and co-workers created a knob at the CH3 domain interface of the first chain by replacing a
smaller amino acid side chain with a larger one (for example, T366Y); and a hole in the
juxtaposed position at the CH3 interface of the second chain was created by replacing a larger
amino acid side chain with a smaller one (for example, Y407T). The basis for creating knob and hole
in the juxtaposed positions is that the knob and hole interaction will favor heterodimer formation,
whereas the knob-knob and the hole-hole interaction will hinder homodimers formation due to the
steric clash and deletion of favorable interactions, respectively. The knobs-into-holes mutations were
also combined with inter-CH3 domain disulfide bond engineering to enhance heterodimer formation
(Sowdhamini, Srinivasan et al. 1989; Atwell, Ridgway et al. 1997). In addition to these mutations, the
input DNA ratio was also varied to maximize the yield (Merchant, Zhu et al. 1998). The “knobs-into-
holes” technique is disclosed in U.S. Pat. Nos. 5,731,168 and 7,183,076.

[0005] The clinical potential of multi-specific antibodies (molecules that target multiple targets
simultaneously) like bispecific and tri-specific antibodies and half-life extended therapeutic proteins
shows great promise for targeting complex diseases. However, the generation of those molecules
presents great challenges as in many cases we wish to specifically drive the pairing of multiple
polypeptide chains that are present in solutions. Here, we describe the engineering of the hinge region
with a small number of mutations that are capable to alone successfully drive Fc dimerization.

SUMMARY
[0005a] In one aspect, the present disclosure refers to an isolated heteromultimer which is an IgG1 or
IgG2 antibody, wherein the isolated heteromultimer comprises a first immunoglobulin polypeptide
and a second immunoglobulin polypeptide forming a heterodimeric immunoglobulin hinge domain,
wherein: (i) the first immunoglobulin polypeptide comprises the following amino acid substitutions:
P243K, A244K, P245K, N/E246K, and 1.247K (Kabat numbering); and (ii) the second
immunoglobulin polypeptide comprises the following amino acid substitutions: P243D, A244D,
P245D, N/E246D, and L247D (Kabat numbering).
[0006] In one example the present disclosure is directed to an isolated heteromultimer comprising a
heterodimeric immunoglobulin hinge domain comprising a first immunoglobulin hinge domain
polypeptide and a second immunoglobulin hinge domain polypeptide, wherein:
[0007] (i) the first immunoglobulin hinge domain polypeptide comprises the following amino acid
substitutions: P243K, A244K, P245K, N/E246K, and 1.247K; and
[0008] (ii) the second immunoglobulin hinge domain polypeptide comprises the following amino
acid substitutions: P243D, A244D, P245D, N/E246D, and 1.247D;
[0009] wherein the numbering of amino acid residues is according to the EU index as set forth in
Kabat.
[0010] In another example, the present disclosure is directed to an isolated heteromultimer

comprising a heterodimeric immunoglobulin hinge domain comprising a first



immunoglobulin hinge domain polypeptide and a second immunoglobulin hinge domain
polypeptide, wherein:

[0011] (i) the first immunoglobulin hinge domain polypeptide comprises the following amino
acid substitution: A244H; and

[0012] (i1) the second immunoglobulin hinge domain polypeptide comprises the following
amino acid substitutions: N/E246D, and 1.247D;

[0013] wherein the numbering of amino acid residues is according to the EU index as set
forth in Kabat.

[0014] In another example, the present disclosure is directed to an isolated heteromultimer
comprising a heterodimeric immunoglobulin hinge domain comprising a first
immunoglobulin hinge domain polypeptide and a second immunoglobulin hinge domain
polypeptide, wherein:

[0015] (1) the first immunoglobulin hinge domain polypeptide comprises the following amino
acid substitutions: H237K, T238K, A244K and N/E246K; and

[0016] (i1) the second immunoglobulin hinge domain polypeptide comprises the following
amino acid substitutions: H237D, T238D, A244D, and N/E246D;

[0017] wherein the numbering of amino acid residues is according to the EU index as set
forth in Kabat.

[0018] In certain examples each hinge domain polypeptide of the heteromultimer further
comprises an L.248C substitution.

[0019] In certain examples, each immunoglobulin hinge domain polypeptide further
comprises a CH3 domain. In one example, one CH3 domain comprises a F405L, F405A,
F405D, F405E, F405H, F4051, F405K, F405M, F405N, F405Q, F405S, F405T, F405V,
F405W, or F405Y mutation; and the other CH3 domain comprises a K409R mutation;
wherein the numbering of amino acid residues is according to the EU index as set forth in
Kabat. In one example, one CH3 domain comprises a T366W mutation; and the other CH3
domain comprises T366S, L368A, Y407V mutations; wherein the numbering of amino acid
residues is according to the EU index as set forth in Kabat. In one example, one CH3 domain
comprises K/R409D and K392D mutations; and the other CH3 domain comprises D399K and
E356K mutations; wherein the numbering of amino acid residues is according to the EU
index as set forth in Kabat. In one example, one CH3 domain comprises a Y349C mutation;
and the other CH3 domain comprises either a E356C or a S354C mutation; wherein the
numbering of amino acid residues is according to the EU index as set forth in Kabat. In one
example, one CH3 domain comprises Y349C and T366W



mutations; and the other CH3 domain comprises E356C, T366S, L368A, and Y407V
mutations; wherein the numbering of amino acid residues is according to the EU index as set
forth in Kabat. In one disclosure, one CH3 domain comprises Y349C and T366W mutations;
and the other CH3 domain comprises S354C, T366S, L368A, Y407V mutations; wherein the
numbering of amino acid residues is according to the EU index as set forth in Kabat.

[0020] In certain examples, the immunoglobulin hinge region is an IgG1 hinge region.

[0021] In certain examples, the heteromultimer is a bispecific or multispecific antibody.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIG. 1 depicts targeting the hinge region to form heterodimers.
[0023] FIG. 2 depicts the human IgG1 crystal structure which does not show a second
disulfide bond at the CPPC, although this could be an artifact introduced by the radiation
damage during X-Ray data collection. Also, the IgG1 murine crystal structure (11GY), as
well ‘in house’ mass spec data, strongly suggests that the disulfide a C242 should be intact.
Therefore, using the mIgG1 and hulgG2 structures as a guide results in a better understanding
of the rotamers positions of the residues downstream the CPPC motif.

[0024] FIG. 3 depicts the sequence alignment for IgG1, IgG2 and 1gG4.

[0025] FIG. 4 depicts a summary table of hinge designs and quality control assessment
(MSQQO).

[0026] FIG. 5 depicts the charged zipper Hinge— Design CZHO1. The C239 is the only C
making a disulfide bridge within the IgG1 hinge (Saphire & Wilson, Science, 2001 (anti
HIV-1 B12 antibody) according to the crystal structure. However, other data suggests that the
second Cys (C242) can still form a disulfide bond and also that P241 seems to be important
for that same bond to happen. The rational is then to design a CPM string downstream from
this second disulfide (see mutations in orange line) followed by inserting a new disulfide at
L248C (in orange dotted line).

[0027] FIG. 6 depicts Analytical CEX and Mass Spec - CZHO1.

[0028] FIG. 7 depicts the charged zipper Hinge— Design CZH09.

[0029] FIG. 8 depicts Analytical CEX and Mass Spec - CZHO09.

[0030] FIG. 9 depicts structural guidance for the charged zipper hinge in IgG2.

[0031] FIG. 10 depicts Analytical CEX and Mass Spec - CZH11.

[0032] FIG. 11 depicts targeting the hinge region to form heterodimers + CH3 CPM v11.
[0033] FIG. 12 depicts a summary table of hinge designs + CH3-CH3> CPM vl11.



We claim:

1. An isolated heteromultimer which is an IgG1 or IgG2 antibody, wherein the isolated
heteromultimer comprises a first immunoglobulin polypeptide and a second immunoglobulin
polypeptide forming a heterodimeric immunoglobulin hinge domain, wherein:

(1) the first immunoglobulin polypeptide comprises the following amino acid substitutions:

P243K, A244K, P245K, N/E246K, and L247K (Kabat numbering); and

(i1) the second immunoglobulin polypeptide comprises the following amino acid

substitutions: P243D, A244D, P245D, N/E246D, and L247D (Kabat numbering).

2. The isolated heteromultimer according to claim 1, wherein each polypeptide further

comprises an L.248C substitution (Kabat numbering).

3. The isolated heteromultimer according to claim 1 or 2, wherein each immunoglobulin

polypeptide further comprises a CH3 domain.

4. The isolated heteromultimer according to claim 3, wherein one CH3 domain comprises a
F405L, F405A, F405D, F405E, F405H, F405I1, F405K, F405M, F405N, F405Q, F405S,
F405T, F405V, F405W, or F405Y mutation (EU numbering); and the other CH3 domain

comprises a K409R mutation (EU numbering).

5. The isolated heteromultimer according to claim 3, wherein one CH3 domain comprises a
T366W mutation (EU numbering); and the other CH3 domain comprises T366S, L368A,
Y407V mutations (EU numbering).

6. The isolated heteromultimer according to claim 3, wherein one CH3 domain comprises
K409D and K392D mutations (EU numbering); and the other CH3 domain comprises D399K
and E356K mutations (EU numbering).

7. The isolated heteromultimer according to any one of claims 4 to 6, wherein one CH3
domain comprises a Y349C mutation (EU numbering); and the other CH3 domain comprises

either a E356C or a S354C mutation (EU numbering).
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8. The isolated heteromultimer according to claim 3, wherein one CH3 domain comprises
Y349C and T366W mutations (EU numbering); and the other CH3 domain comprises
E356C, T366S, L368A, and Y407V mutations (EU numbering).

9. The isolated heteromultimer according to claim 3, wherein one CH3 domain comprises
Y349C and T366W mutations (EU numbering); and the other CH3 domain comprises S354C,

T366S, L368A, Y407V mutations (EU numbering).

10. The isolated heteromultimer according to any preceding claim, wherein the

heteromultimer is a bispecific or multispecific antibody.
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