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human immunodeficiency virus (HIV) infection in a subject.
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CD4 MUTEINS AND METHODS OF USING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The subject patent application claims the benefit of priority to U.S. Provisional Patent
Application Numbers 62/645,903 (filed March 21, 2018). The full disclosure of the priority

application is incorporated herein by reference in its entirety and for all purposes.
STATEMENT OF GOVERNMENT SUPPORT

[0002] This invention was made with government support under grant numbers A1091476,
Al129868 and AI126623 awarded by The National Institutes of Health. The government has

certain rights in the invention.
FIELD OF THE INVENTION

[0003] The invention relates generally to proteins including CD4 and their use in the

treatment of HIV.
BACKGROUND

[0004] Polypeptides derived from CD4, a transmembrane receptor for human
immunodeficiency virus (HIV) expressed on permissive host CD4" T cells, can be deployed
to inhibit HIV infection. Such CD4-derived polypeptides can intercede to block or
“neutralize” HIV infection by binding to virus particles, thereby impeding recognition of
CD4 on permissive host cells. Soluble forms of CD4 (sCD4) were first proposed as an
approach to inhibit HIV infection in the nineteen eighties (Hussey, R. E. ef al. (1988)
NATURE, 331(6151): 78-81; Deen, K. C. ef al. (1988) NATURE, 331(6151): 82-4; Smith, D. H.
et al. (1987) SCIENCE, 238(4834): 1704-7; Fisher, R. A. ef al. (1988) NATURE, 331(6151): 76-
8; Watanabe, M. ef al. (1989) NATURE, 337(6204): 267-70; Traunecker, A. ef al. (1988)
NATURE, 331(6151): 84-6). However, the short half-life of sCD4 in plasma dampened
enthusiasm for its use as a recombinant protein therapeutic drug for treating HIV infection
(Watanabe et al. (1989), supra; Schooley, R. T. et al. (1990) ANN. INTERN. MED., 112(4):
247-53). Furthermore, a substantial proportion of the HIV strains isolated directly from
patients (i.e., primary isolates) are resistant to neutralization by sCD4 (Ashkenazi, A. ef al.
(1991) PROC. NATL. ACAD. SCL USA, 88(16): 7056-60; Daar, E. S. ef al. (1990) PROC. NATL.
AcCAD. ScL. USA, 87(17): 6574-8; O'Brien, W. A. ef al. (1992) J. VIROL., 66(5): 3125-30.
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[0005] Previous improvements to the half-life of sCD4 have been made by adding an
immunoglobulin (Ig) fragment crystallizable (Fc) (Capon, D. J. et al. (1989) NATURE,
337(6207): 525-31; Chamow, S. M. ef al. (1992) INT. J. CANCER SUPPL., 7: 69-72; Byrn, R.
A et al. (1990) NATURE, 344(6267): 667-70). Forms of sCD4 containing an immunoglobulin
Fc have been termed CD4-Ig. Despite this approach, the half-life of human CD4-Ig still fell
short of that which would be expected for a conventional antibody (Hodges, T. L. ef al.
(1991) ANTIMICROB. AGENTS CHEMOTHER., 35(12): 2580-6; Kahn, J. O. ef al. (1990) ANN.
INTERN. MED., 112(4): 254-61; Chamow, S. M. ef al. (1994) BIOCONJUG. CHEM., 5(2): 133-
40). The suboptimal pharmacokinetic properties of CD4-Ig have limited its utility in

therapeutic settings.

[0006] Although developments have been made to date, there is still an ongoing need for new

and effective therapies for treating and managing HIV and AIDS.
SUMMARY OF THE INVENTION

[0007] The invention is based, in part, upon the discovery of proteins comprising both human
CD4 domain 1 and CD4 domain 2 (CD4 D1D2) that have greater stability and/or activity
than proteins comprising the naturally occurring human CD4 D1D2. In certain embodiments,
the proteins exhibit higher aggregation temperatures, e.g., as measured by dynamic light
scattering (DLS) in a thermal scan assay, and/or longer plasma half-lives compared to
proteins comprising the naturally occurring human CD4 D1D2. Furthermore, it is
contemplated that the proteins described herein may be suitable for the treatment of HIV in

human subjects.

[0008] In one aspect, the invention provides a protein comprising a human CD4 domain 1
and domain 2 (CD4 D1D2) mutein, wherein the CD4 D1D2 mutein is at least 90% identical
to wild-type human CD4 D1D2 (SEQ ID NO: 1), and comprises at least one substitution of

a. abasic amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an

uncharged amino acid;

b. a basic amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an acidic

amino acid;

¢. an uncharged amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an

acidic amino acid; or
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d. aglycine or an amino acid with a buried hydrophobic side chain in wild-type
human CD4 D1D2 (SEQ ID NO: 1) by a hydrophobic amino acid that has a larger

volume than the amino acid that is replaced.;

wherein the substitution is at a position that is non-identical to wild-type human CD4 D1D2

(SEQ ID NO: 1) in a non-human primate CD4 D1D2.

[0009] In another aspect, the invention provides a protein comprising a CD4 D1D2 mutein,
wherein the CD4 D1D2 mutein is at least 90% identical to wild-type human CD4 D1D2
(SEQ ID NO: 1), and comprises at least one substitution at a position corresponding to K1,
K2, V4, L5, G6, K7, K8, D10, T11, V12, L14, T15, T17, A18, S19, Q20, K21, K22, S23,
124, Q25, H27, N30, N32, 134, K35, 136, L37, N39, G41, S42, L44, K46, P48, K50, L51,
N52, D53, A55, D56, R58, R39, S60, L61, Q64, G65, N66, F67, P68, L69, 170, 171, K72,
K73, 174, K75,176, E77, D80, T81, V86, E87, D88, Q89, E91, V93, Q94, L95, L6, V97,
FO8, G99, T101, A102, N103, S104, D105, H107, L108, Q110, S113,L114, L116, T117,
L118, S120, P121, P122, G123, S124, S125, V128, Q129, C130, R131, S132, P133, R134,
G135, N137, 1138, Q139, G140, G141, K142, T143, L144, S145, V146, S147, L149, E150,
L151, Q152, D153, G155, T156, W157, T158, T160, V161, L162, Q163, N164, Q165, K166,
K167, V168, E169, F170, K171, 1172, D173, 1174, V175, V176, or A178 of wild-type human
CD4 D1D2 (SEQ ID NO: 1).

[0010] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino acid at a
corresponding position in a non-human primate CD4 D1D2. For example, in certain
embodiments, the CD4 D1D2 mutein comprises at least one substitution at a position
corresponding to K1, K2, V4, G6, K7, D10, T11, V12, T15, T17, A18, S19, Q20, K21, K22,
$23, 124, Q25, H27, N30, N32, 134, K35, N39, G41, S42, L44, K46, P48, K50, L51, N52,
D53, A55, D56, R58, R59, $60, L61, Q64, G65, N66, P68, L69, 170, K72, K73, L74, K75,
176, E77, D80, T81, E87, D88, Q89, E91, Q94, L96, G99, T101, A102, N103, S104, D105,
H107, L108, Q110, S113, T117, S120, P122, G123, S124, S125, V128, Q129, C130, R131,
S132, R134, G135, N137, 1138, Q139, G140, G141, K142, T143, L144, S145, V146, S147,
E150, L151, Q152, D153, T156, W157, T158, T160, V161, L162, Q163, N164, Q165, K166,
K167, V168, E169, F170, K171, 1172, D173, 1174, V175, or A178 of wild-type human CD4
DID2 (SEQ ID NO: 1), e.g, by an amino acid at a corresponding position in a non-human
primate CD4 D1D2.
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[0011] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino acid at a
corresponding position in an ape, old world monkey, or new world monkey CD4 D1D2. For
example, in certain embodiments, the CD4 D1D2 mutein comprises at least one substitution
at a position corresponding to K1, K2, K7, D10, T11, T15, T17, A18, S19, Q20, K21, K22,
$23, 124, Q25, H27, N30, N32, 134, N39, G41, S42, L44, K46, P48, N52, D53, A55, RS9,
L61, Q64, G635, N66, P68, L69, 170, K72, K73, L74, K75, 176, D80, E87, D88, Q89, Q94,
L96, A102, N103, S104, Q110, S113, T117, S120, S124, Q129, R131, R134, N137, Q139,
G140, G141, K142, T143, L144, S145, V146, S147, E150, L151, Q152, T156, W157, T158,
T160, V161, L162, N164, Q165, K166, K167, V168, K171, D173, 1174, or V175 of wild-
type human CD4 D1D2 (SEQ ID NO: 1), e.g., by an amino acid at a corresponding position

in an ape, old world monkey, or new world monkey CD4 D1D2.

[0012] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino acid at a
corresponding position in an ape or old world monkey CD4 D1D2. For example, in certain
embodiments, the CD4 D1D2 mutein comprises at least one substitution at a position
corresponding to K2, D10, T15, T17, S19, Q20, K21, K22, $23, 124, Q25, N30, N32, 134,
N39, P48, N52, D53, A55, R39, G65, N66, P68, L69, D80, E87, D88, Q89, Q94, Q110,
T117, S120, S124, Q129, R134, G140, K142, L144, S147, L151, T156, W157, T160, V161,
L162, N164, K166, or K167 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g, by an

amino acid at a corresponding position in an ape or old world monkey CD4 D1D2.

[0013] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino acid at a
corresponding position in an ape CD4 D1D2. For example, in certain embodiments, the CD4
DI1D2 mutein comprises at least one substitution at a position corresponding to K1, T15, T17,
Q20, 134, N52, D53, A55, R59, G65, P68, E87, D88, T117, S120, R134, G140, S147, W157,
T160, N164, or K166 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g, by an amino

acid at a corresponding position in an ape CD4 D1D2.

[0014] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino acid at a
corresponding position in an old world monkey CD4 D1D2. For example, in certain
embodiments, the CD4 D1D2 mutein comprises at least one substitution at a position

corresponding to K2, D10, T15, T17, S19, Q20, K21, K22, $23, 124, Q25, N30, N32, 134,
-4 -
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N39, P48, N52, A55, R59, N66, P68, L69, D80, D88, Q89, Q94, Q110, S124, Q129, R134,
G140, K142, L144, $147, L151, T156, T160, V161, L162, N164, K166, or K167 of wild-
type human CD4 D1D2 (SEQ ID NO: 1), e.g., by an amino acid at a corresponding position
in an old world monkey CD4 D1D2.

[0015] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
a glycine or a hydrophobic amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by a
hydrophobic amino acid that has a larger volume, for example, side chain volume, than the
amino acid that is replaced. For example, in certain embodiments, the CD4 D1D2 mutein
comprises at least one substitution of an amino acid at a position corresponding to L5, G6,
V12, L14, A18, 124, 136, L37, L44, L51, A55, G65, F67, P68, L69, V93, G99, 171, L74, V86,
VO3, L95, L6, V97, F98, A102, L108, L114, L116, L118, P121, V128, P133, 1138, G141,
L144, V146, 1149, G155, V161, V168, F170, 1172, 1174, or V176 of wild-type human CD4
DID2 (SEQID NO: 1), e.g., by a hydrophobic amino acid having a larger volume than the
amino acid that is replaced. In certain embodiments, the CD4 D1D2 mutein comprises at least
one substitution of an amino acid at a position corresponding to G6, A55, L116, V128, V146,
V168, or V176 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g, by a hydrophobic
amino acid having a larger volume than the amino acid that is replaced. In certain
embodiments, the CD4 D1D2 mutein comprises at least one substitution of an amino acid at a
position corresponding to G6, 124, L44, L51, A55, L69, G99, A102, V128, G141, V146,
V161, and V168 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g., by a hydrophobic

amino acid having a larger volume than the amino acid that is replaced.

[0016] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution
that results in a protein with a decrease in net positive charge. For example, in certain
embodiments, the CD4 D1D2 mutein comprises at least one substitution of a basic amino
acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an uncharged amino acid or a basic
amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an acidic amino acid. For
example, in certain embodiments, the CD4 D1D2 mutein comprises at least one substitution
of an amino acid at a position corresponding to K1, K2, K7, K21, K22, K35, K46, K50, R58,
R59, K72, K75, R131, R134, K142, K166, K167, or K171 of wild-type human CD4 D1D2
(SEQIDNO: )e.g, by G,A,S, T.N,Q.H,orY.

[0017] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
an uncharged amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an acidic amino

acid. For example, in certain embodiments, the CD4 D1D2 mutein comprises at least one
-5-
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substitution of an amino acid at a position corresponding to V4, T11, T15, T17, S19, Q20,
$23, Q25, H27, N30, N32, 134, S42, P48, N52, S60, L61, Q64, N66, 170, 176, T81, Q89, Q94,
T101,N103, S104, H107, Q110, S113, T117, S120, P122, G123, S124, S125, Q129, G135,
N137, Q139, G140, T143, S$145, S147, L151, Q152, T156, T158, T160, L162, Q163, N164,
Q165, V175, or A178 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g., by D or E.

[0018] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution in
the CD4 D1 domain, for example, one or more of the substitutions described herein, and at
least one substitution in the CD4 D2 domain, for example, one or more of the substitutions
described herein. In certain embodiments, the CD4 D1D2 mutein comprises one, two, three,
four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen,
seventeen, eighteen, nineteen, or twenty substitutions. In certain embodiments, the CD4
D1D2 mutein is at least 91%, 92%., 93%, 94%, 95%. 96%. 97%, 98%. or 99% identical to
wild-type human CD4 D1D2 (SEQ ID NO: 1).

[0019] In certain embodiments, the CD4 D1D2 mutein comprises fewer than ten, nine, eight,
seven, six, five, four, three, two, or one substitutions at amino acid positions with surface-

exposed side chains in wild-type human CD4 D1D2 (SEQ ID NO: 1).

[0020] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution at
a position corresponding to K2, G6, K8, T15, T17, K21, S23, A55, 170, K72, K75, Q94, L96,
Q110, L116, V128, R134, K142, V146, N164, K166, K167, V168, or V176 of wild-type
human CD4 D1D2 (SEQ ID NO: 1).

[0021] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution at
a position corresponding to K1, K2, L5, G6, K7, K8, T15, T17, K21, K22, S23, A55, 170,
K72, K75, Q94, L96, G99, A102, Q110, R134, K142, N164, K166, K167, or K171 of wild-
type human CD4 D1D2 (SEQ ID NO: 1).

[0022] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution at
a position corresponding to G6, S23, A55, K72, K75, Q94, L96, Q110, L116, V128, R134,
V146, N164, K167, V168, or V176 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

[0023] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution at

a position corresponding to L5, K8, S23, A55, K75, Q94, L96, Q110, R134, N164, or K167

of wild-type human CD4 D1D2 (SEQ ID NO: 1). For example, the CD4 D1D2 mutein may

comprise at least one substitution at a position corresponding to G6, S23, A55, K72, K75,

Q94, L96, Q110, V128, R134, V146, N164, K167, or V168 of wild-type human CD4 D1D2
-6-
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(SEQ ID NO: 1), at least one substitution at a position corresponding to L5, S23, A55, 1L.96,
R134, N164, or K167 of wild-type human CD4 D1D2 (SEQ ID NO: 1), at least one
substitution at a position corresponding to K72, K75, Q94, Q110, L116, V128, R134, V146,
N164, K167, V168, or V176 of wild-type human CD4 D1D2 (SEQ ID NO: 1), at least one
substitution at a position corresponding to S23, A55, R134, N164, or K167 of wild-type
human CD4 D1D2 (SEQ ID NO: 1), or at least one substitution at a position corresponding to
$23, A55, R134, N164, or K167 of wild-type human CD4 D1D2 (SEQ ID NO: 1), at least
one substitution at a position corresponding to A55, R134, N164, or K167 of wild-type
human CD4 D1D2 (SEQ ID NO: 1). In certain embodiments, the CD4 D1D2 mutein
comprises at least one substitution at a position corresponding to G6, S23, A55, V128, V146,
or V168 of wild-type human CD4 D1D2 (SEQ ID NO: 1), at least one substitution at a
position corresponding to K2, K7, K8, T17, 170, K72, Q94, Q110, R134, K142, N164, or
K167 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

[0024] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions: AS5 and K72; A55 and K75; AS5 and Q94; A55 and Q110; A55 and
L116; AS5 and V128; ASS5 and R134; AS5 and V146; A55 and N164; A55 and K167; A55
and V168; S23 and K72; S23 and K75; S23 and Q94; S23 and Q110; S23 and L116; 823 and
V128; 823 and R134; S23 and V146; S23 and N164; S23 and K167; 823 and V168; G6 and
K72; G6 and K75;G6 and Q94; G6 and Q110; G6 and L116; G6 and V128; G6 and R134; G6
and V146; G6 and N164; G6 and K167; G6 and V168; K72 and K75; K72 and Q94; K72 and
Q110; K72 and L116;K72 and V128; K72 and R134; K72 and V146; K72 and N164; K72
and K167; K72 and V168; K75 and 94; K75 and Q110; K75 and L116; K75 and V128; K75
and R134; K75 and V146; K75 and N164; K75 and K167; K75 and V168; Q94 and Q110;
Q%4 and L116; Q94 and V128; Q94 and R134; Q94 and V146; Q94 and N164; Q94 and
K167; Q94 and V168; Q110 and L116; Q110 and V128; Q110 and R134; Q110 and V146;
Q110 and N164; Q110 and K167; Q110 and V168; L116 and V128; L116 and R134; L116
and V146; L116 and N164; L116 and K167; 116 and V168; V128 and R134; V128 and
V146; V128 and N164; V128 and K167; V128 and V168; V146 and N164; V146 and K167,
V146 and V168; or N164 and K167 .In certain embodiments, the CD4 D1D2 mutein
comprises substitutions at the following positions: S23, ASS5, and K72; S23, ASS5, and K75;
S23, A55, and Q94; S23, ASS, and Q110; S23, A55, and L116; S23, AS55, and V128; S23,
AS55, and R134; 823, ASS, and V146; S23, AS5, and N164; S23, AS5, and K167; S23, AS5,
and V168; G6, S23, and K72; G6, S23, and K75; G6, S23, and Q94; G6, S23, and Q110; G6,

-7-
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$23, and L116; G6, S23, and V128; G6, $23, and R134; G6, S23, and V146; G6, $23, and
N164; G6, 23, and K167; G6, $23, and V168; G6, A55, and K72; G6, A55, and K75; G6,
A55, and Q94; G6, AS5, and Q110; G6, A55, and L116; G6, A55, and V128; G6, A55, and
R134; G6, A55, and V146; G6, A55, and N164; G6, A55, and K167; G6, A55, and V168;
G6, $23, AS5, and K72; G6, $23, A55, and K75; G6, $23, A55, and Q94; G6, S23, AS55, and
Q110; G6, 823, A55, and L116; G6, S23, A55, and V128; G6, S23, A55, and R134; G6, S23,
A55, and V146; G6, S23, A55, and N164; G6, $23, A55, and K167; or G6, 823, AS5, and
V168.

[0025] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions:R134, N164, and K167; K72, R134, and K167; K75, R134, and K167,
Q94, R134, and K167; Q110, R134, and K167; Q94, Q110, and R134: Q94, Q110, and
N164; Q94, Q110, and 167; Q94, Q110, R134, and K167; K72, K75, and R134; K72, K75,
and N164; K72, K75, and K167; K72, K75, R134, and K167; V128, V168, and R134; V128,
V168, and N164; V128, V168, and K167; V128, V168, and V146; V128, V168, and L116;
V128, V168, and K72; V128, V168, and K75; V128, V168, and Q94; V128, V168, and
Q110; V146, R134, and K167; V146, R134, and N164; R134, K142, N164, and K167; 170,
R134, N164, and K167; K72, R134, N164, and K167; Q94, R134, N164, and K167; Q110,
R134, N164, and K167; Q94, Q110, R134, and K167; Q94, Q110, R134, N164, and K167;
K72, Q94, Q110, R134, N164, and K167; K75, Q94, Q110, R134, N164, and K167; K72,
K75, Q94, Q110, R134, N164, and K167; V128, V168, R134, and K72; V128, V168, R134,
and K75; V128, V168, R134, and Q94; V128, V168, R134, and Q110; V128, V168, R134,
and L116; V128, V168, R134, and V146; V128, V168, R134, and N164: V128, V168, R134,
and K167; V128, V168, V146, and K72; V128, V168, V146, and K75; V128, V168, V146,
and Q94; V128, V168, V146, and Q110; V128, V168, V146, and N164: or V128, V168,
V146, and K167.

[0026] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions: G6, AS5, V128, and V168; G6, AS5, V146, and V168; G6, AS55, V128,
and V146; G6, AS5, V128, V146, and V168; G6, 823, A55, V128, and V168; G6, S23, AS5,
V128, V146, and V168; G6, S23, A55, V128, R134, V146, and V168; A55, V128, V168,
and K72; A55, V128, V168, and K75; A55, V128, V168, and Q94: AS5, V128, V168, and
Q110; A55, V128, V168, and L116; A55, V128, V168, and R134; AS55, V128, V168, and
V146; A55, V128, V168, and K167; S23, V128, V168, and K72; S23, V128, V168, and
K75:S23, V128, V168, and Q94: $23, V128, V168, and Q110; $23, V128, V168, and L116;
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$23, V128, V168, and R134; $23, V128, V168, and V146; $23, V128, V168, and K167;
$23, A55, R134, and K167; S23, A55, R134, N164, and K167; $23, A55, K72, R134, and
K167; 823, A55, K75, R134, and K167; S23, A55, Q94, R134, and K167; $23, A55, L96,
R134, and K167; 823, A55, Q110, R134, and K167; $23, K72, K75, R134, and K167; $23,
K72, K75, R134, N164, and K167; $23, A55, K72, K75, R134, and K167; S23, A55, K72,
K75, R134, N164, and K167; 823, A55, K72, K75, L96, R134, N164, and K167; S23, A55,
K72, K75, Q94, R134, N164, and K167; $23, A55, K72, K75, Q110, R134, N164, and K167;
$23, A55, K72, K75, Q94, Q110, R134, N164, and K167; 823, AS5, K72, K75, Q94, L96,
Q110, R134, N164, and K167; G6, $23, A55, K72, K75, Q94, Q110, R134, and K167; S23,
A55,K72, K75, Q94, Q110, V128, R134, and K167; S$23, A55, K72, K75, Q94, Q110, R134,
V146, and K167; S23, A55, K72, K75, Q94, Q110, R134, K167, V168; $23, A55, K72, K75,
Q94, Q110, V128, R134, K167, V168; $23, A55, K72, K75, Q94, Q110, V128, R134, V146,
K167, V168; S23, A55, K72, K75, Q94, Q110, V128, R134, N164, K167, V168; S23, A55,
K72, K75, Q94, Q110, V128, R134, V146, N164, K167, V168; G6, S23, A55, K72, K75,
Q94, Q110, V128, R134, and K167; G6, S23, A55, K72, K75, Q94, Q110, R134, V146, and
K167, G6, S23, A55, K72, K75, Q94, Q110, R134, K167, V168; G6, S23, A55, K72, K75,
Q94, Q110, V128, R134, K167, V168; G6, $23, A55, K72, K75, Q94, Q110, V128, R134,
V146, K167, V168; G6, $23, A55, K72, K75, Q94, Q110, V128, R134, N164, K167, V168;
G6, 823, AS5, K72, K75, Q94, Q110, V128, R134, V146, N164, K167, V168; G6, S23, A55,
K72, V128, and V168; G6, S23, A55, K75, V128, and V168; G6, S23, A55, Q94, V128, and
V168; G6, 823, A55, Q110, V128, and V168; G6, S23, A55, V128, N164, and V168; G6,
$23, A55, V128, K167, and V168; A55, R134, N164, and K167 L5, S23, A55, L96, and
R134; L5, $23, A55, L96, and N164: L5, $23, A55, L96, and K167; S23, A55, R134, N164,
and K167; G6, S23, A55, R134, N164, and K167; $23, A55, L96, R134, N164, and K167;
L5, $23, A55, R134, N164, and K167; or L5, $23, A55, L96, R134, N164, and K167.

[0027] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions: AS55, R134, N164, and K167; S23, A55, R134, N164, and K167; L5,
S23, A55, 196, R134, N164, and K167; A55, V128, and V168; S23, A55, V128, and V168;
G6, S23, A55, V128, and V168; G6, S23, A55, V128, V146, and V168; 823, A55, K72, K75,
Q94, Q110, R134, and K167; G6, S23, A55, K72, K75, Q94, Q110, R134, and K167; 23,
A55, K72, K75, Q94, L96, Q110, R134, and K167; $23, A55, K72, K75, Q94, Q110, R134,
N164, and K167; S23, A55, K72, K75, R134, and K167; or $23, A55, K72, K75, V128,
R134, K167, and V168.
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[0028] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions: R134 and K167; R134 and N164; N164 and K167; A55 and R134; A55
and N164; A55 and K167; S23 and R134; S23 and N164; S23 and K167; K72 and K75; K75
and R134; K75 and N164; K75 and K167; K75 and Q94; K75 and Q110; S23 and K75; A55
and K75; Q94 and Q110; 823 and A55; L5 and S23; K2 and N164; K2 and K167; K7 and
K8; K7 and A55; K8 and N164; K8 and K167; K8 and A55; T17 and N164; T17 and K167;
170 and N164; 170 and K167; AS5 and 170; AS5 and K72; K72 and N164; K72 and K167;
Q94 and N164; Q94 and K167; Q110 and N164; Q110 and K167; K142 and K167; R134,
N164, and K167; A55, R134, and N164; A55, R134, and K167; A55, N164, and K167; A55,
K7, and K8; S23, R134, and N164; S23, R134, and K167; S23, N164, and K167; S23, A55,
and R134; S23, A55, and N164; S23, A55, and K167; K75, R134, and N164; K75, R134, and
K167; K75, N164, and K167; K75, Q94, and Q110; A55, K75, and R134; L5, AS55, and L96;
A55,R134, N164, and K167; A55, K75, R134, and K167; L5, S23, A55, and L96; R134,
K142, N164, and K167; K7, R134, N164, and K167; K8, R134, N164, and K167; K72,
R134, N164, and K167; K75, R134, N164, and K167; T17, R134, N164, and K167; 170,
R134, N164, and K167; Q94, R134, N164, and K167; Q110, R134, N164, and K167; Q94,
Q110, R134, and N164; S23, AS5, R134, N164, and K167; Q94, Q110, R134, N164, and
K167; Q94, Q110, R134, K142, and K167; Q9%4, Q110, K142, N164, and K167; K7, K8,
R134, N164, and K167. S23, A55, 196, R134, N164, and K167; K75, Q94, Q110, R134,
N164, and K167; or K72, K75, Q94, Q110, R134, N164, and K167.

[0029] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions: R134 and K167; R134 and N164; N164 and K167;Q94 and Q110;K2
and N164;K2 and K167;K7 and K8;K8 and N164;K8 and K167;T17 and N164;T17 and
K167:170 and N164;170 and K167;K72 and N164;K72 and K167;K75 and R134;K75 and
N164:K75 and K167:K75 and Q94:K75 and Q110:Q94 and N164:Q94 and K167:Q110 and
N164:Q110 and K167:K142 and K167:R134, N164, and K167: K75, Q94, and Q110:K7,
R134, N164, and K167:K8, R134, N164, and K167:T17, R134, N164, and K167; R134,
K142, N164, and K167:170, R134, N164, and K167:K72, R134, N164, and K167:Q94, R134,
N164, and K167:Q110, R134, N164, and K167:Q94, Q110, R134, and N164:Q94, Q110,
R134, N164, and K167; Q94, Q110, R134, K142, and K167; Q94, Q110, K142, N164, and
K167:K75, Q94, Q110, R134, N164, and K167:K72, K75, Q94, Q110, R134, N164, and
K167; or K7, K8, R134, N164, and K167.

-10 -



WO 2019/183387 PCT/US2019/023422

[0030] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions: R134, N164, and K167; A55, R134, and N164;A55, R134, and
K167:A55, N164, and K167:L5, A55, and L96:A55, R134, N164, and K167:L5, S23, AS5,
and 1L.96:823, A55, R134, N164, and K167:S23, A55, L96, R134, N164, and K167:L5, S23,
A55, R134, N164, and K167; orL5, S23, AS5, L96, R134, N164, and K167.1n certain
embodiments, the CD4 D1D2 mutein comprises substitutions at the following positions: L5,
A55, and L96; A55, R134, N164, and K167; $23, A55, R134, N164, and K167; or L5, S23,
A55,1.96, R134, N164, and K167.

[0031] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions: R134 and K167; R134 and N164; N164 and K167; A55 and R134; A55
and N164; A55 and K167; S23 and R134; S23 and N164; S23 and K167; K72 and K75; K75
and R134; K75 and N164; K75 and K167; K75 and Q94; K75 and Q110; S23 and K75; A55
and K75; Q94 and Q110; 823 and A55; L5 and S23; K2 and N164; K2 and K167; K7 and
K8; K7 and A55; K8 and N164; K8 and K167; K8 and A55; T17 and N164; T17 and K167;
170 and N164; 170 and K167; A55 and 170; A55 and K72; K72 and N164; K72 and K167
Q94 and N164; Q94 and K167; Q110 and N164; Q110 and K167; K142 and K167; R134,
N164, and K167; A55, R134, and N164; A55, R134, and K167; A55, N164, and K167; A55,
K7, and K8; S23, R134, and N164; S23, R134, and K167; S23, N164, and K167; S23, A55,
and R134; S23, A55, and N164; S23, A55, and K167; K75, R134, and N164; K75, R134, and
K167; K75, N164, and K167; K75, Q94, and Q110; A55, K75, and R134; L5, AS55, and L96;
A55,R134, N164, and K167; A55, K75, R134, and K167; L5, S23, A55, and L96; R134,
K142, N164, and K167; K7, R134, N164, and K167; K8, R134, N164, and K167; K72,
R134, N164, and K167; K75, R134, N164, and K167; T17, R134, N164, and K167; 170,
R134, N164, and K167; Q94, R134, N164, and K167; Q110, R134, N164, and K167; Q94,
Q110, R134, and N164; S23, AS5, R134, N164, and K167; Q94, Q110, R134, N164, and
K167, Q9%, Q110, R134, K142, and K167; Q94, Q110, K142, N164, and K167; K7, K8,
R134, N164, and K167; S23, AS55, L96, R134, N164, and K167; K75, Q94, Q110, R134,
N164, and K167; or K72, K75, Q94, Q110, R134, N164, and K167.

[0032] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions: R134 and K167; R134 and N164; N164 and K167; Q94 and Q110; K2
and N164; K2 and K167; K7 and K8; K8 and N164; K8 and K167; T17 and N164; T17 and
K167; 170 and N164; 170 and K167; K72 and N164; K72 and K167; K75 and R134; K75 and
N164; K75 and K167; K75 and Q94; K75 and Q110; Q94 and N164; Q94 and K167; Q110
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and N164; Q110 and K167; K142 and K167; R134, N164, and K167; K75, Q94, and Q110;
K7, R134, N164, and K167; K8, R134, N164, and K167; T17, R134, N164, and K167; R134,
K142, N164, and K167; 170, R134, N164, and K167; K72, R134, N164, and K167; Q94,
R134, N164, and K167; Q110, R134, N164, and K167; Q94, Q110, R134, and N164; Q94,
Q110, R134, N164, and K167; Q94, Q110, R134, K142, and K167; Q94, Q110, K142, N164,
and K167; K75, Q94, Q110, R134, N164, and K167; K72, K75, Q94, Q110, R134, N164,
and K167; or K7, K8, R134, N164, and K167.

[0033] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions: R134, N164, and K167; A55, R134, and N164; AS5, R134, and K167;
A55,N164, and K167; L5, A55, and L96; A55, R134, N164, and K167; L5, S23, A55, and
L96; S23, A55, R134, N164, and K167; $23, A55, L96, R134, N164, and K167; L5, $23,
A55,R134, N164, and K167; or L5, S23, A55, .96, R134, N164, and K167. In certain
embodiments, the CD4 D1D2 mutein comprises substitutions at the following positions: L5,
A55, and L96; A55, R134, N164, and K167; $23, A55, R134, N164, and K167; or L5, S23,
A55,1.96, R134, N164, and K167.

[0034] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
a basic amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an uncharged amino
acid; a basic amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an acidic amino
acid; or an uncharged amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an

acidic amino acid.

[0035] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
a glycine or a hydrophobic amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by a

hydrophobic amino acid that has a larger volume than the amino acid that is replaced.

[0036] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino acid at a

corresponding position in a non-human primate CD4 D1D2.

[0037] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino acid at a

corresponding position in an ape, old world monkey, or new world monkey CD4 D1D2.

[0038] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino acid at a
corresponding position in an ape or old world monkey CD4 D1D2.
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[0039] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino acid at a
corresponding position in an ape CD4 D1D2.

[0040] In certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of
an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino acid at a
corresponding position in an old world monkey CD4 D1D2.

[0041] In certain embodiments, the CD4 D1D2 mutein comprises at least one of: a
substitution of K1 by N (K1N); a substitution of K2 by E (K2E), N (K2N) or T (K2T); a
substitution of L5 by Y (L5Y), I (L5), E (LSE), W (L5W), V (L5V), F (L5F), or T (L5T); a
substitution of K7 by E (K7E); a substitution of K8 by E (K8E); a substitution of T15 by N
(T15N) or E (T15E); a substitution of T17 by N (T17N) or E (T17E); a substitution of S23 by
N (S23N), T (S23T), K (S23K), Y (S23Y), or A (S23A); a substitution of A55 by V (A55V),
1 (A551), P (A55P), L (AS5L), M (AS5M), F (A55F), Y (A55Y), W (A55W) or T (A55T); a
substitution of 170 by E (I70E), L (I70L), or V (I70V); a substitution of K72 by S (K72S8); a
substitution of K75 by E (K75E) or Q (K75Q); a substitution of Q94 by E (Q94E); a
substitution of L96 by V (L96V), Q (L96Q), T (L96T), I (L96I), or Y (L96Y); a substitution
of Q110 by E (Q110E) or H (Q110H); a substitution of L116 by F (L116F) or W (L116W); a
substitution of V128 by I (V128I) or L (V128L); a substitution of R134 by G (R134G) or T
(R134T); a substitution of K142 by R (K142R), G (K142G), or S (K1428); a substitution of
V146 by 1 (V146]), L (V146L), F (V146F), or W (V146W); a substitution of N164 by D
(N164D), H (N164H), R (N164R), or E (N164E); a substitution of K167 by T (K167T), R
(K167R), or L (K167L); a substitution of V168 by I (V168I) or L (V168L); and a substitution
of V176 by 1 (V176I).

[0042] In certain embodiments the CD4 D1D2 mutein comprises at least one of the K2E,
K7E, K8E, T17N, T17E, A55V, 170E, K725, K75E, Q94E, Q110E, R134G, K142R, N164D,
and K167T substitutions. For example, in certain embodiments, the CD4 D1D2 mutein
comprises the following substitutions: K2E and N164D; K2E and K167T; K7E and K8E;
KS8E and N164D; K8E and K167T; T17N and N164D; T17N and K167T; T17E and N164D;
T17N and K167T; I70E and N164D; I70E and K167T; K728 and N164D; K72S and K167T;
Q94E and Q110E; Q94E and N164D; Q94E and K167T; Q110E and N164D; Q110E and
K167T; R134G and N164D; R134G and K167T; K142R and K167T; N164D and K167T;
R134G, N164D and K167T; K2E, R134G, N164D, and K167T; K8E, R134G, N164D, and

K167T; TI7N, R134G, N164D, and K167T; T17E, R134G, N164D, and K167T; A55V,
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R134G, N164D, and K167T; 170E, R134G, N164D, and K167T; K728, R134G, N164D, and
K167T; K75E, Q94E, and Q110E; or K728, K75E, Q94E, Q110E, R134G, N164D, and
K167T.

[0043] In certain embodiments, the CD4 D1D2 mutein comprises at least one of the L5Y,
K8E, S23N, A55V, K75E, Q94E, L96V, Q110E, R134G, N164D, and K167T substitutions,
at least one of the L5Y, S23N, A55V, L96V, R134G, N164D, and K167T substitutions, at
least one of the S23N, A55V, R134G, N164D, and K167T substitutions, or at least one of the
A55V, R134G, N164D, and K167T substitutions. For example, in certain embodiments, the
CD4 D1D2 mutein comprises the following substitution(s): AS5V; L5Y, AS5V, and L96V;
A55V, R134G, N164D, and K167T; S23N, A55V, R134G, N164D, and K167T; L5Y, A55V,
L96V, R134G, N164D, and K167T; or L5Y, S23N, A55V, L96V, R134G, N164D, and
K167T.

[0044] In certain embodiments, the CD4 D1D2 mutein comprises at least one of the GOA,
S23N, A55V, K728, K75E, K75Q, Q94E, Q110E, V128L, R134G, V1461, N164D, K167T,
and V168L substitutions.

[0045] In certain embodiments, the CD4 D1D2 mutein comprises at least one of the K728,
K75E, K75Q, Q94E, Q110E, V128L, R134G, V1461, N164D, K167T, and V168L

substitutions.

[0046] In certain embodiments, the CD4 D1D2 mutein comprises at least one of the K728,
K75E, K75Q, Q94E, Q110E, R134G, N164D, and K167T substitutions.

[0047] In certain embodiments, the CD4 D1D2 mutein comprises at least one of the L116F,
V128L, V146, and V168L substitutions.

[0048] In certain embodiments, the CD4 D1D2 mutein comprises the following
substitutions: A55V and K72S; A55V and K75E; A55V and K75Q; A55V and Q94E; A55V
and Q110E; A55V and L116F; A55V and V128L; A55V and R134G; A55V and V146l
A55V and N164D; A55V and K167T; A55V and V168L; S23N and K72S; S23N and K75E;
S23N and K75Q; S23N and Q94E; S23N and Q110E; S23N and L116F; S23N and V128I;
S23N and R134G; S23N and V1461; S23N and N164D; S23N and K167T; S23N and V168L;
G6A and K72S; G6A and K75E; G6A and K75Q; G6A and Q94E; G6A and Q110E; G6A
and L116F; G6A and V128L; G6A and R134G; G6A and V146I; G6A and N164D; G6A and
K167T;G6A and V168L; K728 and K75E; K72S and K75Q; K728 and Q94E; K728 and
Q110E; K728 and L116F; K72S and V128L; K72S and R134G; K728 and V146I; K72S and
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N164D; K728 and K167T; K72S and V168L; K75E and Q94E; K75E and Q110E; K75E and
L116F; K75E and V128L; K75E and R134G; K75E and V146I; K75E and N164D; K75E
and K167T; K75E and V168L; K75Q and Q94E; K75Q and Q110E; K75Q and L116F;
K75Q and V128L; K75Q and R134G; K75Q and V146I; K75Q and N164D; K75Q and
K167T; K75Q and V168L; Q94E and Q110E; Q94E and L116F; Q94E and V128L; Q9%4E
and R134G; Q94E and V146I; Q94E and N164D; Q94E and K167T; Q94E and V168L;
Q110E and L116F; Q110E and V128L; Q110E and R134G; Q110E and V146I; Q110E and
N164D; Q110E and K167T; Q110E and V168L; L116F and V128L; L116F and R134G;
L116F and V146I; L116F and N164D; L116F and K167T; L116F and V168L; V128L and
R134G; V128L and V146I; V128L and N164D; V128L and K167T; V128L and V168L;
V1461 and N164D; V146l and K167T; V146l and V168L; or N164D and K167T.

[0049] In certain embodiments, the CD4 D1D2 mutein comprises the A55V substitution.
[0050] In certain embodiments, the CD4 D1D2 mutein comprises the S23N substitution.

[0051] In certain embodiments, the CD4 D1D2 mutein comprises the L5Y, A55V, and L96V

substitutions.

[0052] In certain embodiments, the CD4 D1D2 mutein comprises the A55V, R134G, N164D,
and K167T substitutions.

[0053] In certain embodiments, the CD4 D1D2 mutein comprises the S23N, A55V, R134G,
N164D, and K167T substitutions.

[0054] In certain embodiments, the CD4 D1D2 mutein comprises the L5Y, A5S5V, L96V,
R134G, N164D, and K167T substitutions.

[0055] In certain embodiments, the CD4 D1D2 mutein comprises the L5Y, S23N, A55V,
L96V, R134G, N164D, and K167T substitutions.

[0056] In certain embodiments, the CD4 D1D2 mutein comprises the Q40A substitution.

[0057] In certain embodiments, the CD4 D1D2 mutein comprises the amino acid sequence of
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID
NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO:
28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID NO: 40,
SEQ ID NO: 42, or SEQ ID NO: 44, or an amino acid sequence that has at least 90%, 95%,
96%, 97%, 98%, or 99% sequence identity to SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO:
12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22,
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SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ
ID NO: 36, SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, or SEQ ID NO: 44.

[0058] In certain embodiments, the CD4 D1D2 mutein comprises a leader sequence
comprising the amino acid sequence of SEQ ID NO: 46, which is encoded by the nucleotide
sequence of SEQ ID NO: 47. In certain embodiments, the leader sequence has at least 90%,
95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO: 46.

[0059] In certain embodiments, the CD4 D1D2 mutein does not include a substitution of an
amino acid residue in wild-type human CD4 D1D2 (SEQ ID NO: 1) that contacts gp120. For
example, in certain embodiments, the CD4 D1D2 mutein does not include a substitution at a
position corresponding to N32, K35, L44, K46, or R59 of wild-type human CD4 D1D2 (SEQ
ID NO: 1).

[0060] In certain embodiments, the CD4 D1D2 mutein does not include a substitution of an
amino acid residue that forms a salt bridge in wild-type human CD4 D1D2 (SEQ ID NO: 1).
For example, in certain embodiments, the CD4 D1D2 mutein does not include a substitution
at a position corresponding to K1, K2, K50, D56, R58, R59, K72, E77, E91, R131, D153,
K167, E169, or K171 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

[0061] In certain embodiments, the CD4 D1D2 mutein does not include a substitution at a
position corresponding to F98 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g., the
CD4 D1D2 mutein does not include a substitution of F98 by valine (FO8V). In certain
embodiments, the CD4 D1D2 mutein does not include a substitution at a position
corresponding to 176 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g., the CD4 D1D2

mutein does not include a substitution of 176 by proline (I76P).

[0062] In certain embodiments, the CD4 D1D2 mutein comprises at least one amino acid
substitution, for example, one or more of the substitutions described herein, that increases the
aggregation temperature of the protein, as measured by dynamic light scattering (DLS). In
certain embodiments, the CD4 D1D2 mutein comprises at least one amino acid substitution,
for example, one or more of the substitutions described herein, that decreases the ICso of the

protein for HIV infection of a CD4" CCR5* cell line.

[0063] In certain embodiments, the protein has an aggregation temperature of at least 60°C,

as measured by dynamic light scattering (DLS), or an aggregation temperature at least 7°C

higher than the aggregation temperature of a corresponding protein comprising a wild-type

human CD4 D1D2, as measured by dynamic light scattering (DLS). In certain embodiments,
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the protein has a plasma half-life of at least 12 hours, 24 hours, 1 day, 1.5 days, 2 days, 2.5
days, 3 days, 3.5 days, 4 days, 4.5 days, 5 days, 5.5 days, 6 days, 6.5 days, 7 days, 7.5 days, 8
days, 8.5 days, 9 days, 9.5 days, or 10 days. In certain embodiments, the protein has a plasma
half-life of at least 12 hours. In certain embodiments, the protein has a plasma half-life of at

least 3 days.

[0064] In certain embodiments, the CD4 D1D2 mutein comprises at least one amino acid
substitution that increases the melting temperature of the protein, as measured by a dye

intercalation assay.

[0065] In certain embodiments, the CD4 D1D2 mutein comprises at least one amino acid

substitution that increases the amount of the CD4 D1D2 mutein that is expressed.

[0066] In certain embodiments, the protein further comprises a primate lentivirus envelope
glycoprotein binding moiety. The binding moiety may, for example, comprise at least one

sulfotyrosine, and/or comprise the amino acid sequence of SEQ ID NO: 2, SEQ ID NO: 3,
SEQID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 7.

[0067] In certain embodiments, the protein further comprises an immunoglobulin Fc domain.
In certain embodiments, the Fc domain is a human IgG1 or IgG2 Fc domain, e.g, an IgG1 Fc
domain. In certain embodiments, the Fc domain comprises a substitution or deletion at C220.
In certain embodiments, the Fc domain comprises at least one of a M252Y, S254T, T256E,
M428L, H433K, N4348S, and N434F substitution. For example, the Fc domain may comprise
the M252Y, S254T, and T256E substitutions, or the M428L and N4348 substitutions.

[0068] In certain embodiments, the protein is not identical to a naturally-occurring, wild-type
non-human primate protein. In certain embodiments, the CD4 D1D2 mutein is not identical

to a corresponding portion of a wild-type non-human primate protein.

[0069] In certain embodiments, the protein does not comprise a CD4 domain 3 (D3) and/or a

domain 4 (D4) region, e.g., a human CD4 D3 and/or D4 region.

[0070] In another aspect, the invention provides an isolated nucleic acid comprising a
nucleotide sequence encoding any of the foregoing proteins. In another aspect, the invention
provides an expression vector comprising any of the foregoing nucleic acids. In certain
embodiments, the expression vector is a viral vector, e.g., an adeno-associated virus (AAV)
vector. In another aspect, the invention provides a host cell comprising any of the foregoing
expression vectors. In another aspect, the invention provides a pharmaceutical composition

comprising any of the foregoing proteins or any of the foregoing expression vectors.
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[0071] In another aspect, the invention provides a method of treating an HIV infection in a
subject in need thereof. The method comprises administering to the subject an effective
amount of any of the foregoing proteins, any of the foregoing expression vectors, or any of

the foregoing pharmaceutical compositions.

[0072] These and other aspects and features of the invention are described in the following

detailed description and claims.
DESCRIPTION OF THE DRAWINGS

[0073] The invention can be more completely understood with reference to the following

drawings.

[0074] Figure 1 depicts thermal scan assay results for eCD4-Ig proteins with wild-type
human CD4 D1D2 or wild-type thesus CD4 D1D2. A graph showing particle radius as a
function of temperature for eCD4-IgG1 with wild-type human CD4 D1D2 or eCD4-1gG1
with wild-type rhesus macaque CD4 D1D2 is shown in Figure 1A. A graph showing radius
as a function of temperature for eCD4-1gG2 with wild-type human CD4 D1D2 or eCD4-1gG2
with rhesus macaque CD4 D1D2 is shown in Figure 1B. Aggregation was measured by
dynamic light scattering (DLS), with increasing particle radius, shown in nanometers (nm),
indicating protein aggregation. The 50% aggregation temperatures for eCD4-Ig proteins
based on wild-type human CD4 D1D2 were 51°C (IgG1) and 53°C (IgG2). The aggregation
temperatures for eCD4-Ig based on wild-type rhesus CD4 D1D2 were 62°C (IgG1) and 67°C
(Ig@G2).

[0075] Figure 2 is a graph showing aggregation temperature for CD4-Ig proteins with or
without a CCR5 mimetic sulfopeptide “mim2.” Each protein tested had wild-type human
CD4 D1D2 fused to human IgG1 Fc, and was identical except for the presence or absence of

the sulfopeptide.

[0076] Figure 3 is a phylogenetic tree showing relatedness of primate CD4 D1D2 amino acid
sequences. The human CD4 D1D2 sequence groups with that of other apes. Consistent with
their evolutionary relationships, the CD4 D1D2 sequences of prosimians, new world

monkeys, and old world monkeys each form distinct groups.

[0077] Figure 4 is a sequence alignment of primate CD4 D1D2 amino acid sequences (SEQ
ID NOs:1 and 48-90). The amino acid sequences of apes (SEQ ID NOs:1 and 48-54,
respectively), old world monkeys (SEQ ID NOs:55-76, respectively), new world monkeys
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(SEQ ID NOs:77-86, respectively), and prosimians CD4 D1D2 (SEQ ID NOs:87-90,
respectively) were aligned. Positions of non-identity with human CD4 D1D2 (SEQ ID NO:1)
are indicated in bold. The numbering corresponds to human CD4 D1D2. Thus, a two amino
acid indel preceding F43 in prosimians is treated here as a deletion, with the numbering
skipping over this indel. The signal peptide present on CD4 pre-proteins is not shown or
included in the numbering. An X indicates a position where no data is currently available.
Alignments for amino acids 1-58 (Figure 4A), 59-118 (Figure 4B), and 119-178 (Figure
4C) are shown. CD4 domain 1 (D1) corresponds to amino acids 1-98, and CD4 domain 2
(D2) corresponds to amino acids 99-178.

[0078] Figure 5 is a computer-generated visual representation of certain mutations that
stabilize the hydrophobic core of CD4 domain 2. To better visualize the interior of CD4 a
tool was developed that allows virtual tomographic sectioning and editing of protein data
bank (PDB) structures. This computational tool was used to analyze substitutions of a
glycine or buried hydrophobic amino acid with a larger hydrophobic amino acid within the
hydrophobic core of CD4 D1 and D2. This figure shows two space-filling mutations, which
replace a buried hydrophobic amino acid with a hydrophobic amino acid of larger volume
than the one which is replaced. Shown here are 2D sections of the human CD4 crystal
structure 3CD4 with either wild-type V128 (Figure 5A) or the substitution V128L (Figure
5B) modeled at position 128. Note how the V128L substitution fills the hydrophobic pocket
bounded by L100, L144, V161, and F170. Also shown here is a 2D section of the same CD4
crystal structure, revealing a space surrounding V168 bounded by L5, K7, V161, and F170
(Figure 5C), and the substitution V168L (Figure 5SD), which mostly fills this hydrophobic
pocket. Carbon atoms are shown in gray, oxygen atoms are shown in white, and nitrogen

atoms are shown in black.

[0079] Figure 6 is a series of graphs showing 50% aggregation temperatures of eCD4-Ig
variants with substitutions at one or more positions that differ among human versus NHP
CD4 D1D2. Using a DLS thermal scan assay, aggregation temperatures of eCD4-Ig with and
without the indicated amino acid substitutions were measured. ‘Background” indicates the
mutational background in which a substitution was tested (i.e., if the substitution was
evaluated in an eCD4-Ig variant with one or more additional substitutions present). Several of
the substitutions were evaluated in more than one mutational background. Multiple
substitutions are indicated as a list with each substitution separated by a backslash. The x-axis

of each graph indicates if the eCD4-Ig variant had the indicated substitution, or a wild-type
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amino acid residue at the substitution position (“wild-type™). The isotype of the Fc domain in
the eCD4-Ig protein (IgG1 or [gG2) is indicated. Black lines with black open or filled
symbols indicate IgG1, whereas gray lines with gray open or filled symbols indicate [gG2.

[0080] Figure 7 is a series of graphs showing 50% aggregation temperatures of eCD4-Ig
variants with the indicated combinations of substitutions. Using a DLS thermal scan assay,
aggregation temperatures of eCD4-Ig with and without the indicated amino acid substitutions
were measured. Background indicates the mutational background in which substitutions were
tested (i.e., if the substitutions were evaluated in an eCD4-Ig variant with one or more
additional substitutions present). Several of the substitutions were evaluated in more than one
mutational background. Multiple substitutions are indicated as a list with each substitution
separated by a backslash. The x-axis of each graph indicates if the eCD4-Ig variant had the
indicated substitutions, or a wild-type amino acid residue at the substitution positions (“wild-
type”). The isotype of the Fc domain in the eCD4-Ig protein (IgG1 or IgG2) is indicated.
Black lines and black open or filled symbols indicate IgG1, whereas gray lines and gray open

or filled symbols indicate IgG2.

[0081] Figure 8 is a series of graphs showing 50% aggregation temperatures of eCD4-Ig
variants with the indicated combinations of more than two substitutions. Using a DLS
thermal scan assay, aggregation temperatures of eCD4-Ig with and without the indicated
amino acid substitutions were measured. Background indicates the mutational background in
which substitutions were tested (i.e., if the substitutions were evaluated in an eCD4-Ig variant
with one or more additional substitutions present). Several of the substitutions were evaluated
in more than one mutational background. Multiple substitutions are indicated as a list with
each substitution separated by a backslash. The x-axis of each graph indicates if the eCD4-Ig
variant had the indicated substitutions, or a wild-type amino acid residue at the substitution
positions (“wild-type™). The isotype of the Fc domain in the eCD4-Ig protein (IgG1 or [gG2)

1s indicated.

[0082] Figure 9 is a series of graphs showing 50% aggregation temperatures of eCD4-Ig
variants with the indicated substitutions. Using a DLS thermal scan assay, aggregation
temperatures of eCD4-Ig with and without the indicated amino acid substitutions were
measured. Background indicates the mutational background in which substitutions were
tested (i.e., if the substitutions were evaluated in an eCD4-Ig variant with one or more
additional substitutions present). Multiple substitutions are indicated as a list with each

substitution separated by a backslash. The x-axis of each graph indicates if the eCD4-Ig
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variant had the indicated substitutions, or a wild-type amino acid residue at the substitution

positions (“wild-type™).

[0083] Figure 10 is a series of graphs showing 50% aggregation temperatures of eCD4-Ig
variants with the indicated combinations of substitutions. Using a DLS thermal scan assay,
aggregation temperatures of eCD4-Ig with and without the indicated amino acid substitutions
were measured. Background indicates the mutational background in which substitutions were
tested (i.e., if the substitutions were evaluated in an eCD4-Ig variant with one or more
additional substitutions present). Several of the substitutions were evaluated in more than one
mutational background. Multiple substitutions are indicated as a list with each substitution
separated by a backslash. The x-axis of each graph indicates if the eCD4-Ig variant had the

indicated substitutions, or a wild-type amino acid residue at the substitution positions (“wild-
type”).

[0084] Figure 11 is a line graph showing the primary data for the DLS thermal scan assay for
eCD4-Ig variants with the indicated substitutions or combinations thereof. The y-axis shows
the average radius of the material detected by DLS, as the assay scans temperatures along the

x-axis (50 to 75°C shown).

[0085] Figure 12 is a bar graph showing the 50% aggregation temperatures of eCD4-Ig
variants as measured by the DLS thermal scan assay with the indicated combinations of
substitutions. The aggregation temperatures are ordered from highest to lowest. The control
protein with the wild-type human CD4 D1D2 (SEQ ID NO:1) is shown in black, and the
variants with substitutions are shown in gray. The data are presented for eCD4-Ig variants
having the C220S substitution in the hinge, an IgG1 Fc domain, and either mim2 or mimé6 as
the sulfopeptide.

[0086] Figure 13 is a bar graph showing the results of a SYPRO Orange dye intercalation
assay. 50% melting temperatures of eCD4-1g variants as measured by the assay are shown.
The melting temperatures are ordered from highest to lowest. The control protein with the
wild-type human CD4 D1D2 (SEQ ID NO:1) is shown in black, and the variants with
substitutions are shown in gray. The data are presented for eCD4-Ig variants having the
C2208S substitution in the hinge, an IgG1 Fc domain, and either mim2 or mim6 as the
sulfopeptide.

[0087] Figure 14 is a bar graph showing the results of an Applied Biosystems Protein

Thermal Shift dye intercalation assay. 50% melting temperatures of eCD4-Ig variants as
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measured by the assay are shown. The melting temperatures are ordered from highest to
lowest. The control protein with the wild-type human CD4 D1D2 (SEQ ID NO:1) is shown in
black, and the variants with substitutions are shown in gray. “Chimp” indicates an otherwise-
identical eCD4-Ig protein with CD4 D1D2 sequences from chimpanzee CD4. The data are
presented for eCD4-Ig variants having the C220S substitution in the hinge, an IgG1 Fc

domain, and either mim2 or mimé6 as the sulfopeptide.

[0088] Figure 15 is a series of bar graphs showing the results of dye intercalation thermal
scan assays for CD4 muteins containing combinations of amino acid substitutions. The 50%
melting temperatures of eCD4-Ig proteins containing mimé6 sulfopeptides in SYPRO Orange
dye intercalation assays are shown in Figure 15A-C. The 50% melting temperatures for
CD4-Ig proteins lacking sulfopeptides in an Applied Biosystems Protein Thermal Shift assay
are shown in Figure 15D. All of the variants shown here have the C220S substitution in the

hinge.

[0089] Figure 16 is a bar graph showing the protein expression yield for different eCD4-Ig
proteins. All of the variants shown in this figure include a mimé6 sulfopeptide, the C220S
substitution in the hinge, and an IgG1 Fc. An eCD4-Ig protein with a wild-type human CD4
DID2 (SEQ ID NO:1) is shown in black, and all of the variants containing amino acid

substitutions are shown in gray.

[0090] Figure 17 is a series of bar graphs showing the protein expression yield for different
eCD4-Ig proteins. Each panel of Figure 17A-H represents a separate protein expression yield
experiment. Two controls are shown in black. These two controls are eCD4-Ig protein with a
wild-type human CD4 D1D2 (SEQ ID NO:1), and eCD4-Ig containing the substitutions
G6A/S23N/A55V/V128L/V168L. All other variants are shown in gray. All of the variants
shown include the C220S substitution in the hinge, and an IgG1 Fc. The variants in Figure
17A-G all are all eCD4-Ig proteins containing the mimé6 sulfopeptide, whereas the variants in

Figure 17H are all CD4-Ig proteins lacking a sulfopeptide.

[0091] Figure 18 is a series of line graphs showing pharmacokinetics in human FcRn
transgenic mice of wild-type CD4-Ig or the indicated CD4-Ig or eCD4-Ig variants with
substitutions that improve conformational stability. The data shown in Figures 18A-C were
collected in parallel, and can be compared directly, and are only separated into three panels
for clarity. Figure 18A depicts the pharmacokinetics of CD4-Ig variants (not including a
sulfopeptide) that contain either a wild-type human CD4 D1D2 sequence, or a CD4 D1D2
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sequence with mutations at positions R134/N164/K167 or
K72/K75/Q94/Q110/R134/N164/K167. The half-life of wild-type CD4-Ig was 2.4 days,
whereas the half-life of R134G/N164D/K167T CD4-Ig was 4.2 days, and the half-life of
K72S/K75E/Q94E/Q110E/R134G/N164D/K167T CD4-Ig was 8.6 days. Figure 18B depicts
the pharmacokinetics of CD4-Ig (not including a sulfopeptide) and eCD4-Ig (including a
sulfopeptide) proteins containing substitutions at the positions R134/N164/K167. Figure 18C
depicts the pharmacokinetics of CD4-Ig (not including a sulfopeptide) and eCD4-Ig
(including a sulfopeptide) proteins with substitutions at positions
K72/K75/Q94/Q110/R134/N164/K167, and an eCD4-Ig protein with substitutions at
positions Q94/Q110/R134/N164/K167.

[0092] Figure 19 is a line graph showing the pharmacokinetics in human FcRn transgenic
mice of eCD4-Ig with a wild-type human CD4 D1D2 (SEQ ID NO:1) or the indicated
substitutions that improve conformational stability or FcRn binding. The broadly neutralizing
monoclonal antibody 10-1074 was used as a control in two groups of human FcRn transgenic
mice, and each of these two control groups are shown as separate lines. In addition to the
wild-type human CD4 D1D2 control, the eCD4-Ig variants evaluated in this
pharmacokinetics experiment contained the following combinations of amino acid
substitutions: K72S/K75E/R134G/N164D/K167T,
K72S/K75E/Q94E/Q110E/R134G/N164D/K167T,
S23N/K72S/K75E/R134G/N164D/K167T, and
S23N/AS55V/K72S/K75E/Q94E/L96V/Q110E/R134G/N164D/K167T. In addition, eCD4-Ig
variants with the substitutions
S23N/AS55V/KT72S/K75E/Q94E/L96V/Q110E/R134G/N164D/K167T in CD4 D1D2 were
evaluated in the context of an I[gG1 Fc containing S254T, and T256E (“YTE”), or M428L
and N434S (“LS™).

[0093] Figure 20 depicts a pharmacokinetics experiment in wild-type BALB/cJ mice
evaluating variants of eCD4-Ig containing the substitutions
G6A/S23N/A55V/V128L/V168L. The pharmacokinetics of eCD4-Ig variants containing
G6A/S23N/A55V/V128L/V168L were compared against a control containing
S23N/AS55V/K72S/K75E/Q94E/L96V/Q110E/R134G/N164D/K167T (Figure 20A). The
surface charge substitutions R134G, N164D, and K167T were introduced individually and in
combination into the G6A/S23N/A55V/V128L/V168L background. Thus, the additional

variants tested in this pharmacokinetics experiment were
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G6A/S23N/AS5V/VI128L/R134G/V168L, G6A/S23N/ASSV/V128L/K176T/V168L, and
G6A/S23N/AS5V/VI128L/R134G/N164D/K167T/V168L. The half-lives calculated from
protein concentrations on days 1 and 5 were compared (Figure 20B). The only significant
difference in half-life (P=0.03, 2-tailed parametric t test) was between the eCD4-Ig variant
containing S23N/AS5V/K728/K75E/Q94E/L96V/Q110E/R134G/N164D/K167T and the
eCD4-Ig variant containing G6A/S23N/A55V/V128L/R134G/V168L.

[0094] Figure 21 is a line graph showing pharmacokinetics in rats of wild-type CD4-Ig and
eCD4-Ig variants with substitutions that improve conformational stability. Wild-type human
CD4-Ig, R134G/N164D/K167T eCD4-1gG1, and R134G/N164D/K167T eCD4-IgG2 were
administered to rats subcutaneously at 10 mg/kg. The half-life of wild-type human CD4-Ig
was calculated to be 11 hours, whereas the half-lives of R134G/N164D/K167T eCD4-1gG1
and eCD4-1gG2 were calculated to be 48 and 42 hours, respectively.

[0095] Figure 22 depicts virus neutralization by eCD4-Ig variants with and without an A55V
substitution. Virus neutralization by eCD4-Ig variants with and without the A55V
substitution was measured in CD4" CCR5" TZM-bl cells, which express firefly luciferase
upon infection. R134G/N164D/K167T eCD4-Ig variants with either the wild-type human
AS55 residue or the AS5V substitution were titered over serial 5-fold dilutions. The ability of
eCD4-Ig variants with and without the AS5V substitution to neutralize infection by BG505
(Figure 22A), PVO.4 (Figure 22B), and 9014 (Figure 22C) pseudoviruses was compared.
The percent virus infection, relative to the amount of luciferase expressed in the absence of
any eCD4-Ig, is indicated as percent relative light units (%RLU). The dashed line indicates

50% virus infection.

[0096] Figure 23 depicts virus neutralization by eCD4-Ig variants with and without the S23N
substitution. Virus neutralization by eCD4-Ig variants with and without the S23N substitution
was measured in CD4" CCR5* TZM-bl cells, which express firefly luciferase upon infection.
L5Y/AS55V/IT6P/L96V/R134G/N164D/K167T eCD4-Ig variants with either the wild-type
human S23 residue or the S23N substitution were titered over serial 5-fold dilutions. The
ability of eCD4-Ig variants with and without the S23N substitution to neutralize infection by
BGS505 (Figure 23A) and PVO.4 (Figure 23B) pseudoviruses was compared. The percent
virus infection, relative to the amount of luciferase expressed in the absence of any eCD4-Ig,
is indicated as percent relative light units (%RLU). The dashed line indicates 50% virus

infection.
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[0097] Figure 24 is a scatter plot depicting virus neutralization by the indicated eCD4-Ig
variants. Virus neutralization assays were performed against a panel of test viruses, including
398F1, BG505, 246F3, Tro.11, X2278, 9014, PVO.4, T257-10, CE0217, ZM651, CNES,
CNES35, BJOX2000, CH119, X1634, and 89.6. The target cells were CD4* CCR5" TZM-bl
cells, which express firefly luciferase upon infection. The percent virus infection, relative to
the amount of luciferase expressed in the absence of any eCD4-Ig, is indicated as percent
relative light units (%RLU). The dashed line indicates 50% virus infection. In the context of
an R134G/N164D/K167T background, the presence of the substitutions S23N/AS5V/LO6V
led to a significant decrease in the concentration of eCD4-Ig needed to inhibit 50% of HIV
infection (P<0.0001, Wilcoxon matched pairs test).

[0098] Figure 25 depicts virus neutralization by eCD4-Ig variants that contain glycine or
buried hydrophobic amino acids substituted with a hydrophobic amino acid of larger volume
than the amino acid that is replaced. The eCD4-Ig variants tested included a wild-type human
CD4 D1D2 (SEQ ID NO:1) control (gray), AS5V, G6A/AS5V,
GO6A/S23N/ASSV/VI28L/V168L, G6A/S23T/AS5V/V128L/V168L, and
G6A/S23N/Q40A/A55V/V128L/V168L. The test virus is a pseudovirus produced from the
envelope glycoprotein of the transmitted/founder (t/f) virus PRB931-06. The target cells were
CD4" CCR5* TZM-bl cells, which express firefly luciferase upon infection. The percent virus
infection, relative to the amount of luciferase expressed in the absence of any eCD4-Ig, is
indicated as percent relative light units (%RLU). The dashed line indicates 50% virus

infection.

[0099] Figure 26 is a series of line graphs depicting the pharmacokinetics in rhesus
macaques of eCD4-Ig variants. The eCD4-Ig variants evaluated in macaques all had the
substitutions R134G/N164D/K167T. Where indicated, the eCD4-Ig variants had the “L.S™
substitutions (M428L and N4348) in the immunoglobulin Fc domain. The half-life of each
eCD4-Ig variant in each rhesus macaque is indicated next to the rhesus macaque’s number
(e.g., animal number r13007, half-life = 2.8 days). Groups of three rhesus macaques received
intravenous infusions of R134G/N164D/K167T eCD4-1gG1 at 30 mg/kg (Figure 26A),
R134G/N164D/K167T eCD4-1gG2 at 30 mg/kg (Figure 26B), R134G/N164D/K167T eCD4-
IgG1 LS at 30 mg/kg (Figure 26C), R134G/N164D/K167T eCD4-1gG2 LS at 30 mg/kg
(Figure 26D), R134G/N164D/K167T eCD4-1gG1 LS at 10 mg/kg (Figure 26E),
R134G/N164D/K167T eCD4-IgG2 LS at 10 mg/kg (Figure 26F), and
R134G/N164D/K167T eCD4-IgG1 LS at 1 mg/kg (Figure 26G). The half-lives were
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calculated from the first 10 days of data, prior to the potential emergence of anti-drug
antibodies. Black symbols indicate plasma eCD4-Ig concentrations in the animals receiving
IgG1, whereas gray symbols indicate plasma eCD4-Ig concentrations in the animals receiving

IgG2.

[00100] Figure 27 is a line graph depicting suppression of viral replication in rhesus
macaques by eCD4-Ig variants. Rhesus macaques infected with SHIV-ADS were
administered IgG1 or IgG2 forms of R134G/N164D/K167T eCD4-Ig at 30 mg/kg. At various
time points thereafter, plasma viral loads were measured (viral RNA copies per mL). Black
symbols indicate viral loads in the animals receiving IgG1, whereas gray symbols indicate

viral loads in the animals receiving IgG2.
DETAILED DESCRIPTION

[00101] The invention is based, in part, upon the discovery of proteins comprising both
human CD4 domain 1 and CD4 domain 2 (CD4 D1D2) that have greater stability and/or
activity than proteins comprising the naturally occurring human CD4 D1D2. In certain
embodiments, the proteins exhibit higher production yields; higher aggregation temperatures,
e.g., as measured by dynamic light scattering (DLS) in a thermal scan assay; higher melting
temperatures, e.g., as measured by dye intercalation assay; and/or longer plasma half-lives
compared to proteins comprising the naturally occurring human CD4 D1D2. Furthermore, it
is contemplated that the proteins described herein may be suitable for the treatment of HIV in

human subjects.

[00102] Various features and aspects of the invention are discussed in more detail

below.
I. Proteins

[00103] In one aspect, the invention provides a protein comprising a human CD4
D1D2 mutein, wherein the CD4 D1D2 mutein is at least 90% identical to wildtype human
CD4 D1D2 (SEQ ID NO: 1), and comprises at least one substitution at a position
corresponding to K1, K2, V4, L5, G6, K7, K8, D10, T11, V12, L14, T15, T17, A18, S19,
Q20, K21, K22, 823, 124, Q25, H27, N30, N32, 134, K35, 136, L37, N39, G41, S42, L44,
K46, P48, K50, L51, N52, D53, AS5, D56, R58, R59, S60, L61, Q64, G65, N66, F67, P68,
L69, 170,171, K72, K73, L74, K75,176, E77, D80, T81, V86, E87, D88, Q89, E91, V93,
Q94, 195, L96, V97, F98, G99, T101, A102, N103, S104, D105, H107, L108, Q110, S113,
L114,L116, T117, L118, S120, P121, P122, G123, S124, S125, V128, Q129, C130, R131,
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S132, P133, R134, G135, N137, 1138, Q139, G140, G141, K142, T143, L144, S145, V146,
S147, L149, E150, L151, Q152, D153, G155, T156, W157, T158, T160, V161, L162, Q163,
N164, Q165, K166, K167, V168, E169, F170, K171, 1172, D173, 1174, V175, V176, or
A178 of wild-type human CD4 D1D2 (SEQ ID NO: 1). As used herein, the term “mutein”
refers to a protein with an amino acid sequence that differs from a wild type amino acid

sequence.

[00104] In certain embodiments, the CD4 D1D2 mutein comprises at least one
substitution of an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino
acid at a corresponding position in a non-human primate CD4 D1D2. For example, in certain
embodiments, the CD4 D1D2 mutein comprises at least one substitution at a position
corresponding to K1, K2, V4, G6, K7, D10, T11, V12, T15, T17, Al8, S19, Q20, K21, K22,
$23, 124, Q25, H27, N30, N32, 134, K35, N39, G41, S42, L44, K46, P48, K50, L51, N52,
D53, A55, D56, R58, R59, S60, L61, Q64, G65, N66, P68, L69, 170, K72, K73, L74, K75,
176, E77, D80, T81, E87, D88, Q89, E91, Q94, L96, G99, T101, A102, N103, S104, D105,
H107, L108, Q110, S113, T117, S120, P122, G123, S124, S125, V128, Q129, C130, R131,
S132, R134, G135, N137, 1138, Q139, G140, G141, K142, T143, L144, S145, V146, S147,
E150, L151, Q152, D153, T156, W157, T158, T160, V161, L162, Q163, N164, Q165, K166,
K167, V168, E169, F170, K171, 1172, D173, 1174, V175, or A178 of wild-type human CD4
DID2 (SEQ ID NO: 1), e.g, by an amino acid at a corresponding position in a non-human
primate CD4 D1D2.

[00105] In certain embodiments, the CD4 D1D2 mutein comprises at least one
substitution of an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino
acid at a corresponding position in an ape, old world monkey, or new world monkey CD4
D1D2. For example, in certain embodiments, the CD4 D1D2 mutein comprises at least one
substitution at a position corresponding to K1, K2, K7, D10, T11, T15, T17, A18, S19, Q20,
K21, K22, 823, 124, Q25, H27, N30, N32, 134, N39, G41, S42, L44, K46, P48, N52, D53,
A55,R59, L61, Q64, G65, N66, P68, L69, 170, K72, K73, L74, K75, 176, D80, E87, D88,
Q89, Q94, L96, A102, N103, S104, Q110, S113, T117, S120, S124, Q129, R131, R134,
N137, Q139, G140, G141, K142, T143, L144, S145, V146, S147, E150, L151, Q152, T156,
W157, T158, T160, V161, L162, N164, Q165, K166, K167, V168, K171, D173, 1174, or
V175 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g., by an amino acid at a

corresponding position in an ape, old world monkey, or new world monkey CD4 D1D2.
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[00106] In certain embodiments, the CD4 D1D2 mutein comprises at least one
substitution of an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino
acid at a corresponding position in an ape or old world monkey CD4 D1D2. For example, in
certain embodiments, the CD4 D1D2 mutein comprises at least one substitution at a position
corresponding to K2, D10, T15, T17, S19, Q20, K21, K22, $23, 124, Q25, N30, N32, 134,
N39, P48, N52, D53, A55, R59, G65, N66, P68, L69, D80, E87, D88, Q89, Q94, Q110,
T117, S120, S124, Q129, R134, G140, K142, L144, S147, L151, T156, W157, T160, V161,
L162, N164, K166, or K167 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g, by an

amino acid at a corresponding position in an ape or old world monkey CD4 D1D2.

[00107] In certain embodiments, the CD4 D1D2 mutein comprises at least one
substitution of an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino
acid at a corresponding position in an ape CD4 D1D2. For example, in certain embodiments,
the CD4 D1D2 mutein comprises at least one substitution at a position corresponding to K1,
T15, T17, Q20, 134, N52, D53, A55, R59, G65, P68, E87, D88, T117, S120, R134, G140,
S147, W157, T160, N164, or K166 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g., by

an amino acid at a corresponding position in an ape CD4 D1D2.

[00108] In certain embodiments, the CD4 D1D2 mutein comprises at least one
substitution of an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino
acid at a corresponding position in an old world monkey CD4 D1D2. For example, in certain
embodiments, the CD4 D1D2 mutein comprises at least one substitution at a position
corresponding to K2, D10, T15, T17, S19, Q20, K21, K22, $23, 124, Q25, N30, N32, 134,
N39, P48, N52, A55, R59, N66, P68, L69, D80, D88, Q89, Q94, Q110, S124, Q129, R134,
G140, K142, L144, S147, L151, T156, T160, V161, L162, N164, K166, or K167 of wild-
type human CD4 D1D2 (SEQ ID NO: 1), e.g., by an amino acid at a corresponding position
in an old world monkey CD4 D1D2.

[00109] Exemplary non-human primates (NHPs), including apes, old world monkeys,
new world monkeys, and prosimians are listed in Figure 4, along with a sequence alignment
between the wild-type human CD4 D1D2 (SEQ ID NO: 1) amino acid sequence and
exemplary NHP CD4 D1D2 amino acid sequences.

[00110] In certain embodiments, the CD4 D1D2 mutein comprises at least one
substitution of a glycine or a hydrophobic amino acid in wild-type human CD4 D1D2 (SEQ

ID NO: 1) by a hydrophobic amino acid that has a larger volume, for example, side chain
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volume, than the amino acid that is replaced. The hydrophobic amino acid may, e.g, be a
buried hydrophobic amino acid. As used herein, the amino acids A,V, P, L, I, M, F, Y, and W
are considered hydrophobic amino acids, and the relative volume of glycine and the
hydrophobic amino acids is as follows: GKA<V<P<L=I<M<F<Y<W. For example, in
certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of an amino
acid at a position corresponding to L5, G6, V12, 114, A18, 124, 136, L37, L44, L51, AS5,
G65, F67, P68, L69, V93, G99, 171, L74, V86, V93, L95, L96, V97, F98, A102, L108, L114,
L116, L118, P121, V128, P133, 1138, G141, L144, V146, L149, G155, V161, V168, F170,
1172, 1174, or V176 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g., by a hydrophobic
amino acid having a larger volume than the amino acid being replaced. In certain
embodiments, the CD4 D1D2 mutein comprises at least one substitution of an amino acid at a
position corresponding to G6, 124, L44, L51, A55, L69, G99, A102, V128, G141, V146,
V161, and V168 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g, by a hydrophobic
amino acid having a larger volume than the amino acid that is replaced. In certain
embodiments, the CD4 D1D2 mutein comprises one or more amino acid substitutions

1dentified in Table 1.

TABLE 1
Wild-type Substitution at Specified
Human CD4 D1D2 | Position
(SEQID NO: 1)
Amino Acid
L5 M,F.Y,orW
G6 A V.PLIMFY, orW
V12 P,LLIMF Y, orW
L14 M F Y, orW
Al8 V,P.LLIMF Y, orW
124 M,F.Y,orW
136 M,F.Y,orW
L37 M. F,Y,orW
L44 M. F,Y,orW
L51 M. F,Y,orW
AS5S5 V,P.LLIMF Y, orW
G65 A V.PLIMFY, orW
F67 Y, or W
P68 LIMFY, orW
L69 M. F,Y,orW
171 M,F. Y, orW
L74 M. F. Y, orW
V86 P,LLIMF Y, orW
VI3 P,LLIMF Y, orW
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L95 M,F.Y.or W
L96 M,F.Y.or W
V97 P.LILMFY,or W
F98 Y, or W
G99 A V.P,LLMFY,or W
A102 V.P.LLMF, Y. orW
L108 M,F.Y.or W
L114 M,F.Y.or W
L116 M,F.Y.or W
L118 M,F.Y.or W
P121 L.LMF Y, orW
V128 P.LLMFY,or W
P133 L.LMF Y. orW
1138 M, F.Y,or W
G141 A V.P,LLMFY,or W
L144 M F Y, orW
V146 P.LLMFY,or W
L149 M,F.Y.or W
G155 A V.P,LLMFY,or W
V161 P.LILMFY,orW
V168 P.LILMFY,orW
F170 Y, orW
1172 M, F.Y,or W
1174 M, F.Y,or W
V176 P.LILMFY,or W
[00111] In certain embodiments, the CD4 D1D2 mutein comprises at least one

substitution of a glycine or a hydrophobic amino acid in wild-type human CD4 D1D2 (SEQ

ID NO: 1) by a hydrophobic amino acid that has a larger volume, for example, side chain

volume, than the amino acid that is replaced, and is also at a corresponding position in a non-

human primate CD4 D1D2. For example, in certain embodiments, the CD4 D1D2 mutein

comprises at least one of: a substitution of G6 by A (G6A); a substitution of 124 by M
(I24M); a substitution of L44 by W (L44W); a substitution of L51 by M (L51M); a
substitution of A55 by V (A55V) or [ (A55]); a substitution of L69 by M (L69M); a
substitution of G99 by A (G99A); a substitution of A102 by V (A102V); a substitution of
V128 by L (V128L); a substitution of G141 by V (G141V) or M (G141M); a substitution of
V146 by I (V146]1) or M (V146M); a substitution of V161 by [ (V161I) or L (V161L); and a

substitution of V168 by L (V168L).

[00112] In certain embodiments, the CD4 D1D2 mutein comprises at least one

substitution that results in a protein with a decrease in net positive charge. For example, in

certain embodiments, the CD4 D1D2 mutein comprises at least one substitution of a basic
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amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an uncharged amino acid or a
basic amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an acidic amino acid. In
certain embodiments, the uncharged amino acid is an uncharged, polar amino acid (G, S, T,

N,Q,andH), AorY.

[00113] As used herein, the amino acids G, A, S, T, N, Q. H, Y, L, L V, M, F, W, P,
and C are considered to be uncharged amino acids, the amino acids G, S, T, N, Q, and H are
considered to be uncharged, polar amino acids, the amino acids D and E and are considered

to be acidic amino acids, and the amino acids K and R are considered to be basic amino acids.

[00114] For example, in certain embodiments, the CD4 D1D2 mutein comprises at
least one substitution of an amino acid at a position corresponding to K1, K2, K7, K21, K22,
K35, K46, K50, R58, R59, K72, K75, R131, R134, K142, K166, K167, or K171 of wild-type
human CD4 DID2 (SEQIDNO: 1)e.g, by G, A, S, T. N, Q, H, or Y. In certain
embodiments, the CD4 D1D2 mutein comprises one or more amino acid substitutions
identified in Table 2. In certain embodiments the CD4 D1D2 mutein comprises one or more
substitutions identified in Table 3 of a basic amino acid in wild-type human CD4 D1D2
(SEQ ID NO: 1) by an acidic amino acid.

TABLE 2
Wild-type Substitution at Specified
Human CD4 D1D2 | Position
(SEQID NO: 1)
Amino Acid
K1 G, A S, T NQH oY
K2 G, A S, TNQH oY
K7 G, A S, T NQH oY
K21 G, A S, T NQH oY
K22 G, A S, T NQH oY
K35 G, A S, T NQH oY
K46 G, A S, T NQH oY
K50 G, A S, T NQH oY
R358 G, A ST NQH oY
R59 G, A ST NQH oY
K72 G, A S, T NQH oY
K75 G, A S, T NQH oY
R131 G, A S, T NQH oY
R134 G, A S, T NQH oY
K142 G, A S, T NQHorY
K166 G, A S, T NQHorY
K167 G, A S, T NQHorY
K171 G, A S, T NQHorY

1
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TABLE 3
Wild-type Substitution at Specified
Human CD4 D1D2 | Position
(SEQID NO: 1)
Amino Acid
K1 DorE
K2 DorE
K7 DorE
K21 DorE
K22 DorE
K35 DorE
K46 DorE
K50 DorE
R58 DorE
R59 DorE
K72 DorE
K75 DorE
R131 DorE
R134 DorE
K142 DorE
K166 DorE
K167 DorE
K171 DorE
[00115] In certain embodiments, the CD4 D1D2 mutein comprises at least one

substitution of a basic amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an
uncharged or acidic amino acid that is also at a corresponding position in a non-human
primate CD4 D1D2. For example, in certain embodiments, the CD4 D1D2 mutein comprises
at least one of: a substitution of K1 by N (K1N); a substitution of K2 by N (K2N), T (K2T),
or E (K2E); a substitution of K7 by E (K7E); a substitution of K21 by N (K21N); a
substitution of K22 by T (K22T); a substitution of K46 by T (K46T); a substitution of R59 by
Q (R59Q); a substitution of K75 by Q (K75Q) or E (K75E); a substitution of R131 by T
(R131T) or Q (R131Q); a substitution of R134 by T (R134T) or G (R134G); a substitution of
K142 by G (K142G) or S (K1428); a substitution of K166 by N (K166N), Q (K166Q), H
(K166H), or E (K166E); a substitution of K167 by T (K167T); and a substitution of K171 by
Q (K171Q), S (K1718), N (K171N), or E (K171E).

[00116] In certain embodiments, the CD4 D1D2 mutein comprises at least one
substitution of an uncharged amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by

an acidic amino acid. For example, in certain embodiments, the CD4 D1D2 mutein comprises
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at least one substitution of an amino acid at a position corresponding to V4, T11, T15, T17,
S19, Q20, S23, Q25, H27, N30, N32, 134, S42, P48, N52, S60, L61, Q64, N66, 170, 176, T81,
Q89, Q94, T101, N103, S104, H107, Q110, S113, T117, S120, P122, G123, S124, S125,
Q129, G135, N137, Q139, G140, T143, S145, S147, L151, Q152, T156, T158, T160, L162,
Q163, N164, Q165, V175, or A178 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g., by
D or E. In certain embodiments, the CD4 D1D2 mutein comprises one or more amino acid

substitutions identified in Table 4.

TABLE 4
Wild-type Substitution
Human CD4 D1D2 | at Specified
(SEQIDNO:1) Position
Amino Acid
V4 DorE
T11 DorE
TI15 DorE
T17 DorE
S19 DorE
Q20 DorE
S23 DorE
Q25 DorE
H27 DorE
N30 DorE
N32 DorE
134 DorE
S42 DorE
P48 DorE
N52 DorE
S60 DorE
L61 DorE
Q64 DorE
N66 DorE
170 DorE
176 DorE
T81 DorE
Q89 DorE
Q94 DorE
T101 DorE
N103 DorE
S104 DorE
H107 DorE
Q110 DorE
S113 DorE
T117 DorE
S120 DorE
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P122 DorE
G123 DorE
S124 DorE
S125 DorE
Q129 DorE
G135 DorE
N137 DorE
Q139 DorE
G140 DorE
T143 DorE
S145 DorE
S147 DorE
L151 DorE
Q152 DorE
T156 DorE
T158 DorE
T160 DorE
L162 DorE
Q163 DorE
N164 DorE
Q165 DorE
V175 DorE
Al78 DorE
[00117] In certain embodiments, the CD4 D1D2 mutein comprises at least one

substitution of an uncharged amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by
an acidic amino acid that is also at a corresponding position in a non-human primate CD4
D1D2. For example, in certain embodiments, the CD4 D1D2 mutein comprises at least one
of a substitution of T17 by E (T17E); a substitution of N32 by D (N32D); a substitution of
Q94 by E (Q94E); a substitution of Q110 by E (Q110E); a substitution of G123 by D
(G123D); a substitution of Q129 by E (Q129E); and a substitution of N164 by D (N164D).

[00118] In certain embodiments, the CD4 D1D2 mutein comprises at least one
substitution in the CD4 D1 domain (corresponding to amino acid residues 1 to 98 of SEQ ID
NO: 1), for example, one or more of the substitutions described herein, and at least one
substitution in the CD4 D2 domain (corresponding to amino acid residues 99 to 178 of SEQ

ID NO: 1), for example, one or more of the substitutions described herein.

[00119] In certain embodiments, the CD4 D1D2 mutein comprises one, two, three,
four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen,
seventeen, eighteen, nineteen, or twenty substitutions. In certain embodiments, the CD4
D1D2 mutein is at least 91%, 92%., 93%, 94%, 95%, 96%. 97%. 98%. or 99% identical to

wild-type human CD4 D1D2 (SEQ ID NO: 1).
-34 -



WO 2019/183387 PCT/US2019/023422

[00120] In certain embodiments, the CD4 D1D2 mutein comprises fewer than ten,
nine, eight, seven, six, five, four, three, two, or one substitution at amino acid positions with

surface-exposed side chains in wild-type human CD4 D1D2 (SEQ ID NO: 1).

[00121] Sequence identity may be determined in various ways that are within the skill
in the art, e.g., using publicly available computer software such as BLAST, BLAST-2,
ALIGN or Megalign (DNASTAR) software. BLAST (Basic Local Alignment Search Tool)
analysis using the algorithm employed by the programs blastp, blastn, blastx, tblastn and
tblastx (Karlin et a/., (1990) PROC. NATL. ACAD. ScI. USA 87:2264-2268; Altschul, (1993) J.
MoL. EvoL. 36, 290-300; Altschul et al., (1997) NUCLEIC ACIDS RES. 25:3389-3402,
incorporated by reference) are tailored for sequence similarity searching. For a discussion of
basic issues in searching sequence databases, see Altschul ef a/., (1994) NATURE GENETICS
6:119-129, which is fully incorporated by reference. Those skilled in the art can determine
appropriate parameters for measuring alignment, including any algorithms needed to achieve
maximal alignment over the full length of the sequences being compared. The search
parameters for histogram, descriptions, alignments, expect (i.e., the statistical significance
threshold for reporting matches against database sequences), cutoff, matrix and filter are at
the default settings. The default scoring matrix used by blastp, blastx, tblastn, and tblastx is
the BLOSUMG62 matrix (Henikoff er a/., (1992) PROC. NATL. ACAD. SCI. USA 89:10915-
10919, fully incorporated by reference). Four blastn parameters may be adjusted as follows:
Q=10 (gap creation penalty); R=10 (gap extension penalty); wink=1 (generates word hits at
every wink.sup.th position along the query); and gapw=16 (sets the window width within
which gapped alignments are generated). The equivalent Blastp parameter settings may be
Q=9; R=2; wink=1; and gapw=32. Searches may also be conducted using the NCBI
(National Center for Biotechnology Information) BLAST Advanced Option parameter (e.g.: -
G, Cost to open gap [Integer|: default =5 for nucleotides/ 11 for proteins; -E, Cost to extend
gap [Integer]: default = 2 for nucleotides/ 1 for proteins; -q, Penalty for nucleotide mismatch
[Integer]: default = -3; -r, reward for nucleotide match [Integer]|: default = 1; -e, expect value
[Real]: default = 10; -W, wordsize [Integer|: default = 11 for nucleotides/ 28 for megablast/ 3
for proteins; -y, Dropoff (X) for blast extensions in bits: default = 20 for blastn/ 7 for others; -
X, X dropoff value for gapped alignment (in bits): default = 15 for all programs, not
applicable to blastn; and —Z, final X dropoff value for gapped alignment (in bits): 50 for
blastn, 25 for others). ClustalW for pairwise protein alignments may also be used (default

parameters may include, e.g., Blosum62 matrix and Gap Opening Penalty = 10 and Gap
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Extension Penalty = 0.1). A Bestfit comparison between sequences, available in the GCG
package version 10.0, uses DNA parameters GAP=50 (gap creation penalty) and LEN=3 (gap
extension penalty) and the equivalent settings in protein comparisons are GAP=8 and

LEN=2.

[00122] In certain embodiments, the CD4 D1D2 mutein comprises at least one
substitution at a position corresponding to K1, K2, L5, G6, K7, K8, T15, T17, K21, K22,
$23, A55,170, K72, K75, Q94, L96, G99, A102, Q110, R134, K142, N164, K166, K167, or
K171 of wild-type human CD4 D1D2 (SEQ ID NO: 1). In certain embodiments, the CD4
D1D2 mutein comprises at least one substitution at a position corresponding to L5, K8, S23,
A55, K75, Q94, L96, Q110, R134, N164, or K167 of wild-type human CD4 D1D2 (SEQ ID
NO: 1). For example, the CD4 D1D2 mutein may comprise at least one substitution at a
position corresponding to L5, 823, AS5, L96, R134, N164, or K167 of wild-type human CD4
DI1D2 (SEQ ID NO: 1), at least one substitution at a position corresponding to S23, A55,
R134, N164, or K167 of wild-type human CD4 D1D2 (SEQ ID NO: 1), or at least one
substitution at a position corresponding to AS55, R134, N164, or K167 of wild-type human
CD4 D1D2 (SEQ ID NO: 1). In certain embodiments, the CD4 D1D2 mutein comprises at
least one substitution at a position corresponding to K2, K7, K8, T17, 170, K72, Q9%4, Q110,
R134, K142, N164, or K167 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

[00123] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions: R134 and K167; R134 and N164; N164 and K167; A55 and R134; A55
and N164; A55 and K167; S23 and R134; 823 and N164; S23 and K167; K72 and K75; K75
and R134; K75 and N164; K75 and K167; K75 and Q94; K75 and Q110; S23 and K75; AS5
and K75; Q94 and Q110; S23 and A55; L5 and S23; K2 and N164; K2 and K167; K7 and
K8; K7 and A55; K8 and N164; K8 and K167; K8 and A55; T17 and N164; T17 and K167;
170 and N164; 170 and K167; AS55 and 170; AS55 and K72; K72 and N164; K72 and K167
Q94 and N164; Q94 and K167; Q110 and N164; Q110 and K167; K142 and K167; R134,
N164, and K167; A55, R134, and N164; AS5, R134, and K167; AS55, N164, and K167; AS5S,
K7, and K8; S23, R134, and N164; S23, R134, and K167; S23, N164, and K167; S23, A55,
and R134; S23, A55, and N164; S23, AS5, and K167; K75, R134, and N164; K75, R134, and
K167; K75, N164, and K167; K75, Q94, and Q110; AS55, K75, and R134; L5, AS5, and L96;
AS55,R134, N164, and K167; AS55, K75, R134, and K167; L5, S23, A55, and L96; R134,
K142, N164, and K167; K7, R134, N164, and K167; K8, R134, N164, and K167; K72,
R134, N164, and K167; K75, R134, N164, and K167; T17, R134, N164, and K167; 170,
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R134, N164, and K167; Q94, R134, N164, and K167; Q110, R134, N164, and K167; Q94,
Q110, R134, and N164; S23, A55, R134, N164, and K167; Q94, Q110, R134, N164, and
K167, Q94, Q110, R134, K142, and K167; Q94, Q110, K142, N164, and K167; K7, K8,
R134, N164, and K167; $23, A55, L96, R134, N164, and K167; K75, Q94, Q110, R134,
N164, and K167; K72, K75, Q94, Q110, R134, N164, and K167; or K2, T17, K21, K72,
K75, Q94, Q110, R134, N164, and K167.

[00124] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions: R134 and K167; R134 and N164; N164 and K167; Q94 and Q110; K2
and N164; K2 and K167; K7 and K8; K8 and N164; K8 and K167; T17 and N164; T17 and
K167; 170 and N164; 170 and K167; K72 and N164; K72 and K167; K75 and R134; K75 and
N164; K75 and K167; K75 and Q94: K75 and Q110; Q94 and N164: Q94 and K167; Q110
and N164; Q110 and K167; K142 and K167; R134, N164, and K167; K75, Q94, and Q110
K7, R134, N164, and K167; K8, R134, N164, and K167; T17, R134, N164, and K167; R134,
K142, N164, and K167; 170, R134, N164, and K167; K72, R134, N164, and K167; Q94,
R134, N164, and K167; Q110, R134, N164, and K167; Q94, Q110, R134, and N164: Q94,
Q110, R134, N164, and K167: Q94, Q110, R134, K142, and K167; Q94, Q110, K142, N164,
and K167; K75, Q94, Q110, R134, N164, and K167; K72, K75, Q94, Q110, R134, N164,
and K167; or K7, K8, R134, N164, and K167.

[00125] In certain embodiments, the CD4 D1D2 mutein comprises substitutions at the
following positions: R134, N164, and K167; AS5, R134, and N164; A55, R134, and K167,
A55,N164, and K167; L5, A55, and L96; A55, R134, N164, and K167; L5, 823, A55, and
L96: S23, A55, R134, N164, and K167; S23, A55, L96, R134, N164, and K167; L5, $23,
A55, R134, N164, and K167; or L5, $23, A55, L96, R134, N164, and K167. In certain
embodiments, the CD4 D1D2 mutein comprises substitutions at the following positions: L5,
A55, and L96; AS5, R134, N164, and K167; $23, A55, R134, N164, and K167 or L5, S23,
A55,1.96, R134, N164, and K167.

[00126] In certain embodiments, the CD4 D1D2 mutein comprises at least one of: a
substitution of K1 by N (K1N); a substitution of K2 by E (K2E), N (K2N) or T (K2T); a
substitution of L5 by Y (L5Y), I (L51), E (LSE), W (L5W), V (L5V), F (L5F), or T (L5T); a
substitution of K7 by E (K7E); a substitution of K8 by E (K8E); a substitution of T15 by N
(T15N) or E (T15E); a substitution of T17 by N (T17N) or E (T17E); a substitution of S23 by
N (S23N), T (S23T), K (S23K), Y (S23Y), or A (S23A); a substitution of A55 by V (A55V),

I (A551), P (A55P). L (AS5L), M (A55M), F (AS5F), Y (A55Y), W (AS55W) or T (AS5T): a
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substitution of 170 by E (I70E), L (I70L), or V (I70V); a substitution of K72 by S (K72S8); a
substitution of K75 by E (K75E) or Q (K75Q); a substitution of Q94 by E (Q94E); a
substitution of L96 by V (L96V), Q (L96Q), T (L96T), I (L96I), or Y (L96Y); a substitution
of Q110 by E (Q110E) or H (Q110H); a substitution of R134 by G (R134G) or T (R134T); a
substitution of K142 by R (K142R), G (K142G), or S (K1428); a substitution of N164 by D
(N164D), H (N164H), R (N164R), or E (N164E); and a substitution of K167 by T (K167T),
R (K167R), or L (K167L).

[00127] In certain embodiments the CD4 D1D2 mutein comprises at least one of the
K2E, K7E, K8E, T17N, T17E, A55V, 170E, K728, K75E, Q94E, Q110E, R134G, K142R,
N164D, and K167T substitutions. For example, in certain embodiments, the CD4 D1D2
mutein comprises the following substitutions: K2E and N164D; K2E and K167T; K7E and
KBE; K8E and N164D; K8E and K167T; T17N and N164D; T17N and K167T; T17E and
N164D; T17N and K167T; 170E and N164D; I70E and K167T; K72S and N164D; K72S and
K167T; Q94E and Q110E; Q94E and N164D; Q94E and K167T; Q110E and N164D; Q110E
and K167T; R134G and N164D; R134G and K167T; K142R and K167T; N164D and
K167T; R134G, N164D and K167T; K2E, R134G, N164D, and K167T; K8E, R134G,
N164D, and K167T; T17N, R134G, N164D, and K167T; T17E, R134G, N164D, and K167T;
A55V, R134G, N164D, and K167T; 170E, R134G, N164D, and K167T; K72S, R134G,
N164D, and K167T; K75E, Q94E, and Q110E; or K728, K75E, Q94E, Q110E, R134G,
N164D, and K167T.

[00128] In certain embodiments, the CD4 D1D2 mutein comprises at least one of the
L5Y, K8E, S23N, A55V, K75E, Q94E, L6V, Q110E, R134G, N164D, and K167T
substitutions, at least one of the L5Y, S23N, A55V, L96V, R134G, N164D, and K167T
substitutions, at least one of the S23N, A55V, R134G, N164D, and K167T substitutions, or at
least one of the A55V, R134G, N164D, and K167T substitutions. For example, in certain
embodiments, the CD4 D1D2 mutein comprises the following substitution(s): A55V; L5Y,
AS55V, and L96V; A55V, R134G, N164D, and K167T; S23N, A55V, R134G, N164D, and
K167T; L5Y, A55V, L96V, R134G, N164D, and K167T; or L5Y, S23N, A55V, L96V,
R134G, N164D, and K167T.

[00129] In certain embodiments, the CD4 D1D2 mutein comprises the amino acid
sequence of SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO:
16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26,

SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 36, SEQ ID NO: 38, SEQ
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ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, or an amino acid sequence that has at least
90%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO: 8, SEQ ID NO: 10,
SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ
ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO:
32, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, or SEQ ID NO: 44.

[00130] In certain embodiments, the CD4 D1D2 mutein comprises a leader sequence
comprising the amino acid sequence of SEQ ID NO: 46, which is encoded by the nucleotide
sequence of SEQ ID NO: 47. In certain embodiments, the leader sequence has at least 90%,
95%, 96%, 97%, 98%, or 99% sequence identity to SEQ ID NO: 46.

[00131] In certain embodiments, the CD4 D1D2 mutein does not include a substitution
of an amino acid residue in wild-type human CD4 D1D2 (SEQ ID NO: 1) that contacts
gp120. For example, in certain embodiments, the CD4 D1D2 mutein does not include a
substitution at a position corresponding to N32, K35, L44, K46, or R59 of wild-type human
CD4 D1D2 (SEQ ID NO: 1) and the naturally occurring amino acid is retained.

[00132] In certain embodiments, the CD4 D1D2 mutein does not include a substitution
of an amino acid residue that forms a salt bridge in wild-type human CD4 D1D2 (SEQ ID
NO: 1). For example, in certain embodiments, the CD4 D1D2 mutein does not include a
substitution at a position corresponding to K1, K2, K50, D56, R58, R59, K72, E77, E91,
R131, D153, K167, E169, or K171 of wild-type human CD4 D1D2 (SEQ ID NO: 1) and the

naturally occurring amino acid is retained.

[00133] In certain embodiments, the CD4 D1D2 mutein does not include a substitution
at a position corresponding to F98 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g., the
CD4 D1D2 mutein does not include a substitution of FO8 by valine (FO8V). In certain
embodiments, the CD4 D1D2 mutein does not include a substitution at a position
corresponding to 176 of wild-type human CD4 D1D2 (SEQ ID NO: 1), e.g., the CD4 D1D2

mutein does not include a substitution of 176 by proline (I76P).

[00134] In certain embodiments, the CD4 D1D2 mutein comprises at least one amino
acid substitution, for example, one or more of the substitutions described herein, that
increases the aggregation temperature of the protein. In certain embodiments, the protein has
an aggregation temperature of at least 60°C, 61°C, 62°C, 63°C, 64°C, 65°C, 66°C, 67°C, 68°C,
69°C, or 70°C. In certain embodiments, the protein has an aggregation temperature at least

7°C, 8°C, 9°C, 10°C, 11°C, or 12°C higher than the aggregation temperature of a
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corresponding protein comprising a wild-type human CD4 D1D2. Aggregation temperature
can be measured by any method known in the art, including by dynamic light scattering

(DLS) in a thermal scan assay as described in Examples 1 and 2 herein.

[00135] In certain embodiments, the CD4 D1D2 mutein comprises at least one amino
acid substitution, for example, one or more of the substitutions described herein, that
increases the melting temperature of the protein. In certain embodiments, the protein has a
melting temperature of at least 50.3°C, 51°C, 52°C, 53°C, 53°C, 54°C, 55°C, 56°C, 57°C,
58°C, 59°C, or 60°C, 61°C, 62°C, 63°C, 64°C, 65°C, 66°C. In certain embodiments, the
protein has a melting temperature at least 0.1°C , 1°C , 2°C , 3°C ,4°C, 5°C , 6°C, 7°C, 8°C,
9°C, 10°C, 11°C, 12°C, 13°C, 14°C, 15°C, or 16°C higher than the melting temperature of a
corresponding protein comprising a wild-type human CD4 D1D2. Melting temperature can
be measured by any method known in the art, including by a thermal scan assay using, e.g.,
dye intercalation, as described in Example 3 herein. In certain embodiments, the CD4 D1D2
mutein comprises at least one amino acid substitution, for example, one or more of the
substitutions described herein, that increases the yield of the CD4 D1D2 mutein. In certain
embodiments, the protein is produced at a yield that is between about 1.1 and 5 times, about
1.5 and 5 times, about 2 and 5 times, about 3 and 5 times, about 4 and 5 times, about 1.1 and
4 times, about 1.5 and 4 times, about 2 and 4 times about 4 and 4 times, about 1.1 and 3
times, about 1.5 and 3 times, about 2 and 3 times, about 1.1 and 2 times about 1.5 and 2
times, or about 1.1 and 1.5 times the yield of a corresponding protein comprising a wild-type
human CD4 D1D2. In certain embodiments, the protein is produced at a yield that is at least
about 1%, about 5%, about 10%, about 15%, about 20%, about 25%, about 30%, about 35%,
about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%, about
75%, about 80%, about 85%, about 90%, about 95%, about 100%, about 150%, about 200%,
about 250%, about 300%, about 350%, about 400%, about 450% higher than the yield of a
corresponding protein comprising a wild-type human CD4 D1D2.

[00136] In certain embodiments, the CD4 D1D2 mutein comprises at least one amino
acid substitution, for example, one or more of the substitutions described herein, that
increases neutralization of a virus, e.g., HIV, by the CD4 D1D2 mutein. For example, in
certain embodiments, the CD4 D1D2 mutein comprises at least one amino acid substitution
that decreases the ICso of the protein for HIV infection of a CD4* CCR5* cell. Viral

neutralization can be measured by any method known in the art, including by incubating a
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protein comprising the CD4 D1D2 mutein with virus and CD4+ CCR5+ TZM-bl cells, which

express firefly luciferase upon viral infection, as described in Example 5 herein.

[00137] In certain embodiments, the protein has a plasma half-life of at least 12 hours,
24 hours, 1 day, 1.5 days, 2 days, 2.5 days, 3 days, 3.5 days, 4 days, 4.5 days, 5 days, 5.5
days, 6 days, 6.5 days, 7 days, 7.5 days, 8 days, 8.5 days, 9 days, 9.5 days, or 10 days, e.g., in
the plasma of a mouse (e.g., a human FcRn transgenic mouse), rat, thesus macaque, or
human. For example, in certain embodiments, the protein has a plasma half-life of at least 12
hours in a rat. In certain embodiments, the protein has a plasma half of at least 3 days in a

human FcRn transgenic mouse.

[00138] In certain embodiments, a protein comprising a CD4 D1D2 mutein further
comprises a primate lentivirus envelope glycoprotein binding moiety. The binding moiety
may, for example, comprise a peptide mimetic of CCR5, the co-receptor for HIV. In certain
embodiments, the binding moiety comprises at least one sulfotyrosine. In certain
embodiments, the binding moiety comprises the amino acid sequence of SEQ ID NO: 2, SEQ
ID NO: 3, SEQID NO: 4, SEQID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 7. In certain
embodiments, a tyrosine residue in any one of SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO:
4, SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 7 is sulfated.

[00139] Alternatively or in addition, in certain embodiments, a protein comprising a
CD4 D1D2 mutein further comprises an immunoglobulin Fc domain. As used herein, unless
otherwise indicated, the term “immunoglobulin Fc domain™ refers to a fragment of an
immunoglobulin heavy chain constant region. An immunoglobulin Fc domain may include,
e.g., immunoglobulin CH2 and CH3 domains. An immunoglobulin Fc domain may include,
e.g., immunoglobulin CH2 and CH3 domains and an immunoglobulin hinge region. In
certain embodiments, the immunoglobulin hinge region comprises a substitution or deletion
of C220, e.g., C220S. Boundaries between immunoglobulin hinge regions, CH2, and CH3
domains are well known in the art, and can be found, e.g., in the PROSITE database

(available on the World Wide Web at prosite.expasy.org).

[00140] In certain embodiments, the immunoglobulin Fc domain is derived from a
human IgG1, 1gG2, I1gG3, IgG4, IgA1, IgA2, IgD, IgE, and IgM Fc domain. In certain
embodiments, the immunoglobulin Fc domain is derived from a human IgG1 isotype or
another isotype that directs antibody-dependent cell-mediated cytotoxicity (ADCC) and/or

complement mediated cytotoxicity (CDC). In certain embodiments, the immunoglobulin F¢
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domain is derived from a human IgGl1 isotype. In certain embodiments, the immunoglobulin
Fc domain is derived from a human IgG2 isotype or another isotype that elicits little or no
antibody-dependent cell-mediated cytotoxicity (ADCC) and/or complement mediated
cytotoxicity (CDC). In certain embodiments, the immunoglobulin F¢ domain is derived from
a human IgG3 isotype. In certain embodiments, the immunoglobulin Fc domain is derived

from a human IgG4 isotype.

[00141] In certain embodiments, the Fc domain comprises a substitution, for example,
one or more of the substitutions described herein, that increases the stability and/or half-life
of the Fc domain. For example, in certain embodiments, the Fc domain comprises at least one
of a M252Y, S254T, T256E, M428L, H433K, N4348S, and N434F substitution. For example,
the Fc domain may comprise the M252Y, S254T, and T256E substitutions, or the M428L and
N434S substitutions. All Fc domain residue numbers are according to conventional human

IgG numbering (Hessell ef al. (2007) NATURE, 449(7158):101-4).

[00142] In certain embodiments, a protein comprising a CD4 D1D2 mutein further
comprises an immunoglobulin Fc domain and/or a primate lentivirus envelope glycoprotein
binding moiety. In certain embodiments, the CD4 D1D2 mutein is linked or fused directly to
the Fc domain and/or envelope glycoprotein binding moiety. In other embodiments, the CD4
D1D2 mutein can be covalently bound to the Fc domain and/or envelope glycoprotein

binding moiety by a linker.

II. Protein Production

[00143] Methods for producing proteins of the invention are known in the art. For
example, DNA molecules encoding a protein comprising a CD4 mutein can be chemically
synthesized using the sequence information provided herein. Synthetic DNA molecules can
be ligated to other appropriate nucleotide sequences, including, e.g., expression control

sequences, to produce conventional gene expression constructs encoding the desired protein.

[00144] Nucleic acids encoding a desired protein comprising a CD4 mutein can be
incorporated (ligated) into expression vectors, which can be introduced into host cells
through conventional transfection or transformation techniques. Transformed host cells can
be grown under conditions that permit the host cells to express the genes that encode the

protein.

[00145] Nucleic acids encoding a CD4 mutein may be generated by mutating a
nucleotide sequence encoding the wild-type human CD4 D1D2 (SEQ ID NO: 35) using
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methods known in the art. Furthermore, in certain embodiments, nucleic acids encoding a
protein of the invention may be codon optimized for expression in a heterologous cell, e.g.,

an E. coli cell, CHO cell, etc., using methods known in the art.

[00146] Exemplary nucleotide sequences encoding CD4 muteins disclosed herein
include SEQ ID NO: 9 (encoding the amino acid sequence depicted in SEQ ID NO: 8), SEQ
ID NO: 11 (encoding the amino acid sequence depicted in SEQ ID NO: 10), SEQ ID NO: 13
(encoding the amino acid sequence depicted in SEQ ID NO: 12), SEQ ID NO: 15 (encoding
the amino acid sequence depicted in SEQ ID NO: 14), SEQ ID NO: 17 (encoding the amino
acid sequence depicted in SEQ ID NO: 16), SEQ ID NO: 19 (encoding the amino acid
sequence depicted in SEQ ID NO: 18), SEQ ID NO: 21 (encoding the amino acid sequence
depicted in SEQ ID NO: 20), SEQ ID NO: 23 (encoding the amino acid sequence depicted in
SEQ ID NO: 22), SEQ ID NO: 25 (encoding the amino acid sequence depicted in SEQ ID
NO: 24), SEQ ID NO: 27 (encoding the amino acid sequence depicted in SEQ ID NO: 26),
SEQ ID NO: 29 (encoding the amino acid sequence depicted in SEQ ID NO: 28), SEQ ID
NO: 31 (encoding the amino acid sequence depicted in SEQ ID NO: 30), SEQ ID NO: 33
(encoding the amino acid sequence depicted in SEQ ID NO: 32), SEQ ID NO: 37 (encoding
the amino acid sequence depicted in SEQ ID NO: 36), SEQ ID NO: 39 (encoding the amino
acid sequence depicted in SEQ ID NO: 38), SEQ ID NO: 41 (encoding the amino acid
sequence depicted in SEQ ID NO: 40), SEQ ID NO: 43 (encoding the amino acid sequence
depicted in SEQ ID NO: 42), and SEQ ID NO: 45 (encoding the amino acid sequence
depicted in SEQ ID NO: 44).

[00147] Specific expression and purification conditions will vary depending upon the
expression system employed. For example, if a gene is to be expressed in £. coli, it can be
cloned into an expression vector by positioning the engineered gene downstream from a
suitable bacterial promoter, e.g., Trp or Tac, and a prokaryotic signal sequence. The
expressed secreted protein accumulates in refractile or inclusion bodies, and can be harvested
after disruption of the cells by French press or sonication. The refractile bodies then are

solubilized, and the proteins refolded and cleaved by methods known in the art.

[00148] A protein can be produced by growing (culturing) a host cell transfected with
an expression vector encoding such protein, under conditions that permit expression of the
protein. Following expression, the protein can be harvested and purified or isolated using

techniques known in the art, e.g., Protein A purification.
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III. Expression Vectors

[00149] In another aspect, the invention provides an isolated nucleic acid comprising a
nucleotide sequence encoding any of the foregoing proteins. In another aspect, the invention
provides an expression vector comprising any of the foregoing nucleic acids. In certain
embodiments, the expression vector is a viral vector, e.g., an adeno-associated virus (AAV)

vector.

[00150] Adeno-associated virus (AAV) is a small, nonenveloped icosahedral virus of
the genus Dependoparvovirus and family Parvovirus. AAV has a single-stranded linear DNA
genome of approximately 4.7 kb. AAV includes numerous serologically distinguishable types
including serotypes AAV-1 to AAV-12, as well as more than 100 serotypes from nonhuman
primates (See, e.g., Srivastava (2008) J. CELL BIOCHEM., 105(1): 17-24, and Gao et al.
(2004) J. VIROL., 78(12), 6381-6388). AAV is capable of infecting both dividing and
quiescent cells of several tissue types, with different AAV serotypes exhibiting different

tissue tropism.

[00151] The wild-type AAV genome contains two 145 nucleotide inverted terminal
repeats (ITRs), which contain signal sequences directing AAV replication, genome
encapsidation and integration. In addition to the ITRs, three AAV promoters, p5, p19, and
p40, drive expression of two open reading frames encoding rep and cap genes. Two rep
promoters, coupled with differential splicing of the single AAV intron, result in the
production of four rep proteins (Rep 78, Rep 68, Rep 52, and Rep 40) from the rep gene. Rep
proteins are responsible for genomic replication. The Cap gene is expressed from the p40
promoter, and encodes three capsid proteins (VP1, VP2, and VP3) which are splice variants

of the cap gene. These proteins form the capsid of the AAV particle.

[00152] Because the cis-acting signals for replication, encapsidation, and integration
are contained within the ITRs, some or all of the 4.3 kb internal genome may be replaced
with foreign DNA, for example, an expression cassette for an exogenous protein of interest.
In this case the rep and cap proteins are provided in trans on, for example, a plasmid. In order
to produce an AAV vector, a host cell line permissive of AAV replication must express the
rep and cap genes, the ITR-flanked expression cassette, and helper functions provided by a
helper virus, for example AV genes Ela, E1b55K, E2a, E4orf6, and VA (Weitzman et al.,
Adeno-associated virus biology. Adeno-Associated Virus: Methods and Protocols, pp. 1-23,
2011). Methods for generating and purifying AAV vectors have been described in detail (See
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e.g., Mueller et al., (2012) CURRENT PROTOCOLS IN MICROBIOLOGY, 14D.1.1-14D.1.21,
Production and Discovery of Novel Recombinant Adeno-Associated Viral Vectors).
Numerous cell types are suitable for producing AAV vectors, including HEK293 cells, COS
cells, HeLa cells, BHK cells, Vero cells, as well as insect cells (See e.g. U.S. Pat. Nos.
6,156,303, 5,387,484, 5,741,683, 5,691,176, 5,688,676, 8,163,543, U.S. Publication No.
20020081721, PCT Publication Nos. WO00/47757, W000/24916, and WO096/17947). AAV
vectors are typically produced in these cell types by one plasmid containing the ITR-flanked
expression cassette, and one or more additional plasmids providing the additional AAV and

helper virus genes.

[00153] AAYV of any serotype may be used in the present invention. Similarly, it is
contemplated that any AV type may be used, and a person of skill in the art will be able to
identify AAV and AV types suitable for the production of their desired recombinant AAV
vector (rAAV). AAV and AV particles may be purified, for example by affinity

chromatography, iodixonal gradient, or CsCl gradient.

[00154] AAYV vectors may have single-stranded genomes that are 4.7 kb in size, or are
larger or smaller than 4.7 kb, including oversized genomes that are as large as 5.2 kb, or as
small as 3.0 kb. Further, vector genomes may be substantially self-complementary, so that
within the virus the genome is substantially double stranded. AAV vectors containing

genomes of all types are suitable for use in the method of the present invention.

[00155] Exemplary AAYV vectors are described in Gardner, M. R. ef a/. (2015)
NATURE, 519(7541): 87-91. An exemplary AAV vector nucleotide sequence is depicted in
SEQ ID NO: 34.

IV. Pharmaceutical Compositions

[00156] For therapeutic use, a protein or expression vector disclosed herein preferably is
combined with a pharmaceutically acceptable carrier. The term “pharmaceutically
acceptable” as used herein refers to those compounds, materials, compositions, and/or dosage
forms which are, within the scope of sound medical judgment, suitable for use in contact with
the tissues of human beings and animals without excessive toxicity, irritation, allergic
response, or other problem or complication, commensurate with a reasonable benefit/risk

ratio.

[00157] The term “‘pharmaceutically acceptable carrier” as used herein refers to buffers,
carriers, and excipients suitable for use in contact with the tissues of human beings and
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animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio. Pharmaceutically
acceptable carriers include any of the standard pharmaceutical carriers, such as a phosphate
buffered saline solution, water, emulsions (e.g., such as an oil/water or water/oil emulsions),
and various types of wetting agents. The compositions also can include stabilizers and
preservatives. For examples of carriers, stabilizers and adjuvants, see, e.g., Martin,
Remington’s Pharmaceutical Sciences, 15th Ed., Mack Publ. Co., Easton, PA [1975].
Pharmaceutically acceptable carriers include buffers, solvents, dispersion media, coatings,
isotonic and absorption delaying agents, and the like, that are compatible with pharmaceutical
administration. The use of such media and agents for pharmaceutically active substances is

known in the art.

[00158] In certain embodiments, a pharmaceutical composition may contain formulation
materials for modifying, maintaining or preserving, for example, the pH, osmolarity,
viscosity, clarity, color, isotonicity, odor, sterility, stability, rate of dissolution or release,
adsorption or penetration of the composition. In such embodiments, suitable formulation
materials include, but are not limited to, amino acids (such as glycine, glutamine, asparagine,
arginine or lysine); antimicrobials; antioxidants (such as ascorbic acid, sodium sulfite or
sodium hydrogen-sulfite); buffers (such as borate, bicarbonate, Tris-HCI, citrates, phosphates
or other organic acids); bulking agents (such as mannitol or glycine); chelating agents (such
as ethylenediamine tetraacetic acid (EDTA)); complexing agents (such as caffeine,
polyvinylpyrrolidone, beta-cyclodextrin or hydroxypropyl-beta-cyclodextrin); fillers;
monosaccharides; disaccharides; and other carbohydrates (such as glucose, mannose or
dextrins); proteins (such as serum albumin, gelatin or immunoglobulins); coloring, flavoring
and diluting agents; emulsifying agents; hydrophilic polymers (such as
polyvinylpyrrolidone); low molecular weight polypeptides; salt-forming counterions (such as
sodium); preservatives (such as benzalkonium chloride, benzoic acid, salicylic acid,
thimerosal, phenethyl alcohol, methylparaben, propylparaben, chlorhexidine, sorbic acid or
hydrogen peroxide); solvents (such as glycerin, propylene glycol or polyethylene glycol);
sugar alcohols (such as mannitol or sorbitol); suspending agents; surfactants or wetting agents
(such as pluronics, PEG, sorbitan esters, polysorbates such as polysorbate 20, polysorbate,
triton, tromethamine, lecithin, cholesterol, tyloxapal); stability enhancing agents (such as
sucrose or sorbitol); tonicity enhancing agents (such as alkali metal halides, preferably

sodium or potassium chloride, mannitol sorbitol); delivery vehicles; diluents; excipients
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and/or pharmaceutical adjuvants (See Remington’s Pharmaceutical Sciences, 18th ed. (Mack

Publishing Company, 1990).

[00159] In certain embodiments, a pharmaceutical composition may contain nanoparticles,
e.g., polymeric nanoparticles, liposomes, or micelles (See Anselmo ef a/. (2016) BIOENG.

TRANSL. MED. 1: 10-29).

[00160] In certain embodiments, a pharmaceutical composition may contain a sustained- or
controlled-delivery formulation. Techniques for formulating sustained- or controlled-delivery
means, such as liposome carriers, bio-erodible microparticles or porous beads and depot
injections, are also known to those skilled in the art. Sustained-release preparations may
include, e.g., porous polymeric microparticles or semipermeable polymer matrices in the
form of shaped articles, e.g., films, or microcapsules. Sustained release matrices may include
polyesters, hydrogels, polylactides, copolymers of L-glutamic acid and gamma ethyl-L-
glutamate, poly (2-hydroxyethyl-inethacrylate), ethylene vinyl acetate, or poly-D(—)-3-
hydroxybutyric acid. Sustained release compositions may also include liposomes that can be

prepared by any of several methods known in the art.

[00161] Pharmaceutical compositions containing a protein or expression vector disclosed
herein can be presented in a dosage unit form and can be prepared by any suitable method. A
pharmaceutical composition should be formulated to be compatible with its intended route of
administration. Examples of routes of administration are intravenous (IV), subcutaneous,
intradermal, inhalation, transdermal, topical, transmucosal, intrathecal and rectal
administration. An exemplary route of administration is IV infusion. Useful formulations
can be prepared by methods known in the pharmaceutical art. For example, see Remington’s
Pharmaceutical Sciences, 18th ed. (Mack Publishing Company, 1990). Formulation
components suitable for parenteral administration include a sterile diluent such as water for
injection, saline solution, fixed oils, polyethylene glycols, glycerin, propylene glycol or other
synthetic solvents; antibacterial agents such as benzyl alcohol or methyl parabens;
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as EDTA;
buffers such as acetates, citrates or phosphates; and agents for the adjustment of tonicity such

as sodium chloride or dextrose.

[00162] For intravenous administration, suitable carriers include physiological saline,
bacteriostatic water, Cremophor ELTM (BASF, Parsippany, NJ) or phosphate buffered saline

(PBS). The carrier should be stable under the conditions of manufacture and storage, and
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should be preserved against microorganisms. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol, propylene

glycol, and liquid polyetheylene glycol), and suitable mixtures thereof.

[00163] Pharmaceutical formulations preferably are sterile. Sterilization can be
accomplished by any suitable method, e.g., filtration through sterile filtration membranes.
Where the composition is lyophilized, filter sterilization can be conducted prior to or

following lyophilization and reconstitution.

[00164] The compositions described herein may be administered locally or systemically. In
certain embodiments, administration will be parenteral administration. In certain
embodiments, the pharmaceutical composition is administered subcutaneously, and in certain
embodiments intravenously. Preparations for parenteral administration include sterile

aqueous or non-aqueous solutions, suspensions, and emulsions.

[00165] In certain embodiments, a therapeutically effective amount of active component is
in the range of 0.1 mg/kg to 100 mg/kg, e.g., 1 mg/kg to 100 mg/kg, 1 mg/kg to 50 mg/kg, 1
mg/kg to 40 mg/kg, 1 mg/kg to 30 mg/kg, 1 mg/kg to 20 mg/kg, 1 mg/kg to 10 mg/kg, 1
mg/kg to 5 mg/kg, 50 mg/kg, 40 mg/kg, 30 mg/kg, 20 mg/kg, 10 mg/kg, 7.5 mg/kg, 5 mg/kg,
or 2.5 mg/kg. In certain embodiments, a therapeutically effective amount of a viral vector is
in the range of 10? to 1013 vector genome (vg) copies, e.g., 10>to 10 107 to 10°, 103to 10",
10°to 10, 10%¢0 103, 101%t0 10, 10%t0 10'%, or 10'%to 10'* vg copies. The amount
administered will depend on variables such as the type and extent of disease or indication to
be treated, the overall health of the patient, the in vivo potency of the active component, the
pharmaceutical formulation, and the route of administration. The initial dosage can be
increased beyond the upper level in order to rapidly achieve the desired blood-level or tissue-
level. Alternatively, the initial dosage can be smaller than the optimum, and the daily dosage
may be progressively increased during the course of treatment. Human dosage can be
optimized, e.g., in a conventional Phase I dose escalation study designed to run from 0.5
mg/kg to 30 mg/kg. Dosing frequency can vary, depending on factors such as route of
administration, dosage amount, serum half-life of the antibody, and the disease being treated.
Exemplary dosing frequencies are once per day, once per week and once every two weeks.
An exemplary route of administration is parenteral, e.g., intravenous infusion. In certain
embodiments, a protein or expression vector disclosed herein is lyophilized, and then

reconstituted in buffered saline, at the time of administration.
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V. Therapeutic Uses

[00166] The proteins, expression vectors, compositions and methods disclosed herein can be
used to treat human immunodeficiency virus (HIV) infection in a subject. The invention
provides a method of treating a HIV infection in a subject. The method comprises
administering to the subject an effective amount of a protein, expression vector or
pharmaceutical composition disclosed herein, either alone or in a combination with another
therapeutic agent, to treat the HIV infection in the subject. The invention also provides a
method of blocking the entry of HIV into a host cell, e.g., a human host cell. The method
comprises exposing the host cell to an effective amount of a protein, expression vector or
pharmaceutical composition disclosed herein, either alone or in a combination with another
therapeutic agent, to block the entry of HIV into the host cell. The invention also provides a
method of causing the killing of a host cell, e.g., a human host cell, infected with HIV. The
method comprises exposing the host cell to an effective amount of a protein, expression
vector or pharmaceutical composition disclosed herein, either alone or in a combination with
another therapeutic agent, to cause the killing of the infected host cell. The invention also
provides a method of causing the inactivation of a viral particle, e.g., an HIV viral particle.
The method comprises exposing the viral particle to an effective amount of a protein,
expression vector or pharmaceutical composition disclosed herein, either alone or in a
combination with another therapeutic agent, to cause the inactivation of the viral particle. The
invention also provides a method of clearing virus particles from the plasma of a subject, e.g.,
HIV virus particles. The method comprises exposing the subject to an effective amount of a
protein, expression vector or pharmaceutical composition disclosed herein, either alone or in
a combination with another therapeutic agent, to clear virus particles from the plasma of a

subject.

[00167] The term “effective amount™ as used herein refers to the amount of an active agent
(e.g., a protein comprising a mutant CD4 D1D2 or a viral vector expressing a protein
comprising a mutant CD4 D1D2 according to the present invention) sufficient to effect
beneficial or desired results. An effective amount can be administered in one or more
administrations, applications or dosages and is not intended to be limited to a particular

formulation or administration route.

[00168] As used herein, “treat”, “treating” and “treatment” mean the treatment of a disease

in asubject, e.g., in a human. This includes: (a) inhibiting the disease, i.e., arresting its

development; and (b) relieving the disease, i.e., causing regression of the disease state. As
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used herein, the terms “subject” and “patient” refer to an organism to be treated by the
methods and compositions described herein. Such organisms preferably include, but are not
limited to, mammals (e.g., murines, simians, equines, bovines, porcines, canines, felines, and

the like), and more preferably includes humans.

[00169] The methods and compositions described herein can be used alone or in
combination with other therapeutic agents and/or modalities. The term administered “in
combination,” as used herein, is understood to mean that two (or more) different treatments
are delivered to the subject during the course of the subject’s affliction with the disorder, such
that the effects of the treatments on the patient overlap at a point in time. In certain
embodiments, the delivery of one treatment is still occurring when the delivery of the second
begins, so that there is overlap in terms of administration. This is sometimes referred to
herein as “simultaneous™ or “concurrent delivery.” In other embodiments, the delivery of one
treatment ends before the delivery of the other treatment begins. In certain embodiments of
either case, the treatment is more effective because of combined administration. For
example, the second treatment is more effective, e.g., an equivalent effect is seen with less of
the second treatment, or the second treatment reduces symptoms to a greater extent, than
would be seen if the second treatment were administered in the absence of the first treatment,
or the analogous situation is seen with the first treatment. In certain embodiments, delivery is
such that the reduction in a symptom, or other parameter related to the disorder is greater than
what would be observed with one treatment delivered in the absence of the other. The effect
of the two treatments can be partially additive, wholly additive, or greater than additive. The
delivery can be such that an effect of the first treatment delivered is still detectable when the

second is delivered.

[00170] In certain embodiments, a method or composition described herein is administered
in combination with a nucleoside/nucleotide reverse transcriptase inhibitor (e.g., lamivudine,
abacavir, zidovudine, stavudine, didanosine, emtricitabine, and tenofovir), a non-nucleoside
reverse transcriptase inhibitor (e.g., delavirdine, efavirenz, etravirine, and nevirapine), a
protease inhibitor (e.g., amprenavir, fosamprenavir, atazanavir, darunavir, indinavir,
lopinavir, ritonavir, nelfinavir, saquinavir, and tipranavir), a fusion or entry inhibitor (e.g.,
enfuvirtide and maraviroc), integrase inhibitors (e.g., raltegravir and cabotegravir), or any
combination thereof. In certain embodiments, a method or composition described herein is

administered in combination with a latency-reversing agent (LRA), for example, a HDAC
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inhibitor (e.g., vorinostat) or a TLR7 agonist (e.g., GS-9620, e.g., as described in U.S. Patent
Publication No. US20160008374A1).

[00171] Throughout the description, where compositions are described as having,
including, or comprising specific components, or where processes and methods are described
as having, including, or comprising specific steps, it is contemplated that, additionally, there
are compositions of the present invention that consist essentially of, or consist of, the recited
components, and that there are processes and methods according to the present invention that

consist essentially of, or consist of, the recited processing steps.

[00172] In the application, where an element or component is said to be included in and/or
selected from a list of recited elements or components, it should be understood that the
element or component can be any one of the recited elements or components, or the element
or component can be selected from a group consisting of two or more of the recited elements

or components.

[00173]  Further, it should be understood that elements and/or features of a composition or
a method described herein can be combined in a variety of ways without departing from the
spirit and scope of the present invention, whether explicit or implicit herein. For example,
where reference is made to a particular compound, that compound can be used in various
embodiments of compositions of the present invention and/or in methods of the present
invention, unless otherwise understood from the context. In other words, within this
application, embodiments have been described and depicted in a way that enables a clear and
concise application to be written and drawn, but it is intended and will be appreciated that
embodiments may be variously combined or separated without parting from the present
teachings and invention(s). For example, it will be appreciated that all features described and
depicted herein can be applicable to all aspects of the invention(s) described and depicted

herein.

[00174] It should be understood that the expression “at least one of” includes individually
each of the recited objects after the expression and the various combinations of two or more
of the recited objects unless otherwise understood from the context and use. The expression
“and/or” in connection with three or more recited objects should be understood to have the

same meaning unless otherwise understood from the context.

[00175] The use of the term “include,” “includes,” “including,” “have,” “has,” “having,”

2% <<

“contain,” “contains,” or “containing,” including grammatical equivalents thereof, should be
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understood generally as open-ended and non-limiting, for example, not excluding additional
unrecited elements or steps, unless otherwise specifically stated or understood from the

context.

[00176] Where the use of the term “about” is before a quantitative value, the present
invention also includes the specific quantitative value itself, unless specifically stated
otherwise. As used herein, the term “about” refers to a +10% variation from the nominal

value unless otherwise indicated or inferred.

[00177] It should be understood that the order of steps or order for performing certain
actions is immaterial so long as the present invention remain operable. Moreover, two or

more steps or actions may be conducted simultaneously.

[00178] The use of any and all examples, or exemplary language herein, for example,
“such as” or “including,” is intended merely to illustrate better the present invention and does
not pose a limitation on the scope of the invention unless claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the

practice of the present invention.

EXAMPLES
[00179] The following Examples are merely illustrative and are not intended to limit the

scope or content of the invention in any way.

Example 1 — Non-Human Primate eCD4-1g Exhibits Greater Stability Than Human eCD4-Ig

[00180] CD4-1g is a fusion of domains 1 and 2 of CD4 (CD4 D1D2) and an antibody
Fc domain. eCD4-Ig is a fusion of CD4 D1D2, an antibody Fc domain, and a tyrosine-
sulfated peptide (sulfopeptide) that resembles tyrosine-sulfated regions of HIV and STV
coreceptors (Gardner, M. R. ef al. (2015) NATURE, 519 (7541): 87-91). This Example
describes measurement of the aggregation temperatures of eCD4-Ig variants including human

CD4 D1D2 or non-human primate (NHP) CD4 D1D2.

[00181] Conformational stability of a protein (the protein’s resistance to unfolding) is
an important attribute among protein therapeutics. Partial unfolding can allow the therapeutic
protein to adhere non-specifically to other molecules iz vivo which in turn can diminish the

half-life of the therapeutic protein.

[00182] Conformational stability can be measured by dynamic light scattering (DLS),

which is an approach for measuring particle size in solution, which can in turn be used to
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measure particle size under different conditions (Nobbmann, U. et a/. (2007) BIOTECHNOL.
GENET. ENG. REV., 24: 117-28). The movement of particles due to Brownian motion is faster
for small particles than for large particles. DLS is able to calculate particle size by detecting
particle movement. Since soluble protein molecules are smaller than aggregates of the same
protein, an increase in particle size detected by DLS indicates protein aggregation. A thermal
scan DLS assay detects the formation of aggregates as the temperature of a protein sample is
slowly increased. In this assay, proteins with greater conformational stability begin to
aggregate at comparatively high temperatures, whereas proteins with lower conformational

stability begin to aggregate at comparatively low temperatures.

[00183] Typically, an aggregation temperature of 60°C or greater is desirable for a
recombinant protein therapeutic. As shown in Figure 1A, an eCD4-Ig variant with the IgG1
Fc domain and the wild-type human CD4 D1D2 had an aggregation temperature of 51°C. As
shown in Figure 1B, an eCD4-Ig variant with the IgG2 Fc domain and the wild-type human
CD4 D1D2 had an aggregation temperature of 53°C. As shown in Figure 1A, an eCD4-Ig
variant with the IgG1 Fc domain and the wild-type thesus macaque CD4 D1D2 had an
aggregation temperature of 62°C, which is 9°C higher than that of the corresponding eCD4-
Ig variant with human CD4 D1D2. As shown in Figure 1B, an eCD4-Ig variant with the
IgG2 Fc domain and the wild-type rhesus macaque CD4 D1D2 had an aggregation
temperature of 67°C, which is 14°C higher than that of the corresponding eCD4-Ig variant
with human CD4 D1D2.

[00184] Thus, eCD4-Ig based on wild-type rhesus CD4 D1D2 exhibits improved
conformational stability relative to eCD4-Ig based on wild-type human CD4 D1D2.

[00185] The aggregation temperature was also measured for CD4-Ig (without a
sulfopeptide) and eCD4-Ig (with a “mim2” (SEQ ID NO:3) sulfopeptide), each including
wild-type human CD4 D1D2. As shown in Figure 2, CD4-Ig had an aggregation
temperature of 80.4°C, whereas eCD4-Ig had an aggregation temperature of 51°C. Therefore,
the presence of an additional binding moiety (e.g., a sulfopeptide) can greatly reduce the

conformational stability of CD4-Ig.

Example 2 — Identification of Amino Acid Substitutions That Improve the Stability of Human

CD4 D1D2 Using DLS Assays
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[00186] This Example describes the identification of amino acid substitutions that
increase the aggregation temperature of proteins including human CD4 D1D2, e.g., CD4-Ig
and eCD4-Ig.

[00187] In order to identify amino acid substitutions that could confer improved
conformational stability on human eCD4-Ig, human CD4 D1D2 was compared to CD4 D1D2
from various non-human primate (NHP) species. The human CD4 D1D2 amino acid
sequence was aligned to the CD4 D1D2 amino acid sequences of various ape, monkey, and
prosimian species, including: chimpanzee, bonobo, gorilla, Bornean orangutan, white-
cheeked gibbon, agile gibbon, siamang, Colobus monkey, Colobus guereza, Angolan
colobus, African green monkey, vervet monkey, Sabaeus monkey, Tantalus monkey, red
guenon, sooty mangabey, mandrill, black snub-nose monkey, golden snub-nose monkey, leaf
monkey, pig-tailed macaque, rthesus macaque, cynomolgus macaque, Japanese macaque,
Wolf’s guenon, Talapoin, gray-cheeked mangabey, olive baboon, coppery titi, marmoset,
common squirrel monkey, Bolivian squirrel monkey, howler monkey, Bolivian red howler
monkey, Panamanian white-throated capuchin, Nancy Ma’s owl monkey, Azara’s owl
monkey, tarsier, Sunda flying lemur, gray mouse lemur, and Coquerel’s sifaka (Figures 3
and 4). Among these NHP species, the CD4 D1D2 sequence of humans is most similar that
of other apes, second most similar to that of old-world monkeys, third most similar to that of
new world monkeys, and least similar to that of prosimians (Figure 3). Rhesus and human
CD4 D1D2 were found to be 88% identical, with differences at positions T17, S23, 124, N39,
N52, R59, N66, P68, L69, D88, Q89, Q94, Q110, Q129, R134, K142, L144, S147, L151,
L162, N164, and K167. Chimpanzee and human CD4 D1D2 were found to be 98% identical,
with differences at positions 134, AS5, P68, and E87.

[00188] To determine whether certain substitutions stabilize the hydrophobic cores of
CD4 domain 1 (D1) and domain 2 (D2), we substituted a glycine or a hydrophobic amino
acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) with a hydrophobic amino acid that has
a larger volume, for example, side chain volume, than the amino acid that is replaced. The
hydrophobic amino acid was in certain instances a buried hydrophobic amino acid. In this
experiment, the amino acids A,V, P, L, I, M, F, Y, and W were considered hydrophobic
amino acids, and the relative volume of glycine and the hydrophobic amino acids was
considered to be as follows: GLA<V<P<L=I<M<F<Y<W. For example, positions G6, 124,
L44, L5351, A55, L69, G99, A102, V128, G141, V146, V161, and V168 are each observed as
hydrophobic amino acids of larger volume in NHP CD4 D1D2 than in human CD4 D1D2
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(Figure 4). Without wishing to be bound by theory, it was hypothesized that certain amino
acid substitutions within the hydrophobic core of the protein, where a glycine or a
hydrophobic amino acid is replaced with a hydrophobic amino acid of larger volume than the
amino acid that is replaced, would increase conformational stability. Thus, the
conformational stability of CD4 D1D2 can be improved through the strategy of stabilizing
the hydrophobic core of the protein. To analyze potential substitutions, a computer software
program was developed for visualizing spaces within the hydrophobic core of the protein.
The program allowed virtual tomographic sectioning and editing of Protein Data Bank (PDB)
structures. For example, note the empty space within the hydrophobic pocket bounded by
L100, L144, V161, and F170 and surrounding V128 (Figure 5A). Modeling the substitution
V128L fills most of this hydrophobic pocket (Figure SB). Likewise, note the hydrophobic
pocket bounded by L5, V161, F170, and K7 surrounding V168 (Figure 5C). This
hydrophobic pocket is filled by the substitution V168L (Figure 5D). In addition to modeling
V128 and V168 shown here, this tool allowed for the modeling of substitutions at, e.g., G6,
A55, and V146. Thus, the structure of human CD4 D1D2 was analyzed to identify spaces,
and substitutions that might fill these spaces, thereby stabilizing the hydrophobic cores of
CD4 D1 and D2.

[00189] Based on these comparisons, a mutagenic analysis was conducted to identify
mutations that confer the superior aggregation temperature of NHP eCD4-Ig upon human
eCD4-Ig. Substitutions were evaluated using the DLS thermal scan assay, as described in
Example 1. Substitutions were evaluated individually and/or in combination with mutations
at other positions in CD4 D1D2 (i.e., in different mutational backgrounds). Unless indicated
otherwise, eCD4-Ig variants that were tested included the sulfopeptide mim1 (SEQ ID NO:
2), mim2 (SEQ ID NO: 3), mim4 (SEQ ID NO: 4), mim5 (SEQ ID NO:5) or mimé6 (SEQ ID
NO: 6). Unless indicated otherwise, eCD4-Ig variants that were tested included the included
IgGl or IgG2 Fc domains, with or without a C220S substitution.

[00190] K1 in human CD4 D1D2 (SEQ ID NO:1) is an N in gorillas (Figure 4A),
which are apes. Introducing K1N into eCD4-Ig based on wild-type human CD4 D1D2
background (SEQ ID NO:1) increased the aggregation temperature of eCD4-Ig by 2.3°C, as
measured in a dynamic light scattering (DLS) assay for thermal stability (Figure 6A).

[00191] K2 in human CD4 D1D2 (SEQ ID NO:1) is an N in several old world
monkeys, including Colobuses, the sooty mangabey, and mandrill, a T in the new world

monkeys, and an E in prosimians (Figure 4A). In a wild-type human CD4 D1D background,
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K2T, K2N, and K2E increased the aggregation temperature of eCD4-Ig by 3°C, 3.7°C, and
4.6°C respectively (Figure 6B-D). The K2E substitution in an R134G/N164D/K167T
background increased aggregation temperatures by 3.9°C (Figure 6D). These results suggest
that substitutions at position K2 in human CD4 D1D2 (SEQ ID NO:1), e.g., substitution by E
(K2E), increase the aggregation temperature of proteins including CD4 D1D2, e.g., eCD4-Ig.

[00192] G6 in human CD4 D1D2 (SEQ ID NO:1) is an A in the tarsier, a prosimian
(Figure 4A). Introducing G6A into a wild-type human CD4 D1D2 (SEQ ID NO: 1)
background increased the aggregation temperature of eCD4-Ig by 4.6°C. In an A55V
background, introducing G6A increased the aggregation temperature of eCD4-Ig by 0.8°C
(Figure 6E).

[00193] K7 in human CD4 D1D2 (SEQ ID NO:1) is an E in several new world
monkeys, including Nancy Ma’s owl monkey, Azara’s owl monkey, and Spix’s owl monkey
(Figure 4A). It also can be an R in several other new world monkeys and in prosimians. The
K7E substitution modestly improved conformational stability (Figure 6F). These results
suggest that substitutions at position K7 in human CD4 D1D2 (SEQ ID NO: 1), e.g,,
substitution by E (K7E), increase the aggregation temperature of proteins including CD4
DID2, e.g, eCD4-Ig.

[00194] Due to its proximity to K7, substitutions at K8 in human CD4 D1D2 (SEQ ID
NO:1) were also evaluated. Substitution of K8 by E in human CD4 D1D2 (SEQ ID NO:1)
dramatically improved conformational stability (Figure 6G). These results suggest that
substitutions at position K8 in human CD4 D1D2 (SEQ ID NO:1), e.g., substitution by E
(K8E), increase the aggregation temperature of proteins including CD4 D1D2, e.g., eCD4-Ig.

[00195] T15 in human CD4 D1D2 (SEQ ID NO:1) is an N in the gorilla (an ape), an A
in the sooty mangabey (an old world monkey), a P in prosimians and certain new world
monkeys, and an S in the remaining new world monkeys. TI5N creates an N-X-T consensus
motif for N-linked glycosylation (Figure 4A). The introduction of T15N in human CD4
DI1D2 (SEQ ID NO:1) increased the aggregation temperature of eCD4-Ig by 7.9°C (Figure
6H).

[00196] T17 in human CD4 D1D2 (SEQ ID NO:1) is an N in most old world monkeys,
including thesus macaques. The presence of the N creates an N-X-T consensus motif for N-
linked glycosylation (Figure 4A). Introducing the T17N substitution in human eCD4-Ig

increased the aggregation temperature of eCD4-Ig (Figure 6I). T17 in human CD4 D1D2
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(SEQ ID NO:1) is also an E in all of the new world monkeys, and the T17E substitution
conferred a modest improvement in conformational stability (Figure 6J). These results
suggest that substitutions at position T17 in human CD4 D1D2 (SEQ ID NO:1), e.g,,
substitution by N (T17N) or E (T17E), increase the aggregation temperature of proteins
including CD4 D1D2, e.g., eCD4-Ig.

[00197] K21 in human CD4 D1D2 (SEQ ID NO:1) is an N in sabaeus and tantalus
monkeys (Figure 4A), which are old world monkeys. Introducing K21N into eCD4-Ig with a
wild-type human CD4 D1D2 background increased its aggregation temperature by 11°C
(Figure 6K).

[00198] K22 in human CD4 D1D2 (SEQ ID NO:1) is a T in several old world
monkeys, including African green monkeys, vervet monkeys, sabaeus monkeys, tantalus
monkeys, and the red guenon (Figure 4A). Introducing K21T into eCD4-Ig with a wild-type
human CD4 D1D2 background increased its aggregation temperature by 6.3°C (Figure 6L).

[00199] S23 in human CD4 D1D2 (SEQ ID NO:1) is an N in various old and new
world monkeys, including rhesus macaques, is a T in certain other old and new world
monkeys, and is an S, Y, or A in prosimians (Figure 4A). S23N increased aggregation
temperatures by 10.1°C and 4.8 °C in eCD4-Ig molecules based on wild-type human CD4
DID2 (SEQ ID NO:1) and human CD4 D1D2 containing the substitutions
G6A/AS5V/V128L/V168L, respectively (Figure 6M). S23T increased aggregation
temperatures by 2.3°C in a background containing G6A/A55V/V128L/V168L (Figure 6N).

[00200] G38 in human CD4 D1D2 (SEQ ID NO:1) is an in the Sunda flying lemur, a
prosimian. Changing G38A in a wild-type human CD4 D1D2 (SEQ ID NO:1) background
reduced the aggregation temperature of eCD4-Ig by 9°C.

[00201] L51 in human CD4 D1D2 (SEQ ID NO:1) is an M in certain prosimians
(Figure 4A). Changing L51 to an I increased the aggregation temperature of eCD4-Ig by
1.8°C and 2.2°C in a wild-type human CD4 D1D2 (SEQ ID NO:1) and G6A/A55V
background, respectively (Figure 6P).

[00202] A55 in human CD4 D1D2 (SEQ ID NO:1) is a V in chimpanzees, as well as in
bonobos and prosimians (Figure 4A). This position is an I in all of the new world monkeys,
and several old world monkeys, including African green monkeys, vervet monkeys, sabeus

monkeys, tantalus monkeys, and mandrills. The red guenon, an old world monkey, is the lone
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outlier with a threonine at this position. Mutating A55 in human eCD4-Ig to V (A55V) in a
wild-type human CD4 D1D2 background increased its aggregation temperature by 5.7°C, and
mutating A55 in human eCD4-Ig to a V (A55V) in a R134G/N164D/K1K67T mutational
background increased aggregation temperature by 4.9°C (Figure 6Q). However, in the
context of G6A, the aggregation temperature of eCD4-Ig was unchanged. Mutating A55 to
an I in the context of an eCD4-Ig with a wild-type human CD4 D1D2 (SEQ ID NO:1)
increased its aggregation temperature by 7.1°C (Figure 6R). These results suggest that
substitutions at position AS5 in human CD4 D1D2 (SEQ ID NO:1), e.g., substitution by V
(A55V) or I (A55]), increase the aggregation temperature of proteins including CD4 D1D2,
e.g., eCD4-lIg.

[00203] A55 is a buried hydrophobic amino acid. Without wishing to be bound by
theory, it is contemplated that the presence of a bulky hydrophobic amino acid at this position
improves the stability of the hydrophobic core of CD4 D1, thereby improving its overall
conformational stability. As a result, substitutions of buried glycine residues or buried
hydrophobic residues in CD4 D1D2 by a hydrophobic amino acid that has a larger volume
than the amino acid that is replaced may increase the aggregation temperature of proteins
including CD4 D1D2, e.g., eCD4-Ig. For example, the following positions are buried glycine
residues or buried hydrophobic residues in CD4 D2D2, which can be replaced by a
hydrophobic amino acid of greater volume: L5, G6, V12, L14, A18, 124, 136, L37, L44, L51,
AS55, G65, F67, P68, L69, V93, G99, 171, L74, V86, V93, L95, L96, V97, FO8, A102, L108,
L114,L116,L118, P121, V128, P133, 1138, G141, L144, V146, L149, G155, V161, V168,
F170, 1172, 1174, or V176 of wild-type human CD4 D1D2 (SEQ ID NO: 1). Several of these
positions also differ in NHPs, including G6, 124, L44, L51, A55, L69, G99, A102, V128,
G141, V146, V161, and V168 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

[00204] 170 in human CD4 D1D2 (SEQ ID NO:1) is substituted with other amino
acids in new world monkeys and prosimians (Figure 4B). Introducing the amino acid
substitution I70E improved conformational stability by 2°C in a R134G/N164D/K167T
eCD4-1g background (Figure 6S). These results suggest that substitutions at position 170 in
human CD4 D1D2 (SEQ ID NO: 1), e.g., substitution by E (I70E), increase the aggregation
temperature of proteins including CD4 D1D2, e.g., eCD4-Ig.

[00205] K72 in human CD4 D1D2 (SEQ ID NO:1) is substituted with other amino

acids in new world monkeys and prosimians (Figure 4B). Introducing the amino acid
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substitution K728 improved conformational stability in a wild-type human CD4 D1D2 (SEQ
ID NO:1) background and an R134G/N164D/K167T eCD4-Ig background by 1.3°C and 3°C,
respectively (Figure 6T). These results suggest that substitutions at position K72 in human
CD4 D1D2 (SEQ ID NO:1), e.g., substitution by S (K72S), increase the aggregation
temperature of proteins including CD4 D1D2, e.g., eCD4-Ig.

[00206] K75 in human CD4 D1D2 (SEQ ID NO:1) is substituted with other amino
acids in NHPs, including E in prosimians and Q in various new world monkeys (Figure 4B).
K75E increased the aggregation temperature of eCD4-Ig with a wild-type human CD4 D1D2
background (SEQ ID NO:1) by 4.1°C (Figure 6U). Likewise, K75Q increased the
aggregation temperature of eCD4-Ig with a wild-type human CD4 D1D2 background (SEQ
ID NO:1) by 3°C (Figure 6V).

[00207] Substitution of V86 in human CD4 D1D2 (SEQ ID NO:1) with an L in the
context of a wild-type human CD4 D1D2 (SEQ ID NO:1) background or a G6A/AS5V

background did not substantially affect the aggregation temperature of eCD4-Ig (Figure
6W).

[00208] Substitution of V93 in human CD4 D1D2 (SEQ ID NO:1) with an I in the
context of a wild-type human CD4 D1D2 (SEQ ID NO:1) background modestly increased the
aggregation temperature of eCD4-Ig by 0.2°C, but decreased the aggregation temperature by
9.25°C in a G6A/AS5V background (Figure 6X).

[00209] Q94 in human CD4 D1D2 (SEQ ID NO:1) is only a Q in apes and humans,
and is an E in old world primates, new world primates, and prosimians (Figure 4B). Q94E
modestly decreased the aggregation temperature of eCD4-Ig in an R134G background
(Figure 6U).

[00210] Substitution of V97 in human CD4 D1D2 (SEQ ID NO:1) with an I in the
context of a G6A/AS5V background modestly decreased the aggregation temperature of
eCD4-1g (Figure 6Z).

[00211] A102 in human CD4 D1D2 (SEQ ID NO:1) is a V in the squirrel monkey, a
new world monkey (Figure 4B). A102V increased the aggregation temperature of eCD4-Ig
with a wild-type human CD4 D1D2 background (SEQ ID NO:1) by 1.1°C (Figure 6AA).

[00212] Q110 in human CD4 D1D2 (SEQ ID NO:1) is an E in certain old world

primates, including rhesus macaques, and is an H in certain prosimians (Figure 4B). Q110E
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did not change the aggregation temperature of eCD4-Ig in a Q94E/R134G/N164D/K167T
background (Figure 6BB).

[00213] Despite apparently not varying among primates, position L116 of human CD4
D1D2 (SEQ ID NO:1) was of interest, due to being adjacent to a hydrophobic pocket
bounded by L116, C130, V146, W157, and C159. Substitution of L116 in human CD4 D1D2
(SEQ ID NO:1) with an F (a hydrophobic amino acid of larger volume than the amino acid
that is replaced) in the context of a G6A/S23N/A55V/V128L/V168L background increased
the aggregation temperature of eCD4-Ig by 7.2°C (Figure 6CC). However, in a
G6A/S23N/A55V/V128L/V1461/V168L background, L116F resulted in a 0.4°C decrease in
aggregation temperature. Likewise, substitution of L116 with a W (another hydrophobic
amino acid of larger volume than the amino acid that is replaced) increased the aggregation
temperature of eCD4-Ig in a G6A/S23N/A55V/V128L/V168L background by 1.4°C but
decreased the aggregation temperature in a G6A/S23N/AS5V/V128L/V1461/V168L
background by 6°C (Figure 6DD). These results suggest that substitutions at position L116
in human CD4 D1D2 (SEQ ID NO:1), e.g., substitution by F or W (L116F or L116W),
increase the aggregation temperature of proteins including CD4 D1D2, e.g., eCD4-Ig,
although not in combination with V146I.

[00214] V128 in human CD4 D1D2 (SEQ ID NO:1) is an L in the tarsier, a prosimian
(Figure 4C). Substitution of V128 with an I (a hydrophobic amino acid of larger volume than
the amino acid that is replaced) increased the aggregation temperature of eCD4-Ig in a wild-
type human CD4 D1D2 (SEQ ID NO:1) background by 1.6°C (Figure 6EE). Using a
computational tool developed for visualizing and editing protein structures, the substitution
V128L was modeled (Figure 5). V128L (a substitution with a hydrophobic amino acid of
larger volume than the amino acid that is replaced) fills the hydrophobic pocket bounded by
L100, L144, V161, and F170 to a greater extent than the wild-type V128. V128L increased
the aggregation temperature of eCD4-Ig with a wild-type human CD4 D1D2 (SEQ ID NO:1)
background by 2.7°C (Figure 6FF). These results suggest that substitutions at position V128,
particularly with a hydrophobic amino acid of greater volume than V, increase the
conformational stability and aggregation temperature of proteins including CD4 D1D2, e.g.,

eCD4-1g.

[00215] R134 in human CD4 D1D2 (SEQ ID NO:1) is a T in the Bornean orangutan

(an ape), but is a G in macaques (old world monkeys), tarsiers (prosimians), Sunda flying
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lemurs (prosimians), and gray mouse lemurs (prosimians) (Figure 4C). Including a R134G
substitution in eCD4-Ig with a wild-type human CD4 D1D2 (SEQ ID NO:1) background
increased the aggregation temperature by 4.1°C (Figure 6GG). Additionally, including the
R134G substitution in different mutational backgrounds (e.g., K167T or
Q94E/Q110E/K142R/N164D) greatly improved the conformational stability of human eCD4-
Ig (Figure 6GG). These results suggest that substitutions at position R134 in human CD4
DID2 (SEQ ID NO:1), e.g., substitution by G (R134(Q), increase the aggregation temperature
of proteins including CD4 D1D2, e.g., eCD4-lg.

[00216] G140 in human CD4 D1D2 (SEQ ID NO:1) is an A in the Bornean orangutan
(an ape), and a V or an R in several old world monkeys. Substituting G140 with an A in a
wild-type human CD4 D1D2 (SEQ ID NO:1) background increased the aggregation
temperature of eCD4-Ig by 7.8°C (Figure 6HH).

[00217] K142 in human CD4 D1D2 (SEQ ID NO:1) is an R in various old and new
world monkeys, including the rhesus macaque, and can be a G or S in prosimians (Figure
4C). In various background contexts K142R did not increase the aggregation temperature of

eCD4-Ig (Figure 611).

[00218] V146 in human CD4 D1D2 (SEQ ID NO:1) is an L. or M in various new world
monkeys and prosimians (Figure 4C). V146 also is adjacent to a hydrophobic pocket in the
structure of CD4 D2 bounded by L116, C130, V146, W157, and C159. Substitution of V146
with an L (a hydrophobic amino acid of larger volume than the amino acid that is replaced) in
a G6A/S23N/AS5V/V128L/V146L background increased the aggregation temperature of
eCD4-1g by 2.2°C (Figure 6JJ). However, substitution of V146 with an I (a hydrophobic
amino acid of larger volume than the amino acid that is replaced) increased the aggregation
temperature of eCD4-Ig with a G6A/S23N/AS55V/V128L/V146L background by 7.6°C
(Figure 6KK). Likewise, substitution of V146 with an F or a W (each a hydrophobic amino
acid of larger volume than the amino acid that is replaced) increased the aggregation
temperature of eCD4-Ig with a background of G6A/S23N/A55V/V128L/V146L by 3.6°C and
4.1°C, respectively (Figure 6LL & MM). Without the intention of being bound by any
particular theory, these results suggest that filling the hydrophobic pocket in the structure of
CD4 D2 that is bounded by L116, C130, V146, W157, and C159 by substituting V146 with a

hydrophobic amino acid of larger volume than the amino acid that is replaced (e.g., V146I,
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VI146F, V146L, V146W, V146M, and V146P) can increase protein stability, as measured in
thermal stability assays such as DLS.

[00219] N164 in human CD4 D1D2 (SEQ ID NO:1) is a D in the apes other than
chimpanzees, bonobos, and gorillas, as well as in the old world monkeys and prosimians
(Figure 4C). This D is probably ancestral, whereas the N present in certain apes and the H
present in new world monkeys are probably derived. The aggregation temperature of human
eCD4-Ig with and without a N164D substitution was measured in combination with several
other substitutions (R134G, R134G/K167T, and Q94E/Q110E/R134G/K142R/K167T)
(Figure 6NN). In each of these mutational backgrounds, N164D conferred improved
conformational stability on eCD4-Ig. These results suggest that substitutions at position N164
in human CD4 D1D2 (SEQ ID NO:1), e.g, substitution by D (N164D), increase the
aggregation temperature of proteins including CD4 D1D2, e.g., eCD4-Ig.

[00220] K167 in human CD4 D1D2 (SEQ ID NO:1) is a T in all of the old world
monkeys, except for the Colobuses, and in all of the prosimians. In the Colobuses, this
position is an R, and in the new world monkeys it is a L. Mutating K167 in human eCD4-Ig,
e.g., to T (K167T), improved conformational stability (Figure 600). This improvement in
conformational stability was observed in three different mutational backgrounds (R134G,
Q94E/Q110E/R134G/K142R/N164D, and Q94E/Q110E/R134G/N164D). These results
suggest that substitutions at position K167 in human CD4 D1D2 (SEQ ID NO:1), e.g,,
substitution by T (K167T), increase the aggregation temperature of proteins including CD4
DID2, e.g., eCD4-Ig.

[00221] V168 in human CD4 D1D2 (SEQ ID NO:1) is an L in owl monkeys, which
are new world primates, and in prosimians (Figure 4C). Using a computational tool
developed for visualizing and editing protein structures, the substitution V168L was modeled.
Substitution of V168 with an L (a hydrophobic amino acid of larger volume than the amino
acid that is replaced) increased the aggregation temperature of eCD4-Ig in a wild-type human
CD4 D1D2 (SEQ ID NO:1) background by 0.8°C (Figure 6PP). Thus, substitutions at
position V168, particularly with a hydrophobic amino acid of greater volume than V, increase
the conformational stability and aggregation temperature of proteins including CD4 D1D2,

e.g., eCD4-lIg.
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[00222] V176 in human CD4 D1D2 (SEQ ID NO:1) was substituted withan 1. In a
wild-type human CD4 D1D2 (SEQ ID NO:1) background, V1761 increased the aggregation
temperature of eCD4-Ig by 9.2°C.

[00223] The following combinations of substitutions increased aggregation
temperature in the backgrounds tested: K2E/N164D (Figure 7A); K2E/K167T (Figure 7B);
K7E/KSE (Figure 7C); KS8E/N164D (Figure 7D); KSE/K167T (Figure 7E); T17N/N164D
(Figure 7F); TI7N/K167T (Figure 7G); T17E/N164D (Figure 7H); T17E/K167T (Figure
7I); 170E/N164D (Figure 7J); I70E/K167T (Figure 7K); K72S/N164D (Figure 7L);
K72S/K167T (Figure 7M); Q94E/Q110E (Figure 7N); Q94E/N164D (Figure 7P);
QY4E/K167T (Figure 7Q); Q110E/N164D (Figure 7S); Q110E/K167T (Figure 7T);
R134G/N164D (Figure 7V); R134G/K167T (Figure 7W); K142R/N164D (Figure 7X);
K142E/K167T (Figure 7Y); N164D/K167T (Figure 7Z), and K166N/K167T (Figure 7AA).
The following combinations of substitutions decreased aggregation temperature in the
backgrounds tested: Q94/R134 (Figure 70), Q110/R134 (Figure 7R), R134/K142 (Figure
7U), and K142/N164 (Figure 7X). Surprisingly, despite Q94E and Q110E not individually
increasing aggregation temperatures, substituting the combination Q94/Q110 did generally

increase aggregation temperatures (Figure 7N).

[00224] Aggregation temperatures were also compared for proteins with and without
combinations of three, four, or five positions substituted. The combinations of positions
substituted included R134/N164/K167 (Figure 7A), R134/K142/N164/K167 (Figure 7B),
T17/R134/N164/K167 (Figure 7C), Q94/R134/N164/K167 (Figure 7D),
Q94/Q110/R134/N164/K167 (Figure 7E), Q110/R134/N164/K167 (Figure 7F),
Q94/Q110/R134/K142/K167 (Figure 7G), Q94/Q110/R134/N164 (Figure 7H),
Q94/Q110/K142/K167 (Figure 71), and K75/Q94/Q110 (Figure 7J). All of these

combinations of substitutions significantly improved conformational stability.

[00225] Substitutions at the three positions R134/N164/K167 in an otherwise wild-
type human CD4 D1D2 (SEQ ID NO:1) background increased the aggregation temperature
of eCD4-Ig by ten degrees, from 53°C to 63°C (Figure 8A). Specifically, this eCD4-Ig
variant contained the amino acid substitutions R134G/K164D/K167T. These results suggest
that substitutions at positions R134, K164, and K167 in human CD4 D1D2 (SEQ ID NO:1),
e.g, R134G, K164D, and K167T substitutions, increase the aggregation temperature of
proteins including CD4 D1D2, e.g., eCD4-Ig. These results also show that the superior

conformational stability of NHP CD4 D1D2 to human CD4 D1D2 can be reproduced with a
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minimal number of substitutions. Due to the improved conformational stability of eCD4-Ig
variants containing R134G/K164D/K167T, a number of other substitutions were evaluated in

this mutational background.

[00226] The amino acid substitutions and combinations thereof that improved the
conformational stability of human CD4 D1D2 often resulted in a net loss in positive charge.
For instance, K728, R134G, and K167T each substitute a positively charged basic amino acid
by an uncharged amino acid. T17E, I70E, Q94E, Q110E, and N164D each substitute an
uncharged amino acid by a negatively charged acidic amino acid. Likewise, K2E, K7E, K8E,
and K75E each substitute a positively charged basic amino acid by a negatively charged
acidic amino acid. These results suggest that substitutions that lead to a net loss of positive
charge or gain of negative charge increase the aggregation temperature of proteins including

CD4 D1D2, e.g., eCD4-lg.

[00227] Furthermore, it was observed that many of the amino acid substitutions that
improved conformational stability did not disrupt salt bridges. Positions involved in potential
salt bridges were identified by analyzing existing x-ray crystal structures of human CD4. The
potential salt bridges (each salt bridge indicated by a hyphen) were: K1-E91, K2-E91, K7-
D10, K8-E119, K29-K85, K50-E77, R54-D78, R58-E13, R59-D56, K72-D56, K89-ES85,
R131-E169, K136-D153, K167-E169, and K171-E169. Among the positions that differ in
human versus NHP CD4 D1D2, those involved in potential salt bridges are: K1, K2, K50,
D56, R58, R59, K72, E77, E91, R131, D153, K167, E169, and K171. Improved
conformational stability was observed in CD4-derived polypeptides with substitutions at
positions T17, A55,170, K75, Q94, Q110, R134, and N164, none of which are involved in
salt bridges. These results suggest that substitutions that improve conformational stability of

proteins including CD4 D1D2, e.g., eCD4-Ig, are often not involved in salt bridges.

[00228] Combinations of substitutions including A55V were investigated further, in
the context of mutant forms of eCD4-Ig containing substitutions at positions L5, [76, L.96,
and F98 (Figure 9). It was found that substituting A55V together with all four of these other
substitutions (L5Y, [76P, L96V, and F98V) decreased the conformational stability of eCD4-
Ig (Figure 9A). When evaluated individually, FO8V led to a substantial loss of
conformational stability (Figure 9B). Without wishing to be bound by theory, it is possible
that the FO8V substitution destabilized the interface between domain 1 and domain 2. When
the substitution I176P, which is also a position at the interface between domains 1 and domain

2, was reverted to wild-type, it was found that I76P is modestly detrimental to conformational
-64 -



WO 2019/183387 PCT/US2019/023422

stability in the context of CD4 D1D2 (Figure 9C). Surprisingly, it was found that the
presence of the pair of substitutions S23N/L96V significantly improved conformational
stability (Figure 9D). Thus, AS5V and S23N improved conformational stability in the
context of CD4 D1D2, whereas 176P and FO8V were detrimental to conformational stability.

[00229] Substitutions that replace a glycine or buried hydrophobic amino acid with a
different hydrophobic amino acid of larger volume than the amino acid that is replaced were
combined, and the aggregation temperatures of the resulting eCD4-Ig proteins were measured
(Figure 10). For instance, combining G6A and A55V increased the aggregation temperature
of eCD4-Ig with a wild-type human CD4 D1D2 (SEQ ID NO:1) background by 4.5°C
(Figure 10A). Combining V128L and V128L increased the aggregation temperature of
eCD4-Ig with a G6A/AS5V background by 2.9°C (Figure 10B). Combining G6A, A55V,
V128L, and V168L increased the aggregation temperature of eCD4-Ig with a wild-type
human CD4 D1D2 (SEQ ID NO:1) background by 7.4°C (Figure 10C). Combining G6A,
S23N, V128L, V146I, and V168L increased the aggregation temperature of eCD4-Ig with an
A55V background by 15.7°C (Figure 10D). Combining G6A, S23N, A55V, V128L, V146l
and V168L increased the aggregation temperature of eCD4-Ig with a wild-type human CD4
DID2 (SEQ ID NO:1) background by 19.4°C (Figure 10E). Combining S23N and V146l
increased the aggregation temperature of eCD4-Ig with a G6A/AS5V/V128L/V168L
background by 7.4°C (Figure 10F). Combining S23N, V128L, and V168L increased the
aggregation temperature of eCD4-Ig with a G6A/AS5V background by 7.3°C (Figure 10G).
Combining S23N, A55V, V128L, V146, and V168L increased the aggregation temperature
of eCD4-Ig with a G6A background by 14.8°C (Figure 10H). Combining S23N, V128L,
V146l, and V128L increased the aggregation temperature of eCD4-Ig with a G6A/AS5V
background by 14.9°C (Figure 10I). Combining G6A, S23N, A55V, L116F, V128L, and
V168L increased the aggregation temperature of eCD4-Ig with a wild-type human CD4
DI1D2 (SEQ ID NO:1) background by 19°C (Figure 10J). Combining G6A, S23N, A55V,
V128L, V146F and V168L increased the aggregation temperature of eCD4-1g with a wild-
type human CD4 D1D2 (SEQ ID NO:1) background by 15.4°C (Figure 10K). Combining
G6A, S23N, A55V, V128L, V146W and V168L increased the aggregation temperature of
eCD4-Ig with a wild-type human CD4 D1D2 (SEQ ID NO:1) background by 15.9°C (Figure
10L). Thus, combinations of substitutions that replaced a glycine or buried hydrophobic

amino acid with a hydrophobic amino acid of larger volume than the amino acid that is
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replaced resulted in substantial increases in the aggregation temperature of a CD4 D1D2-

containing protein, e.g., eCD4-Ig.

[00230] To further illustrate the increased aggregation temperatures conferred by
substituting a glycine or buried hydrophobic amino acid with an amino acid of larger volume
than the amino acid that is replaced, the primary thermal scan data from DLS assays is
presented for certain examples (Figure 11). In these examples, the addition of G6A, AS5V,
GO6A/AS5V, V128L/V168L, S23N, and V1461 progressively improved the thermal stability
of eCD4-Ig.

[00231] Aggregation temperatures for eCD4-Ig proteins measured by the DLS thermal
scan assay described in this example are depicted in descending order, from highest-to-lowest

temperatures (Figure 12).

[00232] Thermal scan assay results for CD4-Ig and eCD4-Ig protein variants described
in this Example are summarized in Table 5. All IgG1 Fc domains included the C220S

substitution in the hinge region, except those marked with an * (standard IgG1 numbering).

TABLE 5
Aggregation
Substitutions in human CD4 D1D2 (SEQ ID Sulfopeptide | femperature (°C)
NO:1) IgG1 | IgG2
None (wild-type) none 80.4*
None (wild-type) mim2 51%
None (wild-type) mim2 53 53
None (wild-type) mimé6 53
KIN mimé6 553
K2T mimé6 55
K2N mimé6 56.7
K2E mimé6 57.6
G6A mimé6 57.6
T15N mimé6 60.9
T17N mimé6 57.7
K21IN mimé6 64
S23N mimé6 63.1
G38A mimé6 44
L511 mimé6 54.8
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A55V mim2 56.7%

A55V mimé6 56.7

K728 mimé6 543

K75E mimé6 57.1

K75Q mimé6 56

V86L mimé6 525

Vo3I mimé6 53.2

A102V mimé6 54.1

V1281 mimé6 54.6

V128L mimé6 55.7

R134G mim2 57.1

G140A mimé6 60.8

K167T mim2 56

V168L mimé6 53.8

V176l mimé6 62.2
G6A/A55V mimé6 57.5
R134G/K142R mim2 52
R134G/N164D mim2 56
RI134G/K167T mim2 58.9 57
RI134G/K167T mim4 50 56
QY4E/R134E mim2 52
Q110E/R134G mim2 52
K166N/K167T mimé6 56.4
G6A/AS5V/L511 mimé6 59.7
G6A/AS5V/V86L mimé6 57.8
G6A/A55V/V93l mimé6 48.25
G6A/AS5V/LI6V mimé6 59.2
G6A/A55V/V9T1 mimé6 56
R134G/N164D/K167T mim2 63 61
R134G/N164D/K167T mim4 61 57
R134G/N164D/K167T mim5 60 62
R134G/N164D/K167T none 82.7
R134G/N164D/K167T mimé6 60 61
T17N/R134G/N164D/K167T mim2 66 60
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AS55V/R134G/N164D/K167T mimé6 64.9
R134G/K142R/N164D/K167T mim2 62 60
QY94E/R134G/N164D/K167T mim2 63 61
Q110E/R134G/N164D/K167T mim2 63 61
QY94E/Q110E/K142R/N164D mim2 55
QY94E/Q110E/R134G/N164D/K167T mim2 63 65
Q94E/Q110E/R134G/K142R/K167T mim2 62
QY94E/Q110E/R134G/K142R/N164D mim2 61
QY94E/Q110E/K142R/N164D/K167T mim2 63
QY94E/Q110E/R134G/K142R/N164D/K167T mim2 63 61.5
K2E/R134G/N164D/K167T mimé6 63.9
K7E/K8E/R134G/N164D/K167T mimé6 68
K8E/R134G/N164D/K167T mimé6 67
T17E/R134G/N164D/K167T mimé6 61.8
K21T/R134G/N164D/K167T mimé6 63
I70E/R134G/N164D/K167T mimé6 62
K72S/R134G/N164D/K167T mimé6 63
K72S/K75E/Q94E/Q110E/R134G/N164D/K167T none 87.1
K72S/K75E/Q94E/Q110E/R134G/N164D/K167T mimé6 66
L5Y/S23N/A55V/176P/L96V/FO8V/R134G/N16D/K mimé6 61

167T

L5Y/S23N/A55V/176P/L96V/R134G/N16D/K167T mimé6 68
S23N/A55V/176P/L96V/R134G/N16D/K167T mimé6 68
S23N/A55V/L96V/R134G/N16D/K167T mimé6 68.5
G6A/AS55V/V128L/V168L mimé6 60.4
G6A/S23N/A55V/V128L/V168L mimé6 64.8
G6A/S23T/A55V/V128L/V168L mimé6 62.3
G6A/S23N/A55V/V128L/V1461/V168L mimé6 72.4
G6A/S23N/A55V/V128L/V146L/V168L mimé6 66
G6A/S23N/A55V/V128L/V146F/V168L mimé6 638.4
G6A/S23N/A55V/V128L/V146W/V168L mimé6 68.9
G6A/S23N/A55V/L116F/V128L/V168L mimé6 72
G6A/S23N/A55V/L116W/V128L/V168L mimé6 66.2
G6A/S23N/AS55V/L116F/V128L/V1461/V168L mimé6 70.9
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G6A/S23N/AS55V/L116W/V128L/V1461/V168L mimé6 66.4
G6A/S23N/AS55V/L100I/V128L/V1461/V168L mimé6 638.4
G6A/S23N/A55V/V128L/C130V/C159A/V168L mimé6 60.5
G6A/S23N/AS55V/V128L/C130V/V146F/C159A/V 1 mimé6 58.8
68L

Example 3 — Identification of Amino Acid Substitutions That Improve the Stability of Human

CD4 D1D2 Using Dve Intercalation Assays

[00233] This Example describes the use of another type of thermal scan assay, based
on dye intercalation, to identify substitutions and combinations thereof within CD4 muteins
(e.g., CD4-Ig and eCD4-Ig) that increase its conformational stability. Similar to the DLS
assay, as the temperature is gradually increased, conformational instability allows dyes to
intercalate into the unfolding protein. The intercalated dyes fluoresce, and their light is
detected as a quantitative measurement of the extent of protein unfolding or ‘melting.” Thus,
the data are reported as a 50% melting temperature. Two complementary types of dye
intercalation assays were used, one based on SYPRO Orange intercalation, and the other a

proprietary dye component of the Applied Biosystems Protein Thermal Shift Assay.

[00234] First, a SYPRO Orange dye intercalation assay was used to identify
substitutions and combinations thereof within eCD4-Ig that increase its conformational
stability. The melting temperatures from this SYPRO Orange dye intercalation assay are
shown (Figure 13). These results are also listed in Table 6. All of the eCD4-Ig proteins
reported here included the mimé6 sulfopeptide, the C220S substitution in the hinge region, and
an IgGl Fc.

TABLE 6
Melting
Substitutions in human CD4 D1D2 (SEQ ID NO:1) Sulfopepti | temperature

de °C)
S23N/AS55V/K72S/K75E/Q94E/L96V/Q110E/R134G/N164 mimé6 66.6
D/K167T
G6A/AS55V/V128L/V168L mimé6 65.3
S23N/K72S/K75E/R134G/N164D/K167T mimé6 64.5
GOA/AS5V mimé6 62.7
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G6A/AS5V/VI3I mimé6 62.0
G6A/AS5V/VE6L mimé6 61.7
GO6A/ASSV/LI6V mimé6 61.6
GO6A/AS5V/LS1T mimé6 60.6
R134G/N164D/K167T mimé6 60.1
AS55V mimé6 58.7
CI130A/C159V mimé6 58.5
G140A mimé6 57.9
Go6A mimé6 57.6
AS5S5I mimé6 56.1
T15N mimé6 56.0
VI168L mimé6 553
S23N mimé6 553
K167T mimé6 552
VI128L mimé6 54.7
GO6A/AS5V/IVITL mimé6 54.5
K75Q mimé6 54.0
V1681 mimé6 54.0
K166N mimé6 52.7
RI131T mimé6 51.9
CI130W/C159V mimé6 51.9
T17N mimé6 51.8
K75E mimé6 51.7
K2T mimé6 51.6
V1758 mimé6 50.7
K2N mimé6 50.5
K171IN mimé6 50.3
Wild-Type mimé6 50.2
K2E mimé6 50.2
Al02V mimé6 499
K21N mimé6 49.7
V86L mimé6 48.0
C130V/C159V mimé6 47.8
L1518 mimé6 477
V86l mimé6 474
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VO3I mimé6 473
K728 mimé6 473
A55T mimé6 47.1
KIN mimé6 46.9
L511 mimé6 46.5
V176l mimé6 46.5
V1281 mimé6 45.9
Viell mimé6 45.9
G38A mimé6 449
K22T mimé6 44 .6
VI161L mimé6 342
KI166E mimé6 29.5
K7E mimé6 28.6
[00235] Several additional SYPRO Orange dye intercalation assays were performed to

compare combinations of substitutions within eCD4-Ig that were of interest for their ability
increase the conformational stability of the protein. eCD4-Ig proteins containing the
substitutions R134G/N164D/K167T and K72S/K75E/Q94E/Q110E/R134G/N164D/K167T
were compared against those containing wild-type human CD4 D1D2 (SEQ ID NO:1) or
wild-type rhesus macaque CD4 D1D2 (Figure 15A). This assay was repeated, now with
R134G/N164D/K167T in the context of an IgG2 Fc (Figure 15B). Next, eCD4-Ig proteins
containing the substitutions R134G/N164D/K167T,
K72S/K75E/Q94E/Q110E/R134G/N164D/K167T, and
S23N/AS55V/KT728/K75E/Q94E/L96V/Q110E/R134G/N164D/K167T were compared against
the broadly neutralizing antibody 10-1074 and control eCD4-Ig proteins containing wild-type
human CD4 D1D2 (SEQ ID NO:1) or wild-type rhesus macaque CD4 D1D2 (Figure 15C).
The eCD4-Ig proteins reported in Figure 15SA-C all included the mim6 sulfopeptide and the
(2208 substitution in the hinge region.

[00236] Two among the most conformationally-stable CD4 muteins were compared
for thermal stability using the Applied Biosystems Protein Thermal Shift Assay. In this
experiment, the CD4 muteins were CD4-Ig proteins lacking sulfopeptides. The combinations
of substitutions compared were G6A/S23N/AS55V/V128L/V168L (average melting
temperature 68.5°C) and

S23N/AS55V/K72S/K75E/Q94E/L96V/Q110E/R134G/N164D/K167T V168L (average
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melting temperature 66.1°C) (Figure 15D). Both of these proteins were substantially more
stable than CD4-Ig with a wild-type human CD4 D1D2 (SEQ ID NO:1) (average melting
temperature 53.3°C). Although the stabilization of G6A/S23N/AS55V/V128L/V168L relies
upon substituting a glycine or buried hydrophobic amino acid with a hydrophobic amino acid
of greater volume to a greater extent than
S23N/AS5V/K72S8/K75E/Q94E/L96V/Q110E/R134G/N164D/K167T V168L, these
approaches for protein stabilization are complementary. Moreover, Figure 15D shows that
either set of substitutions substantially stabilize the CD4 mutein, regardless of the presence or
absence of a sulfopeptide. Each of these proteins included the C220S substitution in the hinge

region.

[00237] Thus, in this example, numerous substitutions within human CD4 D1D2 (SEQ
ID NO:1) and combinations of substitutions that increase protein stability were identified, as

measured using different dye intercalation assays.

Example 4 — Identification of Amino Acid Substitutions That Improve the Expression of

Human CD4 D1D2

[00238] This example describes the identification of substitutions in human CD4
DI1D2 (SEQ ID NO:1) and combinations thereof that increase the expression of CD4 muteins,
e.g., CD4-Ig and eCD4-Ig. High protein yield is a desirable property in at least three ways:
First, the proportion of translated protein that folds properly and does not aggregate prior to
secretion from the producer cell will be reflected in protein yields. Thus, measuring protein
yield is an alternative approach for measuring proper protein folding and stability. Indeed,
protein stability assays (e.g., DLS) are used to identify substitutions that increase protein
expression. Second, the greater the yield of a recombinant protein therapeutic, the fewer
resources needed to produce the same amount of protein, and the lower the production cost.
Third, when the CD4 mutein is delivered by any gene therapy vector-mediated delivery
system (e.g., AAV), higher protein yields would be expected to increase the concentrations of
the CD4 mutein present in plasma, or decrease the amount of vector needed to achieve the
same concentration of the CD4 mutein in plasma. Since high protein yield is a desirable
property, the effects of different substitutions and combinations of substitutions on protein
yield were assessed.

[00239] Various CD4 muteins containing individual substitutions and combinations of
substitutions were expressed in Expi293 cells, and cumulative protein yields were compared

against eCD4-Ig with a wild-type human CD4 D1D2 (SEQ ID NO:1) (Figure 16). This
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analysis showed which substitutions, in general, increase protein yields.

protein expressed in these yield experiments are stated in Table 7.

PCT/US2019/023422

The amount of

TABLE 7
Yield
Substitutions in human CD4 D1D2 (SEQ ID NO:1) Sulfopeptide | (mg/L)
S23N mimo6 89.4
TI5N mimo6 82.4
K167T mimo6 81.8
G6A mimo6 80.1
G6A/A55V/VITI mimo6 76.8
K2IN mimo6 76.0
G6A/A55V mimo6 74.0
KI166N/K167T mimo6 72.5
K166N mimo6 72.1
G6A/A55V/L511 mimo6 70.0
T17N mimo6 66.5
K75Q mimo6 66.3
V168L mimo6 65.6
R134G/N164D/K167T mimo6 63.4
K21N/K22T mimo6 62.2
K2T mimo6 61.9
S23N/A55V/KT728/K75E/Q94E/L96V/Q110E/R134G/N164D/K167T | mim6 61.2
K728/K75E/Q94E/Q110E/R134G/N164D/K167T mimo6 60.4
R131T mimo6 59.8
G6A/A55V/LV86L mimo6 59.8
AS55V mimo6 59.4
G6A/A55V/V128L/V168L mimo6 58.2
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S23N/K72S/K75E/R134G/N164D/K167T mimé6 542
K2E mimé6 54.1
AS5S5I mimé6 534
G6A/AS5V/VI3I mimé6 512
VI128L mimé6 51.0
GO6A/ASSV/LI6V mimé6 472
K2N mimé6 44.7
K75E mimé6 429
V86L mimé6 38.8
AS55T mimé6 34.6
V86l mimé6 342
K171IN mimé6 34.0
Wild-Type mimé6 33.6
K728 mimé6 29.5
V1758 mimé6 28.6
Al02V mimé6 28.4
L511 mimé6 26.6
CI130W/C159V mimé6 23.2
Vo3l mimé6 22.8
KIN mimé6 18.7
L1518 mimé6 13.8
V1281 mimé6 13.6
K166E mimé6 11.8
G38A mimé6 11.8
K22T mimé6 11.4
V176l mimé6 11.4
Vie6ll mimé6 10.8
G140A mimé6 8.8
G99A mimé6 52
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VI161L mimé6 3.6
C130A/C159V mimé6 1.4
C130V/C159V mimé6 1.2
K7E mimé6 0.7
[00240] Several controlled experiments were designed to specifically address the

effects on protein expression of substituting a glycine or buried hydrophobic amino acid with
a hydrophobic amino acid of larger volume than the amino acid that is replaced. Mutations at
position S23 also were included, due to the substantial impact of mutations on this site on
protein stability and yield. Based on the improvements described above for CD4-Ig and
eCD4-1g proteins containing S23N and the combination of G6A/A55V/V128L/V168L as
substitutions of a glycine or buried hydrophobic amino acid with a hydrophobic amino acid
of larger volume than the amino acid that is replaced, both G6A/S23N/A55V/V128L/V168L
and wild-type human CD4 D1D2 (SEQ ID NO:1) were included as controls for these protein
expression experiments (Figure 17). Each panel (Figure 17A-G) represents a separate
protein expression experiment with the control proteins expressed in parallel. The following
observations were noted: From greatest to least (i.e., where > means “is greater than™), the
expression of eCD4-Ig proteins was G6A/S23N/AS55V/V128L/V168L > G6A/AS5V > AS55V
> wild-type human CD4 D1D2 (Figure 17A). L116W and L116F both improved the
expression of eCD4-Ig containing G6A/S23N/AS55V/V128L/V168L (Figure 17B).
Substitutions at position S23 other than S23N, e.g., S23T, also increased protein expression
(Figure 17B & D). Replacement of the C130-C159 disulfide with C130V/C159A improved
protein expression (Figure 17C-D). Substitutions of V146 with a hydrophobic amino acid of
larger volume (e.g., V1461, V146L, V146F, and V146W) generally increased protein
expression (Figure 17E-G). Likewise, substitution of L116 with a hydrophobic amino acid of
greater volume (e.g., L116F and L116W) generally increased protein expression (Figure
17B, D, and G). However the combination of substitutions with a hydrophobic amino acid of
larger volume than the amino acid that is replaced at both L116 and V146 tended to not
further increase protein expression (Figure 17G). Thus, combinations of substitutions that
maximized protein expression, often 3-4-fold above the expression proteins based on wild-
type human CD4 D1D2 (SEQ ID NO:1) sequences, included
G6A/S23N/AS5V/VI128L/V1461/V168L, G6A/S23N/A55V/V128L/V146F/V168L,
GO6A/S23N/AS5V/VI28L/V146L/V168L, G6A/S23N/AS5V/V128L/V146W/V168L,
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GO6A/S23N/ASSV/L116F/V128L/V168L, G6A/S23N/ASSV/L116W/V128L/V168L,
G6A/S23N/AS5V/VI28L/C130V/C159A/V168L, G6A/S23N/ASSV/L110I/V128L/V168L,
and G6A/S23N/AS55V/V128L/V168L/V176l. It also was noted that
G6A/S23N/AS5V/V128L/V168L appeared to rescue the expression of muteins that were
poorly expressed in the context of a wild-type human CD4 D1D2 (SEQ ID NO:1)
background, e.g., G140A and V176l (Figure 16) versus (Figure 17E & F). The protein
expression yields shown in Figure 17 are stated in Tables 8-15. Protein expression also was
compared for CD4-Ig variants lacking a sulfopeptide with wild-type human CD4 D1D2 (SEQ
ID NO:1), G6A/S23N/AS55V/V128L/V168L, and
S23N/AS55V/KT72S/K75E/Q94E/L96V/Q110E/R134G/N164D/K167T (Figure 17H). The
protein expression yields from Figure 17H are stated in Table 15. This experiment showed
that G6A/S23N/AS55V/V128L/V168L expressed more efficiently than otherwise-identical
CD4-Ig proteins containing either wild-type or
S23N/AS55V/K72S/K75E/Q94E/L96V/Q110E/R134G/N164D/K167T CD4 D1D2, and that
the enhancement of expression by G6A/S23N/A55V/V128L/V168L was independent of the
sulfopeptide. These results show that substituting a glycine or buried hydrophobic amino acid
with a hydrophobic amino acid of larger volume than the amino acid that is replaced can
increase protein expression, particularly at positions G6, A55, L116, V128, V146, V168, and
V176 of human CD4 D1D2. Notably, the side chains of G6A, A55, L116, V128, V146,
V168, and V176 are not surface-exposed. Thus, G6A/S23N/AS55V/V128L/V168L has just

one substitution at a position with a surface-exposed side chain (S23).

TABLE 8
Yield
Substitutions in human CD4 D1D2 (SEQ ID NO:1) Sulfopeptide | (mg/L)
G6A/S23N/A55V/V128L/V168L mim6 36.1
GO6A/A55V mim6 27.3
R134G mimé6 19.6
N164D mimé6 19.0
A355V mimé6 16.8
Wild-Type mimé6 10.0
TABLE 9
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Yield
Substitutions in human CD4 D1D2 (SEQ ID NO:1) Sulfopeptide | (mg/L)
GO6A/S23N/ASSV/L116W/V128L/V168L mimé6 67.2
G6A/S23N/AS5V/FO8W/V128L/V168L mimé6 64.5
G6A/S23N/AS5V/L116F/V128L/V168L mimé6 63.3
G6A/S23T/AS5V/VI128L/V168L mimé6 36.2
GO6A/S23N/AS5V/VI28L/V168L mimé6 335
G6A/S23N/AS5V/L114F/V128L/V168L mimé6 29.5
G6A/S23N/AS5V/L1141/V128L/V168L mimé6 20.4
Wild-Type mimé6 152
TABLE 10
Yield
Substitutions in human CD4 D1D2 (SEQ ID NO:1) Sulfopeptide | (mg/L)
GO6A/S23N/AS5V/VI28L/C130V/V146F/C159A/V168L mimé6 99.7
G6A/S23N/AS5V/L100I/V128L/C130V/V146F/C159A/V168L mimé6 91.1
Chimp CD4 mimé6 69.9
GO6A/S23N/AS5V/VI28L/V168L mimé6 64.0
G6A/S23N/AS5V/VI128L/C130A/V146F/C1591/V168L mimé6 52.8
G6A/S23N/AS5V/V128L/C130G/V146F/C1591/V168L mimé6 441
Wild-Type mimé6 254
G6A/S23N/AS5V/L116C/V128L/C130A/V146F/V168L mimé6 1.9
G6A/S23N/AS5V/L116C/V128L/C130A/V168L mimé6 1.0
TABLE 11
Yield
Substitutions in human CD4 D1D2 (SEQ ID NO:1) Sulfopeptide | (mg/L)
GO6A/S23N/ASSV/VI28L/V1461/V168L mimé6 60.5
G6A/S23N/AS5V/L116F/V128L/V168L mimé6 54.3
G6A/S23N/AS5V/VI28L/C130W/CI159A/V168L mimé6 522
G6A/S23T/AS5V/VI128L/V168L mimé6 477
G6A/S23N/AS5V/VI128L/C130V/C159A/V168L mimé6 45.0
G6A/S23N/AS5V/VI128L/C130A/C159A/V168L mimé6 41.2
G6A/S23N/AS5V/VI28L/V168L mimé6 22.0
Wild-Type mimé6 15.9
TABLE 12
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Yield
Substitutions in human CD4 D1D2 (SEQ ID NO:1) Sulfopeptide | (mg/L)
G6A/S23N/AS5V/VI28L/V1461/V168L/V1761 mimé6 34.7
G6A/S23N/AS55V/L100I/V128L/V1461/V168L mimé6 34.6
GO6A/S23N/ASSV/L100I/V128L/V146F/V168L mimoé6 31.9
G6A/S23N/AS5V/VI128L/V168L mimo6 31.7
G6A/S23N/AS5V/L100I/V128L/V1461/V168L/V1761 mimo6 28.4
GO6A/S23N/ASSV/L114W/L116A/V128L/V168L mimé6 27.7
G6A/S23N/AS55V/L100I/V128L/V168L/V1761 mimé6 27.7
G6A/S23N/AS55V/L100I/V128L/V146F/V168L/V1761 mimoé6 27.1
G6A/S23N/AS5V/VI28L/V146F/V168L/V1761 mimoé6 25.5
Wild-Type mimé6 12.3
TABLE 13
Yield
Substitutions in human CD4 D1D2 (SEQ ID NO:1) Sulfopeptide | (mg/L)
G6A/S23N/AS5V/VI28L/V1461/V168L mimé6 18.8
G6A/S23N/AS5V/V128L/G140A/V168L mimé6 17.1
G6A/S23N/AS5V/VI128L/V146L/V168L mimé6 17.0
GO6A/S23N/AS5V/VI28L/V146W/V168L mimé6 16.9
G6A/S23N/AS5V/L110I/V128L/V168L mimoé6 16.9
GO6A/S23N/ASSV/VI28L/V168L/V1761 mimé6 15.0
GO6A/S23N/AS5V/VI28L/V168L mimé6 12.4
S23N mimé6 8.3
Wild-Type mimé6 5.7
TABLE 14
Yield
Substitutions in human CD4 D1D2 (SEQ ID NO:1) Sulfopeptide | (mg/L)
G6A/S23N/AS5V/VI28L/V1461/V168L mimé6 48.4
G6A/S23N/AS5V/L116F/V128L/V168L mimé6 40.9
GO6A/S23N/AS5V/VI128L/V146F/V168L mimé 38.4
GO6A/S23N/ASSV/L116W/V128L/V1461/V168L mimé 38.4
GO6A/S23N/ASSV/L116F/V128L/V1461/V168L mimé6 349
GO6A/S23N/AS5V/VI28L/V168L mimé 313
Wild-Type mimé6 11.6
TABLE 15
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Yield
Substitutions in human CD4 D1D2 (SEQ ID NO:1) Sulfopeptide | (mg/L)
G6A/S23N/A55V/V128L/V168L None 186.1
S23N/A55V/K728/K75E/Q94E/L96V/Q110E/R134G/N164D/K167T | None 125.6
Wild-Type None 95.0

Example 5 — Pharmacokinetics of CD4 D1D2 Variants in Human FcRn Transgenic Mice

[00241] This Example describes the pharmacokinetics in human FcRn transgenic,
immunodeficient mice of proteins including CD4 D1D2 variants with improved stability
identified in Examples 2-4. /n vivo pharmacokinetics (pk) of wild-type human CD4-Ig or
variants of human CD4-Ig or eCD4-Ig were measured after intravenous administration in

human FcRn transgenic mice.

[00242] In a first experiment in human FcRn transgenic mice, the half-life of wild-type
human CD4-Ig was 2.4 days, whereas variants of CD4-Ig with substitutions at the positions
R134/N164/K167 or K72/K75/Q94/Q110/R134/N164/K16 had half-lives of 4.2 days or 8.6
days, respectively (Figure 18A). Therefore, substitutions that increased the aggregation
temperature of CD4 D1D2 proteins significantly increased half-life in vivo. The half-life of
R134/N164/K167 eCD4-Ig was also measured to be 5.5 days (Figure 18B). Furthermore, the
half-lives of eCD4-Ig with substitutions at positions K72/K75/Q94/Q110/R134/N164/K167
and Q94/Q110/R134/N164/K167 were 9.0 and 3.7 days, respectively (Figure 18C). These
results suggest that substitutions which improved the conformational stability of eCD4-Ig in
the DLS and dye intercalation thermal scan assays improve the pharmacokinetics of the

protein.

[00243] In a second experiment in human FcRn transgenic mice, the pharmacokinetics
of eCD4-Ig variants containing additional combinations of mutations were compared (Figure
19). In this experiment, a control broadly neutralizing antibody known to have a long half-
life, 10-1074, was used as a control. 10-1074 (with an IgG1 Fc) had a half-life of 11.6 days.
The half-lives for eCD4-Ig variants with a wild-type human IgG1 Fc and the following amino
acid substitutions were: 3.5 days for wild-type human CD4 D1D2 (SEQ ID NO:1), 4.6 days
for K72S/K75E/R134G/N164D/K167T, 6.1 days for
K72S/K75E/Q94E/Q110E/R134G/N164D/K167T, 6.3 days for
S23N/AS55V/K72S/K75E/Q94E/Q110E/R134G/N164D/K167T, and 6.9 days for
S23N/A55V/K72S/K75E/R134G/N164D/K167T (Figure 19, Table 16). Thus, the half-life
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of eCD4-Ig was extended by up to two-fold. Additionally, the half-lives of eCD4-Ig proteins
containing the Fc domain substitutions M252Y, S254T, and T256E (*YTE”), or M428L and
N434S (“LS”), were compared against the half-life of an otherwise-identical variant with a
wild-type human IgG1 Fc, in the context of the
S23N/AS5V/K72S/K75E/Q94E/Q110E/R134G/N164D/K167T substitutions in CD4 D1D2.
The eCD4-Ig variant containing the M252Y, S254T, and T256E substitutions in the Fc
domain did not appear to substantially change the half-life of eCD4-Ig (6.3 days without the
M252Y, S254T, and T256E substitutions, versus 6.0 days with the substitutions) (Table 16).
However, the M428L and N434S substitutions in the Fc domain did substantially lengthen
the half-life of this eCD4-Ig variant, from 6.3 days without the M428L and N434S
substitutions to 10.2 days with the substitutions—a 62% increase (Figure 19). In comparison
to the eCD4-1g protein with a wild-type human CD4 D1D2 (SEQ ID NO:1) and wild-type
human IgG1 Fc domain, the S23N/AS5V/K72S/K75E/Q94E/Q110E/R134G/N164D/K167T
substitutions in CD4 D1D2 and the M428L and N434S substitutions in the Fc domain
increased its half-life from 3.5 days to 10.2 days, or nearly 3-fold.

TABLE 16
F Average
[
- Half-Life
Substitutions in human CD4 D1D2 (SEQ ID NO:1) domain
Dayvs
all IeG1

Wild-Type Wild- 35

Type
K72S/K75E/R134G/N164D/K167T Wild- 4.6

Type
K72S/K75E/Q94E/Q110E/R134G/N164D/K167T Wild- 6.1

Type
S23N/AS5V/K728/K75E/Q94E/Q110E/R134G/N164D/K167T Wild- 6.3

Type
S23N/A55V/K72S8/K75E/R134G/N164D/K167T Wild- 6.9

Type
S23N/AS5V/KT728/K75E/Q94E/Q110E/R134G/N164D/K167T YTE 6.0
S23N/AS5V/K728/K75E/Q94E/Q110E/R134G/N164D/K167T LS 10.2
Example 6 — Pharmacokinetics of CD4 D1D2 Variants in Wild-Tvpe Mice
[00244] This Example describes the pharmacokinetics of eCD4-1g proteins with

substitutions in CD4 D1D2 in wild-type BALB/cJ mice.
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[00245] The first goal of this experiment was to determine whether eCD4-Ig variants
that are stabilized by substituting a glycine or buried hydrophobic amino acid with a
hydrophobic amino acid of larger volume than the amino acid that is replaced generated
eCD4-Ig variants that exhibited similar half-lives to eCD4-Ig variants that were stabilized
largely by a combination of substitutions that increase its acidity. The control protein tested
in this example had a CD4 D1D2 sequence with the following substitutions:
S23N/AS55V/K72S/K75E/Q94E/Q110E/R134G/N164D/K167T. The pharmacokinetics of this
variant, which was largely stabilized through surface changes, was compared to the
pharmacokinetics of a variant with the substitutions G6A/S23N/A55V/V128L/V168L
(Figure 20A). Other than S23N, G6A/S23N/A55V/V128L/V168L includes only internal

substitutions in the hydrophobic core of the protein.

[00246] The second goal of this experiment was to determine whether combining (i)
substitutions that render the CD4 mutein more acidic, plus (ii) internal substitutions of a
glycine or buried hydrophobic amino acid with a hydrophobic amino acid of larger volume
than the amino acid that is replaced, affects the pharmacokinetics of CD4 muteins. To assess
the impact on pharmacokinetics of adding surface charge substitutions to this largely
internally stabilized variant, eCD4-Ig variants were included in this experiment containing
the following combinations of substitutions in CD4 D1D2:
G6A/S23N/A55V/V128L/R134G/V168L, G6A/S23N/A55V/V128L/K167T/V168L, and
G6A/S23N/AS5V/V128L/R134G/N164D/K167T/V168L (Figure 20A). Half-lives were
calculated for the period between days 1 and 5, since mouse antibody responses against these
eCD4-1g proteins were observed in some but not all of these wild-type (i.e., non-
immunodeficient) BALB/cJ mice on day 8. The average half-lives are listed in Table 17.
This experiment showed that all of the variants that were largely stabilized by the substitution
of glycine or a buried hydrophobic amino acid with a hydrophobic amino acid of larger
volume than the amino acid that is replaced exhibited at least as long a half-life as the variant
containing the substitutions S23N/A55V/K72S/K75E/Q94E/Q110E/R134G/N164D/K167T,
which largely render the protein more acidic (Figure 20B). One of these variants,
G6A/S23N/AS5V/V128L/R134G/V168L, exhibited a significantly longer half-life than the
control variant with the substitutions
S23N/AS55V/K72S/K75E/Q94E/Q110E/R134G/N164D/K167T (P=0.03, 2-tailed parametric t
test). Moreover, this example (e.g., G6A/S23N/A55V/V128L/R134G/V168L versus
G6A/S23N/A55V/V128L/V168L) demonstrates that substitutions of a basic amino acid in
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wild-type human CD4 D1D2 (SEQ ID NO: 1) with an acidic amino acid can be combined
with substitutions of a glycine or buried hydrophobic amino acid with a hydrophobic amino
acid of larger volume than the amino acid that is replaced to increase the half-life of CD4
muteins in vivo, e.g., eCD4-1g. In summary, this example shows that CD4 muteins, e.g.,
eCD4-Ig, containing substitutions of a glycine or buried hydrophobic amino acid with a
hydrophobic amino acid of larger volume than the amino acid that is replaced can increase
the half-life of the protein in vivo to an extent that is at least great as the other combinations

of substitutions characterized herein.

TABLE 17
Average
Substitutions in human CD4 D1D2 (SEQ ID NO:1) Half-Life
Days
S23N/AS5V/K72S/K75E/Q94E/Q110E/R134G/N164D/K167T 5.1
G6A/S23N/A55V/V128L/V168L 6.8
G6A/S23N/A55V/V128L/R134G/V168L 8.4
G6A/S23N/A55V/V128L/K167T/V168L 5.8
G6A/S23N/A55V/V128L/R134G/N164D/K167T/V168L 63
Example 7 — Pharmacokinetics of CD4 D1D2 Variants in Rats
[00247] This Example describes the pharmacokinetics in rats of proteins including

CD4 D1D2 variants with improved stability identified in Example 2. In vivo
pharmacokinetics (pk) of wild-type human CD4-Ig and human eCD4-Ig variants with the
substitutions R134G/N164D/K167T were measured after subcutaneous administration of 10

mg/kg protein in rats.

[00248] The half-life of wild-type human CD4-Ig was 11 hours in rats (Figure 21),
consistent with published literature (e.g., Chamow, S. M. ef al. (1994) BIOCONJUG. CHEM.,
5(2): 133-40). Howeyver, variants of eCD4-Ig containing the mutations
R134G/N164D/K167T had substantially longer half-lives, e.g., 48 hours for
R134G/N164D/K167T eCD4-1gG1 and 42 hours for R134G/N164D/K167T eCD4-IgG2.
These results suggest that substitutions, e.g., the R134G/N164D/K167T substitutions, which

-82 -



WO 2019/183387 PCT/US2019/023422

improved the conformational stability of eCD4-Ig in the DLS thermal scan assay, also

improve the pharmacokinetics of the protein.

Example 8 — Virus Neutralization by CD4 D1D2 Variants

[00249] This Example describes neutralization of virus by proteins including CD4

D1D2 variants with improved stability and pharmacokinetics identified in Examples 2-7.

[00250] eCD4-Ig variants with and without the A55V substitution were tested for viral
neutralization. The effect of the AS5V substitution was tested in the R134G/N164D/K167T
mutational background. The A55V mutation improved the potency with which eCD4-Ig
neutralizes the infection of three different primary isolates of HIV: BG505 (Figure 22A),
PVO.4 (Figure 22B) and 9014 (Figure 22C). eCD4-1g variants with and without the S23N
substitution were also tested for viral neutralization. The effect of the S23N substitution was
tested in the L5Y/AS5V/I76P/L96V/R134G/N164D/K167T mutational background. The
presence of the S23N substitution improved the ability of eCD4-Ig to neutralize two different
HIV strains: the clade A virus BG505 (Figure 23A) and the clade B virus PVO.4 (Figure
23B). Together, these results suggest that substitutions at positions S23 and AS5S5 in human
CD4 D1D2 (SEQ ID NO:1), e.g., the S23N and AS55V substitutions, increase viral
neutralization by proteins including CD4 D1D2, e.g., eCD4-Ig.

[00251] The ability of an eCD4-Ig variant containing the substitutions
S23N/A55V/L96V/R134G/N164D/K167T (68.5°C aggregation temperature) to neutralize a
panel of test viruses was compared against that of a variant containing the substitutions
R134G/N164D/K167T (60°C aggregation temperature). The test viruses were 398F1,
BG505, 246F3, Tro.11, X2278, 9014, PVO.4, T257-10, CE0217, ZM651, CNES, CNESS5,
BJOX2000, CH119, X1634, and 89.6. The eCD4-Ig variant with the 68.5°C aggregation
temperature neutralized virus infection significantly better than the eCD4-Ig variant with the
60°C aggregation temperature (P<0.0001, Wilcoxon matched pairs test) (Figure 24). The
geometric mean concentration of eCD4-Ig needed to neutralize 50% of virus infection was
approximately one order of magnitude lower for the variant with the 8.5°C-higher

aggregation temperature.

[00252] Virus neutralization also was tested for eCD4-Ig variants containing
substitutions at glycine or buried hydrophobic amino acids with a hydrophobic amino acid of
larger volume than the amino acid that is replaced (Figure 25). The test virus used in this
assay was the transmitted-founder (t/f) virus PRB931-06. The eCD4-Ig variants tested
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included a wild-type human CD4 D1D2 (SEQ ID NO:1) control (gray), AS5V, G6A/AS5V,
GO6A/S23N/ASSV/VI128L/V168L, G6A/S23N/ASSV/V128L/V168L, and
G6A/S23N/Q40A/AS55V/V128L/V168L. This experiment showed that virus neutralization
was highly similar for variants containing AS5V, G6A/AS55V, and
G6A/A55V/S23T/V128L/V168L. However, the inclusion of S23N rather than S23T
improved virus neutralization. Furthermore, the neutralization enhancement provided by
Q40A was not redundant with the neutralization enhancement provided by S23N and A55V,
and the greatest neutralization potency was observed when these three substitutions were
combined. Thus, the substitution of glycine or buried hydrophobic amino acids with a
hydrophobic amino acid of larger volume than the amino acid that is replaced does not

negatively affect virus neutralization.

[00253] These results suggest that substitutions in human CD4 D1D2 (SEQ ID NO:1)
that increase aggregation temperature also increase viral neutralization by proteins including

CD4 D1D2, e.g., eCD4-lg.

Example 9 — Pharmacokinetics of CD4 D1D2 Variants in Rhesus Macaques

[00254] This Example describes the pharmacokinetics in thesus macaques of proteins

including CD4 D1D2 variants with improved stability identified in Example 2.

[00255] eCD4-Ig variants with the R134G/N164D/K167T substitutions were
constructed with IgG1 and IgG2 immunoglobulin Fc regions. Within the IgG1 and IgG2 Fc
regions, variants containing the substitutions M428L and N434S (abbreviated: “LS™), were
created which have been shown to extend the half-lives of monoclonal antibodies. The
pharmacokinetics of these variants were assessed in vivo, in rhesus macaques. The variants
tested here had the following aggregation temperatures: R134G/N164D/K167T eCD4-1gG1,
60°C; R134G/N164D/K167T eCD4-1gG2, 66°C; R134G/N164D/K167T LS eCD4-1gG1,
68°C; and R134G/N164D/K167T eCD4-1gG2, 66°C.

[00256] Groups of three rthesus macaques received intravenous infusions of
R134G/N164D/K167T eCD4-I1gG1 at 30 mg/kg (Figure 26A), R134G/N164D/K167T eCD4-
IgG2 at 30 mg/kg (Figure 26B), R134G/N164D/K167T LS eCD4-1gG1 at 30 mg/kg (Figure
26C), and R134G/N164D/K167T LS eCD4-1gG2 at 30 mg/kg (Figure 26D). Each CD4-
derived polypeptide tended to exhibit biphasic pharmacokinetic profiles, in which there was a
first phase with a half-life of 2.7-6.2 days, and a second phase where plasma concentrations

of the polypeptide rapidly declined. Notably, the half-lives observed for
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R134G/N164D/K167T eCD4-1g were significantly longer than those reported for CD4-Ig.
The presence of the LS substitutions in the IgG1 or IgG2 Fc appeared to modestly lengthen
half-life.

[00257] Identical pharmacokinetic profiles were observed when the same eCD4-I1gG1
proteins were administered to macaques at either 10 mg/kg (Figures 26E) or at 1 mg/kg
(Figure 26G), as had been observed when they were administered at 30 mg/kg (Figure 26C).
Likewise, identical pharmacokinetic profiles were observed when the same eCD4-1gG2
proteins were administered to macaques at 10 mg/kg (Figures 26F) as had been observed

when they were administered at 30 mg/kg (Figure 26D).

Example 10 — Treatment of Infected Rhesus Macaques With CD4 D1D2 Variants

[00258] This Example describes the treatment of SHIV -infected rhesus macaques with
proteins including CD4 D1D2 variants with improved stability identified in Example 2.

[00259] Rhesus macaques infected with SHIV-ADS were treated with 30 mg/kg
intravenously of either the IgG1 or IgG2 forms of R134G/N164D/K167T eCD4-1g (Figure
27). Each protein suppressed plasma viral loads by more than one order of magnitude. Viral
loads were suppressed to the limit of detection, at least at one time point, in all of the animals.
Viral loads rebounded more slowly in the animals that received the IgG1 form of eCD4-Ig,
even though these animals started with higher viral loads. These results suggest that proteins,
e.g., eCD4-lIg, including the CD4 D1D2 variants described herein, e.g, including the
R134G/N164D/K167T substitutions, can suppress virus replication and thereby treat viral

infection in primates.
INCORPORATION BY REFERENCE

[00260] The entire disclosure of each of the patent and scientific documents referred to

herein is incorporated by reference for all purposes.
EQUIVALENTS

[00261] The invention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments are therefore to be
considered in all respects illustrative rather than limiting on the invention described herein.
Scope of the invention is thus indicated by the appended claims rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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SEQUENCE LISTING
[00262] SEQ ID NO: I:

KKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGS FLTKGPSKLNDRADSRRSLW
DOGNEFPLIIKNLKIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOGQSLTLTLESPPGS
SPSVQCRSPRGKNIQGGKTLSVSQLELODSGTWICTVLONQKKVEFKIDIVVLA

[00263] SEQID NO: 2: DYADYDGGYYYDMD
[00264] SEQID NO: 3: DYYDYDGGYYYDMD
[00265] SEQID NO: 4: DYYDYDGGYYYDDD
[00266] SEQID NO: 5: DYYDYDGGYYYDND
[00267] SEQID NO: 6: DYYDYDGGYYYDGD
[00268] SEQID NO: 7: DYXDYDGGYYYDXD, where X is any amino acid.

[00269] SEQ ID NO: 8:

KKVVLGKKGDTVELTCTASQKKSTIQFHWKNSNQIKILGNQGSEFLTKGPSKLNDRADSRRSLW
DOGNFPLITKNLKIEDSDTYICEVEQKEEVQLLVEGLTANSDTHLLQGQSLTLTLESPPGSS
PSVQCRSPGGKNIQGGKTLSVSQLELOQDSGTWICTVLOQDOQKTVEFKIDIVVLA

[00270] SEQ ID NO: 9:

AAGAAGGTGGTGCTGGGCAAGAAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGCCGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGAAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGGACCAGA
AGACCGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00271] SEQ ID NO: 10:

KKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGS FLTKGPSKLNDRVDSRRSLW
DOGNEFPLIIKNLKIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOGQSLTLTLESPPGS
SPSVQCRSPRGKNIQGGKTLSVSQLELODSGTWICTVLONQKKVEFKIDIVVLA

[00272] SEQID NO: 11:

AAGAAGGTGGTGCTGGGCAAGAAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGTGGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGAAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
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GCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCAGAGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGAACCAGA
AGAAGGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00273] SEQ ID NO: 12:

KKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGS FLTKGPSKLNDRVDSRRSLW
DOGNEFPLIIKNLKIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOGQSLTLTLESPPGS
SPSVQCRSPGGKNIQGGKTLSVSQLELODSGTWICTVLODOKTVEFKIDIVVLA

[00274] SEQ ID NO: 13:

AAGAAGGTGGTGCTGGGCAAGAAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGTGGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGAAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGGACCAGA
AGACCGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00275] SEQ ID NO: 14

KKVVLGKKGDTVELTCTASQKKNIQFHWKNSNQIKILGNQGSFLTKGPSKLNDRVDSRRSLW
DOGNFPLITKNLKIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOQGQSLTLTLESPPGS
SPSVQCRSPGGKNIQGGKTLSVSQLELODSGTWICITVLODOKTVEFKIDIVVLA

[00276] SEQ ID NO: 15:

AAGAAGGTGGTGCTGGGCAAGAAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAACATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGTGGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGAAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGGACCAGA
AGACCGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00277] SEQ ID NO: 16:

NEVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGSEFLTKGPSKLNDRADSRRSLW
DOGNFPLITKNLKIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOQGQSLTLTLESPPGS
SPSVQCRSPRGKNIQGGKTLSVSQLELODSGTWICTVLONQKKVEFKIDIVVLA

[00278] SEQ ID NO: 17:

AACGAGGTGGTGCTGGGCAAGAAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
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GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGCCGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGAAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCAGAGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGAACCAGA
AGAAGGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00279] SEQ ID NO: 18:

KKVVLGEEGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGS FLTKGPSKLNDRADSRRSLW
DOGNEFPLIIKNLKIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOGQSLTLTLESPPGS
SPSVQCRSPRGKNIQGGKTLSVSQLELODSGTWICTVLONQKKVEFKIDIVVLA

[00280] SEQ ID NO: 19:

AAGAAGGTGGTGCTGGGCGAGGAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGCCGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGAAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCAGAGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGAACCAGA
AGAAGGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00281] SEQ ID NO: 20:

NEVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGSFLTKGPSKLNDRVDSRRSLW
DOGNEFPLIIKNLKIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOGQSLTLTLESPPGS
SPSVQCRSPGGKNIQGGKTLSVSQLELODSGTWICTVLODOKTVEFKIDIVVLA

[00282] SEQ ID NO: 21:

AACGAGGTGGTGCTGGGCAAGAAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGTGGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGAAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGGACCAGA
AGACCGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00283] SEQ ID NO: 22:

KKVVLGEEGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGSFLTKGPSKLNDRVDSRRSLW
DOGNFPLIIKNLKIEDSDTYICEVEDQKEEVQLLVEFGLTANSDTHLLQGQSLTLTLESPPGS
SPSVQCRSPGGKNIQGGKTLSVSQLELQDSGTWTCTVLQDOQKTVEFKIDIVVLA

[00284] SEQ ID NO: 23:
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AAGAAGGTGGTGCTGGGCGAGGAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGTGGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGAAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGGACCAGA
AGACCGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00285] SEQ ID NO: 24:

KKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGS FLTKGPSKLNDRVDSRRSLW
DOGNEFPLIIKNLKIEDSDTYICEVEDQKEEVELLVEGLTANSDTHLLEGQSLTLTLESPPGS
SPSVQCRSPGGKNIQGGKTLSVSQLELODSGTWICTVLODOKTVEFKIDIVVLA

[00286] SEQ ID NO: 25:

AAGAAGGTGGTGCTGGGCAAGAAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGTGGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGAAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGGAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGACACCCACCTGCTGGAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGGACCAGA
AGACCGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00287] SEQ ID NO: 26:

KKVVLGKKGDTVELTCTASQKKSTIQFHWKNSNQIKILGNQGSFLTKGPSKLNDRVDSRRSLW
DOGNFPLITISNLKIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOQGQSLTLTLESPPGS
SPSVQCRSPGGKNIQGGKTLSVSQLELODSGTWICITVLODOKTVEFKIDIVVLA

[00288] SEQ ID NO: 27:

AAGAAGGTGGTGCTGGGCAAGAAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGTGGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAGCAACCTGAAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGGACCAGA
AGACCGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00289] SEQ ID NO: 28:

KKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGSEFLTKGPSKLNDRVDSRRSLW
DOGNFPLITKNLEIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOQGQSLTLTLESPPGS
SPSVQCRSPGGKNIQGGKTLSVSQLELODSGTWICITVLODOKTVEFKIDIVVLA
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[00290] SEQ ID NO: 29:

AAGAAGGTGGTGCTGGGCAAGAAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGTGGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGGAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGGACCAGA
AGACCGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00291] SEQ ID NO: 30:

NEVVLGEEGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGSEFLTKGPSKLNDRVDSRRSLW
DOGNFPLITKNLKIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOQGQSLTLTLESPPGS
SPSVQCRSPGGKNIQGGKTLSVSQLELODSGTWICITVLODOKTVEFKIDIVVLA

[00292] SEQ ID NO: 31:

AACGAGGTGGTGCTGGGCGAGGAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGTGGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGAAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGGACCAGA
AGACCGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00293] SEQ ID NO: 32:

GNEVVLGEEGDTVELTCTASQKKS IQFHWKNSNQIKILGNQGSFLTKGPSKLNDRVDSRRSL
WDOGNEFPLITIKNLKIEDSDTYICEVEDQKEEVOQLLVEGLTANSDTHLLOGQSLTLTLESPPG
SSPSVQCRSPGGKNIQGGKTLSVSQLELODSGTWICTVLOQDOKTVEFKIDIVVLA

[00294] SEQ ID NO: 33:

AACGAGGTGGTGCTGGGCGAGGAGGGCGACACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGTGGACAGCAGAAGAAGCCTGTGG
GACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGAAGATCGAGGACAGCGACACCTACAT
CTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCCCCCGGCAGC
AGCCCCAGCGTGCAGTGCAGAAGCCCCGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTGCTGCAGGACCAGA
AGACCGTGGAGTTCAAGATCGACATCGTGGTGCTGGCC

[00295] SEQ ID NO: 34:

-90 -



WO 2019/183387 PCT/US2019/023422

GCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGETCGGGCGACCTTTGGTC
GCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGT
TCCTTGTAGTTAATGATTAACCCGCCATGCTAATTATCTACGTAGCCATGTCTAGGGTCGTT
ACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTC
AATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGG
AGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCC
CCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATG
GGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGT
TTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCG
TAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAA
GCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTC
CATAGAAGACACCGGGACCGATCCAGCCTCCGGACTCTAGAGGATCCGGTACTCGAGGAACT
GAAAAACCAGAAAGTTAACTGGTAAGTTTAGTCTTTITTGTCTTTTATTTCAGGTCCCGGATC
CGGTGGTGGTGCAAATCAAAGAACTGCTCCTCAGTGGATGTTGCCTTTACTTCTAGGCCTGT
ACGGAAGTGTTACTTCTGCTCTAAAAGCT GCGGAATTGTACCCGCGGCCGCAGCGCTCCACC
ATGAACAGAGGCGTGCCCTTCAGACACCTGCTGCTGGTGCTGCAGCTGGCCCTGCTGCCCGC
CGCCACCCAGGGCAAGAAGGTGGTGCTGGGCAAGAAGGGCGACACCGTGGAGCTGACCTGCA
CCGCCAGCCAGAAGAAGAGCATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTG
GGCAACCAGGGCAGCTTCCTGACCAAGGGCCCCAGCAAGCTGAACGACAGAGTGGACAGCAG
AAGAAGCCTGTGGGACCAGGGCAACTTCCCCCTGATCATCAAGAACCTGAAGATCGAGGACA
GCGACACCTACATCTGCGAGGTGGAGGACCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGC
CTGACCGCCAACAGCGACACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAG
CCCCCCCGGCAGCAGCCCCAGCGTGCAGTGCAGAAGCCCCGGCEGCAAGAACATCCAGGGCG
GCAAGACCCTGAGCGTGAGCCAGCTGGAGCTGCAGGACAGCGGCACCTGGACCTGCACCGTG
CTGCAGGACCAGAAGACCGTGGAGTTCAAGATCGACATCGTGGTGCTGGCCGAGCCCAAGAG
CAGCGACAAGACCCACACCTGCCCCCCCTGCCCCGCCCCCGAGCTGCTGGGCGGCCCCAGCG
TGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGAACCCCCGAGGTGACC
TGCGTGGTGGTGGACGTGAGCCACGAGGACCCCGAGGTGAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGAG
TGGTGAGCGTGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAG
GTGAGCAACAAGGCCCTGCCCGCCCCCATCGAGAAGACCATCAGCAAGGCCAAGGGCCAGCC
CAGAGAGCCCCAGGTGTACACCCTGCCCCCCAGCAGAGACGAGCTGACCAAGAACCAGGTGA
GCCTGACCTGCCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAC
GGCCAGCCCGAGAACAACTACAAGACCACCCCCCCCGTGCTGGACAGCGACGGCAGCTTCTT
CCTGTACAGCAAGCTGACCGTGGACAAGAGCAGATGGCAGCAGGGCAACGTGTTCAGCTGCA
GCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGAGCCCCGGC
AAGGGCGGCGGCGGCGGCGACTACTACGACTACGACGGCGGCTACTACTACGACGGCGACTG
AGCGGCCGCAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTA
TGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTT
CCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAG
TTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCAC
TGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTA
TTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTG
GGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTG
TGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAG
CGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGC
CCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGGGGGATCCAGACATGATAA
GATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGT
GAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAA
CAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTCGGATC
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CTCTAGAGTCGACCAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCATTAACTA
CAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGG
CCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGA
GCGCGCCAGCTGCATTAATGAATCGGCCAACGCGCGGEGGAGAGGCGGTTTGCGTATTGGGC

[00296] SEQ ID NO: 35:

ATGAACCGGGGAGTCCCTTTTAGGCACTTGCTTCTGGTGCTGCAACTGGCGCTCCTCCCAGC
AGCCACTCAGGGAAAGAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGACCTGTA
CAGCTTCCCAGAAGAAGAGCATACAATTCCACTGGAAAAACTCCAACCAGATAAAGATTCTG
GGAAATCAGGGCTCCTTCTTAACTAAAGGTCCATCCAAGCTGAATGATCGCGCTGACTCAAG
AAGAAGCCTTTGGGACCAAGGAAACTTTCCCCTGATCATCAAGAATCTTAAGATAGAAGACT
CAGATACTTACATCTGTGAAGTGGAGGACCAGAAGGAGGAGGTGCAATTGCTAGTGTTCGGA
TTGACTGCCAACTCTGACACCCACCTGCTTCAGGGGCAGAGCCTGACCCTGACCTTGGAGAG
CCCCCCTGGTAGTAGCCCCTCAGTGCAATGTAGGAGTCCAAGGGGTAAAAACATACAGGGGG
GGAAGACCCTCTCCGTGTCTCAGCTGGAGCTCCAGGATAGTGGCACCTGGACATGCACTGTC
TTGCAGAACCAGAAGAAGGTGGAGTTCAAAATAGACATCGTGGTGCTAGCT

[00297] SEQ ID NO: 36:

KKVVLAKKGDTVELTCTASQKKNIQFHWKNSNQIKILGNQGSFLTKGPSKLNDRVDSRRSLW
DOGNFPLITKNLKIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOQGQSLTLTLESPPGS
SPSLOCRSPRGKNIQGGKTLSVSQLELODSGTWICITVLONQKKLEFKIDIVVLA

[00298] SEQ ID NO: 37:

AAGAAGGTGGTGCTGGCCAAGAAGGGCGATACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAACATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCAAGCAAGCTGAACGATAGAGTGGATAGCAGAAGAAGCCTGTGG
GATCAGGGCAACTTCCCACTGATCATCAAGAACCTGAAGATCGAGGATAGCGATACCTACAT
CTGCGAGGTGGAGGATCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGATACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCACCAGGCAGC
AGCCCAAGCCTGCAGTGCAGAAGCCCAAGAGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGATAGCGGCACCTGGACCTGCACCGTGCTGCAGAACCAGA
AGAAGCTGGAGTTCAAGATCGATATCGTGGTGCTGGCC

[00299] SEQ ID NO: 38:

KKVVLAKKGDTVELTCTASQKKNIQFHWKNSNQIKILGNQGSFLTKGPSKLNDRVDSRRSLW
DOGNFPLITKNLKIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOQGQSLTLTLESPPGS
SPSLOCRSPRGKNIQGGKTLSISQLELODSGTWICIVLONQKKLEFKIDIVVLA

[00300] SEQ ID NO: 39:

AAGAAGGTGGTGCTGGCCAAGAAGGGCGATACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAACATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
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GCTTCCTGACCAAGGGCCCAAGCAAGCTGAACGATAGAGTGGATAGCAGAAGAAGCCTGTGG
GATCAGGGCAACTTCCCACTGATCATCAAGAACCTGAAGATCGAGGATAGCGATACCTACAT
CTGCGAGGTGGAGGATCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGATACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCACCAGGCAGC
AGCCCAAGCCTGCAGTGCAGAAGCCCAAGAGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CATCAGCCAGCTGGAGCTGCAGGATAGCGGCACCTGGACCTGCACCGTGCTGCAGAACCAGA
AGAAGCTGGAGTTCAAGATCGATATCGTGGTGCTGGCC

[00301] SEQ ID NO: 40:

KKVVLGKKGDTVELTCTASQKKNIQFHWKNSNQIKILGNQGS FLTKGPSKLNDRVDSRRSLW
DOGNEFPLIISNLEIEDSDTYICEVEDQKEEVELVVEGLTANSDTHLLEGQSLTLTLESPPGS
SPSVQCRSPGGKNIQGGKTLSVSQLELODSGTWICTVLODOKTVEFKIDIVVLA

[00302] SEQ ID NO: 41:

AAGAAGGTGGTGCTGGGCAAGAAGGGCGATACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAACATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCAAGCAAGCTGAACGATAGAGTGGATAGCAGAAGAAGCCTGTGG
GATCAGGGCAACTTCCCACTGATCATCAGCAACCTGGAGATCGAGGATAGCGATACCTACAT
CTGCGAGGTGGAGGATCAGAAGGAGGAGGTGGAGCTGGTGGTGTTCGGCCTGACCGCCAACA
GCGATACCCACCTGCTGGAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCACCAGGCAGC
AGCCCAAGCGTGCAGTGCAGAAGCCCAGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CGTGAGCCAGCTGGAGCTGCAGGATAGCGGCACCTGGACCTGCACCGTGCTGCAGGATCAGA
AGACCGTGGAGTTCAAGATCGATATCGTGGTGCTGGCC

[00303] SEQ ID NO: 42:

KKVVLAKKGDTVELTCTASQKKNIQFHWKNSNQIKILGNQGSFLTKGPSKLNDRVDSRRSLW
DOGNFPLITKNLKIEDSDTYICEVEDQKEEVQLLVEGLTANSDTHLLOQGQSLTLTLESPPGS
SPSLOCRSPGGKNIQGGKTLSISQLELODSGTWICITVLONQKKLEFKIDIVVLA

[00304] SEQ ID NO: 43:

AAGAAGGTGGTGCTGGCCAAGAAGGGCGATACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAACATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCAAGCAAGCTGAACGATAGAGTGGATAGCAGAAGAAGCCTGTGG
GATCAGGGCAACTTCCCACTGATCATCAAGAACCTGAAGATCGAGGATAGCGATACCTACAT
CTGCGAGGTGGAGGATCAGAAGGAGGAGGTGCAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGATACCCACCTGCTGCAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCACCAGGCAGC
AGCCCAAGCCTGCAGTGCAGAAGCCCAGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CATCAGCCAGCTGGAGCTGCAGGATAGCGGCACCTGGACCTGCACCGTGCTGCAGAACCAGA
AGAAGCTGGAGTTCAAGATCGATATCGTGGTGCTGGCC

[00305] SEQ ID NO: 44:
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KKVVLAKKGDTVELTCTASQKKNIQFHWKNSNQIKILGNQGS FLTKGPSKLNDRVDSRRSLW
DOGNEFPLIISNLEIEDSDTYICEVEDQKEEVELLVEGLTANSDTHLLEGQSLTLTLESPPGS
SPSLOCRSPGGKNIQGGKTLSISQLELODSGTWICTVLODOKTLEFKIDIVVLA

[00306] SEQ ID NO: 45:

AAGAAGGTGGTGCTGGCCAAGAAGGGCGATACCGTGGAGCTGACCTGCACCGCCAGCCAGAA
GAAGAACATCCAGTTCCACTGGAAGAACAGCAACCAGATCAAGATCCTGGGCAACCAGGGCA
GCTTCCTGACCAAGGGCCCAAGCAAGCTGAACGATAGAGTGGATAGCAGAAGAAGCCTGTGG
GATCAGGGCAACTTCCCACTGATCATCAGCAACCTGGAGATCGAGGATAGCGATACCTACAT
CTGCGAGGTGGAGGATCAGAAGGAGGAGGTGGAGCTGCTGGTGTTCGGCCTGACCGCCAACA
GCGATACCCACCTGCTGGAGGGCCAGAGCCTGACCCTGACCCTGGAGAGCCCACCAGGCAGC
AGCCCAAGCCTGCAGTGCAGAAGCCCAGGCGGCAAGAACATCCAGGGCGGCAAGACCCTGAG
CATCAGCCAGCTGGAGCTGCAGGATAGCGGCACCTGGACCTGCACCGTGCTGCAGGATCAGA
AGACCCTGGAGTTCAAGATCGATATCGTGGTGCTGGCC

[00307] SEQ ID NO: 46:

MNRGVPFRHLLLVLQLALLPAATQG
[00308] SEQ ID NO: 47:

ATGAACAGAGGCGTGCCCTTCAGACACCTGCTGCTGGTGCTGCAGCTGGCCCTGCTGCCCGC
CGCCACCCAGGGC
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WHAT IS CLAIMED IS:

1. A protein comprising a human CD4 domain 1 and domain 2 (CD4 D1D2) mutein,
wherein the CD4 D1D2 mutein is at least 90% identical to wild-type human CD4 D1D2
(SEQ ID NO: 1), and comprises at least one substitution of

(a) abasic amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an

uncharged amino acid;

(b) a basic amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an

acidic amino acid;

(¢) an uncharged amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by

an acidic amino acid; or

(d) a glycine or an amino acid with a buried hydrophobic side chain in wild-type
human CD4 D1D2 (SEQ ID NO: 1) by a hydrophobic amino acid that has

a larger volume than the amino acid that is replaced;

wherein said substitution is at a position that is non-identical to wild-type human CD4 D1D2

(SEQ ID NO: 1) in a non-human primate CD4 D1D2.

2. A protein comprising a human CD4 domain 1 and domain 2 (CD4 D1D2) mutein,
wherein the CD4 D1D2 mutein is at least 90% identical to wildtype human CD4 D1D2 (SEQ
ID NO: 1), and comprises at least one substitution at a position corresponding to K1, K2, V4,
L5, G6, K7, K8, D10, T11, V12, L14, T15, T17, A18, S19, Q20, K21, K22, S23, 124, Q25,
H27, N30, N32, 134, K35, 136, L37, N39, G41, S42, L44, K46, P48, K50, L51, N52, D53,
A55, D56, R58, R59, S60, L61, Q64, G65, N66, F67, P68, L69, 170, 171, K72, K73, L74,
K75,176, E77, D80, T81, V86, E87, D88, Q89, E91, V93, Q94, L95, L96, V97, F98, G99,
T101, A102, N103, S104, D105, H107, L108, Q110, S113, L114, L116, T117, L118, S120,
P121, P122, G123, S124, S125, V128, Q129, C130, R131, S132, P133, R134, G135, N137,
1138, Q139, G140, G141, K142, T143, L144, S145, V146, S147, L149, E150, L151, Q152,
D153, G155, T156, W157, T158, T160, V161, L162, Q163, N164, Q165, K166, K167,
V168, E169, F170, K171, 1172, D173, 1174, V175, V176, or A178 of wild-type human CD4
DI1D2 (SEQID NO: 1).

3. The protein of claim 1 or claim 2, wherein the CD4 D1D2 mutein comprises at least
one substitution at a position corresponding to K1, K2, V4, G6, K7, D10, T11, V12, T15,
T17, A18, S19, Q20, K21, K22, S23, 124, Q25, H27, N30, N32, 134, K35, N39, G41, S42,
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L44, K46, P48, K50, L51, N52, D53, A55, D56, R58, R59, S60, L61, Q64, G65, N66, P68,
L69, 170, K72, K73, L74, K75, 176, E77, D80, T81, E87, D88, Q89, E91, Q94, .96, G99,
T101, A102, N103, S104, D105, H107, 1108, Q110, S113, T117, S120, P122, G123, S124,
S125, V128, Q129, C130, R131, S132, R134, G135, N137, 1138, Q139, G140, G141, K142,
T143, 1144, S145, V146, S147, E150, L151, Q152, D153, T156, W157, T158, T160, V161,
L162, Q163, N164, Q165, K166, K167, V168, E169, F170, K171,1172, D173,1174, V175,
or A178 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

4. The protein of any one of claims 1-3, wherein the CD4 D1D2 mutein comprises at
least one substitution at a position corresponding to K1, K2, K7, D10, T11, T15, T17, A18,
S19, Q20, K21, K22, 823, 124, Q25, H27, N30, N32, 134, N39, G41, S42, L44, K46, P48,
N52, D53, A55, R59, L61, Q64, G65, N66, P68, L69, 170, K72, K73, L74, K75, 176, D8O,
E87, D88, Q89, Q94, L96, A102, N103, S104, Q110, S113, T117, S120, S124, Q129, R131,
R134, N137, Q139, G140, G141, K142, T143, L144, S145, V146, S147, E150, L151, Q152,
T156, W157, T158, T160, V161, L162, N164, Q165, K166, K167, V168, K171, D173, 1174,
or V175 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

5. The protein of any one of claims 1-4, wherein the CD4 D1D2 mutein comprises at
least one substitution at a position corresponding to K2, D10, T15, T17, S19, Q20, K21, K22,
$23, 124, Q25, N30, N32, 134, N39, P48, N52, D33, A55, R59, G65, N66, P68, L69, DSO,
E87, D88, Q89, Q94, Q110, T117, S120, S124, Q129, R134, G140, K142, L144, $147, L151,
T156, W157, T160, V161, L162, N164, K166, or K167 of wild-type human CD4 D1D2
(SEQ ID NO: 1).

6. The protein of any one of claims 1-5, wherein the CD4 D1D2 mutein comprises at
least one substitution at a position corresponding to K1, T15, T17, Q20, 134, N52, D53, AS5,
R59, G65, P68, E87, D88, T117, S120, R134, G140, S147, W157, T160, N164, or K166 of
wild-type human CD4 D1D2 (SEQ ID NO: 1).

7. The protein of any one of claims 1-6, wherein the CD4 D1D2 mutein comprises at
least one substitution at a position corresponding to K2, D10, T15, T17, S19, Q20, K21, K22,
$23, 124, Q25, N30, N32, 134, N39, P48, N52, A55, R59, N66, P68, L69, D80, D88, Q89,
Q94, Q110, S124, Q129, R134, G140, K142, L144, S147, L151, T156, T160, V161, L162,
N164, K166, or K167 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

8. The protein of any one of claims 1-7, wherein the CD4 D1D2 mutein comprises at

least one substitution at a position corresponding to L5, G6, V12, L14, A18, 124, 136, L37,
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Q40, L44, L51, A55, G65, F67, P68, L69, V93, G99, 171, L74, V86, V93, L95, L6, V97,
F98, A102, L108, L114, L116, L118, P121, V128, P133, 1138, G141, L144, V146, L1409,
G155, V161, V168, F170, 1172, 1174, or V176 of wild-type human CD4 D1D2 (SEQ ID NO:

D).

9. The protein of any one of claims 1-8, wherein the CD4 D1D2 mutein comprises at
least one substitution at a position corresponding to G6, A55, L116, V128, V146, V168, or
V176 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

10.  The protein of any one of claims 1-9, wherein the CD4 D1D2 mutein comprises at
least one substitution at a position corresponding to L116, V128, V146, V168, or V176 of
wild-type human CD4 D1D2 (SEQ ID NO: 1).

11.  The protein of any one of claims 1-10, wherein the CD4 D1D2 mutein comprises at
least one substitution at a position corresponding to K1, K2, K7, K21, K22, K35, K46, K50,
R58, R59, K72, K75, R131, R134, K142, K166, K167, or K171 of wild-type human CD4
D1D2 (SEQ ID NO: 1).

12.  The protein of any one of claims 1-11, wherein the CD4 D1D2 mutein comprises at
least one substitution at a position corresponding to V4, T11, T15, T17, S19, Q20, S23, Q25,
H27, N30, N32, 134, S42, P48, N52, S60, L61, Q64, N66, 170, 176,T81, Q89, Q94, T101,
N103, 104, H107, Q110, S113, T117, S120, P122, G123, S124, S125, Q129, G135, N137,
Q139, G140, T143, S145, S147, L151, Q152, T156, T158, T160, L162, Q163, N164, Q165,
V175, or A178 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

13.  The protein of any one of claims 1-12, wherein the CD4 D1D2 mutein comprises at
least one substitution at a position corresponding to K2, G6, K8, T15, T17, K21, S23, AS5,
170, K72, K75, Q94, L96, Q110, L116, V128, R134, K142, V146, N164, K166, K167, V168,
or V176 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

14.  The protein of claim 13, wherein the CD4 D1D2 mutein comprises at least one
substitution at a position corresponding to G6, S23, A55, K72, K75, Q9%4, .96, Q110, L116,
V128, R134, V146, N164, K167, V168, or V176 of wild-type human CD4 D1D2 (SEQ ID
NO: 1).

15.  The protein of claim 14, wherein the CD4 D1D2 mutein comprises at least one
substitution at a position corresponding to G6, 823, A55, K72, K75, Q94, .96, Q110, V128,
R134, V146, N164, K167, or V168 of wild-type human CD4 D1D2 (SEQ ID NO: 1).
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16.  The protein of claim 15, wherein the CD4 D1D2 mutein comprises at least one
substitution at a position corresponding to K72, K75, Q94, Q110, L116, V128, R134, V146,
N164, K167, V168, or V176 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

17.  The protein of claim 16, wherein the CD4 D1D2 mutein comprises at least one
substitution at a position corresponding to S23, A55, R134, N164, or K167 of wild-type
human CD4 D1D2 (SEQ ID NO: 1).

18.  The protein of any one of claims 1-17, wherein the CD4 D1D2 mutein comprises at
least one substitution at a position corresponding to G6, S23, A55, V128, V146, or V168 of
wild-type human CD4 D1D2 (SEQ ID NO: 1).

19.  The protein of any one of claims 1-18, wherein the CD4 D1D2 mutein comprises at
least one substitution in the CD4 D1 domain and at least one substitution in the CD4 D2

domain.

20.  The protein of any one of claims 1-19, wherein the CD4 D1D2 mutein comprises one,
two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen,

sixteen, seventeen, eighteen, nineteen, or twenty substitutions.

21. The protein of any one of claims 1-20, wherein the CD4 D1D2 mutein is at least 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to wild-type human CD4 D1D2
(SEQ ID NO: 1).

22, The protein of any one of claims 1-21 wherein the CD4 D1D2 mutein comprises
fewer than ten, nine, eight, seven, six, five, four, three, two, or one substitutions at amino acid

positions with surface-exposed side chains in wild-type human CD4 D1D2 (SEQ ID NO: 1).

23. The protein of any one of claims 1-22, wherein the CD4 D1D2 mutein comprises

substitutions at the following positions:
(1)  AS55and K72;
(2)  AS55and K75;
3) A55 and Q94
(4)  A55and Q110;
(5)  AS5andL116;
(6)  A55and V128;

(7)  AS55and R134;
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(8)  AS55and V146,
(9)  AS55and N164;
(10)  A55 and K167,
(11)  A55and V168;
(12) S23 and K72;
(13) S23 and K75;
(14)  S23 and Q94;
(15) S23 and Q110;
(16) S23 and L116;
(17)  S23 and V128;
(18)  S23 and R134;
(19)  S23 and V146;
(20) S23 and N164;
(21) S23 and K167;
(22) S23 and V168;
(23) G6and K72;
(24) G6 and K75;
(25) G6and Q94;
(26) G6and Q110;
(27) G6and L116;
(28) G6and V128;
(29) G6 and R134;
(30) G6 and V146;
(31) G6 and N164;
(32) G6and K167,

(33) G6and V168;
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(34) K72 and K75;

(35) K72 and Q94;

(36) K72 and Q110;
(37) K72 andL116;
(38) K72 and V128;
(39) K72 and R134;
(40) K72 and V146;
(41) K72 and N164;
(42) K72 and K167;
(43) K72 and V168;
(44) K75 and Q94;

(45) K75 and Q110;
(46) K75 and L116;
(47) K75 and V128;
(48) K75 and R134;
(49) K75 and V146;
(50) K75 and N164;
(51) K75 and K167;
(52) K75 and V168;
(53) Q94 and Q110;
(54) Q94 and L116;
(55) Q94 and V128;
(56) Q94 and R134;
(57) Q94 and V146;
(58) Q94 and N164;

(59) Q94 and K167;
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(60) Q9% and V168;
(61) Qll10and L116;
(62) Ql10and V128;
(63) Q110 and R134;
(64) Q110 and V146;
(65) Q110 and N164;
(66) Q110 and K167;
(67) Q110 and V168;
(68) L116 and V128;
(69) L116 and R134;
(70)  L116 and V146;
(71) L1116 and N164;
(72) L116 and K167;
(73) L116 and V168;
(74) V128 and R134;
(75) V128 and V146;
(76) V128 and N164;
(77) V128 and K167,
(78) V128 and V168;
(79) V146 and N164;
(80) V146 and K167;
(81) V146 and V168; or
(82) NI164 and K167.

24. The protein of any one of claims 1-23, wherein the CD4 D1D2 mutein comprises

substitutions at the following positions:

(1)  S23, AS5, and K72;
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(2)  S23, A55,and K75;
(3)  S23, A55, and Q94
(4)  S23, A55,and Q110;
(5)  S23, A55,and L116;
(6)  S23, A55,and V128;
(7)  S23, A55, and R134;
(8)  S23, A55,and V146;
(9)  S23, A55, and N164;
(10)  S23, A55, and K167;
(11)  S23, A55, and V168;
(12)  G6, S23, and K72;
(13)  G6, $23, and K75;
(14)  G6, S23, and Q94;
(15)  G6, $23, and Q110;
(16)  G6, S23, and L116;
(17)  G6, S23, and V128;
(18)  G6, S23, and R134;
(19)  G6, S23, and V146;
(20)  G6, S23, and N164;
(21) G6, S23, and K167;
(22) G6, S23, and V168;
(23)  G6, A55, and K72;
(24)  G6, A55, and K75;
(25)  G6, A55, and Q94;
(26)  G6, A55, and Q110;

27) G6, AS5, and L116;
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(28)  G6, A55, and V128;

(29)  G6, A55, and R134;

(30)  G6, A55, and V146;

(31) G6, A55, and N164;

(32) G6, A55, and K167;

(33)  G6, A55, and V168;

(34)  G6, S23, A55, and K72;
(35)  G6, $23, A55, and K75;
(36)  G6, S23, A55, and Q94;
(37) G6, S23, A55, and Q110;
(38)  G6, S23, A55, and L116;
(39)  G6, S23, A55, and V128;
(40)  G6, S23, AS5, and R134;
(41)  G6, S23, A55, and V146;
(42)  G6, S23, A55, and N164;
(43)  G6, S23, A55, and K167; or
(44)  G6, S23, A55, and V168.

25. The protein of any one of claims 1-24, wherein the CD4 D1D2 mutein comprises

substitutions at the following positions:
(1)  R134, N164, and K167;
(2) K72, R134, and K167;
(3) K75, R134, and K167;
(4)  Q94, R134, and K167;
(5)  Q110, R134, and K167;
6) Q94, Q110, and R134;

) Q9%4, Q110, and N164;
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(8)  Q94, Q110, and K167;
(9)  Q94,Q110, R134, and K167;
(10) K72, K75, and R134:
(11) K72, K75, and N164;
(12) K72,K75, and K167;
(13) K72,K75, R134, and K167;
(14) V128, V168, and R134;
(15) V128, V168, and N164;
(16) V128, V168, and K167,
(17) V128, V168, and V146;
(18) V128, V168, and L116;
(19) V128, V168, and K72;
(20) V128, V168, and K75;
(21) V128, V168, and Q94;
(22) V128, V168, and Q110;
(23) V146, R134, and K167;
(24) V146, R134, and N164;
(25) R134, K142, N164, and K167;
(26) 170, R134, N164, and K167;
(27) K72, R134, N164, and K167;
(28)  Q94, R134, N164, and K167;
(29) Q110, R134, N164, and K167;
(30) Q94, Q110, R134, and K167;
(31) Q94, Q110, R134, N164, and K167;
(32) K72, Q94, Q110, R134, N164, and K167:
(33) K75, Q94, Q110, R134, N164, and K167:
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(34) K72,K75,Q94, Q110, R134, N164, and K167;
(35) V128, V168, R134, and K72;
(36) V128, V168, R134, and K75;
(37) V128, V168, R134, and Q94;
(38) V128, V168, R134, and Q110;
(39) V128, V168, R134, and L116;
(40) V128, V168, R134, and V146;
(41) V128, V168, R134, and N164;
(42) V128, V168, R134, and K167;
(43) V128, V168, V146, and K72;
(44) V128, V168, V146, and K75;
(45) V128, V168, V146, and Q94;
(46) V128, V168, V146, and Q110;
(47) V128, V168, V146, and N164; or
(48) V128, V168, V146, and K167.

26. The protein of any one of claims 1-25, wherein the CD4 D1D2 mutein comprises

substitutions at the following positions:
(1)  G6, A55, V128, and V168;
(2)  G6, A55, V146, and V168;
(3)  G6, A55, V128, and V146;
(4)  G6, A55, V128, V146, and V168;
(5)  G6, 823, A55, V128, and V168;
(6)  G6, 823, A55, V128, V146, and V168:
(7)  G6, 823, A55, V128, R134, V146, and V168;
(8)  AS55,V128, V168, and K72;

(9)  AS55,V128, V168, and K75:
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(10)  A55, V128, V168, and Q94;

(11)  A55, V128, V168, and Q110;

(12) A55,V128, V168, and L116;

(13)  A55,V128, V168, and R134;

(14)  A55,V128, V168, and V146;

(15) A55,V128, V168, and K167;

(16) S23, V128, V168, and K72;

(17)  S23, V128, V168, and K75;

(18) S23, V128, V168, and Q94;

(19) S23, V128, V168, and Q110;

(20) S23, V128, V168, and L116;

(21)  S23, V128, V168, and R134;

(22) S23, V128, V168, and V146;

(23) S23, V128, V168, and K167;

(24)  $23, A55, R134, and K167,

(25)  $23, A55, R134, N164, and K167;
(26)  $23, A55, K72, R134, and K167;

(27)  S23, A55, K75, R134, and K167;

(28)  $23, A55, Q94, R134, and K167;

(29)  S23, AS5, 196, R134, and K167;

(30)  S23, A55,Q110, R134, and K167;
(31)  $23, K72, K75, R134, and K167;

(32)  $23, K72, K75, R134, N164, and K167;
(33)  $23, A55, K72, K75, R134, and K167:
(34)  S23, A55, K72, K75, R134, N164, and K167;

(35)  S23, A55, K72, K75, L96, R134, N164, and K167:
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(36)  S23, A55, K72, K75, Q94, R134, N164, and K167;

(37)  $23, A55, K72, K75, Q110, R134, N164, and K167;

(38)  S23, A55, K72, K75, Q94, Q110, R134, N164, and K167;

(39)  $23, A55, K72, K75, Q94, L96, Q110, R134, N164, and K167;

(40)  G6, $23, A55, K72, K75, Q94, Q110, R134, and K167;

(41)  S23, A55, K72, K75, Q94, Q110, V128, R134, and K167,

(42)  S23, A55, K72, K75, Q94, Q110, R134, V146, and K167,

(43)  $23, A55, K72, K75, Q94, Q110, R134, K167, V168;

(44)  S23, A55, K72, K75, Q94, Q110, V128, R134, K167, V168;

(45)  S23, A55, K72, K75, Q94, Q110, V128, R134, V146, K167, V168:
(46)  S23, A55, K72, K75, Q94, Q110, V128, R134, N164, K167, V168:
(47)  S23, A55, K72, K75, Q94, Q110, V128, R134, V146, N164, K167, V168;
48)  G6, $23, A55, K72, K75, Q94, Q110, V128, R134, and K167,

(49)  G6, $23, A55, K72, K75, Q94, Q110, R134, V146, and K167,

(50)  G6, S23, A55, K72, K75, Q94, Q110, R134, K167, V168;

(51)  G6, $23, A55, K72, K75, Q94, Q110, V128, R134, K167, V168;

(52)  G6, $23, A55, K72, K75, Q94, Q110, V128, R134, V146, K167, V168:
(53)  G6, $23, A55, K72, K75, Q94, Q110, V128, R134, N164, K167, V168:
(54)  G6, S23, A55, K72, K75, Q94, Q110, V128, R134, V146, N164, K167, V168;
(55) G6, 823, A55, K72, V128, and V168;

(56) G6, 823, A55, K75, V128, and V168;

(57) G6, 823, A55, Q94, V128, and V168;

(58) G6, S23, A55, Q110, V128, and V168;

(59)  G6, $23, A55, V128, N164, and V168;

(60)  G6, $23, A55, V128, K167, and V168;

(61)  A55,R134, N164, and K167:
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(62) L5, S23, A55, L96, and R134;
(63) L5, S23, AS5, L96, and N164;
(64) L5, S23, AS5, L96, and K167,
(65) S23, A55, R134, N164, and K167,
(66) G6, S23, AS55, R134, N164, and K167;
(67) S23, A55,L96, R134, N164, and K167,
(68) L5, S23, A55, R134, N164, and K167; or
(69) L5, 823, AS5, L96, R134, N164, and K167.
27. The protein of any one of claims 1-26, wherein the CD4 D1D2 mutein comprises

substitutions at the following positions:

(1)  AS55,R134,N164, and K167;
2) S23, A55, R134, N164, and K167,
(3)  L5,S23, A55, L96, R134, N164, and K167;
4)  AS55,VI128,and V168;
5) S23, A55, V128, and V168;
©6) Go6, S23, AS5, V128, and V168;
) G6, S23, AS5, V128, V146, and V168;
®) S23, A55, K72, K75, Q9%4, Q110, R134, and K167;
) Go6, S23, AS5, K72, K75, Q94, Q110, R134, and K167;
(10)  S23, A55, K72, K75, Q9%4, L96, Q110, R134, and K167;
(11)  S23, A55, K72, K75, Q9%4, Q110, R134, N164, and K167;
(12)  S23, A55,K72, K75, R134, and K167, or
(13)  S23, A55, K72, K75, V128, R134, K167, and V168.
28. The protein of any one of claims 1-27, wherein the CD4 D1D2 mutein comprises

substitutions at the following positions:

(1)
2

R134 and K167,

R134 and N164;
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®3)

4)

)

(6)

(7

®)

©)

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
21)
(22)
(23)
24)
(25)
(26)
27)

(28)

N164 and K167
A55 and R134;
A55 and N164;
A55 and K167,
S23 and R134;
S23 and N164;
S23 and K167;
K72 and K75;
K75 and R134;
K75 and N164;
K75 and K167,
K75 and Q94;
K75 and Q110;
S23 and K75;
AS55 and K75;
Q94 and Q110;
S23 and A53;
L5 and S23;
K2 and N164;
K2 and K167,
K7 and K8;

K7 and A55;
K8 and N164;
K8 and K167,
K8 and A55;

T17 and N164;
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29
(30)
GD
(32)
(33)
€2
(35)
(36)
(37
(38%)
(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)
(47)
(43)
(49)
(50)
(D
(52)
(53)

(54

T17 and K167,

170 and N164;

170 and K167;

AS55 and 170;

AS5 and K72;

K72 and N164;

K72 and K167,

Q94 and N164;

Q94 and K167;

Q110 and N164;

Q110 and K167,
K142 and K167,
R134, N164, and K167;
A55, R134, and N164;
A55, R134, and K167,
A55,N164, and K167;
A55, K7, and K8;
S23, R134, and N164;
S23, R134, and K167,
S23, N164, and K167
S23, A55, and R134;
S23, A55, and N164;
S23, A55, and K167;
K75, R134, and N164;
K75, R134, and K167,

K75, N164, and K167;
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(55) K75,Q9%4, and Q110;

(56) A55,K75, and R134;

(57) L5, AS55, and L96;

(58) AS55,R134,N164, and K167;

(59) A55,K75,R134, and K167,

(60) L5, S23, AS5, and L96;

(61) R134, K142, N164, and K167;

(62) K7, R134,N164, and K167,

(63) K8, R134,N164, and K167,

(64) K72, R134, N164, and K167;

(65) K75, R134, N164, and K167;

(66) T17,R134,N164, and K167;

(67) 170, R134,N164, and K167;

(68) Q9%4, R134, N164, and K167;

(69) Q110, R134,N164, and K167;

(70)  Q9%4, Q110, R134, and N164;

(71)  S23, A55, R134, N164, and K167,

(72)  Q9%4,Q110, R134, N164, and K167;

(73)  Q9%4,Q110,R134, K142, and K167;

(74  Q9%4,Q110, K142, N164, and K167,

(75) K7,K8, R134,N164, and K167.

(76)  S23, A55,L96, R134, N164, and K167,

(77)  K75,Q9%4, Q110, R134, N164, and K167; or

(78) K72,K75,Q%, Q110,R134, N164, and K167.
29. The protein of any one of claims 1-28, wherein the CD4 D1D2 mutein comprises

substitutions at the following positions:
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(1)
2
®3)
4)
)
(6)
(7
®)
©)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
21)
(22)
(23)
24)
(25)

(26)

R134 and K167;
R134 and N164;
N164 and K167
Q94 and Q110;
K2 and N164;
K2 and K167,
K7 and K8;

K8 and N164;
K8 and K167,
T17 and N164;
T17 and K167,
170 and N164;
170 and K167;
K72 and N164;
K72 and K167,
K75 and R134;
K75 and N164;
K75 and K167,
K75 and Q94;
K75 and Q110;
Q94 and N164;
Q94 and K167;
Q110 and N164;
Q110 and K167,
K142 and K167,

R134, N164, and K167:
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27) K75, Q94, and Q110;

(28) K7, R134, N164, and K167;

(29) K8, R134, N164, and K167;

(30) T17, R134, N164, and K167;

(31) RI134, K142, N164, and K167;

(32) 170, R134, N164, and K167;

(33) K72, R134, N164, and K167;

(34)  Q94, R134, N164, and K167;

(35) Q110, R134, N164, and K167;

(36) Q94, Q110, R134, and N164;

(37)  Q94, Q110, R134, N164, and K167;

(38) Q94, Q110, R134, K142, and K167;

(39)  Q94, Q110, K142, N164, and K167;

(40) K75, Q94, Q110, R134, N164, and K167:
(41) K72, K75, Q94, Q110, R134, N164, and K167; or
(42) K7,KS8, R134, N164, and K167.

30. The protein of any one of claims 1-29, wherein the CD4 D1D2 mutein comprises

substitutions at the following positions:
(1)  RI134,N164, and K167;
(2)  A55,R134, and N164;
(3)  A55,R134, and K167;
(4)  A55,N164, and K167,
(5) LS5, A55, and L96;
(6)  A55,R134, N164, and K167;
(7) L5, 823, A55, and L96;

(8)  S23, A55,R134, N164, and K167;
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(9)  $23, A55,196, R134, N164, and K167;
(10) L5, S23, A55, R134, N164, and K167 or
(11) LS5, S23, A55, L96, R134, N164, and K167.

31. The protein of any one of claims 1-30, wherein the CD4 D1D2 mutein comprises

substitutions at the following positions:
(1) L5, AS5, and L96;
(2)  AS55,R134,N164, and K167,
3) S23, A55, R134, N164, and K167; or
(4)  L5,S23, AS5, L96, R134, N164, and K167.
32. The protein of any one of claims 1-31, wherein the CD4 D1D2 mutein comprises:

(a) at least one substitution of:

1. abasic amino acid in wild-type human CD4 D1D2 (SEQ ID NO:

1) by an uncharged amino acid;

ii. a basic amino acid in wild-type human CD4 D1D2 (SEQ ID NO:
1) by an acidic amino acid; or
iii.  an uncharged amino acid in wild-type human CD4 D1D2 (SEQ ID
NO: 1) by an acidic amino acid; and/or
(b) at least one substitution of a glycine or a hydrophobic amino acid in wild-

type human CD4 D1D2 (SEQ ID NO: 1) by a hydrophobic amino acid that

has alarger volume than the amino acid that is replaced.

33.  The protein of any one of claims 1-32, wherein the CD4 D1D2 mutein comprises at
least one substitution of an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an

amino acid at a corresponding position in a non-human primate CD4 D1D2.

34.  The protein of claim 33, wherein the CD4 D1D2 mutein comprises at least one
substitution of an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino
acid at a corresponding position in an ape, old world monkey, or new world monkey CD4

D1D2.

114 -



WO 2019/183387 PCT/US2019/023422

35.  The protein of claim 34, wherein the CD4 D1D2 mutein comprises at least one
substitution of an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino

acid at a corresponding position in an ape or old world monkey CD4 D1D2.

36.  The protein of claim 35, wherein the CD4 D1D2 mutein comprises at least one
substitution of an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino

acid at a corresponding position in an ape CD4 D1D2.

37.  The protein of claim 36, wherein the CD4 D1D2 mutein comprises at least one
substitution of an amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino

acid at a corresponding position in an old world monkey CD4 D1D2.

38.  The protein of any one of claims 1-37, wherein the CD4 D1D2 mutein comprises at

least one of:
g8 a substitution of K1 by N (K1N);
2 a substitution of K2 by E (K2E), N (K2N) or T (K2T);

3) a substitution of L5 by Y (L5Y), I (LSI), E (L5E), W (L5W), V (L5V), F
(L5F), or T (L5T);

(4)  asubstitution of G6 by A (G6A);
5) a substitution of K7 by E (K7E);
6) a substitution of K8 by E (K8E);
@) a substitution of T15 by N (T15N) or E (T15E);
®) a substitution of T17 by N (T17N) or E (T17E);

(9)  asubstitution of $23 by N (S23N), T (S23T), K (S23K), Y (S23Y). or A
(S23A);

(10)  asubstitution of A55 by V (A55V), I (A55I), P (A55P), L (A55L), M (A55M),

F (A55F), Y (A55Y), W (A55W) or T (A55T):
(11)  asubstitution of 170 by E (I70E), L (I70L), or V (I70V);
(12)  asubstitution of K72 by S (K728);
(13) asubstitution of K75 by E (K75E) or Q (K75Q);

(14)  asubstitution of Q94 by E (Q94E);
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(15)  asubstitution of L96 by V (L96V), Q (L96Q), T (L96T), I (L96I), or Y
(L9GY):

(16) asubstitution of Q110 by E (Q110E) or H (Q110H);

(17)  asubstitution of L116 by F (L116F) or W (L116W);

(18)  asubstitution of V128 by I (V128I) or L (V128L);

(19)  asubstitution of R134 by G (R134G) or T (R134T);

(20)  asubstitution of K142 by R (K142R), G (K142G), or S (K142S);

(21)  asubstitution of V146 by I (V146]), L (V146L), F (V146F), or W (V146W);
(22)  asubstitution of N164 by D (N164D), H (N164H), R (N164R), or E (N164E);
(23)  asubstitution of K167 by T (K167T), R (K167R), or L (K167L);

(24)  asubstitution of V168 by I (V168I), or L (V168L); and

(25) asubstitution of V176 by I (V176I).

39. The protein of claim 38, wherein the CD4 D1D2 mutein comprises at least one of the
K2E, G6A, K7E, K8E, T17N, T17E, S23N, S23T, A55V, A551, I70E, K728, K75E, K75Q,
Q94E, Q110E, L116F, V128L, R134G, K142R, V1461, V146F, N164D, K167T, V168L, and
V176l substitutions.

40. The protein of claim 39, wherein the CD4 D1D2 mutein comprises at least one of the
G6A, S23N, A55V, K728, K75E, K75Q, Q94E, Q110E, V128L, R134G, V146I, N164D,
K167T, and V168L substitutions.

41. The protein of claim 40, wherein the CD4 D1D2 mutein comprises at least one of the
K728, K75E, K75Q, Q9%E, Q110E, V128L, R134G, V146l, N164D, K167T, and V168L

substitutions.

42. The protein of claim 41, wherein the CD4 D1D2 mutein comprises at least one of the

K728, K75E, K75Q, Q9%4E, Q110E, R134G, N164D, and K167T substitutions.

43. The protein of claim 42, wherein the CD4 D1D2 mutein comprises at least one of the

L116F, V128L, V146I, and V168L substitutions.

44, The protein of any one of claims 1-43, wherein the CD4 D1D2 mutein comprises the

following substitutions:

(1)  A55V and K72S:
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@)
3)

4)

5)

(©)

(7)

(8)

©)

(10)
(1)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
1)
(22)
(23)
(24)
(25)
(26)

@7

A55V and K75E;
A55V and K75Q;
A55V and QY4E;
A55V and Q110E;
AS55V and L116F;
AS55V and V128L;
A55V and R134G;
AS55V and V1461,
AS55V and N164D;
A55V and K167T;
AS55V and V168L;
S23N and K728;
S23N and K75E;
S23N and K75Q;
S23N and QY4E;
S23N and Q110E;
S23N and L116F;
S23N and V128I;
S23N and R134G;
S23N and V1461,
S23N and N164D;
S23N and K167T;
S23N and V168L;
Go6A and K72S;
Go6A and K75E;

G6A and K75Q;
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(28)  G6A and Q94E;
(29) G6A and Q110E;
(30) G6A and L116F;
(31) G6A and V128L;
(32) G6A and R134G:
(33) G6A and V146I;
(34)  G6A and N164D;
(35) G6A and K167T;
(36) G6A and V168L;
(37) K728 and K75E;
(38) K728 and K75Q;
(39) K728 and Q94E:;
(40) K728 and Q110E;
(41) K72S and L116F;
(42) K728 and V128L;
(43) K728 and R134G;
(44) K728 and V146I;
(45) K728 and N164D;
(46) K728 and K167T;
(47) K72S and V168L;
(48)  K75E and Q94E;
(49) K75E and Q110E;
(50) K75E and L116F:;
(51) K75E and V128L;
(52) K75E and R134G;

(53) K75E and V146I;

-118 -



WO 2019/183387

(54
(55)
(56)
(7
(58)
(59
(60)
(61)
(62)
(63)
(64)
(65)
(66)
(67)
(68)
(69)
(70)
(71
(72)
(73)
(74
(75)
(76)
(77
(78)

(79)

K75E and N164D:
K75E and K167T;
K75E and V168L:
K75Q and Q94E;
K75Q and Q110E;
K75Q and L116F;
K75Q and V128L;
K75Q and R134G;
K75Q and V146L;
K75Q and N164D;
K75Q and K167T;
K75Q and V168L;
Q94E and Q110E;
Q94E and L116F;
Q94E and V128L;
Q94E and R134G;
Q94E and V146l;
Q94E and N164D;
Q94E and K167T:;
Q94E and V168L;
Q110E and L116F;
Q110E and V128L:
Q110E and R134G;
Q110E and V146l;
Q110E and N164D;

Q110E and K167T;
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(80) Q110E and V168L;
(81) L116F and V128L;
(82) L116F and R134G:
(83) L116F and V146l;
(84) L116F and N164D;
(85) L116F and K167T;
(86) L116F and V168L;
(87) VI28L and R134G;
(88) VI28L and V146I;
(89) V128L and N164D;
(90) V128L and K167T;
(91)  V128L and V168L;
(92) V146l and N164D;
(93) V146l and K167T;
(94) V1461 and V168L; or
(95) N164D and K167T.

45. The protein of any one of claims 1-44, wherein the CD4 D1D2 mutein comprises the
AS55V substitution.

46. The protein of any one of claims 1-45, wherein the CD4 D1D2 mutein comprises the
S23N substitution.

47. The protein of any one of claims 1-46, wherein the CD4 D1D2 mutein comprises the
L5Y, A55V, and L96V substitutions.

48. The protein of any one of claims 1-47, wherein the CD4 D1D2 mutein comprises the
A55V, R134G, N164D, and K167T substitutions.

49. The protein of any one of claims 1-48, wherein the CD4 D1D2 mutein comprises the
S23N, A55V, R134G, N164D, and K167T substitutions.
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50. The protein of any one of claims 1-49, wherein the CD4 D1D2 mutein comprises the
L5Y, A55V, L96V, R134G, N164D, and K167T substitutions.

51. The protein of any one of claims 1-50, wherein the CD4 D1D2 mutein comprises the

L5Y, S23N, A55V, L96V, R134G, N164D, and K167T substitutions.

52.  The protein of any one of claims 1-51, wherein the CD4 D1D2 mutein comprises the

Q40A substitution.

53. The protein of any one of claims 1-52, wherein the CD4 D1D2 mutein comprises
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID
NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO:
28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID NO: 40,
SEQ ID NO: 42, or SEQ ID NO: 44.

54.  The protein of any one of claims 1-53, wherein the CD4 D1D2 mutein does not
include a substitution at a position corresponding to N32, K35, L44, K46, or R59 of wild-
type human CD4 D1D2 (SEQ ID NO: 1).

55.  The protein of any one of claims 1-54, wherein the CD4 D1D2 mutein does not
include a substitution at a position corresponding to K1, K2, K50, D56, R58, R59, K72, E77,
E91, R131, D153, K167, E169, or K171 of wild-type human CD4 D1D2 (SEQ ID NO: 1).

56.  The protein of any one of claims 1-55, wherein the CD4 D1D2 mutein does not
include a substitution at a position corresponding to F98 of wild-type human CD4 D1D2
(SEQ ID NO: 1).

57.  The protein of any one of claims 1-56, wherein the CD4 D1D2 mutein does not

include a substitution of F98 by valine (FO8V).

58.  The protein of any one of claims 1-57, wherein the CD4 D1D2 mutein does not
include a substitution at a position corresponding to 176 of wild-type human CD4 D1D2
(SEQ ID NO: 1).

59.  The protein of any one of claims 1-58, wherein the CD4 D1D2 mutein does not
include a substitution of 176 by proline (I76P).

60.  The protein of any one of claims 1-59, wherein the CD4 D1D2 mutein comprises at
least one amino acid substitution that increases the aggregation temperature of the protein, as

measured by dynamic light scattering (DLS).
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61. The protein of any one of claims 1-60, wherein the protein has an aggregation

temperature of at least 60°C, as measured by dynamic light scattering (DLS).

62. The protein of any one of claims 1-61, wherein the protein has an aggregation
temperature at least 7°C higher than the aggregation temperature of a corresponding protein

comprising a wild-type human CD4 D1D2, as measured by dynamic light scattering (DLS).

63.  The protein of any one of claims 1-62, wherein the CD4 D1D2 mutein comprises at
least one amino acid substitution that decreases the ICso of the protein for HIV infection of a

CD4" CCR5" cell line.

64.  The protein of any one of claims 1-63, wherein the protein has a plasma half-life of at
least 12 hours, 24 hours, 1 day, 1.5 days, 2 days, 2.5 days, 3 days, 3.5 days, 4 days, 4.5 days,
5 days, 5.5 days, 6 days, 6.5 days, 7 days, 7.5 days, 8 days, 8.5 days, 9 days, 9.5 days, or 10
days.

65.  The protein of any one of claims 1-64, wherein the protein has a plasma half-life of at

least 12 hours.

66.  The protein of any one of claims 1-65, wherein the protein has a plasma half-life of at

least 3 days.

67.  The protein of any one of claims 1-66, wherein the CD4 D1D2 mutein comprises at
least one amino acid substitution that increases the melting temperature of the protein, as

measured by a dye intercalation assay.

68.  The protein of any one of claims 1-67, wherein the CD4 D1D2 mutein comprises at
least one amino acid substitution that increases the amount of the CD4 D1D2 mutein that is

expressed.

69. The protein of any one of claims 1-68, further comprising a primate lentivirus

envelope glycoprotein binding moiety.

70. The protein of claim 69, wherein the binding moiety comprises at least one
sulfotyrosine.
71. The protein of claim 69 or 70, wherein the binding moiety comprises the amino acid

sequence of SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6,
or SEQ ID NO: 7.
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72. The protein of any one of claims 1-71, further comprising an immunoglobulin Fc
domain.

73. The protein of claim 72, wherein the Fc domain is a human IgG1 or [gG2 Fc domain.
74.  The protein of claim 73, wherein the Fc domain is a human IgG1 Fc domain.

75.  The protein of any one of claims 72-74, wherein the Fc domain comprises a

substitution or deletion at C220.

76.  The protein of any one of claims 72-75, wherein the Fc domain comprises at least one

of a M252Y, S254T, T256E, M428L, H433K, N434S, and N434F substitution.

77. The protein of claim 76, wherein the Fc domain comprises the M252Y, S254T, and
T256E substitutions.

78. The protein of claim 76, wherein the Fc domain comprises the M428L and N434S

substitutions.

79. The protein of any preceding claim, wherein the protein is not identical to a naturally-

occurring, wild-type non-human primate protein.

80.  The protein of any preceding claim, wherein the protein does not comprise a CD4

domain 3 (D3) and/or a domain 4 (D4) region.

81. An isolated nucleic acid comprising a nucleotide sequence encoding the protein of

any one of claims 1-80.

82. An expression vector comprising the nucleic acid of claim 81.
83.  The expression vector of claim 82, wherein the expression vector is a viral vector.
84.  The expression vector of claim 83, wherein the viral vector is an adeno-associated

virus (AAV) vector.
85. A host cell comprising the expression vector of any one of claims 82-84.

86. A pharmaceutical composition comprising the protein of any one of claims 1-80 or

the expression vector of any one of claims 82-84.

87. A method of treating an HIV infection in a subject in need thereof, the method
comprising administering to the subject an effective amount of the protein of any one of
claims 1-80, the expression vector of any one of claims 82-84, or the pharmaceutical

composition of claim 86.
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88. The method of claim 87, wherein the subject is a human.
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FIGURE 6, continued
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FIGURE 6, continued
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FIGURE 13

Melting Temperatures by SYPRO Orange Assay

(Highest-to-Lowest)
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FIGURE 14

Applied Biosystems Thermal Shift Assay Melting Temperatures

(Highest-to-Lowest)
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FIGURE 16

Protein Expression
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FIGURE 17
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FIGURE 21
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A. CLASSIFICATION OF SUBJECT MATTER
IPC - AB61K 38/01, 38/16, 38/17; A61P 31/12, 31/18; CO7K 14/16, 14/705; C12N 7/01 (2019.01)

CPC - AG1K 38/012, 38/16, 38/1774; A61P 31/12, 31/18; CO7K 14/162, 14/70514; C12N 7/00

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2016/0340405 A1 (GARDNER, M et al.) 24 November 2016; paragraphs [0007], [0061] 1-2, 3/1-2
A US 2011/0305670 A1 (FARZAN, MR) 15 December 2011; paragraphs {0007}, (0008], (0066}, 1-2, 3/1-2

[0067], [0068], [0069], [0070], [0071], [0072], [0073]

A -~ [(TSUI, P et al.) An Efficient Phage Plaque Screen for the Random Mutationai Analysis of the 1-2, 3/1-2
Interaction of HIV-1 gp120 with Human CD4. The Journal of Biological Chemistry. 5 May 1992,
Vo!. 267, No. 13; pages 9361-9367; page 9361, 2nd column, 2nd and 3rd paragraphs; page
9362, 2nd column, 3rd paragraph; page 9363, 2nd column, 2nd paragraph; page 9365, 2nd
column, 1st and 2nd paragraphs

A = |(CHEN, W et al.) Engineered Single Human CD4 Domains as Potent HIV-1 Inhibitors and 1-2, 3/1-2
Components of Vaccine Immunogens. Journal of Virology. September 2011, Epub 29 June
2011, Vol. 85, No. 18; pages 9395-9405; abstract; page 9402, 2nd column, 2nd paragraph; DOI:
10.1128/JV1.05119-11

A " |(XIE, H et al.) Structure-Activity Relationships in the Binding of Chemically Derivatized CD4 to 1-2, 3/1-2
gp120 from Human Immunodeficiency Virus. Journal of Medicinal Chemistry. 4 October 2007,
Epub 6 September 2007, Vol. 50, No. 20; pages 4898—4908; DOI: 10.1021/jm070564e

I:I Further documents are listed in the continuation of Box C. D Sce patent family annex.

* Special categories of cited documents: “T"  later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

“D” document cited by the applicant in the international application “X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step

“E” earlier application or patent but published on or after the international -
filing da'tng P P “ when the document is taken alone

“L” document which maz throw doubts on priority claim(s) or which “Y” document of particular relevance; the claimed invention cannot
is cited to establish the

hpublican’on date of another citation or other be considered to involve an inventive step when the document is
ed) combined with one or more other such documents, such combination

special reason (as speci r A 1 5
being obvious to a person skilled in the art

“0” documentreferring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than  “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
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Name and mailing address of the ISA/US Authorized officer

Mail Stop PC I, Attn: ISA/JUS, Commissioner for Patents Shane Thomas
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 4-88

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

axn

-***-Please see supplemental page-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:I As all searchable claims could be searched without effort justitying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this intemational search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

1-3, and a substitution at a position corresponding to K1 in SEQ ID NO: 1 (CD4 D1D2 mutein)

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment ot a protest fec.
[:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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-***-Continued from Box No. llI: Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups I+: Claims 1-3, and a substitution at a position corresponding to K1 in SEQ ID NO: 1 (CD4 D1D2 mutein), are directed toward a
protein comprising a CD4 domain and domain 2 mutein.

The muteins will be searched to the extent they encompass a protein comprising a human CD4 domain 1 and domain 2 (CD4 D1D2)
mutein encompassing SEQ 1D NO: 1 with a K1 amino acid substitution (first exemplary CD4 D1D2 mutein). Applicant is invited to elect
additional mutation(s), where available as an option within at least one searchable claim, to be searched. Additional mutation(s) will be
searched upon the payment of additional fees. It is believed that claims 1-3 (each in-part) encompass this first named invention and thus
these claims will be searched without fee to the extent that they encompass SEQ ID NO: 1 with a substitution at K1 (CD4 D1D2 mutein).
Failure to clearly identify how any paid additiona! invention fees are to be applied to the "+" group(s) will result in only the first claimed
invention to be searched/examined. An exemplary election would be SEQ ID NO: 1 with a K2 amino acid substitution (CD4 D1D2
mutein).

Groups |+ share the technical features including: a protein comprising a human CD4 domain 1 and domain 2 (CD4 D1D2) mutein,
wherein the CD4 D1D2 mutein is at least 90% identical to wild-type human CD4 D1D2 (SEQ ID NO: 1), and comprises at least one
substitution of (a) a basic amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an uncharged amino acid; (b) a basic amino acid
in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an amino acid; (c¢) an uncharged amino acid in wild-type human CD4 D1D2 (SEQ ID
NO: 1) by an acidic amino acid; or (d) a glycine or an amino acid with a buried hydrophobic side chain in wild-type human CD4 D1D2
(SEQ ID NO: 1) by a hydrophobic amino acid that has a larger volume than the amino acid that is replaced; wherein said substitution is at
a position that is non-identical to wild-type human CD4 D1D2 (SEQ ID NO: 1) in a non-human primate CD4 D1D2.

However, these shared technical features are previously disclosed by US 2016/340405 A1 to Gardner, et al. (hereinafter ‘Gardner’).

Gardner discloses a protein (Paragraph [0007]) comprising a human CD4 domain 1 and domain 2 (CD4 D1D2) (a protein having an
amino acid sequence that is substantially identical to that of domain 1 of the human CD4 protein, CD4 D1, or domains 1 and 2 of the
human CD4 protein, CD4 D1D2) mutein (the specific binding of an antibody to a target epitope may be disrupted by a conservative
mutation in the target epitope; Paragraph [0034]), wherein the CD4 D1D2 mutein is at least 30% identical to wild-type human CD4 D1D2
(SEQ ID NO: 1) (SEQ ID NO: 4 of the Gardner reference is 100% identical to SEQ ID NO: 1 of the instant PCT application; the specific
binding of an antibody to a target epitope may be disrupted by a conservative mutation in the target epitope; Paragraphs [0034], [0061];
SEQ ID NO: 4), and comprises at least one substitution of (a) a basic amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an
uncharged amino acid (conservative substitutions include substitutions of lysine, which is a basic amino acid, for uncharged amino acids,
which include asparagine and glutamine; Paragraphs [0034], [0035], [0061); SEQ ID NO: 4); (b) a basic amino acid in wild-type human
CD4 D1d2 (SEQ ID NO: 1) by an acidic amino acid; (c) an uncharged amino acid in wild-type human CD4 D1D2 (SEQ ID NO: 1) by an
acidic amino acid; or (d) a glycine or an amino acid with a buried hydrophobic side chain in wild-type human CD4 D1D2 (SEQ ID NO: 1)
by a hydrophobic amino acid that has a larger volume than the amino acid that is replaced; wherein said substitution is at a position that
is non-identical to wild-type human CD4 D1D2 (SEQ ID NO: 1) in a non-human primate CD4 D1D2 (the therapeutic compositions of the
invention allow optimal in vivo coexpression in a subject, human or non-human primate, which affords long term protection against
infection of a primate lentivirus, e.g. HIV-1; conservative substitutions include substitutions of lysine, which is a basic amino acid, for
uncharged amino acids, which include asparagine and glutamine; a conservative mutation would produce a protein amino acid sequence
that is non-identical to the wild-type human CD4D1D2 in a non-human primate C4D1D2; Paragraphs [0034], [0035], {0061], [0069]); SEQ
ID NO: 4).

Since none of the special technical features of the Groups I+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by the Gardner reference, unity of invention is lacking.

Form PCT/ISA/210 (extra sheet) (July 2019)
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