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Abstract

Disclosed in the present application are a pharmaceutical composition containing an antibody
against IL-5 and use thereof. In particular, disclosed in the present application is a
pharmaceutical composition, which contains an IL-5 antibody or an antigen binding fragment
thereof in a buffer solution. In addition, the pharmaceutical composition further contains a

saccharide and a nonionic surfactant.
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PHARMACEUTICAL COMPOSITION CONTAINING ANTIBODY AGAINST IL-5 AND
USE THEREOF

FIELD OF THE INVENTION
The present disclosure belongs to the field of pharmaceutical formulation, and in particular
relates to a pharmaceutical composition comprising an anti-IL-5 antibody or an antigen-binding
fragment thereof, and the use of the same as a diagnostic and therapeutic agent for IL-5 related

disease(s).

BACKGROUND OF THE INVENTION
The statements herein only provide background information related to the present disclosure, and

do not necessarily constitute the prior art.

Interleukin-5 (IL-5) is one of the important members of interleukin family, also known as T cell
replacing factor (TRF), B cell growth factor-11 (BCGF-II), IgA-enhancing factor (IgA-EF), or
eosinophil differentiation factor (EDF) which is a homo-dimeric glycoprotein secreted mainly by
helper T cells 2 (Th2). Human IL-5 is composed of 134 amino acid residues, including a signal
peptide composed of 22 amino acids and two glycosylation sites. The active IL-5 is in a form of
oligo-dimer, wherein two peptide chains in antiparallel configuration are linked by disulfide
bond(s); whereas the IL-5 monomer does not have biological activity (Adv Immunol. 1994; 57:

145-90).

Eosinophil (EOS) is related to a variety of inflammatory diseases of the lungs, including allergic
diseases related to allergic reactions. Asthma is a chronic respiratory inflammatory disease.
There are about 300 million patients worldwide with an incidence rate of 10%. The pathogenesis
of asthma is related to a variety of cytokines. IL-5 and the receptor IL-5R play an important role

in the pathogenesis of asthma. At present, the most effective way to treat asthma is to administer
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sterols by nasal or oral route, so as to inhibit the expression of several key mediators (including
IL-5) involving in asthma and thereby reduce lung inflammation. However, long-term
application of steroid agents has many side effects. Therefore, it is necessary to find novel
pharmaceutical target for the treatment of asthma. Studies have shown that the administration of
anti-IL-5 antibody inhibits the binding of IL-5 to its receptor; significantly reduces the
accumulation of eosinophils in lung, and reduces the level of eosinophils in blood, tissues and
sputum; reduces the inflammatory response mediated by eosinophils; improves lung function;
and have a favorable effect on severe eosinophilic asthma and recurrent asthma (Drugs. 2017

May; 77(7):777-784).

Antibody agents have large molecular weight and complex structures. In the process of
production, transportation and storage, antibodies often encounter problems due to denaturation,
aggregation, contamination and formation of particles. In order to keep the antibody effective,
the biological activity of antibody must be maintained during production, purification,
transportation and storage. At present, new technologies for production and purification have
been developed to produce large number of highly purified monoclonal antibodies. However,
how to stabilize these antibodies during transportation and storage and to provide antibodies in

dosage forms suitable for administration has been always a challenge.

For anti-IL-5 antibodies, only Mepolizumab from GSK and Reslizumab from Teva Pharma are
currently approved for marketing. Related patents involve W0O2018119016, W0O2017033121,
WO02014141149, W02016040007, W02015095539, WO2012138958 and WO9535375 etc.

SUMMARY OF THE INVENTION
The present disclosure provides a pharmaceutical composition which comprises an IL-5 antibody
or an antigen-binding fragment thereof, a buffer and a surfactant, wherein the buffer is any one

selected from the group consisting of acetic acid-sodium acetate, succinic acid-sodium succinate,
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histidine-hydrochloride and citric acid-sodium citrate buffer, preferably acetic acid-sodium
acetate or succinic acid-sodium succinate buffer; wherein, the anti-IL-5 antibody or the
antigen-binding fragment thereof comprises a heavy chain variable region and a light chain
variable region, wherein:

(1) the heavy chain variable region comprises HCDR1, HCDR2 and HCDR3 as shown in amino
acid sequence SEQ ID NOs: 16, 17 and 18, respectively, and

the light chain variable region comprises LCDR1, LCDR2 and LCDR3 as shown in amino acid
sequence SEQ ID NOs: 19, 20 and 21, respectively;

(11) the heavy chain variable region comprises HCDR 1, HCDR2 and HCDR3 as shown in amino
acid sequence SEQ ID NOs: 22, 23 and 24, respectively, and

the light chain variable region comprises LCDR1, LCDR2 and LCDR3 as shown in amino acid
sequence SEQ ID NOs: 25, 26 and 27, respectively;

(111) the heavy chain variable region comprises HCDR1, HCDR2 and HCDR3 as shown in amino
acid sequence SEQ ID NOs: 28, 29 and 30, respectively, and

the light chain variable region comprises LCDR1, LCDR2 and LCDR3 as shown in amino acid
sequence SEQ ID NOs: 31, 32 and 33, respectively;

(1v) the heavy chain variable region comprises HCDR1, HCDR2 and HCDR3 as shown in amino
acid sequence SEQ ID NOs: 34, 35 and 36, respectively, and

the light chain variable region comprises LCDR1, LCDR2 and LCDR3 as shown in amino acid
sequence SEQ ID NOs: 37, 38 and 39, respectively;

(v) the heavy chain variable region comprises HCDR 1, HCDR2 and HCDR3 as shown in amino
acid sequence SEQ ID NOs: 40, 41 and 42, respectively, and

the light chain variable region comprises LCDR1, LCDR2 and LCDR3 as shown in amino acid
sequence SEQ ID NOs: 43, 44 and 45, respectively; or

(vi) the heavy chain variable region comprises HCDR1, HCDR2 and HCDR3 as shown in amino
acid sequence SEQ ID NOs: 34, 82 and 36, respectively, and

the light chain variable region comprises LCDR1, LCDR2 and LCDR3 as shown in amino acid
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sequence SEQ ID NOs: 37, 38 and 39, respectively.

In alternative embodiments, the pH of the buffer in the pharmaceutical composition is about 5.0
to about 6.5, preferably about 5.5 to about 6.5, preferably about 6.0 to about 6.5, preferably about
5.0 to about 6.0, preferably about 5.5 to about 6.0, preferably about 5.0 to about 5.5, preferably
about 5.0 to about 5.8, preferably about 5.2 to about 5.8; non-limiting examples of the pH of the
buffer comprise about 5.0, about 5.1, about 5.2, about 5.3, about 5.4, about 5.5, about 5.6, about

5.7, about 5.8, about 5.9, about 6.0, about 6.5, and most preferably about 5.5.

In alternative embodiments, the concentration of the buffer in the pharmaceutical composition is
about 10mM to about 40mM, about 10mM to about 30mM, preferably about 15mM to about
30mM, preferably about 20mM to about 30mM, preferably about 25mM to about 30mM,
preferably about 10mM to about 25mM, preferably about 15mM to about 25mM, preferably
about 20mM to about 25mM, preferably about 10mM to about 15mM; non-limiting examples of
the concentration of the buffer involve about 10mM, about 12mM, about 14mM, about 16mM,
about 18mM, about 20mM, about 22mM, about 24mM, about 26mM, about 28mM, about 30mM,

about 32mM, about 34mM, and most preferably about 30mM.

In alternative embodiments, the concentration of the anti-IL-5 antibody or the antigen-binding
fragment thereof in the pharmaceutical composition is about 1 mg/ml to about 120 mg/ml,
preferably about 1 mg/ml to about 100 mg/ml, preferably about 10 mg/ml to about 120 mg/ml,
preferably about 20 mg/ml to about 120 mg/ml, preferably about 30 mg/ml to about 120 mg/ml,
preferably about 40 mg/ml to about 120 mg/ml, preferably about 50 mg/ml to about 120 mg/ml,
preferably about 60 mg/ml to about 120 mg/ml, preferably about 70 mg/ml to about 120 mg/ml,
preferably about 80 mg/ml to about 120 mg/ml, preferably about 90 mg/ml to about 120 mg/ml,
preferably about 100 mg/ml to about 120 mg/ml, preferably about 110 mg/ml to about 120
mg/ml, preferably about 20 mg/ml to about 100 mg/ml, preferably about 30 mg/ml to about 100

4
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mg/ml, preferably about 40 mg/ml to about 100 mg/ml, preferably about 50 mg/ml to about 100
mg/ml, preferably about 60 mg/ml to about 100 mg/ml, preferably about 70 mg/ml to about 100
mg/ml, preferably about 80 mg/ml to about 100 mg/ml, preferably about 90 mg/ml to about 100
mg/ml; as non-limiting examples, the concentration of the anti-IL-5 antibody or the
antigen-binding fragment thereof is about 80 mg/ml, about 85 mg/ml, about 90 mg/ml, about 91
mg/ml, about 92 mg/ml, about 93 mg/ml, about 94 mg/ml, about 95 mg/ml, about 96 mg/ml,
about 97 mg/ml, about 98 mg/ml, about 99 mg/ml, about 100 mg/ml, about 101 mg/ml, about
102 mg/ml, about 103 mg/ml, about 104 mg/ml, about 105 mg/ml, about 106 mg/ml, about 107
mg/ml, about 108 mg/ml, about 109 mg/ml, about 110 mg/ml, about 115 mg/ml, about 120

mg/ml, and most preferably about 100 mg/ml.

In alternative embodiments, the surfactant comprised in the pharmaceutical composition can be
selected from the group consisting of polysorbate 20, polysorbate 80, polyhydroxyalkylene,
Triton, sodium dodecyl sulfonate, sodium lauryl sulfonate, sodium octyl glycoside,
lauryl-sulphobetaine, myristyl-sulphobetaine, linoleyl-sulphobetaine, stearyl-sulphobetaine,

lauryl-sarcosine, myristyl-sarcosine, linoleyl-sarcosine, stearyl-sarcosine, linoleyl-betaine,

myristyl-betaine, cetyl-betaine, lauramidopropyl-betaine, cocamidopropyl-betaine,
linoleamidopropyl-betaine, myristamidopropyl-betaine, palmitamidopropyl-betaine,
isosteamidopropyl-betaine, myristamidopropyl-dimethylamine,

palmamidopropyl-dimethylamine, isostearamidopropyl-dimethylamine, sodium methylcocoyl,
sodium methyl-oleoyl taurate, polyethylene glycol, polypropylene glycol, copolymers of
ethylene and propylene glycol, etc. The preferred surfactant is polysorbate 80 or polysorbate 20,

and more preferably polysorbate 80.

In alternative embodiments, the concentration of polysorbate 80 in the pharmaceutical

composition is about 0.05 mg/ml to about 0.6 mg/ml, preferably about 0.1 mg/ml to about 0.6

mg/ml, preferably about 0.2 mg/ml to about 0.6 mg/ml, preferably about 0.3 mg/ml to about 0.6
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mg/ml, preferably about 0.4 mg/ml to about 0.6 mg/ml, preferably about 0.5 mg/ml to about 0.6
mg/ml, preferably about 0.2 mg/ml to about 0.5 mg/ml, preferably about 0.3 mg/ml to about 0.5
mg/ml, preferably about 0.4 mg/ml to about 0.5 mg/ml, preferably about 0.3 mg/ml to about 0.4
mg/ml, as non-limiting examples, the concentration of the surfactant in the pharmaceutical
composition is about 0.2 mg/ml, about 0.3 mg/ml, about 0.4 mg/ml, about 0.45 mg/ml, about 0.5

mg/ml, about 0.55 mg/ml, about 0.6 mg/ml, and most preferably about 0.4 mg/ml.

Further, in alternative embodiments, the pharmaceutical composition further comprises

excipient(s), wherein the excipient is selected from stabilizers.

In alternative embodiments, wherein the stabilizer is selected from saccharide or amino acid;
wherein the saccharide can be selected from the group consisting of sucrose, trehalose, mannitol
and sorbitol, preferably sucrose. The amino acid is selected from the group consisting of glycine,

methionine and proline.

In alternative embodiments, the concentration of the saccharide is about 50 mg/ml to about 80
mg/ml, preferably about 60 mg/ml to about 80 mg/ml, preferably about 70 mg/ml to about 80
mg/ml, preferably about 75 mg/ml to about 80 mg/ml, preferably about 70 mg/ml to about 75
mg/ml; as non-limiting examples, the concentration of the stabilizer in the pharmaceutical
composition involves about 70 mg/ml, about 71 mg/ml, about 72 mg/ml, about 73 mg/ml, about
74 mg/ml, about 75 mg/ml, about 76 mg/ml, about 77 mg/ml, about 78 mg/ml, about 79 mg/ml,

about 80 mg/ml, and more preferably about 72 mg/ml.

In alternative embodiments, the concentration of the amino acid is about 8 mg/ml.

In alternative embodiments, the pharmaceutical composition comprises:

(a) about 1 mg/ml to about 120 mg/ml the anti-IL-5 antibody or the antigen-binding fragment
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thereof; (b) about 10mM to about 30mM acetic acid-sodium acetate bufter, pH is about 5.0 to 6.5;

and (c) about 0.1 mg/ml to about 0.6 mg/ml polysorbate 80.

In alternative embodiments, the pharmaceutical composition comprises:
(a) about 80 mg/ml to about 100 mg/ml the anti-IL-5 antibody or the antigen-binding fragment
thereof; (b) about 10mM to about 30mM acetic acid-sodium acetate buffer, pH is about 5.0 to

about 6.0; and (¢) about 0.1 mg/ml to about 0.4 mg/ml polysorbate 80.

In alternative embodiments, the pharmaceutical composition comprises:

(d) about 80 mg/ml to about 120 mg/ml the IL-5 antibody or the antigen-binding fragment
thereof; (e) about 10mM to about 30mM acetic acid-sodium acetate buffer, pH is about 5.0 to
about 5.8; (f) about 0.2 mg/ml to about 0.6 mg/ml polysorbate 80; and (g) about 70 mg/ml to
about 75 mg/ml sucrose; preferably, the pharmaceutical composition preferably comprises:

(h) about 100 mg/ml the IL-5 antibody or the antigen-binding fragment thereof, (i) about 30mM
acetic acid-sodium acetate buffer, pH is about 5.5, (j) about 0.4 mg/ml polysorbate 80 and (k)

about 72 mg/ml of sucrose.

In some preferred embodiments, the anti-IL-5 antibody or the antigen-binding fragment thereof
in the pharmaceutical composition of the present disclosure is a murine antibody, a chimeric

antibody or a humanized antibody.

In alternative embodiments, the humanized anti-IL-5 antibody in the pharmaceutical composition
comprises a heavy chain variable region as shown in SEQ ID NO: 49, 57, 63, 69 or 75 or variant
thereof; the variant comprises 1 to 10 amino acid back-mutations in the heavy chain variable

region sequence as shown in SEQ ID NO: 49, 57, 63, 69 or 75, respectively.

Date Recgue/Date Received 2021-09-21



10

15

20

25

CA 03134401 2021-09-21

In alternative embodiments, the variant is a variant as shown in any one selected from the group
consisting of:

(i) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of S49T, VO3T and K98S in the heavy chain variable region as shown in SEQ ID NO:
49;

(i1) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of S49T, VO3T and K98T in the heavy chain variable region as shown in SEQ ID NO:
57,
(iii) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of R38K, M481, R67K, V68A, M70L, R72V, T74K and L83F in the heavy chain
variable region as shown in SEQ ID NO: 63;

(iv) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of F291, R38K, V481, R72A, and T97F in the heavy chain variable region as shown in
SEQ ID NO: 69, and/or N55V mutation in CDR; or

(v) a variant, comprising one or more amino acid back-mutations selected from the group

consisting of R38K, M48I, R67K, V68A, R72A, T74K, M81L, L83F and D89YE in the heavy

chain variable region as shown in SEQ ID NO: 75.

In alternative embodiments, the humanized anti-IL-5 antibody in the pharmaceutical composition
comprises:

a heavy chain variable region as shown in SEQ ID NO: 50 or 51; or

a heavy chain variable region as shown in SEQ ID NO: 58 or 59; or

a heavy chain variable region as shown in any one selected from the group consisting of: SEQ ID
NO: 64, 65 and 66; or

a heavy chain variable region as shown in SEQ ID NO: 70 or 71; or

a heavy chain variable region as shown in any one selected from the group consisting of: SEQ ID

NO: 76, 77, 78 and 79.
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In alternative embodiments, the humanized anti-IL-5 antibody in the pharmaceutical composition
comprises a light chain variable region as shown in SEQ ID NO: 46, 54, 60, 67 or 72, or variants
thereof, the variant comprises 1 to 10 amino acid back-mutations in the light chain variable

region as shown in SEQ ID NO: 46, 54, 60, 67 or 72.

In alternative embodiments, wherein the variant is a variant as shown in any one selected from
the group consisting of:

(i) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of A43S, L47V, G66R, T69S, F71Y and Y87F in the light chain variable region as
shown in SEQ ID NO: 46;

(ii) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of A43S, L47M, F71Y and Y87F in the light chain variable region as shown in SEQ
ID NO: 54;

(iii) a variant, comprising amino acid back-mutation(s) selected from the group consisting of
E1D, 12T, 157V, V84T and Y86F in the light chain variable region as shown in SEQ ID NO: 60,
or the combination thereof;

(iv) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of: M4L, A42S, L45P and L46W in the light chain variable region as shown in SEQ
ID NO: 67; and

(v) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of A43S, 148V and F71Y in the light chain variable region as shown in SEQ ID NO:
72.

In alternative embodiments, the humanized anti-IL-5 antibody in the pharmaceutical composition

comprises:

a light chain variable region as shown in SEQ ID NO: 47 or 48; or
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a light chain variable region as shown in SEQ ID NO: 55 or 56, or
a light chain variable region as shown in SEQ ID NO: 61 or 62; or
a light chain variable region as shown in SEQ ID NO: 68; or

a light chain variable region as shown in SEQ ID NO: 73 or 74.

In alternative embodiments, the humanized anti-IL-5 antibody in the pharmaceutical composition
comprises:

(i) a heavy chain variable region as shown in any one of SEQ ID NO: 49, 50 and 51 or having 95%
sequence identity with any one of SEQ ID NO: 49, 50 and 51; and

a light chain variable region as shown in any one of SEQ ID NO: 46, 47 and 48 or having 95%
sequence identity with any one of SEQ ID NO: 46, 47 and 48;

(ii) a heavy chain variable region as shown in any one of SEQ ID NO: 57, 58 and 59 or having
95% sequence identity with any one of SEQ ID NO: 57, 58 and 59; and

a light chain variable region as shown in any one of SEQ ID NO: 54, 55 and 56 or having 95%
sequence identity with any one of SEQ ID NO: 54, 55 and 56,

(iii) a heavy chain variable region as shown in any one of SEQ ID NO: 63, 64, 65 and 66 or
having 95% sequence identity with any one of SEQ ID NO: 63, 64, 65 and 66, and

a light chain variable region as shown in any one of SEQ ID NO: 60, 61 and 62 or having 95%
sequence identity with any one of SEQ ID NO: 60, 61 and 62;

(iv) a heavy chain variable region as shown in any one of SEQ ID NO: 69, 70 and 71 or having
95% sequence identity with any one of SEQ ID NO: 69, 70 and 71; and

a light chain variable region as shown in any one of SEQ ID NO: 67 and 68 or having 95%
sequence identity with any one of SEQ ID NO: 67 and 68; or

(v) a heavy chain variable region as shown in any one of SEQ ID NO: 75, 76, 77, 78 and 79 or
having 95% sequence identity with any one of SEQ ID NO: 75, 76, 77, 78 and 79; and

a light chain variable region as shown in any one of SEQ ID NO: 72, 73 and 74 or having 95%
sequence identity with any one of SEQ ID NO: 72, 73 and 74; preferably, the humanized

10

Date Recgue/Date Received 2021-09-21



10

15

20

25

CA 03134401 2021-09-21

anti-IL-5 antibody comprises:

(a) the heavy chain variable region as shown in SEQ ID NO:

region as shown in SEQ ID NO: 47,

(b) the heavy chain variable region as shown in SEQ ID NO:

region as shown in SEQ ID NO: 62;

(c) the heavy chain variable region as shown in SEQ ID NO:

region as shown in SEQ ID NO: 56;

(d) the heavy chain variable region as shown in SEQ ID NO:

region as shown in SEQ ID NO: 68; or

(e) the heavy chain variable region as shown in SEQ ID NO:

region as shown in SEQ ID NO: 73.

51 and the light chain variable

65 and the light chain variable

58 and the light chain variable

71 and the light chain variable

79 and the light chain variable

The amino acid sequence having at least 95% sequence identity as described above, preferably

has at least 95%, 96%, 97%, 98% or 99% sequence identity, and more preferably has 97%, 98%

or 99% or above, and most preferably has at least 99% sequence identity or above, the amino

acid sequence having at least 95% sequence identity as described above comprises one or more

amino acid deletions, insertions or substitutions obtained by mutation.

In alternative embodiments, the anti-IL-5 antibody in the pharmaceutical composition comprises

a human antibody constant region, preferably a human antibody heavy chain constant region as

shown in SEQ ID NO: 52 and a human antibody light chain constant region as shown in SEQ ID

NO: 53.

In alternative embodiments, the anti-IL-5 antibody in the pharmaceutical composition comprises:

(i) a heavy chain as shown in SEQ ID NO: 83 and a light chain as shown in SEQ ID NO: 84;

(ii) a heavy chain as shown in SEQ ID NO: 85 and a light chain as shown in SEQ ID NO: 86;

(iii) a heavy chain as shown in SEQ ID NO: 87 and a light chain as shown in SEQ ID NO: 88;

11

Date Recgue/Date Received 2021-09-21



10

15

20

25

CA 03134401 2021-09-21

(iv) a heavy chain as shown in SEQ ID NO: 89 and a light chain as shown in SEQ ID NO: 90; or
(v) a heavy chain as shown in SEQ ID NO: 91 and a light chain as shown in SEQ ID NO: 92.

In alternative embodiments, the anti-IL-5 antibody in the pharmaceutical composition is a
monoclonal antibody or antigen-binding fragment thereof that competes for binding to IL-5 with

the anti-IL-5 antibody or the antigen-binding fragment thereof as described above.

In a preferred embodiment, the antigen-binding fragment in the pharmaceutical composition of
the present disclosure is selected from the group consisting of Fab, Fab', F(ab')2, single-chain

antibody (scFv), dimerized V region (diabody) and disulfide bond stabilized V region (dsFv).

The present disclosure further provides a method for preparing the pharmaceutical composition
as described above, wherein it comprises a step of replacing a stock solution of the anti-IL-5
antibody with a buffer. In alternative embodiments, preferably the buffer is acetic acid-sodium
acetate buffer. The pH of the buffer is about 5.0 to about 6.5, preferably about 5.5 to about 6.5,
preferably about 6.0 to about 6.5, preferably about 5.0 to about 6.0, preferably about 5.5 to about
6.0, preferably about 5.0 to about 5.5, preferably about 5.2 to about 5.8, non-limiting examples
of the buffer pH value involve about 5.0, about 5.1, about 5.2, about 5.3, about 5.4, about 5.5,
about 5.6, about 5.7, about 5.8, about 5.9, about 6.0, about 6.5, and most preferably about 5.5. In
alternative embodiments, the concentration of the buffer in the pharmaceutical composition is
about 10mM to about 30mM, preferably about 15mM to about 30mM, preferably about 20mM to
about 30mM, preferably about 25mM to about 30mM, preferably about SmM to about 25mM,
preferably about 10mM to about 25mM, preferably about 15mM to about 25mM, preferably
about 20mM to about 25mM, preferably about SmM to about 20mM, preferably about 10mM to
about 15mM; non-limiting examples of the concentration of the buffer involve about 10mM,
about 12mM, about 14mM, about 16mM, about 18mM, about 20mM, about 22mM, about 24mM,

about 26mM, about 28mM, about 30mM, and most preferably about 30mM.

12
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In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate, pH 5.5 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate, pH 5.5 and 0.05 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM succinic acid-sodium succinate, pH 5.0 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM succinic acid-sodium succinate, pH 5.5 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM succinic acid-sodium succinate, pH 6.0 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM succinic acid-sodium succinate, pH 5.0 and 0.05 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM succinic acid-sodium succinate, pH 5.5 and 0.05 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM succinic acid-sodium succinate, pH 6.0 and 0.05 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM citric acid-sodium citrate, pH 6.5 and 0.2 mg/mL polysorbate 80.
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In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM citric acid-sodium citrate, pH 5.5 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM citric acid-sodium citrate, pH 6.0 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM citric acid-sodium citrate, pH 6.5 and 0.05 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM citric acid-sodium citrate, pH 5.5 and 0.05 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM citric acid-sodium citrate, pH 6.0 and 0.05 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM citric acid-sodium citrate, pH 6.5 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM citric acid-sodium citrate, pH 5.5 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM histidine-hydrochloric acid, pH 6.0 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM histidine-hydrochloric acid, pH 6.5 and 0.05 mg/mL polysorbate 80.

14

Date Recgue/Date Received 2021-09-21



10

15

20

25

CA 03134401 2021-09-21

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM histidine-hydrochloric acid, pH 5.5 and 0.05 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM histidine-hydrochloric acid, pH 6.0 and 0.05 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM succinic acid-sodium succinate, pH 5.0 and 0.1 mg/mL polysorbate 20.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM succinic acid-sodium succinate, pH 5.0 and 0.1 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody
h1705-008, 10mM succinic acid-sodium succinate pH 5.0, 50 mg/mL sucrose and 0.1 mg/mL
polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody
h1705-008, 10mM succinic acid-sodium succinate pH 5.0, 50 mg/mL trehalose and 0.1 mg/mL
polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody
h1705-008, 10mM succinic acid-sodium succinate pH 5.0, 50 mg/mL mannitol and 0.1 mg/mL
polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM succinic acid-sodium succinate pH 5.0, 50 mg/mL sorbitol and 0.1 mg/mL
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polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody
h1705-008, 10mM succinic acid-sodium succinate pH 5.0, 8 mg/mL glycine and 0.1 mg/mL

polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody
h1705-008, 10 mM succinic acid-sodium succinate pH 5.0, 8 mg/mL methionine and 0.1 mg/mL

polysorbate 80.
In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody
h1705-008, 10 mM succinic acid-sodium succinate pH 5.0, 8 mg/mL proline and 0.1 mg/mL
polysorbate 80.
In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody
h1705-008, 10mM succinic acid-sodium succinate pH 5.5, 70 mg/mL sucrose and 0.4 mg/mL

polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 80 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.8 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.4 and 0.6 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 80 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.4 and 0.4 mg/mL polysorbate 80.
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In some embodiments, the pharmaceutical composition comprises: 80 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.0 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.4 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 80 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH5.8 and 0.6 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 120 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.0 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 80 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.0 and 0.6 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 120 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.8 and 0.6 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 120 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.4 and 0.4 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.4 and 0.4 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 120 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.0 and 0.6 mg/mL polysorbate 80.
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In some embodiments, the pharmaceutical composition comprises: 120 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.8 and 0.2 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.0 and 0.4 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 10mM acetic acid-sodium acetate pH 5.8 and 0.4 mg/mL polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody
h1705-008, 10mM acetic acid-sodium acetate pH 5.5, 70 mg/ml sucrose and 0.4 mg/mL

polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody
h1705-008, 20mM acetic acid-sodium acetate pH 5.5, 70 mg/ml sucrose and 0.4 mg/mL

polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody
h1705-008, 30mM acetic acid-sodium acetate pH 5.5, 70 mg/ml sucrose and 0.4 mg/mL

polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody
h1705-008, 30mM acetic acid-sodium acetate pH 5.5, 73 mg/ml sucrose and 0.4 mg/mL

polysorbate 80.

In some embodiments, the pharmaceutical composition comprises: 100 mg/ml anti-IL-5 antibody

h1705-008, 30mM acetic acid-sodium acetate pH 5.5, 75 mg/ml sucrose and 0.4 mg/mL
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polysorbate 80.

In some embodiments, the pharmaceutical composition of the present disclosure is stable at
2-8°C for at least 3 months, at least 6 months, at least 12 months, at least 18 months, or at least
24 months. The pharmaceutical composition can be stable at 25°C for at least 3 months, at least 6

months.

The present disclosure further provides a method for preparing a lyophilized formulation
comprising an anti-IL-5 antibody, which comprises a step of lyophilizing the pharmaceutical

composition as described above.

In an alternative embodiment, the lyophilization in the method for preparing the lyophilized
formulation comprising an anti-IL-5 antibody comprises the steps of pre-freezing, primary
drying and secondary drying, successively. The lyophilization is carried out by freezing the
formulation and subsequently sublimating the water at a temperature suitable for primary drying.
Under such condition, the temperature of the product is lower than the eutectic point or
decomposition temperature of the formulation. Under a suitable pressure, typically in the range
of about 50 to 250 mTorr, the storage temperature for primary drying is usually about -30 to
25°C (assuming that the product remains frozen during the primary drying). The formulation, the
size and type of sample container (for example, glass vial) and the volume of liquid determine
the time duration required for drying, and the time duration can range from several hours to
several days (for example, 40 to 60 hours). The secondary drying can be carried out at about 0 to
40°C, which mainly depends on the type and size of the container and the type of protein used.
The time duration for secondary drying is determined by the desired residual humidity level of
the product, and usually requires at least about 5 hours. Generally, the water content in
lyophilized formulation prepared under low-pressure is less than about 5%, preferably less than

about 3%. The pressure can be the same as the pressure applied in the primary drying step;
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preferably the pressure used in the secondary drying is lower than that used in the primary drying.

The conditions for lyophilization can vary with the formulation and vial size.

The present disclosure further provides a lyophilized formulation comprising an IL-5 antibody
prepared by the method for preparing a lyophilized formulation comprising an anti-IL-5 antibody

as described above.

In some embodiments, the lyophilized formulation is stable at 2-8°C for at least 3 months, at
least 6 months, at least 12 months, at least 18 months or at least 24 months. In some
embodiments, the lyophilized formulation is stable at 40°C for at least 7 days, at least 14 days or

at least 28 days.

The present disclosure further provides a method for preparing a reconstituted solution of the
lyophilized formulation comprising an anti-IL-5 antibody, wherein it comprises a step of
reconstituting the lyophilized formulation as described above, and the solution used for the
reconstitution comprises, but not limited to, water for injection, normal saline or glucose

solution.

The present disclosure further provides a reconstituted solution of the lyophilized formulation
comprising an IL-5 antibody prepared by the method for preparing a reconstituted solution of the
lyophilized formulation comprising an anti-IL-5 antibody as described above.

The present disclosure further provides an article or kit which comprises container(s) comprising

any of the stable pharmaceutical compositions herein. In some embodiments, the container is an

injection vial made of neutral borosilicate glass.
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The present disclosure further provides an article, which comprises container(s) comprising the
pharmaceutical composition or the lyophilized formulation or the reconstituted solution of

lyophilized formulation as described above.

The present disclosure further provides a method for treating IL-5 mediated disease(s),
comprising administering a therapeutically effective amount of the pharmaceutical composition
or the lyophilized formulation or the reconstituted solution or the article of manufacture as
described above, to a subject in need thereof, wherein the IL-5 mediated disease is preferably
selected from the group consisiting of asthma, chronic pneumonia, allergic rhinitis, allergic
bronchopulmonary aspergillosis disease, eosinophilia, Churg-Strauss syndrome, atopic dermatitis,
onchocerciasis dermatitis, intermittent angioedema, eosinophilic myalgia syndrome, eosinophilic
gastroenteritis, worm infection, Hodgkin's disease, nasal polyps, Loeffler's syndrome, urticaria,
hypereosinophilic bronchitis, nodular arteritis, sinusitis, eosinophilic esophagitis, allergic
eosinophilic esophagitis, allergic conjunctivitis, onchocerciasis dermatitis, endometriosis and

steroid-dependent eosinophilic bronchitis.

The present disclosure further provides the use of the pharmaceutical composition or the
lyophilized formulation or the reconstituted solution of the lyophilized formulation or the article
of manufacture as described above in the preparation of a medicament for treating IL-5 mediated
disease(s); wherein the IL-5 mediated disease is preferably selected from the group consisiting of
asthma, chronic pneumonia, allergic rhinitis, allergic bronchopulmonary aspergillosis disease,
eosinophilia, Churg-Strauss syndrome, atopic dermatitis, onchocerciasis dermatitis, intermittent
angioedema, eosinophilic myalgia syndrome, eosinophilic gastroenteritis, worm infection,
Hodgkin's disease, nasal polyps, Loeffler's syndrome, urticaria, hypereosinophilic bronchitis,
nodular arteritis, sinusitis, eosinophilic esophagitis, allergic eosinophilic esophagitis, allergic
conjunctivitis, onchocerciasis dermatitis, endometriosis and steroid-dependent eosinophilic

bronchitis.
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The present disclosure further provides the pharmaceutical composition or the lyophilized
formulation or the reconstituted solution of the lyophilized formulation or the article of
manufacture as described above, for use as a therapeutic medicament, wherein the medicament is
for treating IL-5 mediated disease(s); wherein the IL-5 mediated disease is preferably selected
from the group consisiting of asthma, chronic pneumonia, allergic rhinitis, allergic
bronchopulmonary aspergillosis disease, eosinophilia, Churg-Strauss syndrome, atopic dermatitis,
onchocerciasis dermatitis, intermittent angioedema, eosinophilic myalgia syndrome, eosinophilic
gastroenteritis, worm infection, Hodgkin's disease, nasal polyps, Loeftler's syndrome, urticaria,
hypereosinophilic bronchitis, nodular arteritis, sinusitis, eosinophilic esophagitis, allergic
eosinophilic esophagitis, allergic conjunctivitis, onchocerciasis dermatitis, endometriosis and

steroid-dependent eosinophilic bronchitis.

As is well known to those skilled in the art, one, some or all of the features of each embodiment
in the present disclosure can be further combined to form other embodiments of the present
disclosure. The embodiments of the present disclosure as described above and additional

embodiments obtained by combination are further illustrated by the detailed description below.

DESCRIPTION OF THE DRAWINGS
Figure 1 represents the results of FACS experiments in which anti-IL-5 antibodies block the

binding of IL-5 to IL-5 receptor;

Figure 2 represents the detection result of binding specificity of the anti-IL-5 antibody for Th2

cytokine;

Figure 3 represents that the anti-IL-5 antibody enhances the leavel of intermittent respiratory

(Penh). G1: normal control group (PBS); G2: model group (IgG); G3: h1705-008 antibody
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10mpk group; G4: h1705-008 antibody 2mpk group; G5: h1706-009 antibody 10mpk group; G6:
h1706-009 antibody 2mpk group; G7: Hu39D10 10mpk group, wherein, *p<0.05, **<0.01
(compared with G2 group, by ANOVA/Bonferront);

Figure 4A represents the level of BALF eosinophils in lungs of asthmatic mice; Figure 4B
represents the tracheal mucosal thickness score of asthmatic mice. G1: normal control group; G2:
model group; G3: h1705-008 antibody 10mpk group; G4: h1705-008 antibody 2mpk group; G5:
h1706-009 antibody 10mpk group; G6: h1706-009 antibody 2mpk group; G7: Hu39D10 10mpk

group; Figure 4C represents the percentage of BALF eosinophils in lungs of asthmatic mice;

Figure 5A and Figure 5B represent the ability of the IL5 monoclonal antibody to reduce the level
of eosinophils in BALF.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Terms

In order to understand the present disclosure more easily, certain technical and scientific terms
are specifically defined below. All other technical and scientific terms used herein have the
meaning commonly understood by one of ordinary skill in the art to which the present disclosure

pertains, unless otherwise explicitly defined herein.

"Buffer" refers to a buffer that is resistant to changes in pH by the action of its acid-base
conjugate components. Examples of the buffer which controls the pH within an appropriate
range include acetate, succinate, gluconate, histidine salt, oxalate, lactate, phosphate, citrate,

tartrate, fumarate, glycyl-glycine and other organic acid buffers.

"Histidine salt buffer" is a buffer comprising histidine ions. Examples of the histidine salt buffer
include histidine-hydrochloride, histidine-acetate, histidine-phosphate, histidine-sulfate bufter,
and the like; preferably, histidine-acetate buffer or histidine-hydrochloride buffer;

histidine-acetate buffer is prepared by histidine and acetic acid, and histidine salt buffer is
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prepared by histidine and HCI.

"Citrate buffer" is a buffer comprising citrate ions. Examples of the citrate buffer include citric
acid-sodium citrate, citric acid-potassium citrate, citric acid-calcium citrate, citric

acid-magnesium citrate, and the like. A preferred citrate buffer is citric acid-sodium citrate.

"Succinate buffer" is a buffer comprising succinate ions. Examples of the succinate buffer
include succinic acid-sodium succinate, succinic acid-potassium succinate, succinic acid-calcium

succinate, and the like. A preferred succinate buffer is succinic acid-sodium succinate.

"Phosphate buffer" is a buffer comprising phosphate ions. Examples of the phosphate buffer
include disodium hydrogen phosphate-sodium dihydrogen phosphate, disodium hydrogen
phosphate-potassium dihydrogen phosphate, disodium hydrogen phosphate- citric acid, and the
like. A preferred phosphate buffer is disodium hydrogen phosphate-sodium dihydrogen
phosphate.

" Acetate buffer" is a buffer comprising acetate ions. Examples of the acetate buffer include acetic
acid-sodium acetate, histidine acetate, acetic acid-potassium acetate, acetic acid-calcium acetate,
acetic acid-magnesium acetate, and the like. A preferred acetate buffer is acetic acid-sodium

acetate.

"Pharmaceutical composition" means a mixture comprising one or more of the compounds (or
physiological/pharmaceutically acceptable salt or prodrug thereof) described herein and other
chemical components (such as physiological/pharmaceutically acceptable carriers and
excipients). The purpose of a pharmaceutical composition is to maintain stability of antibody
active ingredients, and to facilitate the administration to organism, so as to facilitate the

absorption and the biological activity of the active ingredient.

As used herein, "pharmaceutical composition" and "formulation" are used interchangeably.
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The "saccharide" in the present disclosure includes conventional (CH20), and the derivatives
thereof, including monosaccharides, disaccharides, trisaccharides, polysaccharides, sugar
alcohols, reducing saccharides, non-reducing saccharides, etc. The saccharide can be selected
from the group consisting of: glucose, sucrose, trehalose, lactose, fructose, maltose, dextran,
glycerol, erythritol, glycerol, arabitol, xylitol, sorbitol, mannitol, melibiose, melezitose,
melitriose, mannotriose, stachyose, maltose, lactulose, maltulose, sorbitol, maltitol, lactitol,
iso-maltulose, etc. The preferred saccharide is non-reducing disaccharide, more preferred

Sucrose.

According to the present disclosure, the solvent comprised in the solution form of the

pharmaceutical composition is water, unless otherwise specified.

"Lyophilized formulation" means a formulation or a pharmaceutical composition obtained by
vacuum lyophilization of the liquid or solution form of the pharmaceutical composition or the

formulation.

The lyophilization in the present disclosure comprises pre-freezing, primary drying and
secondary drying. The purpose of pre-freezing is to freeze the products to obtain crystalline
solids. Pre-freezing temperature and pre-freezing speed are two important process parameters. In
the present disclosure, the pre-freezing temperature is set to -45°C, with the pre-freezing speed at
1°C/min. The primary drying, also called main drying, is the main stage for lyophilization of
samples. The purpose is to remove ice from the product while maintaining the shape of the
product, so as to limit the damage to a product to minimum level. When the primary drying
temperature and vacuum degree are not selected properly, the product would collapse. Higher
temperature and higher vacuum degree accelerate the lyophilization efficiency, but also increase
the risk of product collapse. The temperature of primary drying in present invention can be a
conventional temperature in the field, such as -30°C to 0°C. The secondary drying is also called
vacuum drying, is a main step which removes the bound water from a product by pumping an
ultimate vacuum (0.01 mbar) and raising the temperature (20 to 40°C). Since most biological
products are sensitive to temperature, the selected secondary drying temperature shall be at the

lower point of the temperature range, which is 25°C. The time duration for lyophilization is
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related to the freezer, the dose of the formulation to be lyophilized, and the container of the
formulation to be lyophilized. Those skilled in the art well know how to adjust such time

duration.

As used herein, the term "about" and "approximately" means that a value is within an acceptable
error range of the specific value measured by an ordinary skilled in the art. The value partly
depends on how the value is measured or determined (i.e. the limit of the measurement system).
For example, in every practice in the art, "about" means a standard deviation within 1 or more
than 1. As an alternative, "about" or "substantially comprising" means a range of at most +20%,
for example, a pH of about 5.5 means pH 5.5 = 1.1. In addition, especially for biological systems
or processes, the term means at most one order of magnitude or at most S-folds of a value.
Unless otherwise specified, when the specific value is indicated in the present application and
claims, the meaning of "about" or "substantially comprising” should be within an acceptable

error range of the specific value.

The pharmaceutical composition of the present disclosure is capable of achieving a stable effect:
i.e., the antibody comprised in the pharmaceutical composition substantially retains the physical
stability and/or chemical stability and/or biological activity following the storage. Preferably, the
pharmaceutical composition substantially retains the physical stability and chemical stability as
well as biological activity following the storage. The storage period is generally determined
based on the predetermined shelf-life of the pharmaceutical composition. There are currently a
number of analytical techniques for measuring the stability of a protein, which can be used to

measure the stability after being stored for a selected period of time at a selected temperature.

A stable pharmaceutical formulation of antibody is a formulation for which no significant
physical and/or chemical and/or biological change is observed under the following conditions:
being stored at a cool temperature (2-8 °C) for at least 3 months, preferably 6 months, more
preferably 1 year, and even more preferably up to 2 years. In addition, stable liquid formulations
include those exhibit desirable characteristics after being stored at temperature of 25 °C for 1
month, 3 months or 6 months. Typically, criteria for stable formulation are as follows: typically

no more than about 10%, preferably no more than about 5% of the antibody monomers being
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degraded, as measured by SEC-HPLC; by visual inspection, the pharmaceutical formulation of
antibody is light yellow, almost colorless clear liquid, or colorless, or clear to slightly pale; no
more than +10% variation occurs in the concentration, pH and osmolality of the formulation;
generally no more than about 10%, preferably no more than about 5% of reduction is observed,

generally no more than about 10%, preferably no more than about 5% of aggregation is formed.

An antibody would be deemed to "retain its physical stability" in the pharmaceutical formulation,
when the antibody does not show a significantly increased aggregation, precipitation and/or
denaturation, by visual inspection of color and/or clarity, or being measured via UV light
scattering, size exclusion chromatography (SEC) and dynamic light scattering (DLS). Changes in
protein conformation can be assessed by fluorescence spectroscopy, which determines the
tertiary structure of a protein, and by FTIR spectroscopy, which determines the secondary

structure of a protein.

An antibody would be deemed to "retain its chemical stability" in the pharmaceutical formulation,
when the antibody does not show a significant chemical modification. Chemical stability can be
assessed by detecting and quantifying chemically altered forms of a protein. Degradation
processes that frequently alter the chemical structure of a protein include hydrolysis or truncation
(assessed by methods such as size exclusion chromatography and SDS-PAGE), oxidation
(assessed by methods such as peptide spectroscopy in combination with mass spectrometry or
MALDI/TOF/MS), deamidation (assessed by methods such as ion exchange chromatography,
capillary 1isoelectric focusing, peptide spectroscopy, isoaspartic acid measurement) and
isomerization (assessed by methods such as measuring the content of isoaspartic acid, peptide

spectroscopy).

An antibody would be deemed to "retain its biological activity" in the pharmaceutical
formulation, when the biological activity of the antibody at a given time is still within the
predetermined range of biological activity exhibited at the time when the pharmaceutical
formulation was initially prepared. The biological activity of the antibody can be determined, for

example, by antigen-binding assay.
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The three-letter code and the one-letter code for amino acids used in the present disclosure are

described in J. biol. chem. 243, p3558 (1968).

The "antibody" used in the present disclosure refers to immunoglobulin; a complete antibody is a
tetra-peptide chain structure composed of two identical heavy chains and two identical light

chains connected by inter-chain disulfide bond(s).

In the present disclosure, the antibody light chain of the present disclosure further comprises a
light chain constant region, and the light chain constant region includes human or murine «, A

chain or the variant(s) thereof.

In the present disclosure, the antibody heavy chain of the present disclosure further comprises a
heavy chain constant region, and the heavy chain constant region includes human or murine

IgG1, IgG2, 1gG3, IgG4 or the variant(s) thereof.

The about 110 amino acid adjacent to the N-terminus of the antibody heavy and light chains are
highly variable, known as variable regions (Fv regions); the rest of amino acid sequences close to
the C-terminus are relatively stable, known as constant regions. The variable region includes
three hypervariable regions (HVRs) and four relatively conservative framework regions (FRs).
The three hypervariable regions which determine the specificity of the antibody are also known
as complementarity determining regions (CDRs). Each of the light chain variable region (LCVR,
VL) and heavy chain variable region (HCVR, VH) consists of 3 CDR regions and 4 FR regions,
with the sequential order from the amino terminus to carboxyl terminus of: FRI1, CDRI1, FR2,
CDR2, FR3, CDR3, and FR4. The three CDR regions of the light chain refer to LCDR1, LCDR2,
and LCDR3, and the three CDR regions of the heavy chain refer to HCDR1, HCDR2, and
HCDR3. The number and position of the CDR amino acid residues of the LCVR region and the
HCVR region in the antibody or the antigen-binding fragment thereof described in the present

disclosure comply with the known Kabat numbering criteria (LCDR 1 to 3, HCDR 1 to 3).
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The antibodies of the present disclosure include murine antibodies, chimeric antibodies,

humanized antibodies, and preferably humanized antibodies.

In the present disclosure, the "antigen-binding fragment of an antibody" or "functional fragment"
refers to Fab fragments, Fab' fragments, F(ab'); fragments that have antigen-binding activity, and
Fv fragments, scFv fragments that bind to antibody. Fv fragment comprises a heavy chain
variable region and a light chain variable region of the antibody, but does not have a constant
region, and Fv fragment is the smallest antibody fragment that has all antigen binding sites.
Generally, the Fv antibody also comprises a polypeptide linker between VH and VL domains,
and is capable of forming a structure required for antigen-binding. Different linkers can also be
used to connect two antibody variable regions to form a polypeptide chain, named single chain

antibody or single chain Fv (sFv).

The term "antigen-binding site" of the present disclosure refers to a continuous or discontinuous
three-dimensional spatial site on an antigen recognized by the antibody or antigen-binding

fragment thereof of the present disclosure.

The term "murine antibody" in the present disclosure refers to a monoclonal antibody against
human IL-5 prepared according to the knowledge and skills in the art. During the preparation,
the test subject is injected with IL-5 antigen, and then hybridoma expressing antibody having

desired sequence or functional feature is isolated.

The term "chimeric antibody" is an antibody formed by fusing the variable region of a murine
antibody with the constant region of a human antibody, which reduces the immune response
induced by the murine antibody. To establish a chimeric antibody, it is necessary to firstly

establish a hybridoma secreting murine specific monoclonal antibodies; then the variable region
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genes are cloned from the mouse hybridoma cells; and then the constant region genes of the
human antibodies are cloned as needed; and the murine variable region genes are combined with
the human constant region genes to form a chimeric gene which is inserted into a human vector,
and finally the chimeric antibody molecule is expressed in a eukaryotic industrial system or a
prokaryotic industrial system. In a preferred embodiment of the present disclosure, the light
chain of IL-5 chimeric antibody further comprises the light chain constant region of human «, A
chain or the variant(s) thereof. The heavy chain of the IL-5 chimeric antibody further comprises
the heavy chain constant region of human IgG1, IgG2, IgG3, IgG4 or the variant(s) thereof. The
constant region of human antibody can be selected from the group consisting of’ the heavy chain
constant region of human IgGl, IgG2, IgG3 or IgG4 or the variant(s), preferably comprises
human IgG2 or IgG4 heavy chain constant region, or IgG4 without ADCC toxicity

(antibody-dependent cell-mediated cytotoxicity) after amino acid mutation.

The term "humanized antibody", also known as CDR-grafted antibody, refers to an antibody
generated by grafting the murine CDR sequences onto human antibody variable region
framework, i.e., an antibody produced in different types of human germline antibody framework
sequences. The humanized antibody avoids strong heterogeneous responses induced by chimeric
antibody which carries a large number of murine protein components. Such framework
sequences can be obtained from public DNA database covering germline antibody gene
sequences or published references. For example, germline DNA sequences of human heavy and
light chain variable region genes can be found in "VBase" human germline sequence database
(available on www.mrccpe.com.ac.uk/vbase), as well as in Kabat, EA, et al. 1991 Sequences of
Proteins of Immunological Interest, Sth Ed. To avoid a decrease in activity caused by the
decreased immunogenicity, the framework sequences in human antibody variable region may be
subjected to minimal reverse-mutation or back-mutation so as to maintain the activity. The
humanized antibody of the present disclosure also refers to a humanized antibody on which

CDRs affinity maturation is performed by phage display.
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In the present disclosure, the "ADCC" (i.e. antibody-dependent cell-mediated cytotoxicity)
means that antibody-coated target cells are directly killed by cells expressing Fc receptors,
through recognizing the Fc segment of antibody. The ADCC effector function of the antibody
can be reduced or eliminated by modifying the Fc segment of IgG. The modification refers to
mutations performed on the heavy chain constant region of an antibody, such as selected from
the group consisting of: N297A, L234A, L235A on IgGl; IgG2/4 chimera, F234A/L235A

mutation on IgG4.

The "mutation" in a mutant sequence in the present disclosure includes but is not limited to
"back-mutation(s)", "conservative modification" or "conservative replacement or substitution".
The "conservative modification" or "conservative replacement or substitution" used in the
present disclosure refers to other amino acids with similar characteristics (such as charge, side
chain size, hydrophobicity/hydrophilicity, backbone conformation and rigidity, etc.) are used to
replace the amino acids in a protein, so that replacement can be frequently performed without
changing the biological activity of a protein. Those skilled persons in the art know that, generally,
single amino acid substitution in a non-essential region of a polypeptide does not substantially
change the biological activity (see, for example, Watson et al., (1987) Molecular Biology of the
Gene, The Benjamin/Cummings Pub. Co., Page 224, (the 4th edition)). In addition, the
substitution of amino acids with similar structure or function is unlikely to disrupt the biological

activity.

The "mutated sequence" in the present disclosure refers to that the nucleotide sequence and/or
amino acid sequence of the present disclosure are appropriately modified by mutation(s) (such as
substitution, insertion or deletion) to obtain a nucleotide sequence and/or amino acid sequence
which has different sequence identity percentage with the nucleotide sequence and/or amino acid

sequence of the present disclosure. In the present disclosure, the sequence identity can be at least
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85%, 90% or 95%, preferably at least 95%. Non-limiting examples refer to 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%. Sequence
alignment and determination of identity percentage between two sequences can be performed by
the default settings of BLASTN/BLASTP algorithm available on the website of National Center

For Biotechnology Institute.

The term "binding to IL-5" refers to an interaction with IL-5, preferably with human IL-5.

The terms "anti-IL-5 antibody" and "IL-5 antibody" are used interchangeably, and both refer to

antibody that binds to IL-5.

In the present disclosure, the fusion protein is a protein product obtained by co-expressing two
genes through DNA recombination. The recombinant IL-5 extracellular region-F¢ fusion protein
is a fusion protein obtained by co-expressing IL-5 extracellular region and human antibody Fc
fragment, through DNA recombination. The IL-5 extracellular region refers to the portion of IL-5
protein expressed outside the cell membrane, and the sequence thereof is as shown in SEQ ID

NO: 1.

The methods for producing and purifying antibodies and antigen-binding fragments are well
known and available in the prior art, such as Antibodies: A Laboratory Manual, Cold Spring
Harbor press, Chapters 5-8 and 15. For example, mice can be immunized with a human IL-5 or
fragment thereof, and the resulting antibody can be renatured and purified, and amino acid
sequencing can be performed by using conventional methods. Antigen-binding fragments can
also be prepared by using conventional methods. The antibody or antigen-binding fragment
according to the present disclosure is genetically engineered to graft one or more human FR
region(s) onto the non-human CDR regions. The human FR germline sequences can be obtained

from ImMunoGeneTics (IMGT) website http://imgt.cines.fr, or can be obtained from The
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Immunoglobulin Journal, 2001ISBN012441351.

The engineered antibody or antigen-binding fragment thereof can be prepared and purified by
conventional methods. For example, the cDNA sequences encoding the heavy chain and light
chain can be cloned and recombined into a GS expression vector. The expression vectors of
recombinant immunoglobulin can be stably transfected into CHO cells. As a recommended prior
art, mammalian expression systems can lead to glycosylation of antibodies, especially at highly
conservative N-terminal positions of the Fc region. Stable clones are obtained by expressing
antibodies that specifically bind to human IL-5. Positive clones are expanded in serum-free
culture medium of bioreactors to produce antibodies. The culture medium into which the
antibodies are secreted can be purified by conventional techniques. For example, Protein A or
Protein G Sepharose FF column comprising adjusted buffer can be used for purification.
Non-specifically bound components are washed out. Then the bound antibodies are eluted by pH
gradient, and the antibody fragments are detected by SDS-PAGE and collected. The antibodies
can be filtered and concentrated by conventional methods. Soluble mixtures and multimers can
also be removed by conventional methods, for example molecular sieves and ion exchange. The

resulting product shall be frozen immediately, such as at -70°C, or lyophilized.

"Optional" or "optionally" means that the event or environment that follows the term can but
does not have to occur, and the description involves occasions where the event or environment
would occur or not occur. For example, "optionally comprises 1 to 3 heavy chain CDR region(s)
of an antibody" means that the heavy chain CDR region(s) of an antibody having specific

sequence(s) can, but not necessarily, be present.

" Administering" and "treating", when applied to animals, humans, experimental subjects, cells,
tissues, organs or biological fluids, refer to a contact of exogenous medicament, therapeutic

agent, diagnostic agent or composition with the animals, humans, subjects, cells, tissues, organs
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or biological fluids. "Administering" and "treating" can refer to for example treatment,
pharmacokinetics, diagnosis, research and experimental methods. The treatment of cells includes
a contact of reagent with cells, and a contact of reagent with fluids, wherein the fluids are in
contact with the cells. "Administering" and "treating" for example also mean treatment of cells
by reagents, diagnostic agent, binding compositions or by another cell in vifro and ex vivo.
"Treating" when applied to human, veterinary or research subjects, refers to therapeutic treatment

2

prevention or prophylactic measures, research and diagnostic applications.

"Treatment" means applying an internal or external therapeutic agent, for example a composition
comprising any one of the binding compounds of the present disclosure, to a patient who has one
or more disease symptoms on which the therapeutic agent is known to have therapeutic effect.
Generally, the therapeutic agent is given at an amount effective to alleviate one or more disease
symptoms in the treated patient or population to induce the regression of such symptoms or
inhibit the development of such symptoms to any clinically detectable extent. The amount of
therapeutic agent that is effective to alleviate any specific disease symptom (also referred to as a
"therapeutically effective amount") can vary according to a variety of factors, for example the
patient disease state, age and body weight, and the ability of the agent to produce the desired
therapeutic effect in the patient. Whether the disease symptoms have been alleviated can be
evaluated through any clinical testing methods commonly used by doctors or other health care
professionals to evaluate the severity or progression of the symptoms. Although an embodiment
of the present disclosure (for example treatment method or article of manufacture) may not be
effective in alleviating each target disease symptom, it should alleviate the target disease
symptom in a statistically significant number of patients, as determined according to any
statistical test methods known in the art, such as Student t-test, chi-square test, Mann and

Whitney's U test, Kruskal-Wallis test (H test), Jonckheere-Terpstra test and Wilcoxon test.
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There is no restriction to diseases related to IL-5, as long as it is a disease related to IL-5. For
example, the therapeutic response induced by the molecule of the present disclosure can by
produced by binding to human IL-5 and subsequently blocking or inhibiting the stimulation
effects of eosinophils. Therefore, when applied to preparations and formulations suitable for
therapeutic application, the pharmaceutical composition of the present disclosure is very useful
for such subjects who suffer from allergies and/or atopic reactions, or suffer from reactions
related to eosinophils, such as but not limited to asthma, exacerbation of asthma, malignant onset
of asthma, chronic pneumonia, allergic rhinitis, perennial allergic rhinitis, allergic
bronchopulmonary aspergillosis disease, eosinophilia, Churg-Strauss syndrome, atopic dermatitis,
onchocerciasis dermatitis, intermittent angioedema, eosinophilic myalgia syndrome, eosinophilic
gastroenteritis, worm infection, Hodgkin's disease, nasal polyps, Loeffler's syndrome, urticaria,
hypereosinophilic bronchitis, nodular arteritis, sinusitis, eosinophilic esophagitis, allergic
eosinophilic esophagitis, allergic conjunctivitis, onchocerciasis dermatitis, endometriosis, or
steroid-dependent eosinophilic bronchitis, etc. In a preferred embodiment, the treatment can
inhibit or alleviate the infiltration of eosinophils into lung tissue. The frequency of administration
for the pharmaceutical composition can be from three times per day to once every 6 months. The
route of administration can be intravenous, subcutaneous, intramuscular, parenteral or topical

route.

The formulations of the present disclosure can be used to treat IL-5 mediated diseases. For
example, the formulations can be used to, but not limited to, inhibit or alleviate IL-5 mediated
inflammatory response and the maturation, activation, degranulation or tissue infiltration of
eosinophils in vivo and in vitro; inhibit the excessive stress of smooth muscle caused by IL-5;
reduce the level of IL-5 in lung, airway or blood. Preferably, the formulation of the present
disclosure can be used to treat IL-5 mediated diseases, preferably, the IL- 5 mediated disease is
selected from the group consisting of: asthma, chronic pneumonia, allergic rhinitis, allergic

bronchopulmonary aspergillosis disease, eosinophilia, Churg-Strauss syndrome, atopic dermatitis,
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onchocerciasis dermatitis, intermittent angioedema, eosinophilic myalgia syndrome, eosinophilic
gastroenteritis, worm infection, Hodgkin's disease, nasal polyps, Loeffler's syndrome, urticaria,
hypereosinophilic bronchitis, nodular arteritis, sinusitis, eosinophilic esophagitis, allergic
eosinophilic esophagitis, allergic conjunctivitis, onchocerciasis dermatitis, endometriosis and

steroid-dependent eosinophilic bronchitis.

"Effective amount" includes an amount sufficient to improve or prevent the symptoms or
conditions of medical disease. An effective amount also refers to an amount sufficient to allow or
facilitate diagnosis. The effective amount for a particular patient or veterinary subject may vary
depending on the following factors: for example, the condition to be treated, the patient's general
condition, the route of administration and dosage, and the severity of side effects. The effective
amount can be a maximum dose or dosing schedule that avoids significant side effects or toxic

effects.

"Exchange" refers to the exchange of the solvent system that is used to dissolve the antibody
protein. For example, a high salt or hypertonic solvent system comprising an antibody protein is
replaced with a buffer system of a stable formulation, by physical manipulation, so that the
antibody protein would be present in a stable formulation. The physical manipulation includes

but not limited to ultrafiltration, dialysis or reconstitution after centrifugation.

Examples and Test Examples
The present disclosure is further described in conjunction with the examples below, but these
examples do not limit the scope of the present disclosure. The experimental methods that are not
provided with specific conditions in the example of the present disclosure are usually in
accordance with conventional conditions, such as reference to the publications of Antibodies: A
Laboratory Manual, Molecular Cloning by Cold Spring Harbor Laboratory; or in accordance

with the conditions recommended by the manufacturers of materials or products. Reagents that
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are not provided with specific sources are conventional reagents purchased on the market.

Example 1. Preparation of IL-5S antigen and protein used in the detection

1.1 Design and expression of IL-5 antigen

The sequences encording human IL-5 with His-tag, thesus IL-5 with His-tag, mouse IL-5 with
His-tag, rat IL-5 with His-tag, human IL-5Ra receptor extracellular region fusion protein
comprising human IgGl-Fc fragment were cloned into phr vectors, and expression plasmids
were constructed and then transfected into HEK293. On day 6 after transfection, samples were
collected, and the cell supernatant was collected by centrifugation at 4500 rpm for 10 min. The
supernatants comprising the recombinant IL-5 and IL-5a receptor proteins were purified by
using nickel column, the recombinant human IL-5-Fc fusion protein was purified by using
Protein A affinity chromatography column. The purified protein can be used in subsequent

experiments. The sequences for the specific protein antigens are as follows:

The amino acid sequence for human IL-5 with his-tag (rhIL-5-his)
MRMLLHLSLLALGAAY VYAIPTEIPTSALVKETLALLSTHRTLLIANETLRIPVPVHKNHQ
LCTEEIFQGIGTLESQTVQGGTVERLFKNLSLIKKYIDGQKKKCGEERRRVNQFLDYLQE
FLGVMNTEWIIESHHHHHH
Note: The portion in italics represents Hiso6-tag;

SEQ ID NO: 1
The amino acid sequence for cyno IL-5 with his-tag
MRMLLHLSLLALGAAY VYAIPTEIPASALVKETLALLSTHRTLLIANETLRIPVPVHKNHQ
LCTEEIFQGIGTLESQTVQGGTVERLFKNLSLIKKYIGGQKKKCGEERRRVNQFLDYLQE
FLGVMNTEWIIESHHHHHH

SEQ ID NO: 2

Note: The portion in italics represents Hiso-tag.
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The amino acid sequence for mouse IL-5 with his-tag
MEIPMSTVVKETLTQLSAHRALLTSNETMRLPVPTHKNHQLCIGEIFQGLDILKNQTVRG
GTVEMLFQNLSLIKK YIDRQKEKCGEERRRTRQFLDYLQEFLGVMSTEWAMEGHHHHH
H

SEQID NO: 3

Note: The portion in italics represents His6-tag.

The amino acid sequence for rat IL-5 with his-tag
MEIPMSTVVKETLIQLSTHRALLTSNETMRLPVPTHKNHQLCIGEIFQGLDILKNQTVRG
GTVEILFQNLSLIKKYIDGQKEKCGEERRKTRHFLDYLQEFLGVMSTEWAMEVHHHHH
H

SEQ ID NO: 4

Note: The portion in italics represents His6-tag.

The amino acid sequence for human IL-50 receptor fused to human Fc fragment

DLLPDEKISLLPPVNFTIKVTGLAQVLLOWKPNPDQEQRNVNLEYQVKINAPKEDDYET

RITESKCVTILHKGFSASVRTILONDHSLLASSWASAELHAPPGSPGTSIVNLTCTTNTTED

NYSRLRSYQVSLHCTWLVGTDAPEDTOQYFLYYRYGSWTEECOEYSKDTLGRNIACWEP

RTFILSKGRDWLAVLVNGSSKHSAIRPFDQLFALHAIDQINPPLNVTAEIEGTRLSIQWEKP

VSAFPIHCFDYEVKIHNTRNGYLQIEKLMTNAFISIIDDLSKYDVOVRAAVSSMCREAGL

WSEWSQPIYVGNDEHKPLREWIEGRMDEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPK

DTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAK TKPREEQYNSTYRVVSVLTVLH
ODWILNGKEYKCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQOGNVESCSVMHEALHNH
YTOKSLSLSPGK

SEQ ID NO: 5

Note: The portion in italics represents human IgG1-Fc-tag.
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Example 2. Construction and identification of recombinant IL-Sa receptor and IL-5a/B
receptor cell lines
To screen for functional antibodies, the present disclosure constructed CHO-S/IL-5a. cell lines

expressing IL-5a, and CHO-S/IL-5o/IL-5p cell lines expressing both IL-5¢ and IL-5p.

Specifically, the human IL-5a full-length gene (Q01344) was cloned into a mammalian cell
expression vector pTargeT, the linearized plasmid was electro-transfected into CHO-S cells, and
screened in the presence of G418 for 2 weeks, and then limited dilutions were performed twice.
The IL-5a gene was detected on cell surface by FACS, and the CHO-S/IL-5a, cell line with high
IL-5a expression level was selected. On this basis, the linearized pcDNA3.1-IL-58 was
electro-transfected, and screened in the presence of G418 and zeocin for 2 weeks, and then
limited dilutions were performed twice. The IL-50 and IL-5f genes were detected on the cell
surface by FACS, and CHO-S/IL-5o/IL-5f cell line with high expression level of IL-5a and

IL-5B was selected.

Example 3. Preparation of anti-human IL-5 murine monoclonal antibody
Two doses of the recombinant protein rhlIL-5-his, Freund's adjuvant CFA (Sigma, Lot#
SLBQ1109V), and IFA (Sigma, Lot#SLBJ2845V) (100g/50g/50g (high) and 25g/12.5g/12.5g
(low)) were used to immunize two groups of Balb/c mice (5 mice/group) and four groups of SJL
mice (5 mice/group), respectively. The specific immune response to IL-5 was determined by
detecting serum titer by ELISA, by ligand-receptor blocking assay and by inhibition assay of
TF-1 proliferation. The mice with good specific immune response were selected and sacrificed;

the spleen cells were collected and fused with myeloma cells.

The primary screening was carried out by ELISA binding assay against human IL-5. Once the

hybridoma cells were transferred to a 24-well plate, the supernatants were screened again, by
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using ELISA binding assay against human, cynomolgus monkey and mouse IL-5, ELISA-based
receptor blocking assay against IL-5, and inhibition assay of TF-1 proliferation. After the
positive clones were subjected to two rounds of sub-cloning, the hybridoma clones were obtained
and were used for antibody production; and the obtained antibodies were purified by affinity

chromatography.

The purified antibodies were subjected to: SEC-HPLC, detection of endotoxin content, Biacore
affinity assay for various species IL-5, FACS-based receptor blocking assay against IL-5,
inhibition assay of TF-1 proliferation, adhesion test of eosinophils, and efficacy evaluation in
mouse model of asthma and neutralization model of guinea pig in vivo;, the monoclonal
hybridoma cell lines mAb1705, mAb1706, mAb1780, mAb1773 and mAbl1779 showing

favorable activity in vivo and in vitro were selected.

The process for cloning sequences from positive hybridoma was as follows: hybridoma cells at
logarithmic growth phase were collected, RNA was extracted with Trizol (Invitrogen, Cat
No.15596-018) according to the kit instructions, PrimeScript™ Reverse Transcriptase Kit was
used for reverse transcription (Takara, Cat No. 2680A). The c¢cDNA obtained by reverse
transcription was amplified by PCR using mouse Ig-Primer Set (Novagen, TB326 Rev. B0503)
and then sequenced. The amino acid sequences corresponding to the heavy chain and the light
chain variable region DNA sequences for mAb1705, mAb1706, mAb1780, mAbl1773 and
mAb1779 were obtained (the amino acid residues of VH/VL CDRs are determined and annotated

by Kabat numbering criteria).

The sequence for mAb1705 murine heavy chain variable region
EVQLVESGGGLVQPGRSLKLSCTASGFTFSHYYMAWVRQAPKKGLEWVTSISYEGDITY
YGDSVKGRFTISRDNAKSTLYLOQMNSLRSEDTATYYCASQTLRESFDYWGQGVMVTVS
S
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SEQ ID NO: 6

The sequence for mAb1705 murine light chain variable region

DIQMTQSPSSMSVSLGDRVTITCRASODIANYLSWYQQKIARSPKLVIYGTSNLEVGVPS

RFSGSRSGSDYSLTINTLESEDTGIYFCLODKEFPRTFGGGTRLELK
SEQ ID NO: 7

The sequence for mAb1706 murine heavy chain variable region
EVQLVESGGGLVQPGRSLKLSCAASGFTFSHYYMAWVRQAPKKGLEWVTSINYEGNSA
YYGDSVKGRFTISRDNAKSTLYLQMDSLRSEDTATYYCATETLRESLDYWGQGVMVTV
SS

SEQ ID NO: 8

The sequence for mAb1706 murine light chain variable region

DIQMTQSPSSMSVSLGDRVTITCRASODIGNYLSWYQQKLGKSPKLMIHSASNLEVGVPS

RFSGSRSGSDYSLTINTLESEDPGIYFCLOQHKQFPRTFGGGTKLELK

SEQ ID NO: 9

The sequence for mAb1780 murine heavy chain variable region
QVKLLQSGAALVKPGDSVKMSCKASDYTFTEYLIHWVKQSQGRSLEWIGYINPYSGGT
VYNEKFKSKATLTVDKFSSTAYMEFRRLTFEDSAIYYCARDGGYSDPLDYWGQGVMVT

VSS
SEQ ID NO: 10

The sequence for mAb1780 murine light chain variable region

DTVLTQSPALAVSPGERVSISCRASEGLTSYMHWYQQKPGQQPKLLIYKASNLASGVPAR

FSGSGSGTDFTLTIDPVEADDAATYFCQONWNDPWTFGGGTKLELK
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SEQ ID NO: 11

The sequence for mAb1773 murine heavy chain variable region

EVQLQQSLAELVRPGASVTLSCTASGFNIKNTYIHWVKQRPEQGLEWIGRIDPANGDTKH

GPKFOGKATITADTSSNTAYLQFSSLTSEDTAIYYCFRYGIYPDHWGQGTPLTVSS
SEQ ID NO: 12

The sequence for mAb1773 murine light chain variable region

QIVLTQSPALMSASPGEKVTMTCSASSSVNYIYWYQQKPRSSPKPWIYLTATLASGVPAR

FSGSGSGTSFSLTISRMEAEDAATYYCQOWNSYPYTFGGGTKLEIE

SEQ ID NO: 13

The sequence for mAb1779 murine heavy chain variable region
QVKLLQSGAALVKPGDSVKMSCKASGYTFTDYIIHW VKQSHGK SLEWIGYFNPNSGGS
NYNENFKRKATLTADKSSSTAYLEFSRVTSEDSAITYYCGRRIAWDHWYFDFWGPGTMVT

VSS
SEQ ID NO: 14

The sequence for mAb1779 murine light chain variable region

DIQMTQSPASLSASLGETVSIECLASEGISNDVAWYQQKSGRSPQLLVYAASRLQDGVPS

RFSGSGSGTRYFFKISGMQPEDEADYFCQOGYKTPLTFGSGTKLEIK
SEQ ID NO: 15.

The CDR sequences of light and heavy chain for each antibody are shown in Table 1.
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Table 1. The sequences for CDR regions in heavy chain and light chain of each antibody

Antibody heavy chain light chain
HCDRI SEg }{g 11:143 16 LCDRI Rs%%(zl%lﬁg?{bs
mab170s | nepRa | SEYEHIIEEIES | Ler2 | i ipo 20
neors | JO0Nos | LOPR3 | N0
HODRI | o0iiNo | FOPRI | G0N0 25
mab1706 | HepR2 | SNVEREREINEY | LepR2 | b 26
HODRS | ioioNocae | LCPR3 | idinNo 2
HCDRI SEQE;I[)L NO: 28 LCDRI R?ES(])E?DL ESOYI;/IlH
mAbi780 | HCDR2 | XN e | LODR2 | p b No 52
HODR3 | 00T 00 | PR3 | SR No. 53
T e o
mab1773 | HCDR2 | MPPEIe o | LR | e 1o, 38
HCDR3 SES({)Ggi%I:{% LCDR3 33&13%525
HCDRI SEQI?IS)H;I%: 40 LCDRI %%%E% ?\Il\é)D:Z?
mAb1779 | HCDR2 | YENP ESS%S?%NA‘EFF KR | Lcpr2 SE%AI?)RII\JI?)IL .
e I e

The detection result of activity by Biacore can be found in Table 2.

Table 2. In vitro activity of IL-5 murine antibody

Date Regue/Date Received 2021-09-21

Antibody | HulL-5 affinity (KD (M))
mAb1705 7.27E-11
mAb1706 3.83E-11
mAb1780 8.99E-11
mAb1773 1.29E-10
mAb1779 458E-10
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The results show that the murine antibodies of the present disclosure have high affinity for the

antigen.

Example 4. Purification of IL-5 related recombinant proteins, and purification of
hybridoma antibodies and recombinant antibodies

4.1 Purification steps of IL-5-Flag-His recombinant protein:

The samples were centrifuged at high speed to remove impurities and concentrated to an
appropriate volume. The NI-NTA affinity column (QIAGEN, Cat No. 30721) was equilibrated
with PBS, and washed with 2-5 folds of column volume. After removing impurities, the cell
expression supernatant sample was loaded onto the column. The column was washed with PBS,
until the A280 reading was decreased to baseline. The column was washed with PBS to remove
the contaminating proteins, the sample was collected. The target protein was eluted successively
with washing buffer (20mM imidazole) and elution buffer (300mM imidazole), and the elution

peaks were collected.

The collected eluate was further purified by ion exchange (Hiload 16/600 superdex 200 column).
The column was equilibrated with about 2-column volumes of PBS to ensure pH at 7.4. The
elution buffer comprising the identified target protein was concentrated and loaded, the sample

was collected and verified by SDS-PAGE and LC-MS identification, and aliquoted for use.

4.2 Purification of hybridoma expressed antibody and Fc fusion protein

The cell expression supernatant sample was centrifuged at high speed to remove impurities. The
hybridoma expression supernatant was purified with Protein G column, and the Fc fusion protein
expression supernatant was purified with Protein A column. The column was washed with PBS
until the A280 reading was decreased to baseline. The target protein was eluted with100mM
acetic acid pH 3.0, and neutralized with 1M Tris-HCI, pH 8.0. After the eluted sample was

properly concentrated, the sample was further purified by PBS-equilibrated gel chromatography
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Superdex200 (GE), and the peak without aggregates was collected and then aliquoted for use.

Example 5. Humanization design of anti-human IL-5 monoclonal antibody
The humanization of the murine anti-human IL-5 monoclonal antibody was carried out as
disclosed in many references in the art. In brief, the constant regions of the murine antibody were
replaced with human constant regions, and the CDRs of the murine antibody were grafted onto
FR human template having the highest homology, and back-mutation was performed on the

amino acids in the FR region.

By aligning against the IMGT human antibody heavy and light chain variable region germline
gene database, the heavy chain and the light chain variable region germlines that have high
identity with each of amino acid sequences of mAb-1705, mAb-1706, mAb1780, mAb1773 and
mAb1779 antibodies were selected as templates, the CDRs of the murine antibody were grafted
onto the corresponding human template to form a variable region in the order of
FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4. The amino acid residues were determined and

annotated by Kabat numbering criteria.

The selection of human FR regions and amino acid back-mutation

On the basis of typical structure of the obtained murine antibody VH/VL CDR, the light chain
variable region (VL) and the heavy chain variable region (VH) homologous sequences were
retrieved from human germline database, and ranked according to FR homology (from high to
low); the germline with the highest FR homology was selected as main template. The CDR
regions of the murine antibody were grafted onto the human template, and then the FR residues
were subjected to mutation, and the amino acid residues were optimized to obtained the final

humanized molecules.
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5.1 The selection of humanized framework for hybridoma clone mAb1705

For h1705, IGHV3-23*04 was selected as the template for VH, and IGKV1-12*01 was selected
as the template for VL. The CDRs of mAb1705 were grafted onto the human template; the
embedded residues and residues which directly interacted with CDR region (found through

software) were subjected to back-mutation. Various light chain and heavy chain variable regions

of the humanized antibodies were obtained, as shown in Table 3.

Table 3. Template selection and back-mutation design for h1705

h1705 VL h1705 VH
h1705 VL.1 | Grafted h1705 VH.1 Grafted
h1705 VL.1A | A43S, G66R h1705 VH.1A K98S
A43S, L47V, G66R, S49T, V93T,
h1705 VLB | 1. 0" E1v Y8 7F h1705 VH.1B KO8S

Note: “Grafted” represents that the murine antibody CDRs were grafted onto the human

germline FR region sequence. For example, according to the natural numbering of amino acid

sequence, A43S represents that A at position 43 of “grafted” was mutated back to S.

Table 4. Combination of h1705 humanized antibody heavy and light chain variable regions

h170S_VH.1 h1705 VH.1A h1705 VH.1B
h1705 VL.1 h1705-003 h1705-004 h1705-005
h1705 VL.1A h1705-006 h1705-007 h1705-008
h1705 VL.1B h1705-009 h1705-010 h1705-011

Note: This table shows the sequences obtained by various combinations of mutations. As

indicated by h1705-007, the humanized murine antibody h1705-007 comprises two mutants, i.e.,

light chain h1705 VL.1A and heavy chain h1705 VH.1A, and so forth.

The specific sequences of the variable regions of the humanized antibody h1705 are as follows:
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>h1705_VL.1 (SEQ ID NO: 46)
DIQMTQSPSSVSASVGDRVTITCRASQDIANYLSWYQQKPGKAPKLLIYGTSNLEVGVPS
RFSGSGSGTDFTLTISSLQPEDFATYYCLQDKEFPRTFGGGTKVEIK

>h1705_VL.1A (SEQ ID NO: 47)
DIQMTQSPSSVSASVGDRVTITCRASQDIANYLSWYQQKPGKSPKLLIYGTSNLEVGVPS
RFSGSRSGTDFTLTISSLQPEDFATYYCLQDKEFPRTFGGGTK VEIK

>h1705_VL.1B (SEQ ID NO: 48)
DIQMTQSPSSVSASVGDRVTITCRASQDIANYLSWYQQKPGKSPKLVIYGTSNLEVGVPS
RFSGSRSGSDYTLTISSLQPEDFATYFCLQDKEFPRTFGGGTK VEIK

>h1705 VH.1 (SEQ ID NO: 49)
EVQLVESGGGLVQPGGSLRLSCAASGFTFSHY YMAWVRQAPGKGLEWVSSISYEGDITY
YGDSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKQTLRESFDYWGQGTLVTVSS

>h1705 VH.1A (SEQ ID NO: 50)
EVQLVESGGGLVQPGGSLRLSCAASGFTFSHY YMAWVRQAPGKGLEWVSSISYEGDITY
YGDSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCASQTLRESFDYWGQGTLVTVSS

>h1705 VH.1B (SEQ ID NO: 51)
EVQLVESGGGLVQPGGSLRLSCAASGFTFSHY YMAWVRQAPGKGLEWVTSISYEGDITY
YGDSVKGRFTISRDNSKNTLYLQMNSLRAEDTATYYCASQTLRESFDYWGQGTLVTVSS.

Each of the light chain variable regions as described above was combined with the light chain
constant region to form a light chain sequence, and each of the heavy chain variable regions was
combined with the heavy chain constant region to form a heavy chain sequence. The exemplary

humanized antibody constant region sequences are shown below:
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> heavy chain IgG1 constant region:
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSR
DELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO: 52
Note: the underlined portion represents M252Y, S254T, T256E mutations.

> light chain kappa constant region:
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC

SEQ ID NO: 53.

5.2 The selection of humanized framework for hybridoma clone mAb1706

For h1706, IGHV3-23*04 was selected as the template for VH, and IGKV1-12*01 was selected
as the template for VL. The CDRs of murine antibody mAb1706 were grafted onto the selected
humanized template; the FR amino acids were subjected to back-mutation. The light chain and

heavy chain variable regions of the humanized antibodies were obtained, as shown in Table 5.

Table 5. Template selection and back-mutation design for h1706

h1706 VL h1706 VH
h1706 VL.1 Grafted h1706 VH.1 Grafted
h1706 VL.1A | A43S h1706 VH.1A | K98T
A43S, L47M, F71Y, S49T, V93T,
h1706 VL.1B V87F h1706 VH.1B KO]T

Note: “Grafted represents that the murine antibody CDRs were grafted onto the human
germline FR region. For example, according to the natural numbering of amino acid sequence,
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A43S represents that A at position 43 of “grafted” was mutated back to S.

The designed humanized molecules were combined to form different antibodies shown in the

following table, as shown in Table 6.

Table 6. Combination of h1706 humanized antibody heavy and light chain variable regions

h1706 VH.1 | h1706 VH.1A | h1706 VH.1B
h1706 VL.1 h1706-002 h1706-003 h1706-004
h1706 VL.1A h1706-005 h1706-006 h1706-007
h1706 VL.1B h1706-008 h1706-009 h1706-010

The specific sequences of the variable regions of the h1706 humanized antibody are as follows:

>h1706 VL.1 (SEQ ID NO: 54)
DIQMTQSPSSVSASVGDRVTITCRASQDIGNYLSWYQQKPGKAPKLLIYSASNLEVGVPS
RFSGSGSGTDFTLTISSLQPEDFATYYCLQHKQFPRTFGGGTK VEIK

>h1706 VL.1A (SEQ ID NO: 55)
DIQMTQSPSSVSASVGDRVTITCRASQDIGNYLSWYQQKPGKSPKLLIYSASNLEVGVPS
RFSGSGSGTDFTLTISSLQPEDFATYYCLQHKQFPRTFGGGTK VEIK

>h1706 VL.1B (SEQ ID NO: 56)
DIQMTQSPSSVSASVGDRVTITCRASQDIGNYLSWYQQKPGK SPKLMIYSASNLEVGVPS
RFSGSGSGTDYTLTISSLQPEDFATYFCLQHKQFPRTFGGGTK VEIK

>h1706 VH.1 (SEQ ID NO: 57)
EVQLVESGGGLVQPGGSLRLSCAASGFTFSHY YMAWVRQAPGK GLEW VSSINYEGNSA
YYGDSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVY YCAKETLRESLDYWGQGTMVTV
SS
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>h1706_VH.1A (SEQ ID NO: 58)
EVQLVESGGGLVQPGGSLRLSCAASGFTFSHY YMAWVRQAPGKGLEWVSSINYEGNSA
YYGDSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCATETLRESLDYWGQGTMVTV
SS

>h1706 VH.1B (SEQ ID NO: 59)

EVQLVESGGGLVQPGGSLRLSCAASGFTFSHY YMAW VRQAPGKGLEWVTSINYEGNSA
YYGDSVKGRFTISRDNSKNTLYLQMNSLRAEDTATYYCATETLRESLDYWGQGTMVTV
SS.

Each of the light chain variable regions as described above was combined with the light chain
constant region to form a light chain sequence. Each of the heavy chain variable regions was

combined with the heavy chain constant region to form a heavy chain sequence.

5.3 The selection of humanized framework for hybridoma clone mAb1780

For h1780, IGHV1-2*02 was selected as the template for VH, and IGKV3-11*01 was selected as
the template for VL. The CDRs of murine antibody mAb1780 were grafted onto the selected
humanized template; the FR amino acids were subjected to back-mutation. The light chain and

heavy chain variable regions of the humanized antibodies were obtained, as shown in Table 7.

Table 7. Template selection and back-mutation design for h1780

h1780 VL h1780 VH
h1780 VL.1 Grafted h1780 VH.1 Grafted
h1780 VL.1A | E1D, I2T h1780 VH.1A | M70L, R72V, T74K
EID, I2T, 157V, M481, V68A, M70L, R72V, T74K,
h1780 VL.1B V84T, YSGF h1780 VH.1B L83F
R38K, M48L, R67K, V68A, M70L,
h1780_VH.1C R72V, T74K, L83F
50
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Note: “Grafted“ represents that the murine antibody CDRs were grafted onto the human
germline FR region. For example, according to the natural numbering of amino acid sequence,

E1D represents that E at position 1 of “grafted” was mutated back to D.

The designed humanized molecules were combined to form different molecules shown in the

following table, as shown in Table 8.

Table 8. Combination of h1780 humanized antibody heavy and light chain variable regions

h1780 VH.1 | h1780 VH.1A | h1780 VH.1B | h1780 VH.IC
h1780 VL.1 h1780-007 h1780-008 h1780-009 h1780-010
h1780 VL.IA h1780-011 h1780-012 h1780-013 h1780-014
h1780 VL.IB h1780-015 h1780-016 h1780-017 h1780-018

The specific sequences of the variable regions of the h1780 humanized antibody are as follows:

>h1780_VL.1 (SEQ ID NO: 60)
EIVLTQSPATLSLSPGERATLSCRASEGLTSYMHWYQQKPGQAPRLLIYKASNLASGIPAR
FSGSGSGTDFTLTISSLEPEDFAVYYCQQNWNDPWTFGGGTK VEIK

>h1780 VL.1A (SEQ ID NO: 61)
DTVLTQSPATLSLSPGERATLSCRASEGLTSYMHWYQQKPGQAPRLLIYKASNLASGIPAR
FSGSGSGTDFTLTISSLEPEDFAVYYCQQNWNDPWTFGGGTK VEIK

>h1780_VL.1B (SEQ ID NO: 62)
DTVLTQSPATLSLSPGERATLSCRASEGLTSYMHWYQQKPGQAPRLLIYKASNLASGVPA
RFSGSGSGTDFTLTISSLEPEDFATYFCQQNWNDPWTFGGGTKVEIK

>h1780_VH.1 (SEQ ID NO: 63)
EVQLVQSGAEVKKPGASVKVSCKASGYTFTEYLIHWVRQAPGQGLEWMGYINPYSGGT
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VYNEKFKSRVTMTRDTSISTAYMELSRLRSDDTAVYYCARDGGYSDPLDYWGQGTMVT
VSS

>h1780 VH.1A (SEQ ID NO: 64)
EVQLVQSGAEVKKPGASVKVSCKASGYTFTEYLIHWVRQAPGQGLEWMGYINPYSGGT
VYNEKFKSRVTLTVDK SISTAYMELSRLRSDDTAVYYCARDGGYSDPLDYWGQGTMVT
VSS

>h1780 VH.1B (SEQ ID NO: 65)
EVQLVQSGAEVKKPGASVKVSCKASGYTFTEYLIHWVRQAPGQGLEWIGYINPY SGGT
VYNEKFK SRATLTVDKSISTAYMEFSRLRSDDTAVYYCARDGGYSDPLDYWGQGTMVT
VSS

>h1780 VH.1C (SEQ ID NO: 66)
EVQLVQSGAEVKKPGASVKVSCKASGYTFTEYLIHWVKQAPGQGLEWIGYINPY SGGT
VYNEKFKSKATLTVDK SISTAYMEFSRLRSDDTAVYYCARDGGY SDPLDYWGQGTMVT
VSS.

Each of the light chain variable regions as described above was combined with the light chain
constant region to form a light chain sequence. Each of the heavy chain variable regions was

combined with the heavy chain constant region to form a heavy chain sequence.

5.4 The selection of humanized framework for hybridoma clone mAb1773

For h1773, IGHV3-73*01 was selected as the template for VH, and IGKV1-39*01 was selected
as the template for VL. The CDRs of murine antibody mAb1773 were grafted onto the selected
humanized template; the amino acids were subjected to back-mutation. The light chain and

heavy chain variable regions of the humanized antibodies were obtained, as shown in Table 9. In
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addition, N in h1773 HCDR2 (RIDPANGDTK HGPKFQG) was mutated into V (i.e. N55V) to
form heavy chain variable region HCDR2 variant (the sequence of mutated HCDR2 is as shown

in SEQ ID NO: 82: RIDPAVGDTKHGPKFQG).

Table 9. Template selection and back-mutation design for h1773

h1773 VL h1773 VH
h1773 VL.1 Grafted h1773 VH.1 Grafted
MA4L, A42S, L45P, F291, R72A,
h1773 VL.1A L46W h1773 VH.1A TOTF + N55V
F291, R38K,
h1773 VH.1B | V48l R72A,
TO7F + N55V

Note: “Grafted” represents that the murine antibody CDRs were grafted onto the human
germline FR region. For example, according to the natural numbering of amino acid sequence,

MAL represents that M at position 4 of “grafted” was mutated back to L.

The designed humanized molecules were combined to form different molecules shown in the

following table, as shown in Table 10.

Table 10. Combination of h1773 humanized antibody heavy and light chain variable regions

h1773 VH.1 | h1773 VH.1A | h1773 VH.1B
h1773 VL.1 h1773-002 h1773-003 h1773-004
h1773 VL.1A h1773-005 h1773-006 h1773-007

The specific sequences of the variable regions of the h1773 humanized antibody are as follows:
>h1773_VL.1 (SEQ ID NO: 67)

DIQMTQSPSSLSASVGDRVTITCSASSSVNYIYWYQQKPGKAPKLLIYLTATLASGVPSRF
SGSGSGTDFTLTISSLQPEDFATYYCQQWNSYPYTFGGGTKVEIK
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>h1773_VL.1A (SEQ ID NO: 68)
DIQLTQSPSSLSASVGDRVTITCSASSSVNYTYWYQQKPGKSPKPWIYLTATLASGVPSRFS
GSGSGTDFTLTISSLQPEDFATYYCQQWNSYPYTFGGGTK VEIK

>h1773_VH.1 (SEQ ID NO: 69)
EVQLVESGGGLVQPGGSLKLSCAASGFTFSNTYIHWVRQASGKGLEWVGRIDPAVGDTK

HGPKFOQGRFTISRDDSKNTAYLQMNSLKTEDTAVYYCTRYGIYPDHWGQGTLVTVSS

>h1773_VH.1A (SEQ ID NO: 70)
EVQLVESGGGLVQPGGSLKLSCAASGFTISNTYIHWVRQASGKGLEWVGRIDPAVGDTK

HGPKFOQGRFTISADDSKNTAYLOQMNSLKTEDTAVYYCFRYGIYPDHWGQGTLVTVSS

>h1773_VH.1B (SEQ ID NO: 71)
EVQLVESGGGLVQPGGSLKLSCAASGFTISNTYIHWVKQASGKGLEWIGRIDPAVGDTK

HGPKFOGRFTISADDSKNTAYLOQMNSLKTEDTAVYYCFRYGIYPDHWGQGTLVTVSS.

Each of the light chain variable regions as described above was combined with the light chain
constant region sequence as shown in SEQ ID NO: 53 to form the final complete light chain
sequence. Each of the heavy chain variable regions was combined with the heavy chain constant

region as shown in SEQ ID NO: 52 to form the final complete heavy chain sequence.

5.5 The selection of humanized framework for hybridoma clone mAb1779

For h1779, IGHV1-2*02 was selected as the template for VH, and IGKV1-33*01 was selected as
the template for VL. The CDRs of murine antibody h1779 were grafted onto the selected
humanized template; the amino acids were subjected to back-mutation. The light chain and

heavy chain variable regions of the humanized antibodies were obtained, as shown in Table 11.
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Table 11. Template selection and back-mutation design for h1779

h1779_VL h1779 VH
h1779 VL.1 | Grafted | h1779 VH.1 | Grafted + D89E
h1779 VL.1A | A43S h1779 VH.1A | R72A,T74K + D89E

A43S,
h1779 VL.1IB | 148V, h1779 VH.IB | M48I, V68A, R72A, T74K + DS9E
F71Y

MA48I, V68A, R72A, T74K, MSIL,

h1779 VH.IC L83F + DSOE

R38K, M48I, R67K, V68A, R72A,
h1779 VH.1D | T74K,
MSI1L, L83F + DSOE

Note: “Grafted“ represents that the murine antibody CDRs were grafted onto the human
germline FR region. For example, according to the natural numbering of amino acid sequence,

A43S represents that A at position 43 of “grafted” was mutated back to S.

The designed humanized molecules were combined to form different molecules shown in the

following table, as shown in Table 12.

Table 12. Combination of h1779 humanized antibody heavy and light chain variable regions

h1779 VH. | h1779 VH.1 | h1779 VH.1 | h1779 _VH.1 | h1779 VH.1
1 A B C D

h1779 VL.1 h1779-005 h1779-006 h1779-007 h1779-008 h1779-009

PTPNVEL | mizzo010 | mi7o-on | h1779-012 | h1779:015 | h1779-014

h1779 VL.1B | h1779-015 h1779-016 h1779-017 h1779-018 h1779-019

The specific sequences of the variable regions of the h1779 humanized antibody are as follows:

>h1779_VL.1 (SEQ ID NO: 72)
DIQMTQSPSSLSASVGDRVTITCLASEGISND VAWY QQKPGKAPKLLIYAASRLQDGVPS
RFSGSGSGTDFTFTISSLQPEDIATYYCQQGYKTPLTFGQGTKLEIK
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>h1779 VL.1A (SEQ ID NO: 73)
DIQMTQSPSSLSASVGDRVTITCLASEGISNDVAWY QQKPGK SPKLLIYAASRLQDGVPSR
FSGSGSGTDFTFTISSLQPEDIATYYCQQGYKTPLTFGQGTKLEIK

>h1779 VL.1B (SEQ ID NO: 74)
DIQMTQSPSSLSASVGDRVTITCLASEGISNDVAWY QQKPGK SPKLLVYAASRLQDGVPS
RFSGSGSGTDYTFTISSLQPEDIATYYCQQGYKTPLTFGQGTKLEIK

>h1779 VH.1 (SEQ ID NO: 75)
EVQLVQSGAEVKKPGASVKVSCKASGYTFTDYIIHWVRQAPGQGLEWMGYFNPNSGGS
NYNENFKRRVTMTRDTSISTAYMELSRLRSEDTAVYYCARRIAWDHWYFDFWGQGTMV
TVSS

>h1779 VH.1A (SEQ ID NO: 76)
EVQLVQSGAEVKKPGASVKVSCKASGYTFTDYIIHWVRQAPGQGLEWMGYFNPNSGGS
NYNENFKRRVTMTADK SISTAYMELSRLRSEDTAVYYCARRIAWDHW YFDFWGQGTMYV
TVSS

>h1779 VH.1B (SEQ ID NO: 77)
EVQLVQSGAEVKKPGASVKVSCKASGYTFTDYITHWVRQAPGQGLEWIGYFNPNSGGS
NYNENFKRRATMTADKSISTAYMELSRLRSEDTAVYYCARRIAWDHWYFDFWGQGTMYV
TVSS

>h1779 VH.1C (SEQ ID NO: 78)
EVQLVQSGAEVKKPGASVKVSCKASGYTFTDYITHWVRQAPGQGLEWIGYFNPNSGGS
NYNENFKRRATMTADKSISTAYLEFSRLRSEDTAVYYCARRIAWDHW YFDFWGQGTMV
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TVSS

>h1779_VH.1D (SEQ ID NO: 79)
EVQLVQSGAEVKKPGASVKVSCKASGYTFTDYITHWVKQAPGQGLEWIGYFNPNSGGS
NYNENFKRKATMTADKSISTAYLEFSRLRSEDTAVYYCARRIAWDHW YFDFWGQGTMV
TVSS.

Each of the light chain variable regions as described above was combined with the light chain
constant region sequence as shown in SEQ ID NO: 53 to form a light chain sequence. Each of
the heavy chain variable regions was combined with the heavy chain constant region as shown in

SEQ ID NO: 52 to form a heavy chain sequence.

The full-length sequences of the exemplary humanized antibodies are as follows:
h1705-008 heavy chain:
EVOLVESGGGLVOPGGSLRLSCAASGFTFSHYYMAWVROQAPGKGLEWVTSISYEGDITY

YGDSVKGRFTISRDNSKNTLYLOMNSLRAEDTATYYCASQTLRESFDYWGQGTLVTVSS

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSR
DELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO: 83
h1705-008 light chain:
DIQOMTQSPSSVSASVGDRVTITCRASODIANYLSWYQOKPGKSPKLLIYGTSNLEVGVPS

RFSGSRSGTDFTLTISSLOPEDFATYYCLODKEFPRTFGGGTKVEIKRTVAAPSVFIFPPSDE

QLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLS
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KADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 84
h1706-009 heavy chain:
EVOLVESGGGLVQPGGSLRLSCAASGFTFSHYYMAWVROQAPGKGLEWVSSINYEGNSA

YYGDSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCATETLRESLDYWGOQGTMVTV

SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
RDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDK
SRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO: 85

h1706-009 light chain:
DIOMTQSPSSVSASVGDRVTITCRASODIGNYLSWYQOKPGKSPKLMIYSASNLEVGVPS

RESGSGSGTDYTLTISSLOPEDFATYFCLOHKQFPRTFGGGTKVEIKRTVAAPSVFIFPPSDE

QLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLS
KADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 86
h1780-017 heavy chain:
EVOLVOSGAEVKKPGASVKVSCKASGYTFTEYLIHW VROAPGOGLEWIGYINPYSGGT

VYNEKFKSRATLTVDKSISTAYMEFSRLRSDDTAVYYCARDGGYSDPLDYWGOGTMVT

VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL
QSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELL
GGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPP
SRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVD
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KSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

SEQ ID NO: 87
h1780-017 light chain:
DTVLTOQSPATLSLSPGERATLSCRASEGLTSYMHWYQOKPGOAPRLLIYKASNLASGVPA

RFSGSGSGTDETLTISSLEPEDFATYFCQONWNDPWTFGGGTKVEIKRTVAAPSVFIFPPSD

EQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 88
h1773-007 heavy chain:
EVOLVESGGGLVOQPGGSLKLSCAASGFTISNTYITHWVKQASGKGLEWIGRIDPAVGDTK

HGPKFOGRFTISADDSKNTAYLOMNSLKTEDTAVYYCFRYGIYPDHWGQGTLVTVSSAS

TKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQ
QGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO: 89
h1773-007 light chain:
DIQLTQSPSSLSASVGDRVTITCSASSSVNYIYWYQOQKPGKSPKPWIYLTATLASGVPSRES

GSGSGTDFTLTISSLOPEDFATYYCQOQWNSYPYTFGGGTKVEIKRTVAAPSVFIFPPSDEQL

KSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 90
h1779-014 heavy chain:
EVOLVOSGAEVKKPGASVKVSCKASGYTETDYIIHWVKOQAPGQGLEWIGYFNPNSGGS

NYNENFKRKATMTADKSISTAYLEFSRLRSEDTAVYYCARRIAWDHWYFDFWGOGTMV
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TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL
QSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPK SCDKTHTCPPCPAPELL
GGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPP
SRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK

SEQ ID NO: 91
h1779-014 light chain:
DIOMTQSPSSLSASVGDRVTITCLASEGISNDVAWY QQKPGKSPKLILVYAASRLQDGVPS

RESGSGSGTDYTFTISSLOPEDIATYYCOQOGYKTPLTFGQGTKLEIK

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
SEQ ID NO: 92;

The antibody Hu39D10 against IL5 in WO2012083370A1 was used as a positive control in the
present disclosure, and the heavy chain and light chain sequences thereof are shown in SEQ ID

NO: 80 and SEQ ID NO: 81, respectively.

The sequence for Hu39D 10 heavy chain
EVOLVESGGGLVOPGGSLRLSCAVSGLSLTSNSVNWIROQOAPGKGLEWVGLIWSNGDTDY

NSAIKSRFTISRDTSKSTVYLOMNSLRAEDTAVYYCAREYYGYFDYWGQGTLVTVSSAS

TKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFP
PKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRV

VSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKN
QVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGN
VFSCSVMHEALHNHYTQKSLSLSLGK
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SEQ ID NO: 80
The sequence for Hu39D10 light chain
DIOMTQSPSSLSASVGDRVTITCLASEGISSYLAWYQOKPGKAPKLLIYGANSLQTGVPS

RFESGSGSATDYTLTISSLOPEDFATYYCOQOSYKFPNTFGOGTKVEVKRTVAAPSVFIFPPSD

EQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
SEQ ID NO: 81.

Example 6. Preparation of recombinant chimeric antibody and humanized antibody

1. Molecular cloning of recombinant chimeric antibody

After the positive antibody molecules were obtained by screening hybridomas, the gene
sequences encoding variable region were obtained by sequencing. The forward and reverse
primers were designed on the basis of the obtained sequences, and the sequenced gene was used
as a template to construct each antibody VH/VK gene fragment by PCR, and then inserted into
the expression vector pHr (having signal peptide and hIgGl/hkappa constant region gene
(CH1-Fc/CL) fragment) by homologous recombination to construct a recombinant chimeric
antibody full-length expression plasmid VH-CHI1-Fc-pHr/VL-CL-pHr, so as to obtain five
chimeric antibodies Ch1705, Ch1706, Ch1780, Ch1773 and Ch1779.

2. Molecular cloning of humanized antibodies

Humanized antibody sequence was subjected to codon optimization, then the coding gene
sequence with human codon-preference was obtained; primers were designed to construct each
antibody VH/VK gene fragment by PCR, which was then inserted into the expression vector pHr
(having signal peptide and higGl/hkappa constant region gene (CHI1-Fc/CL) fragment) by
homologous recombination to construct a humanized antibody full-length expression plasmid

VH-CHI1-Fc-pHr/VL-CL-pHr.
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3. Expression and purification of recombinant chimeric antibody and humanized antibody

The plasmid expressing the antibody light or heavy chain was separately transfected into
HEK293E cells. 6 days later, the expression supernatant was collected, centrifuged at high speed
to remove impurities, and purified with protein A column. The column was washed with PBS
until the A280 reading was decreased to baseline. The target protein was eluted with acidic
elution buffer, pH3.0-pH3.5 and neutralized with 1M Tris-HCI, pH 8.0-9.0. The eluted sample
was appropriately concentrated, and was further purified by gel chromatography Superdex200
(GE) pre-equilibrated with PBS to remove aggregates, monomer peaks were collected, and

aliquoted for use.

The following test methods were used to verify the performance and beneficial effects of the

antibodies of the present disclosure.

Biological evaluation of activity in vitro
Test Example 1. The binding of murine IL-5 antibody to IL-5 of different species by
Biacore assay
The affinity of the murine IL-5 antibody to be tested with human IL-5 was measured by Biacore
T200 (GE) instrument.

The protein A biosensor chip was used to affinity capture of the molecules to be tested, and then
the antigen (recombinant human and cyno IL-5 prepared in Example 1) flowed through the
surface of the chip, and the reaction signal was detected in real time with the Biacore T200
instrument to obtain the binding and dissociation curves. After the dissociation of each
experimental cycle was completed, the biosensor chip was washed and regenerated with
glycine-hydrochloric acid regeneration solution (pH 1.5). BlAevaluation version 4.1 GE
software was used to fit the data against (1:1) Langmuir model, and the affinity value was

obtained and shown in Table 13.
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Table 13. Results of affinity of murine IL-5 antibodes with IL-5 of different species by BIAcore

assay

KD (M)
mAb1705 [ mAb1706 [ mAb1780 [ mAb1773 | mAb1779
human IL-5 | 7.27E-11 | 3.83E-11 | 8.99E-11 | 1.29E-10 | 4.58E-10
cynoIL-5 | 2.05E-10 | 2.77E-10 | 3.12E-10 | 4.76E-10 | 9.98 E-9

Antigen

This example proves that the antibodies mAbl1705, mAb1706, mAb1780, mAb1773 and
mAb1779 of the present disclosure have high affinity to IL-5 of different species (human,

monkey).

Test Example 2. The affinity of humanized IL-5 antibody to IL-5 of different species by
Biacore assay
The affinity of the humanzied IL-5 antibody to be tested with human IL-5 was measured by

Biacore T200 (GE) instrument.

The protein A biosensor chip was used to affinity capture of the molecules to be tested, and then
the antigen (prepared in Example 1) flowed through the surface of the chip, and the reaction
signal was detected in real time with the Biacore T200 instrument to obtain the binding and
dissociation curves. After the dissociation of each experimental cycle was completed, the
biosensor chip was washed and regenerated with glycine-hydrochloric acid regeneration solution
(pH 1.5). BIAevaluation version 4.1 GE software was used to fit the data against (1:1) Langmuir

model, and the affinity value was obtained and shown in Table 14.

Table 14. Results of affinity of humanized IL-5 antibodes to human IL-5 by BIAcore assay

Antibody KD(M) Antibody KD(M)
h1705-003 3.35E-09 h1706-003 | 1.89E-11
h1705-006 4.11E-09 h1706-006 | 1.73E-11
h1705-009 4.55E-09 h1706-009 | 5.45E-11
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h1705-004 2.14E-11 h1780-017 | 7.78E-11

h1705-007 2.21E-11 h1773-007 | 2.07E-10

h1705-010 2.05E-11 h1779-014 | 4.12E-10
h1705-005 2.16E-11
h1705-008 3.42E-11
h1705-011 2.30E-11

The results show that all the humanized IL-5 antibodies have high affinity to human IL-5.

Test Example 3. ELISA-based assay of murine IL-S antibody to block the binding of IL-5
to IL-Sa receptor
To identify the ability of IL-5 antibody to block IL-5 from binding to the extracellular region of
recombinantly expressed IL-5a receptor protein, IL-5 (S5ug/ml in PBS) was coated on an ELISA
plate and incubated at 37°C for 1 hour; the liquid was removed, 200ul/well of 5% skimmed milk
blocking solution diluted with PBS was added, and incubated for 2.5 hours in a 37°C incubator
for blocking. After blocking, the blocking solution was removed and the plate was washed with
PBST buffer (pH 7.4 PBS comprising 0.05% Tween-20) for 5 times; 25ul of 10ug/ml IL-5Ra (in
1% BSA) labeled by a biotin labeling kit (Tojin Chemical, LK03) was added, and then 25ul of
gradient-diluted antibody was added (the antibody competed with IL-5Ra for the binding with
IL-5) and incubated at 37°C for 1 hour. After the incubation, the reaction solution in the
microtiter plate was removed, the plate was washed for 5 times with PBST, added with 50ul/well
of Streptavidin-Peroxidase Polymer (Sigma, S2438-250UG) diluted with sample dilution
solution at 1:600 and incubated for 1 hour at 37°C. The plate was washed for 5 times with PBST,
50ul/well of TMB chromogenic substrate (KPL, 52-00-03) was added and incubated at room
temperature for 3-10min; SOul/well of 1M H2SO4 was added to stop the reaction; NOVOStar
microplate reader was used to read the absorbance value at 450nm; the IC50 value of IL-5

antibody to block the binding of IL-5 to IL-5Ra was calculated. The results are shown in Table
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15. The antibodies of the present disclosure can effectively inhibit the binding of IL-5 to its

receptor.

Table 15. ELISA results of murine IL-5 antibody to block the binding of IL-5 to IL-5a receptor

mAb1705 [ mAb1706
IC50 (ug/ml) | 0.42 0.40

Test Example 4. FACS-based asay of IL-5 antibody to block the binding of IL-5 to IL-5
receptor
In order to identify the screened IL-5 antibody which can block the IL-5 receptor on cell surface,
CHOS recombinant cell line that highly expresses two receptors of IL-SRo/B was constructed.
This experiment demonstrated that the IL-5 antibodies can block the binding of IL-5 to the

recombinant IL-50/B receptor on the surface of the CHOS cell line, respectively.

Particular method was as follows: CD-CHO comprising 100ng/ml G418 and 25ng/ml zeozin was
used to culture CHO-S-IL-5Ra and B. During cell culture, the concentration should not exceed
3x10° cells/ml. IL-5Ra/B-CHOS cells in good condition were centrifuged (at 1000 rpm, Smin),
and washed once with 10% FBS in PBS, and the cells were counted, the cell concentration was
adjusted to 4x10° cells/ml, and 25ul was taken out and added into a round-bottom 96-well plate.
The antibody to be tested was diluted with PBS solution comprising 10% FBS. The initial
concentration was 200ug/ml, and diluted at 1:10 for 8 gradient dilutions. 25ul of 100 ng/ml IL-5
labeled by a biotin labeling kit (Tojin Chemical, LK03) was added, and fully mixed with 50pul of
diluted antibody at each concentration, and added into 96-well plate that has been added with
cells, and incubated at 4°C for 1 hour. After the incubation, the sample was centrifuged at 4°C
(400g, 5min), and the supernatant was removed, the plated was washed with 200ul of pre-cooled
PBS by centrifugation, repeated for twice; PE-Avidin secondary antibody diluted at 1:1333 was
added and incubated in the dark at 4°C for 40min, centrifuged at 4°C (400g, 5min), the

supernatant was removed, 200ul of pre-cooled PBS was added to pipette the cells; the plate was
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washed by centrifugation at 4°C for three times; 100ul of PBS was added, the plate was read on
machine; the IC50 value of IL-5 antibody to block the binding of IL-5 to IL-5Ra/p was
calculated according to the fluorescence signal value. The results are shown in Table 16 and

Figure 1.

Table 16. Test results of IL-5 antibody to block the binding of IL-5 to IL-5Ra/j3

Antibody IeG | hu39D10 | h1705-008 | h1706-009 | h1780-017 | h1779-014
IC50 (ng/ml) | 8777 | 25.07 14.51 24.74 16 49.64

The results show that the antibodies h1705-008, h1706-009, h1780-017, and h1779-014 show a

strong ability to block the binding of IL-5 to IL-5 receptor on cell surface.

Test Example 5. IL-5 antibody inhibits IL-5 induced proliferation of TF1 cells

IL-5 can induce the proliferation of TF-1 cells, and the IL-5 antibody can prevent IL-5 from
stimulating the proliferation of TF-1 cells.

In particular: TF-1 cells (ATCC, CRL-2003) were cultured in RPMI1640 comprising 10% FBS
and 2ng/mL rhGM-CSF (LinkBio, Catalog No. 96-AF-300-03-20), placed in 37 °C, 5% CO:
incubator, the cell density would not exceed 1x10° cells/ml. To detect the antibodies, cells at
logarithmic growth phase were washed with PBS for three times and centrifuged at 800 rpm for
5 min; the cell density was adjusted to 6000 cells/well/90ul with RPMI1640 (FBS: 2%,
recombinant human IL-5: 10ng/ml); 10ul of the gadient-diluted antibody to be tested was added
to a 96-well plate for culture, after 3 days of culture, 30ul of cell titer was added and mixed for
detection, IC50 was calculated according to the readings. The test results are shown in Table 17

below.
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Table 17. Test results of IL-5 humanized antibody to inhibit the IL-5 induced TF1 cell

proliferation

Antibody IC50 (nM) Antibody IC50 (nM)
Hu39DI10 0.30 h1706-003 0.31
h1705-004 0.30 h1706-004 0.30
h1705-005 0.30 h1706-006 0.34
h1705-007 0.25 h1706-007 0.28
h1705-008 0.20 h1706-009 0.25
h1705-010 0.30 h1773-007 0.38
h1705-011 0.28 h1780-017 0.16

h1779-014 0.20

Test Example 6. Test of ILS antibody to inhibit the ILS-induced eosinophil adhesion
IL5 can induce the differentiation, maturation, migration and activation of eosinophils, causing
inflammation of the respiratory and leading to asthma. This experiment is based on the principle
that IL-5 cytokines can promote the adhesion and activation of eosinophils. The eosinophils were
collected and purified from human peripheral blood to test the blocking effect of IL-5 specific
antibodies on IL-5 pathway, and to detect the blocking effect of IL-5 antibodies on IL5-mediated

eosinophil adhesion in vitro.

In particular: human peripheral blood was 5-fold diluted with PBS comprising 2mM EDTA, and
Percoll™ (density gradient of 1.088) was used to isolate monocytes and granulocytes. The red
blood cell layer comprising granulocytes was carefully aspirated, and red blood cell lysis
solution was used to remove red blood cells; the remaining cells were counted, the separation
magnetic beads (Miltenyi Biotec, Catalog No. 130-045-701) with CD16 antibody were added in
proportion, and incubated for 30 min and flowed through the magnetic bead column, the
subpopulations (mainly eosinophils) directly flowing through the column were collected by
negative selection. The isolated eosinophils were counted and added to a 96-well cell culture
plate pre-coated with IgG antibody, with about 1x10* cells per well; human IL-5 (20 ng/ml) and
IL-5 antibody molecules at different concentrations (starting from 10 pg/ml, 3-fold dilution, 10

concentration points) were added; the cell culture plate was placed in 37°C, 5% CO; incubator
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and incubated for 1 hour, then the culture plate was taken out and 0.3 % CTAB was added to lyse
the cells, and finally the peroxidase reaction substrate TMB was added for color development,
and the OD450 absorption value was read with a microplate reader. The reading value for the
well added with IL-5 alone was the maximum absorption value; the well without IL-5 and
antibody agent was served as background control; the inhibition value of antibody agent at each
concentration relative to the maximum adsorption value was calculated = (maximum adsorption
value-[antibody agent])/(maximum adsorption value-background control value) x 100%, and the

IC50 was calculated. The results are shown in Table 18:

Table 18. IL-5 antibody blocks IL-5 induced eosinophil adhesion

Hu39D10 | h1705-008 | h1706-009 | h1780-017
IC50 (ng/ml) | 11.79 4.85 43 21.19

The results show that the humanized antibodies of the present disclosure show a strong ability to

inhibit [L5-mediated eosinophil adhesion.

Test Example 7. Evaluation of specificity of humanized IL-5 antibody with Th2 Cytokine
IL-5 was one of Th2 cytokines. In order to verify that IL-5 antibody only specifically targets IL-5
and does not cross-react with other cytokines, Fortebio was used to detect 12 types of Th2 and
related cytokines, comprising IL2 (R&D, 202-IL-010/CF), IL4 (R&D, 204-IL-050/CF), IL-5
(R&D, 205-1L-025/CF), IFNgamma, IL6 (R&D, 7270-1L-025/CF), IL9 (R&D, 209-1L-010/CF),
IL10 (R&D, 217-1L-025/CF), 1IL13 (R&D, 213-ILB-025/CF), IL25 (R&D, 8134-1L-025/CF),
IL31 (R&D, 2824-1L.-010/CF), and IL3 (203-IL-050/CF) and GMCSF (R&D, 215-GM-010/CF)

that share a receptors with IL-5.

In particular: Protein A Biosensor (PALL Fortebio, 18-5010) was used to capture the antibody,
the capture signal was recorded, and then 40nM each cytokine was injected, the new binding

signal was recorded. Finally, the binding signal with IL-5 was defined as 100%. The binding
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signals of other cytokines with antibodies were observed, and the results are shown in Figure 2.

The results show that, among 12 related cytokines, humanized IL-5 antibodies h1705-008 and

h1706-009 only specifically bind to IL-5, and have no cross-reactivity with other Th2 cytokines.

Biological evaluation of in vivo activity

Test Example 8. Evaluation of the efficacy of IL-5 antibody in OVA-induced mouse asthma
model
This test was based on airway inflammatory response and airway remodeling to evaluate the

efficacy of IL-5 antibody in BALB/c mouse asthma model induced by ovalbumin (OVA) aerosol.

The mice were randomly divided into 7 groups according to body weight, each group with 10
mice: normal control group (G1); model group (G2); the treatment groups of two antibodies to
be tested h1705-008 (G3 and G4) and h1706-009 (G5 and G6) at two doses (10mpk and 2mpk)
of each antibody to be tested; and positive antibody Hu39D10 control group (G7, 10mpk). On
days 1 and 14, all mice were sensitized by intraperitoneal injection of allergenic solution. On
days 28, 29, and 30, the six groups of mice (except the first group) were challenged by aerosol
OVA challenge solution for 30 minutes. Two hours before the challenge, the second group (G2)
was intraperitoneally injected with phosphate buffer, mice in the third group to the seventh group
(G3-G7) were intraperitoneally injected with different doses of different antibodies (once a day,
for three consecutive days). The antibodies to be tested were freshly prepared before each
injection, and the administration was finished within half an hour since the preparation of
antibody. Mice in the first group (as normal control group) were challenged with PBS aerosol for
30 minutes, and 2 hours before the challenge phosphate buffer was injected intraperitoneally

once a day for three consecutive days.
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On day 31, the WBP system was used to test the airway hyperresponsiveness of the animals. All
animals were administered by aerosol to intake methacholine at 2-fold incremental
concentrations (1.5625, 3.125, 6.25, 12.5, 25 and 50 mg/mL), the values of respiratory enhanced

pause at corresponding concentrations were measured.

On day 31, 1 hour after the detection of airway responsiveness by WBP system, a tracheal tube
with a diameter of 1.2 mm was inserted into trachea and fixed, and lung lavage was performed
twice, each with 0.8 ml phosphate buffer comprising 1% BSA and 0.6mM EDTA. The recovery

volume of lavage fluid was recorded.

The BALF was centrifuged at 300g at 4 degrees Celsius for 5 minutes. The supernatant was
maintained for cytokine analysis. After centrifugation, the cells were resuspended in 1.5 ml of
PBS (comprising 1% BSA and 0.6 mM EDTA) for cell counting. Hemocytometer and trypan
blue staining experiment were used to count the total number of cells in BALF. The cells were
smeared on silde, and stained with Wright staining solution for one minute, and then stained with
Giemsa for 7 minutes to distinguish eosinophils, neutrophils, macrophages and lymphocytes.

Counting was performed under a light microscope.

After lavage, the lung tissue was collected and stained with 10% neutral formaldehyde solution,
and then fixed in 10% neutral formaldehyde solution. The fixed tissue was embedded in paraffin,
trimmed, stained by H&E and scored. The test results are shown in Figure 3, Figure 4A and
Figure 4B.

The results show that the antibody molecules h1705-008 and h1706-009 of the present disclosure
can significantly improve lung function in a dose-dependent mode, while high dose (10mpk) of
the positive compound cannot improve lung function (see Figure 3). Meanwhile, the two

antibodies significantly reduce the level of eosinophils and the thickness of the mucous
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membrane at the same dose (10mpk), and show a stronger ability to reduce eosinophils than that
of the positive antibody (see Figures 4A and 4B). In the same type of mouse asthma model,
repeatitive experiments also verified that 1 mg/ml h1705-008, h1706-009 and h1780-017
significantly reduce the level of eosinophils in BalF than that of the positive antibody (see Figure

40).

Test Example 9. Evaluation of the in vivo efficacy of IL-5 antibody in guinea pig acute
asthma model induced by exogenous human IL-5
In this experiment, male guinea pigs were selected to establish acute asthma model induced by
human IL-5, to evaluate the inhibitory effect of five IL-5 humanized mAbs of the present
disclosure on the increase of eosinophils in bronchial lavage fluid (BALF) of guinea pig lung
induced by human IL-5; and hu39D10 was used as a positive antibody. The guinea pigs were
divided into 9 groups, each with 8-10 animals: normal control group, model group, hu39D10 (1
mg/kg) group, h1705-008 (1 mg/kg) group, h1706-009 (1 mg/kg) group, h1780-017 (1 mg/kg)
group, h1773-007 (1 mg/kg) group and h1779-014 (1 mg/kg) group. The guinea pigs in model
group and administration groups were tracheally injected with 100ul of human IL5 (comprising
Sug of ILS antigen) on dayl for irritation, respectively, and the normal control group was
tracheally injected with PBS. The administration group was intraperitoneally injected with 1
mg/kg ILS monoclonal antibody as described above, 2 hours before irritation, with the
administration volume of Sml/kg; the model group was administered with the corresponding IgG
antibody; and the normal control group was intraperitoneally administered with PBS solvent.
The guinea pigs were anesthetized 24 hours after the tracheal injection, to extract the lung
bronchial lavage fluid. The cell concentration was adjusted to 5°10%/ml, 15ul was dropped on the
slide and dried for fixing; HE staining was performed, and the numbers of total cells and of
eosinophils were counted under 400-fold microscope, and the percentage of eosinophils was
calculated. The results are shown in Figure SA and Figure 5B, indicating that 5 humanized

antibodies of the present disclosure significantly reduce the level of eosinophils in BALF.
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Selection and stability evaluation of the ingredients in the formulation

Exemplary preparation process for the pharmaceutical composition (formulation) of antibody:

Step 1: a certain amount of purified anti-IL-5 antibody solution was taken, and an antibody-free
buffer (such as 30mM, pHS.5 acetic acid-sodium acetate buffer) was used to replace
solvent-exchange (preferably by ultrafiltration); at least 6-fold of volume was exchanged by
ultrafiltration membrane, and the protein was concentrated to about 120 mg/mL. A certain
volume of sucrose stock solution was added and mixed to get a final concentration of 72 mg/mL
of sucrose. A certain volume of polysorbate 80 stock solution was added and mixed to get a final
concentration of 0.4 mg/mL of polysorbate 80. 10mM pH 5.5 acetic acid-sodium acetate buffer
was added to reach a certain volume, resuting in the protein concentration of 100 mg/mL (other

formulations to be tested or stable formulations were prepared according to similar steps).

The product was filtered, and then was tested by central-control sampling for pathogenic
agents-free. The stock solution was passed through a 0.22 um PVDF filter, and the filtrate was
collected.

Step 2: the volume was adjusted to 1.2ml, the filtrate was loaded in 2ml vial applied with stopper,
and central-control samplings were taken at the beginning, in the middle, and at the end of
loading to detect the difference of loading volume.

Step 3: the capping machine was started to apply aluminum caps, and to perform capping.

Step 4: visual inspection was performed to confirm that products have no defects, such as

inaccurate loading. The vial labels were printed and attached; the carton labels were printed; the

cartons were folded; packing; and box labels were attached.
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Test Example 10. Screening of buffer system
The h1705-008 formulations with a protein concentration of 100 mg/mL were prepared in a
series of buffers at pH of 5.0 to 6.5, wherein the shaking sample comprised 0.2 mg/ml
polysorbate 80 (PS80), and other samples comprised 0.05 mg/mL PS80. The buffer systems were
as follows: 10mM acetic acid-sodium acetate (AA) pHS5.0, 5.5; 10mM succinic acid-sodium
succinate (SA) pHS5.0, 5.5, 6.0; 10mM citric acid-sodium citrate (CA) pHS5.5, 6.0, 6.5, 10mM
histidine-hydrochloride (His) pHS5.5, 6.0, 6.5; 10mM phosphate (PB) pH6.0, 6.5. Each
formulation was filtrated, loaded, applied with stopper and capped. The samples were subjected
to a forced degradation experiment; and appearance, SEC, iCIEF were served as evaluation

indicators.

The results are shown in Table 19. Appearance data indicates that the samples experienced
shaking (300rpm, 25°C) and samples at 40°C show different degrees of particle formation.
Overall, the appearance is better when the pH is lower, and the buffer systems acetic acid-sodium
acetate and succinic acid-sodium succinate are better; SEC data shows that AA pH 5.5 group is
slightly better at 40°C; iCIEF data shows that AA pH 5.5, His pH 5.5, CA pH 6.5 groups are
slightly better at 40°C; under comprehensive consideration of physical and chemistry stability,

AA pH 5.5 is preferable.

Table 19. Screening results for pH and buffer system

Date Regue/Date Received 2021-09-21

ngh Condition Appearance SEC (%) 1CII)];Z§kn(eozt)ral
01 TO clear 98.3 753
AAS.0 Shaking D4 clear 96.2 N/A
] 40°C-D13 fine particles 94.8 62.3
0 TO clear 98.0 75.4
AAS.S Shaking D4 clear 96.0 N/A
’ 40°C-D13 flocculent small particles 95 .4 64.2
03 TO clear 98.2 74.9
SA5.0 Shaking D4 clear 96.5 N/A
] 40°C-D13 fine particles+ 94.8 593
04 TO clear 98.2 74.7
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SAS.S Shaking D4 large amount of small 96.2 N/A
particles

40°C-D13 small particles 94.8 62.1
05 TO clear 97.9 75.8
SAG6.0 Shaking D4 clear, slightly opalescence 95.7 N/A
| 40°C-D13 small particles 95.0 63.7
06 TO clear : 98.2 757
His5.5 Shaking D4 clear, few particles 96.2 N/A
) 40°C-D13 small particles 949 64.8
07 TO clear : 98.3 74.6
His6.0 Shaking D4 large amount of‘par‘ucles 96.2 N/A
' 40°C-D13 medium particles 94.6 65.8
TO clear 98.1 74.6
Hl(li 5 Shaking D4 severe opalescence 95.8 N/A
' 40°C-D13 medium particles 943 62.3
09 TO clear 98.2 74.8
CA5.5 Shaking D4 clear, slightly opalescence N/A N/A
' 40°C-D13 fine particles 94.7 60.9
TO clear 98.0 753

10 . obvious opalescence, large
CA6.0 Shaking D4 amour?t of particles : N/A N/A
40°C-D13 medium particles 94.6 61.5
TO clear 97.9 74.6

11 ) severe opalescence, large
CAG6.5 Shaking D4 amoulr)lt of particles : N/A N/A
40°C-D13 small particles 95.0 64.4
12 TO clear‘ 98.0 74.4
PB6.0 Shaking D4 with particles N/A N/A
| 40°C-D13 fine particles 943 63.0
TO clear 97.9 74.7

13 ) severe opalescence, large
PB6.5 Shaking D4 amoulr)lt of particles : N/A N/A
40°C-D13 large particles 93.9 61.9

Note: N/A represents not detected, D represents the day, and TO represents day 0.

Test Example 11. Screening of excipients in formulations
The h1705-008 formulations with a protein concentration of 100 mg/mL were prepared in 10
mM SA (pH 5.0) buffer comprising different types of excipients below. In particular, the
excipients were as follows:

1) 0.1 mg/mL polysorbate 20 (PS20)
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2) 0.1 mg/mL polysorbate 80 (PS80)

3) 50 mg/mL sucrose + 0.1 mg/mL PS80
4) 50 mg/mL trehalose + 0.1 mg/mL PS80
5) 50 mg/mL mannitol + 0.1 mg/mL PS80
6) 50 mg/mL sorbitol + 0.1 mg/mL PS80

7) 8 mg/ml arginine (Arg) + 0.1 mg/mL PS80

8) 8 mg/ml lysine (Lys) + 0.1 mg/mL PS80

9) 8 mg/ml glycine (Gly) + 0.1 mg/mL PS80

10) 8 mg/ml methionine (Met) + 0.1 mg/mL PS80

11) 8 mg/ml proline (Pro) + 0.1 mg/mL PS80

12) 8 mg/ml sodium chloride (NaCl) + 0.1 mg/mL PS80.
Each formulation was filtrated, loaded, applied with stopper and capped, for use. The samples
were subjected to a forced degradation experiment at 40°C, the results show that (Table 20):
there is no significant difference in the test results of SEC, CE, and iCIEF among each group of
samples, Arg/Lys/NaCl groups have poorer appearance, and there is no significant difference

among other groups. Sucrose, trehalose, mannitol, sorbitol, glycine, proline, and methionine have

favorable effect on protein stability.

Table 20. The screening results of excipients

Date Recgue/Date Received 2021-09-21

Blf‘]t()‘fh Condition Appearance SEC (%) IC;EEk“(?,‘/lot)ral CE-SDS (%)
1 DO clear 96.6 7516 95.05
40°C D12 clear 94.29 59.24 93.53
7 DO clear 96.64 74.39 94.96
40°C D12 clear 94.33 53.99 9331
3 DO clear 96.59 7451 95.44
40°C D12 clear 94.33 53.33 933
1 DO clear 96.63 74.87 9526
40°C D12 clear 04.43 53.14 93.63
5 DO clear 96.63 748 95.33
40°C D12 clear 94.47 59.79 93.43
3 DO clear 96.63 7425 9529
40°C D12 clear 94.39 58.04 93.41
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7 DO clear, light 96.6 7431 95.19
opalescence
40°c D1 | Opalescence, large 94.27 59.18 93.45
amount of particles
8 DO clear, light 96.56 747 952
opalescence
40°C D12 opalescence 94.26 59.62 93.56
9 DO clear 96.54 73.77 95.47
40°C D12 clear 94 .38 58.82 93.56
10 DO clear 96.56 75.68 95.5
40°C D12 clear 94 45 59.57 93.71
11 DO clear 96.43 75.22 95.02
40°C D12 clear 94 47 61.1 95.32
12 DO clear, opalescence 96.51 73.63 95.02
40°C D12 | opalescence, large 93.99 60.51 93.21
amount of particles

Note: D represents day.

The h1705-008 formulations comprising 10mM SA pHS.5, 70 mg/ml sucrose, 0.4 mg/ml PS20

Test Example 12. Screening of Surfactants

or PS80 were prepared, with a protein concentration of 100 mg/ml.

The samples were placed at 4°C to investigate the stability. The results are shown in Table 21.
The results show that PS80 group exhibits a clear appearance and no significant changes in SEC,
CE, and iCIEF at 4°C for 4 months, indicating a favorable stability, whereas a large amount of
particles are observed in PS20 group. Therefore, PS80 is better than PS20. In addition, it can be

seen that the addition of PS80 into the formulation has a better stabilizing effect on h1705-008,

and the stability of the formulation is better.

Table 21. stability results of h1705-008 at 4°C

Time o Non-reducing 1CIEF neutral
Group (M) Appearance SEC (%) CE-SDS (%) peak (%)
0 clear 972 94 4 712
PS80 4 clear 97.6 95.0 71.6
PS20 0 clear 97.1 943 72.7
4 large amount of particles N/A N/A N/A

Date Recgue/Date Received 2021-09-21
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Note: M represents month; N/A represents not detected.

Test Example 13. The design and screening of DOE formulation
DOE (Design of expriment) was performed with pH of 10mM acetate buffer (AA), protein
concentration and Tween concentration as variables; a series of formulations were designed
based on the following factors and levels: pH is 5.0 to 5.8, the concentration of PS801s 0.2 t0 0.6
mg/mL, concentration of the antibody h1705-008 is 80 to 120 mg/mL; The formulations are
shown in Table 22. The samples were subjected to forced degradation at high temperature of
40°C. Appearance, SEC, non-reducing CE, and iCIEF were used as evaluation indicators. The

results are shown in Table 23.

Table 22. Screening experiment and design for DOE formulations

Batch I PS80 The amount of protein
No. P (mg/mL) (mg/mL)
1 5.8 0.2 80
2 5.4 0.6 100
3 5.4 0.4 80
4 5.0 0.2 80
5 5.4 0.2 100
6 5.8 0.6 80
7 5.0 0.2 120
8 5.0 0.6 80
9 5.8 0.6 120
10 5.4 0.4 120
11 5.4 0.4 100
12 5.0 0.6 120
13 5.8 0.2 120
14 5.0 0.4 100
15 5.8 0.4 100
16 5.4 0.4 100
77
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Table 23. Screening experiment results of DOE formulations

Batch iCIEF .
No. Condition | Appearance SEC neutral peak Non-reducing
(%) (%) CE-SDS (%)

DO clear 98.9 63.9 938

! 40°C D15 clear 97.8 499 92.5
DO clear 98.9 64.5 938

2 40°C D15 clear 97.5 498 92.9
3 DO clear 98.9 64.3 94.0
40°C D15 clear 97.6 49.6 92.2

4 DO clear 99.0 63.6 939
40°C D15 clear 97.7 503 92.4

5 DO clear 98.9 634 938
40°C D15 clear 97.6 497 92.2

6 DO clear 98.9 63.5 939
40°C D15 clear 97.7 51.5 92.4

DO clear 98.9 64.3 937

! 40°C D15 clear 97.6 492 92.4
DO clear 99.0 64.4 939

8 40°C D15 clear 97.7 49.6 923
DO clear 98.7 66.2 938

? 40°C D15 clear 973 50.6 92.4
DO clear 98.8 64.1 939

10 40°C D15 clear 974 50.9 923
1 DO clear 98.8 64.5 94.0
40°C D15 clear 97.5 50.6 92 4

12 DO clear 99.0 64.4 937
40°C D15 clear 97.6 499 923

DO clear 98.8 63.7 938

13 40°C D15 clear 974 50.8 92.6
DO clear 99.0 63.6 939

14 40°C D15 clear 97.7 50.9 92.1
DO clear 98.8 63.0 93.6

15 40°C D15 clear 97.6 51.1 92.4
16 DO clear 98.8 64.9 938
40°C D15 clear 97.5 50.0 923

Note: D represents day.
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The results show that the appearance of each formulation is clear, SEC, CE and iCIEF are
decreased within an acceptable range, by <2%, <2% and about 14%, respectively, and the
stability of formulation is favorable; therefore the formulation comprises a protein concentration
of 80-120 mg/ml, 0.2-0.6 mg/ml PS80, pH 5.0-5.8. The optimal formulation is: 100 mg/ml
protein, 0.4 mg/ml PS80, pH 5.5.

Test Example 14. Stability test
The h1705-008 formulations comprising 10 mM AA pH 5.5, 70 mg/ml sucrose, and 0.4 mg/ml
PS80 were prepared, with a protein concentration of 100 mg/ml; and the samples were subjected

to stability investigation at 4 °C and 25 °C. The results are shown in Table 24.

The results show that under high temperature conditions, SEC, CE, and iCIEF are slightly
decreased in h1705-008 formulation, but the decrease is within an acceptable range; there is no
significant change in all indicators under other conditions. The formulation has favorable

stability, and can ensure the stability of h1705-008 at 4 °C within 6 months.

Table 24. Stability results of h1705-008 at 25°C and 4°C

Condition | Appearance SEC iCIEF neutral Non-reducing
(%) peak (%) CE-SDS (%)
TO clear 98.0 59.8 945
25°C -M3 clear 97.6 55.2 934
25°C - M6 clear 96.7 51.7 91.7
4°C - M3 clear 98.5 59.7 94.6
4°C - M6 clear 98.7 60.0 94.0

Note: M represents month.

Test Example 15. Screening of ionic strength
The h1705-008 formulations comprising protein concentration of 100 mg/mL, 70 mg/mL sucrose

and 0.4 mg/mL PS80 were prepared in (sodium) acetate buffer with different ionic strengths; the
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pH of buffers used for exchange and the pH of the final formulations were measured. The results
are shown in Table 25. The results show that the higher the ionic strength, the lower the pH drift.

When the ionic strength is 30mM, the pH drift is less than 0.1.

5 Table 25. pH results of formulations with different ionic strengths
Ionic strength | Buffer - pH | Stock solution of the formation - pH | ApH
10mM 5.50 5.71 0.21
20mM 5.50 5.66 0.16
30mM 5.50 5.59 0.09

Test Example 16. Screening of concentration of saccharide
The h1705-008 formulations comprising a protein concentration of 100 mg/mL, 30 mM AA pH
5.5, 0.4 mg/ml PS80 were prepared in the following buffers comprising sucrose with different

10 concentrations. The osmotic pressure was determined. The results are shown in Table 26.

The results show that the osmotic pressure is in an optimal isotonic range of 290 to 310 mosm,
when the saccharide concentration is 70-75 mg/ml; according to the osmotic pressure data of 70

mg/ml and 73 mg/ml groups, the osmotic pressure reaches the best value of about 300 mosm,

15  when the saccharide concentration is 72 mg/ml.

Table 26. Comparison of osmotic pressure in h1705-008 formulations with different saccharide

concentrations
Concentration of 70 73 75
saccharide (mg/ml)
Osmotic pressure 290 306 310
(mosm)
20 Test Example 17. Stability test of the formulations

The h1705-008 formulations comprising a protein concentration of 100 mg/mL, 30mM AA pH

5.5, 72 mg/ml sucrose, 0.4 mg/ml PS80 were prepared to investigate the stability at 4°C and
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25°C. The results are shown in Table 27. The results show that, SEC, CE and IEC are slightly
decreased in the h1705-008 formulation under high temperature conditions, but the decrease is
within an acceptable range; there is no significant change in all indicators at 4°C condition,

indicating that the formulations have favorable stability.

Table 27. Stability of h1705-008 formulations

Condition Appearance %l)ig IEC neutral peak (%) IZI:(])EH__Sr]e)dél ((:(1)/13 ;‘%
TO clear 98.4 63.5 97.6

25°C - M3 N/A 96.8 55.0 96.5

4°C - M3 clear 98.4 61.9 973

Note: M represents month, T represents time, N/A represents not determined.

Test Example 18. Additional optional formulations

In addition, the present disclosure also provides additional formulations for the anti-IL-5

antibody pharmaceutical formulations, comprising but not limited to:

(1) 1 mg/ml anti-IL-5 antibody (h1705-008), 72 mg/ml sucrose, 0.4 mg/ml polysorbate 80, and

10 mM acetic acid-sodium acetate buffer at pH 5.5;

(2) 100 mg/ml anti-IL-5 antibody (h1705-008), 72 mg/ml sucrose, 0.4 mg/ml polysorbate 80, and

20 mM acetic acid-sodium acetate buffer at pH 5.5;

(3) 120 mg/ml anti-IL-5 antibody (h1705-008), 72 mg/ml sucrose, 0.4 mg/ml polysorbate 80, and

40 mM acetic acid-sodium acetate buffer at pH 5.5;

(4) 100 mg/ml anti-IL-5 antibody (h1705-008), 80 mg/ml sucrose, 0.6 mg/ml polysorbate 80, and

30 mM acetic acid-sodium acetate buffer at pH 5.0,

(5) 80 mg/ml anti-IL-5 antibody (h1705-008), 75 mg/ml sucrose, 0.6 mg/ml polysorbate 80, and

20 mM acetic acid-sodium acetate buffer at pH 5.4,

(6) 100 mg/ml anti-IL-5 antibody (h1705-008), 80 mg/ml sucrose, 0.4 mg/ml polysorbate 80, and

30 mM acetic acid-sodium acetate buffer at pH 5.5,

(7) 90 mg/ml anti-IL-5 antibody (h1705-008), 74 mg/ml sucrose, 0.5 mg/ml polysorbate 80, and
81
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25 mM acetic acid-sodium acetate buffer at pH 5.6;

(8) 90 mg/ml anti-IL-5 antibody (h1705-008), 76 mg/ml sucrose, 0.3 mg/ml polysorbate 80, and
35 mM acetic acid-sodium acetate buffer at pH 5.4,

(9) 80 mg/ml anti-IL-5 antibody (h1705-008), 72 mg/ml sucrose, 0.4 mg/ml polysorbate 80, and
30 mM acetic acid-sodium acetate buffer at pH 5.6;

(10) 100 mg/ml anti-IL-5 antibody (h1705-008), 72 mg/ml sucrose, 0.4 mg/ml polysorbate 80,
and 40 mM acetic acid-sodium acetate buffer at pH 5.5;

(11) 100 mg/ml anti-IL-5 antibody (h1705-008), 80 mg/ml sucrose, 0.4 mg/ml polysorbate 80,
and 40 mM acetic acid-sodium acetate buffer at pH 5.5.

The experimental results show that the IL-5 antibody formulations as described above have

favorable stability and can be applied to the preparation of IL-5 antibody agents.

Test Example 19. Lyophilization of anti-IL-S antibody formulations
The h1705-008 antibody formulations comprising 72 mg/ml sucrose, 0.4 mg/ml polysorbate 80
and a concentration of 100 mg/ml anti-IL-5 antibody were prepared in 30mM acetic acid-sodium
acetate buffer at pH 5.5. The antibody was loaded into 6 mL vial at 2.15 mL/vial, and was placed
in a lyophilization chamber for lyophilization. The lyophilization process comprises pre-freezing,
primary drying and secondary drying. When the lyophilization process was over, the vials were
subjected to vacuum and applied with stoppers. The reconstituted samples were compared to the
counterpart before the lyophilization. The results show that the reconstituted solutions can

maintain favorable performance as that of the liquid formulations.

Table 28. Lyophilization steps of the formulations

Process parameters for The set of temperature The degree of vacuum
lyophilization °CO) (mBar)

pre-freezing > N/A
-45 N/A

primary drying -27 0.1

secondary drying 25 0.1

25 0.01

Note: N/A represents that the table was not applicable.
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What claimed is:

1. A pharmaceutical composition, comprising an anti-IL-5 antibody or an antigen-binding
fragment thereof, a buffer and a surfactant, wherein the buffer is any one selected from the group
consisting of acetic acid-sodium acetate, succinic acid-sodium succinate, histidine-hydrochloride
and citric acid-sodium citrate buffer, preferably acetic acid-sodium acetate or succinic
acid-sodium succinate buffer; wherein, the anti-IL-5 antibody or the antigen-binding fragment
thereof comprises a heavy chain variable region and a light chain variable region selected from
the group consisting of 1) to vi):

i) a heavy chain variable region comprising HCDR1, HCDR2 and HCDR3 as shown in amino
acid sequence SEQ ID NOs: 16, 17 and 18, respectively, and

a light chain variable region comprising LCDR1, LCDR2 and LCDR3 as shown in amino acid
sequence SEQ ID NOs: 19, 20 and 21, respectively;

i) a heavy chain variable region comprising HCDR1, HCDR2 and HCDR3 as shown in amino
acid sequence SEQ ID NOs: 22, 23 and 24, respectively, and

a light chain variable region comprising LCDR1, LCDR2 and LCDR3 as shown in amino acid
sequence SEQ ID NOs: 25, 26 and 27, respectively;

iii) a heavy chain variable region comprising HCDR1, HCDR2 and HCDR3 as shown in amino
acid sequence SEQ ID NOs: 28, 29 and 30, respectively, and

a light chain variable region comprising LCDR1, LCDR2 and LCDR3 as shown in amino acid
sequence SEQ ID NOs: 31, 32 and 33, respectively;

iv) a heavy chain variable region comprising HCDR1, HCDR2 and HCDR3 as shown in amino
acid sequence SEQ ID NOs: 34, 35 and 36, respectively, and

a light chain variable region comprising LCDR1, LCDR2 and LCDR3 as shown in amino acid
sequence SEQ ID NOs: 37, 38 and 39, respectively;

v) a heavy chain variable region comprising HCDR1, HCDR2 and HCDR3 as shown in amino
acid sequence SEQ ID NOs: 40, 41 and 42, respectively, and

a light chain variable region comprising LCDR1, LCDR2 and LCDR3 as shown in amino acid
sequence SEQ ID NOs: 43, 44 and 45, respectively; and

vi) a heavy chain variable region comprising HCDR1, HCDR2 and HCDR3 as shown in amino
acid sequence SEQ ID NOs: 34, 82 and 36, respectively, and

a light chain variable region comprising LCDR1, LCDR2 and LCDR3 as shown in amino acid
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sequence SEQ ID NOs: 37, 38 and 39, respectively.

2. The pharmaceutical composition according to claim 1, wherein the pH of the buffer is about

5.0 to about 6.5, preferably about 5.0 to about 5.8, and most preferably about 5.5.

3. The pharmaceutical composition according to claim 1 or 2, wherein the concentration of the

buffer is about 10 mM to about 40 mM, preferably about 20 mM to about 30 mM.

4. The pharmaceutical composition according to any one of claims 1 to 3, wherein the
concentration of the anti-IL-5 antibody or the antigen-binding fragment thereof is about 1 mg/ml
to about 120 mg/ml, preferably about 80 mg/ml to about 120 mg/ml, and most preferably about
100 mg/ml.

5. The pharmaceutical composition according to any one of claims 1 to 4, wherein the surfactant

is polysorbate 80.

6. The pharmaceutical composition according to claim 5, wherein the concentration of the
polysorbate 80 is about 0.1 mg/ml to about 0.6 mg/ml, preferably about 0.2 mg/ml to about 0.6

mg/ml, and more preferably about 0.4 mg/ml.

7. The pharmaceutical composition according to any one of claims 1 to 6, further comprising a
stabilizer, wherein the stabilizer is a saccharide or an amino acid, wherein the saccharide is
selected from the group consisting of sucrose, trehalose, mannitol and sorbitol, preferably
sucrose; wherein the amino acid is selected from the group consisting of glycine, methionine and

proline.

8. The pharmaceutical composition according to claim 7, wherein the concentration of the
saccharide is about 50 mg/ml to about 80 mg/ml, preferably about 70 mg/ml to about 75 mg/ml,
and most preferably about 72 mg/ml.
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9. The pharmaceutical composition according to claim 7, wherein the concentration of the amino

acid is about 8 mg/ml.

10. The pharmaceutical composition according to any one of claims 1 to 9, which comprises the
following components:

about 1 mg/ml to about 120 mg/ml the anti-IL-5 antibody or the antigen-binding fragment
thereof;,

about 10mM to about 40mM acetic acid-sodium acetate buffer, pH is about 5.0 to about 6.5; and
about 0.1 mg/ml to about 0.6 mg/ml polysorbate 80.

11. The pharmaceutical composition according to any one of claims 1 to 9, which comprises:
about 80 mg/ml to about 120 mg/ml the anti-IL-5 antibody or the antigen-binding fragment
thereof,

about 10mM to about 30mM acetic acid-sodium acetate buffer, pH is about 5.0 to about 5.8,
about 0.2 mg/ml to about 0.6 mg/ml polysorbate 80, and

about 70 mg/ml to about 80 mg/ml sucrose;

preferably, the pharmaceutical composition comprises:

about 100 mg/ml the anti-IL-5 antibody or the antigen-binding fragment thereof,

about 30 mM acetic acid-sodium acetate buffer, pH is about 5.5,

about 0.4 mg/ml polysorbate 80, and

about 72 mg/ml sucrose.

12. The pharmaceutical composition according to any one of claims 1 to 11, wherein the
anti-IL-5 antibody or the antigen-binding fragment thereof is a murine antibody, a chimeric

antibody or a humanized antibody.
13. The pharmaceutical composition according to claim 12, wherein the humanized anti-IL-5
antibody comprises a heavy chain variable region as shown in SEQ ID NO: 49, 57, 63, 69 or 75

or variant thereof’, the variant comprises 1 to 10 amino acid back-mutations in the heavy chain

variable region sequence as shown in SEQ ID NO: 49, 57, 63, 69 or 75, respectively.
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14. The pharmaceutical composition according to claim 13, wherein the variant is a variant as
shown in any one of the followings:

i) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of S49T, VO3T and K98S in the heavy chain variable region as shown in SEQ ID NO:
49;
ii) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of S49T, VO3T and K98T in the heavy chain variable region as shown in SEQ ID NO:
57,
iii) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of R38K, M481, R67K, V68A, M70L, R72V, T74K and L83F in the heavy chain
variable region as shown in SEQ ID NO: 63;

iv) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of F291, R38K, V481, R72A, and T97F in the heavy chain variable region as shown in
SEQ ID NO: 69, and/or N55V mutation in HCDR2; or

v) a variant, comprising one or more amino acid back-mutations selected from the group

consisting of R38K, M48L, R67K, V68A, R72A, T74K, M8I1L, L83F and DSE in the heavy
chain variable region as shown in SEQ ID NO: 75.

15. The pharmaceutical composition according to claim 14, wherein the humanized anti-IL-5
antibody comprises:

a heavy chain variable region as shown in SEQ ID NO: 50 or 51; or

a heavy chain variable region as shown in SEQ ID NO: 58 or 59; or

a heavy chain variable region as shown in any one selected from the group consisting of: SEQ ID
NOs: 64, 65 and 66; or

a heavy chain variable region as shown in SEQ ID NO: 70 or 71; or

a heavy chain variable region as shown in any one selected from the group consisting of: SEQ ID

NOs: 76, 77, 78 and 79.

16. The pharmaceutical composition according to claim 12, wherein the humanized anti-IL-5
antibody comprises a light chain variable region as shown in SEQ ID NO: 46, 54, 60, 67 or 72,

or variant thereof’, the variant comprises 1 to 10 amino acid back-mutations in the light chain
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variable region as shown in SEQ ID NO: 46, 54, 60, 67 or 72.

17. The pharmaceutical composition according to claim 16, wherein the variant is a variant as
shown in any one of the followings:

i) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of A43S, L47V, G66R, T69S, F71Y and Y87F in the light chain variable region as
shown in SEQ ID NO: 46;

ii) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of A43S, L47M, F71Y and Y87F in the light chain variable region as shown in SEQ
ID NO: 54;

iii) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of E1D, 12T, 157V, V84T and Y86F in the light chain variable region as shown in SEQ
ID NO: 60;

iv) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of M4L, A42S, L45P and L46W in the light chain variable region as shown in SEQ ID
NO: 67; or

v) a variant, comprising one or more amino acid back-mutations selected from the group
consisting of A43S, 148V and F71Y in the light chain variable region as shown in SEQ ID NO:
72.

18. The pharmaceutical composition according to claim 17, wherein the humanized anti-IL-5
antibody comprises:

a light chain variable region as shown in SEQ ID NO: 47 or 48; or

a light chain variable region as shown in SEQ ID NO: 55 or 56, or

a light chain variable region as shown in SEQ ID NO: 61 or 62; or

a light chain variable region as shown in SEQ ID NO: 68; or

a light chain variable region as shown in SEQ ID NO: 73 or 74.

19. The pharmaceutical composition according to claim 12, wherein the humanized anti-IL-5
antibody comprises:

1) a heavy chain variable region as shown in any one of SEQ ID NOs: 49, 50 and 51 or having 95%
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sequence identity with any one of SEQ ID NOs: 49, 50 and 51; and

a light chain variable region as shown in any one of SEQ ID NOs: 46, 47 and 48 or having 95%
sequence identity with any one of SEQ ID NOs: 46, 47 and 48;

ii) a heavy chain variable region as shown in any one of SEQ ID NOs: 57, 58 and 59 or having
95% sequence identity with any one of SEQ ID NOs: 57, 58 and 59; and

a light chain variable region as shown in any one of SEQ ID NOs: 54, 55 and 56 or having 95%
sequence identity with any one of SEQ ID NOs: 54, 55 and 56;

ii1) a heavy chain variable region as shown in any one of SEQ ID NOs: 63, 64, 65 and 66 or
having 95% sequence identity with any one of SEQ ID NOs: 63, 64, 65 and 66; and

a light chain variable region as shown in any one of SEQ ID NOs: 60, 61 and 62 or having 95%
sequence identity with any one of SEQ ID NOs: 60, 61 and 62;

iv) a heavy chain variable region as shown in any one of SEQ ID NOs: 69, 70 and 71 or having
95% sequence identity with any one of SEQ ID NOs: 69, 70 and 71; and

a light chain variable region as shown in any one of SEQ ID NOs: 67 and 68 or having 95%
sequence identity with any one of SEQ ID NOs: 67 and 68; or

v) a heavy chain variable region as shown in any one of SEQ ID NOs: 75, 76, 77, 78 and 79 or
having 95% sequence identity with any one of SEQ ID NOs: 75, 76, 77, 78 and 79; and

a light chain variable region as shown in any one of SEQ ID NOs: 72, 73 and 74 or having 95%
sequence identity with any one of SEQ ID NOs: 72, 73 and 74;

preferably, the humanized anti-IL-5 antibody comprises:

a) the heavy chain variable region as shown in SEQ ID NO: 51 and the light chain variable
region as shown in SEQ ID NO: 47,

b) the heavy chain variable region as shown in SEQ ID NO: 65 and the light chain variable
region as shown in SEQ ID NO: 62;

c) the heavy chain variable region as shown in SEQ ID NO: 58 and the light chain variable
region as shown in SEQ ID NO: 56;

d) the heavy chain variable region as shown in SEQ ID NO: 71 and the light chain variable
region as shown in SEQ ID NO: 68; or

e) the heavy chain variable region as shown in SEQ ID NO: 79 and the light chain variable
region as shown in SEQ ID NO: 73.
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20. The pharmaceutical composition according to any one of claims 1 to 19, wherein the
anti-IL-5 antibody comprises human antibody constant region(s); preferably comprises:
a human antibody heavy chain constant region as shown in SEQ ID NO: 52 and a human

antibody light chain constant region as shown in SEQ ID NO: 53.

21. The pharmaceutical composition according to claim 20, wherein the anti-IL-5 antibody
comprises:

i) a heavy chain as shown in SEQ ID NO: 83 and a light chain as shown in SEQ ID NO: 84;

ii) a heavy chain as shown in SEQ ID NO: 85 and a light chain as shown in SEQ ID NO: 86;

iii) a heavy chain as shown in SEQ ID NO: 87 and a light chain as shown in SEQ ID NO: 88;

iv) a heavy chain as shown in SEQ ID NO: 89 and a light chain as shown in SEQ ID NO: 90; or
v) a heavy chain as shown in SEQ ID NO: 91 and a light chain as shown in SEQ ID NO: 92.

22. The pharmaceutical composition according to any one of claims 1 to 21, wherein the
anti-IL-5 antibody is a monoclonal antibody or antigen-binding fragment thereof that competes
for binding to human IL-5 with the anti-IL-5 antibody or the antigen-binding fragment thereof

according to any one of claims 1 to 21.

23. A method for preparing the pharmaceutical composition according to any one of claims 1 to
22, comprising a step of replacing the stock solution of the anti-IL-5 antibody or the
antigen-binding fragment thereof with a buffer, wherein the buffer is preferably acetic

acid-sodium acetate buffer.

24. A lyophilized formulation comprising the anti-IL-5 antibody or the antigen-binding fragment
thereof, which is obtained by lyophilization of the pharmaceutical composition according to any
one of claims 1 to 22; preferably, the lyophilization comprises the steps of pre-freezing, primary

drying and secondary drying, successively.

25. A reconstituted solution comprising the anti-IL-5 antibody or the antigen-binding fragment
thereof, wherein the reconstituted solution is obtained by reconstitution of the lyophilized

formulation according to claim 24.
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26. An article comprising a container, wherein the container comprises the pharmaceutical
composition according to any one of claims 1 to 22, or the lyophilized formulation according to

claim 24, or the reconstituted solution according to claim 25.

27. A method for treating IL-5 mediated disease, comprising administering a therapeutically
effective amount of the pharmaceutical composition according to any one of claims 1 to 22, or
the lyophilized formulation according to claim 24, or the reconstituted solution according to
claim 25, or the article according to claim 26, to a subject in need thereof, wherein the IL-5
mediated disease is preferably selected from the group consisting of asthma, chronic
pneumonia, allergic rhinitis, allergic bronchopulmonary aspergillosis disease, eosinophilia,
Churg-Strauss syndrome, atopic dermatitis, onchocerciasis dermatitis, intermittent angioedema,
eosinophilic myalgia syndrome, eosinophilic gastroenteritis, worm infection, Hodgkin's disease,
nasal polyps, Loeffler's syndrome, urticaria, hypereosinophilic bronchitis, nodular arteritis,
sinusitis, eosinophilic esophagitis, allergic eosinophilic esophagitis, allergic conjunctivitis,

onchocerciasis dermatitis, endometriosis and steroid-dependent eosinophilic bronchitis.
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