(19 DANMARK (10 DK/EP 2921500 T5

(12)  Rettet oversaettelse af
europaeisk patentskrift

Patent- og
Varemeerkestyrelsen

(51) Int.Cl.: C 07 K 16/28 (2006.01) A 61K 3512 (2015.01) A 61 P 31/00 (2006.01)
A 61 P 35/00 (2006.01) C 07 K 14/735 (2006.01) C 07 K 16/32 (2006.01)
C12N 5/0783 (2010.01) G 01 N 33/50 (2006.01)

(45) Overseettelsen bekendtgjort den: 2024-10-14

(80) Dato for Den Europaciske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2023-08-30

(86) Europaeisk ansggning nr.: 15150984.1

(86) Europaeisk indleveringsdag: 2005-07-08

(87) Den europeaeiske ansggnings publiceringsdag: 2015-09-23
(30) Prioritet: 2004-07-10 US 586581 P

(62) Stamansggningsnr: 09164804.8

(84) Designerede stater: AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IS IT LI LT LU LV MC NL
PL PT RO SE Sl SK TR

(73) Patenthaver: The Institute for Cancer Research, 333 Cottman Avenue, Philadelphia PA 19111, USA
(72) Opfinder: Cambell, Kerry S., 2 Hemlock Lane, Wyncote, PA 19095, USA

(74) Fuldmaegtig i Danmark: NORDIC PATENT SERVICE A/S, Bredgade 30, 1260 Kgbenhavn K, Danmark
(54) Benasvnelse: GENETISK MODIFICEREDE, HUMANE, NATURLIGE DRZABERCELLELINJER

(56) Fremdragne publikationer:
SHAHIED L S ET AL: "Bispecific minibodies targeting HER2/neu and CD16 exhibit improved tumor lysis when
placed in a divalent tumor antigen binding format"”, JOURNAL OF BIOLOGICAL CHEMISTRY, AMERICAN
SOCIETY FOR BIOCHEMISTRY AND MOLECULAR BIOLOGY, US, vol. 279, no. 52, 24 December 2004 (2004-12-
24), pages 53907-53914, XP008118067, ISSN: 0021-9258, DOI: 10.1074/JBC.M407888200 [retrieved on 2004-10-
07]
DEAGLIO SILVIA ET AL: "Human CD38 and CD16 are functionally dependent and physically associated in
natural killer cells”, BLOOD, vol. 99, no. 7, 1 April 2002 (2002-04-01), pages 2490-2498, XP002376004, ISSN:
0006-4971
MANDELBOIM OFER ET AL: "Human CD16 as a lysis receptor mediating direct natural killer cell cytotoxicity",
PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF USA, NATIONAL ACADEMY OF SCIENCE,
WASHINGTON, DC, US, vol. 96, no. 10, 11 May 1999 (1999-05-11), pages 5640-5644, XP002191492, ISSN: 0027-
8424
ZHANG JIAN ET AL: "Characterization of interleukin-15 gene-modified human natural killer cells: implications
for adoptive cellular immunotherapy.”, HAEMATOLOGICA. MAR 2004, vol. 89, no. 3, March 2004 (2004-03),
pages 338-347, XP002376005, ISSN: 1592-8721
ZHANG RAN ET AL: "Characterization of stem cell factor gene-modified human natural killer cell line, NK-92
cells: Implication in NK cell-based adoptive cellular immunotherapy”, ONCOLOGY REPORTS, vol. 11, no. 5,
May 2004 (2004-05), pages 1097-1106, XP002376006, ISSN: 1021-335X
GONG J-H ET AL: "CHARACTERIZATION OF A HUMAN CELL LINE (NK-92) WITH PEHNOTYPICAL AND

Fortsaettes ...



DK/EP 2921500 T5

FUNCTIONAL CHARACTERISTICS OF ACTIVATED NATURAL KILLER CELLS", LEUKEMIA, MACMILLAN
PRESS LTD, US, vol. 8, no. 4, April 1994 (1994-04), pages 652-658, XP002914219, ISSN: 0887-6924

ERNST LINDA K ET AL: "Allelic polymorphisms in the FcgammaRIIC gene can influence its function on normal
human natural killer cells”, JOURNAL OF MOLECULAR MEDICINE (BERLIN), vol. 80, no. 4, April 2002 (2002-04),
pages 248-257, XP002376007, ISSN: 0946-2716

BECKNELL B ET AL: "Efficient infection of human natural killer cells with an EBV/retroviral hybrid vector”,
JOURNAL OF IMMUNOLOGICAL METHODS, ELSEVIER SCIENCE PUBLISHERS B.V.,AMSTERDAM, NL, vol.
296, no. 1-2, January 2005 (2005-01), pages 115-123, XP004738466, ISSN: 0022-1759

GRUND E M ET AL: "Cost efficient and effective gene transfer into the human natural killer cell line, NK92",
JOURNAL OF IMMUNOLOGICAL METHODS, ELSEVIER SCIENCE PUBLISHERS B.V.,AMSTERDAM, NL, vol.
296, no. 1-2, January 2005 (2005-01), pages 31-36, XP004738458, ISSN: 0022-1759

SHAHIED L S ET AL: "Bispecific minibodies targeting HER2/neu and CD16 exhibit improved tumor lysis when
placed in a divalent tumor antigen binding format"”, JOURNAL OF BIOLOGICAL CHEMISTRY, AMERICAN
SOCIETY FOR BIOCHEMISTRY AND MOLECULAR BIOLOGY, US, vol. 279, no. 52, 24 December 2004 (2004-12-
24), pages 53907 - 53914, XP008118067, ISSN: 0021-9258, [retrieved on 20041007], DOI:
10.1074/JBC.M407888200

DEAGLIO SILVIA ET AL: "Human CD38 and CD16 are functionally dependent and physically associated in
natural killer cells”, BLOOD, vol. 99, no. 7, 1 April 2002 (2002-04-01), pages 2490 - 2498, XP002376004, ISSN:
0006-4971

MANDELBOIM OFER ET AL: "Human CD16 as a lysis receptor mediating direct natural killer cell cytotoxicity",
PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF USA, NATIONAL ACADEMY OF SCIENCE,
WASHINGTON, DC, US, vol. 96, no. 10, 11 May 1999 (1999-05-11), pages 5640 - 5644, XP002191492, ISSN: 0027-
8424

ZHANG JIAN ET AL: "Characterization of interleukin-15 gene-modified human natural killer cells: implications
for adoptive cellular immunotherapy.”, HAEMATOLOGICA. MAR 2004, vol. 89, no. 3, March 2004 (2004-03-01),
pages 338 - 347, XP002376005, ISSN: 1592-8721

ZHANG RAN ET AL: "Characterization of stem cell factor gene-modified human natural killer cell line, NK-92
cells: Implication in NK cell-based adoptive cellular immunotherapy”, ONCOLOGY REPORTS, vol. 11, no. 5,
May 2004 (2004-05-01), pages 1097 - 1106, XP002376006, ISSN: 1021-335X

GONG J-H ET AL: "CHARACTERIZATION OF A HUMAN CELL LINE (NK-92) WITH PEHNOTYPICAL AND
FUNCTIONAL CHARACTERISTICS OF ACTIVATED NATURAL KILLER CELLS", LEUKEMIA, MACMILLAN
PRESS LTD, US, vol. 8, no. 4, April 1994 (1994-04-01), pages 652 - 658, XP002914219, ISSN: 0887-6924

ERNST LINDA K ET AL: "Allelic polymorphisms in the FcgammaRIIC gene can influence its function on normal
human natural killer cells”, JOURNAL OF MOLECULAR MEDICINE (BERLIN), vol. 80, no. 4, April 2002 (2002-04-
01), pages 248 - 257, XP002376007, ISSN: 0946-2716

BECKNELL B ET AL: "Efficient infection of human natural killer cells with an EBV/retroviral hybrid vector",
JOURNAL OF IMMUNOLOGICAL METHODS, ELSEVIER SCIENCE PUBLISHERS B.V.,AMSTERDAM, NL, vol.
296, no. 1-2, January 2005 (2005-01-01), pages 115 - 123, XP004738466, ISSN: 0022-1759

GRUND E M ET AL: "Cost efficient and effective gene transfer into the human natural killer cell line, NK92",
JOURNAL OF IMMUNOLOGICAL METHODS, ELSEVIER SCIENCE PUBLISHERS B.V.,AMSTERDAM, NL, vol.
296, no. 1-2, January 2005 (2005-01-01), pages 31 - 36, XP004738458, ISSN: 0022-1759



DK/EP 2921500 T5

DESCRIPTION

FIELD OF THE INVENTION

[0001] This invention relates generally to a method for in vitro assessment of the efficacy of an
antibody to induce antibody dependent cellular cytotoxicity (ADCC). The method uses certain
natural killer (NK) cell lines that have been genetically engineered to express a CD16 cell
surface receptor protein that participates in antibody-dependent cellular cytotoxicity responses.
More specifically, the present invention relates to a method using natural killer cell line NK-92
which has been modified to express the Fc cell surface receptor protein CD16, and in a second
embodiment, which has been modified to express both the Fc cell surface receptor protein
CD16 and one or more of the associated accessory signaling proteins such as FcR-y or TCR-C
and/or a cytokine such as IL-2.

BACKGROUND

[0002] A number of antibodies, most notably Rituximab (MabThera®; Hoffmann-LaRoche, Ltd;

Basel, Switzerland) and Herceptin® (Genentech, Inc.; South San Francisco, CA), have shown
significant therapeutic value as highly selective and effective anti-tumor agents. Although these
antibodies can bind to specific antigens on the tumor cells, their anti-tumor activity depends at
least in part on the subsequent binding of natural killer (NK; a table of abbreviations if provided
in Table Z, located after the Examples) cells to the Fc (constant) portion of the antibody with
consequent destruction of the tumor cell via an antibody-dependent cellular cytotoxicity
(ADCC) mechanism

[0003] NK cells are a class of lymphocytes that typically comprise approximately 10% of the
lymphocytes in a human. The primary function of NK cells is to provide an innate cellular
immune response against tumor and infected (target) cells. Roles in the priming and regulation
of humoral immune response, fetal development and the elimination of stressed or damaged
normal cells have also been demonstrated and/or are considered to be likely. NK cells, which

are characterized as having a CD37/CD56* phenotype, display a variety of activating and
inhibitory cell surface receptors. The binding or ligation of an activating NK cell receptor to the
corresponding ligand on a target cell triggers the NK cell to exert a cytotoxic effect directly
against the target cell and to secrete a variety of cytokines that perform functions such as the
stimulation and recruitment of other elements of the immune system to act against the target.
Activated NK cells lyse target cells via the secretion of the enzymes perforin and granzyme,
stimulation of apoptosis-initiating receptors and other less well characterized mechanisms

[0004] NK cell inhibitory receptors predominantly engage with major histocompatibility complex
class | ("MHC-I") proteins on the surface of a normal cell. When so engaged, these inhibitory
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receptors prevent NK cells from becoming activated. The MHC-1 molecules define cells as
"belonging" to a particular individual. As expression of these MHC-I molecules can prevent NK
cell activation toward a target cell, it is thought that NK cells can be activated only by cells on
which these "self’ MHC-I molecules are missing or defective, such as is often the case for
tumor or virus-infected cells. The NK cell phenotype and activation pattern are distinct from

that exhibited by cytotoxic T-lymphocytes ("CTLs," CD3*/CD567/CD8" phenotype) that are
activated by target cells that display small foreign peptide fragments derived from viruses or
tumor cells attached to the surface MHC-1 molecules. Scientists have speculated that NK cells
evolved as a response to tumor and infected cells that evade destruction by CTLs through
suppression or disruption of the display of peptide-presenting MHC-I molecules.

[0005] NK cells have been evaluated as a therapeutic agent in the treatment of certain
cancers. The NK cells used for this purpose are isolated from the peripheral blood lymphocyte
("PBL") fraction of blood from the subject, expanded in cell culture in order to obtain sufficient
numbers of cells, and then re-infused into the subject. Although the results of this therapy have
been promising, preparation of the autologous NK cells is expensive, labor intensive and time
consuming. Furthermore, quality control of these cells is complicated by each preparation
being subject specific. In particular, the quantity of NK cells that can be isolated from a subject
can vary substantially, and these cells are often deficient in proliferative ability and/or cytotoxic
activity. Another limitation on the use ofNK cells as a therapeutic agent results from the
presence of surface antigens on the cells that can evoke an immune rejection response when
the cells are infused into a subject other than the one from which they were isolated. This
necessitates careful MHC-I| cross-matching between the donor and the recipient as well as the
need to immuno-suppress the recipient.

[0006] The NK-like cell line NK-92 was discovered in the blood of a subject suffering from a
non-Hodgkins lymphoma. NK-92 cells lack the major inhibitory receptors that are displayed by
normal NK cells, but retain the majority of the activating receptors. Characterization of the NK-
92 cell line (Gong et al., 1994; Yan et al., 1998) revealed that NK-92 cells are cytotoxic to a
significantly broader spectrum of tumor and infected cell types than are NK cells, and further
that they often exhibit higher levels of cytotoxicity toward these targets. NK-92 cells do not,
however, attack normal cells nor do they elicit an immune rejection response. In addition, NK-
92 cells can be readily and stably grown and maintained in continuous cell culture and, thus,
can be prepared in large quantities under c-GMP compliant quality control. This combination of
characteristics has resulted in NK-92 being entered into presently on-going clinical trials for the
treatment of multiple types of cancers.

[0007] Although NK-92 cells retain almost all of the activating receptors and cytolytic pathways
associated with NK cells, they do not express the CD16 receptor and, therefore, cannot lyse
target cells via the ADCC mechanism. This means that despite their other benefits, NK-92 cells
cannot potentiate the anti-tumor and anti-infection effects of endogenous or exogenous
antibodies in the manner of NK cells. Other NK-like cell lines in addition to NK-92 are also
known. Some of these other NK-like cell lines express CD16, but this expression is unstable;
the cells are typically difficult to grow in cell culture; and few exhibit robust cytotoxic activity. For
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these reasons, only NK-92 of the currently known NK-like cell lines is a viable candidate as a
therapeutic agent even though it lacks CD16 and, consequently, the ability to kill target cells via
the ADCC mechanism.

[0008] Thus, it would be an advantage to restore CD16 expression and the ability to act via the
ADCC mechanism to NK-92 cells, thus permitting those cells to be used in concert with
antibodies for therapeutic and related purposes. However, NK cell lines have been found to be
recalcitrant to gene transfer, a feature that has hampered the development of such cell lines
for research or therapeutic purposes. For NK-92 cells, transformation efficiencies of only 5-
15% and 10-20% have been achieved using particle-mediated gene transfer or retroviral
transduction (Nagashima ef al., 1998; Tam et al., 1999). NK-92 cell lines that stably expresses
the CD16 cell surface receptor are currently unavailable.

[0009] Shahied et al J Biol Chem. 2004 Dec 24;279(52):53907-14 describe that bispecific
minibodies targeting HER2/neu and CD16 exhibit improved tumor lysis when placed in a
divalent tumor antigen binding format.

SUMMARY

[0010] The invention provides a method for in vitro assessment of the efficacy of an antibody
to induce antibody dependent cellular cytotoxicity (ADCC), as defined in the claims.

The method of the invention utilizes an NK-92 cell modified to express the Fc receptor CD16
(FcyRIlI-A) on the surface of the cell.

[0011] The disclosure is directed generally to NK-92 cells modified to express a Fc receptor on
a surface of the cell; the Fc receptor can be an activating Fcy receptor, CD16 (FcyRIII-A), or
any member of an Fc receptor class, such as FCyRI (CD64), FCyRII (CD32), FCyRIII, FcRn,
Fca and Fce. The Fc receptors can be of any binding affinity for their ligands, or fragments of
their ligands, including low- and high-binding affinity forms. The NK-92 cells can be modified by
introducing a polynucleotide that encodes a polypeptide having at least 70%, 80%, 90%, 95%,
99% or 100% identity to the amino acid sequences of SEQ ID NO:1 or SEQ ID NO:2; one such
polynucleotide includes SEQ ID NO:3. The NK-92 cells can be further modified to express one
or more associated accessory signaling polypeptides, cytokines, or fragments thereof; such
expression can correlate with increased surface expression of the Fc receptor. Associated
accessory signaling polypeptides include FceRl-y (SEQ ID NO:5)or TCR- (SEQ ID NO:7).
Expression of a cytokine (such as interleukin-2) can also correlate with viability or cytotoxicity of
the modified NK-92 cells.

[0012] Also described are methods for in-vitro assessment of the efficacy of an antibody to
induce cell death. Such methods include the steps of exposing a target cell to an antibody
(monoclonal (purified or in hybridoma supernates), polyclonal, chimeric (such as one having at
least two dissimilar antigen binding domains (wherein one binding domain can be adapted to
bind the Fc receptor), or any other form of antibody), exposing the target cell to a modified NK-
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92 expressing an Fc receptor; and then monitoring the target cell for cytotoxicity, cytolysis, or
apoptosis, or a combination thereof. Pluralities of cells and antibodies can be used. The target
cells used in the methods can have a lysis or apoptotic rate of about 5%-30% in the presence
of the modified NK-92 cells in the absence of antibody. Effector-target ratios include 0.5:1 to
100:1, including 1:1 and 20:1. Target cells in the methods include SKOV-3, P815, THP-1,
U373MG, T98G, AML193, SR91, ALL1, and REH; these and any other target cells can be
modified to increase expression of the antigen to which the antibody binds. Appropriate
negative controls include using unmodified NK-92 cells.

[0013] The NK-92 cells used in the method of the invention are modified to express a Fc
receptor on a surface of the cell; the Fc receptor is an activating Fcy receptor, CD16 (FcyRIII-
A). The Fc receptor can be of any binding affinity for their ligands, or fragments of their ligands,
including low- and high-binding affinity forms. The NK-92 cells can be modified by introducing a
polynucleotide that encodes a polypeptide having at least 70%, 80%, 90%, 95%, 99% or 100%
identity to the amino acid sequences of SEQ ID NO:1 or SEQ ID NO:2; one such polynucleotide
includes SEQ ID NO:3. The NK-92 cells can be further modified to express one or more
associated accessory signaling polypeptides, cytokines, or fragments thereof; such expression
can correlate with increased surface expression of the Fc receptor. Associated accessory
signaling polypeptides include FceRI-y (SEQ ID NO:5)or TCR-C (SEQ ID NO:7). Expression of a
cytokine (such as interleukin-2) can also correlate with viability or cytotoxicity of the modified
NK-92 cells. Cytokines can also be added to the assay from exogenous sources.

[0014] The disclosure is also directed to methods for detecting cytolytic and apoptosis-inducing
activity, the method including the steps of exposing a target cell in the absence of antibodies to
a NK-92 cell expressing an Fc receptor, and then monitoring the target cell for cytotoxicity,
cytolysis or apoptosis. Monitoring can include determining IFN-y or cytokine expression levels.
The method can further include applying a blocking agents, such as activating receptor-
masking antibodies or polypeptides (or fragments of these) to suppress one or more activating
receptors on the NK-92 cell.

[0015] The disclosure is also directed to methods of assaying the efficacy of an antibody to
treat a tumor, infection or other lesion, the method including the steps of administering an
antibody (or plurality of antibodies) to a subject, administering modified NK-92 cells expressing
an Fc receptor to the subject; and then monitoring the tumor, infection or lesion. The efficacy of
the antibody in the treatment correlates with suppression of the tumor, infection or lesion in the
subject. Monitoring can include determining IFN-y or cytokine expression levels. The method
can further include applying a blocking agents, such as activating receptor-masking antibodies
or polypeptides (or fragments of these) to suppress one or more activating receptors on the
NK-92 cell.

[0016] The antibody can be monoclonal (purified or in hybridoma supernates), polyclonal,
chimeric (such as one having at least two dissimilar antigen binding domains (wherein one
binding domain can be adapted to bind the Fc receptor), or any other form of antibody.
Cytokines (such as interleukin-2), or fragments thereof, can be expressed from modified NK-92
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cells or supplied exogenously. Subjects include bovines (e.g., cows), swine (e.g., pigs, hogs),
rabbits, alpacas, horses, canines (e.g., dogs), felines (e.g., cats), ferrets, rats, mice, fowl
(chickens, turkeys) and buffalo. Subjects can also be human.

[0017] The NK-92 cells in this aspect of the disclosure can include those modified to express a
Fc receptor on a surface of the cell; the Fc receptor can be an activating Fcy receptor, CD16
(FcyRII-A), or any member of an Fc receptor class, such as FCyRI (CD64), FCyRIl (CD32),
FCyRIIl, FcRn, Fca. and Fce. The Fc receptors can be of any binding affinity for their ligands,
or fragments of their ligands, including low- and high-binding affinity forms. The NK-92 cells
can be modified by introducing a polynucleotide that encodes a polypeptide having at least
70%, 80%, 90%, 95%, 99% or 100% identity to the amino acid sequences of SEQ ID NO:1 or
SEQ ID NO:2; one such polynucleotide includes SEQ ID NO:3. The NK-92 cells can be further
modified to express one or more associated accessory signaling polypeptides, cytokines, or
fragments thereof; such expression can correlate with increased surface expression of the Fc
receptor. Associated accessory signaling polypeptides include FceRI-y (SEQ ID NO:5)or TCR-C
(SEQ ID NO:7).

[0018] Also described are methods of treating a subject, the subject having a tumor, infection
or other lesion, the method including administering to a subject antibodies that specifically bind
to the tumor, infection or other lesion; and then administering to the subject modified NK-92
cells expressing an Fc receptor. A reduction in the tumor, infection or lesion indicates a
therapeutic response. Monitoring can include determining IFN-y or cytokine expression levels.
The method can further include applying a blocking agents, such as activating receptor-
masking antibodies or polypeptides (or fragments of these) to suppress one or more activating
receptors on the NK-92 cell.

[0019] The antibody can be monoclonal (purified or in hybridoma supernates), polyclonal,
chimeric (such as one having at least two dissimilar antigen binding domains (wherein one
binding domain can be adapted to bind the Fc receptor), or any other form of antibody.
Cytokines (such as interleukin-2), or fragments thereof, can be expressed from modified NK-92
cells or supplied exogenously. Subjects include bovines (e.g., cows), swine (e.g., pigs, hogs),
rabbits, alpacas, horses, canines (e.g., dogs), felines (e.g., cats), ferrets, rats, mice, fowl
(chickens, turkeys) and buffalo. Subjects can also be human.

[0020] The NK-92 cells in this aspect of the disclosure can include those modified to express a
Fc receptor on a surface of the cell; the Fc receptor can be an activating Fcy receptor, CD16
(FcyRII-A), or any member of an Fc receptor class, such as FCyRI (CD64), FCyRIl (CD32),
FCyRIIl, FcRn, Fca and Fce. The Fc receptors can be of any binding affinity for their ligands, or
fragments of their ligands, including low- and high-binding affinity forms. The NK-92 cells can
be modified by introducing a polynucleotide that encodes a polypeptide having at least 70%,
80%, 90%, 95%, 99% or 100% identity to the amino acid sequences of SEQ ID NO:1 or SEQ ID
NO:2; one such polynucleotide includes SEQ ID NO:3. The NK-92 cells can be further modified
to express one or more associated accessory signaling polypeptides, cytokines, or fragments
thereof; such expression can correlate with increased surface expression of the Fc receptor.
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Associated accessory signaling polypeptides include FceRI-y (SEQ ID NO:5)or TCR-C (SEQ ID
NO:7).

[0021] Numerous other advantages and features of the present invention will become readily
apparent from the following detailed description of the invention and the embodiments thereof,
from the claims and from the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The objects, features and advantages of the present invention will be more readily
appreciated upon reference to the following disclosure when considered in conjunction with the
accompanying drawings.

Figure 1 shows flow cytometer scatter diagrams of NK-92 cells transduced with CD16 cDNA
using the pBMN-IRES-EGFP vector after staining with no primary antibody (Figure 1A) and
with both primary (anti-CD16) and secondary antibody (Figure 1B). EGFP expression is
assessed on the x-axis, and surface CD16 expression is on the y-axis.

Figure 2 shows flow cytometer scatter diagrams showing the expression of CD16 by NK-92
cells transduced with CD16 alone (Figure 2A), and the increase in CD16 expression when NK-
92 cells are transduced with CD16 cDNA in combination with FceRI-y cDNA (y; in pBMN-IRES-
EGFP vector (Figure 2B), or CD3 ¢ cDNA (Figure 2C).

Figure 3 is a graphical diagram showing redirected cytotoxicity of FcyRII/III* P815 target cells
by NK-92-CD16 cells induced by anti-CD16 antibody (3G8), but not antibodies toward CD56

(B159) or KIR (DX9). Cells were assayed using °'Cr release from P815 target cells at the
indicated effector to target ratios.

Figure 4 is a graphical diagram illustrating redirected cytotoxicity of FcyRII/IIIY THP-1 target
cells by NK-92-CD16 cells (filled symbols) induced by anti-CD16 antibody (3G8; squares), but
not anti-NKR-P1 antibody (B199;

triangles). Redirected cytotoxicity was not induced by anti-CD16 in NK-92 cells transduced with
mouse IgM cDNA (open symbols).

Figure 5 is a graphical diagram illustrating redirected cytotoxicity of SKOV-3 target cells by NK-
92-CD16 cells (triangles), but not mouse IgM-transduced NK-92 (squares), induced by bi-
specific 2B1 antibody (filled symbols). 2B1 contains F(ab) domains recognizing both Her2/neu
antigen on SKOV-3 cells and CD16 on NK-92-CD16.

Figure 6 is a graphical diagram illustrating redirected cytotoxicity of NoGFP NK-92-CD16, NK-
92-CD16-y, and NK-92-CD16-C cells against P815 target cells in combination with the indicated
concentration of 2B1 chimeric bi-specific monoclonal antibody.
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DETAILED DESCRIPTION OF THE INVENTION

[0023] The invention is defined by the claims.

[0024] The present disclosure is directed towards cell lines and methods that potentiate and
broaden the effective scope of the ADCC response. The present disclosure provides an NK-92
cell line that stably expresses an Fc cell surface receptor protein, such as CD16. (Several
different nomenclatures have evolved to refer to certain Fc receptors; they are used
interchangeably herein, including CD16, FCyRIII-A, and their polymorphisms or other forms
having varied affinity levels).

[0025] Many biotechnology companies are presently developing novel monoclonal antibodies
for use in cancer immuno-therapies. The intent of this development effort is to prepare
antibodies that bind to particular protein antigens that are uniquely expressed on the surfaces
of specific types of tumor cells. Cytotoxic NK cells can, in turn, bind to the Fc (constant) region
of these tumor-bound antibodies via the CD16 receptors displayed on the NK cells and initiate
lysis of the tumor cell through the ADCC mechanism. The high efficacy and specificity of
therapeutic agents based upon this approach has been clinically demonstrated through the
use of the monoclonal antibody Herceptin (anti-ErbB2) for the treatment of ErbB2-expressing
breast carcinomas and the use of the monoclonal antibody Rituximab (anti-CD20) for the
treatment of B-cell lymphomas. Numerous other therapeutic antibodies that target a wide
variety of additional tumor-specific antigens are under development.

[0026] An essential part of the development of antibody-based cancer therapies is the in-vitro
determination of the efficacy and specificity of NK cell-mediated ADCC that is imparted by the
binding of the antibody to the target tumor cell. These tests are typically conducted using
peripheral blood lymphocytes (PBL) obtained from normal human donors or NK cells isolated
from the PBL blood fraction as effector cells. In addition to the cumbersome burden inherent in
routinely obtaining and processing human blood samples, there is considerable variability in
the activity and quantity of effector cells obtained from different donors and similar variability
between samples obtained from the same donor. Part of this variability is intrinsic and arises
from the polyclonal nature of NK cells. In particular, allelic variations in the extracellular portion
of the CD16 gene can result in significant differences in CD16 affinity for the Fc portions of
antibodies and differences in the activation status of donor NK cells can alter the level of CD16
expression on the cell surface. The concentration of NK cells in the PBL fraction also varies,
partly for genetic reasons and partly as a reflection of the physiological status of the donor.
This effector cell variability greatly complicates the assessment of monoclonal antibodies as
potential therapeutic agents. Furthermore, although NK cells expressing the low binding affinity
form of CD16 are most common, the high affinity isotype is sufficiently common that antibody
testing needs to be carried using NK cells of both forms (Koene et al., 1997). Identifying donors
homozygous for low and high affinity allelic forms of CD16 is a difficult task. The availability of a
clonal human NK cell population that expresses a consistent level of CD16 activity would
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provide substantial benefit as a standard effector in the evaluation of antibodies for ADCC
activity and specificity.

[0027] In like manner, antibody-based therapies can benefit from the presence of NK cells
having known high levels of Fc-binding capacity and cytotoxic activity within the subject. In
addition to the variabilities previously described, NK cells isolated from cancer subjects are
often found to have been rendered defective, deficient or ineffective by actions of the tumor
cells. Some types of tumor cells, for example, are able to kill or deactivate NK cells in a subject-
specific manner. Other types of tumor cells similarly are able to interfere with NK cell
production, activity and/or specificity. Such variability makes reliance on subject NK cells
problematic in a therapeutic setting and suggests that the co-administration of known
quantities of exogenous NK cells having a known level of activity along with an appropriate
antibody can result in more consistent therapeutic effects. Again, the availability of a clonal
human NK cell population that expresses a consistent level of CD16 activity is expected to
provide substantial benefit.

[0028] One major limitation on the usefulness of NK cells is that they express a repertoire of
cell surface receptors that, when bound to the corresponding MHC-I ligand on a normal target
cell, strongly and specifically prevent destruction of the target cell by inhibiting NK cell
activation, cytotoxicity and cytokine response. This inhibition can abrogate the activation of NK
cells caused by the binding ofNK cell activating receptors to their conjugate ligands on the
target cell. Thus a NK cell will destroy a target cell that displays only activating ligands, but will
spare a target cell that displays MHC-I inhibitory ligands even if activating ligands are also
present.

[0029] Almost all cells in mammals display certain polymorphic cell surface proteins of the
MHC-1 on their surfaces. These MHC-I proteins have the primary function of displaying peptide
antigens that are fragments derived from proteins expressed within a cell and are classified as
being MHC-| complexes. The MHC complexes displayed on normal cells are unique to each
individual and are often referred to as being markers of "self for that individual. Exogenous
cells introduced by transplantation display MHC molecules and associated peptides that differ
from those of the host individual and are therefore referred to as being "non-self.” Non-self
MHC-peptide complexes can also appear on aberrant cells as a result of processes that alter
the peptides presented on the MHC molecules. In particular, non-self peptides are displayed
by many, but not all, tumor cells and infected cells.

[0030] NK cell inhibitory receptors consist of several families of proteins that recognize, bind to
and are triggered to send "negative intracellular signals” by encountering intact self MHC-I
proteins on the surface of a normal self, target cell. NK cells are therefore prevented from
attacking and destroying normal cells that display the appropriate self MHC-I constellation.
Tumor and infected cells that display this self MHC-I constellation are also immune from attack.
Only cells that display non-self or no MHC-I are subject to destruction by NK cells. Some types
of tumor and infected cells that do not display self MHC-I complexes have, however, evolved
mechanisms that allow them to escape this fate. Examples of such escape mechanisms
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include expression of surrogate MHC-I-like, NK cell inhibitory receptor ligands and the
secretion of soluble ligands that suppress NK cell functions. Tumor and infected cells that
implement such escape mechanisms are refractory to NK cell-mediated lysis. The efficacy of
NK cells as an agent for the destruction of cancer cells is therefore limited by the presence of
appropriate MHC-I ligands for NK cell inhibitory receptors. The availability of a human NK cell
population that does not express NK cell inhibitory receptors would beneficially expand the
range of cancers and infections that can be treated using antibody-based therapeutic agents.

[0031] NK-92 is a NK-like cell line that was initially isolated from the blood of a subject suffering
from a large granular lymphoma and subsequently propagated in cell culture. The NK-92 cell
line has been described (Gong et al., 1994; Klingemann, 2002). NK-92 cells determined have a
CD3-/CD56+ phenotype that is characteristic ofNK cells. They express all of the known NK cell-
activating receptors except CD16, but lack all of the known NK cell inhibitory receptors except
NKG2A/CD94 and ILT2/LIR1, which are expressed at low levels. Furthermore, NK-92 is a
clonal cell line that, unlike the polyclonal NK cells isolated from blood, expresses these
receptors in a consistent manner with respect to both type and cell surface concentration.
Similarly, NK-92 cells are not immunogenic and do not elicit an immune rejection response
when administered therapeutically to a human subject. Indeed NK-92 cells are well tolerated in
humans with no known detrimental effects on normal tissues. While NK-92 cells, unlike NK cells
and cells of most of the other known NK-like cell lines, have been engineered to express novel
proteins by means of transduction using retroviral vectors (Campbell et al., 2004; Kikuchi-Maki
et al, 2003; Klingemann, 2002; Yusa and Campbell, 2003; Yusa ef al., 2002; Yusa et al,
2004), such engineering has proved difficult as evidenced by numerous failures to engineer
NK-92 cells to express an Fc receptor. More particularly, despite the clear potential benefits
which could be anticipated from an NK-92 cell line modified to express CD16, such genetic
modification had not been achieved in fact until the present disclosure.

[0032] This unique combination of characteristics renders NK-92 as a suitable platform upon
which the present disclosure can be constructed. In particular, the lack of inhibitory receptors
means that NK-92 are not MHC-restricted and can act effectively against any cell that displays
an appropriate activating ligand independent of any MHC-I inhibitory ligands that can also be
expressed. The lack of immunogenicity coupled with the relative ease with which NK-92 cells
can be grown in culture means that they can be prepared in bulk and administered to any
subject as the need arises. The stability and consistency of NK-92 makes it suitable for use as
a reference material and therapeutic agent. In addition, the present disclosure provides the
ability to transduce NK-92 with genes for novel proteins, such as Fc receptors, in conjunction
with the ability of NK-92 to stably express these proteins, as explained in greater detail below.

[0033] The use of NK-92 cells as a therapy for cancers is currently being evaluated with
promising results in human clinical trials. The benefits of NK-92 cells are being further exploited
through the development of genetically engineered NK-92 variants that express an protein
construct that covalently links an antibody-like binding domain to a signaling domain such as
TCR-C (Genbank Accession No. J04132; SEQ ID NO:6) (TCR-C (Genbank Accession No.
J04132; SEQ ID NO:6)) (Klingemann, 2002; Maki et al,, 2001; Uherek et al., 2001; Uherek ef
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al., 2002). In these constructs, the antibody-like domain is structured to specifically bind to an
antigen that is expressed by a target cell while the signaling domain is one that is known to
trigger NK and NK-92 cell activity when stimulated. It has, to date, been demonstrated in-vitro
and in animal models that the binding of the antibody-like domain of such a construct to its
antigen on a target cell triggers the NK-92 cell in a manner such that it rapidly and efficiently
destroys the target cell via direct conjugation. The utility of these constructs as therapeutic
agents is, however, limited by the need to design, prepare and validate a unique construct for
each specific type of cancer or infection to be treated. The availability of a single NK-92 variant
that can be used to treat a broad range of cancers and infections is of beneficial utility.

[0034] One area in which NK-92 cells can be improved pertains to the use of NK-92 cells in
subjects, in that the cytotoxicity, cell surface receptor concentration and survival of NK-92 cells
as well as the range of tumor and infected cell types that are attacked have been shown to be
increased by the presence of low concentrations of the cytokine interleukin-2 (IL-2). The cost
of the exogenously added IL-2 needed to maintain and expand NK-92 in commercial scale
culture is significant, while the administration of IL-2 to human subjects in sufficient quantity to
achieve the desired effects is also known to cause adverse side effects. This limitation has
been addressed by the development of the IL-2 secreting NK-92mi and NK-92ci cell lines by
retroviral transduction of NK-92 with the gene for IL-2 (Klingemann, 2002; Nagashima et al.,
1998). The levels of IL-2 secreted by these cell lines are sufficient to optimize NK-92 survival
and activity, but are below the level generally associated with the onset of adverse side effects.

[0035] Another area in which NK-92 cells can be improved, and the focus of the present
disclosure, concerns the fact that unmodified NK-92 does not express CD16 and therefore is
ineffective in killing target cells via the ADCC mechanism. Although NK-92 cells are widely used
as a model system for the study of NK cell activation, action and inhibition, the lack of CD16
expression precludes the use of NK-92 cells for the evaluation of efficacy of antibodies as
therapeutic agents and the use of NK-92 as a therapeutic agent that is co-administered with an
antibody. The present disclosure addresses this limitation by causing NK-92 cells to express
CD16. Additional utility and benefit of the present disclosure will become apparent in the
following descriptions.

Modifying NK-92 cells

[0036] CD16 is most commonly found in a form that has a relatively low binding affinity for the
Fc portion of IgG molecules. An alternative form that exhibits a higher binding affinity is found
in some individuals. The low and high affinity forms of CD16 differ only by the substitution of
valine (high affinity) for phenylalanine (low affinity) at position 157 in the polypeptide chain. The
complete sequences of the low and high affinity forms can be found in the SwissProt database
as entries P08637(SEQ ID NO: 1) and VAR_008801 (SEQ ID NO:2), respectively and are
presented in Tables 1 and 2; the polynucleotide encoding SEQ ID NO:1 (SEQ ID NO:3) is
presented in Table 3.
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[0037] CD16 was introduced into NK-92 cells by means of retroviral transduction in the
following manner. Complementary DNA encoding the gene for either the low or high affinity
form of CD16 was sub-cloned into a bi-cistronic retroviral expression vector, pBMN-IRES-
EGFP (obtained from G. Nolan, Stanford University, Stanford, CA) using the BamHI and Nofl
restriction sites in accordance with standard methods (e.g., (Ausubel, 2002; Sambrook and
Russell, 2001)). This expression vector was then transfected into the Phoenix-Amphotropic
retroviral packaging cell line and the resulting virus-containing supernate was used to
transduce NK-92 cells, although alternative methods including those in which vectors
incorporate EGFP or other fluorescent proteins (yellow, red, cyan, efc.) can be used, and the
Phoenix-Amphotropic retroviral packaging cell line were both obtained from and are available
to the public from the Leland Stanford University, Stanford, California, USA; (Kinsella and
Nolan, 1996; Nolan and Kinsella, 1998)). As indicated below, other vectors and packaging cell
lines, both those currently known and those which can be developed in the future, can be
used. Transduced NK-92 cells expressing CD16 on their surface (NK-92-CD16, also known as
CD16/FceRIly-NK-92) were separated from the residual non-transduced NK-92 cells using a
fluorescence activated cell sorter (FACS). When appropriate to the intended use, the NK-92-
CD16 cells were further sub-sorted on the basis of CD16 expression level using a FACS,
based upon coordinate expression of Enhanced Green Fluorescent Protein (EGFP). The
resulting NK-92-CD16 cells stably express CD16 in cell culture without the need for periodic
antibiotic selection.
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Polypeptide sequence for SEQ ID NO:1 (Low affinity immunoglobulin gamma Fc

region receptor IlI-A [Precursor])

Gly

Ser
65

Val
85

Ser
100

Ala
115

His
130

Gly
145

Lys
165

Gly
180

Trp

Met

Trp

Ala

Leu

Asp

Asp

Pro

Lys

Ala

Ser

Gln

Arg

Tyr

Tyr

Ile

Pro

Arg

Trp

Gly

Thr

Lys

Thr

Arg

Ser

Ser

Ser

Val

Trp

Lys

Arg

Leu

Asn

Leu Leu

Glu Asp

Val Leu
40

Pro Glu
55

Ser Gln
70

Gly Glu
90

Gln Leu
105

Val Phe
120

Asn Thr
135

Lys Tyr
150

Lys Asp
170

Val Ser
185

Pro

Leu

Glu

Asp

Ala

Tyr

Glu

Lys

Ala

Phe

Ser

Ser

Thr

Pro

Lys

Ser

Arg

Val

Glu

Leu

His

Gly

Glu

Ala

Lys

Asp

Ser

Ser

Cys

His

Glu

His

His

Ser

Thr

Leu

10

Ala

Ser

Thr

Tyr

Gln

Ile

Asp

Lys

Asn

Tyr

Val

Leu

Val
30

val
45

Gln
60

Phe
75

Thr
95

Gly
110

Pro
125

Val
140

Ser
155

Phe
175

Asn
190

Leu

Val

Thr

Trp

Ile

Asn

Trp

Ile

Thr

Ile

Leu

Phe

Leu

Phe

Asp

Leu

Leu

His

Tyr

Phe

Arg

Thr

Val

Leu

Lys

Hisg

Ala

Ser

Leu

Leu

Leu

Tyr

Gly

Ile

Ser

15

Glu

Cys

Asn

Ala

Thr

Leu

Arg

Gln

Ile

Leu

Thr

Ala

Pro

Gln

Glu

Thr

80

Leu

Gln

Cys

Asn

Pro

160

Phe

Gln

Gly Leu Ala Val Ser Thr Ile

195

Val Ser Phe Cys Leu Val Met

210

Leu Tyr Phe Ser Val Lys Thr Asn

225

Lys Asp His Lys Phe Lys Trp

245

200

215

230

Ser

val

Arg

Ser

Leu

Ile

Lys

Phe

Leu

Arg

Asp

Phe

205

Phe

220

Ser

235

Pro

Pro Pro

Ala val

Ser Thr

Gln Asp

Lys

Gly Tyr Gln

Asp Thr Gly

Arg Asp Trp
240
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Polypeptide sequence for SEQ ID NO:1 (Low affinity immunoglobulin gamma Fc

region receptor IlI-A [Precursor])

Table 2

Polypeptide sequence for SEQ ID NO:2 (Low affinity variant 157 F -> V

immunoslobulin gamma Fc region receptor IlI-A [precursor])

Met

Gly

Gln

Gly

Val

Ser

Ala

His

Met

Ala

50

Leu

Asp

Asp

Ser
130

Gln

Arg

Tyr

35

Tyr

Ile

Pro

Arg
115

Trp

Leu

Thr

20

Ser

Ser

Ser

Val

100

Trp

Lys

Leu

Glu

Val

Pro

Ser

Gln

Val

Asn

Leu

Asp

Leu

Glu

Gln

70

Glu

Leu

Phe

Thr

Pro

Leu

Glu

Asp

55

Ala

Tyr

Ala
135

Thr

Pro

Lys

40

Asn

Ser

Arg

val

Glu

120

Leu

Ala

Lys

25

Asp

Ser

Ser

Cys

Glu

His

Leu

10

Ala

Ser

Thr

Tyr

Gln
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Tle

Asp

Lys

Leu

Val

Val

Gln
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Pro

Val

Leu
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Thr
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Ile

Asn

Trp

Ile
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Phe
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Phe

Asp
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Leu
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Tyvr

Val

Leu
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Lys
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Leu
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Leu

Leu

Ser
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Leu

Arqg

Gln

Ala

Pro

Gln

Glu
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Leu

Gln
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Lys

Gly
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Val

Leu

Lys
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Ser

Leu

Ser
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Thr

Lys
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Phe

Phe

Arg

Leu
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Val
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Lys
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Ser
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s Tyr

150
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Thr
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Gly

Glu

Ser
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Asn

Ser

Thr

185

Ser

Leu
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Tyr
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Phe

Leu

Arag
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Phe
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Phe

Phe

Ser

Cys

Ile

Pro

Ala
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Ser

Val
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Thr

Pro
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Ara
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Thr
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Polypeptide sequence for SEQ ID NO:2 (Low affinity variant 157 F -> V
immunoslobulin gamma Fc¢ region receptor Ill-A [precursor])

230 235 240

Lys Asp His Lys Phe Lys Trp Arg Lys Asp Pro Gln Asp Lys
245 250

Table 3
Polynucleotide sequence (MRNA) for SEQ ID NO:3 (low affinity immunoglobulin

gamma Fc region receptor 1ll-A [Precursor])

atgtggcagce tgctcctcecce aactgctcectg ctacttcectag tttcagctgg catgcggact 60
gaagatctce caaaggctgt ggtgttcectg gagectcaat ggtacagggt gcectcgagaag 120
gacagtgtga ctetgaagtyg ccagggagcecce tactceccectyg aggacaattce cacacadgtgg 180
tttcacaatyg agagcctcat ctcaagccag gcctcecgaget acttcecattga cgctgecaca 240
gtegacgaca gtggagagta caggtgccag acaaacctet ccaccectcecag tgaccececggtyg 300
cagctagaag tccatatcgg ctggetgttg ctccaggecce cteggtgggt gttcaaggag 360
gaagacccta ttcacctgag gtgtcacagce tggaagaaca ctgcectcectgea taaggtcaca 420
tatttacaga atggcaaagg caggaagtat tttcatcata attctgactt ctacattcca 480
aaagccacac tcaaagacag cggctectac ttetgcaggg ggetttttgg gagtaaaaat 540
gtgtcttcag agactgtgaa catcaccatc actcaaggtt tggcagtgtc aaccatctca 600
tcattcecttte cacctgggta ccaagtctet ttetgettgg tgatggtact cotttttgea 660
gtgygacacayg gactatattt ctctgtgaag acaaacattce gaagctcaac aagagactgg 720
aaggaccata aatttaaatyg gagaaaggac cctcaagaca aatga 765

Recombinant expression vectors and host cells

[0038] Vectors are tools used to shuttle DNA between host cells or as a means to express a
polynucleotide sequence. Inserting the DNA of interest, such as a CD716 sequence or a
fragment, is accomplished by ligation techniques and/or mating protocols well known to the
skilled artisan. Such DNA is inserted such that its integration does not disrupt any necessary
components of the vector. In the case of vectors that are used to express the inserted DNA as
a polypeptide, the introduced DNA is operably-linked to the vector elements that govern its
transcription and translation.

[0039] Vectors can be divided into two general classes: Cloning vectors are replicating plasmid
or phage with regions that are non-essential for propagation in an appropriate host cell, and
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into which foreign DNA can be inserted; the foreign DNA is replicated and propagated as if it
were a component of the vector. An expression vector (such as a plasmid, yeast, or animal
virus genome) is used to introduce foreign genetic material into a host cell or tissue in order to
transcribe and translate the foreign DNA. In expression vectors, the introduced DNA is
operably-linked to elements, such as promoters, that signal to the host cell to transcribe the
inserted DNA. Some promoters are exceptionally useful, such as inducible promoters that
control gene transcription in response to specific factors. Operably-linking a CD76
polynucleotide to an inducible promoter can control the expression of a CD16 gene or
fragments. Examples of inducible promoters include those that are tissue-specific, which
relegate expression to certain cell types, steroid-responsive (e.g., glucocorticoids (Kaufman,
1990)and tetracycline), or heat-shock reactive. Some bacterial repression systems, such as
the /ac operon, have been exploited in mammalian cells and transgenic animals (Fieck ef al,
1992; VWyborski et al.,, 1996; Wyborski and Short, 1991). Other desirable inducible promoters
include those that are not endogenous to the cells in which the construct is being introduced,
but, however, are responsive in those cells when the induction agent is exogenously supplied.

[0040] Vectors have many manifestations. A "plasmid" is a circular double stranded DNA
molecule that can accept additional DNA fragments. Viral vectors can also accept additional
DNA segments into the viral genome. Certain vectors are capable of autonomous replication in
a host cell (e.g., bacterial vectors having a bacterial origin of replication and episomal
mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors) integrate into the
genome of a host cell and replicate as part of the host genome. In general, useful expression
vectors are plasmids and viral vectors (e.g., replication defective retroviruses, adenoviruses
and adeno-associated viruses); other expression vectors can also be used.

[0041] Vector choice is dictated by the organisms or cells being used and the desired fate of
the vector. Vectors can replicate once in the target cells, or can be "suicide" vectors. In
general, vectors comprise signal sequences, origins of replication, marker genes, enhancer
elements, promoters, and transcription termination sequences. Vectors often use a selectable
marker to facilitate identifying those cells that have incorporated the vector. Table F
summarizes many of the available markers.

[0042] "Host cell" and "recombinant host cell” are used interchangeably. Such terms refer not
only to a particular subject cell but also to the progeny or potential progeny of such a cell.
Because certain modifications may occur in succeeding generations due to either mutation or
environmental influences, such progeny may not, in fact, be identical to the parent cell, but are
still included within the scope of the term.

[0043] Methods of eukaryotic cell transfection and prokaryotic cell transformation are well
known in the art (see examples in Table B). The choice of host cell dictates the preferred
technique for introducing the polynucleotide of interest. Introduction of polynucleotides into an
organism may also be done with ex vivo techniques that use an in vitro method of transfection,
as well as established genetic techniques, if any, for that particular organisms. Such
procedures can similarly be employed for the transduction of genetically engineered NK-92
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cells, including NK-92-CD16-y, NK-92-CD16-, NK-92mi and NK-92ci. The NK-92, NK-92mi
and NK-92ci cell lines are deposited with the American Type Culture Collection under Deposit
Numbers CRL-2407, CRL-2408 and CRL-2409, respectively. NK-92-CD16, NK-92-CD16-y, NK-
92-CD16-C and NK-92-CD16(F157V) are being submitted to the American Type Culture

Collection..

Table A

Methods to introduce polynucleotide into cells

Cells Methods References Notes

Mammalian j Calcium N-(2-Hydroxyethyl)piperazine- {Cells may be

cells phosphate N'-(2-ethanesulfonic acid "shocked" with

transfection (HEPES) buffered saline glycerol or
solution (Chen and dimethylsulfoxide

(DMSO) to
increase

Okayama, 1988; Graham and
van der Eb, 1973; Wigler ef al.,
1978)

BES (N,N-bis(2-
hydroxyethyl)-2-
aminoethanesulfonic acid)
buffered solution (Ishiura et al.,
1982)

transfection
efficiency
(Ausubel, 2002).

Diethylaminoethyl
(DEAE)-Dextran
transfection

(Fujita et al., 1986, Lopata et
al., 1984; Selden ef al., 1986)

Most useful for
transient, but not
stable,
transfections.
Chloroquine can
be used to
increase
efficiency.

Electroporation

(Neumann et al., 1982; Potter,
1988; Potter et al., 1984; Wong
and Neumann, 1982)

Especially useful
for hard-to-
transfect
lymphocytes.

Cationic lipid
reagent
transfection

(Elroy-Stein and Moss, 1990;
Felgner et al., 1987; Rose et
al., 1991; Whitt ef al., 1990)

Applicable to both
in vivo and in vitro
transfection.

Retroviral

Production exemplified by
(Cepko et al., 1984; Miller and
Buttimore, 1986; Pear et al.,
1993) Infection in vitro and in
vivo: (Austin and Cepko, 1990;
Bodine et al., 1991; Fekete and
Cepko, 1993; Koehne et al.,
2003; Lemischka et al., 1986;
Turner et al., 1990)

Lengthy process,
many packaging
lines available at
ATCC. Applicable
to both in vivo and
in vitro
transfection.
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Methods to introduce polynucleotide into cells

Cells Methods References Notes
(Chaney et al., 1986; Kawai
Polybrene and Nishizawa, 1984) Can be used to

establish cell lines
carrying integrated
(Rassoulzadegan et al., 1982; {copies of DFF
Protoplast fusion {Sandri-Goldin et al., 1981; DNA sequences.
Schaffner, 1980)

Microinjection (Capecchi, 1980)

[0044] Other vectors and packaging cell lines have been used in the preparation of genetically
modified variants of NK-92 cells (Klingemann, 2002; Nagashima et al., 1998; Tam et al., 1999;
Uherek et al, 2002) and can be used equivalently herein. Retroviral transduction systems
other than those of the Examples discussed below have also been successfully used to
transduce a variety of genes into NK-92 cells. By way of example, these alternative methods
include, but are not limited to the p-JET vector in conjunction with FLYA13 packaging cells
(Gerstmayer et al., 1999), the plasmid-based kat retroviral transduction system, and DFG-hIL-
2-neo/CRIP (Nagashima et al, 1998). Electroporation and "gene gun" introduction of the
vector into the packaging cells is also practiced. Use of the pBMN-IRES-EGFP vector in
combination with the Phoenix-Amphotropic packaging cell line is convenient for the purpose of
this and the following Examples in that it provides high efficiencies of Phoenix-Amphotropic cell
transfection; the use of Moloney LTR promoters results in a high level of CD16 expression; the
virus is produced at high titers; the efficiency of NK-92 transduction is improved over other
vectors that have been used to transduce NK-92; and the vector provides adequate space to
accommodate the CD16 cDNA or alternative inserts. The pBMN-IRES-EGFP vector further
incorporates genes for enhanced green fluorescent protein (EGFP), which can be used as an
endogenous surrogate marker for gene expression. The Phoenix cell line stably expresses this
vector in episomal form along with producing other viral components, thus allowing the cells to
stably produce virus for an extended period of time. Importantly, previously described
publications (Klingemann, 2002; Nagashima et al., 1998; Tam et al., 1999; Uherek et al., 2002)
have established that alternative retroviral systems can be used to introduce cDNAs into NK-
92.

[0045] A "homologous polynucleotide sequence"” or "homologous amino acid sequence,” or
variations thereof, refer to sequences characterized by a homology at the polynucleotide level
or amino acid level. Homologous polynucleotide sequences encode those sequences coding
for isoforms of CD16. Different genes can encode isoforms such as homologous CD16
polynucleotide sequences of species other than mice, including other vertebrates, such as
human, frog, rat, rabbit, dog, cat, cow, horse, and other organisms. Homologous
polynucleotide sequences also include naturally occurring allelic variations and mutations of
SEQ ID NOs:1 or 2. Homologous polynucleotide sequences may encode conservative amino
acid substitutions in SEQ ID NOS: 1 or 2.
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[0046] CD16 polynucleotide molecules that differ from the polynucleotide sequence shown in
SEQ ID NO:3, due to degeneracy of the genetic code and thus encode same CD16 as that
encoded by the polynucleotide sequence shown in SEQ ID NOS:3 may also be used. Any
polynucleotide molecule encoding a polypeptide having an amino acid sequence shown in SEQ
ID NOS:1 or 2 is useful for modifying NK-92 cells.

[0047] In addition to the CD16 polynucleotide sequence shown in SEQ ID NO:3, DNA
sequence polymorphisms that change the CD16 amino acid sequences can also be useful to
modify NK-92 cells. For example, allelic variations among individuals exhibit genetic
polymorphisms in CD16 genes.

[0048] Moreover, CD16 genes from other species that have a polynucleotide sequence that
differs from the sequence of SEQ ID NO:3 are contemplated to be useful in the methods of the
invention

[0049] "CD16 variant polynucleotide” or "CD16 variant polynucleotide sequence" means a
polynucleotide molecule which encodes a CD16 polypeptide that (1) has at least about 70%
polynucleotide sequence identity with a polynucleotide acid sequence encoding a full-length
native CD16, (2) a full-length native CD16 lacking the signal peptide, (3) an extracellular
domain of a CD16, with or without the signal peptide, or (4) any other fragment of a full-length
CD16, Ordinarily, a CD16 variant polynucleotide will have at least about 70% polynucleotide
sequence identity, more preferably at least about 71% - 99% polynucleotide sequence identity
and yet more preferably at least about 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% and even more preferably, 99% polynucleotide sequence identity with the
polynucleotide sequence encoding a full-length, native CD16. A CD16 variant polynucleotide
can encode full-length native CD16 lacking the signal peptide, an extracellular domain of
CD16, with or without the signal sequence, or any other fragment of a full-length CD16.

[0050] Ordinarily, CD16 variants are at least about 30 polynucleotides, often at least about 60,
90, 120, 150, 180, 210, 240, 270, 300, 450, 600 polynucleotides in length, more often at least
about 900 polynucleotides in length, or more.

[0051] "Percent (%) polynucleotide sequence identity" with respect to CD16-encoding
polynucleotide sequences is defined as the percentage of polynucleotides in the CD16
polynucleotide sequence of interest that are identical with the polynucleotides in a candidate
sequence, after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity. Alignment can be achieved in various ways well-known in
the art; for instance, using publicly available software such as BLAST, BLAST-2, ALIGN or
Megalign (DNASTAR) software. Those skilled in the art can determine appropriate parameters
for measuring alignment, including any necessary algorithms to achieve maximal alignment
over the full length of the sequences being compared.

[0052] When polynucleotide sequences are aligned, the % polynucleotide sequence identity of
a given polynucleotide sequence C to, with, or against a given polynucleotide sequence D
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(which can alternatively be phrased as a given polynucleotide sequence C that has or
comprises a certain % polynucleotide sequence identity to, with, or against a given

polynucleotide sequence D) can be calculated as:
% polynucleotide sequence identity = W/Z-100
where

W is the number of polynucleotides scored as identical matches by the sequence alignment
program's or algorithm's alignment of C and D and

Z is the total number of polynucleotides in D.

[0053] When the length of polynucleotide sequence C is not equal to the length of
polynucleotide sequence D, the % polynucleotide sequence identity of C to D will not equal the
% polynucleotide sequence identity of D to C.

[0054] Homologs or other related sequences (e.g., paralogs) can be obtained by low,
moderate or high stringency hybridization with all or a portion of the particular sequence used
as a probe using polynucleotide hybridization and cloning methods well known in the art.

[0055] In addition to naturally-occurring allelic variants of CD16 polynucleotides, changes can
be introduced by mutation into SEQ ID NO:3 that incur alterations in the amino acid sequence
of CD16 but does not alter CD16 function for the purposes of the invention. For example,
polynucleotide substitutions leading to amino acid substitutions at "non-essential" amino acid
residues can be made in SEQ ID NOs:1 or 2. A"non-essential" amino acid residue is a residue
that can be altered from the wild-type sequence of CD16 without altering CD16 function in the
methods of the invention, whereas an "essential" amino acid residue is required for activity. For
example, amino acid residues that are conserved among the CD16 amino acids of the
disclosure are particularly non-amenable to alteration (Table 9).

[0056] Useful conservative substitutions are shown in Table B, "Preferred substitutions.”
Conservative substitutions whereby an amino acid of one class is replaced with another amino
acid of the same type fall within the scope of the subject invention so long as the substitution
does not materially alter the activity of the compound in the methods of the invention. If such
substitutions result in such a change, then more substantial changes, indicated in Table C as
exemplary, are introduced and the products screened for CD16 activity for the methods of the
invention.

Table B

Preferred substitutions

Original residue Exemplary substitutions Preferred substitutions
Ala (A) Val, Leu, lle Val
Arg (R) Lys, GIn, Asn Lys
Asn (N) GIn, His, Lys, Arg GIn
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Preferred substitutions

Original residue Exemplary substitutions Preferred substitutions
Asp (D) Glu Glu
Cys (C) Ser Ser
GIn (Q) Asn Asn
Glu (E) Asp Asp
Gly (G) Pro, Ala Ala
His (H) Asn, Gin, Lys, Arg Arg
lle (1) Leu, Val, Met, Ala, Phe, Norleucine {Leu
Leu (L) Norleucine, lle, Val, Met, Ala, Phe lle
Lys (K) Arg, GIn, Asn Arg
Met (M) Leu, Phe, lle Leu
Phe (F) Leu, Val, lle, Ala, Tyr Leu
Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (T) Ser Ser
Trp (W) Tyr, Phe Tyr
Tyr (Y) Trp, Phe, Thr, Ser Phe
Val (V) He, Leu, Met, Phe, Ala, Norleucine {Leu

[0057] Non-conservative substitutions that affect (1) the structure of the polypeptide backbone,
such as a B-sheet or a-helical conformation, (2) the charge or (3) hydrophobicity, or (4) the
bulk of the side chain of the target site can modify CD16 polypeptide function or immunological
identity. Residues are divided into groups based on common side-chain properties as denoted
in Table A. Non-conservative substitutions entail exchanging a member of one of these classes
for another class. Substitutions may be introduced into conservative substitution sites or more

preferably into non-conserved sites.

Table C

Amino acid classes

Class Amino acids

hydrophobic Norleucine, Met, Ala, Val, Leu, lle
neutral hydrophilic Cys, Ser, Thr

acidic Asp, Glu

basic Asn, GIn, His, Lys, Arg

disrupt chain conformation Gly, Pro

aromatic Trp, Tyr, Phe




DK/EP 2921500 T5

[0058] The variant polypeptides can be made using methods known in the art such as
oligonucleotide-mediated (site-directed) mutagenesis, alanine scanning, and PCR
mutagenesis. Site-directed mutagenesis (Carter, 1986; Zoller and Smith, 1987), cassette
mutagenesis, restriction selection mutagenesis (Wells et al., 1985) or other known techniques
can be performed on the cloned DNA to produce CD76 variants (Ausubel, 2002; Sambrook
and Russell, 2001).

CD16 polypeptide variants

[0059] "CD16 polypeptide variant" means a CD16 polypeptide having at least: (1) about 80%
amino acid sequence identity with a full-length native CD16 sequence, (2) a CD16 sequence
lacking a signal peptide, (3) an extracellular domain of a CD16, with or without a signal peptide,
or (4) any other fragment of a full-length CD16 sequence. For example, CD16 variants include
those wherein one or more amino acid residues are added or deleted at the N-or C- terminus
of the full-length native amino acid sequence. A CD16 polypeptide variant will have at least
about 80% amino acid sequence identity, preferably at least about 81% amino acid sequence
identity, more preferably at least about 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% amino acid sequence identity and most
preferably at least about 99% amino acid sequence identity with a full-length native sequence
CD16 sequence. Ordinarily, CD16 variant polypeptides are at least about 10 amino acids in
length, often at least about 20 amino acids in length, more often at least about 30, 40, 50, 60,
70, 80, 90, 100, 150, 200, or 300 amino acids in length, or more.

[0060] "Percent (%) amino acid sequence identity" is defined as the percentage of amino acid
residues that are identical with amino acid residues in a CD16 sequence in a candidate
sequence when the two sequences are aligned. To determine % amino acid identity,
sequences are aligned and if necessary, gaps are introduced to achieve the maximum %
sequence identity; conservative substitutions are not considered as part of the sequence
identity. Amino acid sequence alignment procedures to determine percent identity are well
known to those of skill in the art. Publicly available computer software such as BLAST, BLAST2,
ALIGN2 or Megalign (DNASTAR) can be used to align polypeptide sequences. Those skilled in
the art will determine appropriate parameters for measuring alignment, including any
algorithms needed to achieve maximal alignment over the full length of the sequences being
compared.

[0061] When amino acid sequences are aligned, the % amino acid sequence identity of a
given amino acid sequence A to, with, or against a given amino acid sequence B (which can
alternatively be phrased as a given amino acid sequence A that has or comprises a certain %
amino acid sequence identity to, with, or against a giyen amino acid sequence B) can be

calculated as:
% polynuclectide sequence identity = W/Z-100
where
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X is the number of amino acid residues scored as identical matches by the sequence
alignment program's or algorithm's alignment of A and B and

Y is the total number of amino acid residues in B.

[0062] If the length of amino acid sequence A is not equal to the length of amino acid
sequence B, the % amino acid sequence identity of A to B will not equal the % amino acid
sequence identity of B to A.

[0063] A CD16 "chimeric polypeptide” or "fusion polypeptide" comprises CD16 fused to a non-
CD16 polypeptide. A non-CD16 polypeptide is not substantially homologous to CD16 (SEQ ID
NOs:1 or 2). A CD16 fusion polypeptide may include any portion to an entire CD16, including
any number of biologically active portions.

[0064] Fusion polypeptides can be easily created using recombinant methods. A
polynucleotide encoding CD16 (e.g., SEQ ID NO:3) can be fused in-frame with a non-CD16
encoding polynucleotide, to the CD16 N- or C- -terminus, or internally. Fusion genes may also
be synthesized by conventional techniques, including automated DNA synthesizers and PCR
amplification using anchor primers that give rise to complementary overhangs between two
consecutive gene fragments that can subsequently be annealed and reamplified to generate a
chimeric gene sequence (Ausubel, 2002). Many vectors are commercially available that
facilitate sub-cloning CD16 in-frame to a fusion moiety.

Measuring cytotoxicity

[0065] Some examples of measuring cytoxicity are presented herein below, but any
cytotoxicity assay can be used.

[0066] NK-92-CD16 cells can be used in ADCC assays as a pure "effector" cell population
having defined and consistent characteristics. In some instances it can be desirable to select
and use cells that exhibit intermediate levels of CD16 expression. In particular, such
intermediate cells can be of use in generating dose-response curves and as "ladder" type
calibrators for CD16 activity. NK-92 cells transduced with the low and high affinity forms of
CD16 could likewise be used for these purposes.

[0067] Such in-vitro assays are commonly employed for purposes such as the determination of
the efficacy of antibodies that are being developed as potential therapeutic agents. ADCC

assays are typically performed by loading target cells with an indicator material such as [°'Cr]
or a Europium chelate; treating the indicator-loaded target cells with the antibody to be
evaluated; and exposing these cells to NK-92-CD16 effector cells. Lysis of the target cells is
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indicated by the release of the indicator material into the assay supernate where its

concentration can be measured by a suitable method such as scintillation counting (°'Cr) or
fluorescence intensity or lifetime determination (Europium chelate). Efficacy can be likewise be
assessed by the measurement of surrogate indicators such as cytokine release by the NK-92-
CD16 cells; the up-regulation ofNK cell activation markers, such as CD25, CD69 and/or
CD95L,; activation of NK-92 cell transcription factors, such as NF-AT or NF-kB; or the activation
of caspases or other markers of apoptosis in the target cells. CDR16-deficient parental NK-92
cells serve as a unique and valuable control in such assays as they permit differentiating
between ADCC-mediated cytotoxicity and other cytolytic effects that NK-92 cells exert on the
target cells. The preferred target cells in ADCC assays are ones that express an antigen that is
appropriate to the antibody being evaluated and that have low susceptibility to lysis by the
parental NK-92 cell line. If such a target cell line is not conveniently available, other suitable cell
lines, such as the ovarian carcinoma line SKOV-3 (e.g., ATCC Deposit HTB-77) (Tam ef al,,
1999), can sometimes be used as a viable substitute, particularly if transduced/transfected
such that they express the specific antigen required. Among the cell lines that have been
demonstrated to be suitable for use in assays of ADCC-mediated cytotoxicity are U373MG and
T98G (e.g., ATCC Deposit CRL-1690) (Komatsu and Kajiwara, 1998); AML-193 (myeloid; e.g.,
ATCC Deposit CRL-9589) and SR-91 (lymphoid progenitor) (Gong et al., 1994); and ALL 1 and
REH (B-cell acute lymphocytic leukemia) (Reid et al., 2002). Other types of target cells such as

the FcyRIVIIIY murine mastocytoma cell line P815 (e.g., ATCC Deposit No. TIB-64); and the

FeyRI/IIT myelocytic leukemia line THP-1 (e.g., ATCC Deposit No. TIB-202) that have limited
(between 5 and 30%) susceptibility to lysis by unmodified NK-92 cells are preferably used
where redirected cytotoxicity or ADCC is to be determined in order to ensure sufficient assay
dynamic range for the detection of significant effects through CD16. Other cell types with
limited cytolytic potential that express or are engineered to express specific cell surface
markers of interest can also be employed as targets. Furthermore, the baseline cytolytic
capacity of NK-92 can be reduced by either decreasing the IL-2 concentration in the cultures
and/or assaying four days after passing the cells into fresh IL-2-containing medium. The
functionality of CD16 introduced into NK-92-CD16, NK-92-CD16-y or NK-92-CD16-C cells can
be determined using the cytotoxicity assay of Example 4 in either the ADCC or the "redirected
cytotoxicity” format. Monoclonal antibodies that bind CD16 can be used to test for function of
the receptor on NK-92 cells in a redirected cytotoxicity assay, in which the antibody's F(ab)
portion binds the receptor on the NK cell and the Fc portion binds to Fc receptors on
appropriate target cells (FcyRIl/lIIl on P815 or THP-1 target cells). Another form of redirected
cytotoxicity can be tested using a chimeric bi-specific antibody, such as 2B1 (Clark et al., 1997;
Weiner et al., 1995a; Weiner et al., 1995b), which expresses two F(ab) regions, one which
binds CD16 on the NK-92 cell and another that binds the Her2/neu antigen on an appropriate
target cell line, such as SKOV-3. Furthermore, monoclonal antibodies that specifically bind
antigens that are uniquely expressed on the target cells can directly test ADCC. In this format,
the F(ab) portion of the antibody binds to the corresponding ligand on the target cell while the
CD16 receptor on the NK-92-CD16 cells bind to the Fc portion of the antibody. The resulting
crosslink between the antigen on the target cell and the CD16 receptor results in lysis of the
target cell via the ADCC pathway.
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[0068] For some purposes, particularly as related to the evaluation of bi- or polyfunctional
antibodies or in the study of activation mechanisms and other characteristics of NK-92 cells, it
can be useful to restructure the previously described ADCC assay as a "redirected cytotoxicity"
assay. For example, a bi-functional antibody having one domain that specifically binds to an
antigen of interest on the target cells and a second domain that specifically binds to CD16 on
NK-92-CD16 cells can be evaluated in the manner described above. In this instance, the bi-
functional antibody cross-links the antigen on the target cell to CD16 on the NK-92-CD16 cell
and triggers an ADCC response. The same assay for research purposes can, for example,
treat a target cell that expresses CD16 or another Fc receptor with an antibody such as anti-
CD16 that is directed against this receptor. Exposing the anti-CD16 labeled target cells to NK-
92-CD16 cells results in the cross-linking of the receptors on both cells with consequent
triggering of ADCC. Differentiation between the ADCC and redirected cytotoxicity formats is
based upon whether the effector cell CD16 receptor binds to the Fc portion of an antibody
(ADCC) or this same receptor is bound by the F(ab) portion of an anti-CD16 antibody
(redirected cytotoxicity). As both binding arrangements can trigger similar cytotoxicity
responses in the target cell, the choice between the ADCC and redirected formats is largely a
matter of convenience.

[0069] In some instances, it can be advantageous to block known activating receptors on NK-
92 cells; such methods and agents are well-known; see for example (Pende et al., 1999;
Pessino et al, 1998; Vitale et al, 1998). For example, masking antibodies can be used
(Pessino et al., 1998).

[0070] In the presence of an appropriate antibody, NK-92-CD16 cells can effectively and
efficiently lyse target cells. CD16 in NK cells is non-covalently associated in the plasma
membrane with homodimers or heterodimers of the FceRI-y (Genbank Accession No. M33195;
SEQ ID NO:4 (polynucleotide) and SEQ ID NO:5 (polypeptide)) or TCR-C (Genbank Accession
No. J04132; SEQ ID NO:6 (polynucleotide); SEQ ID NO:7 (polypeptide)) accessory signaling
proteins;, these sequences are presented in Tables 4-7. Discussion regarding sequence
identity applies also to SEQ ID NOs:4-7; thus, those polynucleotides or polypeptides of SEQ ID
NOs:4-7 having about at least 70%-100% sequence identity, as well as 80%-90%, and 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98% and 99% sequence identity are useful for the methods of the invention. When stimulated
by the binding of Fc to CD16, these accessory signaling proteins can transduce intracellular
signals that activate NK cell cytotoxicity and cytokine release activities. In addition, they support
surface expression of CD16. The signaling activity initiated through ¢ and y serves to trigger
ADCC responses. FceRI-y and/or TCR-C can conveniently be co-introduced into NK-92 cells by
sequential transduction with CD16 and FceRI-y and/or TCR-{ cDNA in the manner described
above. In this process, it is generally desirable to delete the EGFP gene from the vector
containing the CD16 cDNA. The sequential transduction process consists of transducing the
parental NK-92 cells with the CD16 vector; immunostaining the transduced cells with a
fluorescently labeled anti-CD16 antibody; sorting the cells for CD16 expression; transducing
the NK-92-CD16 cells with a vector containing cDNA for both the accessory protein and EGFP;
and sorting the doubly transduced cells on the basis of EGFP expression. The resulting doubly
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transduced NK-92 cells (NK-92-CD16/y or NK-92-CD16/C, respectively) usually exhibit higher
levels of surface CD16 expression and enhanced cytotoxicity and cytokine release activities
than do NK-92-CD16 cells.

Table 4
FceRI-y polynucleotide sequence (SEQ ID NO:4)
cagaacggcec gatctccage ccaagatgat tccagcagtg gtcttgcetet tactcecctttt 60
ggttgaacaa gcagcggece tgggagagece tcecagcetctge tatatcectgg atgccatcect 120
gtttctgtat ggaattgtce tcaccctcect ctactgtcga ctgaagatcc aagtgcgaaa 180
ggcagctata accagctatg agaaatcaga tggtgtttac acgggectga gcaccaggaa 240
ccaggagact tacgagacte tgaagcatga gaaaccacca cagtagcecttt agaatagatg 300
cggtcatatt cttectttgge ttctggttcet tccagececctec atggttggca tcacatatge 360
ctgcatgcca ttaacaccag ctggccctac ccctataatg atcctgtgtce ctaaattaat 420
atacaccagt ggttcctcet ccctgttaaa gactaatget cagatgctgt ttacggatat 480
ttatattecta gtctcactct cttgtcccac ccttettete ttecccatte ccaactccag 540
ctaaaatatg ggaagggaga acccccaata aaactgccat ggactggact c 591
Table 5
FceRI-y polypeptide sequence (SEQ ID NO:5)

Met Ile Pro Ala Val Val Leu Leu Leu Leu Leu Leu Val Glu Gln Ala

1 5 10 15

Ala Ala Leu Gly Glu Pro Gln Leu Cys Tyr Ile Leu Asp Ala Ile Leu

20 25 30
Phe Leu Tyr Gly Ile Val Leu Thr Leu Leu Tyr Cys Arg Leu Lys Tle
3 40 45
Gln Val Arg Lys Ala Ala Ile Thr Ser Tyr Glu Lys Ser Asp Gly Val
50 55 60

Tyr Thr Gly Leu Ser Thr Arg Asn Gln Glu Thr Tyr Glu Thr Leu Lys

65 70 75 80

His Glu Lys Pro Pro Gln

85

Table 6
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TCR-{ polynucleotide sequence (SEQ ID NO:6)
cttttetcct aaccgteceg geccaccegetyg cctcagecte tgectececag cctetttetg 60
agggaaagga caagatgaag tggaaggcegce ttttecacege ggccatcectyg caggcacagt 120
tgccgattac agaggcacag agctttggec tgctggatcce caaactctge tacctgetgg 180
atggaatcct cttcecatctat ggtgtecattce tcactgcctt gttcctgaga gtgaagttca 240
gcaggagcge agagcccccee dgcgtaccagce agggccagaa ccagctcectat aacgagetca 300
atctaggacyg aagagaggadg tacgatgttt tggacaagag acgtggccgg gacectgaga 360
tggggggaaa gcocgagaagg aagaaccctc aggaaggect gtacaatgaa ctgcagaaag 420
ataagatggc ggaggcctac agtgagattg ggatgaaagg cgagcgccecgyg aggggcaagg 480
ggcacgatgg cctttaccag ggtctcagta cagccaccaa ggacacctac gacgccctte 540
acatgcaggce cctgcceccet cgctaacagce caggggattt caccactcaa aggccagacce €00
tgcagacgcce cagattatga gacacaggat gaagcattta caacccggtt cactcttctce €60
agccactgaa gtattcceccet ttatgtacag gatgectttgg ttatatttag ctccaaacct 720
tcacacacag actgttgtcc ctgcactcectt taagggagtg tactcccagg gecttacggece 780
ctgcettggg cecctetggtt tgeccggtggt gecaggtagac ctgtcetectg geggttecte 840
gttecteccty ggaggegggce gecactgceccte tcacagetga gttgttgagt ctgttttgta 900
aagtccccag agaaagcgca gatgctageca catgecectaa tgtcectgtatc actetgtgtce 960
tgagtggcett cactcctget gtaaatttgg cttetgttgt caccttcace tcctttcaag 1020
gtaactgtac tgggccatgt tgtgectcecce tggtgagagg gecgggcaga ggggcadgaty 1080
gaaaggagcc taggccaggt gcaaccaggg agctdcaggg gcecatgggaag gtgggcggge 1140
aggggagggt cagccaggge ctgcgaggge agcgggdgagcece tceccecctgecte aggectcetgt 1200
gocgcaccat tgaactgtac catgtgctac aggggccaga agatgaacag actgaccttg 1260
atgagctgtg cacaaagtgg cataaaaaac agtgtggtta cacagtgtga ataaagtgcect 1320
gcggagcaag aggaggcegt tgattcactt cacgcetttca gecgaatgaca asatcatctt 1380
tgtgaaggece tcgcaggaag acgcaacaca tgggacctat aactgcecag cggacadtgg 1440
caggacagga aaaacccgtc aatgtactag gg 1472

Table 7
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TCR-C polypeptide sequence (SEQ ID NO:7)

Met Lys Trp Lys Ala Leu Phe Thr Ala Ala Ile Leu Gln Ala Gln Leu
1 5 10 15

Pro Ile Thr Glu Ala Gln Ser Phe Gly Leu Leu Asp Pro Lys Leu Cys
20 25 30

Tyr Leu Leu Asp Gly Ile Leu Phe Ile Tyr Gly Val Ile Leu Thr Ala

Leu Phe Leu Arg Val Lys Phe Ser Arg Ser Ala Glu Proc Pro Ala Tyr
50 55 60

Gln GIln Gly Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg
65 70 75 80

Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met
85 90 95

Gly Gly Lys Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu
100 105 110

Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys
115 120 125

Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu
130 135 140

Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu
145 150 155 160

Pro Pro Arg

[0071] NK-92 cells are widely used as a model system for the study of NK cell activation, action
and inhibition as they stably express a defined suite of known NK cell activating receptors
including NKp46, NKp44, 2B4, and NKG2D, but lacking CD16, activating KIR, and NKG2C.
More importantly, they also lack almost all of the known NK cell inhibitory receptors except low
levels of NKG2A/CD94 and ILT2/LIR1. This is a major advantage of the present invention since
MHC class | molecules, which are expressed on most cells and serve as ligands for NK cell
inhibitory receptors do not effectively inhibit the activation of NK-92 cells. Furthermore, the
present invention restores the CD16 activating receptor to NK-92 cells thereby increasing the
range of activating ligands to which these cells respond. Both the activating receptors and any
residual inhibitory receptors can be selectively blocked by the treatment of the effector cells
with the appropriate monoclonal antibodies or the corresponding F(ab')2 fragments, such as
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3.43.13 (anti-NKp44), 9E2 (anti-NKp46), 158 (anti-2B4), and 3G8 (anti-CD16). The ability to
selectively block individual receptors or groups of receptors in conjunction with target cells that
differ in susceptibility to lysis by NK-92 cells (and derivatives thereof) facilitates the study of the
many mechanisms involved in NK cell activation and inhibition.

Antibodies (Abs)

[0072] The invention makes use of Abs and antibody fragments, such as F 4, or (Fg)o, that

bind immunospecifically to their epitopes.

[0073] "Antibody" (Ab) comprises single Abs directed against an epitope, anti- Ab compositions
with poly-epitope specificity, single chain anti-Abs, and fragments of Abs. A "monoclonal
antibody" is obtained from a population of substantially homogeneous Abs, i.e., the individual
Abs comprising the population are identical except for possible naturally-occurring mutations
that may be present in minor amounts. Exemplary Abs include polyclonal (pAb), monoclonal
(mAb), humanized, bi-specific (bsAb), chimeric and heteroconjugate Abs. Antibodies can be
produced by any known method in the art or obtained commercially.

Monovalent Abs

[0074] The Abs may be monovalent Abs that consequently do not cross-link with each other.
For example, one method involves recombinant expression of immunoglobulin (Ig) light chain
and modified heavy chains. Heavy chain truncations generally at any point in the F region will

prevent heavy chain cross-linking. Alternatively, the relevant cysteine residues are substituted
with another amino acid residue or are deleted, preventing cross-linking. In-vitro methods are
also suitable for preparing monovalent Abs. Abs can be digested to produce fragments, such
as F 4, fragments (Harlow and Lane, 1988; Harlow and Lane, 1999).

Humanized and human Abs

[0075] Abs may further comprise humanized or human Abs. Humanized forms of non-human
Abs are chimeric Igs, Ig chains or fragments (such as F, Fa,, Fap, Fay)2 or other antigen-

binding subsequences of Abs) that contain minimal sequence derived from non-human Ig.

[0076] Generally, a humanized antibody has one or more amino acid residues introduced from
a non-human source. These non-human amino acid residues are often referred to as "import"
residues, which are typically taken from an “import" variable domain. Humanization is
accomplished by substituting rodent CDRs or CDR sequences for the corresponding
sequences of a human antibody (Jones ef al,, 1986; Riechmann et al., 1988; Verhoeyen et al,,
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1988). Such "humanized" Abs are chimeric Abs (1989), wherein substantially less than an
intact human variable domain has been substituted by the corresponding sequence from a
non-human species. In practice, humanized Abs are typically human Abs in which some CDR
residues and possibly some FR residues are substituted by residues from analogous sites in
rodent Abs. Humanized Abs include human Igs (recipient antibody) in which residues from a
complementary determining region (CDR) of the recipient are replaced by residues from a
CDR of a non-human species (donor antibody) such as mouse, rat or rabbit, having the
desired specificity, affinity and capacity. In some instances, corresponding non-human residues
replace F, framework residues of the human Ig. Humanized Abs may comprise residues that

are found neither in the recipient antibody nor in the imported CDR or framework sequences.
In general, the humanized antibody comprises substantially all of at least one, and typically
two, variable domains, in which most if not all of the CDR regions correspond to those of a
non-human |g and most if not all of the FR regions are those of a human Ig consensus
sequence. The humanized antibody optimally also comprises at least a portion of an Ig
constant region (F,), typically that of a human Ig (Jones et al., 1986, Presta, 1992; Riechmann

et al, 1988).

[0077] Human Abs can also be produced using various techniques, including phage display
libraries (Hoogenboom et al, 1991; Marks et al., 1991) and the preparation of human mAbs
(Boemer et al, 1991; Reisfeld and Sell, 1985). Similarly, introducing human Ig genes into
transgenic animals in which the endogenous Ig genes have been partially or completely
inactivated can be exploited to synthesize human Abs. Upon challenge, human antibody
production is observed, which closely resembles that seen in humans in all respects, including
**gene rearrangement, assembly, and antibody repertoire (1997a; 1997b; 1997c¢; 1997d; 1997,
1997; Fishwild et al, 1996; 1997; 1997; 2001; 1996; 1997; 1997; 1997; Lonberg and Huszar,
1995; Lonberg et al., 1994; Marks et al., 1992; 1997; 1997; 1997).

Bi-specific mAbs

[0078] Bi-specific Abs are monoclonal, preferably human or humanized, that have binding
specificities for at least two different antigens.

[0079] Traditionally, the recombinant production of bi-specific Abs is based on the co-
expression of two Ig heavy-chain/light-chain pairs, where the two heavy chains have different
specificities (Milstein and Cuello, 1983). Because of the random assortment of Ig heavy and
light chains, the resulting hybridomas (quadromas) produce a potential mixture of ten different
antibody molecules, of which only one has the desired bi-specific structure. The desired
antibody can be purified using affinity chromatography or other techniques (Traunecker et al,,
1991; 1993).

[0080] To manufacture a bi-specific antibody (Suresh et al., 1986), variable domains with the
desired antibody-antigen combining sites are fused to Ig constant domain sequences. The
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fusion is preferably with an Ig heavy-chain constant domain, comprising at least part of the
hinge, CH2, and CH3 regions. Preferably, the first heavy-chain constant region (CH1)
containing the site necessary for light-chain binding is in at least one of the fusions. DNAs
encoding the Ig heavy-chain fusions and, if desired, the Ig light chain, are inserted into
separate expression vectors and are co-transfected into a suitable host organism.

[0081] The interface between a pair of antibody molecules can be engineered to maximize the
percentage of heterodimers that are recovered from recombinant cell culture (1996). The
preferred interface comprises at least part of the CH3 region of an antibody constant domain.
In this method, one or more small amino acid side chains from the interface of the first
antibody molecule are replaced with larger side chains (e.g. tyrosine or tryptophan).
Compensatory "cavities" of identical or similar size to the large side chain(s) are created on the
interface of the second antibody molecule by replacing large amino acid side chains with
smaller ones (e.g. alanine or threonine). This mechanism increases the vyield of the
heterodimer over unwanted end products such as homodimers.

[0082] Bi-specific Abs can be prepared as full length Abs or antibody fragments (e.g. F (a2 bi-

specific Abs). One technique to generate bi-specific Abs exploits chemical linkage. Intact Abs
can be proteolytically cleaved to generate F .o fragments (Brennan et al,, 1985). Fragments

are reduced with a dithiol complexing agent, such as sodium arsenite, to stabilize vicinal
dithiols and prevent intermolecular disulfide formation. The generated F oy fragments are then

converted to thionitrobenzoate (TNB) derivatives. One of the F -TNB derivatives is then
reconverted to the Fgy-thiol by reduction with mercaptoethylamine and is mixed with an
equimolar amount of the other F,,-TNB derivative to form the bi-specific antibody. The

produced bi-specific Abs can be used as agents for the selective immobilization of enzymes.

[0083] F o fragments may be directly recovered from E. coli and chemically coupled to form bi-
specific Abs. For example, fully humanized bi-specific F 4y Abs can be produced (Shalaby et
al, 1992). Each F,y fragment is separately secreted from E. coli and directly coupled

chemically in-vitro, forming the bi-specific antibody.

[0084] Various techniques for making and isolating bi-specific antibody fragments directly from
recombinant cell culture have also been described. For example, leucine zipper motifs can be
exploited (Kostelny ef al., 1992). Peptides from the Fos and Jun proteins are linked to the F
portions of two different Abs by gene fusion. The antibody homodimers are reduced at the
hinge region to form monomers and then re-oxidized to form antibody heterodimers. This
method can also produce antibody homodimers. The "diabody" technology (Holliger et al,
1993) provides an alternative method to generate bi-specific antibody fragments. The
fragments comprise a heavy-chain variable domain (V) connected to a light-chain variable
domain (V|) by a linker that is too short to allow pairing between the two domains on the same
chain. The V4 and V| domains of one fragment are forced to pair with the complementary V|

and V domains of another fragment, forming two antigen-binding sites. Another strategy for
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making bi-specific antibody fragments is the use of single-chain F, (sF,) dimers (Gruber et al,

1994). Abs with more than two valencies are also contemplated, such as tri-specific Abs (Tutt
et al, 1991).

Heteroconjugate Abs

[0085] Heteroconjugate Abs, consisting of two covalently joined Abs, have been proposed to
target immune system cells to unwanted cells (1987) and for treatment of human
immunodeficiency virus (HIV) infection (1991; 1992). Abs prepared in-vitro using synthetic
protein chemistry methods, including those involving cross-linking agents, are contemplated.
For example, immunotoxins may be constructed using a disulfide exchange reaction or by
forming a thioether bond Examples of suitable reagents include iminothiolate and methyl-4-
mercaptobutyrimidate (1987).

Pharmaceutical compositions for Abs

[0086] Abs can be administered in pharmaceutical compositions. Principles and considerations
involved in preparing such compaositions, as well as guidance in the choice of components can
be found in (de Boer, 1994; Gennaro, 2000; Lee, 1990).

[0087] Liposomes can also be used as a delivery vehicle for intracellular introduction. Where
antibody fragments are used, the smallest inhibitory fragment that specifically binds to the
epitope is preferred. For example, peptide molecules can be designed that bind a preferred
epitope based on the variable-region sequences of a useful antibody. Such peptides can be
synthesized chemically and/or produced by recombinant DNA technology (Marasco et al,
1993). Formulations may also contain more than one active compound for a particular
treatment, preferably those with activities that do not adversely affect each other. The
composition can comprise an agent that enhances function, such as a cytotoxic agent,
cytokine, chemotherapeutic agent, or growth-inhibitory agent. The composition can also
contain cells, such as NK-92 cells.

[0088] The active ingredients can also be entrapped in microcapsules prepared by
coacervation techniques or by interfacial polymerization; for example, hydroxymethylcellulose
or gelatin-microcapsules and poly-(methylmethacrylate) microcapsules, respectively, in
colloidal drug delivery systems (for example, liposomes, albumin microspheres,
microemulsions, nano-particles, and nanocapsules) or in macroemulsions.

[0089] The formulations to be used for in vivo administration are highly preferred to be sterile.
This is readily accomplished by filtration through sterile filtration membranes or any of a
number of techniques.
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[0090] Sustained-release preparations may also be prepared, such as semipermeable
matrices of solid hydrophobic polymers containing the antibody, which matrices are in the form
of shaped articles, e.g., films, or microcapsules. Examples of sustained-release matrices
include polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides (Boswell and Scribner, 1973), copolymers of L-glutamic acid
and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic
acid copolymers such as injectable microspheres composed of lactic acid-glycolic acid
copolymer, and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl
acetate and lactic acid-glycolic acid enable release of molecules for over 100 days, certain
hydrogels release proteins for shorter time periods and may be preferred.

[0091] In a similar manner, the use of multiple antibodies or F(ab")2 fragments to specifically
block selected activating receptors, permits refinement of the identification of the receptors that
are involved in any particular case. In this regard, the presence of NK cell-mediated lysis of a
target for which all known activating receptors are blocked is suggestive of the presence of
previously unknown activating receptors or ligands. The converse experiment of observing the
cytolytic activity of native and transduced NK-92 cells against target cells that have been
modified so as to express putative ligands for these receptors can provide additional
information and possible confirmation. The cytokine response of the effector cells in these
experiments can also provide additional information. Therefore, the invention offers a myriad of
options for refining the assay conditions to suit the user's needs, as well as providing a
valuable tool for investigations of basic physiological mechanisms of NK cell function.

[0092] In addition, the use of antibodies for the therapeutic treatment of disease is a rapidly
growing and evolving field. Although the mechanisms involved in the therapeutic effects of
antibody treatments are still being elucidated, there is evidence that these effects are mediated
by the ad-hoc interaction of the Fc portion of the administered antibody with the corresponding
Fc receptors on cytolytic effector cells such as neutrophils, mononuclear phagocytes,
transformed cells, T-cells and NK cells. The cytolytic activity of the effector cells is thereby
directed against those target cells that display surface antigens that are bound by the antibody.
This proposed mechanism is not meant to limit the invention in any way.

[0093] The major current thrust of this field involves the use of full-length humanized
monoclonal antibodies (thus containing Fc domains) that are directed toward cell surface
antigens on tumor cells. For example, substantial clinical benefits have been demonstrated for
the treatment of certain breast cancers with the anti-Her2/neu antibody, Herceptin, and the

treatment of B cell leukemias with the anti-CD20 antibody, Rituximab. CD16™" effector cells such
as native NK cells and the NK-92-CD16 cells and NK-92-CD16y/C cells of this disclosure bind to
the Fc portions of Herceptin or Rituximab antibodies that, in turn, bind via their F(ab) portions
to the corresponding cell surface antigen on a cancer cell. This ligation of the cancer cell
antigen to CD16 activates the effector cell and directs its cytolytic activity against the cancer
cell, thus resulting in its destruction.

[0094] Another aspect of development in this area is directed toward the creation of chimeric
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antibodies that incorporate two or more antigen-binding [F(ab)] domains having differing
specificities. A chimeric "bi-specific antibody” can, by way of example, incorporate one F(ab)
binding domain that specifically binds to a cell surface marker that is uniquely or
characteristically expressed on the target tumor or infected cells and a second F(ab) domain
that specifically engages activating receptors such as CD16 on NK or other effector cells. Such
chimeric antibodies are exemplified by the monoclonal antibody 2B1 (Clark et al., 1997; Weiner
et al., 1995a; Weiner et al., 1995b) which incorporates one F(ab) domain that specifically binds
to the ErbB2 (HER2/neu) antigen and a second F(ab) domain that specifically binds to CD16.

Cells of the ErbB2* ovarian cancer line SKOV-3 are only slightly susceptible to cytolysis by NK
cells or NK-92-CD16 cells. However, SKOV-3 cells become highly susceptible to NK-92-CD16
cell-mediated cytolysis in the presence of 2B1 antibody which ligates the ErbB2 antigen on a
SKOV-3 cell to the CD16 activating receptor on a NK-92-CD16 cell. (Figure 5).

[0095] Groner and Moritz (Groner and Moritz, 1997) describe yet another means of using
antibodies to direct the activity of an effector cell against a specific target. In this approach, the
effector cell is genetically engineered to express a single polypeptide chain consisting of an
antigen-specific monovalent F(ab) binding domain that is covalently linked to a signaling
domain, such as TCR-C (Genbank Accession No. J04132; SEQ ID NO:6).

[0096] As illustrated in greater detail below in Example 6, ADCC and redirected cytotoxicity
assays can be used to identify antibodies and antibody constructs that are useful as
therapeutic agents for the treatment of cancers and infections. NK-92-CD16, NK-92-CD16-y or
NK-92-CD16-C cells are used as effector cells in these assays. The target cells and the
characteristics of the antibody or antibody construct to be evaluated largely determine whether
the ADCC or the redirected cytotoxicity assay format is more appropriate. A target cell that
expresses the ligand of interest, but which does not express any Fc receptors is appropriate
for the evaluation of antibodies in the ADCC format. This same type of target cell is also
suitable for the ADCC evaluation of antibody constructs that include an Fc domain. Conversely,
an antibody construct that incorporates separate F(ab) binding domains that are specific for
the antigen of interest and for CD16 are most appropriately evaluated via redirected
cytotoxicity using target cells that express the antigen of interest, but which do not express
CD16. Other such arrangements are likewise possible and can be used in the practice of the
present invention. In order to ensure maximum assay dynamic range, it is desirable to select
the target cell from among those that are minimally susceptible to lysis by the parental NK-92
cell line. For this reason, the target cell is typically selected to exhibit NK-92 mediated lysis of
between 0% and 30%, preferably between 0% and 20%, more preferably between 0% and
10% and most preferably between 0% and 5%. Target cell lines such as SKOV-3 are useful
because they exhibit minimal (5%-30%) susceptibility to lysis by NK-92 cells and they
constitutively express certain cell surface antigens that are of particular interest as targets for
therapeutic antibodies. These cells can also be transduced or transfected to express other
antigens of interest and utility.

[0097] One significant application of the present invention is in the screening of hybridoma
supernates for the presence of ADCC-inducing monoclonal antibodies. The spleen cell fusions
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employed for the initial generation of monoclonal antibodies result in a heterogeneous
population of cells, some of which produce antibodies. Each individual antibody-producing cell
in this mixture typically produces a unique antibody that has at least some affinity for the target
antigen. The cells in this original heterogeneous mixture are sub-cloned, typically by limiting
dilution, to the point where each sub-clone originates from a single parent cell. Each sub-clone
is then typically screened to eliminate those that do not secrete immunoglobulins. The
remaining sub-clones, which can number in the tens to hundreds, each secrete a unique
antibody, a few of which can have specificities, affinities and other characteristics that make
them suitable for further evaluation and development as potential therapeutic agents. The
ADCC and redirected cytotoxicity assays of Example 6 find utility in the screening of clones to
identify those sub-clones that secrete potentially useful antibodies of the IgG isotypes. These
same assays can subsequently be used to support the evaluation, characterization and further
development of these antibodies.

[0098] The present disclosure provides NK-92 cell constructs that have been engineered to
stably express the fully active, high or low affinity form of the FcyRIIl (CD16) receptor. CD16 is
naturally present on NK cells, but not expressed on parental NK-92 cells and or with any
stability by any of the other known NK-like cell lines. The transduced NK-92-CD16, NK-92-
CD16-y and NK-92-CD16-C cell lines are, therefore, unique among the presently available NK-
like cell lines. Furthermore, NK-92 and its genetically engineered derivatives exhibit levels of
functional responsiveness in cytotoxicity and cytokine assays that are superior to primary NK
cells and most of the other available human NK-like cell lines and appear to be safely tolerated
in human subjects. For these reasons, the constructs of the present disclosure, when used in
combination with an antibody that specifically binds to a cell surface marker that is uniquely or
characteristically expressed on the intended target cell, provides a substantially higher level of
cytolytic activity and specificity toward the target cell type than is provided by parental NK-92
cells or the antibody alone when used in the same manner. Furthermore, unlike native NK
cells, the NK-92 constructs of this disclosure express minimal inhibitory receptors, which makes
them reactive toward a broad array of tumors. The target cell specificity of these constructs is
determined by the co-administered antibody or antibodies, thus permitting these constructs to
be used without change for any clinical indication for which a suitable antibody can be
prepared. Polyclonal antibodies, cocktails consisting of multiple monoclonal antibodies, and
chimeric antibody constructs such as bi-specific antibodies, mini-bodies and TriBi (trimeric, bi-
specific) antibodies can be beneficially used in conjunction with this disclosed modified cell.

[0099] The modified cell can be administered either to animals or to human subjects. WWhen
evaluating clinical efficacy, the most beneficial animal models include RAG-deficient/common y
chain-deficient mice (lacking T, B, and NK cells) or SCID mice (lacking T and B cells); these
strains are available from The Jackson Laboratory; Bar Harbor, ME. The suppression of the
native immune system in such immuno-compromised animals facilitates differentiation between
responses induced by the treatment and normal immune responses. Furthermore, the cell line
derivatives can be used to treat animal subjects, such as bovines, swine, rabbits, alpacas,
horses, canines, felines, ferrets, rats, mice, fowl and buffalo, suffering from tumors in
combination with tumor-specific antibodies. The therapeutic use of NK-92 cells can be
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enhanced by preparing subjects who are to receive CD16-transduced NK-92 cells for therapy
by infusion the subjects with a low dose of IL-2 for several days prior to administering the NK-
92-CD16 cells and targeting antibody, and to continue this infusion for several days afterwards.
Alternatively, the CD16-transduced NK-92 cells can be prepared from cells of the NK-92mi or
NK-92ci cell lines that have been engineered to constitutively express IL-2. In either case,
concurrent treatment with IL-2 can increase the survival of the administered NK-92 cells.

[0100] Since the NK-92 cell line was isolated from a large granular lymphoma subject, the cells
have the potential to establish tumors in recipient subjects. Although this tumorgenicity has not
been observed in any subjects (human or animal), accepted practice incorporates y irradiating
NK-92 cells prior to administration at doses levels that suppresses NK-92 cell proliferation while
substantially maintaining cytotoxicity and cell survival. Gamma irradiation of NK-92 cells at
doses of between about 750 and 1000 Grays, e.g., 750, 800, 850, 900 and 950 Grays, is
considered to be sufficient for this purpose.

[0101] In-vivo treatment of a subject is initiated by administration of the targeting antibody prior
to, or concurrently with, the administration of CD16-transduced NK-92 cells. Administration is
typically via intravenous or intraperitoneal infusion although direct injection into solid tumors or
other such focal lesions can also be used. A split-dose regimen can be preferable, particularly
when IL-2 is not being co-administered, in order to maintain a high level of active, transduced
NK-92 cells in the subject. In some cases, administering the antibody by infusion and the
transduced cells by direct injection can be advantageous. The efficacy of the treatment is
generally assessed by lesion reduction/clearance, cytokine profile or other physiological
parameters.

[0102] The NK-92-CD16, NK-92-CD16/y and NK-92-CD16/C cells of the present disclosure
represent stable and reproducible populations of effector cells that are of particular utility in the
in-vitro evaluation of antibodies that are being developed as potential therapeutic agents.
These same cell lines are effective components of in-vivo therapies for the treatment of
diseases, including cancers and infections. Co-administration of one of these cell lines in
conjunction with a antibody that specifically binds to an antigen that is expressed by the tumor
or infected cell can potentiate the therapeutic effects of the antibody, thus treating the disease.
A similar beneficial effect can be observed in such cases where the cell line is administered as
a sole therapy to a subject that has developed endogenous antibodies against a tumor or
infection.

[0103] In addition, while the Fc receptor CD16 has been exemplified, the present disclosure is
not limited to the expression of FCyRIII-A, and the expression of other Fc receptors for 1gG
and other antibody types is also within the scope of the disclosure, including the classes of Fcy
receptors (e.g., FCyRI (CD64), FCyRIlI (CD32), FCyRIIl, and FcRn, Fca (alpha), Fce (epsilon),
and their various subclasses. Additional NK-92 variant cell lines also fall within the scope of this
disclosure. NK-92 can, by way of example, be co-transduced with genes leading to the creation
of cell lines such as NK-92¢i-CD16 and NK-92mi-CD16 that express both IL-2 and CD16, and
that therefore can be used without need for exogenous IL-2. Other benefits and uses of the
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present disclosure will be made apparent in the specific examples described below.

Pharmaceutical compositions

[0104] Cells (e.g., modified and unmodified NK-92), polypeptides, and Abs, and derivatives,
fragments, analogs and homologs thereof, can be incorporated into pharmaceutical
compositions. Such compositions typically comprise the cell, polypeptide, and/or antibody and
a pharmaceutically acceptable carrier. A "pharmaceutically acceptable carried" includes any
and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like, compatible with pharmaceutical administration
(Gennaro, 2000). Preferred examples of such carriers or diluents include, but are not limited
to, water, saline, Finger's solutions, dextrose solution, and 5% human serum albumin.
Liposomes and non-aqueous vehicles such as fixed oils may also be used Supplementary
active compounds can also be incorporated into the compositions.

Injectable formulations

[0105] Sterile injectable solutions can be prepared by incorporating the active compound (e.g.,
an NK-92 cell and/or antibody) in the required amount in an appropriate solvent with one or a
combination of ingredients as required, followed by sterilization. Generally, dispersions are
prepared by incorporating the active compound into a sterile vehicle that contains a basic
dispersion medium, and the other required ingredients as discussed. Sterile powders for the
preparation of sterile injectable solutions, methods of preparation include vacuum drying and
freeze-drying that yield a powder containing the active ingredient and any desired ingredient
from a sterile solutions

EXAMPLES

[0106] The following example is for illustrative purposes only and should not be interpreted as
limitations of the claimed invention.

Example I: CD16 Recombinant retrovirus preparation

[0107] CD16 cDNA X52645.1 encoding the low affinity form of the transmembrane
immunoglobulin y Fc region receptor IlI-A (FcyRIIl -A or CD16) [Phenylalanine-157 (F157),
complete sequence: SwissProt P08637 (SEQ ID NO:1)] or a polymorphic variant encoding a
higher affinity form of the CDR16 receptor [Valine-157 (F157V), complete sequence: SwissProt
VAR_008801 (SEQ ID NO:2)] was sub-cloned into the bi-cistronic retroviral expression vector,
pBMN-IRES-EGFP (obtained from G. Nolan, Stanford University, Stanford, CA) using the
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BamHI and Nofl restriction sites in accordance with standard methods.

[0108] The recombinant vector was mixed with 10 pyL of PLUS™ Reagent (Invitrogen;
Carlsbad, CA); diluted to 100 pL with pre-warmed, serum-free Opti-MEM® (Invitrogen; MEM,
minimum essential media); further diluted by the addition of 8 pL Lipofectamine™ (Invitrogen)

in 100 pL pre-warmed serum-free Opti-MEM®; and incubated at room temperature for 15
minutes. This mixture was then brought to a total volume of 1 mL by the addition of pre-

warmed serum-free Opti-MEM®. Phoenix-Amphotropic packaging cells (obtained from G.
Nolan, Stanford University, Stanford, CA; (Kinsella and Nolan, 1996)) were grown to 70-80%

confluence in a 6-well plate and washed with 6 mL of pre-warmed serum-free Opti-MEM®
medium (Invitrogen). After removal of the medium, 1 mL of the solution of recombinant vector

in Lipofectamine™ PLUS™ Reagent was added to each well, and the cells were incubated for
at least three hours at 37°C under a 7% CO»/balance air atmosphere. Four mL of pre-warmed

RPMI medium containing 10% fetal bovine serum (FBS) was added to each well, and the cells
incubated overnighti at 37°C, under a 7% CO»y/balance air atmosphere. The media was then

removed; the cells washed with 6 mL pre-warmed serum-free Opti-MEM®; 2 mL serum-free

Opti-MEM® added; and the cells incubated at 37°C, under a 7% CO-/balance air atmosphere
for an additional 48 hours.

[0109] The virus-containing supernate was collected into a 15 mL plastic centrifuge tube;
centrifuged at 1300 rpm for 5 minutes to remove cells and cell fragments; and the supernate

transferred to another 15 mL plastic centrifuge tube. Immediately before use, 20 L of PLUS™
Reagent was added to the virus suspension; the mixture incubated at room temperature for 15

minutes; 8 uL Lipofectamine™ added to the mixture; and the mixture incubated for an
additional 15 minutes at room temperature.

Example 2: Retroviral transduction of CD16 into NK-92 cells

[0110] NK-92 cells cultured in a-MEM (Sigma; St. Louis, MO) supplemented with 12.5% FBS,
12.5% fetal horse serum (FHS) and 500 |U rhIL-2/ mL (Chiron; Emeryville, CA) were collected
by centrifugation at 1300 rpm for 5 minutes, and the cell pellet was re-suspended in 10 mL

serum-free Opti-MEM® medium. An aliquot of cell suspension containing 5 x 104 cells was
sedimented at 1300 rpm for 5 minutes; the cell pellet re-suspended in 2 mL of the retrovirus
suspension described in Example 1, and the cells plated into 12-well culture plates. The plates
were centrifuged at 1800 rpm for 30 minutes and incubated at 37°C under an atmosphere of
7% COo/balance air for 3 hours. This cycle of centrifugation and incubation was then repeated
a second time. The cells were diluted with 8 mL of a-MEM, transferred to a T-25 flask, and
incubated at 37°C under a 7% COy/balance air until the cells were confluent. The transduced

cells were collected, re-suspended in serum-free Opti-MEM® medium, and sorted on the basis
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of their level of EGFP expression using a fluorescence activated cell sorter (FACS), EGFP
being co-expressed with, and a surrogate marker for, CD16. Cell-surface expression of CD16
was confirmed by immuno-staining the transduced cells with an anti-CD16 antibody. The
transduced cells, which are designated as NK-92-CD16, were passed with fresh IL-2 every 4
days and assayed for cell-surface expression of CD16 before use.

[0111] Figures 1A and 1B (Figure 1) are flow cytometer scatter diagrams showing NK-92 cells
transduced with CD16 cDNA using the pBMN-IRES-EGFP vector after staining with secondary
phycoerythrin (PE)-conjugated anti-mouse IgG antibody alone (Figure 1A) or anti-CD16
antibody (3G8 (Fleit et al., 1982; Perussia and Trinchieri, 1984); mouse IgG) + PE-anti-mouse
IgG (Figure 1B) and analysis using a FACS (Becton Dickinson; Franklin Lakes, NJ) flow
cytometer. EGFP expression is assessed on the x-axis and surface CD16 expression is on the
y-axis. Figure 1 illustrates that the NK-92-CD16 cell line expresses CD16 on the cell surface
when stained with a monoclonal anti-CD16 antibody.

Example 3: NK-92-CD16 cells co-expressing CD16 and an accessory signaling protein
FceRI-y or TCR-{

[0112] Recombinant retroviruses incorporating inserted genes for the expression of either
accessory signaling proteins, FceRI-y (SEQ ID NO:5) or TCR-C (SEQ ID NO:7), were prepared
by using standard methods to ligate the corresponding cDNA into the pBMN-IRES-EGFP
vector and transfecting this construct into the Phoenix-Amphotropic packaging cell line in the

presence of Lipofectamine™ Plus as described in Example 1. The resulting y or { recombinant
retroviruses were used to transduce NK-92 cells as described in Example 2 with the following
further modifications.

[0113] NK-92 cells transduced with FceRI-y polynucleotide (SEQ ID NO:4) or TCR-C (SEQ ID
NO:6) were collected, re-suspended in serum-free Opti-MEMO medium and sorted on the
basis of their level of the co-expressed EGFP using a FACS, CD16 cDNA was ligated into a
version of the pBMN vector lacking the IRES and EGFP sequences, called pBMN-NoGFP
(Yusa et al., 2002). The y- or { -transduced NK-92 cells were secondarily co-transduced with
CD16-pBMN-NoGFP using the same retroviral transduction method as described in Example
2. The co-transduced cells were suspended in a-MEM, transferred to a T-25 flask, and grown
to confluency at 37°C under a 7% COoy/balance air. After reaching confluency, the co-

transduced cells were immuno-stained with an anti-CD16 antibody and sorted by FACS for
cell-surface expression of CD16. The selected cells were sub-cultured with fresh IL-2 every
four days and assayed for cell-surface expression of CD16 before use.

[0114] In this Example, only one of the two vectors contained the gene for EGFP. This
arrangement facilitates the determination of the levels at which both the accessory signaling
protein and CD16 are expressed. In this case, the accessory signaling protein was co-
expressed with EGFP. Thus EGFP fluorescence is a surrogate indicator for the level of
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expression of the accessory signaling protein. An anti-CD16 antibody conjugated to a
fluorophore having an emission spectrum different from that of EGFP was employed to
determine the level of expression of CD16.

[0115] Figure 2 shows flow cytometer scatter diagrams showing the expression of CD16 by
NK-92 cells transduced with CD16 alone (Figure 2A) and the increase in CD16 expression
when NK-92 cells are transduced with CD16 cDNA in combination with FceRI-y cDNA (y; Figure
2B); or CD3 ¢ cDNA (C Figure 2C). Figure 2 shows that when CD16 is co-expressed with FceRI-
y or CD3 C in the NK-92 cell line, the cell-surface expression of CD16 is increased over that
obtained when NK-92 cells are transduced with CD16 alone.

Example 4: Cytotoxicity assays

[0116] Effector cells (NK-92, NK-92-CD16, NK-92-CD16Z, NK-92-CD16y) were washed by
suspension in a-MEM (without IL-2) and sedimented at 1300 rpm for 5 minutes. The cell pellet
was suspended in a-MEM, cells counted, and aliquots prepared at cell concentrations of

1%10%/mL (effector to target cell ratio (E:T) = 1:1), 5x10%mL (E:T = 5:1), 1x10%mL (E:T =

10:1), 2x10%/mL (E:T = 20:1) or as appropriate to the determination being performed. The
transduced NK-92 cells used in these assays were generally selected for maximal CD16
expression as previously described.

[0117] The type of target cell used in these assays was selected on the basis of the
requirements of the particular determination being performed. Raiji cells (e.g., ATCC Deposit
No. CCL-86), which are known to be moderately susceptible (about 50% lysis under these
conditions) to lysis by NK-92 cells, were used for most purposes, including verification of the
cytotoxicity of the effector cells.

[0118] Approximately 2x108 of the selected target cells were washed by suspension in RPMI
medium and sedimentation at 1300 rpm for 5 minutes. After removal of the supernate, 20 uL of

FBS and 100 uCi of Na[®'Cr]chromate was added and the cells incubated at 37° C for 60-90
minutes with mixing every 30 minutes. The labeled target cells were washed three times by
suspension in 10 mL of RPMI medium and sedimentation at 1500 rpm for 5 minutes. The final

cell pellet was re-suspended in a-MEM and diluted to a concentration of 1x10%/mL. Target cells
for use in redirected cytotoxicity or ADCC assays were further incubated with the appropriate
antibody at a final concentration of 0.01-5 ug/mL for 10-15 minutes at room temperature.

[0119] One-hundered pL of the selected type of target cells and 100uL of the appropriate
concentration of effector cells were added to each well of a 96 well V-bottom plate. Three to six
replicate wells were prepared at each E:T ratio. At least 6 wells were allocated to each of a
spontaneous lysis control (effector cells replaced with 100 pL of a-MEM) and total release
control (effector cells replaced with 100 yL of 2% t-Octylphenoxypolyethoxyethanol (Triton X-
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100®)detergent in a-MEM). Desirably, an additional six or more wells are allocated to the use
of unmodified NK-92 effector cells that do not express CD16 as a procedural control and
internal standard. The plate was then centrifuged at 500 rpm for 3 minutes and incubated for 4
hours at 37° C in an atmosphere of 7% CO»y/balance air. At the end of the incubation period,

the plate was centrifuged at 1500 rpm for 8 minutes, and 100 uL of the supernate was

collected from each well for counting in a y counter to measure of °'Cr release. The

percentage of specific target cell lysis was calculated as:
% specific lysis = (mean cpm experimental release — mean cpm spontaneous lysis)-100
(mean cpm total release — mean cpm spontaneous release)

Example 5: CD16-mediated cell lysis

[0120] A monoclonal antibody specific for CD16 was used in redirected cytotoxicity assays in
those cases where a target cell line that expressed a Fc receptor other than CD16 was

available. In particular, the FcgR+ mouse mastocytoma cell line P815 and human FcyR*
myelocytic cell line THP-1 were used as targets in combination with the anti-CD16 monoclonal
antibody (mAb) 3G8 (Fleit ef al., 1982; Perussia and Trinchieri, 1984) to evaluate NK-92-CD16,
NK-92-CD16-y and NK-92-CD16-C cells (Figures 3 and 4). In this format, the target cell
receptor is thought to bind the Fc portion of the antibody, while the F(ab) portion of the
antibody binds to CD16 on the effector cell. Alternatively, redirected cytotoxicity assays can be
performed using target cells that express a unique antigen, but which do not express a Fc
receptor, in conjunction with a bi-specific antibody construct. In this format, one F(ab) binding
domain of the bi-specific antibody specifically binds the target cell antigen while another F(ab)
domain specifically binds to CD16. The evaluation of NK-92-CD16, NK-92-CD16-y or NK-92-
CD16-C cells in this format was carried out using SKOV-3 as target cells and the chimeric
antibody 2B1 as the cross-linking agent. The 2B1 chimeric by-specific antibody has one
binding domain that is specific for HER2/neu and a second binding domain that is specific for
CD16 (Clark et al., 1997; Weiner et al, 1995a; Weiner et al., 1995b) (Figure 5). Figure 6
illustrates the cytotoxicity of NK-92-CD16, NK-92-CD16-y and NK-92-CD16- cells against
P815 target cells in a redirected cytotoxicity assay using 2B1 chimeric antibody after pefroming

a %Cr-release assay for four hours. This Figure shows that at less than saturating antibody
concentrations, cytotoxicity is a function of both antibody concentration and the level of
expression of CD16 on the NK-92 effector cells.

[0121] The following procedure was used in performing both ADCC and redirected cytotoxicity
assays, the type of assay being determined by the characteristics of the target cell and

selected antibody. The selected target cells were labeled with Na[*'Cr]chromate as described

in Example 4. Aliquots of the 1[Cr]-labeled target cells were further incubated with the selected
antibody at multiple concentrations between 0.01 ug and 5 pug/mL for 15 minutes at room

temperature, washed with a-MEM, and adjusted to a concentration of 1x10° cells/mL before
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use. One-hundred uL of the selected type of target cells and 100 uL of effector cells at cell

concentrations of 1x10%1mL (E:T = 1:1), 5x10%mL (E:T = 5:1), 1x108 mL (E:T = 10:1), 2x10%/
mL (E:T = 20:1) or as appropriate to the determination being performed were added to each
well of a 96-well V-bottom plate. Three to six replicate wells were prepared at each E:T ratio to
be evaluated. At least 6 wells were allocated to each of a spontaneous lysis control (effector
cells replaced with 100 uL of a-MEM) and total release control (effector cells replaced with 100
ML of 2% Triton X-100 detergent in a-MEM). An additional three wells at each E:T ratio were
allocated to "non-ADCC" controls in which the target cells were not exposed to the antibody.
Desirably, an additional 6 or more wells are allocated to the use of unmodified NK-92 effector
cells that do not express CD16 as a procedural control and internal standard. The plate was
then centrifuged at 500 rpm for 3 minutes and incubated for 4 hours at 37° C in an atmosphere
of 7% CO»/balance air. At the end of the incubation period, the plate was centrifuged at 1500

rpm for 8 minutes and 100 mL of the supernate was collected from each well for counting in a

y counter as a measure of °'[Cr] release due to cytotoxicity. The percentage of specific lysis
was calculated as described in Example 4.

[0122] These assays can also employ NK-92-CD16 cells expressing varying surface levels of
CD16 (through cell sorting or via y or ¢ co-transduction), as well as NK-92 transduced with the
high affinity polymorphic allele of the CD16 gene (F157V). These variants to the invention
provide a broad dynamic range of assay sensitivities. Although this Example is described with
reference to monoclonal antibodies and bi-specific antibody constructs, polyclonal antibodies
and other types of antibody constructs having the appropriate characteristics can also be used
in the practice of this invention.

Example 6: Screening and evaluation of therapeutic antibodies

[0123] The selected target cells were labeled with Na[°'Cr]chromate as described in Example

4 and adjusted to a concentration of 1x10° cells/mL before use. A 100uL aliquot of labeled
target cells was then transferred to each well of the requisite number of 96-well plates. The
immunoglobulin concentrations in the hybridoma supernates to be screened were optionally,
but preferably, adjusted to a convenient nominal concentration of 1 yg/mL. At least 100uL
aliquots of each hybridoma supernate was added to each of three target cell containing wells;
incubated for 15 minutes at room temperature, washed with a-MEM, and re-suspended in
100uL of a-MEM. The effector cell concentration was adjusted as appropriate to achieve the
desired E:T ratio in the assay. For example, if an E:T ratio of 10:1 was desired, the effector cell

concentration was adjusted to 1x108 cells/mL. The assay was initiated by adding 100uL of
effector cells to each well. The plates were then centrifuged at 500 RPM for 3 minutes and
incubated for 4 hours at 37° C in an atmosphere of 7% COj/balance air. At the end of the
incubation period, the plate was centrifuged at 1500 rpm for 8 minutes and 100uL of the

supernate was collected from each well for counting in a y counter as a measure of °1[Cr]
release due to cytotoxicity. The percentage of specific lysis was calculated as described in
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Example 4. At least six wells were allocated to each of a spontaneous lysis control (effector
cells replaced with 100uL of a-MEM) and a total release control (effector cells replaced with
100 uL of 2% Triton X-100 detergent in a-MEM) on each plate. An additional six wells in each
set of plates was allocated to each of a "no antibody" control (target cells not treated with
antibody) and a NK-92 cytolysis control. Specific lysis was reported as the average of three
replicate wells after correction for the appropriate controls. Efficacy can be likewise be
assessed by the measurement of surrogate indicators such as cytokine release by the NK-92-
CD16 cells, the up-regulation of NK cell activation markers such as CD25, CD69 and/or
CD95L, activation of transcription factors, such as NF-AT or NF-kB within the NK-92 cells, or
the activation of caspases or other markers of apoptosis in the target cells.

[0124] In most cases, relatively small numbers (often only one) of antibody constructs were
prepared. In such cases, screening was not necessary, and the construct as more conveniently
evaluated using a direct assay, such as described in Example 5. Similarly, the relatively few
potentially useful antibodies detected during screening were subsequently characterized in
more detail using assays such as described in Example 5. Varying concentrations of purified
antibodies can be tested to compare efficacies for inducing ADCC. Furthermore, comparative
testing of ADCC potential of antibodies on NK-92 cells bearing either low affinity (F157) vs.
higher affinity (F157V) forms of CD16 offered a convenient, reproducible assay to address
therapeutic efficacies of individual antibodies in the context of both of these known human
alleles of CD16. This also circumvented the need for the user to identify specific donors that
are homozygous for each of the two alleles for such assays.

Example 7: CD16 mediated cytokine production

[0125] Upon activation, NK-92 cells are known to produce and secrete cytokines, including
interferon-y (IFN-y), tumor necrosis factor (TNF-a and others), interleukins (IL)-5, -10 and - 13,
granulocyte-macrophage colony-stimulating factor (GM-CSF), nitric oxide and others upon
activation. The production of these cytokines can be determined by standard methods
including cytokine-specific enzyme-linked immunosorbant assay (ELISA) kits that are available
from multiple commercial sources (e.g., BD Phramingen; San Diego, CA). The production of
cytokines by NK-92, NK-92-CD16, NK-92-CD16-y and NK-92-CD16-C cells in response to
CD16 mediated stimulation can be determined in a manner that is analogous to the ADCC and
redirected cytotoxicity assays described in Examples 4 and 5.

[0126] Effector cells (NK-92, NK-92-CD16, NK-92-CD16-y and NK-92-CD16-{ were washed by
suspension in a-MEM (without IL-2) and sedimentation at 1300 rpm for 5 minutes. The cell
pellet was suspended in a-MEM, the cells counted, and aliquots prepared at cell

concentrations of 1 x 10%mL (E:T = 1:1), 5 x 105mL (E:T = 5:1), 1 x 10%/mL (E:T = 10:1),

2x10%/mL (E:T = 20:1), or as appropriate to the determination being performed.

[0127] The type of target cell used in these assays was selected on the basis of the
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requirements of the particular determination being performed. Raji cells, which are known to be
moderately susceptible (about 50% lysis under these conditions) to lysis by NK-92 cells, were
used for most purposes, including verification of the cytotoxicity of the effector cells.

[0128] One hundred pL of varying concentrations of effector cells were combined with a

constant concentration of antibody treated target cells (not labeled with °'[Cr]) in wells of a 96-
well V-bottom plate. Three to six replicate wells were prepared at each E:T ratio to be
evaluated. At least 6 wells each were allocated as controls for non-CD16 specific effector cell
activation in which the target cells were replaced with 100 mL of a-MEM (spontaneous release)
or with 100 pL of 2% Triton X-100 (total release). Additional controls using target cells that
have not been antibody treated and target or effector cells that had been treated with F(ab'),

fragments to suppress non-CD16 specific effector cell activation were also included as
appropriate. Transduced NK-92 cells expressing different levels or affinities of CD16 could
have been used as additional controls in the manner previously described. The plate was
centrifuged at 500 rpm for 3 minutes and incubated for 4 hours at 37° C in an atmosphere of
7% COo/balance air. At the end of the incubation period, the plate was centrifuged at 1500 rpm

for 8 minutes, and aliquots of the supernate were collected from each well to quantify cytokine
concentrations, using commercially available cytokine ELISA kits (e.g., BD Phramingen; San
Diego, CA). Effector cell cytokine production was generally determined to track effector cell
cytotoxicity and could therefore be taken as an alternative indicator of effector cell activation.

Example 8: NK-92 cell stimulation by IL-2

[0129] Certain cytokines, particularly IL-2, IL-12, IL-15 and IL-18, are known to promote the
growth, survival, cytotoxicity and cytokine releasing activities of NK, NK-92, NK-92-CD16, NK-
92-CD16-y and NK-92-CD16-C, and other NK-92 variant cells both in-vitro and in-vivo. By way
of example, the cells transduced in Examples 2 and 3 proliferated and exhibited stable levels of
CD16 expression, cytotoxicity and cytokine response for several months without the need for
antibiotic selection when sub-cultured with fresh IL-2-containing medium every 4 days.
Conversely, when these same cells were passed without the addition of IL-2, they exhibited
cytotoxicity and cytokine production levels that declined with time through the 4-day culture
period and returned to higher levels on the first day after fresh IL-2 addition. Furthermore, cells
maintained in the absence of IL-2 specifically lysed a narrower range of cell types than did cells
maintained in the presence of IL-2. This behavior of transduced NK-92 cells and derivatives
closely reflects that of unmodified primary NK cells. For these reasons, it is desirable to assay
cells and transduced derivatives at consistent intervals after passage with defined
concentrations of IL-2. Similarly, it is desirable to co-administer IL-2 when these cells are being
used for in-vivo therapeutic purposes. In those cases where the provision of exogenous IL-2 is
inconvenient or otherwise undesirable, the NK-92mi or NK-92ci cell line that has been
engineered to express endogenous IL-2 at levels that promote NK-92 proliferation, survival
and activity can also be employed. The NK-92mi, NK-92ci and other NK-92 derived cell lines
can be transduced in the same manners as described for the parent NK-92 cell line in
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Examples 2 and 3.
Table Z

Table of Abbreviations

Abbreviation { Definition

ADCC Antibody-dependent cellular cytotoxicity

CD Cluster of determination

CTL Cytotoxic T-lymphocytes

DNA Deoxyribonucleic acid

EGFP Enhanced green fluorescent protein

ELISA Enzyme-linked immunosorbent assay

ErbB2 Proto-oncogene that encodes a membrane-bound receptor tyrosine

kinase of the epithelial growth factor receptor (EGFR) family; also
known as HER-2/neu

FBS Fetal bovine serum
Fc Denotes constant region of an antibody
FHS Fetal horse serum

GM-CSF Granulocyte-macrophage colony-stimulating factor

IFN Interferon

IL Interleukin

MCH-I Major histocompatibility complex class |
MEM Minimum essential medium

MHC Major histocompatibility complex
NF-AT nuclear factor of activated T-cells
NF-kB Nuclear factor-k B

NK Natural killer

PBL Peripheral blood lymphocyte

RAG recombinase activating gene

RhIL Recombinant, human interleukin
RNA Ribonucleic acid

Rpm Rotations per minute

RPMI Roswell Park Memorial Institute
SCID Severe combined immunodeficiency
TNF Tumor necrosis factor

TriBi trimeric, bi-specific
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PATENTKRAYV
1. Fremgangsmade til evaluering in vitro af et antistofs effektivitet til at inducere
antistofathaengig celluler cytotoksicitet (ADCC), hvilken fremgangsmade omfatter:

(a) eksponering af en flerhed af malceller for antistoffet;

(b) eksponering af malcellerne for en flerhed af NK-92-celler, der er modificeret til at
udtrykke CD16;

(c) overvagning af flerheden af malceller for cytolyse eller apoptose og

(d) anvendelse af en flerhed af umodificerede NK-92-celler som en negativ kontrol.

2. Fremgangsmade ifelge krav 1, hvor flerheden af modificerede NK-92-celler omfatter
en introduceret polynukleotidsekvens, der koder for et polypeptid med en sekvens af Swiss-

Prot PO8637 eller Var_008801.

3. Fremgangsmade ifelge krav 1, hvor flerheden af mélceller eksponeres for antistoffet og

derefter eksponeres for flerheden af NK-92-celler.

4. Fremgangsmade ifelge krav 3, hvor ca. 5 % til 30 % af malcellerne lyseres eller

induceres til at ga i apoptose i tilstedevaerelse af NK-92-celler ved fraveer af antistoffet.

5. Fremgangsmade ifalge krav 3, hvor et forhold mellem effektor og mal er mellem 0,5:1
og 100:1.

6. Fremgangsmade ifelge krav 5, hvor forholdet mellem effektor og mal er mellem 1:1 og
20:1.

7. Fremgangsmade ifelge krav 1, hvor maélcellerne valges fra gruppen bestaende af

SKOV-3, P815, THP-I, U373MG, T98G, AML 193, SR91, ALL 1 og REI-L.

8. Fremgangsmade ifelge krav 1, hvor antistoffet er et monoklonalt eller polyklonalt

antistof.

9. Fremgangsmade ifelge krav 1, hvor antistoffet er et kimerisk antistof.
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10.  Fremgangsmade ifelge krav 9, hvor det kimare antistof omfatter mindst to forskellige

antigenbindingsdomaner.

11.  Fremgangsmade ifelge krav 10, hvor mindst ét antigenbindingsdomane er tilpasset til

at binde til CD16.

12.  Fremgangsmade ifelge krav 1, hvor flerheden af modificerede NK-92-celler samtidigt

udtrykker et associeret accessorisk signaleringspolypeptid.

13.  Fremgangsmade ifelge krav 12, hvor det associerede accessoriske

signaleringspolypeptid omfatter FceRI-y (SEQ ID NO: 5) eller TCR-{ (SEQ ID NO: 7).

14.  Fremgangsmade ifelge krav 1, og som endvidere omfatter eksponering af cellerne for et

cytokin, hvor cytokinet omfatter interleukin-2.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.

Sidste side
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