylic activity loward cells that display a target anfigen which can be
bound by a TCR.

In order 1o generate CTLs that are selective for 2 pathologically aberrant cell, CD§*
TL wre primed by a pathologically aberrant cell in the presence of cells or faciors that
augrment the CTL priming process. Therefore, priming is the exposure of CD8* T
cells to become active CTLs that selectively recognize and lyse pathologically
aberrant cells expressing the induciive antigen. One requirervent for induction of
CTL is the presentation of antigen by an artigen-presenting cell. Mearly all nucleated
cells express MHC class I, but may not be capable of priming CDE" T cells because
additional co-receptors, co-stinmlatory molecules and other factors are necessary for
efficient priming. Therefore, the use of a professional antigen presening cell, which
can express all of the required factors for piming, cah merease the efficiency CTL

printing m a midure of cells cultured ex vivo for priming CTLs selectve for a

pathologically abenunt cell.

Dendritic eclls are professional antigen-presenting cells (a topmn well known to and
commanly used by those skilled in the ant) that can efficiently process and present
sntigens ard potently induce CDS' TL cytolytic tesponses.  Presentation of antigens
by dendritic cells can oceur after dendritic cell phagocytosis of an apoptotic cell.

Therefore, in combination with a dendritic cell, a pathologically aberrant cell which is
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apoptotic, or which will undergo apoptesis. can be used as g target cell in the methods

of the invention.

A cell that periorms the function of a dendritic cell can be substitutad for a dendritic
cell in the methods of the invention. Such a substitute for 4 dendsitic cell could be, for
example, a cell that presents antigens or co-stimulatory molecules due to expression
of a recombinant proiein. Bxpression of recombinant proteins to produse such
ariificial antipen presenting cells is well known in the art and those of skill could
determing a recombinant protein for expression fn an artificial antigen-presenting cell
for nse in the methods of the invention.

The methods of the invention therefore utilize at least 2 CD&* TL, a dendritic ceil and
a pathologically aberrant cell, which is apoptotic or which will undergo apaptasis, for
the induction of CTLs selective for the target pathologically aberrant cell. Other celis
and factors added to this mixture cen augment the efficiency of pricdog or level of
CTL response of the initial CD8" T cells. For example, the inclusion of CD4* T cells
in the CTL induetion mixture can provide additional factors required for efficient

privuing and production of a CDE" memory CTL.

CD4* T cells provide T cell help that enables CD3™ TL response to cellular antigens.
In viv, this T cell help resules trom the activation of dendritic cells by CD4* T cells
and can be mediated by CD40-CD40L inieraction, Several factors can substitute for a
function provided by & CD4" T cell in an incubation of a mixture of cells for priming
4 CD8T T cell.

For example, in the ex vivo methods of the invention, CD40 Ligand (CD4CL), a

factor presented by & CD4* T cell to a dendritc cell that promotes dendritic cell
maturation, was found to be sufficient for promoting dendritic cell induction of 1 CTL
response, The function of CD40OL can be subshtuted by a molecule, such as CD40
anifbody, that is cupable of binding 10 and activating €D40 in & manner similar 10 that
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of CD40L. Further, interlenkin-12 {IL-12), a factor that can be produced by a matuce
dendritic cell, was also found te substitute for CD40L.

Thercfore, in the methods of the invention, the addition of CD40L and 1L-12 can
substitute for at least one function of a CDA* T cell, although these factors may not
effectively function to induce the production of CD3* memory TL. In addition,
integleukin-7 (IL-7) was found to further increase the level of CTL response. It can be
therefore advantageous to add an effective amount of IL-7 t¢ an incubation of a
mixmre of cells assembled for the generation of a CTL selective for a pathologically
aberrant cell w increase the efficiency of CTL production. The use of factors sueh as

those mentioned above will be discussed in greater detail below,

The method of the invention provides mixtures of populations of cells that can
generate u CTL selective for a pathologically sbertant celi. Cell mixtures contain
populations of least CDEY cells, dendritic cells and pathologically aberrant cells that

can be combined with other contponents, including DA™ T cells.

Preparations of CD8* 1., dendritic cells, pathologically aberrant cells and CD4* cells
cun vontgin many different immunelogical ccll types. Therefore, cefl mixtures
assembled for inducing a CTL selective for a pathologically aberrant cell can contain

cell types other than the referenced cell types.

A cell for use in the methods of the invention can be a heterageneous population of
cells, an isolated cell or z substantially isclated cell. A heterogeneous population of
cells can be a paturally cccurring mixture of cells that contains many frumunological
cell types, such as bone marrow, An isolated cell can be a cell in a fractionated
population. such as a cell jn a preparation of peripheral blood mononuclear cells
(PBMC), or can be 2 population of cells that has been enriched in, or depleted of, &
particular cell type. A substantially isolated cell ean be a cell that is substantially free
ol ather cell types, such s 4 cell that is purified,
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Therefore, the cell mintures of the invention can contain 2 vaiely of cells ineluding
referenced and non-referenced cells, The cell mixture can be assembled using a
variety of cell preparations. Therefore, by altering the cell populatiens, it is possible

to optimize a cell mixture for efficient CID8* priming and CTL generation,

Cell populations contaived in a CTL induction mixrure can be altered in several ways,
such as by preparing a cell of increased or decreased purity and by treating a
particular cell type in culture to prowote a particular oblainable ontcome, For
cxample, a cell can be treated with a factor that promotes cell expansion to a
patticular density or number, cell differentiation, specific cell lineage differentiation,
apoptosis, or any desired obtainable cell condition or phenotype. Conditions that
promate growth or differentiation can include protein factors or chemical reagents in
the growth medium of cultured cells. These factors and reagents can be companents
of a crude mixture, can be isolated, or can he subﬁtantia‘lly isolated. Examplos of
factors include crude mixtures such as serum, paturally occurring proteins, partially

purified proteins, and substantially isalated proteins.

The preparations of cell populations in a mixture can effect the efticiency of CTL
prming or generaiion. For example, both CD%* TL and dendritic cells can be
preparcd simuliancously in a single culure of PEMCs. Specifically, PBMCs
harvested from an individual can be first depleied of CD4* 1 cells using known
methods as discussed below, Oue purpnse of (D4 T cell depletion is to promote the
growth of CD3" TL by preventing CD4" T cells, which generally grow faster than
CD8* TL, from overgrowing a CDS cell population. The depleted PBMCs can then
be combined with a puthologically aberrant cell. After incubating the PEMC mixture
for a sufficient time that allows recognition of presented antigen by CD3* TL, CTLs

selective for a pathologically aberrant cell are generated.
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An advantage of using one cell. populziion for obtaimng more than one cell type for
assembling a mizinre of cells for CTL gencration is that isolation and enlturing of
additional cell populations is not required.  In addition, by using cells from a single
daonor. it is known that cell types ars HLA-identical, and the need to consider HLA
muatehing ol donor and recipient cell populations i thegefors not required. The use of
2 cell mixture containing cell types from a single source is advantageous in a case in
which 3 is difficul: to obtain & scurce of cells, or to obtain 2 cell sample of sufficient

amount.

Althengh the use of a mixfure of CD8+ TL, CD4+ T cells and dendritic cells obtained
from a single sovrce provides convenience, a cell mixture can be altered to increase
the efficlency of CTT, generation. Tn order io increase the efficiency of CDE* TL
priming, for example, populations of cells can be individually isolated and treated in
culture,  Metheds for isolating CD4* T cells and CD8* TL, dendritic cells, and
pathologically aberrant cells are described in detail below. Each of the cell types of
the merthods of the invention can be treated in culwe to enhance their particalar
contribution to the overall effectivenass of a mixture of cell populations to induce

CD#$ priming or gencration.

Factors that promote or augment induction of selective CTL against a target
pathelogically aberrant cell can be added to a culture of o mixmre of cell populatons
or to a specific cell population culmired independantly prior to assembling a cell
mixture, Factors that can be useful in the methods of the inveation ace cytokines,
growth factors, differentiation factors, proteins invelved in maintensnce of cell

viability, and apoptosis-promoting factors.

Examples of cytokines that can be present in an e3 vivo cell culture of the methods of
the invention include, for exarople, GM-CSF and interleuking such as IL-2, IL-7, and
[-12. Fxamples of growth factors that can be present in ar ex viva cell culture

include, for example, those proteins that cause of contribute to cell growth of
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particular cell type employed in the methods of thc‘ inventich, Specific examples of
growth factors we fibroblast growth factor, platelst-derived growth factor, and
wansforming growth factor 3. Bxarnples of differentiation factors are those proteins
that canfribute to or angment the process of cell differcubiation m a particular cell type
of the method. A specific example of 2 differentiation factor is serum-derived factor.
Examptes of factors that contribute to the maintenanee of cell viability include growth
hormone and interteron alpha. Specific examples of factors used for inducing

apoptosis are provided in detail below.

Eactors for wse in cell culture can be prepared or isolated from natural sources ar
produced by recombinant methods, Specifie facters, such as the eytokines IL-7 and
IL-12 can be, for example, provided by a n;numl cell or provided in substantially
purified form, such as being isolated following production by recombinant methods.
Protein production by recombinant wethods, detection of specific proteins in cells,
and protein isolation by biochemical methods are well known in the art. Many factors
can be obtained through commercial sources. Feeder cells cen alse supply proteins to
cultured cells in membrane bound or secreted forms. Examples of cells that provide
such factors are irradiated feeder cells such as irradinied cells that cannot proliferate.
A specific cxample of a feeder cell ts an irradiated monoeyte that adberes to a tissue

culture surface and presents or secrefes factors thut promote CD8+ TL priming,

The concentrations of factors used in the method of generating selective ClLs can
vary depending on the particular cell types present in a mixture, the churacteristics of
a particular cell, the incubation tme, purity of proteins and degree of isolation of
cells. The characteristics of particular cell types may vary from individual to
individual, resulting in ditferent growth or differentiation rates under identical culture
conditions. Coneentration of factors can be adjusted to account for ditferences in cell
behavior due to any éf these differences belween cell populations used fo generate

CTLe selectjve for a pathologically aberrant cell. For example, the concentration of a
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growth factor in & cell culture medivm can be increased to premote 2 faster growth

raie of a particular eell,

Factors can have one or more cellular functions. Fov example, a facior that promotes
grovrth in a cel! typs may also promete differentiation in another cell type. The effect
of a particular factor oo a parlicular cell type can be determined by methods knows in
the art. Such methods include, for example, assay of cell number, viability, and
phenotype. Specific examples of factors than can be zdded to the culture mediz of
various cells including a dendritic cell and demdritic cell mixtures are described in

more detaill below.

For example, monocytes can be treated under condiiions that promote efficient
differentiatinn to dendritic: cells. Monueytes present in or collested from PEMCs can
be induced to differentiate into dendritic cells by adding GM-CSF and IL-4 for a

sufficient ime.

Dendritic cells can be treated in eulture to increase the efficiency of uptake of antigen.
Immanwe dendritic celis efficiently take uvp pathologically aberrant cells by
phagocytosis, but process antigens, but present antigens less efficiently, whereas
mature dendnitic cells tuke up and process antigen less efficiently while presenting
anligens 1oore officiently. Therefore, it 13 advantageous to present a pathologically
aberrant ¢all to an immature dendritic cell prior to dendritic cell maturaton. By
prepuring & mixture of an immature dendritic cell and & pathologically aberrant cell
and Whowing antigen uptake to oceur prior to introdueing dendritic cells to maturation

factors, the efficiency of CD8+ TL priming can be increased.

Dendritic cells used in the metheds of the invention can be immamre or maturs
dendritic cells. Factors that induce dendritic ccll maturation include, for example,
NE-or, LPS, and CDDAOL. The presence of a CD4+ 1" cell can also provide a

dendritic cell maturation factor. Therefore, it can be advantageons to culture a

Page 24

JP 2004-512030 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

25

30

(67)

W 02/21048 POCTIUSOLZ8016

dendritic cell and 2 pathologically aberrant cell in the absence of a CD4+ T or olher
matuyation factor for a safficient time in order to allow a dendritic cell to procsss an
antigen. A dendritic cell having processed antigen can then be mixed with cells and
factors that promote antigen presentation in addifion to the additional cells and factors
required for CTL generation, By first prepaning dendnitic cells that have been
incubated under conditions 1o OpLIZe antigen presenration, the afficiency of CD8™

TL priming can be increased.

The invention provides a method of inducing CD8* TL ex_viva. The method consists
of: (a) contacting said pathologically aberrant cell with a first mixture having at least
dendritic cells (DC) and isolaled CD4* T cells for sufficient time to produce DCs
presenting pathologically aberrant ccll antigen; (1) adding CTI8* TL ke produce a
second mixtore, and (¢} colturing said secend mixture for sufficient time to generate
CD8* cytolytic T lymphecytes (CTLY having selective cytolytic activity toward said
pathelogically aberrant ¢ell.

An example of a ¢ell mixtre assembled for production of CTL selective for a
pathologically sberrant cell is as follows. For sxample, one preparation of PBMCs
czn be fractionated to yield several cell populations. Cell populations ean be isolated
or substantially isolated, Specifically, monocytes ean be collected from PBMCs and
induced to differentiate into dendritic cells by adding GM-CSF and 1L-4 for sufficient
time, This imumature dendritic cell populstion cun be combined with the apoptotic
pathclogically aberrant cells for a safficient period of time to allow fou the uptake and
processing of the patholegically abertant cell antigens. Depletion of CD4* T cells
from the PBMCs can provide both a CDM™ T cell population and a CD4*-depleted
PBMC popufation.

The 1esulting thres cell populations can then be cultured individually. CD4* T cells
can be treased, for example, by radigtion, to rsoder them noo-dividing, and then

returned to the CD4*-deplered PBMCs. This PEMC population can be combined
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with the dendritic cell population that has been ipcubated with the pathclogically
aberrant cells, and TL-7. The patholopically aberrant cell can be, for example, 2 tumor
cell. The mixture of cells can then be incubated for sufficient time to allow sefective
CTL production against the pathelogically aberrant cell. The poputation of cells can

for example, be stored, further isolated oz used to treat an individual.

A method for increasing the cfficiency of CD8" TL priming invalves cnriching a
population of CD4* T cells with CD4* T cells that recognize a specific peptide
antigen associated with MHC class II molecules. In a population of CD4* T cells
vsed in the methads of the invention, only a swall fraction of cells will be spesific for
the antipen derived from the pathologically aberrant cell and presented on the
deaditic cell in the mixture of cell papulations assemobled to generate CTLs selective
for a pathologically aberrant cell. o increase the pumber of antigen-specific CD4* 1
cells in the total CD4" T eell papulation, 2 method of CD4™ T cell enrichment can he
used, For example, a CD4* T cell population can be increased using an immunogen,
such as tetanus toxoid. A population of CD4™ T cells from an individual that was

previously immunized against tetanus toxoid can be oblained, cultured ex vivo, and

treated with tetanus toxoid to result in an enriched papulation of MHC Class IT
restricted CD4* T cells that can more effectively provide the maturation signal to
immature dendritic cells, A cloned CD4* T cell that Is specific for an MHEC class [T
resticted antizen can be obtained, expanded and stoped for repeated use. One of skil}
in the art would know how 10 abtain a clonal cell line, expand cells and prepare cells

for long-termn storage.

The production of CTLs in an ex vivo cultured mixture oceurs during incubation for a

time period sufficient for CD8* TL w recognize presented antigen and trigpsr
commitent inte CTLs. For example, the induction of selective CTLs from a cell
mixture of at least dendritic cells, apeptotic patholagically aberrant cells, CD4* T cells
and CD8* TL could occur in a time period of about 6 to 40 hours, preferably in about

20 hours. The time periods sufficient for comunitment of CTL induction from a
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mixture of cells can be modulated by adjustment of several faclors, including, for
example, the amount of anfigen or co-stimulatory molecules presented Lo a dendritic

cell in @ mixture of a population of cell types.

Those skilled in the art will konow what factors, cellular compositions or
concentrations, for example, can be used to achieve a desired incnbation tire.
Moreover, those skilled in the art will koow of can determine whar facwors, cellular
compasitions or concentrations, for example, can be adjusted to either increase or
decrease the time period sufficient to prime CD3* TL and commit them into maturing

CTLs selective for 2 target pathologically aberrant cell.

For example, 10 determine the incubation time required for CTLs to be produced, cells
cin be removed from cultuee at various time points, for example, at 3, 15, 30, and 45
minuies, and at bourly intervals for ene or more days or weeks, and tested tor CTL
activity ar interferon gamma production after recogoition of the target antigen,
Pathologically aberant cells that display the target antigen will be destroyed by
selective CTLs, either through lysis of, or induction of apaptosis in, target cells. CTL
acuvity can be measured by methods well known in the art. Methods for measuring

Cytotoxic activity are discussed below and in the examples in detail.

Specitic factors that can be used in the methods of the invendon include 1L-7, 1L-12,

and CD40L. The concentration of IL-7 used in an ex vive cultured mixture of at least

dendritic cells, apoptotic pathologically aberrant cells, and CD8 TL, with ar withaut
CD4" T cells can be, for example, 1-30 ng/ml, 30-65 ng/ml or 65-100 ng/ml. The

concentration of IL-12 in an ex vive cultured mixture of dendrtic cells, apeptotic

pathologically aberrant cells, and C128° TL, for example, can be 1-30 pg/ml, 30-65
pefmt or 65-100 pg/ml. The cifective amount of CD40L presented as a cell surface
psotein on a natural cell or recombinant cell expressing CD40 L for use in an ex vive
cultured mixture of dendritic cells, upoplotic pathelogically aberrant cells, and CDE"
TL ¢an be determined by those of skill in the axt, Those of skall in the art will know
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that the level of expression of CIDA0L in recombinant cells can be medulated, and that
CD40L cells can he fitrated into a reaction mixturc to determine the effective
soncentration of cells to be added. These of skill in the art will be able to cxtrapolate
from such an elffective concentration of wells te determine an eifective amount of
isolated or substantially isolated CD4OL protein for inducing CTIL selective for a
pathologically aberrant cell using the methods of the tavention.

For nse in the methods of the inventien, a cell can be ircaciated. [t can be
advantageous to irradiate a particular cell prior to assembling the cell mixtere for
inducing CTL selective for a pathologically aberrant cell when growth of the
particular cell during the induction period is not desired. For example, a cell suchas a
dendritic cell, CD4* T cell, and pathologically aberrant cell can be irradiated hecanse
growth or expansion of these cell types may 1ot be desired because increased cell
numbers may oot be necessary for the induction process to oceur and expansion of
cell types that grow at faster rares than a CD8+ T cell could provide unnecessary

contamination of 4 generated CTL population.

As discussed previgusly, cells for use in the methods of the invention can bs a cell
mixture or an isolated cell. The preparation of CDE" TL and CD4™ T cells, dendritic
cells and pathologically aberrant cells cun include isolation of 2 cell. A cell for use in
the melhords of the invention can be isolated by several methods well known in the art,
such as, for example, depsity centrifugation, centrifugal eluiriation, fluorescent-
activated cecll sorting, immonoaffinity ccll separation, and magnetic sorting
(Schindhelm and Nordon, Ex vive Cell Therapy, (1999} Chapter 11 Academic Press,
San Diego).

Density gradient centrifugation is based on the migzration of cells of a particular

density when ceptrifuged in 2 solation of varying density, Cells will tend to collect in
a bund &t the zone of the gradient at which cell density and the density of the mediun
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are equal. Exarples of density gradient centrifogation methods include loading cells

onto gradients prepared with reagents such as Ficoll, Ficoll-Hypaque, and Percoll.

Centrifugal elutriation is a method based on the relative differences in coll
sedimentafion velocity that has been well developed for separating blood cells.
Fluorescent-Activated cell soriing (FACS) 15 a selective cell separation method by
which cells labeled with fluorescent marker molecules ave individually analyzed and

sorted on the basis of light scatter properties and fluorescence.

Immuneallisity cell separation is based on the interaction of cells with a substrate,
such as a monoclonal anvhody, lecting or other binding domain, that is immobilized to
a material with low intringic cell affinity. Calls selectively attach to the substrate
through binding of cell surfuce molecules io a subsirale bound to the solid-phass
support, Capturet cells are delached using shear stress or chemical agents that disrupt

the interaction betweern the cell and substrate.

Magnetic serting is a mathod of cell separation in which cells are labeled with an
affinity substrate that contains paramagnetic or ferromagnetic material. Magnetically
labeled cells can be depleted from a cell population through capture by a magnetic
field, or labeled cells can be recovered by removal of a magnetic field. Dynabeads
are a specific example of & magnetie cell separation medium that is commercially

available.

Examples of specific methods of CDB* TL isolation are negative magnetic cell
selection methods, such as depletion of CD4*, CDI4*, CDLY, ar CDS6+ cells, using
beuds coated with antibodies to cell surface proteins present on the cells to be
depleted, or positive magnetic cell selection methads, such as positive selection for

CD§ with magnetic beads coated with antdbodies o CDE,
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An example of a methad for isolating dendritic cells is to collect PBMC, such us by
Ticoll-Hypaque density gradient centrifugation and culiure them under conditions that
promote dendiitic cell differentiation, as described above. Dendritic cells can be
further isolated from PBMC by ather known methods, such as depletion of other cell
types, including CD2-, CD19- and CD356-positive cells.

Specific methods tor isolating CD4"™ T cells are, for example, negative magnetic cell
Hcpmt'u'm to reduce or emeve CDST TL from 2 cell population, and positive

magnetic cell separation, to obtain an entiched population of CD4" I eells.

The method for iselating & pathclogically aberrant cell will be determined by the cell
type and by the desired purity of the preparation. Thase of skill in the art will know
which methuds, including those methods described above, are applicable to the

isolation of a particular pathologically aberrant cell.

The populations of CD8* TL and CD4* T cells, dendritic eells and pathologically
abertant cells wsed in the method of the invention can be obtained frem muoltiple
sources. For examgple, cells can be obtained from ao individual afflicted with a
pathiological condition 10 be irested using & CTL, or from an individual that is
substantially histocompatible to the recipient individual, Sucl an individual might be,
for example, an HLA-identical stbling, or BLA-marched relative. or HLA-matched
unrelated individnal. Methods for fyping histocompatibility antigens are well known
in the urt. Using such agtigen typing methods, those. skilled in the art will know or
can derermine what level of antigen similarity is necessary for 2 cell to be
imraunologically compatible with a recipieni individual. The tolerable differemces
between a donor cell and a recipient can vary with different tissues and are known or
can be readily deterroined hy those skilled jn the art. Meihods for assessing

transplaatation antigen compatibility arc well known to thosc skilled in the art.
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A cell for use in the methods of the invention ean be obtained from a variety of tissues
ar organs of an individual. Those of skill in the art will know how to determine which
source of a particular cell type is most suitable for the preparation of CTLs scloctive
for a pathologically aberrant cell. It may be possible to harvest a cell frum mere than
one source in an individual, such as more than one lssue. Those of skill in the ant will
be able to defermine which specific source of a pacticvlar cell 15 preferred by
considering the number of cells needed and the accessibility of the cell type in the
body of an individual. For example, a purticular cell type way be more abundant in
one lissus compared to another tissue, or a particular tissee may be more accessible
for cell harvest, An esample is that a tissue such as bleod is more aceessible than &
tigsue such as bone marrow becanse blood cells can be removed trom an individual by

a relatively non-invasive procedure.

CDB* TL and CD4* T cells can be chtained, for example, from the bloed, bone
marrow, or other tissue, of wn individual such as & histocompatible individual or 2
CTL secipient. The preferred CD8* T of the method are CD3" TL that are HLA-
matehed with the recpient of selective CTLs. £D4" T cells can he CD&™-avtnlogous,
or can be hoterologous. A CD4” T celi for use in the methods of the invention are

alloreactive 10 2 dendritic cell, or share MBC elass 1.

Dendritic cells, or monocytes capable of ditferentiating into dendriic cells, cun be
obtained from several tissues of an individual for vse in the methods of the invention.
For example, dendrtic eells o monocytes can be obtained from the blood, bone

marrow, or other tissue from an individual,

A pathologically aberrant cell to be used in the methods of the mvention can be
obtained from many sources. One source is an individual wito will receive adoptive
immunaotherapy using CTLs generated by the mcthods of the invention A
pathologically aberrant coll ¢an be a cell ftom a homogeneous or heferogenenus

population of cells, or can be an isolated cell, Palholug}i%l.ly aberant cells inclnde
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cells removed from an individual, such as from o tumor or other diseased tissue or
organ. The method of inducing CTL selective for patbologically aberrant cells applies
to cells, homogeneous and heterogeneous cell populations, ceils from natural somces
such as tissues and organs, cultured cedls, cultured cells that have been altersd, such as
by infection by a pathological agent or by wansduction with nocleie scids. In
addition, a wide variety of amigens, including but not limited te, cell Jysate, vesicles,
cell fractions or cell components, & protein or a mixture of peptides eluted from the

aberrant cell can be used.

Pathologically aberrant cells of the invention can be apoptatic pathelegically aberrant
cells. Apoptotic pathologically aberrant cefls can be present in z population of
pathologically aberrant cells, can be isolated from a population of pathclogically
aberrant cells or ¢an be induced in pathologically aberrant cells by several methods.
Induction of apoplosis has been accomplished in a variety of ways, depending on the
cell type (for review sce McoConkey ot al. {1996} Molecular Aspects of Medicine
17:1).

Apaoptosis can be triggcred by the binding of cell desth activators such as TNE,
lymphotoxin, and Fas ligand to the extracetlular domains of receptors that are infegral
membrane proteins.  Cell death receptor activation leads to transtrussion of a siginal to
the eytoplasm resultng in activation of caspase enzymes, and a cascade of signaling
evenis thut culminate in death of « ¢ell,  Those skilled in the art will know which
reagents induce apoptosis in a particular cell type or types. Examples of reagents that
have been used to induce apoptosis in one or more eell lines inclnde actinomycin D,
aphidicolin, AZ23187, caffeine, camptothecin, cycloheximide, dexamethasone,
doxorubicin, 5-fluorouracil, hydroxyurea, staurosperine, taxol, thymidine, and

vinblastine {Oncogene Research Products web site).

Several methods well known in the art can be used to detect apoplotic cells, Suck
methods lnchude Lght and clecron microscapy i detect morphological changes that
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cccur during apoptosis, flow cytomeiry or density gradient centrifupation to detect
characteristic cell shrinkage ind increased granularity, assessment of membrane
integrity using dyes such as trypan blue, ethidivm bromide and acridne orange,
measurement of the characteristic, nonrandom DNA fragmentation using teclnigues
including agarose gel unalysis, in vitro and in sity DNA end-labeling, PCR. analysis,
comet assays and BLISA systems, the detection of the activity of a caspase from the
caspase Tamily of protease enzymces that are activated during apoptasis, the detection
of a phosphatidylserine binding protciu'such as amcxin 'V, measurement of tissue
transglutaminase activity, and measurement of calcium ion flux (Promega Notes 69:

technieally speaking~etecting apoptosis),

Apoptolic cells can be sepacated from non-apoplotic cells using cell separation
methods such as those described above. Therefore, an apoptotic pathologically
aberrant can be presert in a population of pathologically aberrant cells that natorally
contains apoptotic cells, or in cells indoced to contain apoptatic cells, and can be

igokated from sueh sovrces for uge In the methods of the Juvention.

‘The methods of the invendon result in the gemermtion of CTL sclective for a
pathologically zberrant cell, A CTL cun be 4 heterogeneous population of cells, an
isolated cell or substantially isolated cell. A CTL population can contain CTLs that
are selective for one or more antigens on a target pathologically abesrant cell
Purification of & CTL that is specific for a pathologically aberrant cell can be
performed by selecting a CTL that exhibits cytolytic activity against the target cell or
antigen. Methods for selecting a CTL specific for 2 target and assays for measuring
cytolytic activity of CTLs are well known in the art. A selected population of CTL
can be purified using metheds well known in the art, including the separation methods
described above. A heterogeneous or isolated population of CTL produced by the

methods of the juvention can be characterized in vitro 1o defermine the effectiveness

of a particlar CTL preparation in destroying target pathologically aberraat cells.
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An example of & cytolytic activity assay is a chromium-31 {7'Cr) release assay. In
this methed, which is described in more detail in Exanple T, CTL-mediated activity
is determined by measuring the lysis of cultured 3'Cr-labeled target cells. Another
assay for measuring the function. of CTLs is a target cell proliferation assay. A target
cell proliferation assay meaSU'ras the ability of a CTL to inhibit proliferation of target
cells in vitrs, Briefly, target colls are collected from an appropriate source, inclading
for example, cell lines and primary celis fsolated trom an individual, and suspended in
growth medium to achieve a concentration of abeut 10* viable cellstml for each
sample to be tested. However, the amount and congentration of target cells can be
adjusted according to the availability of target cells. CTLs are ackled to a sample at a
concentration of about 108 viable cellsiml, or different ratios of CTL fo target cells
cut be can be plated to determine targel cell proliferation at Jdiffering CTL
concenteations. The ratios of effector to target cclls can be befween about 500:1 fo

0,11, Cells are typically incabated for about 1 to 24 hours.

It cun be desirable to have control over the liespan of 3 CTL generated wsing the
methods of the invention. One methad for controiling the viabitity of a eell is to
introduce 2 suicide gene that metabolizes a compound taken ap by 4 cell to produce a
texin that Kills the cell. For example, introduciion of a thymidine kinase gene nto a
CTL can render the CTL susceptible to killing by addition of genciclovir. Using this
method, a CTL expressing thymidine kinuse can be eliminated if the CTL o te
associaled target-selective cytolylic activity are not needed or desited. The use of the
thymiding kinase gene and the suicide substrate ganciclovir is well known in the act,
Methods of transducing a vector coniaining & thymidine kinase gene into & cell are

well known in the. art.

CD8" meraory CTLs selective for a pathologically aberrant cell can glso be generated
wsing the methods of the lnvemtion. A CD3* memory CTI sclecive for a
pathologically sberrant cell can be obtajued by culturing CTL having selective

cytolytic activity toward 2 pathologically aberrant for two or more generatiops, A

Page 34

JP 2004-512030 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

15

20

a7

W 02/21048 POCTIUSOLZ8016

CD8+ memory CTL las the capability to respond to antigen more efficiently than a

naive CD3+ TL, and cun be re-stimulared with antigen in an gx vivo culure. A CD§*

memory CT'L can be distingnished from a CTL in an ex vivo cnlture because a CDE*

memory CTL have the ability to undergo multiple restimulations, typically ar lcast
fire restimulations. Isolation of a memory CDE* TL selective for a pathologicalty
aberrant cell can be achieved by methods well known in the art, including those

methods described above,

A CTL thar is selective fur & target antigen of a pathologically aberrant ccll is uscfal
for the same therspeutic applications as a CTL selective for 4 pathologically aberrant
cell because the result of target antigen recognition is lysis of a cell by the CTL
selective for the target antigen. Therefore, CTLs selective for 2 target antigen

generated in ex vivo culture can be useful for adoptive immunotherapy,

As discussed previously, the use of CTLs specific for target antigens that are peptide
anligens have noi been prediciably successful. This approach could be improved by
the inclusion of a factor that could increase the probability of producing a CTL
sclective for a target antigen. The methods of the invention provide the advantage of
increysed efficiency of CTL producelon by utilizing 1IL-7 in a mixture of cells in gx
yive culture. The use of IL-7, as provided in the methods of the invealion, increases
the efficiency of producing CTL response toward target cells and thus increases lhe

probability that a CTL selective for a target antigen will be produced.

The invention provides a method of inducing CD3" TL selective for une or more
targel antigens ex vivo. The method consists of contacting said ene or more target

antigens with a mixture having at Jeast dendrific cells (1DC), CD4* T cells, CDR* TL

and [L-7, and culturing said one or more target antigens with said mixture for
sufficicnt time o generate CD8* cytolvtic T lymphocytes (CTL} having selective

immune reactivity toward said one or more target antigens.
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The invention provides a method of identifying ao anotigen scloctive for a
patholagically abercant cell. CTLs that have heen generated against the pathalogically
aberrant cell or its products, using the methods of the invenHon, can be uscd to
identify the antgen that they recognize. This can be achieved using procedures that
are kiown to those skilled in the art. One such wethod consists in purifying the Clasgs
L MHC from the pathologically aborrant cell and releasing the peptides associated
with it. The peptde mixwre is then separated io fracdons and analyzed ro derermine
the fraction contaniog the aaugenic peptide.  The pepfide sequence is then
determined using available techmiques {snch as the techniques of Argonex,

Charlattesville, VA which are cemmercially available; aud Hunt et al., Science (1992)

255:5049). The limiting material for utilizing these techniques is thre antigen-specific

CN8* TL, which are provided using the methods of the present invention.

Another mecthod consists of: {a) treating a pathologically aberrant cell with a
mulagenizing egent te produce s mutant population of pathologpeally abersant cells;
(b) contacting saicl motant population of pathologically aberrant cells with a CTL
selective for said pathologically aberrant ecell to identify a mulant pathologically
aberrant cell that has lost veactivily with said CTL; (¢} intreducing an expressible
population of nucleic acids ceding for & pathologically aberrant cell polypeptides into
said mutant eell to produce a population of mutant cells expressing said palypeptides,
and (d} idemtifytng a mutant cell xpressing a pathologically aberrant cell polypeptide

that restores reacivity with said CTL reactive for said pathologically uberrani cell,

A population of CTLs selective for a pathelogically aberrant cell or target antigen can
be used to identify an anligen selective for the pathofogically aberrant cell.
Populations of CTLs used for identifying selective antigens can exhibit, for example,
poly-specific or monospeeific reactivity toward the pathologically aberrant cefl. The
method for identifying an antigen of a pathologically aberrant cell or unknown target
aofigen invaolves obtaining a population of target pathologically aberrant cells that has

bean mutagenized so that an antigen recoguized by 2 CTL selective for a
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patholngically aberrant cell is no Jonger present, introducing a cDNA librury into the
antigen-deficient pathologically aberrant cells, and selecting a paihologically aberrant
cell that expresses a cDNA which restores the ability of a CTL to recognize the
pathologicaily aberrant cell. A cDNA is then rescued from the cell and soquenced to

deterrnine the identity of a target antigen.

Mutagenesis of a population of pathologically aberrant cells can be perfortned using
methods well known irthe wt. For example, cells cun be mututed by methods such as
irrediation or reatment with chemical mutagens, such as ethyl methangsulfonate. A
mufated cell that, still retains Class I and the antigen processing machinery, and 3z not
recognized by a CTL selective for the pathotogically aberrunt cell can be identified
because it will not be lysed by a CTL. The introduction of a cDNA librury into the
antigen-deleted cells can be performed by metheds well knowmn in the art, such as
transtection using chemical reagents and electroparation. A transduced cell that can
be recognized by a CTL contains & cDNA encoding a protein that is recognized by the
CTL, The Hdentification of an antigeo-restored ¢ell can be performed by scroening 2
tranaduced cell population using the functional activity of the CTLs selective for the
pathclogically aberrant cell,  Rescue and sequencing of the ¢DINA is then pertormed
using metheds well known in the art.

The invention provides a method of identifying an sutigen selective for a
pathelogically oberrant ceil.  The method consists of: (a) contacting one or more
antigens suspected of being selective for a pathologically aberrant cell with a CTL
selective for 2 pathologically aberrant cell expressing said one or more antigens, and
{b) determining the immunoreactivity of said CTL selective for a pathologically
aberrant cell expressing said one or more aatigens toward said one or more antigens,
wherein a CTL having selective immunoreactivity for said one or more antigens
characterizes said one or more Immunoreactive antigens as being selective for said

patholomically aberrant cell.

Page 37

JP 2004-512030 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

o

20

5

e

(80)

W 02/21048 POCTIUSOLZ8016

A population of CTLs selsctive for & pathologically aberrant cell or for one or more
target antigens generated using the methods of the invention can also be used to
identify or corroborate the selectivity of one or more farget antigens suspected of
being selective for a pathological aberramt cell and therefore, associafed with o
particular disease or condition. Burefly, the method involves screening one ur mere
target antigens with a CTL population or CTL clope selective for a pathologically
aberrant cell expressing the suspect one or more antigens. Selective immunoreactvity
of the CTLs towards (be suspect antigen indicates or confixms the selectivity of the
anfigen for the pathologically aberrant cell.  Similarly, the suspect antigens can be
screened by first expressing the antigens in a host cell and then determining the
cytolytic activity of the CTl.s towards the cells expressing the suspect antigens.
Selective cytolytic activity indicates or confirms the selectivity of the one or mere
anfigens for the pathologically aberrant cell. Cells that express one or more suspecl
antigens can be, for cxampte, naturally occurring cells ar cells modified with
expressible nucleic acids encoding the suspect target auligen. Methods for modifying
cells with nucleie acids and igentifying the expression of polypeptides in cells are
well kaown in the art.

An antigen identified uvsing the above method can be used as a fargot for the
development of therapentic agents. For example, librarics of small rolecule
compounds and peprides can be screened to identify melecules that specifically bind
10 an antigen, OF specitic therapeutic antibodias can be raised to the amtigen. An
antigen identified using this method can also be used for the development of

diagnostic methada.

CTL selective for a pathologically aberrant cell generated using the methods of the
invention are applicable for the treatment of human conditfons nr discases that involve
the pathologically aberrant cell.  CTL that are determined to have selective cytolytic

activity in vitre or in situ functional assays such as those described above are likely

have selective cyiolytic activity ia an individual because a CTL will recognize the
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target cell or antigen in a heterogeneous population, Thersfore, provided in the
invention are methods for weating an individual with a CTL, includivg a memory
CTL, selective for 2 pathclogically aberrant cell or farget antigen, gencrated using the

methads of the invention.

The invention provides 4 method of treating a patient haviog a disease mediated by a
pathologically aberrant cell. The method consists of administering an effective
amount of 2 CD® CTL having seleclive cytolytic activity toward sald pathologically
wberrant cell, said CD8Y CTL having selective cytolytic activity toward said

pathologically aberrant cell being praduced using the methods of the invention.

‘The fnvention further provides method of treating a patient baving a disease mediated
by u pathologically aberrant non-B-cell leukemia cell. The method consisis of
administering, an effective amount of a CORT CTL having sclectve cytolytic activity
toward said pathologically aberrant non-B-cell leukemiz cell, said CDS* CTL having
selective cylolvtic activity toward sald pathologically aberrant non-B-cell leukemia
cell being produced by the metbods of the ivention.

The imvention further provides a method of treating # putient having o disease
mediated by a pathologically aberrant cell. The method consists of adominsstering an
effective amount of a CD8* CTL having selective immune reactivity ioward one or
rmore target antigens assochated with safd pathologically aberrant cell, said CD%* CTL

having selective immune reactivity being produced by the methods of the invention.

As previousty described, there are many types of patholugically aberraut cells, all of
which are distinguished from sormal cells. Fathologically abemant cells can be
trcated with a CTL. because a CTL selective for a pathologically aberrant cell can
selectively recognize znd destroy that cell within a pepulation of normal cells.

Therefore, the nse of CTLs that selectively target pathelogically aberrant cells is

Page 39

JP 2004-512030 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

0

(82)

W 02/21048 POCTIUSOLZ8016

applicable 10 weating individuals in which the destruction of such cells can reduce the

severity of disease or slow the rete of disease progression.

Thase of skill in the art will know how to determive if Weutment with CTLy selective
for u puthiologically aberrant cell iy beneficial for & particular pathological condition,
and will know how to determine the presence of a pathologically aberrant ccll in an
individual having = pathological condition. Those of skill will be able to determina if
pathologically aberrant cells of & disease can be eliminated without cavsing unwanled
etfects in an individual. For example, it is advantageous to remove a fumor cell that
serves no benefivial function in the body. However, eliminating a cell that is diseased
but nevertbeless provides a function in the body, such as an essential cell of an organ,
is not generaily desired. However, there are cortain non-vital organs and cells from
vital or non-vital ergans that can be removed witheut affeciing the survival of the
individual, including for example, bul not limited to, the prostate, ovary, breast,
thyvoid, thymus, selected cell types of vital and non-viml organs, or B cells tat
synthesize 1gB. In this case, CTLs that recognize a self-antigen that is shared by 2

diseased cell and a normal cell or tssue or organ carn be nsed.

The amount of CTLs effective for treating a pathological condition is an amount.
required to affect a decresse m target cell population or slow the rate of increasc in a
target eell population. The therapeutically effective dose will depend, for example, on
the pathological condition characterized by the pathologically aberrant cell w be
treated, the route and form of administration, the weight and condition of the
individual, and previons or concurrent therapies. For exarople, pathologically
abervant cells that are Jocalized to one region in the body of an individual may Le
effectively treated by mjection of CTLS ai that particular site.

The injected dose can vary depending on the size of the population of pathologically
aberrant cells such that a relatively large population of cells can require a relatively

large dose of CTLs. The weight of an individual can effect the dosage of CTL
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delivered by a gystemic route, such as, for example, intravenons infusion. For
example, for treating an individual with hematopoletic cancer in which pathologically
aberrant cells are circulating in the blood, the effective dose would be determined, at
least in part, by the body weight of the individual so that that the concentration of
administered CIL 15 approxomately (he saroe for low body weight individuals, such as
children, and higher body weight individuals, such as adults,

The appropriate effective dose for a particular application of the methods can be
determined by those skilled in the art, using the guidance provided herein. For

example, the amount can be exirapolated from in vitro or in vivo assays as described

previously, One skilled in the art will recognize that the condition of the patient can
be monitored throughout the course of therapy and that the amount of CTL

preparation that is administered can be adjusted accordingly.

An effective amount of CTLs selective for a pathologically aberrant cell to administer
can be deterpeined by those of skill in dhe art, who will know hew o perform tesis to
determine the efficacy of a dosc of CTLs used for treating a particular disease or
condition, Those of skill in the art can alse determine whether CTLs seloctive for a
pathologically zberrant cell can be most effectively adninistered as a single dose or

multiple doses.

A preparation of CTLs can be delivered systemrically, such as by jntravencus infusion,
or can bc administered iocally at 2 site of the pathological condition, such as by
injection. Appropriate sites for adwinistration of a CTL preparation are kaown, o1 can
be determined, by those skilled in the act depending on the clinical indications of the
individual being treated.

A CTL selective for a pathologically aberrant cell can be administersg &5 a suspension
together with & pharmaceutieally acceptable medinm. Such a pharmaccutieally

acceptable medium czn be, for example, a butfered saline solution. Pharmaceuntically
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acceptable mediums can be sterile or substantially free from contaminating particles
and vrganisms. Those of skill in the arl will koow or be able fo delenmine
pharmaccutically acceptuble media for CTL to he used in various modes of

adpinistration,

A pathologicai condifon can be treaied with a CTL, a memory CTL, or a combination
of a CTL and memory CTL that are selective for a pathologically aberrant cell. A
CTL and memoery CTL can be administered simultaneously or on separate occasions.
Administration of a memory CTL can provide the advantage of long term immunity
against a pathologically aberrant cell and can thus prevent relapse of disease, Those
of skill in the art will know or can determine which type of CTL ta use for effective

treatment of a particular disease or condition.

The methods of treating « pathological condition characterized by aberrant cell
growth additionally ean be practiced in conjunetion with other therapies. For example,
for treating cancer, the methods of Lhe invention can be practiced prior fo, during, or
subsequent o conveniional cancer lreaiments such as surgery, chemotherapy,
including administeation of cytokines and growih factors, radiation or other methods
known in the art. Similarly, for weating pathological conditions, including infectious
disease, the methods of the invention can be practiced prior to, during, or subsequent
to conventional treatments, such as antibiolic adininistration, against infectious agenls
or other methods koown in the arf. Treatment of pathological conditions of
autoimmuno disorders alse can be accomplished by combining the sclective CTL cell
elimination metheds of the iovention with conventional ireatments [or the particular
autolmnmne diseases. Conventional weatments include, for example, chemotherapy,
steroid therapy, insolin and other growth factor and cytokine therapy, passive
immunity, inhibitors of T cell receptor binding and T cell recepior vaccination, It
may be alvantageous to treat an individual receiving CUTL selective for a
pathotagically gberrant cell with an tmmunostimulant. Those of skill in the art will he
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able to determine the particular invmunestioulent and appropriate tme end mode of

administeation of an immunestinulast,

The methods af the invention can be administered in conjunction with these or other
methods known in the art and at various times prior, during or subsequent to initiation
of conventional treatments. For a description of weatments for pathological conditions
characterized by aberrant cell growth see, for example, The Merck Manual, Sixteenth
Ed, (Betkow, R., Editor) Ruhway, K], 1992,

Similarly, other cell therapy methods well know in the art can edditionally be
coaployed in eonjupction with selective CTLs generuted by the methods of the
invention. Such other methods include, for example, cell replacement therapy for the
regenetalion or reconstitution of tissues and cellular corponents thereol, and cell
therapy wsing penetically moditied celts for the praductiva of a therapeutic protein or
macromolecule. Specific examples of cell replacement therapy include hematopoictic
stem and progenitor cell thezupy, which can be used, for example, 10 reconstiluie
ablated bone warow cells of cancer patients, and peuronal stem and progenitor cell
therapy for the treatinent of Packinsen's disease. Celi therupy for production of &
therapeutic protein includes, for example, the transplantation of a variety of cell types
and progenitors thereof genetically modified to produce, for example, insulin, other
cytokines, grawth factors, and enzymes. Such genetic cell therapies are applicable,
for exampie, 1o the meatmem of diabetes, cancer. Various other examples of celf
replacement and genetic cell therapy are well known jn the art and are similary
applicable for use in confunction with the selective CTIs produced by the-methods of

the invention.

The administration of CTLs selective for a pathologically aberrant cell simultaneous
with or delivered in alternative administrations with the conventiomal therapy,
inchding multiple administrations. Sirmultaneous administration can be, for exumple,

together in the sams formulaten or in different formulations delivered at about the
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same time or jmmediately in sequence. Altemating administrations can be, for
examnple, delivering a CTL. preparation and conventional therapeutic ireatinent in
temporally separate administrations. As described previously, the temporally separatc
administrafions of selective CTLs and conventional therapy can similarly use diffevent

modes of delivery and roules.

Another applicarion of this inventien is the preparation of mature dendritic cells. The
mature dendritic cells produced by the methods of this invention could then be used
for vaceination, including administraiion in combination with the adoptive transfer of
CTL. This application of the method of this invention compeises preparing inmnature
dendritic celis, ax herein described, pulsing them with aotigen (such as apoptotic cells,
vesicles, cell lysates, cell fractions or components, proteins or peptides) and a T
helper cpitope and incubating these dendritic eclls with helper T cells speeific for the

lhelper cpitope associated with the Class I1 MHC of the dendritic cell.

Tt is undersiood that modifications which o not substantially affect the activity of the
various embodiments of this invention are also included within the defirition of the
invention provided hersin.  Accordingly, the following cxamples are intended ta

illustrate but not limst the present invention.

EXAMFPLE]

CONDITIONS FOR ACTIVATION OF CD8* CYTOTOXIC ACTIVITY BY
DENDRITIC CELLS

This example shows that stimulation of dendritic cells (DC} wiih gither CD40L ar IL-

12 indaces CTL activity in CD8* TL in vitro, and that [L-7 augments this response.

To determine the optimal conditions for in_vitro induction of human CTL, HLA-A2
ToC were used to aciivate purified CDS* T lymphocytes (CDE™ TL). The response to
aclass | MHC entigen was investigated becuuse the high precursor fraquency of CD8*
TL specific for class T MHC antigens allows for the detection of @ CTL response after
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only one round of in vitro stimulation. The preparation of HLA-AZ DC ard CDS* TL

are deseribed belaw,

CD8* TL were isolated from PBMC of HLA-AZ-negative healthy bleod donors.
CD8" positive cells were recovered sfter positive selection with Dynabeads and
Detachabgad  (Dynal, Lake Suecess, INY) and stored frozen prior to wse. Ai'w.r_
thawing, cells were further depleted of CD4', CDI4Y, CD1Y, and CD36" with
Dynabeads. Fluarescence-activated cell sorter (FACS)-analysis showed that this cell
population was »99% CD8". DC were generated from peripheral blood monacytes
essentially as described by F. Sallusto and A. Lanzavecchiz, J. Exp. Med. {1602)
176:1695-1702. HLA-A2-positive PEMC from healthy blood donors were isolated
by Ficoll-Hypaque deunsity gradient centrifugation and suspended at a concenfration of
4 x 10%ml in RPMI-FCS medium, OfF this suspension, 15-mil aliquots were plated in
150-mm tissue culturc dishes. After 90 minutes at 37°C, non-adherent cells were
discarded, and plates were washed five times with PBS and subsequentily incubated at
37"C for 30 minutes fn the presence of PRS comtalning 2% FCS and 2% EDTA,
Adherent cells were detached by pipetting followed by seraping.  The zell suspension
was then further depleted of CD2-, CD19-, and CDS6"-positive cells with Dynabeads
{Dynal AS, Oslo, Norway) according to the manufacturer’s instructions.  This cell
population (<0.5% CDT" and >90% CD14*) was plated in six well-plates (1.5 x 10°
cellsfwell) in RPMI-FCS in the presence of 300 Ul kumae recombinamt [L-4
{Genzyme, Boston, MA) and 800 Ufml human recombinant granulecyte-manocyte
colony stimulating factar GM-CSF (Phacmingen, San Diego, CA),

[nduction of HLA-A-2 specific CTL was performed on cells cultused in REMI 1640
supplemented with 2 mM L-glutagine, 50 up/ml pentainyein 1% noa-essential
aming acids, lmM sodium pymvate, and 5% pooled human sertun (RPMI-HS). DC
(10" cellsfwelly and CDE* cells (10° cellywell), prepared as deseribed above, were
culiured in 96 well flat-bottomed plates in a fnal volume of 200 pl. Cells were
incabated for six days at 37°C prior to CTL activity assay.
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The cytotoxic achivity of CTT. was quantitatively measured by *'CR-release assay
using TY (AZ2") and 221 (A2} 'Cr-labeled target cells. The assay was perforned by
splitting the 96 well culture plate inte two sets of replicate plates {96-well U-
bottomed). For each set, ene plate sontained 15 B and the other plate contained 78
ul of the original culture. One set received *'Cr-labeled 221 target cells (10°
cells/well) while the other set reesived “'CrJabeled I'Y target cells (10% callsfwell). In
order to decrease any antigen non-specific cytotoxic activity doe to NK activity, all
the wells received 2 x 10° K562 cells. Aller six hours at 37°C, the *'Cr content in 100
W oof supernatant was measured, and the percent specifie lysis was calewlated
according to the formula: percent lysis = 100 = (experimental release — spontanecus
release} £ {maximom releare — spontzneous releasc). For proper comparison of the
efficiency of the different conditions tested, the data are expressed as lytic units (LU)
30/10° inpue cells. One LU is defined a3 the number of input cells required o achievs
30% lysis of 10* target cells in a six hour assay. Specific CTL activity is obtained by
subtracting the LU obtained from 221 cells from the I.U obtained from JY cells. The
period of exposure or incubation of CTLs with target cells can vary depending on
whether quantitative or gualitulive results are desired. Generally, the period of
exposure is between about 30 minutes and six hours, preferably the period is betwecn
about two to five hours and more preferably the pericd is abont three to four hours.
K552, & human natural killer (NK)-sensitive cell line; 3A4-721.221, an Gpsteip-Bart
virus (EBY)-transformed cell line that has been mutagenized and selected to be class T
pegative, and I'Y, an BRV-trapsformoed HLA-AZ homozygous cell line, were grown in
RPMI-1640 media {Gibco, Grand Island, NIj canteining 10% fctal calf serum (FCS;
Sigma, St. Louis, MO), 4 mM L-glutamine, 1% noocssential amina aclds, I mM
sodium pyruvate, 3 x 107° M 2-mercaptoethancl, and 50 pg/ml gentamycin {all from
Gibeo, Grand [gland, NI) (R¥ME-FCS),

To determine if different DC maturation signals effected CDE* acivaton, DC were
chalienged with lipopolysaccharide (LPS), tumor nectosis factor-o. (TMF-0}, or
CDA0L, ard the ability of reated DC to induee CTI. activity in purified CD8* cells
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was determined by the *'Crreleuse a5 described.  DC prepared as described above
were treated with either TNF-¢, (20 ng/mi), LPS (20 ng/ml}, or no additive (immature
D). Follewing a 40 hour incubation at 37°C, DC were collected and plated. DC
were challenged withh CID40L af the time of cullure with the CDB'lchls by adding
irradiated {25,000 rads) CD40L-transfected cells (Calla et al., L Eap. Med. 184: 747-
752 (1996)) to the Immature DC.

The results frem four representative experiroents are siown in Figure 1, Cytotoxic
activity induced by immature DC (imm-DC), LPS weated DC (LPS-DC), TNF-a—
treated DC (TNF-DC}, or CD40L-treated DC {CDA0L-DC) indicated that only
CD40L treated 13C were capable of inducing cytotoxic activity from purilied CDR* T
cells (Figure 1A}, CTL activity was detected in three of the four tested CDB* cell

populations.

To determing if the differences observed between DC weated with LPS, THF-w, or
CD4OL in incucing CTL activity of CD8' T cells wese due to differences in antigen
processing and presentation capacity of menccytes, immature DC, and maturc DC,
the expression levels of class 1 molecules, TAF tramsporters, PA2S (an
immunoproteasomme regulator), @nd immunoproieasomes were examined by flow
cytormetry (FACScan, Benton Dickenson, Milane, Ttaly) and immuneprecipitaton
with appropriate antibodies. After weatment with GM-CSF and I1.-4 as described
above, the resulting immature DC exhibited increased expression of class 1 molecules,
TAP iransporters, PA28, and immunoproteasomes by four to five fold as compared to
upireated monocytes. The level of expression of class T molecules was further
inoreased by two fold upon treatment with LPS, CD40L, or TNF-a. The expression
levels of class T molecules in mature DC were not effected by the various uzatments,
indicating that differences observed between DC treated with LPS, TNFu, or CD40L
in inducing CTL activity of CD8" T cells are not the result of differonces in antigen

processing and presentation capacity,
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The cytokine IL-12 js known to have an important rele in CTL development and
tunction (Trinchieri, Ann. Rev. Immmnol. (1995) 13:251-76). A study was performed
o determine if induction of cytotoxicity by CI40L-DC coald be substituted by [L-12
andfor increased by other lymphokines {Figure 1) Cytotoxic aclivily induced by
iam-DC or CDA0L-DC in the presence of IL-12 (Figure 1B}, [IL-7 (Figure 1), ox 1L~
12 plus 1IL-7 (Fignre 1D} was measured.  Additon of IL-4 or IL-6 had no effect on
cytotoxtc aodvity, The widition of IL-12 10 immamre [2C was able to substire for
CD40L in twe of the four purified CD8* cell populations.  [L-7 had no effect on
immature DC but enhanced the cytetoxic aciivity induced by CD40L-treated DC apd
1L-12-treated inumature DT by approximately three -fold. Furthermore, in the
presence of IL-7, cylotoxic activity was detected in all four CDE* populations. Thus,
the treatment that resulted in the wost consistent induction of cyiotoxic response for
all CDE* donors, and in all systems tested, was the combination of CD40L-DC and
IL-7. The tested systems included the CTL response against the super antigen TSST,
against the Al-resteiced rarsix peptide derived from the influenza A virus, and

against the AZ-restriced tyrosinase peptide.

EXAMPLE 2

INDUCTIGN OF LB-SPECIFIC CD§' CTL LINES

This example shows that CD&* CTI. actvity is induced in response to specific
leukemicblasts (LB} and demenstrates the develepment of CDE* CTL cel! lincs.

The observaticir that CDMOL and TL-12 in combinsion with [O-7 effectively
promoted DCSnduzed CTTL activity of CD8* T1. provided the basis for develaping of
a procedure for inducing LB-specific CTL. Due to the low amount of blood avaiiable
from BMT donors ind recipients, the previously described procedures were modified
as follows. Briefly, DC werc prepared by adding [l-4 and GM-CSF directly to
adherent FBMC isolated from BMT dlcnurs immediately after non-adherent cells were

removed. After a seven day culture period, DC expressed a patrern of activation
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antigens similar to a phenotype described for resting DC activated by mechanical
manipulation (Gallucei et al., Nature Medicine {1999) 5:1249-1255),  CD8* TL were
obtained by negative depletion of CD4* cefls,

The studies described in this Example and subsequeni Examples included four
pediatric acute myelcid Jeukemia (AML) patients, given allogenic bone marmow
trapsplants (BMT), and their donovs.  None of the BMT recipients experienced
relapse. The follow-up ranged from 23 to 28 months after transplant. Three patients
(MR, GA, and PM) received BMT from an HLA-identicul sibling, whersas patient
EV received BMT from an HLA-matched unrelated donor. BMT recipients were
evaluated for LE-specific cytotoxic activity for six moaths after transplant, when
immunosuppressive therapy had ccascd.  The inslitutional review board of the
Depariment of Pediatrics Science, IRCCS Policlinice San Matieo, approved the
protocel.

In en initial stady, LB-specific CTL were induced by priming CDE* TL (CD4*<1%)
using LB plus DC together with IL-7 and IL-12. Tt was observed that CD8" TL frem
two BEMT denors (MR-don and GA-don) contained LB-zpecific CTL after a second
sfirmulation, but that these cultures were difficull to maintain due fo their low

propensity to expand (data not shown).

To overcome the problem of lack of expansion of LB-specific CTL lines, CD4*-
enriched irradiated avtologous cells were added (o a CD8" TL priming incubation.
This approach was used to generaie leukemia-specific CTL Lines from CDB™ TL
derived from cither peripheral blood or bone marrow of four BMT denors (MR-don.
GA-don, EV-don, and PM-don), The medium used was RPMI-HS supplemented with
10 ngfml 17 and 10 pg/ml I-12. CDE* cells (0.5 to | x 10¢ cells/ml) were added to
48 well-plaies and co-cultured with irradiated (20,000 rads) BMT recipient LB (3 x
10° eellsfml, irradiated (3,000 rads) CID8" -autologous CD4* lyniphoeytes (3 to 5 x
10° cells/ml) and CD8"-avtologous DC (2 x 10° cells/ml} m a (inal volume of 1 il
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After seven days, cuiturcs were re~stimulated with irradiated (20,000 rads) BMT
tecipient LB (5 x 10° cellshnly and adherent jrradiated {3000 rads) feeder cells
{Vitiello et al., J. Clin. Invest. 95: 351-349 (1995)). Two days later, 25 U/ml of
recombinant interlevkin-2 (rTl-2) was added to the cultures. The same protocol was
used for each successive round of stimulation, LB were prepared from heparinized

bone marrow aspirates (=90% LB from. patients at the tuae of their diagnosis.

Cultures were ested for cytolylic activity seven days after each subsequent re-
stimulation against recipient LB at an effector to target (B:T) ratio of 5:1 (Figure 2).
Cymolytic activity of LB-specific CTL: lines derived from PBMC of BMI recipient
(O}, BMC of BMT donor (M} and from PBMC of BMT donor was determined.
Cell cultare stimulations performed at seven day intervals are represented by 11, 11T,
1¥. and V in Figure 2. Cytolytic aetrnity of thawed LB-directed CTL, ctyopresetved
after the fourth ro-stimulation, is represenied as [Va., Figure 2 (A-D), refer o ME,

GA, EV, PM donor/recipient pairs, respectively.

This study revealed that cytolytic activity was not observed afler Lhe promary
stimulation. However, after the second stimulation (14 w 16 days following the
initial cultering), LB-specific cytoloxicity was observed in all cultures testod and was
maintained or augmented after further re-stimutation. The same kinetics and
magnitude of CTL activation were observed when CD3" cells were obtaiped from
PBMC of the four BMT recipients (MR, GA, EV, and PM) six months after
transplant, when hematopaietic and immuue systems were of donor origin.  The

cytotoxic capacity of LB-spacific CTL lines was not affected by cryopreservation.

The ability of LB-directed CTL to expand in culluze in the presence of DC, target
cells, IL-12 and IL-7, &5 descriped zbove, was examined. Figure 3 shows
representative results of cell expansion of LB-directed CTL derived [rom BMT
reciplent EV (&) or BMT donor EV {l) PBMC. Dala represent a theoretical

calculation. based oo the expansion rates of the CTL. The expansion rates of the CTL
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were culculaled as follows: cxpansion rate = total number of the cells afier re-
stirmuiation/number of re-stimulated cells, The initial number of CD§"-enriched
responder cells was 105, After repeated stimulation CTL demonstrated an incremental
increase in cytotoxicity aud a variable but continuous expansion of the absolute
number of cultured cells. These cells were expanded in the range of nine to fwenty

times compared 1o cells seeded at the beginning of the culres,

In view of the potental usc of LE-specific CTL lines for adoptive immunoctherapy,
the cell lincs were fested against non-leukemic cells obtzined from patients before

trensplant &s an in vitra conirol for the graft versus host rewction (GPVHR}. The

antologous targel cells need were Bone masrow recipient cells (BMRC), and Mitogen-
stimlated T-cells (T-PHIA). Non-leukemic BMRC were obtained before the BMT
procedure and after demonstration of complete haematological remission.  T-PHA
cell Jines were established for each patient by stimulating cryopreserved pre-
teansplant PBMC with PHA and serial passaged in RFMI-FCS supplemented and 100
Usml of t1L-2 (Cetus, Emeryville, CA). The majority f cultures showed either 1o or
Jow reactivity (<10% [ysis) at the highest effector wo target vatio (B:T ratio) tested (up
to 4(» 1} against non-leukemic BMR cclls or T-PHA.

To exclude reactivity of the CTL lines against recipient antigens, the frequency of
CTL precursers (CTLp) dirceted to the pre-transplant, non-leukemic recipient cells of
patient EV was evaluated by limiting dilution assay {LDA) as previously described
(Montagna, et al., J. Clin, Toununol, (1996) 16:107-114). The patient’s doaor was an
HLA-matched unretated donor,  Of the four donor-recipient pairs, this pair was at
highest risk of GVBD since the other thres pairs were HLA-identicel siblings.
Analysis of CTLp frequency was performed for: {J) PBMC of the donor before any in
vimro activation, (if) CDS* effector cells obtained from the donor, recovered after the
fourth stirmulation with LB cclls, and (iif) CD8" effector cells obtained from the
recipient six months after BMT, recovered after the fourth stimulation with LB cells.

The results in Table [T demonstrate that, after four rounds of in vito LB-stinulation,
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the frequeney of CTLp against recipicnt pre-transplant non-leukemic cells did not
increase compared to the frequency obtained from donor PBMC before stimulation
with the L1} cells.

Table 2.

CTLP FREQUENCY TOWARDS RECIPIENT'S SELF-ANTIGENS DOES
NOT CHANGE AFTEK IN VITRO STIMULATION WITH LB AND DC

Seurce CTLp Frequency
PBMC EV don 1/381,000
CTL®* EV pt 1/325,000
CTL* EV don 1/317,000

* LB-specific CIT. lines ohtained after 4 stimufations and
fested on pro-trensplod PHA blasts of BM L rocipient.

EXAMPLE 3

CHARACTERIZATION OF LB-SPECIFIC CTL LINES

This example shows the phenotypic analysis of LB-specific CTL Tines.

TPhenctypic analysis of LB-specific CTL cell lines was perfoimed at the Bme of sach
cytotoxicity assay, Representative results obiained from pritnary coltotes and after
the fourth stimulation are reported in Table 1II. In primary coltures, when LB-
directed cytotoxic activity was undetectable, CD3* andfor CDS' [ymphocytes ranged
from 32% to 79%, whereas a considerable proportion of CD56" lymphocytes (ranging
from 20% to 66%) was present.  Adfter the fourth stimulation, the great majority of
effector cells were CD3* and CD4* lymphocytes, while the proportion of CD56" cells
decreased to less than 20%. Interestingly, CD4* cells also increased from less than
1% before stimufation to around 10% by the fourth rennd of stimulation.
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TABLE 3.

SURIFACE PHENOTYPE OF LB-SPFECIFIC CTL LINES
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CTL LINES EFEECTOR CELLS AFTER EFFRCTOR CELLS AFTER
BMT-RECIPIENTS PRIMARY STIMULATION 4 STIMULATIONS
% {range) % (range)
cna 48 (42-37) 54 (93-96)
CD8 45 (32-55) 82 (73-88)
CD4 5 (4-6) 8 (7-10%
CD356 30 {36-66) 14 (11-20}
T8 10 {5-14) 30 (13-65)
CTL LINES* EFFECTOR CELLS AFTER EFFECTOR CELLS AFTER
BMT-DONORS PRIMARY STIMULATION 4 STIMULATIONS
ch3 66 (5879 92 (8797}
CD8 50 41-62) 84 (B0-83)
Ch4 6 3-10) 11 (8-15)
CD36 28 (20-30) 9 {6-15)
g 8 {5-16) 21 (3-52}
5
*Chrained from PRMC.
EXAMPLE 4
10 LB-SPECIFIC CTL LINES ARE CD8" CLASS I RESTRICTED

This example shows that eytolytie activity of CTL was restricted to CD8 colls and
HLA class T untigen. To determine which T-cell populations were mediating the tysis
of the [eukemia cells, the cytotoxic assays were performed W the presence of blocking
15 antibedies. Target cells were incubated with anti-HLA class | or cluss I mupeclonal
antibedies (mAb} (23 yo/ml), and effector cells were incubated with mAb specific for
CD4* aud CD8* for 30 minutes at 4°C. The same concentration of each mAb was

added o vultures after aboul four bours from the beginning of eytotoxicity assay.

20 Afier three in vitre stimulations, CTL lines, chtained from PEMC of BMT recipicnts
(PBMC rec) and ffom bone marrow cells (BM donr) or PBMC (PEMC don) of BMT

donars, were tested for CTL activity, at an BT ratio of 1071, against LB target cells in
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the presence of media cnly £ ), anti TILA class T 88 ), anti-HLA class W (Z),
anti-CD8* (B 3 and anti-CD4* (2] ) mAbs (Figure 4). Representative experiments of
LB specific C1L lines derived from EV (Figure 4A) and PM (lFigure 4B}

donoy/recipient pairs are reported.

In all cases, LB-reactive lysis was inhibited by anti-HLA class I and and- CD8" mAb
but not by anti-HLA class 1l and anti-CD4* mAb, indicaling that CD8" cells were
responsible for the cytolysis. After repeated stimulation, CDA* cells contained in LB-
specitic CTL lines ranged between 5% and 12%. Thus, depletion experfmems of
CD4* cells were performed before cytotoxicity assays 1o exclude the involvement of
this subpopulation in mediating cytolytie activity. These results demonstrated that
LB-directed eytotoxic activity was unaffecied by depletion of CD4™ effector cells,

EXAMPLE §
CTL-MEDIATED LB LYSIS IS PERFORIN DEPENDENT

This example shows that LB-direcied cytotoxicity is inhibited by concanamyein A

and strontium chloride:

Cytolytic activity of & CTL refers to the secretion of the coutents of seeretory graoules
into the immediate vicinity of the taraet cell 1o which it attaches, The grancles contain
perforins, various lysosomal enzymes, and calefurn binding proteins thut desiroy the
target cell. To identify the mechanism responsible for target lysis in LB-directed
cytotoxic activity, the role of the granule exocytosis pathway was analyzed by using
¢ither concanamycin A (CMA), an tnhibitor of vacualar type H'-ATPase, or strontium
chloride (8cCY), which causes degranulation and release of granule conteots from

effector cells.

Efifecior cells were treated with concanamycin A (CMA) (Sigma, Milano, Italy} at
concenteations of 1, 10, and 100 nM/L for two hours, or with StClp (Sigma) at
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concentrations of 5, 28, and 50 mMYL for 18 hours, washed twice, and then incubated
with 'Cr-labeled recipient LB for eight hours at E:T ratios of 2(:1, 10:1, aod 35:1.
Shown in Figurc 5 are the results of studies performed with an E: T ratio of 5:1,
demonstrating the effect of CMA (Figure 5A) and SrCl; (Figure 5B) on cytotoxic
activity displayed from LB-directed CLL obtained from the PBMC of recipient PM
(M), the BMC of donor PM (), and the PBMC of donor PM [ @} after three

stimulations.

Thus, LRB-directed cyiotoxicity was inhibited by treatment with either CMA ot SiCl;
(mean inhibition = 87%, Figurc 5). Because these reagents selectively block perforin-

based target lysis it was concluded that target cell Lysis is perforin-dependent.

Throughout this application varions puoblications have been refersnced within
parentheses. The disclosures of these publications in their emtireties are hereby
incorporated by reference in this application in order to moce fully describe the state

of the art to which this invention pertains.

Although the invention bas been described with reference to the disclosed
embodiments, those skilled in the art will rcadily appreciatc that the specific
experiments detailed are only illustrative of the invention, It should be understood
that various modifications can be made without departing from the spirit of the

mvention, Accordingly, the inveattan is Limited only by the claims below.
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T IS CLAIMED IS:

A method of inducing CDE* T cells selectve for a pathologivally aberrant cell
e£x vive, comprsing cantacting an apoplotic patbolugically aberrant cell with &
rixruee aving at least dendiitic cells (DC), €D4™ T celis and CDE™ T
lymphocytes, and colturing said apoptotic pathologically aberraur cell with

sald mixture for sufficient ime 1o generate CDS™ T Iymphocytes (TLY having

antigenic specilicity for said pathologically abertant cell.

The method of Claim I, wherein snid pathologically aberrant cell further
comprises a cell selected from a group consisting of a (umor cell, a cell
infected with a pathological zgent, @ vesicle, a cell from a non-vital organ, a B
cell, cell Jysates, cell fractioos, cell components, and cells producing a

substance that mediates a disease or condition.

The method of Claim 1, further comprising addition of IL-7 to said mixture or

to said culture of apoptotic pathologically sberrant cell and said mixture.

The method of Claim 1, wherein said CD§* TL further comprise muive CDH*
TL.

The method of Claim 1, wherein said DCs forther comprise substuntially
isolated DCs.

The methed of Claim 1, wherein said €D4" T cells further comptise
substantially isolated CD4* T cells.

The method of Clam 1, wherein said CD§* TL further comprize substantially
isolated CD8* TL.
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10.

The methad of Claim 1, further comprising isolating said CD8* TL having
antigenic specificity for and cytelytic activity against said pathologically

aberrant cell.

The method of Claim 1, further comprising culturing said CD&* L having
anbigenic specificity for szid pathologically aberrant cell for twe or more
generations, and isolating CDE* memory TL, sgid CD&* memory TL being
characierized as having the ability o produce CD8 TL huving antigenic
specificity for and cytolytic activity against said pathelogically aberrant cell.

A method of inducing CDS" T lymphocytes (TL} selective for o patbologically

aberrant cell ex vivo, comprising contacting a pathologically aberrant non-B-

cell lgwkemia cell with @ mixture having at least dendrigic cells (DC), CD4* T

cells and CD8* T lymmphocytes, and culturing said pathologically aberrant non-

B-ccll lenkensia cell with said mixzture for sufficicnt time to generate CD8* TL
having anbgenic specificity for said pathologically aberrant non-B-celf
lenkenia cell.

The methed of Claim 10, wherein said pathologically aberrant non-B-cell
leukemia cell further comprises z cell lysate, cell fraction, cell ¢omponent, or a

vesicle,
The method of Claim 10, further conxprising addition of IL-7 to said mixpre
or to said culture of pathelogically aberrant nan-B-cell leukemia cell and said

mixture.

The method of Claim 10, wherein said CD8™ TLL further comprise naive CDE*
L.
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19.

The method of Claim 10, wherein said DCs further comprise substantially
isalated DCs,

The method of Claim 10, whesein said CD4" T cells forther comprise
substantially isolated CD4™ T cells.

The methed of Claim 10, wherein said CD&* TL further comprisc substantially
isoluted CLY8* TL.

The method of Claim 10, further comprising isolating said CD8* TL having
antigenic specificity for and cytolytic activity toward said pathalogically

#berrant non-B-cell levkemia cell.

The method of Claim 10, fucther comprising culturing said CD8* TL having
antigenie speeificity for said pathologically abemant cell for two or more
generations, md isplating CD8Y memory T, said CDE* mermory T1. being
characlerized as having the ability to produce CD8" TL having antigenic

specificity for said pathelogically aberrant non-B-cell leukemia cell.

A method of inducing CD8" T Lyinphocytes (TL) selective for a puthologically

aberrant cell 2x vive, comprising:

a) contacting said patholesically aberrant cell with a first
mixtaee having ai least dendritic cells (DC) and isolated
CIM4* T eells tor sufficient tme to produce DCs
presenting pathologically aberrant cell anfigen;

[)] adding CD8* TL. w produce 4 second mixture; and

<) culturing said second mixture for sufficient time to
generate CD§" TL having aniigenic specificity for said

pathologically aberraot cell.
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20,

21

22.

23.

5.

26.

The methed of Clam 19, wherein said pathologically aberrant cell further
comprises 2 tumor celi, & vesicle, a cell lysate, a cell fraction, a cofl
component, & cell from a vitel or non-vital organ, a B cell, cells producing a
s.uhstance that mediates a discase or condition, or a cell infected with a

pathologicyl sgent.

The methed of Claim 19, farther comprising addition of IL-7 to stop {a), step
(b} or step ().

The wethod of Claim 19, wheren satd CDS' TL forther comprise naive CDE?
TL.

The method of Claim-19, wherein said D/Cs further comprise substantially
iselated DCs.

The method of Claim 19, wherein said CD8* TL further coraprise substantially
isolated CDB* TL.

The method of Claim 19, further comprsing isolating said CD3* TL baving
aptigenic specificity for snd eytolytic activity toward said patheologically

sberrant cell.

The method of Claim 19, further comprising cultuwring said CD8™ TL having
antigenic specificity for said pathologically aberrant ecll for two or more
generations, and isolating CD8* memary TL, said CDB* memory TL being
characterized as having the ability to produce CDE" TL having aniigenic

specificity for said pathologically aberrant cell.
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31

32

A method of inducing CD8™ T lymphocyies (TL) selective for a prihologieully

aberrant cell ex vive, cowprising coniacting an apoptotic pathologically

aberrant cell with a mixture having at least dendritic cells (DC), CD40L or TL-
12 and CD8* TL, and culturing suid apoptotic pathologically uberrant cell with
said mixtre for sofficient time to generate CD3* TL having antigenic
specificity for said pathelogically aberrant cell.

The method of Claim 27, wherein said pathologically aberrant cell further
compiises a tumor eell, a vesicle, a cell lysate, a cell fraction, a cell
compenent, a cell from a vital or non-vital organ, a B eell, eclls producing a
substance that mediates a disease or condition, or a cell infected with a

pathological agent.

The method of Claim 27, further comprising addition of [L-7 te said mixture

or to said cultere of apnptetic patholagically aberrant cell und said mixture.

“The method of Claim 27, whercin said CD8&” TL furither comprise naive CD8*
TL.

The method of Clatmy 27, further comprising substantially purified CD40L, or

a molecule that induces CD40 activation, or IL-12.
The method of Claim 27, further comprising isolating said CD8" TL having

antigenic specificity for and eytelytic activity toward said patholegically

aberrant cell.
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34.

35

6,

37,

39.

A methed of inducing CDE T lymphocytes (TL} selective for a petholagically

aberrant cell gx_vive, comprising contacting a pathologically aberrant non-B-

cell levkewmia cefl with & mixture haviug 2t least dendritic cells (DC), CD40L
or [L-12 and CD8* TL, and culturing said pathologically aberrant non-Becell
lenkemia cedl with sad mixture for sufficient time tq generate CD8Y TL
having andgenic specificity for said pathologically abemrani non-B-cell
leukemia vell.

The method of Claim 33, wherein said pathologically aberrant non-B-cell
leukernia cell further comprises a cell lysate, a cell fraction, a cell component,

2 vesicle ar a cell infected with a pathological agent.

The method of Claim 33, further cemprising addition &f TL-7 to said mixture
or to said cullure of pathologically abercant noo-B-cell lenkemia eell and said

mixture,

‘Ihe method of Claim 33, wherein sapid CT2A* TL furfher comprise naive CD8*
TL.

"The meihod of Cluim 33, further comprising substantially putified CD4UL, or
o molecule that induces CD4D activation or TL-12.

The method of Claim 33, furlber comprising isolating said CD8" TL having
antigenic specificity for and cytolyte activity toward said pathologically
aberrant non-B-cell leukemia cell.

A method of induciog CD8* T lymphocytes (TL) selective for a pathologically

abertant cell ex vivo, comprising:
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40.

41.

42,

43,

4.

a) confacting suid patlologically aberrant cell with a first
ntixture having at least dendrilic cells (DC) and 1L-12
for sufficient iime i¢ preduce DCs  preseniing
patheogically aberrant cell antigen;

by adding CD8" T to produce & second mixture; and

[5] culturing said secend mixtore for sufficient time o
generate CDE* TL having antigenic specificity for said

pathologically aberrant ecll.

The method of Claim 35, wherein said pathologically aberrant cell further
comprises a tumor cell, a vesicle, a2 cell lysate, a ceff fraction, 2 celt
component, a cell from a vital or noa-vital organ, a cell preducing a substance
that mediates a dissase or conditlon, or a cell infected with a patholegical

agent.

The metbod of Claim 39, [usther comprising addition of 1L-7 tw step {a), step
(b) ar step (3.

The method of Claim 39, wherein said CD8* TL further comprise naive CD8*
TL.

The method of Claim 39, farther comprising substantizlly purificd IL-12.
The method of Claim 39, further comprising jsolating said €D8° TL having

antigenic speeiffcity for, and cytolytic activity towsrd said pathologically

aberrant cell.
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46.
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49,
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A methed of inducing CDS* T lymphoeytes (TL} selective for one or more
target antigens ex vivo, comprising contacheg swid oue or more target antigens
with a mixture baving ar least dendritic celis (DC), CD4" T cells, CHEY 1L

and 11,-7, and culturing said one or more target antigens with said mixtyre for
safficient time to senerate CDS' TL having selective immunc reactivicy

towurd said one or more target antigens.

The method of Claim 43, wherein said CD8” TL further comprise naive CL8*
TL.

The method of Claim 45, further comprising substantially isolated cells
selected from the group consistiog of DCs, CD4* T cells and CD8* TL.

The method of Claim 45, further comprising isolating said CD8* TL having

selective immune reactivity toward said ane or more target antigens.

The method of Claim 45, further comprising culturing said CD8* TL having
rolective immunc reactvity for two or more gererations, and isoladng CDR*
memory TL, said CD8™ memory TL being characierized as baving the abilily
to produce CDR™ TL having selective immune reactivity toward said one or

mare targef snbigens.

A method of inducing CD8 T lywmphocytes (TLY selective for one or more
wrget antigens ex vivo, comprising contacting said one or more target antigens
with & rixture having at least dendritic cells (DC), CIMOL or 012, CDET TL

and 1L-7, and culturing said ope or moare iarget anjigens with said mixture for

sufficient time ta generate CDB* TL having selective immune rteactivity

toward said one or more target antigens.
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51

52.

53.

54.

55,

The method of Claim 5¢, wherein said CD8* TL further commprise naive CDE*
TL.

The method of Claim 50, further compnsing subslantially isolated DCs or
CD8* TL.

The method of Claim 50, further comprising substantizily purified CD40L, or

a molecule that foduces CD40 activation, or [L-12.

The method of Claim 50, farther comprising 1solating said CDE™ TL haviog

selective immune reactivity toward said one or miore targst antizens.

A method of identifying an antigen associated with a pathelogically abercant
eell, comprising:

a) weating a pathologically aberrant cell with a
nutagenizing egent to preduce a mutant pepulation of
pathologically aberrant cells;

by contacting sald mutant population of pathologically
aberranl cells with @ oytotoxie T Iymphoeyte (CTL)
selective for said pathelogically aberrant cell to identify
a mutant pathologically aberrant cell that has lost
reactivity with said CTL;

) introducing an expressible population of nucleic acids
coding for a patbologically aberrant cell polypeptides
rato said mutant cel! o produce & population of mutant
cells expressing suid polypeptidss; and

4] identifying a mutani cell expressing a pathologically
aberrant cell polypepiide that restores reactivity with

said CTL reactive for said pathologically abesrant celi
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The method of Claim 335, further comprising isolziing the nucleic acid

encoding said pathologically aberrant cell polypeptide.

A method of identifying 2n aptigen associated with a pathologically aberrant

cell, comprising:

(a)

)

contacting one or more antigens suspected of being
assocfated with a pathologically aberrant cell with a
cytotoxic T lymphocyte {CTL) selective for a
pathologically aberrant ccll expressing said onc or more
entigens; and,

determiring the immunoreactivily of said CTL selective
for a pathelogically abercant cell expressing said one or
more antigens loward said one or raore antigens,
wherein a CTL having selective immusoreactivity for
said one or more antigens characterizes sald one or
more immunorcactive antigens as being associated with

suid pathologically abcirant cell.

A method of treating a patient having 3 disease. mediated by a pathologically

gberrant cell, comprising administering an effective amount of a CDR* T

lymphecyte (TL} having antigenic specificity for or eylolytic activily toward

sald pathologically abecrant cell, said CDB™ TL having selective cytolytic

activity toward said pathologically aberrant cell being produced by the metbod

of Claira 1.
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9.

60.

61.

62

A method of treating a patient haviag a disease mediated by a pathologically
aberramt cell, coroprising adnzinistering an effective amount of a €D§* T
Tymphoeyte (F1) having antigenic specificity for or cytolytic activity toward
said pathologically aberrant cell, said CD&* TL having selective cytolytic
aciivity toward said pathologically abzrrant cell being produced by the method
of Clajm 15.

A method of treafing a patient baving a disease mediated by a pathologically
aberrant cell, comprising administering an effective amount of a CD8" T
lymphocyte (TL} baving antigenic speciticity for or cytolytic activity toward
said pathologically aberrant ocll, said CD®* 'TL having selective cyrolytic
activity toward said pathologically abemant cell beiog produced by the methed
of Claim 27.

A method of treating a patient having a disease mediated by a pathofogically
aberrant cell, comprising administering an cffective amount of 2 CDE* T
Iymphaeyte (TL) having antigenic specificity for ot cytelytc activity toward
said pathologically abervant cell, said CD8* TL having selective cylolytic
activity toward said pathologically aberrant cell being produced by the method
of Claim 39

A method of treating a patient having a discase mediated by a pathologically
aberrant non-B-cell leukemia cell, comprising administering an effective
amount of 2 CDE¥ eytolytic T lymphoeyte (CTL} having cytalytic sefivity
toward said pathologically aberrant non-B-cell lenkercia cell, suid CDE™ CTL
having seleciive cytolytic activity toward sald pathologically aberrant non-E-

cell levkemia cell being produced by the methad of Claim 10.
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a3.

65.

66,

A method of treating a patient having a disease mediated by a pathologreally
aberrant non-B-cell leukemia ell, comprising administering an effeciive
amount of a CD8' cytolytie: T Iymphoeyte (CTL} having eyrolytic activity
toward said pathologically aberrant non-B-cell leukermia cell, said CDE™ CTL
having selective cytolytic activity toward said pathologically aberrant non-B-
cell leukemia cefl bejng produced by the method of Claim 33.

A method of treating 2 patient having a disease mediated by a pathologically
aberrant cell, comprising administering an effective amount of a CD8’
cytelytic T lymphocyte (CTL) having imumune reactivity toward one or more
target antigens associated with said pathologically aberrant cell, said CDE™

CTL having immune reaciivity being produced by the method of Clajm 43.

A method of treating & patient having a disease mediated by & pathologically
aberrant cell, comprising administering an effcctive amount of a CD3*
cytolyn’é T lymphocyte {CTL) having immure reactivity toward one or more
targel antigens associaied with said pathologically aberrant cell, said CDS*

CTL having immunc reactivity being praduced by the methnd of Claim 50.

A method for preparing mature dendsitic eells (DCY in vitro, comprising
sequentially in order or s{multancnusly:
2} contacting immature DC witls an antigen for a
period of time sufficient for the DC (o take-up
the antigen; and
) colturing the DC and the antigen with Ccp4t T
cetls for » period of tme sufficient w induce the

maturation of the DC inte mature DC,
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67.

The method of Claim 66, wherein said antigen is sefected from a group
consisting of a pathologically aberrant cell, a cell lysale, a cel) fraction, z cell
component, a vesicle, a cell from a vital or non-vital organ, & B cell, a cell
producing a sobstance that mediaies 4 disease or condition and a cell infected

with a pathelogical agent.
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