surface of an immune effector cell, wherein the immn effector cell expresses an
activating receptor, and

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

virus by the bispecific molecule.

[0023] The disclosure further concerns the embodimentuoh dispecific molecule, wherein the
first epitope-binding domain binds an activatingegtor of the effector cell.

[0023a] In a first aspect, there is provided a bispecifaenule comprising:

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

(B) a second epitope-binding domain, said secoitdpgbinding domain being capable
of immunospecifically binding to an epitope of antigen expressed by a cell
infected with a virus, wherein said virus is EBVSY, CMV, HIV, HBV, HCV, HPV,
or influenza virus, and wherein said antigen i®detbly present on said cell infected
by said virus at a level that is greater than gwell at which said antigen is detected
on said virus by said bispecific molecule.

[0024] The disclosure further concerns any of the abowesileed bispecific molecules, wherein
the effector cell is a T-cell, a CD4+ T-cell, a Cb&-cell, a natural killer cell, a macrophage, a
granulocyte, or a dendritic cell.

[0025] The disclosure further concerns any of the abowefilged bispecific molecules, wherein
the virus is Epstein-Barr virus, herpes simplexusirtype 1, herpes simplex virus type 2,
cytomegalovirus, human immunodeficiency virus, hggaB virus, hepatitis C virus, human
papilloma virus or influenza virus.

[0026] The disclosure further concerns any of the abowesiteed bispecific molecules, wherein
the cell is latently infected with the virus.

[0027] The disclosure further concerns any of the abowefilged bispecific molecules, wherein
the antigen expressed by the cell infected withvihes is selected from the group consisting of LMP
1, LMP-2, influenza M protein, HIV env protein, HPV E6 and HPV E7.

[0028] The disclosure further concerns any of the abowesiteed bispecific molecules, wherein
the antigen expressed by the cell infected withvihgs is detectably present on the cell and is not
detected on the virus by the bispecific molecule.

[0029] The disclosure further concerns any of the abowesileed bispecific molecules, wherein
the epitope on the effector cell is a CD3 epitap&;D4 epitope, a CD8 epitope, a CD2 epitope, a
CD16 epitope, or an NKG2D epitope.
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[0051] The disclosure further concerns methods of kilkngell expressing a viral protein,
the method comprises the step of contacting tHentil a bispecific molecule, the bispecific
molecule comprising:

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

(B) a second epitope-binding domain, the secontbegibinding domain being
capable of immunospecifically binding to an epitafean antigen expressed
by a cell infected with a virus; wherein the antige detectably present on the
cell infected by the virus at a level that is gegghan the level at which the
antigen is detected on the virus by the bispeaifadecule.

[0052] The disclosure further concerns the embodimentuoh snethod, wherein the first
epitope-binding domain of the bispecific molecuileds an activating receptor of the effector
cell.

[0052a] In a fourth aspect, there is providediarvitro method of killing a cell containing a
viral genome, or a cell expressing a viral protegajd method comprising the step of
contacting said cell with any of the above-desaibepecific molecules, whereby said cell
containing said viral genome, or expressing saial yirotein is killed.

[0052b] In a fifth aspect, there is provided use of anytled above-described bispecific
molecules, in the manufacture of a medicament ilinds a cell containing a viral genome,
or a cell expressing a viral protein, whereby seatl containing said viral genome, or
expressing said viral protein is killed upon contaith said bispecific molecule.

[0052c] In a sixth aspect, there is provided a bispedidody comprising first and second
polypeptide chains, wherein:
l. the first polypeptide chain comprises, in thetdiminal to C-terminal
direction:
0] a domain (A) comprising a binding region of ight chain variable
domain of a first immunoglobulin (VL1) specific fan HIV epitope;
(i) a domain (B) comprising a binding region ofhaavy chain variable
domain of a second immunoglobulin (VH2) specificr fa CD3
epitope; and
(i)  adomain (C);
II. the second polypeptide chain comprises, in Mwerminal to C-terminal

direction:
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(i)

(ii)

(iii)

wherein:

(1)

(2)

®3)

(4)
(5)

a domain (D) comprising a binding region ofight chain variable
domain of the second immunoglobulin (VL2) specifar the CD3

epitope;

a domain (E) comprising a binding region ohaavy chain variable
domain of the first immunoglobulin (VH1) specifiorf the HIV

epitope;

a domain (F);

domains (A) and (B) do not associate with onetlaer to form an epitope-

binding domain;

domains (D) and (E) do not associate with onetlger to form an epitope-

binding domain;

domains (A) and (E) associate to form an egitbinding domain that binds

the HIV epitope, and domains (B) and (D) assoctatdorm an epitope-

binding domain that binds the CD3 epitope,

domains (C) and (F) are covalently associaigdther; and

(i)

(ii)

(i)

(iv)

said VL1 comprises CDR1, CDR2 and CDR3h# VL of anti-HIV
antibody A32;

said VH1 comprises CDR1, CDR2 and CDR3 of the of said anti-
HIV antibody A32;

said VL2 comprises CDR1, CDR2 and CDR3 of #ie of humanized
anti-CD3 Antibody 2; and

said VH2 comprises CDR1, CDR2 and CDR3 of Md of said
humanized anti-CD3 Antibody 2.

[0052d] In a seventh aspect, there is provided a bispatidibody comprising first and

second polypeptide chains, wherein:

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

direction:

(i)

(ii)

a domain (A) comprising a binding region of ight chain variable
domain of a first immunoglobulin (VL1) specific fan HIV epitope;

a domain (B) comprising a binding region ofhaavy chain variable
domain of a second immunoglobulin (VH2) specificr fa CD3
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epitope; and

(i)  adomain (C);

II. the second polypeptide chain comprises, in Mwerminal to C-terminal
direction:

0] a domain (D) comprising a binding region ofight chain variable
domain of the second immunoglobulin (VL2) specifar the CD3
epitope;

(i) a domain (E) comprising a binding region ohaavy chain variable
domain of the first immunoglobulin (VH1) specifiorf the HIV
epitope;

(i)  adomain (F);

wherein:

(1) domains (A) and (B) do not associate with onetlaer to form an epitope-
binding domain;

(2) domains (D) and (E) do not associate with onetleer to form an epitope-
binding domain;

3) domains (A) and (E) associate to form an egitbimnding domain that binds
the HIV epitope, and domains (B) and (D) assodiati®rm a epitope-binding
domain that binds the CD3 epitope,

(4) domains (C) and (F) are covalently associtaigdther; and

(5) 0] said VL1 comprises CDR1, CDR2 and CDR3h# VL of anti-HIV

antibody 7B2;

(i) said VH1 comprises CDR1, CDR2 and CDR3 of ¢ of said anti-
HIV antibody 7B2;

(i)  said VL2 comprises CDR1, CDR2 and CDR3 of #ie of humanized
anti-CD3 Antibody 2; and

(iv) said VH2 comprises CDR1, CDR2 and CDR3 of Md of said
humanized anti-CD3 Antibody 2.

[0052¢] In an eighth aspect, there is providebigpecific diabody comprising first, second and
third polypeptide chains, wherein:
l. the first polypeptide chain comprises, in thetdiminal to C-terminal
direction:

0] a domain (A) comprising a binding region of ight chain variable
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domain of a first immunoglobulin (VL1) specific fan HIV epitope;

(i) a domain (B) comprising a binding region ofhaavy chain variable
domain of a second immunoglobulin (VH2) specificr fa CD3
epitope; and

(i)  adomain (C) comprising a cysteine residud an E coil or a K coil;

the second polypeptide chain comprises, in Mwerminal to C-terminal

direction:

(1) a domain (D) comprising a binding region ofight chain variable
domain of the second immunoglobulin (VL2) specifar the CD3
epitope;

(i) a domain (E) comprising a binding region ohaavy chain variable
domain of the first immunoglobulin (VH1) specifiorf the HIV
epitope;

(i)  adomain (F) comprising:

(2) a cysteine residue and a K coil if the firstlypeptide
comprises an E coil; or

(2) a cysteine residue and an E colil if the firglypeptide
comprises a K coil;

the third polypeptide chain comprises a CH2&#dgion of an Fc region; and

wherein:

(1)

(@)

)

(4)

(5)

) the first polypeptide chain further commsgsa CH2-CH3 region of an
Fc
region C-terminal to domain (C); or
(i) the second polypeptide chain further comprise€H2-CH3 region of
an Fc region C-terminal to domain (F);
domains (A) and (B) do not associate with onetlaer to form an epitope-
binding domain;
domains (D) and (E) do not associate with onetlger to form an epitope-
binding domain;
domains (A) and (E) associate to form an egitbinding domain that binds
the HIV epitope, and domains (B) and (D) assoctatdorm an epitope-
binding domain that binds the CD3 epitope;
domains (C) and (F) are covalently associategether by a disulfide bond;
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(6)

and

(i)

(ii)

(i)

(iv)

said VL1 comprises CDR1, CDR2 and CDR3h# VL of anti-HIV
antibody A32;

said VH1 comprises CDR1, CDR2 and CDR3 of the of said anti-
HIV antibody A32;

said VL2 comprises CDR1, CDR2 and CDR3 of #ie of humanized
anti-CD3 Antibody 2; and

said VH2 comprises CDR1, CDR2 and CDR3 of Md of said
humanized anti-CD3 Antibody 2.

[0052f] In a ninth aspect, there is providebiapecific diabody comprising first, second andahi

polypeptide chains, wherein:

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

direction:

(i)

(ii)

(iii)

a domain (A) comprising a binding region of ight chain variable
domain of a first immunoglobulin (VL1) specific fan HIV epitope;

a domain (B) comprising a binding region ofhaavy chain variable
domain of a second immunoglobulin (VH2) specificr fa CD3

epitope; and

a domain (C) comprising a cysteine residud an E coil or a K coill;

the second polypeptide chain comprises, in Mwerminal to C-terminal

direction:

(i)

(ii)

(i)

a domain (D) comprising a binding region ofight chain variable

domain of the second immunoglobulin (VL2) specifar the CD3

epitope;

a domain (E) comprising a binding region ohaavy chain variable

domain of the first immunoglobulin (VH1) specifiorf the HIV

epitope;

a domain (F) comprising:

(1) a cysteine residue and a K coil if the firstlypeptide
comprises an E coil; or

(2) a cysteine residue and an E coll if the firglypeptide

comprises a K coil;

the third polypeptide chain comprises a CH2&tdgion of an Fc region; and
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wherein:

(1)

(2)

3)

(4)

(5)

(6)

) the first polypeptide chain further commsgsa CH2-CH3 region of an

Fc
region C-terminal to domain (C); or

(i) the second polypeptide chain further comprise€H2-CH3 region of
an Fc region C-terminal to domain (F);

domains (A) and (B) do not associate with onetlaer to form an epitope-

binding domain;

domains (D) and (E) do not associate with onetlger to form an epitope-

binding domain;

domains (A) and (E) associate to form an egitbmding domain that binds

the HIV epitope, and domains (B) and (D) assoctatdorm an epitope-

binding domain that binds the CD3 epitope;

domains (C) and (F) are covalently associategether by a disulfide bond;

and

) said VL1 comprises CDR1, CDR2 and CDR3h# VL of anti-HIV
antibody 7B2;

(i) said VH1 comprises CDR1, CDR2 and CDR3 of ¢ of said anti-
HIV antibody 7B2;

(i)  said VL2 comprises CDR1, CDR2 and CDR3 of e of humanized
anti-CD3 Antibody 2; and

(iv)  said VH2 comprises CDR1, CDR2 and CDR3 of #d of said
humanized anti-CD3 Antibody 2.

[0052g] In a tenth aspect, there is provided a pharmamdutiomposition comprising the

bispecific diabody of any one of the sixth to niagpects, and a pharmaceutically acceptable

carrier.

[0052h] In an eleventh aspect, there is provided a uskeobispecific diabody of any one of
the sixth to ninth aspects, or the pharmaceuticahposition of the tenth aspect, in the
manufacture of a medicament for treating a latei¥ khfection, or a persistent HIV
infection, or an inactive HIV infection in an inddwual in need of such treatment.

[0052i] In a twelfth aspect, there is provided a use eflitspecific diabody of any one of the
sixth to ninth aspects, or the pharmaceutical catipn of the tenth aspect, in the
manufacture of a medicament for killing a cell @ning an HIV genome, or a cell
expressing an HIV protein.
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[0052)] In a thirteenth aspect, there is provided a comipascomprising the bispecific
diabody of any one of the sixth to ninth aspeasyuse in treating a latent HIV infection, or a
persistent HIV infection, or an inactive HIV infemt.

[0052k] In a fourteenth aspect, there is provided a coitippscomprising the bispecific
diabody of the sixth to ninth aspects, for useiilingy a cell containing an HIV genome, or a
cell expressing an HIV protein.

Detailed Description of the Invention:

[0053] The present invention relates to bispecific molesuthat are capable of localizing an
immune effector cell that expresses an activateagptor to a virally infected cell, so as to thgreb
facilitate the killing of the virally infected cell In a preferred embodiment, such localization is
accomplished using bispecific molecules that anmumoreactive both to an activating receptor of an
immune effector cell and to an epitope of an antigepressed by a cell infected with a virus. The
present invention additionally concerns the ussugh bispecific molecules in the treatment of laten
viral infections, persistent viral infections anmactive viral infections, and the use of such #pe
molecules in methods to kill cells containing aaligenome or cell expressing a viral protein. The
invention particularly concerns bispecific moleculthat bind to (1) an epitope of an activating
receptor of an immune effector cell and (2) anaggatof an antigen expressed by a cell infected with
a virus wherein the antigen is detectably presenthe cell infected by the virus at a level that is
greater than the level at which the antigen isaleteon the virus by the bispecific molecules and t
such bispecific molecules that are capable of niediaand more preferably enhancing, the activation
and targeting of the immune effector cells to tlk## mfected by the virus such that the activated
immune effector cells kill the cell infected by thieus.
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(i) a K coil domain {.e., (KVAALKE),;. KVAALKEKVAAL KEKVAALKEKVAALKE; SEQ
ID NO:40) or an E coll domain i, (EVAALEK);
EVAALEKEVAAL EKEVAAL EKEVAALEK; SEQ ID NO:39).

[00168] In a preferred embodiment, a positively charged¢Oit” will be appended to one of
the polypeptides being used to form the bispedi@body and a negatively charged “K-coil”
will be appended to the second of the diabody ymepptides.

[00169] Preferably, the first polypeptide chain of such iabddy has the amino acid
sequenceSEQ ID NO:42) (CDRs are underlined):

DI VMIQSPDS LAVSPGERAT | HCKSSOQTLL YSSNNRHSI A WY QQRPGQPP
KLLLYWASMR LSGVPDRFSG SGSGIDFTLT | NNLQAEDVA | YYCHQYSSH
PPTFGHGTRV ElI KGEGSGEEG GVTLRESGP ALVKPTQILT LTCTFSG-SL
STSGMGVGN  RQPPGKALEW LAH WADDDK RYNPALKSRL Tl SKDTSKNQ
VWLTMINVDP VDTATYYCAQ | NPAWFAYWG QGTLVTVSSG GCGGGEVAAL
EKEVAALEKE VAALEKEVAAL EK

wherein residues 1-113 are the light chain variabdenain of antibody 7B2 (GenBank
Accession No. AFQ31503) (CDR residues are showmdterline), residues 114-121 are the
linker GGGSGGGEG (SEQ ID NO:27), residues 122-239 are the heavy chain variabheatio

of antibody h3G8 (CDR residues are shown in unaeyjiresidues 240-245 are the linker
GGCGGG (SEQ 1D NO:38) and residues 246-277 are the E cBVAALEK), [i.e. (SEQ ID
NO:39) EVAALEKEVAAL EKEVAAL EKEVAAL EK].

[00170] Preferably, the second polypeptide chain of sudiabody has the amino acid
sequenceSEQ ID NO:43) (CDRs are underlined):

DI VMIQSPDS LAVSLGERAT | NCKASQSVD FDGDSEMNWY QQKPGOPPKL
LI YTTSNLES GVPDRFSGSG SGIDFTLTI S SLQAEDVAVY YCQOSNEDPY
TFGQGTKLElI KGGEGESGEEEQ VQALVQSGEEGEY FKPGGESLRLS CEASG-TFTE
YYMIWRQAP CGKGLEWLAY! SKNGEYSKYS PSSNGRFTI S RDNAKNSVFL
QLDRLSADDT AVYYCARADG LTYFSELLQY | FDLWGQGAR VTVSSGGECGG
GKVAALKEKV AALKEKVAAL KEKVAALKE

wherein residues 1-111 are the light chain varialolmain of antibody h3G8 (CDR residues
are shown in underline), residues 112-119 are ithleert GGGSGGEG (SEQ 1D NO:27),
residues 120-245 are the heavy chain variable doofaantibody 7B2 (GenBank Accession
No. AFQ31502) (CDR residues are shown in underline$idues 246-251 are the linker
GGCGEG (SEQ 1D NO:38) and residues 252-279 are the K c8VAALKE), [i.e., SEQ ID
NO:40) KVAALKEKVAALKEKVAAL KEKVAAL KE].
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(I the heavy chain variable domain of such ardip@32 or such antibody that competes
with antibody A32 for binding, or such antibody tthmands to the gp120 protein of
HIV; and

(1) a K coil domain {.e., (KVAALKE),;. KVAALKEKVAAL KEKVAALKEKVAALKE; SEQ
ID NO:40) or an E coll domain i, (EVAALEK),;
EVAALEKEVAAL EKEVAAL EKEVAALEK; SEQ ID NO:39).

[00182] In a preferred embodiment, a positively charged¢Oit” will be appended to one of
the polypeptides being used to form the bispedi@body and a negatively charged “K-coil”
will be appended to the second of the diabody’ ypegtides.

[00183] Preferably, the first polypeptide chain of such iabddy has the amino acid
sequenceSEQ ID NO:46) (CDRs are underlined):

QSALTQPPSA SGSPGQSVTI SCTGTSSDVG GYNYVSWYQH HPGKAPKLI |
SEVNNRPSGV PDRFSGSKSG NTASLTVSGL QAEDEAEYYC SSYTDI HNFV
FGGGTKLTVL GGGSGGGEGEV QLVESGGALV QPGGSLRLSC AASGETFSTY
AMWRQAPG KGLEWGRI R SKYNNYATYY ADSVKGRFTI SRDDSKNSLY
LQWNSLKTED TAVYYCVRHG NFGNSYVSWE AYWGQGTLVT VSSGGCGGGE
VAALEKEVAA LEKEVAALEK EVAALEK

wherein residues 1-110 are the light chain varigldmain of antibody A32 (CDR residues
are shown in underline), residues 111-118 are itlleed GGGSGGEEG (SEQ 1D NO:27),
residues 119-243 are the heavy chain variable domfahumanized anti-CD3 Antibody 2
(“hAntibody 2; CDRs are shown underlined), residdég-252 are the linkegBGCGGG (SEQ

ID NO:38) and residues 253-280 are the E c&@WVAALEK), [i.e. (SEQ ID NO:39)
EVAALEKEVAAL EKEVAAL EKEVAAL EK].

[00184] Preferably, the second polypeptide chain of sudiabody has the amino acid
sequenceSEQ ID NO:47) (CDRs are underlined):

QAWTQEPSL TVSPGGIVTL TCRSSTGAVT TSNYANWQQ KPGQAPRGLI
GGTNKRAPWI PARFSGSLLG GKAALTI TGA QAEDEADYYC ALWYSNLW/F
GGEGTKLTVLG GGGESCEEEQV QLQESGPALV KPSQILSLSC TVSGGESSSSG
AHYWEW RQY PGKGE.EW GY | HYSGNTYYN PSLKSRI TI' S QHTSENQFSL
KLNSVTVADT AVYYCARGIR LRTLRNAFDI WGQGTLVTVS SGGECGGEEKVA
ALKEKVAALK EKVAALKEKV AALKE

wherein residues 1-110 are the light chain varialdmain of anti-CD3 Antibody 2 (CDR
residues are shown in underline), residues 111dr&8the linkerGGGSGEEG (SEQ 1D
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[00187] In a preferred embodiment, a positively chargedcOit” will be appended to one of
the polypeptides being used to form the bispedifabody and a negatively charged “K-coil”
will be appended to the second of the diabody’ ypegtides.

[00188] Preferably, the first polypeptide chain of such iabddy has the amino acid
sequenceSEQ 1D NO:48) (CDRs are underlined):

DI VMIQSPDS LAVSPGERAT | HCKSSQTLL YSSNNRHSI A WYQORPGQPP
KLLLYWASMR LSGVPDRFSG SGSGIDFTLT | NNLQAEDVA | YYCHQYSSH
PPTFGHGTRV El KGGGSGEEG GEVQLVESGG GLVQPGESLR LSCAASG-TF
STYAMNW/RQ APCKGLEW/G RI RSKYNNYA TYYADSVKGR FTI SRDDSKN
SLYLOQWSLK TEDTAVYYCV RHGNFGNSYV SWFAYWGQGT LVTVSSGGECG
GGEVAALEKE VAALEKEVAA LEKEVAALEK

wherein residues 1-113 are the light chain variabdenain of antibody 7B2 (GenBank

Accession No. AFQ31503) (CDR residues are showmdterline), residues 114-121 are the
linker GGGSGGGEG (SEQ ID NO:27), residues 122-246 are the heavy chain variabheatio

of humanized anti-CD3 Antibody 2 (“hAntibody 2;” &3 are shown underlined), residues
247-252 are the linkeGECAEGG (SEQ ID NO:38) and residues 253-280 are the E coil
(EVAALEK), [i.e. (SEQ ID NO:39) EVAAL EKEVAAL EKEVAAL EKEVAALEK].

[00189] Preferably, the second polypeptide chain of sudiabody has the amino acid
sequenceSEQ ID NO:49) (CDRs are underlined):

QAWTQEPSL TVSPGGTVTL TCRSSTGAVT TSNYANWQQ KPGQAPRGLI
GGTNKRAPWI PARFSGSLLG GKAALTI TGA QAEDEADYYC ALWSNLWW/F
GGGTKLTVLG GGGSGEGEQV QLVQSGGEGVF KPGGSLRLSC EASGFTFTEY
YMIVWRQAPG KGLEW.AYl S KNGEYSKYSP SSNGRFTI SR DNAKNSVFLQ
LDRLSADDTA VYYCARADGL TYFSELLOYI FDLWGQGARV TVSSGGCGGG
KVAALKEKVA ALKEKVAALK EKVAALKE

wherein residues 1-110 are the light chain varidbi@ain of antibody Anti-CD3 Antibody 2
(CDR residues are shown in underline), residuesliiBlare the linkeBGGSGEEGE (SEQ 1D
NO:27), residues 119-244 are the heavy chain variabieatio of antibody 7B2 (GenBank
Accession No. AFQ31502) (CDR residues are showmdterline), residues 245-250 are the
linker GGCGGG (SEQ ID NO:38) and residues 251-278 are the K ctiVAALKE), [i.e.,
SEQ 1D NO:40) KVAALKEKVAAL KEKVAAL KEKVAAL KE].
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Anti-Fluorescein x anti-HIV env Bispecific Molecule

[00195] The first polypeptide chain of the bispecific didlggreferably has:

() the variable light domain of antibody 7B2 or antibody that competes with antibody
7B2 for binding, or an antibody that binds to time erotein of HIV;

(I the heavy chain variable domain of anti-fluscein antibody 4-4-20 or an antibody
that competes with anti-fluorescein antibody 4-4t@0binding, or an antibody that
binds to fluorescein; and

() an E coil domainice., (EVAALEK),; EVAALEKEVAALEKEVAALEKEVAALEK; SEQ
ID NO:39) or a K coil domain (e, (KVAALKE)g;.
KVAAL KEKVAAL KEKVAAL KEKVAALKE; SEQ ID NO:40).

[00196] The second polypeptide chain of such bispecifibakly preferably has:

() the light chain variable domain of anti-fluocesn antibody 4-4-20 or such antibody
that competes with antibody 4-4-20 for binding, sarch antibody that binds to
fluorescein;

(I the variable heavy domain of such antibody #Zuch antibody that competes with
antibody 7B2 for binding, or such antibody thatdsirio the env protein of HIV; and

(I a K coil domain {.e., (KVAALKE),;. KVAALKEKVAAL KEKVAALKEKVAALKE; SEQ
ID NO:40) or an E coil domain if, (EVAALEK),;
EVAALEKEVAALEKEVAALEKEVAALEK; SEQ ID NO:39).

[00197] In a preferred embodiment, a positively charged¢Oit” will be appended to one of
the polypeptides being used to form the bispedi@body and a negatively charged “K-coil”
will be appended to the second of the diabody’ ypegtides.

[00198] Preferably, the first polypeptide chain of such iabddy has the amino acid
sequenceSEQ ID NO:52) (CDRs are underlined):

DI VMIQSPDS LAVSPGERAT | HCKSSQTLL YSSNNRHSI A WYQORPGQPP
KLLLYWASMR LSGVPDRFSG SGSGIDFTLT | NNLQAEDVA | YYCHQYSSH
PPTFGHGTRV El KGGGSGEEG GEVKLDETGG GLVQPGRPMK LSCVASG-TF
SDYWWNWRQ SPEKGLEWA Q RNKPYNYE TYYSDSVKGR FTI SRDDSKS
SVYLOWMWNNLR VEDMAE YYCT GSYYGVDYWG QGTSVTVSSG GCGGEGEVAAL
EKEVAALEKE VAALEKEVAA LEK
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wherein residues 1-113 are the light chain variabdenain of antibody 7B2 (GenBank
Accession No. AFQ31503) (CDR residues are showmadterline), residues 114-121 are the
linker GGGSGGGEG (SEQ ID NO:27), residues 122-239 are the heavy chain variabheaiio

of antibody 4-4-20, residues 240-245 are the lIKBCGEG (SEQ ID NO:38) and residues
246-277 are the E coil EVAALEK)4 [i.e. (SEQ ID NO:39)
EVAAL EKEVAAL EKEVAAL EKEVAAL EK].

[00199] Preferably, the second polypeptide chain of sudiabody has the amino acid
sequenceSEQ ID NO:53) (CDRs are underlined):

DWMIQTPFS LPVSLGDQAS | SCRSSQSLV HSNGNTYLRW YLQKPGQSPK
VLI YKVSNRF SGVPDRFSGS GSGTDFTLKI SRVEAEDLGV YFCSQSTHVP
WIFGGGTKLE | KGGGSGEGG QVQLVQSGGG VFKPGGSLRL SCEASGFTFT
EYYMIVWRQA PGKGLEWLAY | SKNGEYSKY SPSSNGRFTI SRDNAKNSVF
LQLDRLSADD TAVYYCARAD GLTYFSELLQ YI FDLWGQGA RVTVSSGGOG
GGKVAALKEK VAALKEKVAA LKEKVAALKE

wherein residues 1-112 are the light chain varialolmain of antibody 4-4-20, residues 113-
120 are the linkelGEGSGGEEG (SEQ ID NO:27), residues 121-246 are the heavy chain
variable domain of antibody 7B2 (CDR residues d@ws in underline), residues 247-252
are the linkeIGGCGGG (SEQ ID NO:38) and residues 253-280 are the K c8WVAALKE)4
[i.e., SEQ ID NO:40) KVAALKEKVAAL KEKVAAL KEKVAALKE].

Example 8
Redirected CD8-Mediated Killing of HIV env-Expressing Cells
[00200] As a further example of the utility of the bispéciimolecules of the present
invention, the above-described anti-CR3anti-HIV gp120 and anti-CDX anti-HIV env
bispecific molecules were evaluated for their &pito facilitate redirected CD8-mediated
killing of HIV env-expressing cells in the preserafel cells.

[00201] The above-described anti-fluoresceiranti-HIV env and anti-CDX anti-RSV F

protein bispecific molecules were used as controls.

[00202] In one such investigation, Jurkat 522 FY (HxB2 dpléells were incubated in the
presence of tetracycline in order to induce thgpression of HIV gpl160. The cells were
incubated for 24 hours in the presence of pan [ ¢Bb4670) (at an Effector : Target ratio
of 10:1) and one of the above-described bispeciimecules. The cytotoxicity of the
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What IsClaimed Is;

1.

A bispecific molecule comprising:

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

(B)  asecond 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 level at which said antigen is

detected on said virus by said bispecific molecule.

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

said virus.

The bispecific molecule of claim 1 or 2, wherein said antigen expressed by
said cell infected with said virusis selected from the group consisting of LMP-
1, LMP-2, influenzavirus M, protein, HIV env protein, HPV E6 and HPV EZ7.

The bispecific molecule of any one of clams 1-3, wherein said antigen
expressed by said cell infected with said virus is detectably present on said
infected cell by said bispecific molecule and is not detected on said virus by
said bispecific molecule.

The bispecific molecule of any one of claims 1-4, wherein said epitope on said
effector cell isa 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 any one of claims 1-5, 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 1-3, wherein:
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10.

11.

(1) said antigen expressed by said cell infected with said virus is detectably
present on said cell at alevel 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 alevel 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 alevel 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 alevel that is at least 100 times greater than the level at
which said antigen is detected on said virus by said bispecific molecule.

The bispecific molecule of any one of claims 1-7, wherein said antigen expressed by
said cell infected with said virus is detectably present on said infected cell by said
bispecific molecule and is not detected by said bispecific molecule on a cell not
infected with said virus.

The bispecific molecule of any one of claims 1-8, wherein said molecule is a diabody,
said diabody being a covaently linked complex comprising at least two polypeptide

chains.

The bispecific molecule of any one of claims 1-9, wherein said molecule comprises an

Fc domain or portion thereof.

The bispecific molecule of claim 9, wherein said molecule is composed of three
polypeptide chains, wherein:
(A) the first polypeptide chain comprises, in the N-terminal to C-termina
direction:
(1) a domain (A) comprising a binding region of a light chain variable
domain of afirst immunoglobulin (VL1) specific for an epitope (1);
(i)  adomain (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) comprising acysteine residue, and an E coil or aK coil;
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(B) the second polypeptide chain comprises, in the N-Termina 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)  adomain (E) comprising a binding region of a heavy chain variable
domain of the first immunoglobulin (VH1) specific for epitope (1);

(i) adomain (F) comprising:

@D acysteine residue and aK cail if the first polypeptide has an E
coil; or

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

(@iv) a CH2-CHS3 region of an Fcregion;

(C)  thethird 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
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 a epitope-
binding domain that binds said epitope (2), wherein:

@ 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 avirus; 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 covaently associated together by a disulfide
bond.

12.  The bispecific molecule of any one of claims 1-11, wherein:
(A) sad activating receptor is CD3, and said antigen expressed by a cell infected
with avirusis EBV LMP-1; or
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13.

14.

15.

16.

17.

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

(C) sad activating receptor is CD3, and said antigen expressed by a cell infected
with avirusisHPV E6 in the context of MCH class|; or

(D) said activating receptor is CD16, and said antigen expressed by a cell infected
with avirusisHIV env; or

(E) sad activating receptor is CD3, and said antigen expressed by a cell infected
with avirusis HIV gpl20; or

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

with avirusisHIV env.

A pharmaceutical composition comprising the bispecific molecule of any one of
clams 1-12, and a pharmaceutically acceptable carrier.

Use of the bispecific molecule of any one of claims 1-12, or the pharmaceutical
composition of claim 13, 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 1-12, whereby said cell containing said vira
genome, or expressing said viral protein iskilled.

Use of the bispecific molecule of any one of claims 1-12, 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 vira
protein iskilled upon contact with said bispecific molecule.

A bispecific diabody comprising first and second polypeptide chains, wherein:
l. the first polypeptide chain comprises, in the N-termina 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 HIV epitope;
(i)  adomain (B) comprising a binding region of a heavy chain variable

domain of a second immunoglobulin (VH2) specific for a CD3
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epitope; and

(iii)  adomain (C);

the second polypeptide chain comprises, in the N-termina to C-terminal
direction:

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

domain of the second immunoglobulin (VL2) specific for the CD3
epitope;
a domain (E) comprising a binding region of a heavy chain variable
domain of the first immunoglobulin (VH1) specific for the HIV
epitope;

a domain (F);

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

binding domain;

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

binding domain;

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

the HIV epitope, and domains (B) and (D) associate to form an epitope-

binding domain that binds the CD3 epitope,

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

(i)
(iii)

wherein:

«y

)

©)

(4)

G 0
(i)
(iii)
(iv)

said VL1 comprises CDR1, CDR2 and CDRS3 of the VL of anti-HIV
antibody A32;

said VH1 comprises CDR1, CDR2 and CDR3 of the VH of said anti-
HIV antibody A32;

said VL2 comprises CDR1, CDR2 and CDR3 of the VL of humanized
anti-CD3 Antibody 2; and

said VH2 comprises CDR1, CDR2 and CDRS3 of the VH of sad
humanized anti-CD3 Antibody 2.

18.  The bispecific diabody of claim 17, wherein:

(i)

(i1)

said domain (C) comprises a cysteine residue and an E coil or aK coil; and

said domain (F) comprises aK cail if said domain (C) comprises an E coil, or

an E cail if said domain (C) comprisesaK coil.
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19.

A bispecific diabody comprising first and second polypeptide chains, wherein:

the first polypeptide chain comprises, in the N-termina 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 HIV epitope;

(i)  adomain (B) comprising a binding region of a heavy chain variable
domain of a second immunoglobulin (VH2) specific for a CD3
epitope; and

(iii)  adomain (C);

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

direction:

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

domain of the second immunoglobulin (VL2) specific for the CD3
epitope;
a domain (E) comprising a binding region of a heavy chain variable
domain of the first immunoglobulin (VH1) specific for the HIV
epitope;

a domain (F);

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

binding domain;

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

binding domain;

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

the HIV epitope, and domains (B) and (D) associate to form a epitope-binding

domain that binds the CD3 epitope,

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

(i)
(iii)

wherein:

(1)

2

(©)

(4)

® O
(i)
(iii)
(iv)

said VL1 comprises CDR1, CDR2 and CDR3 of the VL of anti-HIV
antibody 7B2;

said VH1 comprises CDR1, CDR2 and CDRS3 of the VH of said anti-
HIV antibody 7B2;

said VL2 comprises CDR1, CDR2 and CDR3 of the VL of humanized
anti-CD3 Antibody 2; and

said VH2 comprises CDR1, CDR2 and CDRS3 of the VH of sad
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20.

21.

humanized anti-CD3 Antibody 2.

The bispecific diabody of claim 19, wherein:

(i)
(i1)

said domain (C) comprises acysteine residue and an E coil or aK coil; and

said domain (F) comprises aK cail if said domain (C) comprises an E coil, or

an E cail if said domain (C) comprisesaK coil.

A bispecific diabody comprising first, second and third polypeptide chains, wherein:

the first polypeptide chain comprises, in the N-termina 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 HIV epitope;

(i)  adomain (B) comprising a binding region of a heavy chain variable
domain of a second immunoglobulin (VH2) specific for a CD3
epitope; and

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

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

direction:

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

(i)

(iii)

domain of the second immunoglobulin (VL2) specific for the CD3
epitope;

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

adomain (F) comprising:

Q) a cysteine residue and a K coil if the first polypeptide

comprises an E coil; or
2 a cysteine residue and an E coil if the first polypeptide

comprises a K coil;

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

wherein:

@ O
Fc
(i)

the first polypeptide chain further comprises a CH2-CH3 region of an

region C-terminal to domain (C); or

the second polypeptide chain further comprises a CH2-CH3 region of
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2)

©)

(4)

()

(6)

an Fc region C-terminal to domain (F);

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

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

domains (A) and (E) associate to form an epitope-binding domain that binds
the HIV epitope, and domains (B) and (D) associate to form an epitope-
binding domain that binds the CD3 epitope;

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

and

(1) said VL1 comprises CDR1, CDR2 and CDRS3 of the VL of anti-HIV
antibody A32;

(i)  sad VH1 comprises CDR1, CDR2 and CDR3 of the VH of said anti-
HIV antibody A32;

(i)  sad VL2 comprises CDR1, CDR2 and CDRS3 of the VL of humanized
anti-CD3 Antibody 2; and

(iv) sad VH2 comprises CDR1, CDR2 and CDR3 of the VH of said
humanized anti-CD3 Antibody 2.

22. A bispecific diabody comprising first, second and third polypeptide chains, wherein:

the first polypeptide chain comprises, in the N-termina 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 HIV epitope;

(i)  adomain (B) comprising a binding region of a heavy chain variable
domain of a second immunoglobulin (VH2) specific for a CD3
epitope; and

(i)  adomain (C) comprising acysteine residue and an E coil or a K coil;

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

direction:

() a domain (D) comprising a binding region of a light chain variable
domain of the second immunoglobulin (VL2) specific for the CD3
epitope;

(i)  adomain (E) comprising a binding region of a heavy chain variable
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domain of the first immunoglobulin (VH1) specific for the HIV
epitope;
(i)  adomain (F) comprising:
@D a cysteine residue and a K coil if the first polypeptide
comprises an E coil; or
2 a cysteine residue and an E coil if the first polypeptide
comprises a K coil;

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

wherain:

D

)

3

(4)

()

(6)

() the first polypeptide chain further comprises a CH2-CH3 region of an
Fc
region C-terminal to domain (C); or
(i)  the second polypeptide chain further comprises a CH2-CH3 region of
an Fc region C-terminal to domain (F);
domains (A) and (B) do not associate with one another to form an epitope-
binding domain;
domains (D) and (E) do not associate with one another to form an epitope-
binding domain;
domains (A) and (E) associate to form an epitope-binding domain that binds
the HIV epitope, and domains (B) and (D) associate to form an epitope-
binding domain that binds the CD3 epitope;

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

and

(1) said VL1 comprises CDR1, CDR2 and CDRS3 of the VL of anti-HIV
antibody 7B2;

(i)  sad VH1 comprises CDR1, CDR2 and CDR3 of the VH of said anti-
HIV antibody 7B2;

(i)  sad VL2 comprises CDR1, CDR2 and CDRS3 of the VL of humanized
anti-CD3 Antibody 2; and

(iv) sad VH2 comprises CDR1, CDR2 and CDR3 of the VH of said
humanized anti-CD3 Antibody 2.

23. A pharmaceutica composition comprising the bispecific diabody of any one of claims

17-22, and a pharmaceutically acceptable carrier.
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24,

25.

26.

27.

28.

Use of the bispecific diabody of any one of claims 17-22, or the pharmaceutical
composition of claim 23, in the manufacture of a medicament for treating alatent HIV
infection, or a persistent HIV infection, or an inactive HIV infection in an individual
in need of such treatment.

Use of the bispecific diabody of any one of claims 17-22, or the pharmaceutical
composition of clam 23, in the manufacture of a medicament for killing a cell

containing an HIV genome, or acell expressing an HIV protein.

A composition comprising the bispecific diabody of any one of claims 17-22, for use
in treating a latent HIV infection, or a persistent HIV infection, or an inactive HIV

infection.

A composition comprising the bispecific diabody of any one of claims 17-22, for use
inkilling acell containing an HIVV genome, or acell expressing an HIV protein.

The use of claim 24 or 25, or the composition for use according to claim 26 or 27,

wherein said cell infected with said HIV islatently infected with said HIV.
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