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1
COMPOSITIONS AND METIIODS FOR
ACTIVATION OF NK CELLS KILLING OF
PROSTATE CANCER AND BREAST CANCER
CELLS

PRIORTTY PARAGRAPH

e present application ¢luims priodty to U8, Applica-
tion No. 627555506 filed Sep. 7, 2017, which 1s incorpao-
rated herein by reference in its entirety.

STATEMENT REGARDING FEDHRALLY
FUNIED RESEARCII

None.
RELFERENCT TG SEQUENCE TISTING

‘The instant application contains & Sequence Listing which
has been submitted in ASCI fernat and is hereby incorp-
rated by reference in its entirety. Said ASCT] copy, created
on Sep. 7. 2m7, is named
LTSGPOO0LUS _sequence_listing 1x1 and 15 8.309 byws in

sive.
BACKGROUND OF T INVENTION
AL Vield of the Invention

“The invention generally concems compasitions and meth-
ods for treating concers expressing Lectin-like tunseript 1
(LT, In paricular the composilions andior methods
include an anti-1IT1 antibody that results in the activation
of NK cells.

B. Deseription ol Related Art

Cancer is the secold leading covse of death in the United
States. More than 80% ol the cancer deaths are due 1o
metastasis and relapse afler therapy. Prostate cancer (1)
and Breast Cancer (3¢ are the most common type of canger
diagnesed in American men and women respectively. Con-
ventional therapies such as surgery. chemotherapy and radia-
tion lail 1o prevent metastases. Immunctherapy is safe and
has shown promise ol preventing metastases. Natural Killer
(NK) cells are best suited for immunotherapy because ol
their ability to effectively kill cancer culls.

Current therapy oplions for cancer treatment are tairly
successlul as the overall death rates lor most cancers have
steadily decreased over the last ten years. However, the
major problem with cancer arises vears later, when the
cancer comes back. For many patients. the returm ol cancer
18 accompanied with the cancer’s spread 10 another part ol
the body. Ulimately. the primary cause of mortality in
caneer is melastasis, as the primary tumor accounts for only
10% of deaths. Therapy has clearly inereased the survival
rate alter dizgnosis. but often lbils in the form ot complete
recovery, Thus. the current herapeutic approach w treating,
cuncer has lundamental Maws, Most pharmaceuticals used in
current treatment options target rapidly dividing cells within
the tumor, which are terminally dilferentiated. The problem
wilh current therapies 35 it fsils te address the complexity
which mukes up a tumor and drives its growth. Breast cancer
may matastasize to bones, lung, hiver and brain and at
present there is no cure [or metastatic breast cancer, The use
of herceptin or trastuzunab. (monoclonal autibody against
human epidermal growth lactor receptor 2) has shown some

o

3

>

o
b

4

43

~

w

L

[ihd

2

reduction i metastasts. [Towever, herceptin could be used
only in 20% of breast cancer (her? overexpressing) and
herceptin can increase the risk of congestive heart [ailure.
Therelore. the need for an effective treatment which could
prevent metastasis of breast cancer is highly desirable. OF
the many treatment approaches for recurrent prostate cancer
that o longer responds o hormoaonal agents, the emergence
of mmunotherapy such as immune checkpoint inhibitors
and therapeutic cancer vaccines has revolutionized cancer
treatment.
SUMMARY OF THE INVENTION

Compositions and methods of the current invention pro-
vide o solution w the problems associated with the weatment
of cancers overexpressing the 1LUTT protein, In particular.
mhibition of the expression or interaction of TTT1 expressed
on the surtace of cancer cells con leoad o treatment of the
LLTT expressing cancer cell. By way ol example. the
mvertlors have discovered a process W intubil the Interaction
between LIT1 and CDI61. which results in activation ol
anti-cancer mediators having appropriate activity lo inhibit.
amelioate. or treat eancer in an individual, Without wishing
10 be bound by theory. it is belicved that the use of molecules
or proteins that down repulate or inhibit TLTT results in the
treatment of eancers overexpressing 1T In certain aspects
the anti-LELT treatment can be o small melecyle or nuelvie
aeid that inhibits 1mnscription. translation. or cell surlice
expression of TITT. In other aspects the anti-1.1T1 treat-
ment can be an extracellular polypeptide, such as an anti-
body. that binds and inhibits the function of LLLLL

The inventors have discovered that prostate cancer cells
and breast cancer cells express T surface receplor.
Previewsly. the inventors had shownthat LT is a covnter-
receptor for NK cell inhibitory receptor NKRPTA (C1I161).
Interaction ol 11T on PC and BC cells with CTYLGT on NK
cells inhibits NK cell Killing sctivity, thus allowing eancer
cells 1o escape imnuine survedllance. When the inventors
blocked LIT1-CI161 interaction with anti-LIT1 monoclo-
nal antibody (mAb). NK cells killed PC and 13C cells, Thus.
by blocking the inhibitory signal to NK cells, the inventors
could eliminate PC and B cancer cells.

Certain embodiments are directed  methods for treating
cancer comprising administering an ellective amount of an
anti-11TT therapy. In certain aspects the cancer is prostate
cuncer or breast cancer. [n other aspects the anti-1I1T1
therapy 1s an antibody or antibody Trugment thereot that
binds the exdracellular portion of the TIT1 protein. In
particular aspeets the antibody i1s a human antibody. In a
prefemed aspeet the antibody 15 prodoced by iybridoma 215
and 3Gl as described herein. In certain aspects the anti-
TITL therapy 15 used In combmation with an ellecuve
amount ol second anti-cancer therapy. In certain aspects the
caneer is premalignant. malignant. metastatic. andfor drug-
resislant,

In certain aspeets the anti-I 111 therapy is administered
ahout 10203040560 7. 8.9, or 10 hours or days prior o
administration ol a second therapy. In a further aspect the
antl-1IT] therapy is administered simultaneously with a
soecond anti-cancer therapy. Tn cortain aspeets the anti-1.1T1
therapy and a second therapeutic agent sre present in the
surme phanmaceutical [ormulation. The phurmaceutical for-
mulations can be administered at approximutely the sume
time. In cortain aspects the anti-I U1 therapy 1s a mono-
clonal antibody that specifically binds o LITL protein
expressed on o target cell andior blocks the binding of o
CDIUGL protein o TLTL
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As used herein. an “inhibilor” can be any chemical
compound, peplide. or polypeptide that can redoce the
mteraction. hinding. sctivity or lunelion of a prodein, Ao
inhibitor as provided by the invention. for example. can
inhibit directly or indirectly the activity ol'a LLTL protein or
interaction thereot with an interacting protem. Direct mhi-
bitiun ¢con be uccomplished. lor example. by binding w a
LI pratein und thereby preventing the protein from bind-
ing an inlended tarpet, such as a receplor. or by whibiting an
enzyimatic or other activity of the protein. vither competi-
tvely, oon-competitively. or uncompetitively. Indirect inhi-
bition ¢an be accomplished. for example. by binding o a
protein’s intended torget. sueh as a receplor or hinding
pariner, thereby blocking or reducing activity of the protein:
or alternatively. inhibiting the expression or presentation ol
1111 on the cells surface.

"The phrases “treating cancer™ and “treaunent ol cancer™
mean 1o decrease, reduce, or inhibit the replication of caneer

cells; decre.

ascsy of cancer: decrease lumar size: decrease the
number of tmers (e, reduce umor burden): lessen or
reduce the number of caneerous cells in the body: prevent
recurrence of cancer afler surgical removal or other ant-

cancer therapies: or ameliorate or alleviate the symptoms ol 2

the discase caused by the cancer.

Other embodiments of the nvention are  discussed
throughout this application. Any cmbodiment discussed with
respeet o one aspeet of the invention applies to other aspects
of the invention as well and vice versa. Fach embodiment
deseribed herein s understood 0 be embodiments of the
invention that are applicable 1o all aspects of (he invention.
Itis contemplated that any embodiment discussed herein can

bu implemented with respect 1o any method vr composition

of the invention. and viee versa.

The use of the word “a" ur “an” when used in conjunction
with the term “comprising™ m the claims andfor the speci-
lleaton may mean “one.” bot 1 s alse consistem with the
“al least one,” and “one or more

meaning ol “one or mare,”
than one.”

‘The term “about™ or “approximately™ are delined as being
close (o as understaod by vne of ordinary skill in the art. In
one non-limiting emboadiment the terms are delined to bhe
within 10%. preferably within 3%, more preferably within
1%. and must preferably within 0.5%.

T term “substantially™ and Us variations are delined w
include ranges within 10%, within 53%. within 1%, or within
0.3%.

The term “efllective” as that tem is used in the specifi-
cation andfor claims. means adequate to accomplish a
desired. expected. or intended result.

he vse of the 1erm “or™ i the claims is used 1w mean
“andfor™ vnless explicitly indicated w0 reter w0 allernamtives
only or the alternatives are mutually exelusive. although the
disclosure supports a definition that refers 10 only allerna-
tves and “andfor”

As used in this specilication and claim(s). the words
“comprising” (and any lorm ol comprising. such as “com-
prise” and “comprises™), “having” fand any Toem ol having,
such as “have”™ and “has™), “including” (and any iorm of
including, such as “includes™ and “include™) or “containing™
(und any form of containing. such as “contains”™ and “con-
i) are inclusive or epen-ended and do not exclude
additional. wnrecited clements or methed steps.

e compositions and wethods of making and vsing the
same of (the present invention can “comprise,” “consist

¢, reduce or mhibit the spread (lommation ol >

b

s

w

Y

4
essertlially of.” or “consist ol particular ingredients, coni-
ponents. blends, method steps, cte.. disclosed throughout the
speification.

Other objects. featres and advantages of the proesent
invention will become apparent from the tollowing detailed
description. It should he understood. however. that the
detailed description and the spedcific examples, while indi-
caling specific embodiments of the invention. are given by
way of lustration only, since various changes and modifi-
cations within the spirit and scope ol the invention will
become apparent 1 thase skilled in the art from this detailed
description,

BRIEF DESCRIPTTON OF

B DRAWINGS

The following drawings for part of the present speeifl-
cation and arc included o further demonstrale certain
aspects ol the present invention. e invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of the specilica-
tion embadiments presented herein.

The patent or application file contains ot least one drowing
excewted in color Copies of this patent or patent application
publication with celor drawing(s) will be provided by the
Office npon request and payment ot the necessa

FFIGE. LA-C. Human prostate cancer cells express TTT1L
(A) mRNA expression of 11T on prostate cuncer cell lines
PCADUT4S, LNCal 22Rvl. normal prostale cell PWR-114
and Jurkat {1 cell line) was determined by qRT-PCR.TLTI
expression was determined by using 11T sequence specific
primers und Tagman gene expression assays inan Eppendor(
Realplex2 Mastereveler. Reaclions woere done in 20 ul
triplicales using the AACTT method. with Glyceraldehyde-3-
phosphate dehyvdrogenase (GADPIIY s the reference gene,
Fach bar represents o meunzs.e. of three independent experi-
ments. (J3) I TT1 protein cxpression was analyzed by West-
eri blotting in a panel of prostate cancer cell lines including
leukemic Jurkat cells. GAPDIT was used as o loading
control. {C) A bar graph showing densitometric analysis of
1.LT1 prowin expression nermalized w GAPDIL Hach bar
represents the meanzs.e. ol three independent experiments.

FIGS. 2A-10 Prostate cancer cell lines display increased
cell surlice expression of LT {A-F) Surlace expression off
TITL on prostate cancer cells DUT4S INCal, PC3 and
22Rv 1. normal prostate cell PWR-11% and Jurkat {1 cell line)
was detennined by How cytometry using mouse anti-lnnman
LITT mAb (clone #215) and o PE cenjugated goat anti-
mouse [pG palyelonal secondary antibody. An isotype con-
trol antibody (mlgdil-Pli mAb) (R&1D) Systems. Minneapo-
Iis. Minn.) was used as negative control. Dotted histogram
represents isotype contral (mlglil-PE mAb) staining, and
lilled histopram shows LT expression, MEFIR s (he mean
Muerescence mntensily rtio.

116G 3. Prostate cancer cells overexpress [T oo the cell
surface as compared o intracellular LITTT expression in
normal prostate eells. Normal prostate cells, PWR-118 and
metastatic prostate cancer cells. PC3 were lixed. blocked.
and incubated with mouse anti-human .11 antibody with
or without permeabilization. followed by anti-mouse Alexa
488 secondary antibody (preen). DNA was countersiained
with DADPT (hlue). The slides were examined using 1. SM 510
Metu conlieal microscope system,

I'IG. 4. Prostate cancer tissues show numerous infiltrating
Ivmphocytes. Formalin-fixed and paralfin-embedded pros-
tate caneer (A C) and normal prostate tssues (3. 1))
oblained  from National Disease Resewrch  Interchange
{NDRIY were seetioned by standard micrownmy procedures

;e
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and wore stained with Thoematoxylin and Fosim (T1&12)
stains. The seetions were imaged at 20x and 40x magnifi-
cations. Arrows indicate infihrating ymphocytes,

FIG, 5. Prostate cancer tissues show increased expression
of 1.ITT as compared 0 normal prostate tissues. The depar-
affinized prostate cancer (AL C) and normal prostate nssue
(B 1) sections were processed [or antigen retrieval and
stained with LITL Ab (mouse anti-human CLECZ2ID Ab.
Lilespan Biosciences. Scattle, Wash.y and counter stained
with anti-Mouse-lpG-Tivlipght 594 Ab (red). Sections were
also stulned with the nuclear stain DAPL (Blue) indicuted by
the blue stain and imaged onan Qlympus AX70 fluorescent
micrascope. Merged images of TLTL Ah and DAPD are
shown, LT expression is indicated by the red/pink stain.
The sections were Imaged at 20> and 100 magnilications,

FIGE, 6A-H, 131091\111" LLTT on prostate cancer cells
enhances NK cell-mediated lyvsis ol prostate cancer cells.
The eell sorface expression of 1LIT1 on o panel of prostate
caneer (A-12) and normal prostate (B) cells was blocked

cither with @ mouse anti-human LIT1L mAb (LI} or 2

meuse Tg(rl isotype mnlrnl mAb (cAb) and substquunllv
lubeled with radiosctive ’Cr, The labeled cells were ineu-
bated with primary NK cells lrom a healthy individual and
the cytolytic activity was determined by the standard 4 hr
radioactive *'Cr release assay at an Filector o target (197)
ratins of 25:10 5:1 and 110 Assavs were perlormed in
triplicates and the resulls are representative ol two indepen-
dent experiments. Lach daty peint is the mean value of the
repeated experiments and the error bars refer 1o the means
51 generated from the two independent as
-test was used W compare cytotuxicily of pomary NK cells
apainst prostate cancer cells blocked with LUTT mAb and
the cells Incubated with Isutype control Ab (mouse Tatrl).
005 #F, =l 0] F5%, p=(005),

l [GS TA-COLI T s txpu.sstd on breast caneer cells and

mhibit NK mediated killing. (A RT-PCR amplilication ol

LUTT mRNA [rom breast cancer eells. SKBR3. MIDA23]
and MCE7: (B) FACS analvsis of LITT expression on
MCI'7 breast cancer cells: Ilstogram — ant-human LIT1
with PH conjugated seeondary amti-mouse TeG 1z Clear [is-
togram  PIb conjugaled anti-mouse  secondary antibody
only: (€°) Blocking of L.ITL with anti-T.I T1 mAb increased
killing of MCL7 ¢ells by lreshly iselated human NX cells,

FIGS. BA-B. Flow cytometry analysis demonstrating
inhibition of cell surface expression of TITT on Prostate
Cuncer cells DULAS by LT specific siIRNAL (A} LI
expression on U145 eclls withouwt sIRNA treatment. Sur-
tace expression of 11T on IDU145 cells was determined by
Now cytometry using mouse anti-shuman TT.T1 mAb (clone
#215) and @ PE conjugated goat anti-mause 1gl polyelonal
secondary antibody. (B) LITT expression on DUL45 cells
alter sSIRNA treatment. All DUL4S samples were analyzed
by flow cvtomelry analysis 96 hours afier translection.
DPoned histogram represents isotype control (mlgtil-Plé

mAb) staining and filled histogram shows LT T1 expression. 55

MI'TR Is the mean fluoreseence intensity ratio.
FIG 9 Tncrensed Killing of LITT speeific siIRNA reated

DUIL4S cells by NK cells. The cell surlice expression ol

LI on DUL4S cells was downregulated by sIRNA treat-
ment and subsequently labeled with madioactive 'Cr. The
Iabeled cells were incubated with primary NK cells from a
healthy individual and the eytelytic activity was determined
by the stundard 4 hr radivactive 7' release assay at an
Lftector to target (19777 ratios of 25:10 511 and 111, Assays
were perfonmed in tiplicates and the error bars refer 1o the
wwints S0 generated from the dplicaws. Student™s t-est
was used 1o compare cyloloxicity of primary NK cells
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agaltst witrecated DUT4S cells and the LLTT siRNA wreated.
DUL4S cells. (*. p<D.05: *2 p<0.005}

FIGS. 10A-B. Flow cytomelry analysis demonstrating
inhibition ol cell surface expression ol LIT1 on Breast
Cancer cells MDA-MDB 231 cells by LT speeilic siRNAL
(AYLLT expression on MIXA-MB 231 cells without siRNA
treatment. Surface expression of T on MIDDA-MB 231
cells way determined by Low cylomelry using mouse unti-
human LITT mAb (elone #21:5) and a Pl conjugated gouat
anti-monse Tp€i polyclonal secondary antibody. (B T.1T1
expression on MDA-MB 231 affer sIRNA treatment. All
MDA-MB 231 samples were analysed by llow cylometry
analysis 96 hours aller wanslection. Dotted histogram rep-
resents sotype control (mle(il-PlmAb) staining and lilled
listegram shows 1LUTT expression. MEIR 1s the mean [luo-
resecnee inlensity ratio.

IFIG. 1 Increased killing of LIT1 speeific siRN A reated
MDA-MB 231 cells by NK cells. The cell surfaee expres-
sion of LT on MIDA-MB 231 cells was downregulated by
SIRNA treaunent and subsequently Tabeled with radioactive
e The labeled cells were incubated with primary NK
cells from a healihy individual and the cvtolylic activity was
determined by the standard 4 hr radicactive *'Cr release
assay utlan Lillector o arget (1T ratios ol 25:1. 5:1 and 1:1.
Assays woere performed in triplicates and the error bars reler
1w the means 81 penerated from the wiplicates. Swdent’s
t=test was used W compare cytotoxicity of primary NK cells
against unireated MIDA-MI3 2371 cells and the LETT siRNA
treated MIDA-MB 231, (¥, p<f).05; *%_ p=0.003).

FIG. 120 LITT translected K562 cells binding to TLT1
mAb clone 2155, LU timstected K562 with soype 1gG1
{empty), TTT] translected K362 with TITT mAb clone 285
(lilled).

IIG. 13, LT wanslected K562 cells binding to 1I111
mAb clone 3G LT ranstected K362 with isotype [eG2a
{cmpty). LLTT translected K362 with 11T1T mAb clone 3(:1
{lilled).

FIG, 14, Prostate cancer cells 1U145 binding w [IT1
mAb clone 2115, Prostate cancer cells U145 with isotype
IpG L fempty ) Progtate cancer cells DULAS with LTI mAb
clome 2155 (lilled ).

FIG. 15, Prostate cancer eells U143 binding to T17T1
mAb ¢lone 3G L. Prostate cancer eells DUTAS with isotype
TpGi2a (empty). Prostate cancer cells U145 with 1171
mAb clone 31 (filled).

LIGS, 16A-13. ll’]p]i. nugative breast cancer cell lines
display o higher expression ul LLTL at the cell surlace thun
normal breast cells. {A) Cell surface expression ol TLTT on
TNBC cell nes MDAMB-231 and MIDA-MB-436 and
nen-tomorigenie breast cell Tine MO TOA was determined
by How cytometry analysis. Dotled lines represents cells
statned with sotype control IgG1-PEantubodics and selid
lhine represents cells stained with ami-LETT-PE antibodies.
(13) Median fluorescence intensity ratios (MUTRs) and per-
centage oleells displaying positive expression ol LIT1 from
3 independent experiments were averaged. * p=0.05 & *¥
P01 One-way ANOVA with Dunnett’s muliple compari-
sons post-hoe,

I'IG. 17, Triple-negative breast cancer cells expressed
LI at the cell surlace. Triple-negative breast cancer cells
MDA-MB231 and MIYA-MB-436 were fixed. blocked with
human e fragment. and stained with anti-human LT7T1-PL
antibudy, The cells were examined with o Zeiss 1.SM 510
Confecal Laster Microscope at 40x ohjective, Scale bar 15 10

.

I'IG. 18, Ann-1L1 LT antibody dose-dependent treatment
ot TNBC MIDA-MI3-231 demonsteates enhanced killing by
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primary NK cells. TNBC cell Tine MDA-MIB-231 was
treated with either anti-hunman T.UTT antibodies (el or
Isotype contro] antibodies. MDA-MI3-221 cells were treated
with anti-LITT antbodies at four diflerent concentrations.
There is greatest lysis of TNBCs when treated with anti-
LITT antibodies at 1 per well eompared o other con-
centrations and isotype 1 contrel {p 008, student paired
=test). Cells were Tabeled with *'Cr and then were co-
incubated with primary NK cells isolated [rom PBMCs
derived from whole blood ol healthy volunteers at elfector-
to-turget ralivs (NK-10-5000 TNBCs) of 251, 510 and 101
tor 3.5 hours. Specific lysis of labeled cells was subse-
quently quattificd and caleulated. This assay was performed
in triplicates and error bars indicate standard deviations.

FIGS, 19A-C, Blocking LUTT on thple-negative breast
cancer cells increased lysis of TNI3Cs by NK cells. AL B CL
Blocking LTI at the cell surlace of TNBC cell lines
MIA-MB-231 and MI>A-MB-436 enhanced lysis of these
cells by primary NK cells, MCP10A. MDA-MB-231. and

MDA-MB-436 were blocked with anti-human LITT anti- 2

bodics (al.I'TL in legend) or pout IpGoisetype control
antibodies (sotype control i legend). Cells were labeled
with *'Crand then were co-incubated with primary NK cells
at effector-to-target (1571 ratios ol 25:1. 5:1. and 1:1 for 3.5

hours. Specilic lysis of cells was subsequently guantified.

These assays were performed in triplicates and error bars
indicate standurd deviations. * p=0.05 & ** p<0.01. Student
puired (-lest compared 1o isolype control,

FIGS. 20A-B. Knockdown of 111 at the cell surface of
triple-negative breast cancer cells inereased lysis of TNBCs
by NK cells. (AY TNBC cell line MIDDA-MB-4306 was trans-
tected lora peried of 63 hours with scramble sIRNA control
or sIRNA wrgeting TLTL gene. Knockdown of LT at the
cell surtace of MIDA-MB-436 was confirmed by flow
evtometry which displayved negligible expression of 1L at
the cell surlace (MIIR=1.00). MFIR is median {luorescence
mntensity ratio. (B) Translected MIIA-MI3-436 cells with
confirmed. LITT knockdown at the cell surface were labeled
with ™' and co-incubated with primary NK cells at 171
rutivs ol 23:10 5:1. and 111 lor 3.5 hours. Specilic lysis of
transfected MTIA-MB-436 cells killed by NK cells was
quantified, This ussay was perlonned in (riplicates and eror
burs represent standard deviations. p 0.07 at 25:1 ratio.
Student paired 1-test compared to sotype control.

DISTAILED DESCRIPTION O THE
INVENTION

Prostate cancer is the most cammon type of cancer
diwgnesed and the second leading cause of cancer-related
death in American men. Natural Killer (NK) cells are the
lirst Line ol defense against cancer and infections. NK cell
tunction is regulated by o delicate balance between signals
received throvgh activating and inhibitory receptors. Previ-
ously. the inventors  identified  Lectin-like  transeript-1
(LLTIOCILACLEC21)) as a counter-receptor for the NK
cell inhibitory receptor NKRPIA (CT2161). [nleraction of
LT expressed on larget cells with NKRIPLA inhibits NK
cell activation. In the study described herein. (he inventors
have tound that LT was overexpressed on prostate cancer
cell Hnes (D145, TNCaP 22Rv 1 and PC3) and in primary
prostate cancer Ussues beth a1 the mBNA and protein level,
I'he inventors lurther showed that LITL s retained introc-
ellularly in normal prostate cells with minimal cell surface
expression, Blocking LI interaction with NKRIPLA by
anti-LIEL T mAb on prostate cancer eells ereased the NK-
mediated eytotoxicity of prostate cancer cells. The results
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mdicate that prostate cancer cells may evade Immune attack
by NK cells by expressing 1111 to Inhibit NK cell-mediated
eviolytic  activity  through LITI-NKRPLA  interaction.
Blocking 1.IT1-NKRP1IA Interaction will make prostate
cancer cells susceptible o killing, by NK eells and therefore
may be a new therapemic option lor treatmen of prostate
caneer or breast cancer.

Ihe theropeutic methods encompassed by the present
invention involve primury (umors or cancers. as well as
metastases. Ay an example, a method lorinhibiting or killing
cuneer cells comprises administering 1o o patient one or
more ¢f the monoclonal antibudies having specilicity Tor the
cancer cells (LI expressing cancer cells), or a hinding
fragment thereofl, as described above, under conditions
suticient tor the binding of the monoclonal wntbody. or
binding lragment. to tmeor or caneer cells in the patdent, The
binding ol antibodies, or their binding [ragments, o the
tumer eells of cancer cells ixhoces the inhibiting or killing
of the cells by the patient’s inmune cells. Certuin methods
empley the antibodies or their binding lragments without
mudification, relying on the binding of the antibodies 1o the
surlace ol the cancer cells in sitn o stimulate and induce an
immune response and attack by avtologous immune eells
thereon.

The anti-I1 T antibody deseribed berein can be nsed to
kill breast eancer and prostate cancer cells by NK cells.
Immunetherapy using moenoclonal antibody (mAb) has
shown suceess against several type of cancers, The mechu-
nisim ol killing of tumor cells by NK cells 15 based on NK
calls recognizing the Fe repion ol mAb bound o the eancer
celland getting activated (called ADCC-atibody dependent
cell mediated cytotoxicity). The anti-LITL mAb will act-
vate NK cells in two dillerent ways (i3 by blocking LTI -
COLGL imeraction. it will activate NK cells tor killing
(natural eytotoxicity). mudfor (i) the e region of LLT1 mAb
will be recognized by D16 on NK cells and activate
ADCC, The inventor™s previous anti-CS1 mAb (llotuzumab
or Bmpliciti by BMS) activates natural eytoonicity and
ADCC by NK cells and has proven a breakthrough drug
against multiple mycloma. The inventors believe ant-1.1T1
mAb will have advantages over other mAb that are currently
in use against Breast cancer (Tlerceptind or Prostate cancer
{amli-PSA mAb). Morcover, inti-1L11TT mAb ¢ould be used
apamst her? negative B0

Prostate cancer (PC) is the most frequently diagnosed
cuncer and the secand leading cause of concer-related death
in Americon men |1]. Although. the majority ol patients are
treated successlully with radical prostatectomy or radiation
therapy. approximately 30-40% ol paticnts will ultimately
develop recurrent discase | 2], Apart from the hallmarks of
cancer that enable cancer cells 10 become tumorigenic and
ultimately malignant, an increasing bady of research sug-
gests that there is active evasion by cancer cells [rom attack
and elimination by immune cells [3]. Of the many treatinent
approaches lor recurrent prostale cancer that no longer
responds (o hormonal agents. the emergenee ol immuno-
therapy such as imumune checkpoint imhibitors and therapeu-
tic cancer vaccines has revolutionized cancer treatment | 4].
Prostate cancer is an excellent wmor taget lor immone-
based therapies as it has an indelent disease course, which
allows the immune system 1o generate a1 immune response.
In addition. prostate specific antipen (PEA} allows for detec-
tion of discase when the cuncer is al the micro-metastatic
level. allowing for small volumes ol discase 10 be treated.

Nutural Killer (NK) cells are bone marmrow derived lym-
phoeytes that play important role against cuncer aud various
infections |5-7]). NK cells have the capacity (o kill virns-
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mbected or tumor-translormed cells and to produce immu-
noregulatory cytokines without the need of prior sensitiz-
tion of their targets [8]. NK cells express several surface
melecules that regulate NK eell function both positively and
negatively and that it s the sum of these signals that
ultimately determines cell fnetion and activation [3. 9-11].
WK cells are major producers ol cytokines including inter-
leron (I'N)=y. tumor necrosis Tctor (INEF)-o und granolo-
eyle-macrophuge-colony stimuliting factors (GM-CSE) and
interlenkin (11.3-3 [ 12]. Several eytokines such as 1122, 11 .4,
[1-7. 1120 1PNy, and 1Nes and various drugs such us
tamexifen. toremifene and levamisole, have been used either
dircetly to the patent or culred with lymphekine-activated
killer {T.AK) cells in attenipts 10 halt and reverse various
tumor growthy [13-17] These stodies have been met with
mixed sueeess. A 1l-vear follow-up picneering study in
human population reported that a low degree of NK cell
evtetoxicity was correlated with nereased cancer sk | 18]
Recently, it was reported that NK eell receptors could be

potential predictive biomarkers to stratly patients who are 2

likely 1o have longer castration response in metastatic pros-
tate concer patients | 19).

[ectin-like transeript 1 (LITL, gene CLEC2DY) or osteo-
clast inhibitory lectin (OCIL) is a type I ransmembrane
receptor helonging o the C-tvpe lectin like (CT1) snper-
tamily ol natural killer cell receprors (200 21]. TITT s
expressed mainly on activated lymphocytes (NK eells, |
cells. 13 cells) und antgen presenting cells. e macrophuges
and dendritic cells [22]. LT was identified as a physi-
ological ligand of NKRPLA, the sole deseribed representa-
tive of the human NKR-PL subtumily (CD161. gene
KIRB1Y[23. 24|, Six alternalively spliced transcripts of the
CLEC2D gene have been identilied. with isolorm | (coding
tor L1T1) being the only one able to interaet with NKRI'LA
|25] It is well established that interuction between NKRI' LA
o NK eells and 117T1 on target cells leads to nhibition ol
NK cell mediated evtetexic response |23, 24, 26] and
contributes 10 NK sell-wlerance in a similar way 1o the
orthologous rodent NKR-P1B-Clr-b receptor-ligand  pair
|27. 28] Cross-linking of LI T on NK cells by a monoclo-
nal antibody induces inlerleron gamma secretion by NK
cells involving the ERK signaling pathway |21, 29]. It hax
been shown (hat human glioblastoma exploits this mecha-
nism by the upregolation of the surface expression of 1111
w escape the immunological response [30]. On the other
hund. LITT is upreguluted in response 1o both microbial and
viral stimuli. ind stimulation of NKR-P1-expressing ' cells
promeles their activation, prolileration and eviokine seere-
tion |22, 31, 32 LIT1 was also lound to be expressed by
cells of the monoevie/macrophage lincage  theumatoid
arthritis (RA) patients and serum levels of soluble TIT1
were increased inall patient groups {paticnts with early- and
late-stage RA. seropositive arthralgia and spondyloarthropa-
thy) when compared o healthy subjects [33

In the study deseribed herein. the inventors observed
1.L1T expression on honmone-refractory prostate cancer cell
hoes U435, PC3. 22Rv]. hoemoene-sensitive LNCal cells
normal prostate cells PWR-11: and acute 1 leukemia cell
Jurkat both at the mRNA and protein level. All the prostate
cancer lines showed high expression ol TTTT hoth at mRNA
and protein level. Interestingly, the inventors showed that
LI is retained intracellularly In normal prostate cells with
minimal cell surfoce expression whereas it is highly over-
exprossed on the cell surtace of PC3 eells. Tligh expression
of LITT was alsa observed in tissues obluined from prostate
cuneer patients. Hocking LIT1 on prostate caneer eells by
anti-human T.LTT mAb inereased the NK-mediated eyotox-
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wcity of prostate cancer cells. The inventors suggest that
Blaocking LITT-NKRPIA interaction will make prostae
caneer cells susceptible 1o killing by NK cells and therefore
may be o new therapeutic option [or treatment of prostate
CUNCCT.
A Ani-LETT Compositions

Ami-LITT composition can include molecules. nucleic
acids. and/or polypeptides that inhibil or reduce the cell
surlace expression andfor activity of LLTL In certain
aspects  the anti-I 1T composition  includes  inhibitory
nuelele acids andior anti-1L T antibodies.

The term “antibudy™ or “immunoglobulin™ 15 used to
include intact antibodies and binding lragmentsfscgments
thereof, Typically, fragments compete with the intact anti-
body Irom which they were derived tor spectfic binding to
an antigen. Fragments inelude separawe heavy chuins., light
chains. I'ab, I'ab' F{ab"y2. Fabe. and I'v. Fragments/scgments
are produced by recombinant DNA techniques. or by eniy-
matic or chemical separation of imact Immuoncglebuolins.
The term “antibody™ also includes one or more Inmunoe-
globulin chaing that are chemically conjugated to, or
expressed as. fusion proteins with other proneins. The term
“antibody™ alse includes bispecilic antibodies. A bispeeifie
or bifunctional antibady is an artilicial hybrid antibody
having two dillerent heavy/light chain pairs and two diller-
ent hinding sites. Bispecilic antibodies can be produced by
a variety of methods ineluding fusion of hybrdomas or
linking of Fab' [agments, See. e.g. Songsivilai and 1ach-
mann, (e Fxp Dasoered 79:315-21, 1990: Kostelny ot al.,
I Immunol. 148:1547-53, 1992,

The term “isolated™ can reler @ o nueleie aeid or poly-
peptide that 15 substantially tree of cellular material. bacte-
rial material, viral material, or culture medium (when pro-
dueed by recombinant DNA echniques) of their souree of
orgin. or chemical precursors or other chemicals (when
chemically synthesized). Moreover, an solated compound
refers 10 one that ean be administered 0 g subject as an
isolated compound: in other words. the compound may et
simply be considered “isolated™ i1t 1s adhered to o column
or cmbedded inoan agorose gel. Moreover, an “isolated
nueleic acid tragment” or “isolated peptide™ is a oncleic acid
or protein lragment that is not natorally oceurring as a
fragment andfor is not typically in the functional state,

“Antibody™ relers 1o all isotypes of immunoglobualing
el TeAd Tglil TeM, and [pY) including various manomeric
and polymere forms of ecach isotype. unless otherwise
specified,

“l'unctional fragments™ ot such antibodics comprise par-
tions of inlact antibodies that retain binding specilicity of the
parent antibody molecule, For example. functicnal frag-
ments can comprise al least the CDRs ol ecither the heavy
chain andfor light chain varable region. Functional lrag-
ments can also comprise the heavy chain or light chain
varlable region. or sequences that are substantially sinular to
the heavy or light chain variable region. Vurther suitable
funetional Iragments include. without limitation. antibodies
with multiple epliope specificity. bispecilic antibodies. dia-
bodies. and single-chain molecules. as well as Fab. 1(ab")2.
L'd. Fube. and v molecules, single chain (Se) antibodies
{also called ScFv) individual antibody light chains, indi-
vidual antibody beavy chains, chimeric lusions between
antibody ¢hamns and other molecules. heavy chain monoe-
mers or dimers. light chain monomers or dimers. dimers
consisting of one heavy and one light chain. and the like, All
antibudy isotypes con be used o produce tunctional frag-
ments of the antibodies described hereln, Punctional frag-
ments can be recombinanty or synthetically produced.
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‘The antibodies or functional {ragments thereol of the
disclosed subject matter can be gencrated {rom any species.
The antibodies or (unetional [ragments thereof described
herein can be labeled or otherwise conjugated 1o various
chemical or biomolecule moictics (hetervlogous moicties),
tor example. for therapautic or diagnestic or detection or
reatment applications. The meieties can be cytotoxic. lor
example. bucterial 1oxins. viral woxins. radiolsotopes. and the
like. The moieties can be detectable labels, lor example.
Nuarescent labels, radiolabels. biotin, and the like, which are
known in the wt,

“The antibody or functional Trigment con be lubeled with
Nuorophoeres, There are o wide variety of Nuerophore Libels
that can usetully be attached 10 the antibodies of the present
invention. Lor fow eyvtometric applicutions. buth for extra-
cellular detection and for intracellulur detection. commoen
uselul fuorophores con be fuoreseein  isothiocyanate
(FITCY. allophyeacyanin (AIMC), R-phycoervthrin (PLL
peridinin chlorophyll protein (PeeC'P). Texas Red, Cy3, Cy3,
Nuorescence resonance energy tandem Huorophores such as
PerCPCys. 5. PE-Cy5. PE-CyS.5, PE-Cy7. PE-Texas Red.
and APC-Cy7. Gther fluorophores include., inter alin, Alexa
Fluork 350, Alexa FluorR 488, Alexa 25 Fluork 532, Alexa
Fluork 5346, Alexa Fluork 368, Alexa Fluork 594, Alexa
Tk 647 {monoclonal antibody labeling kits available
from  Molecular Probes, Inc. Eogene. Ores.,
BODIPY dyes. such as BODIPY 4937303, BODIFY F1.
BODIPY  RoG. BODIPY  330/550. BODIPY  TMR.
BODIPY 538/568. BODRIPY 338/568, BODIPY 564/570,
BODIPY  576/389. BODIPY 3815591, BODIPY TR,
BODIPY 630:030. BODIPY 630/063. Cascade Blue, Cas-
cude Yellow. Dansyl. lissamine rhodumine 13, Marina Blue,
Oregon Green 488, Oregon Green 514, Pacifle Blue, rhod-
amine 60, rhodamine green. rhodamine red. tetramethyl-
rhodamine. Texas Red {availuble from Molecular Probes.
Ine.. Lugene. Oreg. USA) and CvZo Cy3. Cy3.5. Cys,
Cy5.5. Cy7. all of which are also uselul for {luor
labeling the antibodies ol the present invention, For sceand-
ary detection using labeled avidin, streptavidin, coptavidin
or nentravidin the antibodies of the present nvention cun
uselully be labeled with biotin, When the antibodies of the
present invention are used. c.g.. for western blotling appli-
cutions. they can uselully be labeled with radivisotopes.
such as 331 321 358, 3H. and 1251 As unother exumple.
when the antibodies of the present invention are used lur
radinimmuinetherapy. the label can usefully be 3HL 228Th,
227Ac. 225A¢. 223Ra. 213134, 212Ph. 212134, 211 AL 203Ph,
1940s, 188Re. 186Re. 1538m, 1497Th, 1311 1251, 111In,
T03RK, 99mTe, 97Ru, 90V, 908k, 88Y, 728¢, 6700, or 475%¢.

“Derived rom” ean mean a polypeptide resuliing Trom
methods of derdvation. “Detived from™ includes the use of
algorithms for designing and testing antibody binding. cre-
ating o functionally equivalent antibody or lragment thereol’
that retains the binding andfor specificity of the parent
antibody, “Derived rom™ contemplates the use of antibodies
Laving  substantiolly  similar aming acld or nucleatide
sequences (at least or about 80, 85,90, 95, 98, 949% identical.
including all values and ranges there between) (o a parent
antibody. such as 213 or 3G1 mAb,

The  antibodies  and  functional — [ragments  thereol’
deseribed herein bind lectin-like transeript 1 (LLLT). anino

acid sequence of 81Q 1Y NO: 1L LT 3s expressed on the

surface of activated immune eells. such as B. 1. NK. and
dendritic cells. but is absent from resting, naive cells. The
receplor for LITT 1 CIM6L. also known as NKRPLA.
CD161 s tound on NK cells and eltector/memaory T cells. In
I cells. the CI61 receptor [unctions as o co-stimulator of
TCR signaling. whereas in NK eells CD161 08 a eyviotoxieiy
imhibitory receptor that restricts killing of cells expressing,
the CTX61-ligand. 1.1

USA)
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An Mant-II1TT antibody” described herein binds LITI
and inhibits C161 Inhibiton of NK cell activity. An
“anti-LI T antibody™ includes the 2E5 or 3G1 mAb. an
antibody comprising o light chain variable region of 2155 or
301 and a heavy chuin variable reglon 215 or 341 An
“anti-1 1T antihody™ includes an antibody comprising a
Tight chain variable region and/or o heavy chain varable
region. An “and-LIUTT wtibedy™ con comprise the CDRs
dentificd hercin. An “anu-lLIT antibedy™ includes an

" antibody comprising 1 heavy chain variable region of 2105 or

3G 1L or the complementarity-determiniog regions (CDRs)
identificd therein,

Heawy chain variakle region geguence of 2ES

(SFQ TN NO: 2}
EVQLROSGADLYEPGAS VELSCTASGFN I KDTYMHNY 1 QRPEQGLDWIGR
IDPANGHTHNYDPEFRAKATITADTSSNIAYLOLS SLTSDOTAYV VY CAGHMD
YHFDFWCQOGTTLTVSS,

with CDRL, 2 and 2 being

[SEQ ID MO: 2;
GFNIFDTY,

(SEQ ID NO: 4}
IDPANGHT
and

[SEQ ID NO: 5;
AGMDYHFD, respectively
Light chain wvariable region seguence of 2ES

(SEQ ID NO: &;

DIVMTREPATLEV TPEDRYELECRABOE T SDYLHWYQOQKSHESPRLLIKY
AL OETanTPERFEGEGSCELRTLATNEVEPEDVOVFYCCHCHEFPLTRCA
GTELELRR

with CDR1, 2 and 2 being

(SEQ ID NO: 7}
QSISDhY,

(SEQ ID WO: 8}
TAS
and

(SEQ ID NO: 2}
QHGHSFPL, respectively
Heawy chain variable region sequence of 331

(SREQ TD WO 10}

EVOLOECPELVKPCAS VK ISCHASCYSFTCNYMEWVEC SPENSLEWICE
INIETGYISYNQRFKGEATLTVDES S S TATMOLKELTSEESAV VY CTREN
THGQGTLVTVER,

with CORL, 2 and 3 being

(SEQ ID HO: 1.}
GYSRTONY,

{SEQ ID RO 1o}
INIRTGY
and

(SEQ ID NO: 13;
TRSAY, Tespectively.
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-continued
Light c¢hain variable region gequence of 3G1
(SEQ 1D NG: 14!
DIKMTRSPSSMY TSLGERV TI TCKASQDIKSYLEWFQQEPGESEPKTLIYR
AMRLCDOVPSRVEGSCSS0DY SLTIGELEY EDMUWY CLOQYARFPRTRCCC
TKLEIRR

with CDRL, z and 2 being
[SEQ ID WO: 15;
QOIKEY,

(SEQ 1D NWG: 1&;

RANM
and

[SEQ 1D RO: 17
LOYREFPRT, Tespectively

The antibodies or functional [rapments thereol described
herein have binding aflinities (in M) for LT that inelude
a dissociation constant (K12) ol less than 11072 Tn some
embodiments. (e KID is less than 1x 107 [ other embodi-
ments. the K1Y is Tess than 1107, In some embodiments.
the K12 is less than 1x1077, In stil] other embodiments, (he
KI7 is less than 11077 25 107" 3 LV, 41077, 5x 107",
6x107% T 107% 8x 107", or 9107 In other embodiments.

the K12 35 less than 11077, 21077, or 31077, 2x1077.

31077, 1077, 5x1077 61077 TxI07T, 8x1077, or :

9x1077. In vther embodiments. the KT is less than 1x107%
2x107%, 3107 41072 3x 1077 6x107% Tx107" 8x107"
or Ox107% In other embodiments. the K1) iy less thun
11077, 21077, 31077, 4% 1077, 521077, 6x 1077, 71077,
8x107%, or Ux107°, Tn other embodiments. the K17 is less
than L1077 2 107 3107 2510717 31071 1D
Sx1077Y, G107 TR 070, 8107 or 91077 In still
other embodiments, the K12 s Tess than 110771 2107,
310700 4x107L SxI0TL 6x10THL 71070 Bkl
95107 107", 1x 107" 1107, or 1x107%,

“The terms “"treating” or “treatment™ refer to any success or
indicia ol success in the attenuation or amelivration ol a
pathology or condition. including any objective or subjee-
tive parameter such as abatement. remission, diminishing of
symploms. or making the pathology or condition more
tolerable 1o the patient. slowing in the rate o progression.
improving a subject’s physical or mental well-being. or
prolemging the length of survival, The treatment or amelie-
ration of symptoms can he based on objective or subjective
parameters, including the results of a physical examination,
neurologieal examination. and/or psychiatric evaluations,

“Elective amount”™  and “twerapeutically  ellective
amount” are used interchangeably and refer to an amount o
an antibody or lunctional fragment thereol that achicves a
particular biological or therapeutic result such as. but
limited to. the biological or therapeutic results disclosed or
described herein, A therapeatically cffective amount of the
antibody or finctional fragment thereol may vary according,
1o fuctors such as the disease state, age. sex. and weight of
the individual. and the ability of the antibody or {unctienal
Iragment thereof to eliclt a desired response in the indi-
vidual, Such results may include. bt are not limited to. the
treatment of cancer, as determined by any means suitable in
the art,

The term “providing” is wsed according 1o its ordinary
meaning “to supply or furnish for wse™ In some embodi-
ments. the protein s provided dircetly by sdministering, the
prowein. while in other embodiments. the protein is eftee-
tively provided by administering a nucleic acid that encodes
the prowin. In certain aspects the invention contemplates
colpusitions comprising various combinations of nocleic
acid and/or polypeptides:
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The phrase “specifically binds™ or “specifically inunu-
noreactive™ to a target relers to a hinding reaction that is
determinative of the presence of the molecule in the pres-
ence ol a heterogencous population of other biologics. Thus,
under designated immuneassay conditions. a specilicd mol-
ectle hinds preterentially 1o a particular target and does not
bind ina significant amount 1o other biologics present in the
sumple. Specific binding of an antibody o a target under
sueh conditions requires the antibody be selected tor its
speaificity W the target. A varety ol immunoassay formats
may be used e select antibodies speeificully immunoreac-
tive with o particular protein. For example. solid-phase
ELISA immunoassays are routinely used to select monoclo-
nal antibodies specifically immuonoreactive with a protein.
See. e, Harlow and Lane. Antibodies: A Luboratory
Manual. Cold Spring Llurbor Press. 1988, for a deseription
of immuneassay formats and conditions that can be used o
determine speeifle inmunoreactivity,

The teom “metastasis™ reters 10 the spread ol cancer cells
from its original sile 0 another part of the body. The
formation ol melastasis 15 o very complex process and
depends on detachnient of malignant cells from the primary
tumer. invasion of the exteacellular matrix. penetration ol
the endothelial basement membrancs o enler the body
cavity and vessels, and then, afier being teansported by the
Blood. infilieaion of tarpet organs. Finally, the arowth ol a
new lumar al e arget site depends on anglogenesis, Tumor
metastasis oflen oceurs even alter the removal of the pri-
mary tumor because fumor cells or components may remain
and develop metastatic potential. In one embodiment, the
tenn “netustasis” according e the invention relaes to
“distant metastasis” which relates o a metastasis which is
remole (rom the primary (umor and the regional lymph node
system. The cells ol o secondary or metastatie wmwor are
derfvied from cells in the origingl tumeor. This means., or
example. that. i ovarian cancer metastasizes to the liver, the
secondary umor is made up of abnormal ovarian eells, not
of abnormal liver cells. The wmor in the liver is then called
meltastatic ovarian cancer. not liver cancer.

Ihe term “antbody™ relers to a protein comprising at least
two heavy (1) chains and two light (1.} chains infer-con-
nected by disullide bonds, or an antigen boding portion
thereof, The term “antibody™ alse includes all recombinant
forms of antibodies as deseribed herein, cp. antibodies
expressed in prokarvotes, unglycosylated antibodies. and
any antigen-binding antibody [rugments and derivatives as
described herein. Fach heavy chain is compnised of o heavy
chain varahle region (abbreviated herein as V) and a heavy
cham constant region. liach lipght chain 15 comprised of a
Iight chain variable region (abbreviated herein as V) and a
light chain constant region. The %, and V', replons can be
further subdivided e regions ol hypervariability. termed
complementarity determining repions (CDR). interspersed
with regions that are more conserved. termed [ramework
regions (FR). Hach VW, and ¥, is composed of three CDRs
and lour Rs, aranged (fom amino-lerminus (o carboxy-
terminus in the ollowing order PR CDRIL. FR2. CTIR2.
IR3. CDR3. FR4. The variable regions ol the heavy and
Tight chains contain a binding domain that interacts with an
antigen. The constant reglons ol the antihodies may mediate
the binding of the immunoglobulin to host tissues or factors,
including varivws ¢ells of the immune system (e.g.. ellector
cells) andd the first component (C1g) ol the classical comple-
ment system.

I'he werm *human antibody™. as used herein. is intended to
include antibodies having vadable aud constant regions
ved from unan germ line immunoglobulin sequences.
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Tluman antibodies are well-known 11 the state ol the art (van
Dijk. M. AL and van de Winkel. 1. G.. Curr Opln. Chens,
Biot 5 (20017 368-374). Human antibodies can also bhe
produced in transgenic animals (e.g.. mice) that are capable.
upon immuniation. o producing a {ull repertoire or a
selection of hunan antibodies in the absence of endogenos
immunoglebulin production. Transter ol the human germ-
Tine immunoglobulin gene array in such perm-line mutant
mice will resull in thwe production of human antibedics upon
antipen challenpge (see. e.p. Jakobovits, AL etal., Proc. Nad.
Acad. Sei. USA 90 (1993) 2551-2555: Jukobovits. AL ctal..
Natwre 302 (1993) 255-258: Bruggemann, M.. et al.. Year
Tmerunod. T (1993) 33-40) Human antibodies can also he
produced in phage display libraries (Tloogenboon. T1 R
and Winter. <G, Mod. Bied 227 (1992 381-388: Mark
Do oetall S Mol Biof 222 (1991) 581-397), The wechniques
of Cole ot al. and Bocrner ¢t al. are also available for the
preparation of human monoelenal antibodies (Cole o al.
Monoclonal Autibudies and Cancer Therapr. Alan R, Liss.
p. 77 (1983): and Boerner. P etal. /L fninanod 147 (1991)
R6-95).

The term “humanized antibody™ refers 0 a molecnle
having an antigen binding site that is derived from an
immunoglobulin [rom a non-human species. wherein the
remaining  immunoglobulin stmetare ot the molecule is
based upon the strueture andfor sequence of a human
immunoglobulin, ‘The antigen binding site muy either com-
prise complete vaduble domaing fused onlo constint
domains or anly the complementarity determining regions
{COR) gralted onto appropriate human [ramework regions
in the variable dumains. Antigen binding sites may be
wild-type or modilied by one or more amino acid substitu-
tions. c.g. moditied o resemble human immunoglobulins
more closely. Some foans of humanized antbodies preserve
all CDR sequences (lor example 3 humanized moeose anti-
body which contains all six CDRs from the mouse anti-
body ). (ther [orms have one or more CDRs whieh are
altered with respect to the orginal antibody,

‘The tenn “chimeric antibody™ refers to those antibodies
wherein one portion ol each ol the amino acid sequences ol
heavy and hglt chains s identical 1o corresponding
sequences in antibodies derived from a particular species or
belonging, w a particular class. while the remaining sepment
ofthe chain is related to corresponding sequences ol another
species or class. Typleally the variable reglon of both light
and heavy chains minics the varlable regions of antibodies
derived from one species ol manmals. while the constit
portions are derived from other antibodics. (Gne clear advan-
tage o such chimeric forms is that the varable region can
conveniently be dertved from presently known sources using
readily available 13-cells or hybridomas Irom non-human
hostorganisms w combination with constant reglons derived
from. [or example. human cell preparations, While the
variable region has the advamage of case of preparation and
the specificity is not alleeted by the source, the constnt
region being human. is less likely o elicit an immune
response [rom a human subject when the antibodies are
injected. [lowever the delinition is not limited o this par-
ticular example.

The term “antigen-hinding portion™ ol an antibody (or
simply “binding portion™), as used herein. relers w one or
more frugments of an antibody that retain the ability o
specifically bind 1o o target. It has been shown that the
binding lunction of an antibody can be performed by g
ments of o full-length antibody. xamples of binding frag-
wments encompassed within the wn “binding portion”™ el an
amtibody include (i) Fab fragments, monovalent fragments

o

o
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consisting ol the V. V. €, and O, domains: (i) 1"(ab’) 2
fragments. bivalent {rgments comprising two lab {rag-
ments linked by a disulfide bridge o the hinge region: (1di)
I'd fragments consisting of the V', and C; domains: {iv) I'v
fragments consisting ol the ¥, and V,; domains ol a single
arm of an antibody. (v) dAb fragments (Ward et al.. (1989)
Natere 331:5344-46). which consist of a ¥V, domain: {vi)
isoluted complementarity determining regions (CDR). and
{vil) combinations ol two or mere isolaited CRs which muy
optionally be juined by a synthetic linker. Turthermaore,
although the two domains of the Iy frugment. vV, and V.
are coded for by separate genes, they can be joined. using
recombinant methods, by a synthetic linker that enables
them 1o he made as a single protein chain in which the Vv,
and Vy; reglons pair o form monovalem melecules (known
as single choin Iy (selv): see eg.. Bird etal. (1988) Sefence
242:423-26; and TTuston ¢t al. (J9RK) PNAS LS4 RS: 5879-
#3). Buch single ¢hain wntibodies are also intended 10 be
encompassed within the term “hinding portion™ ol an ani-
Body. A lurther example Is binding-domain immunoglobulin
fusion proteins comprising (i} a binding domain polypeptide
that is tused to an immuooglobulin hinge region polypep-
tide. (ii) an immonoglobulin heavy chain CH2 constant
repion [used to the hinge region. and (iil) an immunoglobu-
lin henvy chain CTI3 constant region fused to the CTI2
constant region. The hinding domain polypeptide can he a
heavy chuln variable region or a light chain variable region,

I'he tenn “epitope” means a pretein determinant capable
af binding to an antibody, wherein the term “hinding™ herein
prelerably relates 1o a speeitic binding. Lpitopes usually
cunsist of chemically active surfuce groupings ol molecules
such as amine acids or supar side chains and usually have
specific three dimensional structural characteristics. as well
as specific charge characteristios, Confommational and non-
conformational epitopes are distinguished in that the binding
10 the lormer but not the laller 1s lost in the presence of
denaturing solvents.

The term “discentinnous epitope™ as used hereln. meuns
a conformational epitope on a protein anligen which is
lormed from at least two separale regions in (he primary
sequence of the protein.

The term “hispecific melecule™ is intended to include any
agent. ¢.p.. u protein. peptide. or pretein or peplide complex.
which has two ditferent hinding specificities. For example,
the molecule may bind 1o, or interact with (a) a cell surtace
antigen. und () an Fe receptor on the suriuce of an etfector
cell The wrm “mulispecilic molecule™ or “heterospecilic
molecule™ is inlended to include any agent, e.g., a protein,
peptide. or protein or peptide complex, which has more than
twa ditterent binding, specilicities. For example. the mol-
ceule may bind (o, or interact with (a) a cell surlace antigen,
(b} an Fe receptor on the surlace of an cftector cell. and (¢}
at least one other component. Accordingly. the invenuon
ineludes. but is not limited 1o, bispecific. trispecilic. tetraspe-
cilie, and other multispecilic moelecules. The term “bispecific
antibodies™ alse includes diabodies. Diabodics are bivalent,
bispecitic antibodics in which the V,, and V', domains are
expressed on o single polypeptide chain. but using a linker
that s oo short w allow for pairing between the two
domains on the same chain, thereby forcing the domains o
pair with complementary domains ol ancther chain and
creating two antigen binding sites (see. Tolliger ot al. {1993)
PNAY G84 90: 6444-48: Poljuk e al. (1994) Strucewre
2:1121-23).

Lhe invention alse includes dedvatives of the antibudies
described herein which for the purposes ol the mvention are
encompassed by (he term “antibody.™ The term “antibody
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dertvatives” refers to any modilied form of an antibody, c.g.
a conjugate ¢l (he antibody and another agent or antibody.

Asx used herein, the e “heteroantibodies™ relers to two
or moere antibodies, derivatives thereol, or antigen binding
regions linked together. at least two of which have diflerent
specificities. These dillerent spealficities include a hinding
specificity {or an e receptor on an effector cell. and o
binding specilicity for an antigen or epitope o o turget cell.
e tumer cell.

"The antibodies deseribed herein may be human antibod-
ies, The term “human antibody.™ a5 used herein. 1s intended
o melude amibodies having vardable and constant regions
derived from human immuoneglobulin sequences.

“The term “rmuonoclonal antibody™ as used herein refers wo
g preparation of antibody molecules of single wolecular
compuosition. A monoclonal antibody displays a single bind-
mg speeilicity and alfinity {or o particular epitepe. In one
embaodiment. the monoclonal antibodies are produced by a
hybridoma which inclodes a 13 cell obtained trom a non-
human animal, e.g. mouse, {used W an immenalized cell,

The term “recombinant antibody.” as used  hercin,
includes all antibodies that are prepared. expressed. created
or isolated by recombinant means. such as (1) antibodies
isoluted from an animal (e.g.. 2 mouse) that is ransgenic or
transchromosomal - with respeet to the immunoglobulin
genes or a hybridoma prepared theretiom. (b) antibodies
isoluted [rom o host cell translormed 1o express e untibody,
() vtibodies jsoluted from o recombinant. combinatorial
antibody lihrary, and (d) antibodies prepared. expressed.
created or isolated by any ather means that invelve splicing
of mmuneglobulin gene  sequences 0 other DNA
Sequences.

“The term “binding™ according to the invention relates 1o
a specilic binding, “Specific binding™ means that an agent
such as an antibody binds stronger 0 a (predetermined)
target such as an antigen oran cpitope for which it is specific
compared 1o the binding to another larget. An agent binds
stronger (o a fiest target compared 10 g second target it it
binds ta the first target with a dissociation constan (K1)
which ix lower than the dissociation constant (or the second
target. In certain aspects the dissociation constant (K1) lor
the target 1o which the agent binds specifically is more than
10-fild. preferably more than 20-fold. more preferably more
than 50-16ld. even more preferably more than 100-1bld,
200-Ibld, S00-fold ar 1000-feld lower than the dissociation
comstant (K1) for the target to which the agent does not bind
specificolly. Lyvpieally. the antibody binds with an aflinity
corresponding 1o a KI2ofabout 1x1077 NTor less, and binds
to the predetermined antigen with an aflinity corresponding,
ta o K1Y that 1s at Teast two orders of magnitude lower than
s allinity {or binding, to a nen-specific antigen (g, B354,
cusein) other than the predetermined antigen or a closely-
related antigen.

Ay used herein. “isvmtype™ relers 10 the antibody class
(e Ieh or [pG L) hat 1s encoded by heavy chain constant
Teglon gencs.

As used herein. “isotype switching™ relers tothe phenom-
enon by which the class. or Isotype. ol an antibody changes
Irom one g class 10 one of the other Ly classes.

‘The teaching given herein with respect 1o specific amino
acid sequences, e.p. those shown in the sequence listing, ix
o be construed se as to also relate 1o modilications of the
specific sequences resulting in sequences which are {une-
tionally equivalent o the specifie sequences, ¢.g. amino
acid sequences exhibiting properties identical ur similar o
those of the specific amine wid sequences, Sinlarity. the
teaching given herein with respect o specific antibodies or

o
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hybridomas producing specific antibodies 1s 1o be constried
s0 4y 1o alse relate w antibodies charncterized by an amine
acid sequence andfor nuelele acid sequence which 1s modi-
fied compared te the amine acid sequence andf/or nucleic
acid sequence of the specilic antibodies but being (unction-
ally equivalent. One imporant property is w retain binding
of an antibody 1o s target or Lo sustain effector [unctions ol
an antibody. Preferably. u sequence modilied with respect to
a gpecilic sequenee. when it replices the speeific sequence
in an antibody retains binding of said antibody 10 11711 and
preferubly functions as deseribed herein,

It will be appreciated by those skilled in the an that in
particular the sequences of the CDR. hypervariabkle and
variable regions can he moditicd withowm losing the shility o
bind 11T, For example. CDR regions will be enther iden-
ticul or highly homelvgous 1o the regions ol antibodies
specified herein, By “highly homolegous™ it is contemplated
that from 1 1o 5. prelerably rom 1o 4. such as 1 to 3or 1
or 2 substinitions may be made in the CDRs. [naddition. the
hypervariable and variable regions may be medilied so that
they show substantial homelogy with the regions of anti-
badies specilically disclosed herein.

Funbermore. it may be desired aceording 1o the present
invention W modify the amino acid sequences deseribed
herein, in particular those of human heavy chain eonstant
regions to adapt the sequence 1o a desived allotype.

Accarding the invenlion. the term “correspunding posi-
tions™ relates o amino weld residues which in o sequence
alignment of two protein sequences are aligned to each
other According to the invention, a variant, derivative,
maodified form or fragment ol an amino acid sequence or
peptide preterably has a functional property of the amine
acid sequence or peptide. respectively. from which it has
been derived. Such tunetional properties comprise the inter-
aetion with or binding 10 other molecules. In one embodi-
ment. o variant, derivative, moditied form or (ragment ol an
amine weid sequense or peptide is immunologieally equiva-
Jemt 1o the aming acid sequence or peptide. respectively.
from which it has been derived.

Lor the purposes of the present invention, “variants” ol an
amine acid sequence comprise amine acid nsertion variants,
aming acid deletion varants and/or amino acid sobstitution
variants. Preferably the degree of similarity. preflerably
identity between o speeific amino acid sequence and an
arnine acid sequence which s modified with respect 1o or
which is a variant o said specilic amine acid sequence such
as between mmine weid sequences showing substantial
homalogy will be at least 70%, 80%, 90%, 93%, 96%. 97%,
Y8% or 99%. In certain embodiments, the depree of simi-
Tarity or identity is given lor the entire length of the
reference amine acid sequence such as the anuine acid
sequences piven n the sequence lsting, or optionally over
a specific sepment of & polypeptide.

“Sequence similarily™ indicates the percentage of anino
acids that either are identical or that represent conservative
amine acid substilutions. “Sequence identity”™ between two
polypeptide or nucleie acid sequences indicates the percent-
age of amino wcids or nueleotides that are identical belween
the sequences.

The “percentage identity™ is oblained afler the best align-
ment, this percentage heing purely statistical and the diller-
ences between the two sequences being distributed run-
domly and over their entire length. Sequence comparisons
herween two nueleotide or amine acid sequences are cot-
ventionally carmed out by comparing these sequences atter
laving aligned them optiwally. said comparison being cur-
ried out by scgment or by “window ol comparison” in order
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to wentily and compare local reglons of sequence similarity.
The optimal alignment of the sequences lor comparison may
be produced. besides manvally. by means of the local
homology algorithm of Smith and Waterman. 1981, Ads
App. Math. 2. 482, by meuns of the local homology alge-
rithm of Neddleman and Wunsch, 1970, J. Mol. Biol. 48.
443, by means ol the similarity search method of Pearson
and Lipman. 1988, Proc. Nail. Acad. Sei. USA 85, 2444, or
by meuns of computer programs which use these algorithms
AR BESTETT, PASTA, BLAST P BLAST N and
TEASTA In Wisconsin CGrenetics Software Package. Geneties
Computer Group, 575 Science Drive. Madison, Wis.). The
percentage identity 1s caleulated by determining the number
of identical positions between the two sequences being
compared. dividing this number by the number of pousitions
compared and multiplying the result obtained by 100 so ay
to obtain the percentage tity between these two
SCQUENCEs.

“Conservative substitutions.” may be made. for instanee.
on the basis ol similarity in polarity. charge. solubility,
hydrophobicity.  hydrophilicity. andior the amphipathic
nature of the residues involved. LFor example: (a) nonpolar
(hydrophobic) amine aeids include alanine. levcine. isoleu-
cine. vuline. proline. phenylalanine. tryptophan. and methio-
nine: (hy polar nentral aming acids include plyeine, serine,
threonine, cysteine. tyrosine. asparagine. and shitamine: {¢)
positively charged (basic) amino acids include arginine,
Tysine. and histidine: and {d) negatively charged (ueidie)
amino acids include aspartic acid and plutamic acid. Suhb-
stitntions typically may be made within proups (a)-(d). In
addition. glycine and proline may be substituted for one
another based on their ability 1o disrupt ce-helices. Some
prelerred substitutions may be made among (the following
groups: (1) 5 and 13 G1) Pand Geoand ()AL V Land 1 Given
the known genetic code. and recombinant and svnthetic
DNA technigues. (he skilled seientist readily can construct
DNAs encoding the conservative umino acid varjants.

“Reduce”™ or “inlubit™ as used herein means the abilny 1o
cause an overall decrease, prelerably of 5% or preater. 10%
or preater. 20% or grealer. more preferably of 30%

Y or
greater, and most preferably of 75% or greater. in the level.
e.g in the level of proliferation of cells.

3. Production of Antibodies

Antihadies ol the invention can be produced by a variery
of technigues. including conventional monaclonal antibody
methodology. ey the standard somatic cell hybridization
technique of Kobler ind Milstein. Nature 256 495 (1975),
Although somatic cell hybridization procedures are pre-
terred, in principle. other eehniques tor producing, mono-
clonal antibodies can be employed. ¢g.. viral or oncogenic
translommation ol B-lymphocyles or phage display lech-
niques using libraries of antibody genes.

Ihe preferred animal system tor preparing hvbridomas
that secrete monoclonal antibodies is the murine
Tlybridema production in the mouse is a very well estab-
lished procedure. IImmunization protocols and wehniques
tor iselaton of immunized splenoeytes for [usion are knewin
in the art. Fusion partners (¢.g.. murine mycloma cells) and
lusien procedures are also known, Other preferred animal
systents for preparing hybridomas that seerele monoclonal
antibodies are the rat and the rabbit system (e.p. . described
in Spicker-Polet et ol PALS TLS.4 92,0348 (1995)).

Yet another strategy lor generating monoclonal antibodics
is o directly {solate penes encoding antibodies from lym-
phocyles producing untibodies. ey, see Bubcock et ul.
19962 A novel strategy Lor genwrating monoclondl antibodies

trom single. isolated lymphocyles producing antibodies ol
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delined strategy. For details of recombinant antibody cngi-
neering see also Welschot and Kraus., Recombinant antibod-
ies Lor cancer therapy 18BN-0-89603-918-8 and Beonny K.
. Lo Antibody Hngincering [SBN 1-38829-092-1.

Immunizations.

Tor generate antibedies o LT T mice can be immunized
with carrier-conjugated peptides derived from the 111
sequence, Alternatively, mice can be immunized with DNA
enceding [ull length human LITT (eg.. SEQ 1Y NO: 1) or
frapments thereof. The immunne response can be monitored
wver 1he course ol the immunizaton protocel with plasma
and serum samples being obtained by tail vein or retroorbital
bleeds, Mice with sullicient titers of anti-ILUTT immuno-
elobulin can be used for fusions. Mice can be hoosted
intrapertonealy or intravenously with LT expressing cells
vs belore saerifice and removal ol the sploen W inerease
the rate of speeific antibody scereting hybridomes.

Generation of Hybrdomas Producing Moooclonal Anti-
bodies.

To generate hybridomas producing moenoclonal anlibod-
ies o LI splenocytes and lymph nede cells from immu-
nized mice can be isolated and [used 1o an appropriate
immaortalized cell line, such as o mouse myveloma cell line.
The resulting hybridomas can then be sereened for the
production of antigen-specitic antibodies. Individual wells
can then be sereened by LI TSA Tor antibody seereting
hybridomas. By lmmunolluvrescence and FACS analysis
using [11] expressing cells. antibodies with specificity [or
1171 be identified. The antibody seereting. hybridomas
can be replated. sereened apain, and il sull positive Tor
anti-11 1] monoclenal antibodies can be subcloned by lim-
iting dilution. The stable subclones can then be cnltured in
vitro te generade antibody in tissue culture medium for
characterization,

Isolation and Characterization of Anmibodies.

To purify anti-1 1T antibodics, selected hybridomas can
be grown in wo-liter spinner-tlasks for monoclonal anti-
body purification. Alternatvely. anti-1.LTT antibodies can be
produced in dialysis based bioreactors. Supernatants can be
filtered and. il necessary. concentrated betore aflinity chro-
matography with protein G-sepharose or protein A-sephar-
ose. Fluted [gG can be checked by gel electrophoresis and
high performance liguid chromatography 0 ensure purity.
The buller solution can be exchanged inta PRS, and the
concemtration can be determined by OD2RO using 1.43
extinction coethicient. 'The monoclonal antibodies can be
aliquoted and stored o1 —80¥ O

Isotype Determination.

To determine the isotype ol purilied antihodies, isotype
ELISAs with various commereta] kits (e.g.. Zymed. Roche
Diagnosties) can be performed. Wells of microtiter plates
can be coaled with anti-mouse [g. Alier blocking. the plates
are reacted with monoelonal amibodies or porilied isotype
controls, a1 ambient temperature tor two hours, The wells
can then be reacted with cither mouse 1gG 1. [pG2a. 1gG2b
or 1p(53. [gA or mouse [pM-specilic peroxidase-conjugated
probes, Alter washing. the plates can be developed with
AITS substrate (1 mp/mly and analyzed at O of 405-630.
Allernatively. the IsoSwip Mouse Monoclonal Antibody
Isotyping Kit (Roche, Cat. No. 1493027y may be used as
described by the manutacturer.

. Immunocomjugates

In wnother aspect. an anti-LIT'T antibody can be conju-
pated 1o a therapeutic moiety or agent. such as a eytotoxin,
a drug (e.g. an immunosuppressant) ar a radieisotope. Such
conjugates are relerred 1w hereln as “nununoconjugates.”
Immunoconjugates which include one or more cytotoxing
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are relerred © as “ummunoloxing.” A cvioeloxin or cylotoxlc
agent Includes any agent that is detrimenal o and. in
particular. kills cells. Examples include taxol. evtochalasio
13, pramicidin 13, cthidium bromide, emetine. mitomyein,
ctoposide, tenoposide, vineristine, vinblastine, colchicin,
doxombicin. dawnoribicine  dihydroxy  anthracin  dione.
mitoxantrone. mithcamyein. actinomycin 1. 1-dehvdrotes-
tosterone. glucocorticoids. procaine. letrucaine. lidocaine.
propranclel. and puromyein and analogs or homolops
thereol” Suitable therapeutic apgents for forming immuno-
cunjugates ol the invention include. but are not limited 1o,
antimetabolites (e.g..  metholrexute.  S-mercaptopurine.
G-thivguanine, cytarahine, Qudarabin, 3-flucrouraci] decar-
bazine). alkylating agents fe.g., mechlorethamine, thioepa
chlorombucil. melphalan. cormustine (138NU) wd lomus-
tine (CONL). evelophosphamide, busulfan. dibromomenni-
tol. streptovatocing mitemyein C. and cis-dichlerodiamine
platinum (11 (1) cisplating. antlracyclines (e.g.. dauno-
rubicin (formerly daunomyein) and doxombicin). antibiotics
(e.g.. dactinomyein (formerly actinomycin), bleomyein,
mithramycin, and anthramycin (AMC) and anti-mitotic
apents (e, vincristine and vinblastine). In a preterred
enbodiment. the therapeutic agent is a evitoloxic agent or a
rudiotoxic agent. In mnother embuodiment. the therapeutic
agent s an immnnosuppressant. In vet another embodiment,
the therapemtic agent is (GM-CS1. In o preferred embuodi-
ment, the therapeutic agent iy doxorubicin. eisplatin, bleo-
mycin. sulfae, carmuostine. chlerambucil. cyclophosph-
amide or fcin A,

Antibodies of the present mvention alse can be conju-
gated 0 o rudiolsotope. ez, lodine-131. yitnum-90 or
indium-111. to penerate cyvtotoxic radiopharmacenticals [or
treating cancer. The antibody conjugates of the invention can
be used o modify a given biologicul response. und the drug
mevety s not w ke construed as limited 1o classical chemical
therapeutic agents. For example, the drug moeiety may be a
protein or polypeptide possessing a desired biologieal aetiv-
v, Such profeins may Include. for example, an enzymi-
cally active toxin. or active [ragment thereol. such as abrin,
ricin A, psendomonas exoloxin. or diphtheria toxin: a pro-
tein such as tumor necrosis Tactor or interleron—y: o, bio-
logical response modifiers such as, for example. lymphok-
ines. interleukin-l o (U= interleukin-2 (M11.-27).
interlenkin-f (“I1-6™), granuloeyte macrophage colony
stimulating factor (“GM-C3E), aranulocyte eolony stimu-
Tating lactor (*G-CSET). or other prowth fuctors,

13, Pharmaceutica] Compositions

In ancther aspect. the present invention provides a com-
position, ¢.g.. a pharmacculical composition, containing one
ar g combination of antibodies of the present invention. 1The
pharmaccutical compositions may be formulated with phar-
macentically acceptable carriers or diluents as well as any
other known adjuvants and exeipients in accordance with
conventinmal techniques such as those disclosed in Reming-
ton: The Science and Practice ol Pharmacy. 191h Tdition,
id.. Mack Publishing Co.. Paston, Pa. 1995, In

Ciennaro.

one enhodiment. the compositions inelude a combination of

multiple (eg.. two or more) isolated antibodies of the
invention which acl by dillerent mechanisms. c.g. one
antibody which predominately acts by inducing CDC in
combination with another antibody which predominately
acts by indueing apoptosis.

Pharmeaceatical compositions of the invention also can be
administered in combination therapy. ic.. combined with
other agents. Fur example. the combination therapy can
inelude a composition of the present invention with s least
otie anti-inflanmatory agent or at least one immunosuppres-
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sive agent. Tn one embodiment such therapeutic agents
include one or more ant-inflammatory agents. such as a
steroddal drog or o NSAID (nossteroidal anti-inflammatory
drug). Preferred agents inelude. for cxample. aspirin and
other salicylates. Cox-2 inhibitors. such as rofecoxib (Vi-
oxx) and celecoxib (Celebrex). NSAIDs such as ihuproten
{Muotrin. Advil). fenoprofen (Nalfon). naproxen (Naprosyn).
sulindue  (Clinoril).  diclolenue  (Voltaren).  piroxicam
(leldene). ketoprofen (Orudis). dillunisal (Dolobid). nubu-
metone (Relafen), etodolac (1odine), oxaprozin (Daypro),
and indomethucin {lndocin).

In smother embodiment. such therapeutic agems include
apetits leading o the depletion or functional inactivation ol
regulatory T cells like low dese cyclophosphamid. ami-
CTLA4 mtibodies. anti-I1.2 or anti-11.2-receptor antibodies,

In yet another embodiment. such therapeutie agents
melude one or more chemotherapeutics. such as Taxol
derivatives. taxotere, pemettabin, S-Flusroracil. doxorubicin
(Adriamycin). cisplatin (Platinel). cyelophosphamide (Cy-
toxan. Procytox. Neosary, [n another embodiment. antibod-
ies ol the present invention may be administered in combi-
nation with chemotherapeutic agents, which prelerably
show therapentic ellicacy in patients soflfering (rom breast.
Tung. gastric. prostate. and/or ovarian cancer. or other cancer
types.

In yet another embodiment, the antibodies of the inven-
tion may be administered in conjunction with radiotherapy
andéor autologeus perpheral stem el or bone mamow
transplantation.

In still another embodiment, the antibodies of the nven-
tien1 may be administered in combinution with ene or more
antibodies selected from anti-C1I25 antboedics, anti-1]*-
CAM antibodies. anti-EGEFR, anti-Her2/neu. and anti-C140
antibodies,

As used herein, “pharmacentically acceptable carrier™
meludes any and all solvents, dispersion media, coalings,
antiboeterial and antifongal agents, isotonic and absorption
delaving agemts. and the like that are physiclogically com-
patible. Preferably. the carrier is sultable lor intravenous,
intramuscular. subcutanecous. parenteral. spinal or epidennal
administration {e.g.. by ijection or inlosion). Depending on
the rouwe of administration. the active compound. ¢.g..
antibody. bispecilic and mullispecific molecule. may be
coated ina material to protect the compound from the action
of acids and other natural conditions that may inactivate the
compound.

A compuesition of the present invention can be adminis-
tered by a variety ol methods known i the art. As will he
appreciated by the skilled artisan. the route and/ar mode ol
adninistration will vary depending upon the desired results.
The active compounds can be prepared with carniers that
will protect the compeund against rapid release. such as a
controlled release formulation. incloding implants. transder-
mal patches, and microencapsolated delivery systems, 13o-
degradable. blocompatible polymers can be used. such as
cthylene vinyl acctate. pulyanhydrides. palyglycolic acid,
collagen. polyorhoesters. and polylactie acid. Methods for
the preparation ol such formulations are generally known o
those skilled 1 the art, See. e.g.. Sustained und Controlled
Release Dyrug Delivery Systems, 1. R, Robinson. ed., Marcel
Dekker, Inc., New York, 1978,

Lo administer @ compound of the mvention by certain
routes of administration. it may be necessary (@ coat the
compound with, or co-administer the compound with, a
material (o prevent its inactivation, For example. the com-
pound may be administered o g subject In an approprate
carricr. [or example, liposomes. or a diluent. Pharmaceuti-
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cully acceptable diluents include saline and agueous buller
solwions. Lipesomes include waler-in-oil-in-water CGF
emulsions as well as conventional liposomes (Strejan et al.
(1984) F Newroinmunol. 7. 273,

Pharmaceutically acceptable carriers include sterile aque-
ols solnlions or dispersions and stenle powders {or the
extemparaiecls preparation ol sterile injectable selutions or
dispersions. The use of such media and agents lor phanna-
cevlicully setive substanees is known in the ant. Hxeept
insofar as any conventional media or apent is incompatible
with the uctive compound. use (hereol'in the pharmaceutical
compuositions ol the invention is contemplated. Supplemen-
ary active compounds can also be incorperated into the
compositions.

Therapeutic compositions typically must be sterile und
stable under the conditions of manulbeture and storage. The
composition can be lormulated as a soluton. nilcroemul-
sion. liposome. or other ordered structure suitable to high
drug coneentration. The carrler can be u solvent or dispet-
sion medium containing, for example, walter, ethanol. polyol
(lor example, glyeerol. propylene glycel. and liquid poly-
ethylene glveol. and the like). and swtable mixtures thereof.
The proper fluidity can be maintained. for example. by the
use al'a coating, such as lecithin. by the maintenanee of the
required particle sive in the ease of dispersion and by the use
of surtactants. In many cases. it will be preferable 1o include
isolonic ugents, for example. sugars. polyaleohols such us
mannitol. surbitol. or sodium chloride in (e composition.
Prolonged absorption of the injectable compositions can he
brought about by including in the eomposition an agent that
delays absorption. for example. monosteanie salts and gela-
tit.

Sterile injectable solutions can be prepared by incorpo-
rating the active compound in the required amount in an
approprisie solvent with one or g combination of ingredients
cnumeraled above. as required. [ellowed by sterilization
microflliration.

Generally, dispersions are prepared by incorporating the
aclive compound into a sterile vehicle that contains a basic
dispersion medium and the required other ingredients from
these enumerated above. [nothe case of sterile powders Tor
the preparation of sterile injectable solwtions, the preterred
methods of preparation are vacuum drying and Ireeze-drying
{Iyvophilization) that yield a powder ol the active ingredient
plus any additional desired mgredient [rom a previously
sterle-filtered solution thereol

Dosage regimens are adjusted to provide the optimum
desired response (c.g., a therapeutic response]. For example,
a single bolus may be adninistered, several divided doses
may be admimstered over time or the dose may be propor-
tionally reduced or increased as indicated by the exigencies
ol the therapeutic situation. It 1s especially advantageous 1o
tormulate parenteral compositions in dosage unit form lor
ease of administcation and vniformity of dosage. Dosage
unit form as vsed herein relers o physically diserete units
suiled as unitary dosapes lor the subjeets 1o be treated: cach
unit containg a predetermined quantity ol active compound
caleulated o produce the desired therapeutic effect n asso-
clation with the required pharmaceutical carrier. The speci-
licatton for the dosage unit forms ol the invention are
dictated by and directly dependent an (a) the unigue char-
acteristics of the active compeund and the particular theru-
peutic eflect ta be achieved. and (b) the lmitations inherent
in the art of compounding such an active compound lor the
treatment of sensiuvity in individuals,

Actwal dosuge levels ol the active ngredients in the
phiarmaceutical composilions ol the present invention may
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be varied so as o oblain an amount of the scuve ingredient
which is efleetive o achicve the desired  (herapeutic
response for a particular patient. composition, and mode of
administration, without being (oxic te the patient. The
selected dosage level will depend upon o varicly of phar-
macokinetic factors including the activity of the particular
compositions of the present invention employed. the ronte ol
administration. the time ol adnunistration. the rate of exc
tion of the particulur compound buing cmployed. the dur-
tion of the treatment, other driugs, compounds and/or mate-
rials used in combination with the purticular compositions
employed. the age. sex. weight, condition. general health
and prior medical history of the patient being treated. and
like factors well known in the medical arts. A physician or
veterinarian having ordinary skill in e art can readily
determine and preseribe the ellective amount of the phar-
macentical composition required. For example. the physi-
cign or veterinarian could start doses of the compounds off
the invention employed in the pharmacentical composinon
at levels lower than that required in order w achieve the
desired therapewtic elleet and gradually increase the dosage
until the desired effect is achieved. In general. a suitable
dailv dose of a composition of the invention will be that
amount ol the compound which is the lowest duse eflective
to produce o therapeutic elfeet. Such an eflective dose will
penerally depend upon the factors deseribed above. It is
preferred that administration be intravenous, intramusculur.,
intruperitoneal. or subcutuncous. preferably administered
proximal 1o the site of the target. 11 desired. the ellective
daily dase ol a therapeutic composition may be administered
as two. tree. four, five. six or more sub-doses administercd
separalely st appropriste intervals throughout the day,
optionally. in unit dosage torms. While it is possible for a
compound of the present invention 1o be administered alone,
it is preferable 10 administer the compound as a plarma-
ceutical {ormulation {composition).

In one embodiment. the antibodies of the invention may
be admindstered by infusion. preferably slow continucas
inlusion over a long period. such as more than 24 hours. in
order o reduce wxic side ellects, The administration may
alse be performwed by contiomous infusion over a period of
fram 2 1o 24 hours, sueh as (rom 2 1o 12 hours. Such regimen
may be repeated one or more Umes os neeessary. lor
example. alter 6 months or 12 months.

In vet another embodiment, the antihodies are adminis-
tered by maintenance therapy. such as. e.g.. once a week [or
a perind of ¢ monthy or more.

15, Ihagnostic Methods

The manoclonal antibodics. or binding Imgments thereol,
acearding to the present invention. may be used to quanti-
tatively or qualitatively detect the presence of TIT1T on
cancer cells. This can be achieved. {or example. by iminu-
nelluorescence  technigques  employing  a Hoorescemly
labeled antibody. covpled with liaht microscopie. flow cyto-
metric. or usrometric deteetion. In addition, (he antibodies,
or binding Iragments thereol according 1o the present inven-
uoen may addinonally be emploved  histologically. as in
immunolluoreseence. Immuneeleciron microscopy. or non-
inumuno assays. for in sit detection of the cancer-specifle
antigen on cells, snch as lor use in manitoring., diagnosing,
or detection assays.

In situ detection may be uccomplished by remeving a
histlugical specimen from a patient. and applying therew a
labeled antibody according 1o this invention. The antibody.
or antigen-binding fragment thereol. is preferably applicd by
overluying the lubeled antibudy or fragment onto the bio-
Togical sample. Through the use of such a procedure, it is
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possible 10 determine not only the presence of the antigen.
or conserved variants, or peptide {ragments, but also its
distribution in the examined tissue, One of ordinary skill in
the art will readily recognize that any ol o wide variety ol
histelogical methods, v, staining procedures. coan be modi-
lied in wrder 10 achieve such in situ detection.

Immunoassay and other assays for the antigen (L.
LLT) or eonserved variouts. or peptide [ragments thereot,
typically comprise incubating a sample, such as o hiological
Muid. tssue extract. freshly harvested cells. or Iysates ol
cells that have been inevbated in cell culre, in the presence
of a detectably-labeled antibody that recognizes (he antigen.
conserved variants, or peplide fragments thereall such as the
raneer-specific monoclonal antibodies. or binding fragments
thereol. of the present invention. Therealfler. the bound
antibody. or binding fragment thereol. is detected by a
number of technigques well known in the art

The bialogieal samiple may be brought into contact with,
and inumobilized onte. o solid phase support or carrier. such
as nitrocellulose. or other solid support vr mutnx. which is
capable ol immobilizing cells, cell particles, membranes, or
stluble proteins. The support may then be washed with
suitable bullers. ollowed by treatment with the detectably-

labeled antibudy. The solid phase support may then he
washied with buffer a sccond tme to remove unbound -

antibody, The wmuount of bound label on the solid support
may then be detected by conventional means. Accordingly.
m another embodiment of the present invention. composi-
tons are provided comprising the monoclanal antibadies. or
binding tragments thereoll bound 1o a solid phase support.
such as described herein,

By solid phase support o carricr oF matrix is meant any
support capable ol binding an antigen or an antibody.
Well-known supports or carriers include glass, plastic. nylon
waol. polystvrene. polvethylene. polypropylenc. dextean,
nvlon. amylases. films. resins. natural and modilied cellu-
loses, polvacrylamides. agarvse. alumina gels. gabbros. and
magnetite. The nature of the carrier can be either soluble 10
some extenl. or insoluble br the purposes of the present
mvention. The support matedal may have vimally any
possible structural econlisuration as leng as the coupled
melecule 15 capuble of binding o an antigen or antibody.
Thus. the support conliguration may be spherical. as in a
Bead. eyvlindrical. s in the nside surface of & west obe, or the
external surlsce of a rod. Alternatively. the surface may he
fat. such as a sheet. film. test strip. stick. and the like. ln
addition. the solid support 1s preferably inert to the reaction
conditions for kinding and may have reactive groups, or
activated groups. in order to attach the monoclonal antibody,
a binding, lragment. or the binding partner of the antibody.
The solid phase support may also be usciul as a chromalto-
graphic support, such as (he carboliydrate polymers Sephar-
vse, Sephadex. or agarose. Indeed. a large number of such
supports for binding antibody or antigen are commercially
available and known to those having skill in the art.

‘The binding activity for a given antibody may be deter-
mined by well-known methods. Those skilled i the art will
be able to determine operative and optimal assay conditions
lor cach determination by employing routine experimenta-
tion.

With respact ta the anti-cancer antibodies, numerons wavs
1o detectably label snch protein molecules are known and
practiced in the art. For example. one way the antiboadies ean
be detectably labeled is by linking the amibody w0 an
enzyme, ep., for use in an enzyme immunoassay (RIA)
(Voller et al. 1978 “The Fsyme Linked Immuonosorbent
Assay (BLISAY. Diagnostic Horlvons. 2:1-7: Microbiclogi-
cal Associates Quarterly Publication. Walkersville, Md.;
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Noller et al., 1978, 1. Clin. Pathel.. 31:5307-520: Butler et al..
1981, Meths. Inyymol, 72482-523; Tnryme Immunoas-
say, 1980, (lid.) Maggio. CRC Press. Boca Ralon. Fla:
Lnzyme hnmunoassay. 1U81. (Lids.) . Ishikawa et al..
Kgaku Shoin, Tokyo, Japan). The ervvme that is bound o
the antibody reacts with an appropriate substrate. prelerably
a chromogenic substrate, so oy to prodoee u chemical moiety
which can be detected. tor example. by spectrophotomeiric.
Muoremetric, or by visual detection means. Nonlimiting
exanmples ol enzymes which can be used to detectably lTabel
the antibodies include malae dehydrogenase. staphylocoe-
cal nuelease. della-S-sterold isomerase. yeast aleohol dely-
drogenase, alpha-glvecrophosphate dehydrogenase, triose
phosphate isomerase, horseradish peroxidase, alkaline plos-
phatase. ribonuelease. vrease. cotalase, glucose-G-phosphate
dehydrogenase. glocoumylase and acetylcholinesterase. The
detection can be accomplished by chromometric methods,
which employ a chromogenic substrate lor the cnyme. or
by visual comparison of the extem of enrymatic reaction of
g substrate compared with similarly prepared standards or
controls,

A variety of other immunoassays may also be used lor
detection, For example, by labeling the antibodies, or bind-
ing fragments thercol. with a radioisotope. a radicimmune-
assay (RIA) can be vsed 1o deteet cancer-speeilic anligens
(c.g.. Colcher ot al., 1981, Cancer Rescarch, 41, 1451-1439:
Weintraub, “Principles ol Radivimmumeassays™. Seventh
Training Course on Radioligand Techniques. The Endocrine
Saciety. March. 1986). The radivactive sotope label can be
detected by using a gamma counter or a scintillation counler
or by radiography.

The antibodies. or 1heir aatigen-binding, fragments can
also be labeled using a Muorescent compound. When the
fuorescently lubeled antibody Is exposed 1o light of the
proper wavelength, its presence ¢an then be detected due 1o
Muorescence. Some of the most commoenly used tluorescent
Tabeling compeunds include Nuoreseein isothiocyanate. rho-
damine.  phycoerythrin.  phycocyanin,  allophycocyanin,
o-phthaldelivde and Huorescamine. Detectably labeled flun-
rescence-emitting metals, such as 152 n. or others of the
Tanthanide series, can be used to label the antibodies. or their
binding lragments. tor subsequent detection. The metals can
be conpled to the antibadies via such metal chelating groups
as dicthylenetrinninepentacetic acid (IYTPAYL or ethylene-
diaminetetraacetic acid (F1YTA).

I'he antibodies can also be detectably labeled by coupling
them to a chemiluminescent compound, The presence ol'the
chemilmninescent-tageed antibody 15 then determined by
deteeting the presence of lumineseence that develops during
the eourse ol o chemical reaction. lxamples of particularly
uselil chemilumineseem labeling compounds include. with-
oul limitation, luminol. isoluminel. theromatic acridinium
ester. imidazole. acridinium salt and oxalate ester. Similarly.
a bivluminescent compound may be used to label the
antibodies ol the present invention. Bioluminescence is a
wype ol chemiluminescence found in biological svstems in
which a cutalytic protein increases the cllicieney of the
chemiluminescent reaction, The presence of a biolumines-
cent prodein is determined by detecting the presence of
lumineseence. Uselul bioluminescent labeling compounds
include luciterin, luciferase and aequorin,

Another embodiment of the present invention provides
diggnostics. diagnostic methods and imaging methods for
cancers and tumors using the monoclonal amibodies and
binding lragments thereol as deseribed by the present inven-
tion. The diugnestic uses ol the antibodies according w the
present invention embrace primary tumors and cancers., as
well as metastases. Other cancers and tumurs bearing the
antigen are «lso mnenable to these disgnostic and imaging
procedures.
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Adiagnestc method according 1o the nventon comprises
administering. introducing. or inlosing the monoclonal anti-
badics or their binding. lragments as described herein, with
or withoul conjugation o a deteclable moicty. such as a
radioisotope. Aller administration or infusion. the antibody
or binding Iragment binds 10 the wmor or cancer cells. atier
which the location of the hound antibadies or Teagments is
detected. For detectably labeled antibodies or lragments. lor
example. those labeled with a radivisotope. imaging instnu-
mentation may be used 1o identily the lncation of the agent
within the body. 'or unlaheled antibodies or fragments, a
second  detectable reagent may be administered. which
Tocutes the bound antibodies or fragments so that they can be
suituble detected. Similar methods have been employed for
other antibodics, and the skilled practitioner will be aware of
the various methads suitable [or imaging the location ol
detectuably bound antibudies or fkagments within the body.
As o general guidanee. ubout 10-1000 pg. prelerably about
50-500 pe. more preferably about 100-300 pg. most preler-
ably about 200-300 pe of Prmtein G-purlied mAb are
administered. For mice. for example. using 200 pg mAb and
intruperitonesl (op.) administration. mAb is injected tiree
times wowenk for three weeks, For 300 pe mAb and intn-
peritonesl (i.p.) administration, mAb is injected two tines a
week lor three weeks. Applicable doses lor humans include
ahout 100-200 mep/kp. or 350-700 mg/m2.

In a related embodiment, the present invention provides
methods for diagnosing cancers by assaving lor changes of’
levels in the cancer-specific antigen in cells. tissues or hody
NMuids compared with the levels in cells, tissues. or hody
Muids, preferably of the same ype, lrom normal human
comreals. A change, especially an increase. in levels ol
antigen {(1e. LT in the patient versus the normal human
contral is associated with the presence of cancer. Typically,
for a quantilative diagnostic assay, a positive resull indicat-
ing that the patient being tested has cancer. s one in which
levels of the antigen in or on cells.
at least two imes higher. and preferably three w five times
higher. or greater. than the Tevels of the antigens in or on the
sume cells. tssues. or body (uid of the nomad individual us
control. Normul controls include o human without cancer
andfor non-caneerous samples from the patient,

X AMPLLS

The following examples as well as the figures are
included 10 demonsteste preferred  embodiments of the
invention. It should be appreciated by those of skill in the art
that the technigues disclosed 10 the examples or fipures
represent technigues discovered by the inventors w tunetion
well in the proctice of the invemtion. and thus can be
considered o constitute prelerred modes tor s practice.
Tlowever, those ol skill in the art should, in light ol the
present disclosure. appreciate that many changes can be
made in the specilic embodiments which are disclosed and
still obtain & 1ike ar similar result without departing [rom the
spirit and scope of the invention.

Fxample 1

Overexpression of TLTT (OCTL. CLEC2IY) on
Prostate Cancer Cells [nhibits NK Cell-Mediated
Killing Through LUTT-NKRP1A (CD161)

Interaction

A Results

Human Prostate Cancer Cells Pxpress LT

[.LITT has been reported 1o be expressed on activated
Iymiphoeytes (MK T and B oeells) and antigen-presenting

ssucs ar body Hluid are
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cells Le. macrophages and dendritic cells. Also. human
malignant glioma cells showed high expression of LT and
their expression increased with the WO grade of malig-
nancy| 3|, gRI-PCR analysis of lour prostate cancer cell
Tines (PC3. I3U145. 1 NCal’ and 22Rv1), o normal prostate
cell line (PWR-1E) showed inerensed expression of LLTT a1
the mRNA level. 22Rv1 showed significantly high expres-
sion of LETL (% p=0.001) (1G. 1A). The western blot
analysis confimed gR1-PCR - results showing  increused
expression of TITT vo all four prostate cancer cell lines.
Surprisingly. the normal prostate cells PWR-115 also showed
high expression of LT (FIG, 13 and PG 10,

Prostate Cancer Cells Display Increased Cell Surtace
Lxpression of TITT.

Plow cytometry analysis evenled cell surface expression
of LITTT on all the four prostate concer eell lines 12011435,
TNCalt X3 and 22Rv ! cells (FIG. 2). Inereased surface
expression ol LU was observed on U145 cells {MEFIR
12) and 22Rv] (MFIR  14.45) as compared o other pros-
tate cancer cells (FIG. 2). In contrast 1o the gRT-PCR and
western blot analysls there was very minimal (o ne expres-
sion ol 1111 an PWR-1E (normal prostate cell liney and
Jurkat {acote T cell lenkemia) eells (FIG. 215 1o FIGL 21
Due e the contradictory results of (the gRI-PCR. western
blot analysis and low eytometry results with PWR-110
(normal prostate cells) the inventors performed immuno-
fuerescence staining with or without permeubilization and
analysed by conlocal microscopy, Interestingly, PWR-114
colls showed abundant expression of TTT1 intracellulardy
but very minimal 10 no expression on the cell surlace. In
cuntrast. 'C3 cells showed inereased LT expression both
ntracellularly as well as on the cell surface (110G 3), These
results suggest that vverexpression of TITL on the cell
surlaee ol prostate cancer cells could play o role inits escape
from immune atiaek.

Prostate Cancer Tissues Showed Increased Dxpression of
LITT as Compared to Normal Prostate Tissues,

Prostate cancer and normal prostate ussues were obtained
from National Disease Research Interchange (NDRI). [T &
Ii staining of prostae cancer tssues revealed several nfll-
trating lymphocytes (shown by arrows) as compared 10
normal prostate tissue (FIG. 4C and FIG. 4101 Turthermore,
when the tssues were stained with 1L1UTT Ab {(mouse anti-
human CTEC21) Ab, Lilespan Biesciences, Seattle, Wash.)
and counter stalned with anti-Mouse-IpG-Dylight 594 Ab,
prostate cancer Ussues showed high expression of LITI
(shown by the red/pink stain) as comparad 0 normal pros-
tate tissues that showed very minimal expression of LT
conlirming the lindings that were oblained in prostate cancer
cell lines (FIG, SC and FIG. 512).

Blocking TIT1 on Prostate Cancer Cells nhances NK
Cell-Mediated [ysis of Prostate Cancer Cells.

o assess the functional rele of LLTT on prostate cancer
cells, eell surface expression of LIT1 on PC3 DUL4S,
TNCal 22Rv L. PWR-11 and Jurkat cells was blocked with
an anti-human LI mAb and subsequently labeled with
radivactive *'Cr. The cells were then incubated with primary
NK cells [rom healthy individuals and the cytolytic activity
was detenmined by the chromium release assay at elleclor o
wrget (11T ratios of 25:10 3:1 and 1:1. Primary NK cells
incubated with PC3. DULAS, [NCaP and 22Rvl cells
blocked with mouse anti-human L1711 mAb (1111 showed
significantly higher NK cell mediated cytolytic activity as
compared to the cells incubated with mouse Tplil isotype

s control antibody (cAb) (FIG. 6). Lowever. PWR-11% nomial

prostate cells and Jurkat cells (data not shown) blocked with
TIT1 mAb did not show any signilicant difference in NK
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cell-mediated cytolytic activity as compared to cells incu-
bated with Isotype contrel antibedy (cAb). Morcover, the
eytolytie activity of NK cells against normal prostate cells
were much lower than all the prostale cancer cells. This
suggests (hat the interaction ol LITT on the cell surface ol
prostale cineer cells with NKRIPLA on NK cells inhibits the
cyvtolyiic activity of NK cells against prostate cancer cells
supporting the immune evasion by prostate cancer cells,

LLTL is Lxpressed on Breast Cancer Cells und Inhibit NK
Mediated Killing.

“The inventors also examined the expression o LT on
several breast cuncer cells. It was tound that LT is
expressed on all three breast cancer cells (MOT7, MIDA231
and SKBR3Y) examined. The results showed that 1171
MRNA and protein are expressed in MOEF7. MIDA231 and
SKBR3 breast eancer cells (I1G. 7). Bloeking of [LL]-
CI6T interaction with anti-1 111 mAb increascd the kill-
ing of MCLT eells (I1G. 7).

Triple-Negative Breast Cancer (ITNBC)Y Cells lxpress
1.L1L

Lixpression of TLETL al the cell surlace of TNBC cells
were identilied through flow oviomelry analysis. Non-tum-
origenic breast cell line MCOFI0A and TNBC cell lines
MDA-MB-231 and MDA-MB-436 were treated with human
T'e frapment, then were subsequently stained with either
anti-human LT T1-IPE amibodies ar isotype contro] Te(i1-Pl
antibodies, Two TNBC cell lines” cell surluce LI expres-
sion was compared 10 non-tumorigenic breast cell line
MO I0A e determine il there is greater TTTT expression on

TNRCs than normal breast cells. One representative TNBC s

cull line MDA-MB-231 displayed the highest cell surface
expression of LITT at median Quorescence intensity ratio
(MITR) of 1.84 with 133 percent of cells positive for cell
surface 1111 expression (UG, 1oAY, INBC eell line MIDA-
MI3-436 also displayed cell sorface expression of LLLT at
MIIR of 1.36 with 4.4 percent of cells pasttive lor 11T
(FIG. 16A). Both TNIBC cell lines hod significantly higher
expression of LLT1 based an MEIR and percent of cells
positive for 1.IT1 compared 1 normal breast cell line
MCI10A,

‘To confirm consistency in detecting cell surtace 1111
expression. 3 independent experiments ol flow cytometry
analysis were performed tor cach gell line tested (F1G. 1813),
MI'TRs and percentage ol cells that were positive for 111
expression [rom  these 3 independent experiments were
averaged. 13oth TNIC cell lines. MIDA-MB-231 and MIJA-
MI3-436 had signilicinly greater expression of cell surface
1171 than normal breast cell line MOFIOA (V1G. 1613).
MDA-MB-231 mean of METRs of 1.80 and its mean pereent
LT+ cells of 14.67% was statistically significantly higher
(Mean of MIIRs and % LIT1+¥¥ p<0.01. FIG. 1613) than
non-tamorgenic breast cell Tie MCTIOA™S respective val-
ues of 0,95 and 0.56% LETT+ cells. MDA-MB-436 showed
a higher expression of LIT1 based on mean of MUIRs of
1.34 and mean pereent LT 1+ cells o 6.54% than MCT10A,
but still much lower than MDA-MI3-231 respective values.
Tenee, Now evlometry analysis under the same culture
conditions and stained with the same anti-LITL-PL antibod-
ies consistently showed that TNBCs show higher cell sur-
tace expression of LIT1 that non-tumorigenic breast cell
line MCTFT0A. These resnlts demonstrate that TITT may
serve 4y o possible target of interest,

“To Turther confirm expression of LT on TNBCs. immu-
notluereseent staining on TNBC cell lines MIDA-MI3-231
and MDA-MB-436 were perfunned. Both TNBCs were
treated with hunan Fo frgment and then were stained with
amti-human  TIT1I-PL antihodics. MIDA-MB-231  also
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showed higher expression of T.IT1 at the cell surlace than
MIDA-MB-436 (FIG. 17). These results suggest that expres-
sion ol LIT1 as an inlubitory lgand on TNBCs could play
a role in the TNBC cells evading NK cell-mediated Lysis.
Iixpression of LITT on TNBCs shown by both llow cytom-
etry analysis and immuwtluworescent staining leads 10 LT
% a target of interest in blocking T TI-NKRIP LA interaction
between TNBCs and primary NK cells.

Blocking 1171 with Antibodies ut the Cell Surface of
TNRCs Increased NK Cell-Mediated [ysis Apainst these
Tumor Cells.

Lo assess the function of LEC L TNBC eell lines MIDA-
MI13-231 and MDDA-MB-436 and non-tumarigenic cell line
MCT10A were radiolabeled with 'Cr and treated with
anti-human LT antibodies or isotype 1l antibodies, The
Tabeled cells blocked with its antibodivs were co-incubated
with primary NK cells for 3.5 hours at eilector-to-tarpet
ratios (BT ol 25010 51 and 111, Cyvielylie activity, percent
of cells lysed by primary NK cells. were subsequemly
quintilied. Primary NK cells isolated from peripheral blood
menenuclear cells derived [rom whele blood. were used. I'e
receptors on primary NK cells were blocked with human Fe
fragment to prevent antibody-dependent cell-mediated evio-
toxicity {ADCC) from vecurring,.

Treatment of TNBC cell lines MIPA-MIZ-231 with ami-
LI antibodies was performed at four concentrations to
determine concentration of untibody o use lor targeting
LETT on INDBCs (LG, 18). Based on the eflicts of Lysis
based on the dillerent concentrations of anti-I.1TT antibody,
T on TNBC eell lines was tarpeted by treatment with 1
pg ol ant-LETT antibady (FIG. 19). Blocking LLTT un both
TNBCs MIXA-MB-231 and MIDA-MB-436 cnhanced spe-
cific Tysis by NK cells (1'1G. 191 and 116G 1907 MIDA-
MI3-231 td MDA-M13-436 had inereased specilic lysis by

3 NK cells when LI was blocked than cells tremed with

isolvpe Tel antibodies.

Al 251 BT ratio. there was a stalistically signilicant
difference i pereent specific Tvsis of MDA-MB-231 cells
between cells treated with ant-LIT T antibodics compared o
cells treated with [pG isotype antibody (1F1G. 1913). AL 23:1
ratio, 19.71% o MDA-MB-231 treated with anti-LIT1
antibodies were killed by primary NK cells compared to
2.02% of MDA-MB-231 cells treated with g6 isotype
antibody. There was a distinet difference between the per-

5 coent specilic hvsis of MI2A-MB-231 cells wreated with anti-

LLTT antibodies  compared 10 non-tumodgenic  breast
MOCT10A celly treated with the same ant-11 1T antibody at
the 230 1T ratic. At 25:1 ratio, 7.54% of MCOTT0A cells
treated with anti-LIT1 antibody were killed by primary NK
eells compared to 2.90% of MCFI0A cells treated with [gG
Isolvpe antibody. AL 5:1 1T ratio. there was a statistically
significant diflerence 1 percent specilic Tvsis ol MIDA-MDB-
231 eells weated with anti-LI1TT antibodies compared to
tresunen! with isotype antibodies,

Lifleets of blocking TITT-NKRP LA interaction by treat-
ing TNIBC eell line MDA-MB-436 with anti-[ 1T antibod-
tes (FIG, 19C) were tested. [ ower percentage of MIDA-MB-
436 cells were killed by NK eells than MDA-MI3-231 cells
at all the 171 mtios. The lower percentage of MDA-MI3-436
cells killed can be attributed 1o the lower expression of cell
surlace TTTT on this cell line in contrast 0 MIDA-M13-231
LLTT expression as shown in llow eylomelry unulysis. Al
25:1 14T ratin, 8.39% of MDA-MI3-436 cells treuted with
ant-11TT anubodics were killed while 4.75% of cells

s treated with isotype antibodies were killed.

Ireating MDA-MB-231 and MDA-MB-436 cells with
anti-1.1 T antibodies allowed an increase of killing by
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primary NK cells. Furthermore, MIXA-MI3-231 cells reated
with amti-11T1 antibodics had a greater percent ol cells
killed  compared 10 non-umorigenic breast cell line
MCII0A treated with anti-IIT] antibodies. The greater

pereentage of MI2AMB-231 cells killed when tarpeting. s

LET1 with antibodies than MCE10A eells was consistent
with flow cytometry analysis demonsirming that MIDA-MB-
231 cells had o statistically signilicant higher expression ol
cell surfoce LLTT ineonteast wo LLTT cell surlace expression
on MCF10A. The lower percent of MCFTOA being, killed
when targeting LITT with anti-1LTL antibodies supports
that LIZTT may serve as a possible target that would favor
killing TNBECs while minimizing killing healthy breast cells.
Blocking T.IT1 with antibodies on TNBC cells increa
cylolytic wrgeting by primary NK cells. Hence. blocking
LLTT intervetion with NK eell receptor NKRI LA suppresses
mhibitory signal transduction in NK cells. These results
sugpest that the funetion of LITT on TNIBC cells jahibits
NK cell activation of cytolytie tunction against TNBCs

5

exprossing [LTT due o the TETT-NKRPLA ineraction. 2

lixpression of T.ETT on triple-negative breast cancer cells
serves a role in evading immuonosurveillonee by NK cells.

Gene Knockdown of LITT Downreguluted Cell Surface
Ixpression of LETL an TNBCs und nhances NK Cell-
Moediated Tysis ol TNRBCs.

To further assess the function of LT as an inhibiory
Tigand on INBC cells. gene knockdown of LLTL on the
MDA-MB-436 cell line to decrease the exprossion of 1L
at the cell surface, was performed. TNBC MDA-MDB-436

was tmnslected with lipid-mediated  small  interference s

RMNAs (s1IRNA) that targets the LT gene for 63 hours, As
a negative control. TNBC cell Tine MI2A-MB-436 was
translected with non-targeting siRNAs (scramble siRNA)
which dees not turget the 11T gene, Knockdown ol eell

surface 1111 was conflmed by flow eylometry analysis 3

after 63 hours ol transfection belore testing the transfected
cells for killing by primary NK eells, MDA-MB-436 1111
siRNA-transtected or scramble  siRNA-ransfected  cells
were blocked with human Te lragment and stained with
anti-human [LUT1-PH antibodies. MIA-MI3-436 cells trans-
fected with L1T1 siRNA showed negligible expression ol
TITT ot the cell surface (11K 2040 MFTIR 0.31) versis
MDA-MB-436 cells translected with seramble siRNA (G,
204, MITR 1.09). After conlirming decreased expression of
TTTT a the cell surtice of MIDA-MB-430. westing that
knockdown of LT enhances natural killer cell-mediated
Tysis ol these ransivcted triple-negatve breast cancer cells.
was pertormed.

Upoen confirmation ol knockdawn. to assess that knock-
down of LT inereases Killing of TNBC eells. MIDA-MB-
436 transfected with either LT siIRN A or scramble siRNA
were labeled with “'Cr and then were co-incubated with
primary NI cells tor 3.5 hours MDA-MI13-436 with con-
lirmed knockdown of 11T had o higher percent specilic

Tysis at both 23:1 and 51 FT ratios in contrast (o its s

scramble siIRNA translected cells (F1G. 2003). Al 25:1 101
ratin, 63.38% ol MIDA-MB-436 111 siRNA-transtected
cells were killed by NK cells compared o 42.18% ol
MDA-MB-236 scramble siBNA-ransfected cells killed
(FIG. 2003, p 0.07 compared 1o seramble siRNA control). At
51 10T ratio. 2183% of MDAMB-436 TTT1 siRNA-
transleeted were killed compared o LRE7% of scramble
sIRNA-tramstected cells.

Hence, transtecting MIDA-MDB3-436 cells with siRNA tar-
geting the LITT gene decreases expression ol LITT at the
cell surtuce. Decreasing the expression of cell surtuce LT
prevents interaction of T.HTT with NKRPTA on primary NK
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cells. These results Indicate that knockdown ol TTTT at the
cell surface of TNBC cells enhances specilic lysis by NK
calls. Disrupting the LITI-NKRP1A interaction prevents
inhibitory signal transduction to NK cells thus Lavoring
activation of natural killer cells 10 lyse these TNIRC cells,
These results further confirm that the fanction of 1T on
the cell surtaee of TNBC cells allows evasion of inunone
system recognition aud eytolytic targeting by NK cells,

B. Matenials and Methods

Cell Culture and Reagents.

LHuman prostaie cancer cell lines DUL4S (ATCC 1TTB-
]1), LNCal (ATCC CRL-1740). and PC3 (ATCC CRI -
1435} are derived {rom metastatic prostale caneer samples.
castrate resistant for PO3 and U143 and castrate-sensitive
for LNCuP, 22Rv1 (AT'CC CRL-2505) is u human prostate
carcinoma epithelial cell line derived trom a xenograli that
wis serially propagated in mice after castration-induced
regression und relapse ol the parental. wndrogen-dependent
CWR22 xenograll, PWR-1E (ATCC CRI-11611) are epi-
thelial cells derived [rom the peripheral zone of a histologi-
cally normal adult human peestate. Jurkat 1s 2 homan T acute
Iymphoeytic  leukemia  cell (ATCC-TIN3-132). U435,
INCal 22Rv | and Jurkat were cultured in 4+ RPMI com-
plete wedium (RPMI 1640 supplemented with 10% fetal
bovine sermm (1'13%). 2 mM glitamine. 100 Timl penicilling
100 streptomyein, 10 mM TEPLES. and 10 mM nonessential
amine acidsy, PC3 cells were cultured in Dulbecen™s modi-
lied Eagle®s medinm (DMEM, Gibeo Tife Technologies)
supplemented with 10% FI3S {Atlanta Blologicals. Taw-
reneeville, Gad) PWR-11E eells were grown in o keratinoeytle
serun free medium  (K-SFM) supplemented with (.05
myg/ml BPEand § ngfml EGE. Peripheral blood mononuclear
cells (PBMOCs) were isolated trom ethylene-diamine-tetra-
acetic acld (EIYIA)-teemed whole-blood samples by Lis-
topaque- 1077 (Sigma Chemicals, St Lowis, Mo.) density
gradient centrifugation vsing LeucoSep tubes {Greiner.
Monroe, N.CL) from healthy jndividuals with prior approval
from Institutional Review Board (IR13) of UNT Health
Science Center. Fort Worth, Tex. Primary NK cells were
wsolated lrom the PBMOCs using NK isolation kit (Miltenvi
Biotee, San Diego. Calilly and the purity was determined by
flow cylomelry using. anti-human CDS6 mAb.

Quantitative  Reverse  Transeriptose-Polymerase Chain
Reaction (gRT-PCR) and Flow Cvtometry Analysis.

LFive million cells were dissolved with | ml of RNA
STAS60, RNA was extracted by ¢hlorotorm snd precipi-
tated by isupropanol. Atfier resuspension with 0.1% dieth-
ylpyrocarbonate (1DSPC)-water, RNA purity and concentra-
tiend was determined by mcasuring optical density, 2 pg of
RNA was used lor c[INA synthesis in the presence ol
random primer mix (NFBR) Alter R reaction, 100 ng ol
clINA was used as o template and LLTT specific primers
were used teoamplity [LTT by quantitative PCR using
Tagman gene cxpression assays in an Lppendorl Realplex2
Mastereyeler. Reactions were done in 20 pl triplicates using
the AACT merhod. with GAPDI as the relerence gene. The
results presented are an average ol three independent experi-
ments.

Surface expression of human TIT1 was detected using
Now evtometry. All the cell lines were stained lor TTTT with
mouse antl-human 1L T mAb (clone #2155 0r 3G 1) and o P1S
conjugated goat unti-mouse 1g€i pulyclonal secondary unti-
body and an isolype control antibody (mlgdi1-PLL mAh)

5 (R&D Systems. Minneapolis. Minn.) and subjected o Gow

cytometry  analysis using  the  Beckman and  Coulter

Cytlomics I'C" 500 Tlow cyiomeler.
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Preparation of Cell Extracts and Western 3ot Analysis,

Cells woere lysed in radioimmunoprecipitation  assay
(RIPA) lysis builer (50 mM Tris-HCL pll 7.5 150 mM
sodium chloride: 0.5% sodium deoxychelate; % Nonidet
P-40; 0.1% sodium dodeeyl sullawe). supplemented with
proease and  phosphatase nhibitor cocktail (Millipore.
Billerica. Mass.). at 4% ¢, tor 30 min. Atter senication onice.
cell debris was removed by centrilugation at 12.000 g lor 10
min at 4% C, Profein concenteations were determined by
Pierce BCA protein assay kit (Thermo Scientific, Rockford.
L), Cell extructs were separated on 4-20% Bis-Tris Nu-
¢ gel (Life Technologies. NY) using MES buller and
red onte nitrocellulose membrane using an i31ot
(Lile Technologics. NY). Manbranes were blocked with 5%
fut-Free milk in Teis-bullered saline containing .03%% Tween
20 (I'BST) gt room temperature for 60 min. and incubated
overnight at 4 . with mouse anti-human 11T antibody in
5% milk i TBST Afler three washings with T35 the
membrane was ineubated  with  horseradish - peroxiduse

{TIRP)-linked anti-meuse secondary antibody (Southemnl3ie- 2

tech, Birmingham. Aln) at room lemperature tor 2 hr, Atler
washing again with TBST. the membrines were developed
using BECL plus (Amersham Pharmacia, Biotech. 11} and
the image was captured using alpha-imager luoretech 1112
(PreteinSimple, San Jose, Calif). Bands were analyzed
using the NIT Imagel soltware [43].

lnumunellusrescence Studies,

Cells wore grown 0 60 to 708 conlluence on glass
coverslips in 12-well plates. Cells were washed with ice-

cold PBE. tixed with 4%, paralormaldehyde for 30 min, and 3

then permeabilized with 0.1% Trton X-100 for 20 min il
required. The slides were then washed with PES, incub
with 3% goat serum in PBS tor 2 h, and then incubated with
mowse anti-human LLT1 antibody. that was diloted 1:100 in
B3S. overnight at 4° C, Aller washing with PI3S three tnies.
the coverslips were incubated with Alexa Fluer 488 goat
anti-mouse gl (Lite Technolegies. Bugene, Oreg ). that
was dilmed 1:400 1n PBS. tor 2 11 al room temperature in
darkness. The coverslips were then washed with PS and
mounted on glass slides with Prolong Gold anti-fade
reagent contzining DAPT (1.5 ug/ml) (Invitrogen Ing..
Tugene, Oreg.. USA) The slides were examined using [ SM
510 Meta contfocal system equipped with an inverted micra-
scope (Axio Observer X1, Carl Zeiss. Thormwood, NY )

Prostate Cancer Tissnes. H & 19 Staining and Tmmuoo-
histochemistry.

Prostote cancer and normal prostaie tssues were obtained
trom National Disecase Rescarch Interchange (NDRT). The
prostale lissue specimens were oblained by radical prostate-
ctomy with vne of them displaying o histologic type of
adenocarcinoma with focus of mueinous adenocarcinoma
with a total gleason score of 7. The other prostate tissue
specimen was an adenocareinoma. with focal ductal feaures
and tolal gleason seore of 8. The de-tdentitivd parallinized
tissue blocks were sectioned by standard microtomy proce-
dures using a Thermo Microm 1IM 3558 microtome. liach
sample sectoned neasured 4-6 wn in thickness. The depar-
aflinized sections were stained with | laematoxylin and LFosin
([1&11) stains. The deparalfinized tssue seetions were also
treated with citrate bulfer for antigen retrieval and then
incuhated with mouse anti-human TTTT Ab and counter-
stuined with anti-Mouse-1gG-Dylight 594 A, Scetions were
also stained with the nuclear stuin DAPT indicated by the
blue stain and imapged on an Olympus AX70 tluorescent
microscope and analyzed with Olympus D70 Lmage-I"ro
Plus 3.1 image analysis soltware, The sections werne imaged
at 20x. 40x and 100x magnilications.
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*'Cr Release Assay.
DUL4S, PO LNCaP, 22Rv1, PWR-1E. Jurkat,
A MCET, MDA-MB-231 and MDA-MI2-436 cells
s Tabeled with *'Cr for L he ac 37° €. and then incubated
with either 1w of unconjugated mouse anti-human LI7T1
(0.5 me/ml) Ab (Titespan 13oSciences. Seattle, Wash.) or
mouse TpGil isotype control Ab (0.5 ma/ml). Primary NK
culls isolated [rom peripheral blood mononuclear cells
{(PBMOC) from a healthy individual were blocked with Fe
blocker and then incubated with *'Cr labeled target cells at
Fttector o Target (11 eell ratios of 25:1. 510 and 121 for
3.5-4 hours at 37° C, |46]. Supementants were collected and
percent specific lysis was caleulated. xperiments were
perlormed in triplicates. Primary NK cells were isolated
from I"BMC by depletion of non-NK cells through magnetic
microbead negative sclection NK isolation kit (Miltenyi
Bintee. Cologne, Germany) and were cultured in RIPMI
media supplemented wih 15% FIBS.

Transtection of Cells with Small Interference RNAs (siR-
NAs) and Conlinnation of Knockdown by Flow Analysis.

MIZA-MB-436 were geown o 30% w 90% contluence on
sterile 96-well plates. SMARTpool: ON-TARGETplus
CLEC2D (1101 5 nmol small interlerence RNAs (sIRN As )
and ON-TARGI? ] plus non-targeting 5 nmol siRNA 42 (Gl

3 Tlealtheare Dharmmacon, [ne. [ albvette, Colo.) were diluted

from a 20 pM stock 1o a 5 pM working stock with [xsiIRNA
buller (diluted [rom SxsiRNA buller. GE Healtheure Dhar-
macon. Ine. Lalwyette, Colo), Transleetion oplimization
conditions were determined by Gl Healtheare Dharmacon.
Manulacturer protocel oo translection was tollowed (Dhar-
macon ). Cells were transtected with either CLECZD) siRNA
or nen-targeting sSIRNA for 63 hours in the 377 ¢ 5% 00,
incubator. Final concentration of CLEC2DD 5iRNA or non-
targeting sIRNA was 235 oM. Aller 63 hours of translection.

5 eonlirmation of knockdown of cell surlace T.LTT on MIDA-

MDB3-436 wis confirmed by low eytomeltry using anti-human
LITI-Pl antibodies or dsotype contmel movse Ipl ) -PL
antibodies.
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SEQUENCE LISTIKG
=1le0=- NUMBEZR OF SEQ ID HOS: 17
<210=- SEQ ID IO 1
«21l- LENCTH: 191
<212+ TTPE: PRT
«213: ORGENIZM: Homo sapiens
=400 SEQUINCE: 1
Met His Asp Ser Zsn Acn Val ¢lu Lys 2sp Tle Thr Pro Ser Glu Leu
1 5 13 15
Pro Ala Asn Pro Gly Cys Leu His Sexr Lys Glu His Ser Zle Lys &Ela
20 25 20
Thr Le=u Ile Trp Arg Leu Phe Phe Lew I1le Met Phke Lea Thr Ile l1le
35 40 45
Val Cye Gly Met Yal 2la Rla Lew fer Ala Ile Arg 2la Acn Cya His
5C 5E &
Gln Glu Pro Ser val Cys Leu Glo Ala Ala Cys Pro Gla Ser Trp 1le
55 70 75 a0
Gly Phe Gln Arg Lve Cys Phe Tyr Phe Ser Asp Acp Thr Lye Amm Trp
85 20 a5
Thr Ser Ser Gln Arg Phe Cys Agp Ser Gln Atp Rla Bor Lew ARla Gln
100 05 Zlo
val Glu Ser Phe Gln Glu Leu asn Phe leu Leu Rrg Tyr Lys Gly Pro
115 120 125
Ser Asp Hie Trp Ile Gly Leu fer Arg Clu Gln Gly Gla Pra Trp Lys
130 135 140
Trp Ile asn Gly Thr Glu Trp Thr Arg Gln Phe Pro Ile Leu Gly &la
145 150 155 1640
Gly Glu Cye Ala Tvr Leu 2sn Asp Lys CGly Ala Ser Ser Ala Arg His
16% P 17
Tvr Thr Clu Arg Lya Trp Ile {yg Ser lys Ser Rcop Ile Hio Val
1s0 i85 %0
=210 SEQ ID Na 2
«211> LENGTH: 116
=212> TYDE: BRT
<211 ORGANISM: Rrtificial Sequence
<220» FEATURE
<223> OTHEER INFCREMATICH: synthet-c peptide
<400 SEQUINCE: 2

Glu Val dln Leu Gln Gln Ser dly Ala Asp Leu Val Lys Pro Gly 2la

1 149

&5

15



US 11,111,303 B2

-continued

Ser Val Lys Leu Ser Cys Thr Ala Ser Gly Phe Acn Ile Lys Rap Tar
20 25 20

Tyr Met His Trp Wal Ile Gln Arg Pro Glu Gln Gly Leuw asp Irp 1lle
5 40 45

Gly Arg Ile Rap Pro Ala Aon &1y Aan Thr Zsn Tyr Asp Pro Lys Phe
S0 S5 60

Arg Ala Lys Ala Thr Ile Thr Ala Asp Thr Ser Ser &sn Thr 2la Tyr
&35 73 75 b

Leuw Gln Lew fer fer Leu Thr Ser Agp B Thar Ala Yal Tyr Tyr Cye

0o
& o

Ala @1y Mst Asp Tyr Hic Phe Asp Phe Trp %ly €ln Gly Thr Thr Leu
19 105 110

Thr Val Ser Ser
115

<210 SEQ ID MO 3

<212 LENGTH: 8

2212x TYPE: PRT

<213~ ORGANISM: Artificial Sequence

<220= FEATURE:

<223= OTHER INF2REMATION: synthetic peplide

<400 SRQUEHNCE: 3

Gly Phe Asn Ile Lys Asp Thr Tyr
1 5

=210: SEQ ID NO 4

LENGTH: &

<Z12> TYPE: PRT

<Z13= ORCANISM: Artificial Sequence

<220 FEATURE

<2235 OTHER INFORMATION: synthetic peptide

<400 SEQUENCE: 4

Ile Asp Pro Rla Acon Gly Asn Thr
1 5

n

=210 SEQ ID MO
=217 LENGTH: 2
<212~ TYPE: PRT
«213= ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: gynthetic peptide

<4005 SEQUENCE: &

Ala ¢ly Met Acp Tyr His Phe Asp
L 5

<210 SEQ ID MO 6

<212 LENGTH: 208

<212s TYPE. PRT

<213= ORGRMISM: Artificial Sequence

<220= FEATURE:

< 223> OTHEE INFORMATION: synthetic peptide

<400= SEQUENCE: &

Asp Ile val Mer Thr Gln Ser Pro 2la Thr Leuw Ser Val Thr Fro Gly
1 5 1a 1s

hgp Arg Val fer Leu Ser Typ Arg Ala fer ©ln Ser Ile fer Asp Tyr
20 25 30

[

Leu His Trp Ty¥r Gln dln Lys Ser His Glu Ser Pro Arg Leu Leu Tle
EL) 40 45
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-continued

Lys Tyr &la Ser Gln Ser Ile Ser Gly 1le Pro Ser Arg Phe Ser Gly
50 55 50

Ser Gly Ser Gly Ser Asp Phe Thr Leu Ser 1le Asn Ser Val Glu Fro
63 T3 73 21

Glu Azp Val Gly ¥Yal Phe Tyr <ye Gln Asn Gly His Ser Phe Pro Leu
BS ED] 95

Tar Phe Gly 2la Gly Tar Lys Leu Glu Leu &rg Arg
100 105

<21t= SEQ ID NO 7

<21Z> LENGTIH: &

<212 TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220= FEATURE:

<Z23= OTHER INFCRMATICH: synthetic pepride

«d00> ZEQUENCE: 7

Gln ser Ile Ser Asp Tyr
1 5

<210= SEQ ID NO B

<2Zll> LENGIH: 3

~212» TYPE: PRT

<213> ORGANTSM: Artificial Sequence

<220 PEATURE:

«223= OTHER INFORMATION: synthetic peptide

=400= SEQUENCE: 2

Tyr Ala ser
1

<210= SEQ ID MO 9

<21’ LENGTH: 2

~212» TYPE: PRT

«213>» ORGRNISM: Artificial Segquence

<220~ PEATURE:

<223> QTHEE INFCRMATICN: synthetic pepride

=400 SEQUENCE: 9

3ln Asn Gly His Ser Phe Pro Leu
1 5

<2l0= SEQ ID MO 14

<21l: LENGTH: 112

<2125 TYPE: DRT

<2135 ORGANISM: Artificial Sequence

<220~ PEATURE:

<2Z23> QTHER INFCRMATICH: synthetic pepride

=400~ ZEQUENCE: 10

Glu val Gln Leu Gln Gln Ser Gly Fro Glu Leu val Lys Pra Gly Ala
1 5 19 1s

Val Lys Ile Ser Cys Lyo Ala fer Gly Tyr Ser Phe Thr Gly Asn
20 25 30

Tyr Met His Trp ¥al Lys Gln Ser Pro Glu Acn Ser Leu Glu Trp Tle

3ly Glu Ile Asn Il= Arg Thr Gly Tyr I1le Ser Tyr Asn Gln Lys Phe
50 &5 60

Lys &1y Lye Ala Thr Leu Thr Val Aap Lve Ser Ser Zer Thr Ala Tyr
63 Ta 75 )

Mer Gln Leu Lys Ser Leu Thr Ser 3lu Glu Ser Ala Wal Tyr Tyr Cys
a5 80 a5
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-continued

Tar arg Ser Ala Tyr Trp Gly Gln Gly Thr Leu Val Thr ¥al Ser Rla
100 105 110

<210~ SEp IL MO 11

<Zl’> LENGTH: 3

<212= TYPE: PRT

<213= ORGANISM: Artificial Ssquence

=220 FEATURE

223> OTHER INFORMATION: synthetic peptide

<400 SEQUENCE: 11

ly Tyvr Ser Phe Thr Gly Asn Tyt
L

5

<2l0= SEQ ID NO 12

<2ll> LENGTH: 7

=212= TYPE. PFRT

<213> ORGANTSM: Artificial Sequence

«220> FEATURE:

<203 OTHER INFOREMATION: synthetic peptide

400> SEQUEHCE: 12

Ile Aen Ile Arg Thr Gly Tyr
S

- SEQ ID No 13

LENGTH: &

TYPE: PRT

ORGANTSM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

<400 SEQUEHCE: 13

Tar arg Ser Ala Tyr
1 5

<210> SER IL MO 14

<2ll= LEHNGTH. 223

<212= TYPE: PRT

213> ORGAN1SM: Artificial Sequence

=220 FEATURE

223> OTHER INFORMATION: synthetic peptide

<400 SEQUENCE: 14

Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Met Tyr Thr Ser Leu Gly
L 5 10 15

Glu Arg Val Thr Ile Tar Oyo Ly9 Ala Ser Gln Asp Ile Lva Ser Tvr
20 25 30

Leu Ser Trp Phe Gln Gln Lys Pro Gly Lys Ser Pro Lys Thr lLeu JTle
25 40 45

Tyr Arg ala Asn Arg Leu Gly asp Gly Val Pro Ser arg Val Ser Gly
50 55 60

Ser Gly Ser Gly Gln Asp Tyr Ser Lew Thr Ile &ly Ser Leu Glu Tyr
&85 T 73 870

Glu &sp Met Gly Ile Tyr Tyr Cys Leu Gln Tyr Ala Glu Phe Pro Arg

Thr Ehe Gly Gly Gly Thr Lyc Leu Glu Ile Arg Arg
1a0 145

«210= SEQ ID NO 16

«212> LENGTH: &

=212= TYPE: PRT

<213s ORCANTISM: Artificial Sequence
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46

-continued

<LZ0> FEATURE:
<223= OTHER INFORMATION: cynthetic peptide

=400 SEQUENCE: 15

3ln Asp Ile Lys Ser Tyr
1 5

=210% SEQ ID MO 1&
212> LENGTH: 3

«212= TYPE: PRI

<213= ORGANISM: Artificial Sequence

<220= FEATURE:

<223= OTHER INFCRMATION: synthetic peptide

<400 ZEQUENCE: 1&

Arg Ala Asn
1

210> SEQ ID MO 17

212> LENGTH: 9

212> TYPE: PRZ

£213> ORGRNISM: Artificial Sequence

<220= FEATURE:

<223%= OTHER INFORMATION: synthetlic peptide

<400 SEQUENCE: 17

Leu Gln Tyr Ala Glu Pae Pro Arg Thr
1 S

"The invention climed is:

1. A method tor treating breast cancer or prostate cancer
o patient in need of such treatment. comprising adminis-
tering o the patient an antibody of antibody tragment that
binds LLT1, the antibody or antibody {ragment comprising
hesvy chain complementarity-determining, regions (CDRs)
having an amine acid sequence of 81 1Y NeX:11 SEQ 1D
NO:12 and 81 1) NO: L3, and light chain CDRs having an
amine acid sequences of SEQ 1D NO:15. S1Q 11D NO:16,
and SEQ 11> NO:A7. wherein the antibody or antibody
fragment binds 1o cancer cells and inhibits cancer growth or
Progression.

2 The methad ol elaim L. whercin the antihody has a
heavy chain varable region having an amino acid sequence
i 11> NO:10.

3 The method of clam 1. wherein the antibody wr
antibody fragment thereol is humanired.

4. The method of claim 1, wherein the antibody or
antibody fragment theree!l is chinwric.

5. 'The methed ol claim 1. wheremn said antibody or
antibody fragment thereot 1s an antibody lragment. and the
antibody fragment is an Sclév,

6. I method of elaim §. wherein the S
humanized.

7. The methed of ¢laim 8. wherein the antibody [urther
comprises a heterologous moety.

8. The method ol claim 7. wherein the heterologous
moedety 1s a therapeutic moiety.

9. The method of elaim 8, wherein the therapeutic moiery
is a cylotoxic moiely.

10, The method of claim 9. wherein the eytoloxic moic
is o evtoloxic ugent or rudiotoxic ugent.

1. The method of elaim M wherein the cytotoxic moiety
is selected from taxol. cytochalusin B, wramicidin 1.
cthidium bromide. ewetine. mitomycein. eloposide. lenopoe-
side, vineristine, vinblastine. colehicin. doxorubicin, dauno-

¢ 1y murine or

o

b

w

Y

rubicin. dihydroxy anthrocin dione. mitoxantrone. mith-
ramyein, actinomycin N,
glucocorlicoids. procaine. tetracuine. lidocuine. propranolal.
puromyein. methotrexate. G-mereaptopurine. 6-thioguanine.
cytarabine, lludarabin, S-fluorouracil decarbarine, mechlo-
rethamine, thivepa chloramboeil. melphalan, cormustine
(B3SNUYL lomustine (CONUD. eyelophosphanude. busul .
dibromomannitel. streptozotocin, mitomyein C. ¢is-dichlo-
rodiamine platinum (1) (12DP). daunorubicin. doxorubicin.
vineristine. or vinblastine.

12, The method of ¢laim 1. wherein the patient is a
human.

13. The method ol elaim 1, wherein the antibody or
antihody  Tragment thercol” is administered  parenterally.
intrupertoneally.  imravenously,  subcutancously,  orally.
nasally. via inhalation or rectally,

14. The methed ol claim 1, wherein (he antibody or
antibody fragment thereol'is administered intravenously ala
dosage of from 5 me/m2 @ 2000 mg/m2.

15, Ananti-I LI'l antibody comprising heavy chain CDRs
having an amino acid sequence of SEQ T NO:T1L SHQ TD
NO:12. and SEQ 113 NGO T3, and light chain CDRs having an
amine acid sequence of SHEQ IDNO: 13, SEQ IDNO:16. and
SEQ D NO: 7. wherein the antibody binds o cancer cells
and inhibits cancer growth or progression.

16. The antibody of claim 15, whercin the antibody s a
human antibody.

17. The antibody of claim 15, wherein the antibody has a
heavy chain varable region having an amino acid sequence
of SE 11 NO:10.

18, The antibody of claim 15, furber comprising a
heterologous moiety.

19. The antibody of claim 18, wherein the heterologous
modety iy @ therupeutic moiety.

20, The autibody of cluim 19, wherein the therapeatic
maiely is 8 eytotoxic moicty.

l-dehvdrotestosterone,
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21, The antibody of clam 200 whereln the cyvtotontic
modety s a eytotoxic agent or radiotoxic agent.

22, The antibody of ¢lim 20. whereln the cviotoxic
meely is s ted {rom taxol. eytochalasin 13, gramicidin 12,
cthidium bromide, emetine. mitomycin, cloposide, enopo-
side. vioeristine. vinblastioe. colehicin, doxorubicin. daune-
ribicin, dihvdroxy anthracin dione. miwxantrone. mith-
ramycin. aclinonyeln 1. L-dehydrotesiesterone.
glucocorticnids. procaine. tetrucuine. lidocaine. proprunolol.
puromycin, methotrexate, 6-mercaptopurine, O-thioguanine,
cytarabine. Nudarabin. S-tluorourac] decarbuzine. mechlo-
rethumine. thivepa chlorambucil. melphalun. carmustine
(RSN lemustine (CONUL cyclophasphamide. busullan,
dibronomannitol. streptozotocin. mitomycin ¢, cis tilo-
rodiamine platinum (10 (1), daunorubicin. doxorybicin.
vineristine. or vinblustine,

*  E ok ok E
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