binding domains of antibody 7B2 and the anti-fluorescein epitope binding domains of

antibody 4-4-20 was used as a control.

[0020] FKigure 7 shows the ability of bispecific diabodies comprising the anti-CD3 epitope
binding domains of antibody hAntibody 2 and either the anti-HIV gp120 epitope binding
domains of antibody A32 or the anti-HIV env epitope binding domains of antibody 7B2 to
facilitate redirected CD8-mediated killing of HIV gp140-expressing HEK 293 D371 cells
(CM244, subtype AE, R5-tropic) in the presence of pan T cells (D47239). The Effector :
Target ratio was 10:1. A bispecific diabody comprising the anti-HIV env epitope binding
domains of antibody 7B2 and the anti-fluorescein epitope binding- domains of antibody 4-4-

20 was used as a control.

Summary-ef-the Invention:

[0021] The present disclosureinventien relates to bispecific molecules that are capable of
localizing an immune effector cell that expresses an activating receptor to a virally infected
cell, so as to thereby facilitate the killing of the virally infected cell. In a preferred
embodiment, such localization is accomplished using bispecific molecules that are
immunoreactive both to an activating receptor of an immune effector cell and to an epitope of
an antigen expressed by a cell infected with a virus. The present disclosureinvention
additionally concerns the use of such bispecific molecules in the treatment of latent viral
infections, persistent viral infections and inactive viral infections, and the use of such
bispecific molecules in methods to kill cells containing a viral genome or cell expressing a
viral protein. The disclosureinvention particularly concerns bispecific molecules that bind to
(1) an epitope of an activating receptor of an immune effector cell and (2) an epitope of an
antigen expressed by a cell infected with a virus wherein the antigen is detectably present on
the cell infected by the virus at a level that is greater than the level at which the antigen is
detected on the virus by the bispecific molecules and to such bispecific molecules that are
capable of mediating, and more preferably enhancing, the activation and targeting of the
immune effector cells to the cell infected by the virus such that the activated immune effector

cells kill the cell infected by the virus.

[0022] In detail, the disclosureinvention concerns a bispecific molecule comprising:
(A)  afirst epitope-binding domain, the first epitope-binding domain being capable

of immunospecifically binding to an epitope of a protein expressed on the
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surface of an immune effector cell, wherein the immune effector cell expresses

an activating receptor, and

(B)  a second epitope-binding domain, the second epitope-binding domain being

capable of immunospecifically binding to an epitope of an antigen expressed

by a cell infected with a virus; wherein the antigen is detectably present on the

cell infected by the virus at a level that is greater than the level at which the

antigen is detected on the virus by the bispecific molecule.

[0023] The disclosurcinvention further concerns the embodiment of such bispecific

molecule, wherein the first epitope-binding domain binds an activating receptor of the

effector cell.

10023 al In one aspect, there is provided a bispecific molecule, wherein said molecule

is a diabody molecule comprising first, second and third polyvpeptide chains, wherein:

{A} the first polvpeptide chain comprises, in the N-terminal to C-terminal

direction:

{1} a domain (A) comprising a binding region of a light chain variable
domain of a first immuncglobulin (VL) specific {or an epitope (1);

{i1) a domain (B) comprising a binding region of a heavy chain variable
domain of a second immunoglobulin (VH2) specific for an epitope (2):
and

{111}  a domain (C) comprising a cysteine residue and an E coil or a K coil;

{B) the second polypeotide chain comprises, in the N-Terminal to C-terminal
direction:

(1) a domain (D) comprising a binding region of & light chain variagble
domain of the second immunoglobulin (VL.2) specific for epitope (21

{ii) a domain (B) comprising a binding region of a heavy chain variable
domain of the first immunoglobulin (VHI1) specific for epitope (1%

(i} a domain (F) comprising;

{1y 2 cysteine residue and a K coil if the first polvpeptide has an E

coil; or

(2) 7 cvysteine residue and an E coil if the first nolypeptide has a K

coil and
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{iv) a CH2-CH3 region of an Fe region;

() the third polypentide chain comprises 3 CH2-CH3 region of an Fe region: and

(D) (i} domains (A) and {B) do not associate with one another to form an

enitope-hinding domain:

(i1} domains (D) and (E) do not associate with one another to form an

epitone-binding domaing

(i1} domains (A) and (E) associate to form an epifope-binding domain that

binds epitope (1), and domains (B) and (ID) assoclate to form an

enitope-binding domain that binds epitope (2), wherein;

{(a) epitape (1) i1s an epitepe of an activation receptor of an immune

effector cell, and epitope (2) is an epitope of an antigen

expressed by a cell infected with a virus: or

{b) epitope (1) is an enilope of an antigen expressed by a cell

infected with a virus, and epitope {2} is an epitope of an

activation recentor of an immune effector cell: and

(iv)  domains (C) and (F) are covalently associated together by a disulfide bond.

10023b] In another aspect, there is provided a bispecific molecule, wherein said

molecule is a digbody meolecule comprsing first and second polvpeptide chains,

wherein:

(A} the first polypeptide chain comprises, in the Neterminal to C-terminal

direction:
(1) a domain {A) comprising a binding region of a light chain variable

domain of a first immaunoglobulin (VL1 specific for an epitope (1)

a domain (B) comprising a binding region of a heavy chain variable

o,
ot »
bk &
—

domain of a second immunoglobulin (VH2) specific for an enitope (2):

and

(i} a domain (C);

(B the sccond polvoeptide chain commprises, in the N-Terminal to C-terminal

direction:

(1) a domain (D) comprising a binding region of a light chain variable

domain of the second immunoglobulin (VL2) specific for enitone (23
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(i1)

2 domain (BE) comprising a binding region of a heavy chain variable

(1}

domain of the first immunoglobulin (VHD specific for epitope (1)

a domain (F);

(i}

domains (A) and (B) do not associate with one another to form an

(D)

(i)

epitope-binding domain;

domains (I} and (BE) do not associate with one another to form an

(iii)

epitope-binding domain:

domains (AY and (E) associate to form an epitope-binding domain that

(iv)

binds enitope (1), and domains (B) and (D) associate to form a epitone-

binding dormain that binds epitope (2},

domains (C) and (F) are covalently associated together; and

said molecule comprises:

[0023¢]

(i}

the light chain variable domain of anti-HIV antibody A32 (residues 1-

110 of SEG 1D NO: 46); the heavy chain variable domain of said anti-

HIV antibody A32 (residues 119-241 of SEQ 1D NG: 47y the light

chain variable domain of humanized anti-CD3 Antibody 2 (residues -
1O of SEO D NO:ATY: and the heavy chain variable domain of said

humanized anti-CD3  Antibody 2 (residues 119-243 of SEO 1D

the light chain varable domain of anti-HIV antibody 7B2 {residues |-

113 of SEQ 1D NO: 48): the heavy chain variable domain of said anti-

HIYV antibody 7B2 (residues 119-244 of SEO 1D NO: 49): the light

chain variable domain of humanized anti-CD3 Antibody 2 (residues 1-

110 of SEQ 1D NG:49): and the heavy chaln variable domain of said

humanized anti-CD3 Antibodv 2 (residues 122-246 of SEO ID NO:48).

In vet another aspect. there is provided a bispecific molecule comprising:

(A

a first epitope-binding domain. said first epitope-binding domain being

capable of immunospecifically binding to an epitope of an activating receptor

of an immune effector cell, wherein said immune effector cell is a T-cell. a

CD4+ T-cell, a CD8+ T-cell, a natural killer cell, a macrovhage, a granulocvte,

or a dendritic cell: and
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(B) a second epitone-binding domain, said second epitope-binding domain being

capable of immunospecifically binding to an epitope of an antigen expressed

by a cell infected with a virus, wherein said virus is EBY., HSV, CMV. HIV,

HBY, HCV. HPVY. or influenza virus, and wherein said antigen is detectably

nresent on said cell infected by said virus at a level that is greater than the

level at which said antigen is detected on sald virus by said bispecific

molecule,

10024] The disclosureinvention further concerns any of the above-described bispecific

molecules, wherein the effector cell is a T-cell, a CD4+ T-cell, a CD8+ T-cell, a natural killer

cell, a macrophage, a granulocyte, or a dendritic cell.

[0025] The disclosureinvention further concerns any of the above-described bispecific
molecules, wherein the virus is Epstein-Barr virus, herpes simplex virus type 1, herpes
simplex virus type 2, cytomegalovirus, human immunodeficiency virus, hepatitis B virus,

hepatitis C virus, human papilloma virus or influenza virus.

[0026] The disclosureinvention further concerns any of the above-described bispecific

molecules, wherein the cell is latently infected with the virus.

[0027] The disclosureinvention further concerns any of the above-described bispecific
molecules, wherein the antigen expressed by the cell infected with the virus is selected from
the group consisting of LMP-1, LMP-2, influenza M, protein, HIV env protein, HPV E6 and

HPV E7.

[0028] The disclosurcinvention further concerns any of the above-described bispecific
molecules, wherein the antigen expressed by the cell infected with the virus is detectably

present on the cell and is not detected on the virus by the bispecific molecule.

[0029] The disclosureinvention further concerns any of the above-described bispecific
molecules, wherein the epitope on the effector cell is a CD3 epitope, a CD4 epitope, a CD8
epitope, a CD2 epitope, a CD16 epitope, or an NKG2D epitope.
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[0030] The disclosureinvention further concerns any of the above-described bispecific
molecules, wherein the first antigen binding domain is an antigen binding domain from a
CD3 antibody, a CD4 antibody, a CD8 antibody, a CD2 antibody, a CD16 antibody, or an
NKG2D antibody. |

[0031] The disclosureinvention further concerns any of the above-described bispecific
molecules, wherein the antigen expressed by the cell infected with the virus is detectably
present on the cell at a level that is at least 2 times greater than the level, if any, at which the
antigen is detected on the virus by the bispecific molecule.

[0032] The disclosureinvestion further concerns any of the above-described bispecific
molecules, wherein the antigen expressed by the cell infected with the virus is detectably
present on the cell at a level that is at least 5 times greater than the level, if any, at which the
antigen is detected on the virus by the bispecific molecule.

[0033] The disclosureimvention further concerns any of the above-described bispecific
molecules, wherein the antigen expressed by the cell infected with the virus is detectably
present on the cell at a level that is at least 10 times greater than the level, if any, at which the
antigen is detected on the virus by the bispecific molecule.

[0034] The disclosurcimventien further concerns any of the above-described bispecific
molecules, wherein the antigen expressed by the cell infected with the virus is detectably
present on the cell at a level that is at least 100 times greater than the level, if any, at which
the antigen is detected on the virus by the bispecific molecule.

[0035] The disclosureinventien further concerns any of the above-described bispecific
molecules, wherein the antigen is detectably present on the cell infected by the virus at a level
that is greater than the level at which the antigen is detected by the bispecific molecule on a
cell that is not infected by the virus.

[0036] The disclosurcinvention further concerns any of the above-described bispecific
molecules, wherein the antigen is detectably present on the cell infected by the virus at a level
that is at least 2 times greater than the level at which the antigen is detected by the bispecific
molecule on a cell that is not infected by the virus.

[0037] The disclosurcinvention further concerns any of the above-described bispecific
molecules, wherein the antigen is detectably present on the cell infected by the virus at a level

that is at
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least 5 times greater than the level at which the antigen is detected by the bispecific molecule

on a cell that is not infected by the virus.

[0038] The disclosurcinventien further concerns any of the above-described bispecific
molecules, wherein the antigeh is detectably present on the cell infected by the virus at a level
that is at least 10 times greater than the level at which the antigen is detected by the bispecific

molecule on a cell that is not infected by the virus.

[0039] The disclosurcinvention further concerns any of the above-described bispecific
molecules, wherein the antigen is detectably present on the cell infected by the virus at a level
that is at least 100 times greater than the level at which the antigen is detected by the

bispecific molecule on a cell that is not infected by the virus.

[0040] The disclosureinvention further concerns any of the above-described bispecific
molecules, wherein the antigen expressed by the cell infected with the virus is detectably

present on the cell and is not detected on a cell not infected with the bispecific molecule.

10040491 1n one aspect. there is provided a nharmaceutical composition comprising any of the

above-described bispecific molecules. and a pharmaceutically acceptable carrier,

[0041] The disclosureinvention further concerns a pharmaceutical composition comprising
a bispecific molecule and a pharmaceutically acceptable carrier; the bispecific molecule
comprising:

(A)  a first epitope-binding domain, the first epitope-binding domain being capable
of immunospecifically binding to an epitope of a protein expressed on the
surface of an immune effector cell, wherein the immune effector cell expresses
an activating receptor of an effector cell, and

(B)  a second epitope-binding domain, the second epitope-binding domain being
capable of immunospecifically binding to an epitope of an antigen expressed
by a cell infected with a virus; wherein the antigen is detectably present on the
cell infocted by the virus at a level that is greater than the level at which the

antigen is detected on the virus by the bispecific molecule.
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[0042] The disclosureinvention further concerns the embodiment of such pharmaceutical

composition, wherein the first epitope-binding domain binds an activating receptor of the

effector cell.

[0042a] In one aspect. there is provided usc of any of the above-described bispecific

molecules in the manufacture of a2 medicament for treating a latent virus nfection, or a

persistent virus infection, or an inactive viruys infection in an individual in need of such

treatment.

04201 In one aspect. there is provided a composition comprising anv of the above-

described bispecific molecules, for use in treating a latent virus infection, or a persistent virus

infection. or an inactive virus infection.

[0043] The disclosureinvention further concerns a method of treating a latent virus infection

in an individual in need of such treatment, the method comprising the step of administering a




therapeutically effective amount of a bispecific molecule to the individual, the bispecific

molecule comprising:

(A)

®)

a first epitope-binding domain, the first epitope-binding domain being capable
of immunospecifically binding to a protein expressed on the surface of an
immune effector cell, wherein said immune effector cell expresses an epitope
of an activating receptor of an effector cell, and

a second epitope-binding domain, the second epitope-binding domain being
capable of immunospecifically binding to an epitope of an antigen expressed
by a cell infected with a virus; wherein the antigen is detectably present on the
cell infected by the virus at a level that is greater than the level at which the

antigen is detected on the virus by the bispecific molecule.

[0044] The disclosureinvention further concerns the embodiment of such method, wherein

the first epitope-binding domain of the bispecific molecule binds an activating receptor of the

effector cell.

[0045] The disclosurcisvention further concerns a method of treating a persistent virus

infection in an individual in need of such treatment, the method comprising the step of

administering a therapeutically effective amount of a bispecific molecule to the individual,

the bispecific molecule comprising:

(A)

®)

a first epitope-binding domain, the first epitope-binding domain being capable
of immunospecifically binding to a protein expressed on the surface of an
immune effector cell, wherein the immune effector cell expresses an epitope
of an activating receptor of an effector cell, and

a second epitope-binding domain, the second epitope-binding domain being
capable of immunospecifically binding to an epitope of an antigen expressed
by a cell infected with a virus; wherein the antigen is detectably present on the
cell infected by the virus at a level that is greater than the level at which the

antigen is detected on the virus by the bispecific molecule.

[0046] The disclosureinvention further concerns the embodiment of such method, wherein

the first epitope-binding domain of the bispecific molecule binds an activating receptor of the

effector cell.
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{0047] The disclosurcinvention further concerns methods of treating an inactive virus
infection in an individual in need of such treatment, the method comprising the step of
administering a therapeutically effective amount of a bispecific molecule to the individual,
the bispecific molecule comprising:

(A)  afirst epitope-binding domain, the first epitope-binding domain being capable
of immunospecifically binding to a protein expressed on the surface of an
immune effector cell, wherein the immune effector cell expresses an epitope
of an activating receptor of an effector cell, and

(B)  a second epitope-binding domain, the second epitope-binding domain being
capable of immunospecifically binding to an epitope of an antigen expressed
by a cell infected with a virus; wherein the antigen is detectably present on the
cell infected by the virus at a level that is greater than the level at which the

antigen is detected on the virus by the bispecific molecule.

[0048] The disclosureimvention further concerns the embodiment of such method, wherein
the first epitope-binding domain of the bispecific molecule binds an activating receptor of the

effector cell.

[0049] The disclosurcinventien further concerns methods of killing a cell containing a viral
genome, the method comprises the step of contacting the cell with a bispecific molecule, the
bispecific molecule comprising:

(A)  a first epitope-binding domain, the first epitope-binding domain being capable
of immunospecifically binding to a protein expressed on the surface of an
immune effector cell, wherein the immune effector cell expresses an epitope
of an activating receptor of an effector cell, and

(B)  asecond epitope-binding domain, the second epitope-binding domain being
capable of immunospecifically binding to an epitope of an antigen expressed
by a cell infected with a virus; wherein the antigen is detectably present on the
cell infected by the virus at a level that is greater than the level at which the

antigen is detected on the virus by the bispecific molecule.

[0050] The disclosureinvention further concerns the embodiment of such method, wherein
the first epitope-binding domain of the bispecific molecule binds an activating receptor of the

effector cell.
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[0051] The disclosureinvention further concerns methods of killing a cell expressing a viral
protein, the method comprises the step of contacting the cell with a bispecific molecule, the
bispecific molecule comprising:

(A)  afirst epitope-binding domain, the first epitope-binding domain being capable
of immunospecifically binding to a protein expressed on the surface of an
immune effector cell, wherein the immune effector cell expresses an epitope
of an activating receptor of an effector cell, and

(B)  a second epitope-binding domain, the second epitope-binding domain being
capable of immunospecifically binding to an epitope of an antigen expressed
by a cell infected with a virus; wherein the antigen is detectably present on the
cell infected by the virus at a level that is greater than the level at which the

antigen is detected on the virus by the bispecific molecule.

[0052] The disclosureinvention further concerns the embodiment of such method, wherein
the first epitope-binding domain of the bispecific molecule binds an activating receptor of the

effector cell.

0052al In one aspect, there is provided an in vifro method of killing a cell containing a viral

genome. or a cell expressing a viral protein, said method comprising the step of contacting

said cell with anv of the above-described bispecific molecules, whereby said cell containing

said viral genome, or expressing said viral protein is killed.

[0032b] In one aspect, there is provided use of anv of the above-described bispecific

molecules. in the manufacture of a medicament for kitling a cell containing a viral genome,

or_a cell expressing a viral protein, whereby said cell containing said viral genome, or

expressing said viral protein is killed upon contact with said bispecific molecule,

'6058%¢] In _one aspect, there is provided a composition comprising any of the above-

described bispecific molecules, for use in killing a cell containing a viral genome, or a cell

oxpressing a viral protein.
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Detailed Description of the Invention:

[0053] The present invention relates to bispecific molecules that are capable of localizing
an immune effector cell that expresses an activating receptor to a virally infected cell, so as to
thereby facilitate the killing of the virally infected cell. In a preferred embodiment, such
localization is accomplished using bispecific molecules that are immunoreactive both to an
activating receptor of an immune effector cell and to an epitope of an antigen expressed by a
cell infected with a virus. The present invention additionally concerns the use of such
bispecific molecules in the treatment of latent viral infections, persistent viral infections and
inactive viral infections, and the use of such bispecific molecules in methods to kill cells
containing a viral genome or cell expressing a viral protein. The invention particularly
concerns bispecific molecules that bind to (1) an epitope of an activating receptor of an
- immune effector cell and (2) an epitope of an antigen expressed by a cell infected with a virus
wherein the antigen is detectably present on the cell infected by the virus at a level that is
greater than the level at which the antigen is detected on the virus by the bispecific molecules
and to such bispecific molecules that are capable of mediating, and more preferably
enhancing, the activation and targeting of the immune effector cells to the cell infected by the

virus such that the activated immune effector cells kill the cell infected by the virus.
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What Is Claimed Is:

Claim 1.

Claim 2.

Claim 3:

Claim 4.
Claim 5.

Claim 6.

Claim /7"

150040

159940 e e : : PETIUS2014/025497

A bispecific molecule comprising: /

(A) afirst epitope-binding domain, said first epitope-binding domam bomg

capable of immunospecifically binding to an epitope of & protem

expressed on the surface of an immune effector cell, whercm said
immune effector cell expresses an activating receptor, and

(B)  asecond epitope-binding domain, said second epxtopewbmdmg domain

being capable of immunospecifically bmdmg ;o an epitope of an

antigen expressed by a cell infected with a vu'us, wherein said antigen

is detectably present on said cell infected b)/ said virus at a level that is

greater than the level at which said antylgén is detected on said virus by

said bispecific molecule.

The bispecific molecule of claim 1, wher n said first epitope-binding domain

binds to an activating receptor of an unmunc effector cell.

/’
The bispecific molecule of any of clanns 1-2, wherein said effector cell is a T-
cell, a CD4+ T-cell, a CD8+ T—celE a natural killer cell, a macrophage, a

granulocyte, or a dendriticscell.

The bispecific molecyle of any of claims 1-2, wherein said virus is EBV, HSV,
CMV, HIV, HBV, ACV, HPV, or influenza virus.

The bispecifie‘: molecule of any of claims 1-2, wherein said cell is latently

infected w1th said virus.

The bxspeczﬁc molecule of any of claims 1-2, wherein said antigen expressed
by saud cell infected with said virus is selected from the group consisting of
P ,\MP 1, LMP-2, influenza virus M, protein, HIV env protein, HPV E6 and
HPV E7.

The bispecific molecule of any of claims 1-2, wherein said antigen expressed
by said cell infected with said virus is detectably present on said cell and is not

detected on said virus by said bispecific molecule.
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Claim 8.

Claim 9.

Claim 10.
Claim 11.
Claim 12.
Claim 13.
Claim 14.

y
Claim__;I'S .

The bispecific molecule of claim 2, wherein said epitope on said effector cel
is a CD3 epitope, a CD4 epitope, a CDS8 epitope, a CD2 epitope, a D'
epitope, or an NKG2D epitope.

The bispecific molecule of claim 2, wherein said first antigen bindis o domain
is an antigen binding domain from a CD3 antibody, a CD4 ant'bdy, a CD8
antibody, a CD2 antibody, a CD16 antibody, an NKG2D antibgdy.

The bispecific molecule of any of claims 1-2, wherein s%;/f antigen expressed
by said cell infected with said virus is detectably presen’t on said cell at a level
that is at least 2 times greater than the level, if jr/ly; at which said antigen is

detected on said virus by said bispecific moleculs:.

The bispecific molecule of any of claims 1-2, wherein said antigen expressed
by said cell infected with said virus is detgctably present on said cell at a level
that is at least 5 times greater than ?e/ level, if any, at which said antigen is

detected on said virus by said bispegitic molecule.

/

/
The bispecific molecule of angff%f claims 1-2, wherein said antigen expressed
by said cell infected with samlf virus is detectably present on said cell at a level
that is at least 10 times greater than the level, if any, at which said antigen is

detected on said virus by sald bispecific molecule.

The bispecific rr?féé'ule of any of claims 1-2, wherein said antigen expressed
by said cell infetted with said virus is detectably present on said cell at a level
that is at iegﬁﬁ 100 times greater than the level, if any, at which said antigen is

detected gﬁ said virus by said bispecific molecule.
The blqpemﬁc molecule of any of claims 1-2, wherein said antlgen is

detectably present on said cell infected by said virus at a level that is greatel

:;‘than the level at which said antigen is detected on a cell that is not infected by

said virus by said bispecific molecule.

The bispecific molecule of claim 14, wherein said wherein said antigen is
detectably present on said cell infected by said virus at a level that is at least 2
times greater than the level at which said antigen is detected on a cell that is

not infected by said virus by said bispecific molecule.
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Claim 16.

Claim 17.

Claim 18.

Claim 19.

Claim 20.

Claim 2.

PCT/US2014/025491

The bispecific molecule of claim 14, wherein said wherein said antig(;yﬁé
detectably present on said cell infected by said virus at a level that is at Ieést 5
times greater than the level at which said antigen is detected on a ce}'that is

not infected by said virus by said bispecific molecule. ;f
£

The bispecific molecule of claim 14, wherein said Wherein:,f,s‘igid antigen is
detectably present on said cell infected by said virus at a le<§yel that is at least
10 times greater than the level at which said antigen is de;écted on a cell that is

not infected by said virus by said bispecific moEeCuie /‘

The bispecific molecule of claim 14, wherein sadd wherein said antigen is
detectably present on said cell infected by sau‘%vn'us at a level that is at least
100x greater than the level at which said ant}.gen is detected on a cell that is

not infected by said virus by said b1spcc1fic molecule

é‘

The bispecific molecule of claim 14.Hwherem said antigen expressed by said
cell infected with said virus is d/,ctectabiy present on said cell and is not

detected on a cell not infected by said bispecific molecule.

,,,

#

Fd

A pharmaceutical composmon comprising a bispecific molecule and a

pharmaceutically acceptabie carrier, said bispecific molecule comprising:

(A)  afirst cp1topc-b1{1dmg domain, said first epitope-binding domain being
capable of f;mmunospcmﬁcally binding to an cpitope of a protein
expre%%ed on the surface of an immune effector cell, wherein said
1mmu?e effector cell expresses an activating receptor, and

B) as /pond epitope-binding domain, said second epitope-binding domain

bemg capable of immunospecifically binding to an epitope of an
ff»antlgcn expressed by a cell infected with a virus; wherein said antigen
/18 detectably present on said cell infected by said virus at a level that is
/f{ greater than the level at which said antigen is detected on said virus by

said bispecific molecule.

The pharmaceutical composition of claim 20, wherein said first epitope-
binding domain of said bispecific molecule binds to an activating receptor of

an immune effector cell.
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Claim 22.

Claim 23.

Claim 247

effective amount of a bispecific molecule to said individual, said biléciﬁc

molecule comprising: f/f

(A) a first epitope-binding domain, said first epitope-binding (;emam being
capable of immunospecifically binding to an epm)pé‘( of a protein
expressed on the surface of an mmmune effector }zgli wherein said
immune effector cell expresses an activating receptor and

(B)  asecond epitope-binding domain, said second epltopc—bmdmg domain
being capable of immunospecifically bmgimg to an epitope of an
antigen expressed by a cell infected mthfé, virus; wherein said antigen
is detectably present on said cell mfec};ed by said virus at a level that is
greater than the level at which saﬁlfantlgen is detected on said virus by

&

said bispecific molecule. &

%

Q.,-%%

A method of treating a permstent/ylrus infection in an individual in need of

such treatment, said method , ‘comprising the step of administering a

therapeutically effective amgﬁnt of a bispecific molecule to said individual,

said bispecific molecule cfgfﬁprising'

(A)  afirst cpﬁopc—bu{dmg domain, said first epitope-binding domain being
capable of 1;nmunospcc1ﬁcaiiy binding to an epitope of a protein
expressef; f;ﬁn the surface of an immune effector cell, wherein said
immung effector cell expresses an activating receptor , and

(B)  asegdnd epitope-binding domain, said second epitope-binding domain
bf{fg

'an’sigen expressed by a cell infected with a virus; wherein said antigen

capable of immunospecifically binding to an epitope of an

is detectably present on said cell infected by said virus at a level that is

greater than the level at which said antigen is detected on said virus by

said bispecific molecule.

A method of treating an inactive virus infection in an individual in need of
such treatment, said method comprising the step of administering a
therapeutically effective amount of a bispecific molecule to said individual,

said bispecific molecule comprising:
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Claim 25.

Clamm 26.

(A)  a first epitope-binding domain, said first epitope-binding domain bej ;g
capable of immunospecifically binding to an epitope of a gx‘oteln
expressed on the surface of an immune effector cell, wher in said
immune ¢ffector cell expresses an activating receptor , and//l

(B)  asecond epitope-binding domain, said second epltopc-hfildmg domain
being capable of immunospecifically binding to an epitope of an
antigen expressed by a cell infected with a v1rus,jyvherem said antigen
is detectably present on said cell infected by sag;d&i§ims at a level that is
greater than the level at which said antigen Eﬁs”égetected on said virus by

said bispecific molecule. V'

A method of killing a cell containing a Vn'al genome, said method comprises

the step of contacting said cell with a b1spccxﬁc molecule, said bispecific
/

&

molecule comprising: Iy
(A)  a first epitope-binding domai«f{ said first epitope-binding domain being
capable of 1mmunospec;1ﬁcaily binding to an epitope of a protein

expressed on the surface of an immune effector cell, wherein said

immune effector ce

/}
&

inding domain, said second epitope-binding domain

‘expresses an activating receptor , and

(B)  asecond epitope

being capabl /0 ‘of immunospecifically binding to an epitope of an
antigen cxpressed by a cell infected with a virus; wherein said antigen
is detcctably present on said cell infected by said virus at a level that is
gredtgﬁr than the level at which said antigen is detected on said virus by
bc/t}d bispecific molecule;

whereby said cell containing said viral genome is killed.
s
A{iﬁﬁethod of killing a cell expressing a viral protein, said method comprises

the step of contacting said cell with a bispecific molecule, said bispecific

molecule comprising:

(A)  afirst epitope-binding domain, said first epitope-binding domain being
capable of immunospecifically binding to an epitope of a protein
expressed on the surface of an immune effector cell, wherein said

immune effector cell expresses an activating receptor , and
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fé

i

(B)  a second epitope-binding domain, said second epitope-binding domai@f
being capable of immunospecifically binding to an epitope of said \Q,i{él
protein; wherein said viral protein is detectably present on sai ( cell
expressing said viral protein at a level that is greater than thg,f{evel at
which said viral protein is detected on a virus capable oj;;f’éxpressing

said viral protein; f:
whereby said cell expressing said viral protein is killed. o,,,j

&

Claim 27. The method of any of claims 22-26, wherein said first ep}fgpe—binding domain
S
of said bispecific molecule binds to an activating recqp’for of an immune
effector cell. /“
Z

Claim 28. The method of any of claims 22-26, Whereinjf‘sfaid effector cell is a T-cell, a
CD4+ T-cell, a CD8+ T-cell, a natural killqr’-’%ell, a macrophage, a granulocyte,

or a dendritic cell.

4

Claim 29. The method of any of claims 22-2§',,«?"\:\/Vherein said virgs 18 EBV, HSV, CMV,
HIV, HBV, HCV, HPV, or inﬂugﬂ‘éa virus.

7
Claim 30. The method of any of claims/22-26, wherein said cell is latently infected with
said virus. Vi ’
/
&£
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What Is Claimed Is:

1.

A bispecific molecule, wherein said molecule is a diabody molecule comprising first,

second and third polypeptide chains, wherein:

&)

(B)

©)
(D)

the first polypeptide chain comprises, in the N-terminal to C-terminal

direction:

@) a domain (A) comprising a binding region of a light chain variable
domain of a first immunoglobulin (VL1) specific for an epitope (1); |

(ii)  a domain (B) comprising a binding region of a heavy chain variable
domain of a second immunoglobulin (VH2) specific for an epitope (2);
and

(iii)  a domain (C) comprising a cysteine residue and an E coil or a K coil;

the second polypeptide chain comprises, in the N-Terminal to C-terminal

direction:

1) a domain (D) comprising a binding region of a light chain variable
domain of the second immunoglobulin (VL2) specific for epitope (2);

(i)  a domain (E) comprising a binding region of a heavy chain variable
domain of the first immunoglobulin (VH1) specific for epitope (1);

(iti)  adomain (F) comprising:
(1)  acysteine residue and a K coil if the first polypeptide has an E
coil; or
(2)  acysteine residue and an E coil if the first polypeptide has a K

. coil; and

(iv)  a CH2-CH3 region of an Fc region;

the third polypeptide chain comprises a CH2-CH3 region of an Fc region; and

63 domains (A) and (B) do not associate with one another to form an
epitope-binding domain;

(i)  domains (D) and (E) do not associate with one another to form an
epitope-binding domain;

(iii)  domains (A) and (E) associate to form an epitope-binding domain that

binds epitope (1), and domains (B) and (D) associate to form an

epitope-binding domain that binds epitope (2), wherein:
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(a) epitope (1) is an epitope of an activation receptor of an immune
effector cell, and epitope (2) is an epitope of an antigen
expressed by a cell infected with a virus; or

(b) epitope (1) is an epitope of an antigen expressed by a cell
infected with a virus, and epitope (2) is an epitope of an
activation receptor of an immune effector cell; and

(iv)  domains (C) and (F) are covalently associated together by a disulfide
bond.

The bispecific molecule of claim 1, wherein said cell infected with said virus is

latently infected with said virus.

The bispecific molecule of any one of claims 1-2, wherein said antigen expressed by
said cell infected with said virus is selected from the group consisting of LMP-1,

LMP-2, influenza virus M, protein, HIV env protein, HPV E6 and HPV E7.

The bispecific molecule of any one of claims 1-3, wherein said epitope on said
effector cell is a CD3 epitope, a CD4 epitope, a CD8 epitope, a CD2 epitope, a CD16
epitope, a TCR epitope, or an NKG2D epitope.

The bispecific molecule of claim 4, wherein said molecule comprises an epitope-
binding domain from a CD3 antibody, a CD4 antibody, a CD8 antibody, a CD2
antibody, a CD16 antibody, a TCR antibody, or an NKG2D antibody.

The bispecific molecule of claim 1, wherein said antigen expressed by said cell
infected with said virus is detectably present on said cell and is not detected on a cell

not infected by said bispecific molecule.

The bispecific molecule of any one of claims 1-6, wherein:

(A)  said activating receptor is CD3, and said antigen expressed by a cell infected
with a virus is EBV LMP-1; or

(B)  said activating receptor is TCR, and said antigen expressed by a cell infected
with a virus is EBV LMP-2; or

(C)  said activating receptor is CD3, and said antigen expressed by a cell infected

with a virus is HPV E6 in the context of MCH class I; or
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(D)  said activating receptor is CD16, and said antigen expressed by a cell infected
with a virus is HIV env; or
(B)  said activating receptor is CD3, and said antigen expressed by a cell infected

with a virus is HIV env.

The bispecific molecule of any of claims 1-6, wherein said molecule comprises:
A Q) the light chain variable domain of anti-HIV antibody A32 (residues
1-110 of SEQ ID NO: 46);
(i1) the heavy chain variable domain of said anti-HIV antibody A32
(residues 119-241 of SEQ ID NO: 47);
(iti)  the light chain variable domain of humanized anti-CD3 Antibody 2
(residues 1-110 of SEQ ID NO:47);
(iv)  the heavy chain variable domain of said humanized anti-CD3 Antibody
2 (residues 119-243 of SEQ ID NO:46);
or
B O the light chain variable domain of anti-HIV antibody 7B2 (residues
1-113 of SEQ ID NO: 48);
(i)  the heavy chain variable domain of said anti-HIV antibody 7B2
(residues 119-244 of SEQ ID NO: 49);
(iti)  the light chain variable domain of humanized anti-CD3 Antibody 2
{residues 1-110 of SEQ ID NO:49);
(iv)  the heavy chain variable domain of said humanized anti-CD3 Antibody

2 (residues 122-246 of SEQ ID NO:48).

A bispecific molecule, wherein said molecule is a diabody molecule comprising first
and second polypeptide chains, wherein:
(A)  the first polypeptide chain comprises, in the N-terminal to C-terminal
direction: A
) a domain (A) comprising a binding region of a light chain variable
domain of a first immunoglobulin (VL1) specific for an epitope (1);
(i)  a domain (B) comprising a binding region of a heavy chain variable
domain of a second immunoglobulin (VH2) specific for an epitope (2);
and

(iii)  adomain (C);
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(B)  the second polypeptide chain comprises, in the N-Terminal to C-terminal
direction:
1 a domain (D) comprising a binding region of a light chain variable
domain of the second immunoglobulin (VL2) specific for epitope (2);
(i)  a domain (E) comprising a binding region of a heavy chain variable
domain of the first immunoglobulin (VH1) speciﬁc for epitope (1);
(iii)  adomain (F);
© (i) domains (A) and (B) do not associate with one another to form an
epitope-binding domain;
(ii)  domains (D} and (E) do not associate with one another to form an
epitope-binding domain;
(iii)  domains (A) and (E) associate to form an epitope-binding domain that
binds epitope (1), and domains (B) and (D) associate to form a epitope-
binding domain that binds epitope (2),
(iv)  domains (C) and (F) are covalently associated together; and
(D)  said molecule comprises:
(1) the light chain variable domain of anti-HIV antibody A32 (residues 1-
110 of SEQ ID NO: 46); the heavy chain variable domain of said anti-
HIV antibody A32 (residues 119-241 of SEQ ID NO: 47); the light
chain variable domain of humanized anti-CD3 Antibody 2 (residues 1-
110 of SEQ ID NO:47); and the heavy chain variable domain of said
humanized anti-CD3 Antibody 2 (residues 119-243 of SEQ ID
NO:46); or
(ii)  the light chain variable domain of anti-HIV antibody 7B2 (residues 1-
113 of SEQ ID NO: 48); the heavy chain variable domain of said anti-
HIV antibody 7B2 (residues 119-244 of SEQ ID NO: 49); the light
chain variable domain of humanized anti-CD3 Antibody 2 (residues 1-
110 of SEQ ID NO:49); and the heavy chain variable domain of said
humanized anti-CD3 Antibody 2 (residues 122-246 of SEQ ID
NO:48).

10. A pharmaceutical composition comprising the bispecific molecule of any one of

claims 1-9, and a pharmaceutically acceptable carrier.
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11.

12.

13.

14.

15.

16.

17.

Use of the bispecific molecule of any one of claims 1-9 in the manufacture of a
medicament for treating a latent virus infection, or a persistent virus infection, or an

inactive virus infection in an individual in need of such treatment.

An in vitro method of killing a cell containing a viral genome, or a cell expressing a
viral protein, said method comprising the step of contacting said cell with the
bispecific molecule of any one of claims 1-9, whereby said cell containing said viral

genome, or expressing said viral protein is killed.

Use of the bispecific molecule of any one of claims 1-9, in the manufacture of a
medicament for killing a cell containing a viral genome, or a cell expressing a viral
protein, whereby said cell containing said viral genome, or expressing said viral

protein is killed upon contact with said bispecific molecule.

A composition comprising the bispecific molecule of any one of claims 1-9, for use in
treating a latent virus infection, or a persistent virus infection, or an inactive virus

infection.

A composition comprising the bispecific molecule of any one of claims 1-9, for use in

killing a cell containing a viral genome, or a cell expressing a viral protein.

The use of ¢laim 11 or 13, method of claim 12 or the composition for use according to

claim 14 or 15, wherein said cell infected with said virus is latently infected with said

© Virus.

A bispecific molecule comprising:

(A) a first epitope-binding domain, said first epitope-binding domain being
capable of immunospecifically binding to an epitope of an activating receptor
of an immune effector cell, wherein said immune effector cell is a T-cell, a
CD4+ T-cell, a CD8+ T-cell, a natural killer cell, a macrophage, a
granulocyte, or a dendritic cell; and

(B)  a second epitope-binding domain, said second epitope-binding domain being
capable of immunospecifically binding to an epitope of an antigen expressed
by a cell infected with a virus, wherein said virus is EBV, HSV, CMV, HIV,
HBV, HCV, HPV, or influenza virus, and wherein said antigen is detectably

present on said cell infected by said virus at a level that is greater than the
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18.

19.

20.

21.

22.

23.

level at which said antigen is detected on said virus by said bispecific

molecule.

The bispecific molecule of claim 17, wherein said cell is latently infected with said

virus.

The bispecific molecule of claim 17 or 18, wherein said antigen expressed by said cell
infected with said virus is selected from the group consisting of LMP-1, LMP-2,
influenza virus M, protein, HIV env protein, HPV E6 and HPV E7.

The bispecific molecule of any one of claims 17-19, wherein said antigen expressed
by said cell infected with said virus is detectably present on said cell and is not

detected on said virus by said bispecific molecule.

The bispecific molecule of any one of claims 17-20, wherein said epitope on said
effector cell is a CD3 epitope, a CD4 epitope, a CDS epitope, a CD2 epitope, a CD16
epitope, a TCR epitope, or an NKG2D epitope.

The bispecific molecule of any one of claims 17-21, wherein said first epitope-
binding domain is an epitope-binding domain from a CD3 antibody, a CD4 antibody,
a CD8 antibody, a CD2 antibody, a CD16 antibody, a TCR antibody, or an NKG2D
antibody.

The bispecific molecule of any one of claims 17-19, wherein:

(1) said antigen expressed by said cell infected with said virus is detectably
present on said cell at a level that is at least 2 times greater than the level at
which said antigen is detected on said virus by said bispecific molecule; or

(2) said antigen expressed by said cell infected with said virus is detectably
present on said cell at a level that is at least 5 times greater than the level at
which said antigen is detected on said virus by said bispecific molecule; or

(3)  said antigen expressed by said cell infected with said virus is detectably
present on said cell at a level that is at least 10 times greater than the level at
which said antigen is detected on said virus by said bispecific molecule; or

(4) said antigen expressed by said cell infected with said virus is detectably
present on said cell at a level that is at least 100 times greater than the level at

which said antigen is detected on said virus by said bispecific molecule.
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24,

25.

26.

27.

The bispecific molecule of any one of claims 17-23, wherein said antigen expressed
by said cell infected with said virus is detectably present on said cell and is not

detected on a cell not infected by said bispecific molecule.

The bispecific molecule of any one of claims 17-24, wherein said molecule is a
diabody, said diabody being a covalently linked complex comprising at least two

polypeptide chains.

The bispecific molecule of any one of claims 17-25, wherein said molecule comprises

an Fc domain or portion thereof.

The bispeciﬁé molecule of claim 25, wherein said molecule is composed of three
polypeptide chains, wherein:

(A)  the first polypeptide chain comprises, in the N-terminal to C-terminal
direction:

(1) a domain (A) comprising a binding region of a light chain variable
domain of a first immunoglobulin (VL1) specific for an epitope (1);

(il)  a domain (B) comprising a binding region of a heavy chain variable
domain of a second immunoglobulin (VH2) specific for an epitope (2);
and

(ili)  a domain (C) comprising a cysteine residue, and an E coil or a K coil;

(B)  the second polypeptide chain comprises, in the N-Terminal to C-terminal
direction:

(1) a domain (D) comprising a binding region of a light chain variable
domain of the second immunoglobulin (VL2) specific for epitope (2);

(i)  a domain (E) comprising a binding region of a heavy chain variable
domain of the first immunoglobulin (VH1) specific for epitope (1);

(iii)  adomain (F) comprising:

(1) a cysteine residue and a K coil if the first polypeptide has an E
coil; or

(2)  acysteine residue and an E coil if the first polypeptide has a K
coil; and

(iv) a CH2-CH3 region of an Fc region;

(C)  the third polypeptide chain comprises a CH2-CH3 region of an Fc region; and

D) @ domains (A) and (B) do not associate with one another to form an
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28.

29.

30.

epitope-binding domain;

(i)  domains (D) and (E) do not associate with one another to form an
epitope-binding domain;

(iti)  domains (A) and (E) associate to form an epitope-binding domain that
binds epitope (1), and domains (B) and (D) associate to form a epitope-
binding domain that binds said epitope (2), wherein:

(a) epitope (1) is said epitope of an activating receptor of an
immune effector cell, and epitope (2) is said epitope of an
antigen expressed by a cell infected with a virus; or

(b)  epitope (1) is said epitope of an antigen expressed by a cell
infected with a virus, and epitope (2) is said epitope of an
activating receptor of an immune effector cell; and

(iv)  domains (C) and (F) are covalently associated together by a disulfide
bond.

The bispecific molecule of any one of claims 17-27, wherein:

(A)

(B

(©

(D)

(E)

(F)

said activating receptor is CD3, and said antigen expressed by a cell infected
with a virus is EBV LMP-1; or

said activating receptor is TCR, and said antigen expressed by a cell infected
with a virus is EBV LMP-2; or

said activating receptor is CD3, and said antigen expressed by a cell infected
with a virus is HPV E6 in the context of MCH class I; or

said activating receptor is CD16, and said antigen expressed by a cell infected
with a virus is HIV env; or

said activating receptor is CD3, and said antigen expressed by a cell infected
with a virus is HIV gp120; or

said activating receptor is CD3, and said antigen expressed by a cell infected

with a virus is HIV env.

A pharmaceutical composition comprising the bispecific molecule of any one of

claims 17-28, and a pharmaceutically acceptable carrier.

Use of the bispecific molecule of any one of claims 17-28 in the manufacture of a

medicament for treating a latent virus infection, or a persistent virus infection, or an

inactive virus infection in an individual in need of such treatment.
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31

32,

An in vitro method of killing a cell containing a viral genome, or a cell expressing a
viral protein, said method comprising the step of contacting said cell with the
bispecific molecule of any one of claims 17-28, whereby said cell containing said

viral genome, or expressing said viral protein is killed.

Use of the bispecific molecule of any one of claims 17-28, in the manufacture of a
medicament for killing a cell containing a viral genome, or a cell expressing a viral
protein, whereby said cell containing said viral genome, or expressing said viral

protein is killed upon contact with said bispecific molecule.
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