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METHOD OF PREPARING A THERAPEUTIC PROTEIN FORMULATION AND
ANTIBODY FORMULATION
PRODUCED BY SUCH A METHOD

Technical field

The present invention relates to a method of preparation of a protein formulation

including excipients and at least one therapeutic protein.

The invention is of particular interest in the field of antibody formulations intended for
a therapeutic use and is also directed to an antibody formulation produced by the

method.

Background of the invention

The invention is more particularly related to methods sequentially comprising:

+ providing a solution comprising said protein;

¢ concentrating the protein in the solution by a first ultra-filtration step;

o diafiltering the solution thus obtained with a diafiltration buffer including at
least one first excipient, whereby a retentate is obtained comprising the
protein and the first excipient;

o further concentrating the protein in the retentate by a second ultra-filtration
step in an ultra-filtration equipment;

e adding at least one final excipient, whereby the protein formulation with a
desired protein concentration and including said first and final excipients is

obtained.

In general, the final protein formulations for therapeutic antibodies include at least an
amino-acid, such as histidine, which is added during the diafiltration step, and a
sugar acting as a stabilizer, such as trehalose. The trehalose is commonly added

with the other excipients in the final addition step.
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In conventional methods applied to therapeutic antibodies, the above steps are
performed with a protein solution, once purified by a number of purification steps
usually including a virus retaining filtration as the last purification step. The protein
solution (or “product”) is concentrated by the first ultra-filtration step, from a
concentration of approximately 5 to 20 g/l to a concentration of about 40 to 100 g/I
(depending on the protein). Then the concentrated product is diafiltered in a
diafiltration buffer, such as histidine. In some instances, the diafiltration buffer may
be another standard buffer such as acetate, tris or phosphate. The diafiltration buffer
is chosen based on the final protein formulation as well as on any offset that is
required due to the Donnan effect. The Donnan effect occurs as the product is
concentrated and results in the exclusion of certain charged buffer species, e.g.
histidine. The diafiltration buffer is therefore usually adjusted to a higher buffer
concentration and a lower pH than are specified for the protein formulation. Once
the diafiltration is complete, the product goes through the second ultra-filtration step
for concentration to approximately 50% above the desired protein concentration for
the final protein formulation. Then the product is removed from the ultra-filtration
system and the system is rinsed to recover additional product. With a final
concentration of more than 50% above the desired concentration in the protein
formulation, all of the rinse can be added back to the product to maximize recovery,
without excessively diluting the product. Then the excipients are added (sugar,
surfactant, chelator, etc.) as a concentrated solution, usually with a dilution ratio of
approximately 4, meaning that 1 unitary volume of the concentrated excipient
solution is added to 3 unitary volumes of the product. The dilution ratio of 4 is based
on the maximum solubility of the sugar component of the excipient solution, which is
usually the limiting factor. If necessary, the product is then further diluted with

formulation buffer for adjustment to the final desired concentration.

Such conventional methods may therefore not be applicable when it is desired to
obtain a highly concentrated protein in the final formulation, and even more when the

protein is of particularly high viscosity.
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For example, in the case of a therapeutic antibody formulation with a desired final
concentration of 150 g/I, the viscosity of the molecule precludes concentrating to the

targeted value of 50% above the desired final concentration.

It is an aim of the invention to provide a method of preparation of a protein

formulation that may be applied to highly viscous and highly concentrated proteins.

It is a further aim of the invention that the method may be implemented at a
manufacturing scale, without negatively affecting the overall yield of the
manufacturing process and without incurring extra costs due to an excessive waste
of certain excipients. In particular, it is an aim to keep the use of the sugar
components, which are particularly costly, at a similar level as the conventional

methods.

It is still a further aim to preserve the stability of the protein over all the steps of the

method and to protect the protein from aggregation.

Summary

According to a first aspect of the present invention, there is provided a method of the
above type further comprising, before the second ultra-filtration step, adding a

second excipient to the retentate obtained from the diafiltration step.

By moving the addition of a second excipient, in particular the trehalose (or more
generally the sugar), to post-diafiltration, the remaining excipients can be added at a
much higher concentration in a subsequent step, thus generating a lower dilution of
the product. This in turn means that the maximal required concentration can be
brought to only about 10% (in some instances between 5 to 15 %) above the final
desired concentration, as compared to the value of about 50% for the conventional
methods. This 10% value is obtainable with standard ultra-filiration equipments,
even with higher molecule viscosity. This also allows recovering product from a rinse

and thus allows obtaining a 90% yield of the ultra-filtration/dia-filtration process.

3
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Also, adding the second excipient (the sugar) before the final concentration protects

the protein from aggregation.

According to preferred embodiments of the invention:

the method further includes, after step (e) and before step (f), rinsing the ultra-
filtration equipment with a rinse buffer, whereby the recovery of the protein is
enhanced:;

the rinse buffer comprises the first and the second excipients at
concentrations substantially equal to, respectively, the concentrations of the
first and of the second excipients in the protein formulation;

the first excipient is an amino-acid, preferably histidine;

the first excipient in the protein formulation has a concentration of between 16
and 24 mM, preferably of between 17 and 23 mM, most preferably of about 20
mM;

the second excipient is a sugar, preferably a disaccharide;

the final excipients include a surfactant, preferably polysorbate 80;

the final excipients include a chelating agent, preferably EDTA,;

the protein formulation has a protein concentration of between 110 and 165
a/l;

the protein is an antibody.

In a first preferred embodiment:

the antibody is an anti-PCSK9 (Proprotein Convertase Subtilisin Kexin

type 9) antibody;

the anti-PCSK9 antibody is selected from the group consisting of
bococizumab, evolocumab (REPATHA™), alirocumab (PRALUENT™),
REGN728, 31H4, 11F1, 12H11, 8A1, 8A3, 3C4, 300N, 1D05, LGT209,
RG7652, and LY3015014;

the anti-PCSK9 antibody comprises a heavy chain variable region (VH)
comprising complementarity determining region one CDR1, CDR2, and CDR3

of the amino acid sequence shown in SEQ ID NO: 1; and a light chain

4
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variable region (VL) comprising CDR1, CDR2, and CDR3 of the amino acid
sequence shown in SEQ ID NO: 2; or alternatively the anti-PCSK9 antibody
comprises a VH CDR1 having the amino acid sequence shown in SEQ ID
NO: 3, 4, or 5, a VH CDR2 having the amino acid sequence shown in SEQ ID
NO: 6 or 7, a VH CDRS3 having the amino acid sequence shown in SEQ ID
NO: 8, a VL CDR1 having the amino acid sequence shown in SEQ ID NO: 9,
a VL CDR2 having the amino acid sequence shown in SEQ ID NO:10, and a
VL CDR3 having the amino acid sequence shown in SEQ ID NO: 11;

the protein formulation has a protein concentration of between 135 and 165
g/l, preferably of between 142 and 158 g/I, most preferably of about 150 g/I;
the second excipient in the protein formulation is trehalose at a concentration
of between 67.2 and 100.8 g/l, preferably of between 71.4 and 96.6 g/l, most
preferably of about 84 g/l;

the final excipients include polysorbate 80 which, in the protein formulation,
has a concentration of between 0.16 and 0.24 g/I, preferably of between 0.17
and 0.23 g/l, most preferably of about 0.2 g/l;

the final excipients include EDTA which, in the protein formulation, has a
concentration of between 0.04 and 0.06 g/|, preferably of between 0.0425 and
0.0575 g/l, most preferably of about 0.05 g/,

the protein formulation has a pH of between 5.2 and 5.8, preferably of about
5.5;

the solution provided in step (a) has a protein concentration of between 5 and
20 g/l;

the protein is concentrated to between 80 and 120 g/l, preferably to between
90 and 110 g/I, and most preferably to about 100 g/I, by the first ultra-filtration
step;

the protein is concentrated to between 143 and 173 g/l, preferably to between
150 and 166 g/, and most preferably to about 158 g/l, by the second ultra-
filtration step;

the first excipient in the diafiltration buffer has a concentration higher than the
concentration of the first excipient in the protein formulation, said
concentration of the first excipient in the diafiltration buffer being preferably of
between 29.75 and 40.25 mM, most preferably of about 35 mM;

5
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the diafiltration buffer has a pH of between 5.1 and 5.5, preferably about 5.3;
adding the second excipient to the retentate obtained from the diafiltration
step is achieved by adding a first additive solution to the retentate, said first
additive solution comprising the second excipient at a concentration of
between 340 and 460 g/l, preferably of between 380 and 420 g/l, most
preferably of about 400 g/I;

the first additive solution comprises the first excipient at a concentration lower
than the concentration of the first excipient in the diafiltration buffer and higher
than the concentration of the first excipient in the protein formulation, said
concentration of the first excipient in the first additive solution being preferably
of between 25.5 and 34.5 mM, most preferably of about 30 mM;

the first additive solution further comprises a final excipient;

the first additive solution comprises about 30 mM histidine and about 400 g/l
trehalose;

adding the first additive solution to the retentate is performed at a dilution ratio
of about 4.15, whereby one volume of the first additive solution is added to
approximately 3.15 fold the same volume of the retentate;

adding the final excipients includes the step of adding a second additive
solution to the solution obtained from the second ultra-filtration step, said
second additive solution comprising the second excipient at a concentration
lower than the concentration of the second excipient in the first additive
solution and higher than the concentration of the second excipient in the
protein formulation;

the second additive solution comprises the first excipient at a concentration
substantially equal to the concentration of the first excipient in the protein
formulation;

the second additive solution comprises about 20 mM histidine, about 84 g/l
trehalose, about 1 g/l EDTA and about 4 g/l polysorbate 80;

adding the second additive solution is performed at a dilution ratio of about
20, whereby one volume of the second additive solution is added to
approximately 19 fold the same volume of to the solution obtained from the

second ultra-filtration step.
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In a second preferred embodiment:

the antibody is an anti-IL7R antibody;

preferably, the anti-IL-7R antibody comprises a heavy chain variable region
(VH) comprising complementarity determining region one CDR1, CDR2, and
CDRS3 of the amino acid sequence shown in SEQ ID NO: 13 (examples of the
sequences of such CDRs are SEQ ID NOs. 17, 18 and 19 respectively); and a
light chain variable region (VL) comprising CDR1, CDR2, and CDR3 of the
amino acid sequence shown in SEQ ID NO: 14 (examples of the sequences
of such CDRs are SEQ ID Nos. 20, 21 and 22 respectively);

more preferably, the VH region of the anti-IL-7R antibody comprises the
amino acid sequence shown in SEQ ID NO. 13, and the VL region of the anti-
IL-7R antibody comprises the amino acid sequence shown in SEQ ID NO. 14;
even more preferably, the heavy chain of the anti IL-7R antibody comprises
the amino acid sequence shown in SEQ ID NO. 15 and a light chain of the
anti IL-17 antibody has the amino acid sequence shown in SEQ ID NO. 16;
the protein formulation has a protein concentration of between 110 and 130
g/l, preferably of about 120 g/I;

the second excipient in the protein formulation is sucrose at a concentration of
between 42 and 58 g/l, preferably of about 50 g/I;

the final excipients include polysorbate 80 which, in the protein formulation,
has a concentration of between 0.017 and 0.023 g/l, preferably of about 0.02
a/l;

the final excipients include EDTA which, in the protein formulation, has a
concentration of between 0.42 and 0.58 g/I, preferably of about 0.5 g/,

the final excipients include arginine which, in the protein formulation, has a
concentration of between 85 and 115 mM, preferably of about 100 mM;

the protein formulation has a pH of between 6.5 and 7.5, preferably of about
7.0;

the solution provided in step (a) has a protein concentration of between 2.6
and 3.4 g/l, preferably of about 3 g/l;

the protein is concentrated to between 36 and 54 g/l, preferably to between 40

and 50 g/l, and most preferably to about 45 g/l, by the first ultra-filtration step;

7
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the protein is concentrated to between 170 and 210 g/l, preferably to about
190 g/I, by the second ultra-filtration step;

the first excipient in the diafiltration buffer has a concentration higher than the
concentration of the first excipient in the protein formulation, said
concentration of the first excipient in the diafiltration buffer being preferably of
between 19 and 25 mM, most preferably of about 22 mM;

the diafiltration buffer includes arginine at a concentration of between 95 and
125 mM, preferably of about 110 mM;

the diafiltration buffer has a pH of between 6.5 and 7.5, preferably about 7.0;
adding the second excipient to the retentate obtained from the diafiltration
step is achieved by adding a first additive solution to the retentate, said first
additive solution comprising the second excipient at a concentration of
between 230 and 320 g/l, preferably of about 275 g/,

the first additive solution comprises the first excipient at a concentration
substantially equal to the concentration of the first excipient in the diafiltration
buffer and higher than the concentration of the first excipient in the protein
formulation, said concentration of the first excipient in the first additive solution
being preferably of between 19 and 25 mM, most preferably of about 22 mM;
the first additive solution further comprises a final excipient;

the first additive solution comprises about 22 mM histidine, 110 mM arginine
and about 275 g/l sucrose, at a pH of about 7.0;

adding the first additive solution to the retentate is performed at a dilution ratio
of about 5, whereby one volume of the first additive solution is added to
approximately 4 fold the same volume of the retentate;

adding the final excipients includes the step of adding a second additive
solution to the solution obtained from the second ultra-filtration step, said
second additive solution comprising EDTA and polysorbate 80;

adding the second additive solution is performed at a dilution ratio of about
20, whereby one volume of the second additive solution is added to
approximately 19 fold the same volume of to the solution obtained from the

second ultra-filtration step.
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According to a second aspect of the invention, there is provided an antibody

formulation produced by the foregoing method.

In a preferred embodiment, the protein formulation comprises:
e from 135 mg/ml to 165 mg/ml, preferably about 150 mg/ml, of the anti-PCSK9
antibody, and
o from 16 mM to 24 mM, preferably about 20 mM, of histidine buffer.

In another preferred embodiment, the protein formulation comprises:
e from 135 mg/ml to 165 mg/ml, preferably about 150 mg/ml, of the anti-PCSK9
antibody, and
¢ from 67.2 mg/ml to 100.8 mg/ml, preferably about 84 mg/ml, of trehalose.

In another preferred embodiment, the protein formulation comprises:
e from 135 mg/ml to 165 mg/ml, preferably about 150 mg/ml, of the anti-PCSK9
antibody, and
 from 0.16 mg/ml to 0.24 mg/ml, preferably about 0.2 mg/ml, of polysorbate.

In another preferred embodiment, the protein formulation comprises:
¢ from 135 mg/ml to 165 mg/ml, preferably about 150 mg/ml, of the anti-PCSK9
antibody,
¢ from 16 mM to 24 mM, preferably about 20 mM, of histidine buffer, and
¢ from 67.2 mg/ml to 100.8 mg/ml, preferably about 84 mg/ml, of trehalose.

In another preferred embodiment, the protein formulation comprises:
e from 135 mg/ml to 165 mg/ml, preferably about 150 mg/ml, of the anti-PCSK9
antibody,
o from 16 mM to 24 mM, preferably about 20 mM, of histidine buffer, and
¢ from 0.16 mg/ml to 0.24 mg/ml, preferably about 0.2 mg/ml, of polysorbate.

In another preferred embodiment, the protein formulation comprises:
e from 135 mg/ml to 165 mg/ml, preferably about 150 mg/ml, of the anti-PCSK9
antibody,
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¢ from 67.2 mg/ml to 100.8 mg/ml, preferably about 84 mg/ml, of trehalose, and
 from 0.16 mg/ml to 0.24 mg/ml, preferably about 0.2 mg/ml, of polysorbate.

5 In a still preferred embodiment, the protein formulation comprises:
e from 135 mg/ml to 165 mg/ml, preferably about 150 mg/ml, of the anti-PCSK9
antibody,
¢ from 16 mM to 24 mM, preferably about 20 mM, of histidine buffer,
¢ from 67.2 mg/ml to 100.8 mg/ml, preferably about 84 mg/ml, of trehalose, and
10  from 0.16 mg/ml to 0.24 mg/ml, preferably about 0.2 mg/ml, of polysorbate.

In some embodiments, the antibody formulation has a pH of between 5.2 and 5.8,

preferably about 5.5.

15 In another preferred embodiment, the protein formulation comprises:
¢« from 110 g/l to 130 g/I, preferably about 120 g/, of the anti-IL-7R antibody;
o from 17 mM to 23 mM, preferably about 20 mM, of histidine;
o from 42 g/l to 58 g/I, preferably about 50 g/I, of sucrose; and
¢ from 0.017 g/l to 0.023 g/l, preferably about 0.02 g/I, of polysorbate
20 and has a pH of between 6.5 and 7.5, preferably about 7.0.

SEQ ID NO: 1 to 12 referred to in the foregoing are described in the table below:

1 (VH) qvqglvgsgae vkkpgasvkyv sckasgytft syymhwvrga pggglewmge
ispfggrtny
nekfksrvtm trdtststvy melssirsed tavyycarer plyasdiwgq gttvtvss

2 (VL) digmtgspss Isasvagdrvt itcrasqgis salawyqagkp gkapklliys asyrytgvps
rfsgsgsgtd ftitisslgp ediatyycqq rysiwrtfgg gtkleik

3(VH - SYYMH

CDR1)

4 (VH - GYTFTSY

CDR1)

5 (VH-CDRD) | GYTFTSYYMH

6 (VH-CDR2) | EISPFGGRTNYNEKFKS
7(VH-CDR2) | ISPFGGR

8 (VH-CDR3) | ERPLYASDL

9 (VL-CDR1) | RASQGISSALA

10 (VL- SASYRYT
CDR2)

10
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11 (VL- QQRYSLWRT
CDR3)
12 (PCSK9
human) MGTVSSRRSW WPLPLLLLLL LLLGPAGARA QEDEDGDYEE

LVLALRSEED GLAEAPEHGT TATFHRCAKD PWRLPGTYVV
VLKEETHLSQ SERTARRLQA QAARRGYLTK ILHVFHGLLP
GFLVKMSGDL LELALKLPHV DYIEEDSSVF AQSIPWNLER
ITPPRYRADE YQPPDGGSLVEVYLLDTSIQ SDHREIEGRY
MVTDFENVPE EDGTRFHRQA SKCDSHGTHL AGVVSGRDAG
VAKGASMRSL RVLNCQGKGT VSGTLIGLEF IRKSQLVQPV
GPLVVLLPLA GGYSRVLNAA CQRLARAGVV LVTAAGNFRD
DACLYSPASA PEVITVGATN AQDQPVTLGT LGTNFGRCVD
LFAPGEDIIG ASSDCSTCFV SQSGTSQAAA HVAGIAAMML
SAEPELTLAE LRQRLIHFSAKDVINEAWFP EDQRVLTPNL
VAALPPSTHG AGWQLFCRTV WSAHSGPTRM ATAVARCAPD
EELLSCSSFS RSGKRRGERM EAQGGKLVCR AHNAFGGEGY
YAIARCCLLP QANCSVHTAPPAEASMGTRYV HCHQQGHVLT
GCSSHWEVED LGTHKPPVLR PRGQPNQCVG HREASIHASC
CHAPGLECKV KEHGIPAPQE QVTVACEEGW TLTGCSALPG
TSHVLGAYAV DNTCVVRSRDVSTTGSTSEG AVTAVAICCR
SRHLAQASQE LQ

SEQ ID Nos. 13-16 in the forgoing are described in the table below

13 (VH) EVQLVESGGGLVKPGGSLRLSCAASGFTFDDSVMHWVRQAPGKGLEWV/SLV
GWDGFFTYYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARQGDYM
GNNWGQGTLVTVSS

NFML TQPHSVSESPGKTVTISCTRSSGSIDSSYVQWYQQRPGSSPTTVI
YEDDQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDFHH
LVFGGGTKLTVL

14 (VL)

EVQLVESGGGLVKPGGSLRLSCAASGFTFDDSVMHWVRQAPGKGLEW
VSLVGWDGFFTYYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYC
ARQGDYMGNNWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDKKVAPELLGGPSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSV
LTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSR
EEMTKNQVSL TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FL YSKL TVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

15

NFML TQPHSVSESPGKTVTISCTRSSGSIDSSYVQWYQQRPGSSPTTVI
YEDDQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDFHH
LVFGGGTKLTVLQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT
VAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSC
QVTHEGSTVEKTVAPTECS

16

17 (VH-CDRT)

DSVMH

18 (VH-CDR2)

LVGWDGFFTYYADSVKG

19 (VH-CDR3)

QGDYMGNN

20 (VL-CDR1)

TRSSGSIDSSYVQ

11
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21 (VL-CDR2) | EDDQRPS

22 (VL-CDR3) | QSYDFHHLV

Detailed description

The following definitions will be used in the present description and claims:

- the term “protein formulation” designates the final product including the
protein of interest and excipients. When referring to proteins intended for a
therapeutic use, the term “Drug Substance” may be used instead of “protein
formulation” and the protein of interest may be designated by the term “active
ingredient” or “product”. The “excipients” are defined by all the constituents of
the “protein formulation”, which are not the “protein” or “active ingredient’. The
excipients typically include protein stabilizers, surfactants, amino-acids e.g.
contributing to protein stabilization, etc...;

- in connection with the dia-filiration step, the term “retentate” refers to the
solution retained on the retentate side of the membrane and containing the
molecules that are too large to pass through the membrane, such as the
protein of interest. The retentate is the solution that is transferred to the
subsequent part of the ultra-filtration / dia-filtration system. The other solution
circulated on the other side (the permeate side) of the membrane in the dia-
filtration part of the system is referred to as the “dia-filtration buffer” (or “basal
buffer”);

- the term “concentrated pool” designates the solution directly obtained from the
final ultra-filtration step;

- the term “final excipients” designates the excipients that are added to the
“‘concentrated pool” after the final ultra-filtration step i.e. after the final
concentration step;

- the term “nx spike”, with n a numeral value, designates a solution of
excipients that is added to a certain volume of the protein-containing solution,

with a dilution ratio equal to n, which means that one volume of the solution of
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excipients is added to n-1 fold the same volume of the protein-containing
solution. For example a 4x spike is a solution that is added according to the
ratio: 1 volume of the spike for 3 volumes of the protein-containing solution;

- unless stated otherwise, the terms “approximately”, “about” or “substantially”
associated with a numeral value mean within a range of + 5% of said value;

- ‘viscosity,” as used herein, may be “absolute viscosity” or “kinematic
viscosity.” “Absolute viscosity,” sometimes called dynamic or simple viscosity,
is a quantity that describes a fluid's resistance to flow. “Kinematic viscosity” is
the quotient of absolute viscosity and fluid density. Kinematic viscosity is
frequently reported when characterizing the resistive flow of a fluid using a
capillary viscometer. When two fluids of equal volume are placed in identical
capillary viscometers and allowed to flow by gravity, a viscous fluid takes
longer than a less viscous fluid to flow through the capillary. If one fluid takes
200 seconds to complete its flow and another fluid takes 400 seconds, the
second fluid is twice as viscous as the first on a kinematic viscosity scale. If
both fluids have equal density, the second fluid is twice as viscous as the first
on an absolute viscosity scale. The dimensions of kinematic viscosity are LT
where L represents length and T represents time. The S| units of kinematic
viscosity are m?s. Commonly, kinematic viscosity is expressed in centistokes,
cSt, which is equivalent to mm?%s. The dimensions of absolute viscosity are
M/L/T, where M represents mass and L and T represent length and time,
respectively. The Sl units of absolute viscosity are Pa-s, which is equivalent to
kg/m/s. The absolute viscosity is commonly expressed in units of centiPoise,
cP, which is equivalent to milliPascal-second, mPa-s. In the context of the
invention, an antibody is deemed to be of high viscosity if its viscosity is at
least 20 cP.

For conciseness, the acronyms “UF”, “DF” and “UF/DF” (or “UFDF”) may be used
across the description and should be understood as follows: “UF” means “ultra-
filtration, “DF” means “dia-filtration” and “UF/DF” (or “UFDF”) means “ultra-filtration /
dia-filtration”. The method of the invention, which is defined as a method of

preparation of a protein formulation, may be referred to as a UFDF method.
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The invention will now be further illustrated by the following Examples, each in
connection with a specific therapeutic monoclonal antibody and a specific
formulation of this monoclonal antibody. The Examples are provided for illustrative

purpose only and should not be construed as limiting the scope of the invention.

A — Example 1

In illustrative Example 1, the protein of interest is bococizumab, a PCSK9-targeting
monoclonal antibody that specifically binds to PCSK9 (Proprotein Convertase
Subtilisin Kexin type 9), e.g. SEQ ID NO: 12 or Uniprot Accession Number Q8NBP7.
The method has been designed to achieve a targeted product concentration of 150
g/l in the Drug Substance, with the Drug Substance including the following excipients
ata pH of 5.5:

- histidine at a 20 mM concentration,

- trehalose at a 84 g/l concentration, and

- PS80 (PolySorbate 80) at a 0.2 g/l concentration.

It is deemed acceptable that the above requirements are achieved with a tolerance
of £ 8 g/l in the protein concentration, of £ 15% in the excipients concentration and of

1+ 0.2 in the pH value.

In terms of yield, the method is required to achieve a product recovery of more than
90%.

Experiments have been conducted for defining preferred operating modes and
establishing that the method of the invention is suitable for achieving the above
requirements (while conventional methods are not). Some of these experiments are

presented in the following part of the description.

A.1 Materials

The starting material used for experiments was a fully purified bococizumab solution

that had been processed through a MabSelect® column to remove excipient
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components prior to use. After MabSelect® purification, the eluate was adjusted to

pH 5.0 by acetic acid, resulting in a product concentration of 17.09 g/l.

Ultra-filtration / Dia-filtration Device

All experiments were performed using a GE Crossflow® system (300 ml reservoir)
fitted with Pellicon® 3 (30 KDa, C-screen, 88 cm?) regenerated cellulose membranes
or Sartocon® (30 KDa E-channel 200 cm?) regenerated cellulose membranes.
TransMembrane Pressure (TMP) was maintained at approximately 14-22 psi with
Preea less than 55 psi. Unless otherwise specified, all rinses were generated by
recirculating rinse buffer for at least15 minutes, then concentrating to the minimal

working volume of the system.

A.2 Experimental Design and Results

Determination of Trehalose Solubility

An initial experiment was completed to evaluate the limit of the trehalose solubility in
30 mM histidine pH 5.35 solution (the histidine concentration and pH are adjusted
from the final specifications to account for the exclusion of the histidine ion as the
protein concentration increases). To obtain the 150 g/l final Drug Substance target,
the minimal concentration of the concentrated pool would need to be 180 g/l with a
6x trehalose /EDTA/PS80 spike, or 187.5 g/l with a 5x trehalose/EDTA/PS80 spike.
At the trehalose concentration required to provide a 6x spike (~500 g/l), the trehalose
did not dissolve (particulates were still present) at room temperature (22 °C) after
extended stirring and had to be heated to 30 °C to dissolve. The solution was
filtered through a 0.22 um Pall Acrodisc® syringe filter under 15 psi pressure without

re-precipitating at room temperature.
However, this manufacturing method may be difficult to scale up, therefore the

maximum practical concentration for the trehalose spike may be capped at 5x (~420

g/l trehalose).
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Accordingly, in a preferred process, the trehalose concentration of the spike solution

may be about 400 g/I.

Process Development

A first experiment was designed to test the histidine concentration needed in the dia-
filtration solution, to check the histidine concentration in the dia-filtered solution at
different protein concentrations (76.6 g/l and 114 g/l), and to generate material for
density measurement. The starting material was concentrated to 76.6 g/l using a
200 cm? Sartocon® E-channel membrane at a load capacity of 345 g/m? and then
dia-filtered with 35 mM histidine, pH 5.26 buffer. The flux of the dia-filtration was 17
LMH (liters/m?/hour) at 300 LMH feed flowrate and 22 psi TMP. The material was
then further concentrated to 213 g/l (data not shown) and samples of both the
diafiltered pool and final concentrated material were analyzed for histidine and

trehalose concentration (see Table 1).

A second experiment was performed to determine if diafiltered material containing
trehalose resulted in a lower final concentration versus material without trehalose in
the diafiltration buffer. The starting material was concentrated to 114 g/L and
diafiltered with 35 mM histidine, pH 5.26 buffer. The diafiltration flux was 10 LMH
under the operational conditions described in Table 2, Experiment 2A. The
diafiltered solution was concentrated to 184.9 g/L at < 55 psi of feed pressure and 22
psi of TMP. The concentrated material was drained from the reservoir and combined
with the 35 mM histidine, pH 5.26 rinse solution to achieve a concentration of 153.7
g/L. The pool was spiked with 4x trehalose excipient buffer (30 mM histidine, 400 g/L
trehalose, pH 5.4) to achieve a final protein concentration of 114 g/L. The spiked
solution was then concentrated to 202.4 g/L under the operational conditions
described in Table 2, Experiment 2B. The concentration step was stopped at 15

LMH feed flow rate due to pump limitations.

Table 1 shows that both the histidine and trehalose concentrations in all
concentrated samples were within 10% of the final target specification, 20 mM

histidine and 84 g/L trehalose.
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This information provides an acceptable operating range of the didfiltration

concentration from 75-114 g/L, within which the final excipient concentrations meet

concentration specifications.

Table 1. Initial Evaluation Excipient Concentration Results

Sample Name Concentration (g/L) H'(srzﬁn')n € Trehalose (g/L)
Diafiltration Exp 1 76.6 29.81

Not Tested
Concentration Exp 1 213 19.63 ot Teste
Load Exp 2B 114 26.19 83.82
Concentration Exp 2B 202.4 18.67 76.37
Diafiltration Buffer N/A 34.34 Not Tested
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706263-18-Exp2A

706263-18-Exp2B

embrane Type

Sartocon E-channel

Membrane Area, m2

0.02

UF

otein Challenge (g/m?)

490

Load Volume (ml) 338.2
Load Concentration (g/L) 33.8
Concentration 1 (g/L) 114

Concentration 1 Process Time (hr)

Not recorded

NA

iafiltration Buffer

35 mM Histidine pH 5.26

Diavolumes (TOV) 8
Feed Flow Rate (LMH) 300
Average Permeate Flux (LMH) 10
Average TMP (psi) 22
Diafiltration Process Time (hr) 4

NA

30 mM Histidine, 400

Spike Solution NA g/L trehalose pH 5.4
Post Spike Concentration (g/L) NA 114
Average TMP (psi) 22 22

Final Flow Rate (LMH) Not recorded 15

Product Volume (ml) 48 1 Not recorded
Product Concentration (g/L) 184.9 202.4
Concentration 2 Process Time (hr)* Not recorded

Retentate pH 5.50

Rinse Buffer

35 mM Histidine pH 5.26

20 mM , 84
g/L trehalose pH 5.5

Rinse Volume (ml) 26 Not recorded
Rinse Concentration (g/L) 58.7 545
Rinse pH Not recorded 5.52

* The actual time was not recorded or could not be retrieved, it is based on a

calculation of the flux and volume processed.

Additional experimentation was performed to evaluate changes in histidine and

trehalose concentration as a function of protein concentration at end of the

concentration 2 step. The starting material was concentrated to 105.9 g/l and dia-
filtered with 35 mM histidine, pH 5.29 buffer using a 200 cm? Sartocon® E-channel
membrane. The flux of the dia-filtration was 12 LMH at a feed flow rate of 300 LMH
and 22 psi TMP. The dia-filtered material was then spiked with 4x trehalose
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excipient solution. The spike solution was added directly into the reservoir and

mixed for 15 minutes, then the material was concentrated to 172, 188 and 209 g/l

final concentration (see Table 3). As shown in Table 4, the histidine concentration

dropped as the protein concentration increased, but all values were within 10% of

the target concentration of 20 mM histidine, 84 g/L trehalose.

Table 3. Additional Development Process Data

Notebook: 706263-20

Membrane Type

Sartocon Slice E-channel

Membrane Area, m2

0.02

UF Protein Chall

Load Volume (ml) 558.1
Load Concentration (g/L) 17.09
Final Concentration (g/L) 105.9

Diafiltration Buffer

35 mM Histidine pH 5.29

Diavolumes (TOV) 8
Feed Flow Rate (LMH) 300
Average TMP (psi) 22
Average Permeate Flux (LMH) 12
Diafiltration Time (hr) 3

Spike Solution

30 mM Histidine, 400 g/L trehalose pH

5.22
Post Spike Concentration (g/L) 78.6
Solution pH (At Spike) 5.38
Average TMP (psi) 22
Process Time (hr)* ~1
Product volume (ml) 321
Product Concentration (g/L) 209
Retentate pH 5.53
Yield Recovery (%) 76.6

Rinse Buffer

20 mM Histidine, 84 g/L trehalose pH 5.5

Rinse Volume (ml) 316
Rinse Concentration (g/L) 53.2
Rinse pH 5.48
Rinse Recovery (%) 19.2

* The actual time was not recorded or could not be retrieved, it is based on a

calculation of the flux and volume processed.
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Table 4. Additional Development Excipient Concentration Results

Sample Name Concentration (g/L) | Histidine (mM) | Trehalose (g/L)
Diafiltration Pool 109.4 27.81 Not Tested
Concentration Load 78.6 27.57 94.02
Concentration 1 172 20.15 84.65
Concentration 2 188 19.47 84.24
Concentration 3 209 18.11 81.86
Spike Buffer N/A 27.83 392.88

The method was scaled up to the 500 L pilot scale (Lot 12P126J603-MV-B). see
Table 5 for process details. 517 g of Capto Adhere® purified material was
concentrated to 107 g/l using a 0.5 m? Millipore® V-screen membrane, and then dia-
filtered with 35 mM histidine, pH 5.29 buffer, a feed flow rate of 1000 LMH and a
feed pressure of 40 psi. The retentate was then spiked with 4x trehalose solution
(30 mM histidine, 400 g/ trehalose, pH 5.22), which was added directly into the
reservoir taking into account the system hold-up volume. The spiked material was
then concentrated to 202 g¢/l, and the concentrated product removed from the
system. The skid was rinsed with 20 mM histidine, 84 g/l trehalose, pH 5.50 buffer,
and the rinse added to the concentrated material. The measured concentration of

the final combined solution was 160 g/l with an overall yield of 97.1%.

Table 6 summarizes the excipient concentration and product quality results for the
experiment, which shows that the final combined pool levels were within 10% of the
aforementioned targeted concentrations, without any significant effect on product

quality as measured by SEC when compared to past final UF values.
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12P120J603-MV-B

Equipment

Millipore System

Membrane Type

Millipore 30K V screen RC

Membrane Area, m2

0.5

UF Protein Challenge (g/m?)

1142

Load Volume (L) 7.5
Load Concentration (g/L) 67.85
Process Time (minutes) 18
Final Concentration (g/L) 107

Diafiltration Buffer

35 mM histidine pH 5.3

Diavolumes (TOV) 8
Feed Flow Rate (LMH) ~1000
Average Flux (LMH) 20
Diafiltration Time (hours) 3.75

Spike Solution

30 mM Histidine, 400 g/L trehalose pH 5.22

Average TMP (psi) <28
Final flow Rate (LMH) 108
Process Volume (L) 2.2
Process Time (hr) 1

Product Concentration (g/L) 202
Product pH 5.44
Yield Recovery (%) 85.7

Rinse Buffer

20 mM histidine, 84 g/L trehalose pH 5.5

Rinse Volume (L) 1.1

Rinse concentration (g/L) 53.7
Rinse pH 5.55
Rinse Recovery (%) 11.4
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Sample Name Concentration | Histidine | Trehalose Total Monomer Total
(mg/ml) (mM) (g/L) HMMS LMMS
Diafiltered Pool 107 28.28 N/A 1.0 99.0 <0.1%
Post-Spike Pool 78.6 28.04 90.35 0.8 99.2 <0.1%
Concentration 2 202 21.57 88.21 0.9 99.1 | <0.1%
Rinse Pool 53.7 18.94 80.47 0.7 99.2 <0.1%
Final Pool 160 21.28 88.25 1.2 98.8 <0.1%
DF Buffer 34.80 N/A
Excipient Buffer N/A 31.52 413.75 N/A
Rinse Buffer 19.93 83.26

Evaluation of Dia-filtration process

Protein Density and Viscosity at Different Concentrations

Figure 1 plots the viscosity of bococizumab versus product concentration in (i) 20
mM histidine, pH 5.5 and (i) 20 mM histidine, 84 g/l trehalose, pH 5.5. The graph
shows that at approximately 175 g/l the viscosity reaches the 30 cP value, which is

considered the cutoff for viable UFDF processing at large scale.

Densities of bococizumab in (i) 20 mM histidine, pH 5.5 and (ii) 20 mM histidine, 84
g/l trehalose, pH 5.5 solutions were measured and are shown in Figure 2 and Figure
3. The data shows that the density is slightly less in histidine buffer as compared to

histidine/trehalose buffer, which is as expected.

Based on the experiments above, it was found that the targeted concentrations in the
Drug Substance could be achieved at a manufacturing scale by with a DF buffer

containing histidine, without trehalose.

The results from the experiments showed not only that the method of the invention
resulted in acceptable yield, protein and excipient final concentrations, but also that it
required lower protein concentration prior to the excipient spike, as compared to

conventional methods (158 g/L versus 188 g/L). Such a lower protein concentration
22
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is easier to achieve on a regular basis as the process is scaled up. In addition, the
method of the invention is advantageous over the conventional methods due to the
better cost-of-goods profile achieved by removing trehalose from the diafiltration
buffer.

It has been found that the UFDF process utilizing a Millipore® C-screen membrane,
as an alternative to the Millipore® V-screen membrane, consistently resulted in a
concentration greater than 175 g/l, which was sufficient to allow addition of the wash
pool (rinse) while still remaining above the 158 g/l needed prior to a 20x excipient
spike. To ensure that the process would work with a trehalose spike, the process

utilizing a C-Screen membrane was evaluated both at the laboratory and pilot scale.

The process was evaluated at the laboratory scale using Millipore® PLCTK C-

Screen cassettes, utilizing the ultrafiltration (UF) run conditions outlined in Table 7.

For the TFF (Tangential flow Filtration) equipment, the lab scale process was
performed employing a feed flow rate range of 30-300 LMH at an achievable
pressure limit of approximately 50-55 psi as the operational limits. The upper feed
flow rate of 300 LMH, where most of the process will occur, has a principle impact on
process time, where reduced feed flow results in lower process flux which increases
process pump time. The lower feed flow rate of 30 LMH is critical to the final
concentration achievable, due to the increased viscosity increasing the pressure
drop through the retentate channels, therefore lower flow rates enable pumping of

more viscous solutions.

During the lab scale process run in the presence of approximately 84 g/l Trehalose a
final concentration of 177 g/l was achieved in the final retentate pool with a feed flow
rate of 30 LMH and feed pressure of 50 psi. The wash fractions from the lab scale

runs were measured separately for yield as displayed in Table 8.
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Table 7. Laboratory Scale Run Conditions

Feed Retentate
Step Solution Pressure Pressure Target
(psig) (psig)
. . 10 mM Histidine, 50 .
Equilibration mM NaCl, pH 6.4 20(x2) 10 (£ 2) % 0.2 pH Units
Conce?tra“on VRF Product Pool 34 (+ 6) 16 (2 6) 600-1000 g/m?
Diafiltration | °° ™M "é's?f'd'“e PH 34 (+ 6) 16 (2 6) >7Tov
[ _2005,
Concentration | py;afitration Pool 35 (+ 20) 10 (£10) | 20-30% overDS
2 Target
20 mM Histidine, 84 Concentration
Buffer Flush g/L Trehalose, pH 5.5 30 (+20) 10 (£ 10) Dependent

Table 8. Results of Laboratory Scale Development Experiments

Load Conc. 1 Flux Diafiltration Flux | Conc. 2 Flux % Yield
. (LMH) & (LMH) & (LMH) & °
Experiment | Challenge P P P Ret/
(g/m?) ressures ressures ressures Flush
(Pfeed/Pret) (Pfeed/Pret) (Pfeed/Pre_t)

No . 90-20 25-42 35-4
Trehalose 354 (35/15) (35/15) (50/0) 85713

With . 20-90 25-42 45-4
Trehalose | >°% (35/15) (35/15) (50/0) 85713

*Lower load challenge is employed at lab scale due to material limitations and

process cycling time and represents a worst case yield recovery option.

The laboratory scale process flux profile may be seen in Figure 4, where the vertical
line indicates the starting point for reducing the feed flow rate to keep the feed
pressure below ~50 psi with an open retentate (zero psi), where a reduction in
process flux occurs due to reducing the cross flow rate. Figure 5 shows the process
feed channel pressure drop and the feed flow rate during the final concentration. In
the lab scale system, the flow is manually adjusted by reducing the feed pump rate

as the feed pressure approaches ~50 psi.
Pilot Scale Confirmation Batches

The UFDF process with the C-screen membrane was performed at the 500 L scale

to confirm that the final concentration targets could be achieved. The process is
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shown in Table 9 and the process data for the 3 lots performed in the pilot facility
is shown in Table 10.

The results show that the process achieved high recoveries and that concentrations
met the intermediate and final targets. In addition, the excipient concentrations for
lot 13P120J604 were measured at 21.2 mM histidine, 85.4 g/l trehalose, and 0.051
g/l EDTA, which are within the target specifications of £ 15%.
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Table 9. UFDF Process Parameters for Pilot Scale Manufacturing

Membrane Millipore PLCTK (30 kDa cellulose) C-Screen

Membrane Surface Area 500-1350 g/m2 Control Limit
Operating Temperature 18-25 °C imi
Equilibration Buffer 10 mM Histidine, 50 mM NaCl, pH 6.4
Pre-filter <3000 L/m? for a 0.2 um filter
Diafiltration Buffer 35 mM Histidine pH 5.3
Dilution Buffer 30 mM Histidine, 400 g/L Trehalose, pH 5.4
Final UF Flush Buffer 20 mM Histidine, 84 g/L Trehalose, pH 5.5
Filter Conditioning / Equilibration | 210 Lim? Target Range
Madmur Inlet & Retentate < 80 psig Control Limit
Concentration 1 Inlet Pressure Setpoint 35 psig, target range 22-55 psig Target Range
g:)enscsinrgation 1 Retentate Setpoint 15 psig, target range 0-40 psig Target Range
Target Crossflow Rate 0-10 L/min/m? Target Range
Permeate Flux 0-50 LMH Expected
Diafiltration Inlet Pressure Setpoint 40 psig, target range 22-55 psig Target Range
Diafiltration Retentate Pressure Setpoint 15 psig, target range 0-40 psig Target Range
70-90 g/L based on tank volume of 350-450 L Target
Diafiltration Concentration
70-110 g/L Target Range
Diafiltration Volume Minimum 8 TOV’s Target Range
Pe_rrqeatg pH and Conductivity A_fte_r 8 'I_'OVs v_erify pH_is 5.5 + 0.20 units. Continue Control Limit
(Diafiltration End) diafiltration until target is met.
4X Trehalose Buffer Addition ':td?:;?a';?g" Histidine, 400 g/L Trehalose pH 5.4 after DF | o001 jmit
Concentration 2 Inlet Pressure Setpoint 22-55 psig, target range 20-60 psig Target Range
g:)enscsinrgation 2 Retentate Setpoint 0 psig, target range 0-40 psig Target Range
. 170-190 g/L (per material balance in tank) Target
Retentate Concentration
> 158 g/L (actual retentate concentration) Control Limit
Buffer Flush minimal volume recirculated rinse
UF Pool Concentration Target 158 + 10 g/L before 20X EDTA/PS80 Spike Control Limit
UF Pool Density Density calculation: 0.0004 * Concentration + 1.0126
Post-filter <450 L/m? for a 0.2 um Filter
Diafiltration Concentration based on 32-42 kg in 350 — 450 L retentate tank
volume
Process Notes Add 4X trehalose buffer directly into tank after diafiltration.

Addition at 1:3 ratio of total volume (volume in tank + system hold volume).
Circulate for 10 minutes and concentrate to >158 mg/ml.
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Batch # UNITS 13P120J604 13P120J605 13P120J606
30kD Miillipore C- 30kD Millipore C- 30kD Miillipore C-
UF Filter Type
screen screen screen
UF Total Area 1,14 1,14 1,14
Load Volume L 68.9L / 30.56L 81.53L / 26.57L 85.2L/32.0L
11.03g/L/10.9 11.04 g/L/11.22 8.79¢g/L/11.51
Load Concentration g/L
g/L g/L g/lL
UF Protein Challenge g/m2 959 950 982
UF Volumetric Challenge 1/m2 87,2 95 103
Concentration 1 Start Time AM/PM 08:21 08:21 09:08
Concentration 1 End Time AM/PM 11:38 12:07 15:02
Concentration 1 Permeate
L 86,66 97,66 107,16
Volume
Concentration 1 Feed Pressure psig 35 35 35
Concentration 1 Retentate
psig 15 15 15
Pressure
Concentration 1 Permeate
psig 0 0 0
Pressure
Concentration 1 End Retentate
L 12,8 10,4 10,2
volume
Concentration 1 Average Flux L/m2/h 23,1 22,7 15,9
Concentration 1 Average TMP psig 25 25 25
Diafiltration Start Time AM/PM 11:49 12:14 10:05
Diafiltration End Time AM/PM 14:45 16:22 13:39
Diafiltration Permeate Volume L 109 82,76 103
DiaVolumes 8.0 8.0 8,0
Diafiltration Feed Pressure psig 40 40 40
Diafiltration Retentate Pressure psig 15 15 15
Diafiltration Permeate Pressure psig 0 0 0
Diafiltration Average Flux L/m2/h 32,6 18,8 25,3
Diafiltration Average TMP psig 27,5 27,5 27,5
Concentration 2 Start Time AM/PM 15:15 16:45 14:02
Concentration 2 End Time AM/PM 15:55 17:27 14:45
Concentration 2 Feed Pressure psig 25 -55 25 -55 25-55
Concentration 2 Retentate
psig 0-2 0-2 0-2
Pressure
Concentration 2 Permeate
psig 0 0 0
Pressure
Concentration 2 Permeate
L 7.1 7.9 6.8
Volume
Concentration 2 Average Flux L/m2/h 9.3 9,9 8,3

27




10

15

20

25

WO 2017/051273 PCT/IB2016/055355

Concentration 2 Average TMP 20 20 20
(psig)
Product Pool Volume 6,433 6,337 7175
Product Pool Concentration g/L 158,6 157.,5 156,6
Recovery % 95 92 99
Wash Pool Volume L 833 915 790
Wash Pool Concentration g/L 62,88 63,20 54,28
Wash Pool Grams g 52 58 43
Wash Pool Ratio g/m2 5,14% 5,79% 3,82%

A.3 Conclusions

The above-described experiments were able to demonstrate 92-99% step yield while

achieving the Drug Substance target.

The Example demonstrates that a UFDF method according to the invention is
suitable for the preparation of a highly concentrated (150 g/I) bococizumab Drug
Substance with the pH and all excipient concentrations in the acceptable ranges.
The same may be achieved with other proteins with the same benefits, especially

with proteins having a particularly high viscosity.

B — Example 2

In illustrative Example 2, the protein of interest is antibody C1GM, an IL-7R
antagonist monoclonal antibody that specifically binds to IL-7R. The method has
been designed to achieve a targeted product concentration of 120 g/l in the Drug
Substance, with the Drug Substance including the following excipients at a pH of 7.0:

- histidine at a 20 mM concentration,

- arginine at a 100 mM concentration,

- sucrose at a 50 g/l concentration,

- PS80 (PolySorbate 80) at a 0.02 g/l concentration, and

- EDTA at a 0.5 g/l concentration.
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It is deemed acceptable that the above requirements are achieved with a
tolerance of £ 10 g/l in the protein concentration, of £ 15% in the excipients

concentration and of £ 0.5 in the pH value.

In terms of yield, the method is required to achieve a product recovery of more than
85%.

The starting material used for the experiments described below was a fully purified
solution that had been processed through MabSelect® and Q membrane

chromatography.

Ultrafiltration/Diafiltration Device

All experiments were performed using a GE Crossflow system (300 mL reservoir) or
the Quattroflow™ pump system fitted with Pellicon 3® (30 KDa, C-screen, 88 cm?)
regenerated cellulose membranes. Transmembrane pressure (TMP) was
maintained at approximately 14-22 psi with Pgeeq <55 psi. Unless otherwise
specified, all rinses were generated by recirculating rinse buffer for >15 minutes,

then concentrating to the minimal working volume of the system.

Analytical Assays

UV-visible spectrophotometry for protein concentration was performed using the
Thermo Scientific Nanodrop 2000C™, or Solo VPE™ from C Technologies Inc. The
extinction coefficient at 280 nm, as determined experimentally by ARD, is 1.51
mL*mg*cm™.

Experiments

Experiment 1

The starting material was spiked with 5% of 2 M NaCl and adjusted to pH 7.0 with 2
M Tris base, concentrated to 50 g/L, diafiltered with 22 mM histidine, 110 mM
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arginine pH 7.0, spiked with 5X sucrose buffer (22 mM histidine, 110 mM arginine,
275 g/L sucrose pH 7.0), and concentrated to 146.9 g/L at a feed flow rate of ~34
LMH, as detailed in Table 11. The pH of the concentrated solution was 7.00. The

UF system was flushed in a single pass mode (without recirculation) with the

diafiltration solution, resulting in a concentration of 33 g/L. The overall yield was
approximately 88%.
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Table 11 - Diafiltration and Concentration with Arginine Buffer pH 7.0

706263-77

Pump

Quattro Flow

UF Protein Challenge (g/m°)

348

(/L)

Load Volume (L) 1.36
Load Concentration (g/L) 2.25
Feed Flow Rate (LMH) Varied
Feed Pressure (psi) <50
Concentration 1 Time (minutes) 320
Concentration 1  Concentration

49.8

Diafiltration Buffer

22 mM histidine, 110 mM Arginine, pH 7.0

DiaVolumes (TOV) 8

Feed Flow Rate @ DF (LMH) 300
Feed Pressure @ DF (psi) 40

TMP @ DF (psi) 20
Permeate Flow Rate @ DF (LMH) | 11.5-16.5
Diafiltration Time (minutes) 220

Spike Solution

22 mM histidine,

sucrose pH 7.0

110 mM Arginine, 275 g/L

TMP @ Concentration 2 (psi)

<25

Max Feed Pressure (psi) 50

Flow rate at End (LMH) 34
Concentration 2 Time (minutes) Not recorded
Final Concentration (g/L) 146.9

Tables 12-14 show the excipient, CGE and SEC assay results.

The histidine,

arginine, and sucrose concentrations in the final concentrated material were all
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within £ 10% of the desired value. There was no new aggregation formed during

the UF process, nor any change in the level of fragmentation.

Table 12 - Process Excipient Concentrations for Arginine Buffer pH 7.0

Protein o o Sucrose
Sample Name ] Arginine (mM) | Histidine (mM)

Concentration (g/L) (g/L)
Diafiltrate 50.1 113.7 22.6 N/A
Post-Spike 38.2 110.0 21.9 55.0
Final

146.9 108.5 19.8 50.0
Concentrate
System Rinse 33 111.1 221 499
Diafiltration

N/A 116.1 23.6 N/A
Buffer
5X Sucrose

N/A 87.6 15.8 277.6
Buffer

Table 13 - nrCGE and rCGE Results for Arginine Buffer pH 7.0 Experiment

nrCGE rCGE
Sample % % % HC +|% %

% IgG

Fragment | Other LC Fragment | Other

ANTI-IL-7R

97.5 25 0 98.7 0.5 0.8
Reference
Diafiltrate 96.2 3.8 0 98.8 0.5 0.7
Post-Spike 96.2 3.8 0 99.1 0.3 0.5
Final Concentrate | 96.3 3.7 0 98.9 0.5 0.6
System Rinse 96.8 3.2 0 99.1 0.3 0.6
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Table 14 - SEC Results for Arginine Buffer pH 7.0 Experiment

PCT/IB2016/055355

Sample Name % HMMS % LMMS % Monomer
Diafilitrate 0.6 0.2 99.2
Post-Spike 0.6 0.2 99.2
Final Concentrate | 0.6 0.2 99.2
System Rinse 0.6 0.2 99.2

Experiment 2

The experiment was repeated, as detailed in Table 15, the only difference being the

way the spike volume was calculated. The total volume in the UF system prior to the

spike was calculated from the overall material balance (the total load divided by the

diafiltrate concentration) versus adding the volume in the reservoir plus the system

hold-up volume. After the 5X sucrose spike, the protein was concentrated to 183.6

g/L at ~34 LMH feed flow rate and Pseeq < 50 psi.

33



WO 2017/051273

PCT/IB2016/055355

Table 15 - Diafiltration and Concentration with Arginine Buffer at pH 7.0

706263-78

Pump

Quattro Flow

UF Protein Challenge (g/m°)

387

(/L)

Load Volume (L) 1.5
Load Concentration (g/L) 2.27
Feed Flow Rate (LMH) varied
Feed Pressure (psi) <50
Concentration 1 Time (minutes) 400
Concentration 1  Concentration 43

DiaVolumes (TOV) 10

Feed Flow Rate @ DF (LMH) 300
Feed Pressure @ DF (psi) 28

TMP @ DF (psi) 20
Permeate Flow Rate @ DF (LMH) | 13.4-19.1
Diafiltration Time (minutes) 300

22 mM histidine, 110 mM Arginine, 275 g/L sucrose

Spike Solution

pH 7.0
TMP @ Concentration 2 (psi) <25
Max Feed Pressure (psi) 50
Flow Rate at End (LMH) 34
Concentration 2 Time (minutes) Not recorded
Final Concentration (g/L) 183.6
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Table 16 shows that the excipient concentrations, histidine, arginine, and sucrose

concentrations in the final material were within £ 10% of the desired target value.

The difference in how the spike volume was calculated did not appear to have any

significant effect on the final excipient concentrations.

Table 16 - Excipient Concentrations for Arginine pH 7.0 Buffer

Protein
Arginine Histidine
Sample Name Concentration Sucrose (g/L)
(mM) (mM)
(9/L)
Diafiltrate 43.71 112.9 21.8 ND
Post-Spike 36.2 113.1 221 55.6
Final Concentrate 182 106.9 19.4 48.5
5X Spike Buffer N/A 102.1 22.2 266.7

Experiment 3

The experiment was repeated for a third time after the final formulation was

nominated, and the results are detailed in Table .

After diafiltration, the addition

volume of the 5X spike solution was calculated as outlined in Experiment 2. The

protein was concentrated to 190 g/L at ~34 LMH feed flow rate and Pgeq < 50 psi.

The UF system was rinsed with 20 mM histidine, 100 mM arginine, 50 g/L sucrose,

pH 7.0 in the single pass mode. The protein concentration in the combined retentate

and rinse pool was 151 g/L, resulting in an overall yield of approximately 84%.
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Table 17 - Diafiltration and Concentration with Arginine Buffer at pH 7.0

706263-79

Pump

Quattro Flow

UF Protein Challenge (g/m°)

500

Load Volume (L) 1.96
Load Concentration (g/L) 2.25
Feed Pressure (psi) <50

Concentration 1 Time (minutes)

Not recorded

Concentration 1 Concentration

(/L)

45.4

iariiration burrer

DiaVolumes (TOV) 8
Feed Flow Rate @ DF (LMH) 450
Feed Pressure @ DF (psi) 30
TMP @ DF (psi) 25
Permeate Flow Rate @ DF (LMH) | 18
Diafiltration Time (minutes) 300

22 mM histidine, 110 mM Arginine, 275 g/L

Spike Solution

sucrose pH 7.0
TMP @ Concentration 2 (psi) <25
Max Feed Pressure (psi) 50
Flow Rate at End (LMH) 34
Concentration 2 Time (minutes) Not recorded
Final Concentration (g/L) 190
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Table 18 summarizes the excipient concentrations, showing that the histidine,

arginine, and sucrose concentrations were all within £ 10% of the desired value.

Table 19 and Table 20 indicate that no additional aggregation or fragmentation was

formed during the UFDF process.

Table 18 - Excipient Concentrations for Arginine pH 7.0 Buffer

Protein
_ Histidine Arginine Sucrose
Samples Concentration
(mM) (mM) (9/L)
(9/L)
Diafiltrate 45.4 22 110.4 N/A
Post-Spike 37.3 22 110.9 55.5
Concentration 2 190 19.5 102 49.7
System Rinse 37.6 20.5 102.2 52.2
Final ANTI-IL-7R
_ 151.6 19.9 102.7 48.9
Material
Diafiltration Buffer N/A 22.2 110.3 N/A
5X Spike Buffer N/A 22.2 110.4 274.4
Rinse Buffer N/A 20 99.1 51.8
Table 19 - nrCGE and rCGE Results for Arginine pH 7.0 Buffer
nrCGE rCGE
Sample % % % %
% 1gG % HC + LC
Fragment | Other Fragment | Other
ANTI-IL-7R
97.1 29 <0.3 98.7 0.5 0.8
Reference
ANTI-IL-7R
o 96.2 3.8 <0.3 98.9 0.4 0.7
diafiltrate
ANTI-IL-7R spike | 96.1 3.9 <0.3 99 0.4 0.7
ANTI-IL-7R
95.2 4.5 0.3 99 0.3 0.8
concentrate
ANTI-IL-7R rinse | 96.1 3.9 <0.3 99 0.3 0.7
ANTI-IL-7R final 95.3 4.4 0.3 99 0.3 0.7
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Table 20 - SEC Results for Arginine pH 7.0 Buffer

Sample Name % Total HMMS % Total LMMS | % Monomer
ANTI-IL-7R Std 0.6 0.2 99.1
ANTI-IL-7R

Diafiltrate 0.5 0.3 99.3
ANTI-IL-7R Spiked | 0.5 0.3 99.3
ANTI-IL-7R Con 0.8 0.3 98.9
ANTI-IL-7R Rinse | 0.5 0.3 99.3
ANTI-IL-7R Final 0.7 0.3 99

The process as performed in Experiment 3 above results in acceptable concentration
values for all of the excipients and the protein of interest, and does not appear to
have an effect on either formation of aggregate or fragmentation. This process will

be scaled up to the pilot scale to ensure that it performs as expected.

Pilot Scale UFDF Process

The UF process developed above (Experiment 3) was tested in the Pilot Plant using
a Millipore® C-screen regenerated cellulose membrane, and using material purified

from a 500 L scale bioreactor.

During the unit operation, detailed in Table 21, 86 L of starting material at a starting
product concentration of 2.92 g/L was spiked with 5% of 2 M NaCl, then
concentrated to 44.6 g/L. The material was then diafiltered with 22 mM histidine,
110 mM arginine, pH 7.0 at a feed flow rate of approximately 150 LMH and Pjeeq <40
psi. After 8 TOV didfiltration, the retentate was spiked with 22 mM histidine, 110 mM
arginine, 275 g/L sucrose pH 7.0, and recirculated for 10 minutes, then concentrated
to 191.4 g/L. The concentration process was stopped at 30 LMH permeate flow rate
and Preq < 50 psi. The skid was then rinsed with 20 mM histidine, 100 mm histidine,
50 g/L sucrose, pH 7.0 in single pass mode. The overall yield was approximately

87%. The entire UF process took approximately 5 hours to complete.
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A UF pool at a concentration of 135.4 g/L was created by mixing the retentate pool,

the rinse pool, and additional rinse buffer. The pool was filtered through a Millipore®
05/0.2 um Opticap Express SHC at 59 L/m? throughput. A 20X EDTA and PS80

excipient buffer was spiked into the UF pool to produce Drug Substance at a final

concentration of 129.4 g/L.

Table 21 - Pilot Scale UF Process Data

Membrane Type Millipore 30K C screen RC
Membrane Area, m2 2.28
UF Protein Challenge (g/m*) 123

(/L)

Load Volume (L) 96
Load Concentration (g/L) 2.923
Concentration 1 Time (minutes) ~120
Concentration 1  Concentration

44.6

Diafiltration Buffer

22 mM Histidine, 110 mM Arginine pH 7.0

DiaVolumes (TOV)

8

Retentate Flow Rate @ DF (LMH) [ 131.6
Feed Pressure @ DF (psi) 29
TMP @ DF (psi) 24
Permeate Flow Rate @ DF (LMH) | 18.4
Diafiltration Time (minutes) 80

22 mM Histidine, 110 mM Arginine, 275 g/L

Spike Solution

Sucrose pH 7.0
TMP @ Concentration 2 (psi) 25
Retentate Flow Rate @ End (LMH) | 30
Concentration 2 Final Volume (L) 0.738
Concentration 2 Time (minutes) ~30
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(/L)

Concentration 2 Concentration

191.4

Concentration 2 Recovery (%)

50.35

Rinse Buffer

20 mM Histidine, 100 mM Arginine, 50 g/L Sucrose

pH 7.0
Rinse Final Volume (mL) 1057
Rinse Concentration (g/L) 97.3
Rinse Recovery (%) 36.7

The excipient concentrations are summarized in Table 22, which shows that the

histidine, arginine, and sucrose concentrations in the final pool were within £ 15% of

the target values. The targeted range during the process development at lab scale

was set at £ 10% of the target values for all excipient concentrations, but the

acceptance range at large scale was set at £ 15% to allow for latitude during scale-

up.

Table 23 and Table 24 summarize the product quality results from the run, which

show that no increase in aggregation or fragmentation was detected.

Table 22 - Pilot Scale Run Excipient Concentration Results

_ Arginine Histidine Sucrose
Sample Name Concentration (g/L)
(mM) (mM) (9/L)

Diafiltration Pool 446 111.4 22.2 N/A
5X Spiked Pool 32.9 111.2 221 46.3
Concentration 2

191.4 105.8 20.1 43.9
Retentate
Final Rinse Pool 97.3 101.8 19.9 46.4
Drug Substance 1354 103.9 20.2 43.8
UF Buffer N/A 110.6 22.2 N/A
5X Spike N/A 112.7 22.5 269.5
Rinse Buffer N/A 101.0 20.4 46.9
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Table 23 - Pilot Scale Run SEC Results

PCT/IB2016/055355

Sample Name % Total HMMS | % Total LMMS | % Monomer
ANTI-IL-7R Reference 0.6 0.4 99.0

UF Load 0.5 0.4 99.2
Concentration 2 UF

Retentate 0.7 0.4 98.9
Final Rinse Pool 0.6 0.3 991
Drug Substance 0.6 0.3 99.0
Table 24 - Pilot Scale Run nrCGE Results

Sample % 1gG % Fragment | % Other
ANTI-IL-7R Reference 96.5 3.1 0.3

UF Load 96.7 3.3 0.0
Diafiltration Pool 97.3 27 0.0
Concentration 2 UF

Retentate 96.2 34 0.3
Final Rinse Pool 97.1 29 0.0
Drug Substance 96.5 3.5 0.0

Conclusions

In conclusion, the above-described experiments demonstrate the successful process

development of a UFDF process for >120 mg/ml drug substance for the ANTI-IL-7R

antibody of interest. The UFDF process includes an initial concentration, a

diafiltration, a sucrose spike prior to a final concentration, then spiking with the

remaining excipients. The pH and all excipient concentrations in the developed

process are in the acceptable ranges.
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CLAIMS

1. A method of preparing a protein formulation including excipients and at least
one therapeutic protein, the method comprising the sequential steps of:
(a) providing a solution comprising said protein;
(b) concentrating the protein in the solution by a first ultra-filtration step;
(c) diafiltering the solution thus obtained with a diafiltration buffer including at
least one first excipient, whereby a retentate is obtained comprising the protein
and the first excipient;
(d) adding a second excipient to the retentate obtained from the diafiltration step;
(e) further concentrating the protein in the retentate by a second ultra-filtration
step in an ultra-filtration equipment; and
(f) adding at least one final excipient, whereby the protein formulation with a
desired protein concentration and including said first and final excipients is

obtained.

2. The method of claim 1, further including, after step (e) and before step (f),
rinsing the ultra-filtration equipment with a rinse buffer, whereby the recovery of the

protein is enhanced.

3. The method of claim 2, wherein the rinse buffer comprises the first and the
second excipients at concentrations substantially equal to, respectively, the

concentrations of the first and of the second excipients in the protein formulation.

4. The method of any one of claims 1 to 3, wherein the first excipient is an

amino-acid, preferably histidine.

5. The method of any one of claims 1 to 4, wherein the first excipient in the
protein formulation has a concentration of between 16 and 24 mM, preferably of

between 17 and 23 mM, most preferably of about 20 mM.

6. The method of any one of claims 1 to 5, wherein the second excipient is a

sugar, preferably a disaccharide.
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7. The method of any one of claims 1 to 6, wherein the final excipients include a

surfactant, preferably polysorbate 80.

8. The method of any one of claims 1 to 7, wherein the final excipients include a

chelating agent, preferably EDTA.

9. The method of any one of claims 1 to 8, wherein the protein formulation has a

protein concentration of between 110 and 165 g/l.

10.  The method of anyone of claims 1 to 9, wherein the protein is an antibody.

11.  The method of claim 10, wherein the antibody is an anti-PCSK9 (Proprotein
Convertase Subtilisin Kexin type 9) antibody.

12. The method of claim 11, wherein the anti-PCSK9 antibody is selected from
the group consisting of bococizumab, evolocumab (REPATHA™), alirocumab
(PRALUENT™) REGN728, 31H4, 11F1, 12H11, 8A1, 8A3, 3C4, 300N, 1DO05,
LGT209, RG7652, and LY3015014.

13.  The method of claim 11 or 12, wherein the anti-PCSK9 antibody comprises a
heavy chain variable region (VH) comprising complementarity determining region
one CDR1, CDR2, and CDR3 of the amino acid sequence shown in SEQ ID NO: 1;
and a light chain variable region (VL) comprising CDR1, CDR2, and CDRS3 of the

amino acid sequence shown in SEQ ID NO: 2.

14.  The method of claim 11 or 12, wherein the anti-PCSK9 antibody comprises a
VH CDR1 having the amino acid sequence shown in SEQ ID NO: 3, 4, or 5, a VH
CDR2 having the amino acid sequence shown in SEQ ID NO: 6 or 7, a VH CDR3
having the amino acid sequence shown in SEQ ID NO: 8, a VL CDR1 having the
amino acid sequence shown in SEQ ID NO: 9, a VL CDR2 having the amino acid
sequence shown in SEQ ID NO:10, and a VL CDRS3 having the amino acid sequence
shown in SEQ ID NO: 11.

43



10

15

20

25

30

35

WO 2017/051273 PCT/IB2016/055355

15. The method of any one of claims 11 to 14, wherein the protein formulation has
a protein concentration of between 135 and 165 g/l, preferably of between 142 and

158 g/, most preferably of about 150 g/l.

16.  The method of any one of claims 11 to 15, wherein the second excipient in the
protein formulation is trehalose at a concentration of between 67.2 and 100.8 g/,

preferably of between 71.4 and 96.6 g/, most preferably of about 84 g/l.

17.  The method of any one of claims 11 to 16, wherein the final excipients include
polysorbate 80 which, in the protein formulation, has a concentration of between
0.16 and 0.24 g/l, preferably of between 0.17 and 0.23 g/I, most preferably of about
0.2 g/l.

18. The method of any one of claims 11 to 17, wherein the final excipients include
EDTA which, in the protein formulation, has a concentration of between 0.04 and
0.06 g/l, preferably of between 0.0425 and 0.0575 g/I, most preferably of about 0.05

g/l

19.  The method of any one of claims 11 to 18, wherein the protein formulation has

a pH of between 5.2 and 5.8, preferably of about 5.5.

20. The method of any one of claims 11 to 19, wherein the solution provided in

step (a) has a protein concentration of between 5 and 20 g/l.

21.  The method of any one of claims 11 to 20, wherein the protein is concentrated
to between 80 and 120 g/l, preferably to between 90 and 110 g/I, and most
preferably to about 100 g/l, by the first ultra-filtration step.

22. The method of any one of claims 11 to 21, wherein the protein is concentrated
to between 143 and 173 g/l, preferably to between 150 and 166 g/l, and most
preferably to about 158 g/l, by the second ultra-filtration step.

23. The method of any one of claims 11 to 22, wherein the first excipient in the

diafiltration buffer has a concentration higher than the concentration of the first
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excipient in the protein formulation, said concentration of the first excipient in the
diafiltration buffer being preferably of between 29.75 and 40.25 mM, most preferably
of about 35 mM.

24. The method of any one of claims 11 to 23, wherein the diafiltration buffer has

a pH of between 5.1 and 5.5, preferably about 5.3.

25. The method of any one of claims 11 to 24, wherein adding the second
excipient to the retentate obtained from the diafiltration step is achieved by adding a
first additive solution to the retentate, said first additive solution comprising the
second excipient at a concentration of between 340 and 460 g/, preferably of

between 380 and 420 g/l, most preferably of about 400 g/I.

26. The method of claim 25, wherein the first additive solution comprises the first
excipient at a concentration lower than the concentration of the first excipient in the
diafiltration buffer and higher than the concentration of the first excipient in the
protein formulation, said concentration of the first excipient in the first additive
solution being preferably of between 25.5 and 34.5 mM, most preferably of about 30
mM.

27. The method of clam 25 or 26, wherein the first additive solution further

comprises a final excipient.

28. The method of claim 27, wherein the first additive solution comprises about 30

mM histidine and about 400 g/l trehalose.

29. The method of any one of claims 25 to 28, wherein adding the first additive
solution to the retentate is performed at a dilution ratio of about 4.15, whereby one
volume of the first additive solution is added to approximately 3.15 fold the same

volume of the retentate.

30. The method of any one of claims 25 to 29, wherein adding the final excipients

includes the step of adding a second additive solution to the solution obtained from
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the second ultra-filtration step, said second additive solution comprising the second
excipient at a concentration lower than the concentration of the second excipient in
the first additive solution and higher than the concentration of the second excipient in

the protein formulation.

31.  The method of claim 30, wherein the second additive solution comprises the
first excipient at a concentration substantially equal to the concentration of the first

excipient in the protein formulation.

32. The method of claim 31, wherein the second additive solution comprises
about 20 mM histidine, about 84 g/l trehalose, about 1 g/l EDTA and about 4 g/l
polysorbate 80.

33. The method of any one of claims 30 to 32, wherein adding the second
additive solution is performed at a dilution ratio of about 20, whereby one volume of
the second additive solution is added to approximately 19 fold the same volume of to

the solution obtained from the second ultra-filtration step.

34. The method of claim 10, wherein the antibody is an anti-IL-7R antibody.

35. The method of claim 10, wherein the antibody has a VH region comprising the
amino acid sequence shown in SEQ ID NO 13, and VL region comprising the amino

acid sequence shown in SEQ ID NO 14.

36. The method of claims 34 or 35, wherein the protein formulation has a protein

concentration of between 110 and 130 g/I, preferably of about 120 g/l.
37. The method of any one of claims 34 to 36, wherein the second excipient in the

protein formulation is sucrose at a concentration of between 42 and 58 g/l, preferably
of about 50 g/l.
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38. The method of any one of claims 34 to 37, wherein the final excipients
include polysorbate 80 which, in the protein formulation, has a concentration of
between 0.017 and 0.023 g/l, preferably of about 0.02 g/l.

39. The method of any one of claims 34 to 38, wherein the final excipients include
EDTA which, in the protein formulation, has a concentration of between 0.42 and
0.58 g/l, preferably of about 0.5 g/l

40. The method of any one of claims 34 to 39, wherein the final excipients include
arginine which, in the protein formulation, has a concentration of between 85 and
115 mM, preferably of about 100 mM.

41.  The method of any one of claims 34 to 40, wherein the protein formulation has
a pH of between 6.5 and 7.5, preferably of about 7.0.

42.  The method of any one of claims 34 to 41, wherein the solution provided in

step (a) has a protein concentration of between 2.6 and 3.4 g/l, preferably of about 3

g/l

43. The method of any one of claims 34 to 42, wherein the protein is concentrated
to between 36 and 54 g/l, preferably to between 40 and 50 g/, and most preferably
to about 45 g/l, by the first ultra-filtration step.

44,  The method of any one of claims 34 to 43, wherein the protein is concentrated
to between 170 and 210 g/l, preferably to about 190 g/I, by the second ultra-filtration
step.

45.  The method of any one of claims 34 to 44, wherein the first excipient in the
diafiltration buffer has a concentration higher than the concentration of the first
excipient in the protein formulation, said concentration of the first excipient in the
diafiltration buffer being preferably of between 19 and 25 mM, most preferably of
about 22 mM.
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46. The method of any one of claims 34 to 45, wherein the diafiltration buffer
includes arginine at a concentration of between 95 and 125 mM, preferably of about
110 mM.

47.  The method of any one of claims 34 to 46, wherein the diafiltration buffer has
a pH of between 6.5 and 7.5, preferably about 7.0.

48. The method of any one of claims 34 to 47, wherein adding the second
excipient to the retentate obtained from the diafiltration step is achieved by adding a
first additive solution to the retentate, said first additive solution comprising the
second excipient at a concentration of between 230 and 320 g/l, preferably of about
275 g/l.

49. The method of claim 48, wherein the first additive solution comprises the first
excipient at a concentration substantially equal to the concentration of the first
excipient in the diafiltration buffer and higher than the concentration of the first
excipient in the protein formulation, said concentration of the first excipient in the first
additive solution being preferably of between 19 and 25 mM, most preferably of
about 22 mM.

50. The method of claim 48 or 49, wherein the first additive solution further

comprises a final excipient.

51. The method of claim 50, wherein the first additive solution comprises about 22

mM histidine, 110 mM arginine and about 275 g/l sucrose, at a pH of about 7.0.

52. The method of any one of claims 34 to 51, wherein adding the first additive
solution to the retentate is performed at a dilution ratio of about 5, whereby one
volume of the first additive solution is added to approximately 4 fold the same

volume of the retentate.

53. The method of any one of claims 34 to 52, wherein adding the final excipients

includes the step of adding a second additive solution to the solution obtained from
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the second ultra-filtration step, said second additive solution comprising
EDTA and polysorbate 80.

54. The method of claim 53, wherein adding the second additive solution is
performed at a dilution ratio of about 20, whereby one volume of the second additive
solution is added to approximately 19 fold the same volume of to the solution

obtained from the second ultra-filtration step.

55. A formulation of an antibody having a high viscosity produced by the method

of any one of claims 1 to 54.

56. A formulation of an antibody having a high viscosity produced by the method
of any one of claims 11 to 33, wherein the protein formulation comprises:

e from 135 mg/ml to 165 mg/ml, preferably about 150 mg/ml, of the anti-PCSK9

antibody;

e from 16 mM to 24 mM, preferably about 20 mM, of histidine;

¢ from 67.2 mg/ml to 100.8 mg/ml, preferably about 84 mg/ml, of trehalose; and

e from 0.16 mg/ml to 0.24 mg/ml, preferably about 0.2 mg/ml, of polysorbate
and has a pH of between 5.2 and 5.8, preferably about 5.5.

57. A formulation of an antibody having a high viscosity produced by the method
of any one of claims 34 to 54, wherein the protein formulation comprises:

« from 110 g/l to 130 g/I, preferably about 120 g/I, of the anti-IL-7R antibody;

¢ from 17 mM to 23 mM, preferably about 20 mM, of histidine;

o from 42 g/l to 58 g/l, preferably about 50 g/l, of sucrose; and

o from 0.017 g/l to 0.023 g/l, preferably about 0.02 g/I, of polysorbate
and has a pH of between 6.5 and 7.5, preferably about 7.0.
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AL S BT 5 e (Donnan) R4S 1T 7 22 AT AR f M R e BB I8 G2 I« S8 T 280 S AE IR 4 7= )
i AR I T EICHE R S e H AT ) 22 RS, B, AR - R Il B PR 4R v TR R 2 L
X T8 5 R ) B s ) % PR B AR R I pHe — BB U SE R, FE Yt i 58
PEA R AR A T A 4B 1 S R i S AR SO BRI 250 %6 o SR 5K 7 ) AR 8 FR G Y
H IR E R G0 LA RBP4 o Gn SR B 249k b 8 1 i ) 591 P 1 B 7R IR B v AN 11501 %
I 2 AT EAS I FER R = MBI DL R B B e (rinse) ] 21 =4y vh DU (A1 U002 21 5%
Ko AR 5 DA A 15 1) T 2 I T 771 OB 2% 11 3% MR R 2S5 57040 Ll MR A 204, 31X
TR B RS AR R 8 T TR 73 VRS I 2 3AS A AR R =) b o B B Ll 422 TR 771
TR A BB L 53 () B RV AR ., FLIE S R PR R DR 3R o G b 22, TS8R I 4 72 ) )59 22 1l
(formulation buffer) #t— L HiRE LR 2 i 4 P IR S o
[0006] PRIk, > HHEE A fe 244 il 571 3045 s B VR A 1 B 1 D, 3R Fh s 7 v T Re AN &
I H 248 A 5 B AR ) i RS R L 2 B AN
[0007] {5l , fE ¥R TT FHPUARTIFIREA 150 ¢/ 1T TR & ZREE LT 20 7 FR RS
AR 2 L TR s AR FE =150 %6 1 H AR E
[0008] AUk B B 2 52t — i) £ B 1 Bl SRR 7 9, LRI DAURE FH T v A P R sy R A
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i EE .

[0009] AU B 55— AN H 2% 07 0] DLEEAS W AR 2 Ml 1) it 7 vk 1) A3 % 3 A T
B LG TR 771 (1) 1 B VR O 1T R B A AR 1 %Ff%ﬂl_mﬁﬁiﬁﬁ R, H IR
H o AT I ORFFAE S8 T R AR K, B BB 2 25 2 Rl e B

[0010]  fR¥FEEE A /R VLM BT A P B I fa e @ﬂﬂ%?}jﬁmﬁiﬁa RERTH P
[ H .

(00111  MfiA

AR A K BB S —J7 10, 384t 7 BRI 7, Halt— PSS B P IR
W28 IR A 2 2 D BRI IRE .

[0012] Lﬁiﬁ?ﬁﬂﬂ&tﬁ/ﬂ R T U (B — MR B R I sh BB I8 S TR
I T 7 AT CATE J5 2R (049 25 B8 DA BE vy (R IR B8 0, AT 72 26 7= W ) RE AR A R i o IX AR B S
WK 50 BT VA ) 2950 %6 BB AR EL , AT DA f K I 75 Wk FEANAN g i T e 24 P 7 IR BE I 44
10% (FE— 281500 FAES 215 % Z (8D o RIELE S RGBS i S DL T, AR AR I8 1 & ]
RAFIZAN10%6 RIE o IX 1 0 VF NSRRI W™ 4, I AT SR VR 3RAS R IR /12 U8 71590 %6 15
[0013]  [RIFF, 7E S 2R A H S D028 — IR 77 OB fR4m a1 o o T 2R 46

[0014]  ARFEA K BH )M ad St 77 58 -

- BTk S B (o) 2 5 BAEB IR () Z it — D 56 VS YL 22 ph i vt g i 4%,
FH Ik 364 558 2 1 5 199 [0

= P IR VB LE MR AL S R FE SR A b3 0l S5 T A 1 B R TR AR R A IR R FE Y
A IR

- TR — R A2 B R, Lk H R 5

- PR E A B S RO R A 16-24 mM, ARIE17-23 mM, L2920 mMARTK
i

= PTIREE IR, Ll

— FITR B Z  F) 4 2 T PR 7R, 0 5 L L AL B RS0 5

- Pl S AR TE LSS 57 AR IEEDTA

- PR E A B R A 110-165 g/ 1 E H BT AL ;

- iR A P PuE.

[0015]  FEEE—fRiESLitir

- FriR AR Pi-PCSK9 (K H Jii i #% AX W bl B2 AT 16 28 2 B§Kexin 9% (Proprotein
Convertase Subtilisin Kexin type 9)) Hifd;

- iR HT-PCSKOPifkik B : Rl E B3t (bococizumab) A& AR E B PL (evolocumab)
(REPATHA™) . Fi] F| E #.4% (alirocumab) (PRALUENT™) \REGN728.31H4.11F1.12H11.8A1.
8A3.3C4.300N.1D05.LGT209.RG7652FILY3015014;

— AR i-PCSKOPUIA & EBE R AR X (VI , FriR B4 AT 4R X (VID A 27SEQ 1D NO: 1+
FIT 7 B8 8 71 1 A M v 58 [X —CDR1 . CDR2FICDR3 s AR5 AT AS X (VL) , Firidk 45 ik m] A% [X
(VL) £ SEQ ID NO: 2t ffr 7~ 2 JE /R 51 f)CDR 1. CDR2FICDR3 ; B 3 , AT ik 47i—PCSKOF A4 £1,
4 HAGSEQ ID NO:3.4885H fi /& K2 /5 41 fVH CDR1, B SEQ ID NO: 6879 ol 7~ 2 it
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% % 5 VH CDR2,VH CDR3EASEQ ID NO:8+ Frm& 5/ /5 %[JVH CDR3, A SEQ 1D
NO: 9+ Fr 7R & B2 /7 #1II VL CDR1, A SEQ 1D NO: 109 plr /R 2 LR 7 41 (1) VL CDR2AIE A
SEQ ID NO: 119 7= & 1R 7 411 VL CDR3;

- PR E A R R A 135-165 g/1,ti%k142-158 g/1, HAIELI150 g/ 1A Rk
i

- Pl 8 B ) 5 BRI M N67.2-100.8 g/1,01E71.4-96.6 g/1, 5
IR ZI84 g/ 11 HERE ;

— TR B R A AL FE 5 L AL EE RS0, AR A 1 JH 5 R FEN0.16-0.24 g/ 1,41
i%40.17-0.23 g/1, ARiEHNLI0.2 g/1;

- Pl B AT E R FEEDTA , HAE SR B Bl B EE 80.04220.06 g/1, ik
0.0425%0.0575 g/1, Bk 210.05 g/1;

- ﬁﬁﬁméﬁﬁ"iﬁﬂ FIHA5.2-5.8, 1% 25 51 pH;

- PR PR @ IR EA R R A 5-20 o/ L& H BT AL ;

- %L% B A B AR B [ AR 4 2580-120 g/ 1, ik % 90-110 g/1, Higikik
227100 g/1;

— B I RS TR A R A £ 143-173 g/ 1,k E150-166 g/1, H &AL
LR 21158 g/1;

— BT B IE LR M ) B — R SR R B v T BT IR B R AR R S — R R IR
iR e G PR v 2 — TR IR FE AR I 929 . 75-40. 25 mM, ik 2935 mM;

— PRSI 5. 1-5.5, ik 45, 31¥)pH;

= PR 28 IR RIS I 2 IS UE D BRERAT I OR B b 2 e A — S I R A
INE CR B8 4 A RSB 5 BT I B — VN N R0V L 5 IR R 340-460 g/ 1, flti380-420 g/1,
BAIEZ1400 g/ 11058 IR 5

— TR B — I ISR B S — R A, LR 1&&?}5)?1_/%/)%%@/&43?ﬁ—)&tﬁﬁum
WP T IR B T S A R — TR A B IR B, BT I B — VR IRV VR R 2 — TR AU I
B AR %25 .5-34 .5 mM, AR IEZ930 mM;

— PR EE — IS I RO A 7 B AR 55 5

— PRSI INFNAE R AL 2930 mMZH SRR F1Z1400 g/ 15 A

— BT IR S — N IR AN N B OR B W 2 DL 204 1B IR RELL BEAT I, bl e — AR
) I 3 55— S IRV S TN 21 293 . 1545 AR TR AR FR I OR B P

— WS INER LR TE AV ELFE 55 I AR A 0 21 i 2 R 8D BRI D
TR Pk B8 s IR WA 2 A BEALG T I 3 55— AR DRV v b 28 — RO AR B 9 Hosr T
FIr i B 9 o o) 770 38 R R0 A R B T 2 I A

= BTSN INFE AL S IR AR 5 T BT IR A 1 A B — T A B Y 2R
— KI5

— FTIR R U I AL S 2920 mMZH 2R , 2984 g/ 133 HE , £)1 g/1 EDTARIZ)4 g/
I ALELNES0;

— UNINER IS NG R L 2920 K A BE L 3EAT 5 E o — AR 56 VR IR0 v s n 21
21945 FHIF ARFR S IE D BRI A
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[0016]  7EZE AR IR 7 R

- FrR PR 2 HI-ILTRYUA ;

— ARk, TR PT-TL-TRYTARE & EEE AR X (VD , iR S 4 v 42 X (VD £ % SEQ 1D
NO = 1305 B 7 2 L 2 5 271 1) HL AP He 52 [X —CDR1 . CDR2AICDR3 GX FhCDRs [ 5 51 F) S 451 53+ 51
J9SEQ ID NO.17.18F119) ; FIEEEERI AR [X (VL) , Frik 85 Al 28 [X (VL) A1 SEQ ID NO: 14t
T 7~ & 22 7 51 i CDR 1. CDR2AICDR3 (X FCDRs [ /5 #1141 52451 43 51 SEQ 1D Nos. 20,210
22) s

— AR, TR HI-TL-TRPUA R VHX A ESEQ ID NO. 139 BRI & IER 741, H AT
B TL-TREPUAMIVLIX A, 4,SEQ 1D NO. 14+ iR & LR 541 5

- HEEARIEN, FridPi-TL-TRIUAR EHEESSEQ 1D NO. 157 iR =R T4,
HETiRP-TL- 175k 85 LA SEQ 1D NO. 169 iR & LR P 51 5

- FridE B BRI A 110-130 g/1,0ik£9120 ¢/ 1)EE Bk E

— FITR A A ) 5 IR R IR B N 42-58 g/ 1, fRIELI50 g/ LIvI FERE

— TR e AR ) B4 5L AL B IR 80 , AR B (A R 1k B 20.017-0.023 g/1,
ik £10.02 g/1;

- BT s AL FIAFEEDTA , FAE 8 B o il 55 i B2 0. 42-0.58 g/ 1, fR1E£50.5
g/1;

= Pk e A WROE IR FE RS R, AR B B R R B 9 85-115 mM, AR 27100
mM;

— PR A T EA6.557.5, 1417, 0fpH;

- ﬁﬁl?lft@?é (@) PRI A2.6-3.4 g/1, kL3 o/ 1K EH UK ;

- B E S R TR A TR E36-54 g/1, ik E40-50 g/1, Hiftik s
2145 g/1;

- I R R TR R PR 4 2 170-210 /1, ik E 29190 g/1;

— BT B IELE M P 1) B — TR SRR R B v T BT IR B R AR R SR — IR SRR
BB Pl b 28 — R IR IR FEAR I 9 19-25 mM, FRe 12922 mM;

— PRSI SE MR L B B N95-125 mM, ARIE L1110 mMIAS &R

— FTRIB IR R LA 6.5-7.5, L% Z)7. 0 pH;

= PR 28 IR RIS I B IS UE D SRR AT I OR B b 2 8 AR — S I R A
INEN R B P SR SLIL , BT IR 56 — I N L 3 R B OM230-320 g/ 1, flRik 29275 g/111)
I

— TR B — IS IR B B — TR R, LR B A 55 T BT iB I 2% vl Hh 2 — TR
T TR B 5 HL & T B A 1 o o) 7] w8 — TR AU IR B, i 28— 9 0 7R i+ 26— Tt
TEFNEI A A d619-25 mM, AL Z)22 mM;

= PR EE — IS IR RO A 7 B AR 5 5

— FTIR S — IR IFNATRAE )7 . Off pHEL & 2922 mMEHZ R , 110 mMFE IR FN£9275 g/1
FERE ;

— W BT B — N IRV VS I 2 R BE A DL LSRR R LL R AT, B s — R R BT IA
BN ISR VRS I ) 20465 A1 R AR AR B AR B P
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— IS B LRI A AL FERE 28 I NGRS WA I 2 EE D8 P RIS I Wi i 22
IR, Frid 56 8 IRV v L A EDTA R 6 11 BB 16 80 5

— WS NG IS NG LA 2020 A R L R AT, EH MR — AR AR BT I 56 I IR s
IREN L1945 A R AR FR 1) 28 8 J8 20 BRSRA B i -
(00171 ARIEA K BHY 28 =07 1, 3Rt 1 FH A3l 7 v A = B i Ad i) 571
[0018]  FEALE RSt T 2, B E Bl

+ 135 mg/m1-165 mg/ml,fRiELI150 mg/mlf¥IHi-PCSKOPLiA, Fl

- 16 mM=24 mM, flti£Z120 mMI¥)ZH 8L 2% 1 o
[0019]  7E 5 — MLkt & E B A e

+ 135 mg/m1-165 mg/ml,fRiELI150 mg/mlf¥IHi-PCSKOPLiA, Fl

-+ 67.2 mg/ml-100.8 mg/ml, %184 mg/ml )T HE
[0020]  7E 57— MLkt b, S E B A

- 135 mg/ml-165 mg/ml, k#1150 mg/mlK1Hi-PCSKOFiLiA, F1

-+ 0.16 mg/ml-0.24 mg/ml,Li%k%)0.2 mg/ml 5 1L ZLEETE .
[0021]  7E 5 — MLt T & E B A A

- 135 mg/ml1-165 mg/ml, fLikZ)150 mg/mlfHIHi-PCSKIBLIA,

- 16 mM-24 mM, L2920 mMIK) 42 R GE i, A1

-+ 67.2 mg/ml-100.8 mg/ml, %184 mg/ml )T
[0022]  7E 5 — MLt T b, d E B A

- 135 mg/ml1-165 mg/ml, fLikZ)150 mg/mlHHi-PCSKIBLIA,

- 16 mM—24 mM, Rk Z120 mMAH SRR 4% i , AN

-+ 0.16 mg/ml-0.24 mg/ml,fLi%%)0.2 mg/ml 5 1L ZLEETE .
[0023]  7E 5 — MLkt b, S E B

- 135 mg/ml-165 mg/ml, LikZ)150 mg/mlHHi-PCSKIBLiE

© 67.2 mg/ml-100.8 mg/ml,fLikZ184 mg/ml M, 1

-+ 0.16 mg/ml-0.24 mg/ml,Li%%)0.2 mg/ml 5 L ZLEENE .
[0024]  7EFHALIE ) SLht T S, 8 R 7

- 135 mg/ml1-165 mg/ml, fLikZ)150 mg/mlHHi-PCSKIBLIA,

- 16 mM—-24 mM, L2920 mMIK)ZH R R 28 i

© 67.2 mg/ml-100.8 mg/ml, ik #4184 mg/mlifFEHE , FlI

-+ 0.16 mg/ml-0.24 mg/ml,Li%k%)0.2 mg/ml 5 L ZLEETE .
[0025]  7E—uLsijii 7 B, ikl R A5.2-5. 8, Lk £95. 511 pH.
[0026]  7E 57— ALt T b, T E B A

- 110 g/1-130 g/1,Lik£9120 g/1/$i-TL-TRPTA s

- 17 mM=23 mM, flLi£ 2520 mMIT)ZH L 5

- 42 g/1-58 g/1,fRiIEZ150 g/ 11 RERE; FI

0.017 g/1-0.023 g/1,1Li%k#10.02 g/1% (LB EEE

FHA6.5-7.5,LiEZ7. 0fIpH.

[0027]  7E R MR A 7 AERT SR RIPISEQ ID NO:15212:

10
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" BB B

1 (WH)

gvalvagsgae vkkpgasvky sckasagytft syymhwvrga pagaglewmage
ispfaartny
nekfksrvtm trdtststvy melssirsed tavyycarer plyasdiwgg gttvtvss

2 (VL)

digmtgspss Isasvadrvt itcrasgais salawyqgkp gkapklliys asyrytgvps
rfsgsgsgtd ftftissigp ediatyycgq rysiwrtfgq gtkleik

3 (WH -
CDRI}

SYYMH

J(WH -
CDRI)

GYTFTSY

5 (VH-CDR1)

GYTFTSYYMH

6 (VH-CDR2)

EISPFGGRTNYNEKFKS

T{(VH-CDR2)

ISPFGGR

B(VH-CDR3)

ERPLYASDL

T{VL-CDRI)

RASQGISSALA

10 (VL-
CDR2)

SASYRYT

11 ¢VL-
CDR3)

QQARYSLWRT

12 (PCSKY
M)

MGTVSSRRSW WPLPLLLLLL LLLGPAGARA QEDEDGDYEE
LVLALRSEED GLAEAPEHGT TATFHRCAKD PWRLPGTYVV
VLKEETHLSQ SERTARRLQA QAARRGYLTK ILHVFHGLLP
GFLVKMSGDL LELALKLPHYV DYIEEDSSVF AQSIPWHNLER
ITPPRYRADE YQPPDGGSLVEVYLLDTSIQ SDHREIEGRV
MVTDFENVPE EDGTRFHRQA SKCDSHGTHL AGVVSGRDAG
VAKGASMRSL RVLNCQGKGT VSGTLIGLEF IRKSQLVQPY
GPLWLLPLA GGYSRVLNAA CQRLARAGVV LVTAAGNFRD
DACLYSPASA PEVITVGATN AQDQPVTLGT LGTNFGRCVD
LFAPGEDIIG ASSDCSTCFV SQSGTSQAAA HVAGIAAMML
SAEPELTLAE LRQRLIHFSAKDVINEAWFP EDQRVLTPNL
VAALPPSTHG AGWOQLFCRTYV WSAHSGPTRM ATAVARCAPD
EELLSCSSFS RSGKRRGERM EAQGGKLVCR AHNAFGGEGY
YAIARCCLLP QANCSVHTAPPAEASMGTRY HCHQQGHVLT
GCSSHWEVED LGTHKPPYVLR PRGQPNQCWYG HREASIHASC
CHAPGLECKY KEHGIPAPQE QVTVACEEGW TLTGCSALPG
TSHVLGAYAV DNTCVVRSRDVSTTGSTSEG AVTAVAICCR
SRHLAQASQE LQ

HU I YT SEQ

ID No.13-167F FEF#iiR

11

6/25 T
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13 (VH) EVOLVESGGGLVKPGGSLRLSCAASGFTFDDSVMHWYROQAPGKGLEWWVSLY
GWDGFFTYYADSVEGRFTISEDNAKNSLYLOMNSLRAEDTAVYYCARQGDYM
GNNWGEQGTLVTVSS

14 (VL) NFML TQPHSVSESPGKTVTISCTRESGSIDSSYVAWYQQRPGSEFTTVI
YEDDQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDFHH
LVFGGGTELTVL

15 EVOLVESGGGLVKPGGSLELSCAASGFTFDDSVMHWWYROQAPGKGLEW
VELVGWDGFFTYYADSVKGRFTISRDMAKNSLYLOQMNSLRAEDTAVYYC
ARQGDYMGNNWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALG
CLVKDYFPEPVTVESWNSGALTSGYHTFPAVLQSSGLYSLSSVYVTVPSSS
LGTATYICNVNHEPSNTEVDEKVAPELLGGPSVFLFPPKPKDTLMISRTP
EVTCWVWWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRWVVSY
LTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQWYTLPPSR
EEMTKNQVSL TCLVKGFYPSDIAVEWESNGOFPENNYKTTPPVLDSDGSF
FL ¥SKL TVDKSRWQQGNVFSCEVMHEALHNHY TQKSLSLSPGK

16 NFML TOPHSVSESPGKTYTISCTRSSGEIDSSYVOWYQQRPGSEPTTVI
YEDDQRPEGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDFHH
LVYFGGGTKLTVLQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT
VAWKADESPVKAGVETTTPSKQSNNKY AASSYLSLTPEQWKSHRSYSC
CVTHEGSTVEKTVAPTECS

17 (WH-CDR1) | DSVMH

18 WH-CDR2) | LVGWDGFFTYYADSWVKG
19 (VH-CDR3) | QGDYMGNN

20 (VL-CDR1) | TRSSGSIDSSYWVQ

21 (WL-CDR2) | EDDQRPS

22 (VL-CDR3) | QSYDFHHLV

[0028] J¥id

DA 5E SCH T AR 3 B 5 ABCR) 225Kk

- ARG T E B Fe 2, HAE g B S B BT A R Stk g AR
16T R B BN, AT LS R TR “25 9 i AR “E B skl 9 HLT P RS B E 5
Al DL ARTE “YEPE RS BT 2w TR )7 B 8 B o 5007 B Bl 209358 S0, e AiTA
& “HR i BCTEYE LAY o O R — A B0 4 B 1 oS e 7 SR T 1 A S 9 A B T R o
B IR ;

- RTBIEPE, RIE “CREY 72 18 Ok B8 AR DR B W0 I &8 AR ORTAN R 7 3 I
g3 U0 T 2 R B O VAT - R B R e A B IE VB UE R AN JE R I
TE RGBT 4 TP I IR 55— GBI (permeate) (D HE IR IE AR A B IR G2 P
(B “FERNZZ )

= ARG WRGiith” 7 Mt 28 1) B U8 2 IR E R B I WL 5

- Rif “GATRIE A RINE R LB UE P R 2 5, BIE s AR A5 P R JG i I3 “He 4
R 5 5

- nABERIARTE “xBRY , ZoRLLE T iR B LG S N 2] — e AR 1 & B s TR
) WG T R R L A A — AR AR B TR T 75V Y A In 21 n— L AR AR FR Y 5 B B i R - 1)
u, AxBRHEARE DU LB DOV - 0 T3 RR & B B Vv, LR AR B KL

- BRAE BB UL, SEUEE RMIARIE “RL” L7 8RR B E E TR AN 5% 11
TGN

12
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= QOAST I FHIRY S KRG RE” W DL “Ha 0 RE FE” 5 “IE SR EE” o “HaXTREFE” , A I RO B
o T BRLRG BE , A SIR TR AR IR SIFE J1 1 B o I8 Bl B & 4 AR A 5 5 1 v o 24 i
BN E RS BT R RAE LRI A B 73 S, o 3 T 1508 IR FE o U SRR AR 0 P ARt AR i
TEAAF A B4 RS BT H b o H e v Hs o 9 shis, R i pA vt ik T8 405 18 3% 1 i 1) L
BRI B IR AARA o A SR — PRt 75 BE20000 5K 58 B I B0, 17 53— Pl A4 75 2240080, FB-4
B PR ORGP 8 BRI B — PR 24 o T SR e g A R A A I ) R, TR
0 R A R e R PR AR U B R 2485 L B B R FE I ALY/ T, L
RFEKSE, HTIRK 8] 38 BkG BRI ST AL f&m®/s o JBH L 18 SR B DA i, cStaRoR , H 4%
T omm®/s o 4% R BE K A RM/L/T, Hh AR R T i, BLLANT 2 B4R A B2 R 8] o 26 %60 G
FEWISTHAL &Pa » s, Fo% Tkg/m/s o 4855 R B DA B4 VA, cPROR , HAE T2 i0-F),
mPa * s  AEARK ML =R, WERGURRIREE 2 /0820 P, AN HNITIRPUIAERA SR .
[0029] Dy 1 faj BHEE I, W] DA ak A2 156 B 5 A8 F 8 7 BEAA B B8] “UF” L “DF” A “UF /DF” (8
“UFDF™) , 3f HIL N E a0 T « “UF” =48 SEUE” , “DF” =48 W38 H.“UF/DF” (8 “UFDF”) &= 15
THYE/IBUE” M 8 XA 2% 1 1 T A iR R AR U B I 77 72 AT LA B O URDE i
[0030]  FR7ENGiE I AT St it — 20 U B AR B, RS S5 AT 5 R i I V6 9T FH B S
PR FIIZ B 7 2 0 AR (1) AR5 72 1) 5 K O o 18 2 Sl B A AN R SR T 5 A ke L T B AR 1, ELAS
T2 AR S PR 1 4 i IR RS L
[0031]  A-SEjiifsi1

FE Uk B M St 5 1, B 2% FE ) B B RS Bt , — R ) PCSKO R B v B P g,
5 S 1t 45 A PCSK9 (B 1 03 )5 % 70 g A B 4 14 25 I B Kexin 9D , 1 4ISEQ 1D NO:128%
Uniprot ¥ 3% 5 Q8NBP7 . 1% 72 O W 1T A IE LY i Fh SEBLL50 g/ LI B AR =Pk B,
H 25 I AES . 51 pHAL & LR IR )«

— WREER20 mMIIZHE TR,

- WRIERB84 g/ 1 [IFERE , AN

- WEH0.2 g/1fIPS80 ¥ 1L ALEERES0)
[0032]  FEERE FUREF £8 g/1 RIE I EEH = 15% FpHEH 0. 2/ 25 Z I 1FHL T 52
IR SR AT A2 1
[0033]  FiAdimie, 75 Bz 7R B IE90 % (1 =4 B
[0034] L &RuEAT 1 S DURH A8 D0 3%k IR 4 AR AR X 1 e AR i BH () D7 V5 0d 6 S T R IR K
(M ITEANIE B o IR e SIS A 1 — Lo 7R U B R R TR 2 4h H o
[0035] A.1 F#1#)

F T 5250 (1) JR A K2 58 A Al A0 I RS B HTIs, FAE S AT ol idMabSelect ® £
AL FE DL BRI A4 5 MabSelect ® 4lifh f5, A BR¥EG Ve Y 2 pH 5.0, 1T S 2
17.09 g/ 1/ = B .
[0036] & /1208 45

A 9256 35948 3 fiCPellicon ® 3 (30KDa,C—JEM , 88 cm? FA=£F 4k & sk Sartocon
® (30KDa E—iliiE200 cm® FEA£F4E K EIGE Crossflow ® R4E (300 mlffae) HEAT . 5 i
JE& 77 (TransMembrane Pressure) (TMP) {#F5F7E KZ114-22 psi,PusNT55 psi.bRIEHAE UL
B, 25 D) i A 5 e S A I K IR R P VR A IR 2 /D 15 0 B, AR JE R i 22 RS dse /) T

13
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VR =R 1
[0037]  A.2 SLER i FlIZE R

VEE PRI 1T

FER T WIHESLES DLV 30 mMZH SR pH 5. 3534 VR HH M TR BE VA R B 14 3 Bl O IR 8 A%
VB ZH SRR B2 ApH LA T S B A5 R 1 Dk P 3 N2 208 &5 1 B HERRD o O 1 3845150 g/ 1)
I AL SR, MR A T ) B /N AR B e 9 B 6x g ME /EDTA /PS80 K} 180 g/ 18k
HA5xFHENE/EDTA/PS80B R HI187 .5 g/ 1. TEFEALEx B K} BT 75 (1) I ¥ HE IR B (—~500 g/
D fERERK IR 5, B R 2R (22°C) AV AR GIURLATYSRAFAE) » HAAAUMAAZE30°C LU
fitt ATV A E E IR HIOERE N N B IERAELS psi/E /) Fi#Ed0.22 um Pall Acrodisc e
B =g e AR I IR
[0038] SR , 3 i) i 77 2 o] i e DA 42 bb A9 K, [R] I g 3 0 45 8k B K S R ] R
BRI LESx (~420 g/ 134D .
[0039]  [RIk, ZEARIE I ik rp , 35 BLA WA MR VR B ] DL & 29400 g/1.
[0040] T ZJHFXK

B 8 — AN S50 DL B S8 S T R BT 7 B A R BRI B, DR A AR A ) B A TR
(76.6 g/1M1114 g/ fEBIERIIE IR B 2 R BE , HL DL r= A T %5 FE il == () k) o 5
AR 345 g/m* 1200 cm® Sartocon ® E—i@iE A4 FEARHNA4E £76.6 g/1, R )5 H35
mMZLZ 2 , pH 5. 2628 (P HEAT 1B UE . 76300 LMHHERHRZA22 psi TMP, B JEIE & 17 LVH
Tt/ T5 KN AR TR AR — D4 22213 g/ 1 B R ) , H A T8 A i Al
SORARTAL B TR S I A R AR B (S LR D .
[0041]  BEAT 5 AN SEIG LUK 8 5 7R 1B I8 22 i R s A e AR I A R ARLL , 25 T e b 1)
BIERIAEL B R BB RIS 2R B R R ARk 4 22114 g/LIF FH35 mMZH 28 , pH 5. 26
GEMNBIE AER L, SR 2A R R AR 25 F T, B UEIEE 10 LMH. 7£<55 psiff @Rtk
FIF122 psiffITMPIS B TERI VAR AR 22184.9 g/L IR A4 R it 28 b HE HH FE 535 mM
HEIR,pH 5. 261 P im M & H LA RN153.7 g/ LR BE o BT I th FH 4 it v 4l Tk T2 711 22 1ol
(30 mMZHZ IR ,400 g/Lig#ENE, pH 5.0 BEILLIARI114 o/LE A EE K AR EHER
2, SLIG 2B IR I AR 25 TR BRI IR 46 222024 g/Lo T2 HIBR 1], W 46 20 JR 1
15 LMHiERIR 245 1k .
[0042] SR 1R RFTA WRARIFE S Hh 1 2H 02 RN S5 W VA B R 3 3 7E B 24 H AR A%, 20 mM
HETRANGA g/ LIGHEENERI10% LAY o
[0043] {5 BARML T 75-114 /LIS ISR nT 852 I 5 Eva ) , I S 2 IR 7R
TR TR PRI
[0044] 1. WILAVENIRIE MR 25
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CN 108025072 A 10/25 T
Ff dh 44 8K WRE (g/L) HLERE (mM) HEEE (2/L)
B 1 76.6 29.81 ,
i | 213 19.63 ARE
In¥eEsEs: 2B 114 26.19 83.82
WedE 5% 2B 202.4 18.67 76.37
VB B R Pl N/A 34.34 AR,

[0045] k2. WGV T2 40R
UFDF F S0 H ke 0 40 T06263-18-Exp2A 706263-18-Exp2B
¥ Sartocon E-iliijf
[T, m2 0.02 0.02
UF (1 M8k Cprotein challenge) (g/m®) 572 490
WA 1
IR (m) 3382
DEEEREE (g/L) 338 o
45 1 (g/L) 114
e 1 AL (] (hr) Aida
B
B 35 mM 4% pH 5.26
¥ #4£# (Diavolumes) (TOV) 8
HEHR A (LMH) 300 NA
PR AL (LMH) 10
FE TMP (psi) 22
B ERT ] (hr) 4
Wi 2

30 mM #% A%, 400 g/L

B E NA HESBH pH 5.4
BEERE (g/L) NA 114
13 TMP (psi) 22 22
T Ei A (LMH) AR 15
PEHHER (mD) 48.1 i
I (g/L) 184.9 202.4
AR 2 SLBERS () (hr)* Fit g ~1
{5814 pH 5.50 551
ik
. 20 mM £ R, 84 /L
RS 35 mM HERE pH 5.26 HESEHE pH 5.5
IR (ml) 26 FidH
TRHEHE (2/L) 58.7 54.5
TRYE pH il 5.52
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BRI TR] AR A0SR BN REFR [B], e 2 Tk A2 1 Je B A AR T 5

(00461 HEAT 53 A1) S 36 DAVEAN I i 220 BRES SRS AL S R ANt 0 B AR P52 8 2 19 A P 1 22
K JEA R AR 5105.9 g/13F{# 1200 cm® Sartocon® E-JMid I35 mM4HL% , pH
5. 298 MR HEAT IS . 72300 LMY HERIRZ A122 psi TMP B IEIEE 12 LMH.IBIEMI#
BHRJE A X ISR RO A B R G R I TR BRI 20 as T R IR & 1500 81, 2R
WM R AE 221721881209 o/ 12k L (Z WARD)  UNZRAFT = , B A& 8 1 IR FER B4
MBS B (BT AT E20 mMAL 2R, 84 o/ LRI H AR ZII 1096 BA Y .

[0047] 3. WSHMIIFA T 2K

UFDF #4/InFffu i L. 706263-20
T2 By Sartocon Slice  E-iliiii
M, m2 0.02

UF 8 19 Bk di(e/m®) 417

e 1

IFE B (m) 558.1
IFERRE(g/L) 17.09

o % (/L) 105.9

Bk

8 TR 35 mM %R pH 5.29
AR (TOV) 8
HEFHLF(LMH) 300

FE) TMP (psi) 22

T 155 3L A3 ik (LMH) 12

TR ] (hr) 3

A 2

B A 30 mM £ (AR, 400 g/L iR pH 5.22
G HRAR L) 78.6

L pH(TEAE B 5.38

FE) TMP (psi) 22

U EER () (hr)y* ~1

= A E (ml) 32.1

g B (/L) 209

{894 pH 5.53

A B (%) 76.6

B

TR P 20 mM HISEAE, 84 /L RN pH 5.5
e B (mI) 316
(L) 53.2

ik pH 5.48

Lk Ede (%) 19.2

S I TA) AR C S BN BE R BT, " 3 T 06f Ak P ) e B AR AR B 75
[0048] k4. FMIITRIRIEFIK LA R

ETE 2 W (g/L) HEIR (mM) N (g/L)
BiEh 109.4 27.81 AW

16
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Wl e 78.6 27.57 94.02
w41 172 20.15 84.65
w42 188 19.47 84.24
w453 209 18.11 81.86
Bkl iR N/A 27.83 392.88

[0049] Rz Tk LB R 2500 LRl sE Git 5 12P126 J603-MV-B) : T Z 40715 L3R5,
0.5 m®> Millipore ® V-JEMEN4517 ¢ Capto Adhere ® ZifbIM BRI E107 g/1,
SR G I35 mMZL R, pH 5. 29%% #PiR . 1000 LMHAHERNAL R A40 psifBERHE 111508
Yok G FHAx IR R (30 mMZH 21K , 400 g/ Lg%, pH 5.22) Bk}, Ho2% 18 3] R 4 i
R BRGNS H BRI ENR 4 22202 g/ 1, HB IR =N KRG AU .
FH20 mMZHZ R ,84 g/ LIHERE , pH 5. 5082 MHREESE T (skid) , FFFEE BRI AN I 2 46 11
MR o B 285 IRV T B IR BN 160 /1, A8 3 N97.1% .

[0050] 6.4 [ S I IR TE AR EEFI =) R 45 5, H R e 4 & It K AE Bk
HARKREER10% LA, 24 550 25 1) e 2R UR AR Eb e ) o G 3k SECI & 1) 7 470 Jo B 93 76 -]
5RO

[0051] 5. HHiARUEE L2 4 d
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CN 108025072 A 13/25 01
UFDF & 7 b (g 12P1200603-MV-B
i Millipore &t
AR Millipore 30K V ¥ RC
B i B2, m2 0.5
UF & 1 8 il (g/m?) 1142
eHE 1
ImFEEENL) 7.5
IR (L) 67.85
b3 fa] (4 ) 18
R AR (/L) 107
Bk
R P 35 mM HLEAR pH 5.3
Fl ik (TOV) 8
RN (LMH) ~1000
FE A (LMH) 20
TEIEW (] ( ) 3.75
s 2
1B R 30 mM 4 S0RE, 400 /L HE3EEE pH 5.22
T TMP (psi) <28
1 #3 (LMH) 108
LA RNL) 22
LEFR (] (hr) |
PR (/L) 202
=44 pH 5.44
3 E (%) 85.7
ik
oL 20 mM S E AL, 84 /L #EE pH 5.5
SR EEL) 1.1
IR (g/L) 53.7
0k pH 5.55
e EYs) 11.4
[0052]  3%6. Hil R IE FRIAN ™) g EE A R
HEE | M A >
(R EE HE (mg/ml) it Wi et Mk Lﬁ;M
&k ik 107 28.28 N/A 1.0 99,0 <0.1%
#E G 78.6 28.04 90.35 0.8 99.2 <0.1%
L 2 it 202 21.57 #8.21 0.9 99,1 <0.1%
kit 53.7 18.94 80.47 0.7 99,2 <0.1%
& 160 21.28 88.25 1.2 98.8 <0.1%
DF £ 34.80 N/A
WU R g o N/A 31.52 413.75 N/A
Vbt 19.93 83.26
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[0053]  20E I ZHIvFT

AN [ 6 1T 2 1 ) 2 A

K128 7 ()20 mMZHE RS, pH 5.5F0 (11) 20 mMA 15,84 g/ 1¥F3EME , pH 5.5 [ 1
FEE RPUIRG B 5= IR L 98 R 2R 1% B BoR , TEZI1T5 g/ 1), RiEIE F30 cP{H , X
AN A KA AT 4T URDF AL B i A 1 1
[0054] & ()20 mMAHZ R, pH 5.5F1(11)20 mMZHE G, 84 g/ LG HERE, pH 5.5 W
TR BRI 2 B2 IR T R 2 AR 3 o B8 B oR S 20 Z R /i T 22 pP R AR LE , 4 S IR 2%
PR 11 2 A A 5 1 A BT TR
[0055]  B&F-Dh bS5, R ILZG P I A () B bRk B mT DUdE I B 5 A 4 R T AN 2 e
(I DF 2 B AE il 32 RS S 3
[0056] K S 45 AL R AR B (1) 7515 T BT 852 14555 iR 1 ORI R4k
F5£, i 5K 5 T R AR LG AR ORI B RLRTBIR 2 B PO B (158 g/LX188 g/L) .«
TE L 2FR AT KB, IX PRI A 2 1 o0k FE B 25 5 e BRI e A, T adadk B e 42 it
Y HH 22 5 T R AR B A R R M AS 4 A (cost—of—goods profile) , Ak B F7 VAR
T
[0057] &K, FFHMillipore ® C—JEMEE/EAMillipore ® V&M ) B #4011
UFDF L. 2R — S BOR T 175 o/ LR EE, FL /2 DL R VR INGE it GB350 |, [A T3 SR R
FRE20x L F R 2 BT B I 158 g/1.8 7 Biii% T S e g i BRI 5 0L R Al 4T
1318 , 75250 = A A RUEE PPN 1 R FHCJE M) T 25,
[0058] i F 2% 7 MEIR (OB UE (UP) 18 17 46, i fIMi1lipore ® PLCTK C-¥EM &
(cassette) 1ESLL F AN Z L2,
[0059] S F-TFF (V) al i ich i) 14 , S0 2 MRS T2 205Kk F30-300 LMH) HE KL 2 Y [l 71
VE R HAERR Hl i v 3k B (1) £150-55 psifk IR AT 300 LMHAY) - FRBERNAZ (FE1Z 1L
T RER S T2 R A o A BRI (8] LA 32 R, b B AR I R 5 BB AR A BEE &, i
BEIN T A B AR TE] o EH T BN AR ORG FEE N T I ik AR R B Y R R, BT LA30 LMHFY R PR 2t
AT N T AT TE B PR Fi R P A2 BRI DR IR I ) 98 20 e 4 0 2 3% B AL A VA A
[0060]  7ET-2984 g/ 1M IMIAFEAE IS AT B SLe 2 FUASE 1 2 AR , 75 B 28 OR B3 403t A LA
30 LMHEYHERHAZE S0 psifIRER R SISl 7177 o/ 1R S W FE iR 8 Ffro , 43 il il &
K S0 = HUBLE AT I BRI G A 5
[0061] 7. SCIG=MBLEAT KM

IR T HEES (psig) | REWIET (psig) H 5

Al 10 mMA %, 50 mM NaCl, pH 6.4 20 (= 2 10 (= 2) + 0.2 pHEfL
w41 VRF= 4t 34 (+ 6) 16 (£ 6) 600-1000 g/m?
Bk 35 mMZH% R pH 5.3 34 (£ 6) 16 (= 6) > 7 TOV

42 B 35 (+ 20) 10 (£ 10) ABIEDS H #720-30%
P | 20 mUSHERR, 84 /LGNS, pH 5.5 30 (+ 20) 10 (£ 10) WAL )

[0062] 8. sgif s MMIT A S Ia A 45
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CN 108025072 A 15/25 T
AR 2 Nk
- RS | T B RLME) | 3B i (LMH) & o ﬁui'm % %
2 & TENP aw/Pr) | IR anlP,o : Ret /1
(g/m’) pal| ) JHP 2nlPrer) 1P enlPod et [Pk
5 5
THFMEE | 354* A0 A st 85/13
(35/15) (35/15) (50/0)
20-90 25.42 454
ﬁ;ﬁﬁm 354+ 85/13
(35/15) (35/15) (50/0)

sk AR A0 L 2GR [, £E S e 5 MR ER T BRINAE SR, OF RN IR ZE 1S
DL B

[0063]

FEE Arha] DU 3 90 56 = MR Y T 208 5oy A 1, b 3 2R R PR R R R

PAGRFF BB IR B W) (Fps D IR T ~50 psidbkbIs A7 s, oo hb 218 & o i o 2>
HT T A2 AR I R A B 5 s 1 e R A i A 1) L 2R I TR AR R o 2
I E AR ARG, HERE I ~50 psil B AR R T TR

[0064]

il B A AL IR

i FHC—JE M A UFDE . Z 4500 LA LA T LA AT DASE IS 29Kk FE H A o 1% L2
TR, 3 HAEFR IR ) o AT 3HLR) T ZEdE R TR 10,

[0065]

ZERRM, LSBT B, JF B BE i 2 P TR) AR 2% H Ar o BB A, AR

13P120J604 1 BT AU 221 .2 mMAL R ,85.4 ¢/ 1 BENERN0.051 g/1 EDTAMIE, HiE
= 15% ) H AR A o

[0066]

20

R9. TR HIE I UFDF L Z 2%



" BB B

CN 108025072 A 16/25
&4 e Bl
il Millipore PLCTK (30 kDa £T 8 #) C-ii /4
i R 500-1350 g/m’ ol
RS 18-25 °C F i R
P T AR e 10 mM £ % R%. 50 mM NaCl, pH 6.4
FiliL 2 (Pre-filter) $ T 0.2 um i 2% <3000 Lim® Hif
PR 35 mM 1R pH 5.3
TR i 30 mM 4R, 400 o/L #5388, pH 5.4
% UF phic i phif 20 mM £HLENE, 84 g/L HENERE. pH 5.5
Job e PSR T > 10 Lim® H 7 [
A AO & (REE D < 80 psig Fiim
Wi A RN il 35 psig. HERTEIH 22-55 psig [ERZF0 i)
el | (RBIIE N B i 15 psie, HERTEE 0-40 psig ERTFi]
H s i 0-10 L4y 8him? HEria
3% i 4 0-50 LMH fii iR
BN DR Y W 40 psig, HERFEI 22-55 psig HbrE
IR RIE S EMT 15 psig, HERTEE 0-40 psig HinE
T IEF 350-450 L ER (58 70-90 g/L HEzr
e 70-110 g/l bR
FEhate it/ 8 TOV's HEraH
BT pH AL GGRIEEY | 8 TOVs FEHEE pH 9 5.5 2020 {7, SREE80ETL il
#) 5 e Hbx. :
o - ;1.;1::;‘1; DF J& i N 30 mM 2 E(8%, 400 /L il -
i 2 AR N BT 22-55 psig, HERTERE 20-60 psig ER T
e 2 (REIE D SE 0 psig, HERTEE 0-40 psig Hirq
T 170-190 g/L (HR IR 4 (B BLE B) H s
Rk > 158 gL (% BB I ) Fe A
SR Pbik Ine A B P B
UF itiifedsi H b {E 20X EDTA/PSE0 $8EL0T 158 10 g/l ) R
UF i85 fE FHEEIE: 0.0004 * FE +1.0126
JEitik % (Post-filter) BT 0.2 um i #5450 Lim’ H b
IE-F-7E 350 — 450 L £ B Sl (i b 3242 ke A9 BT
s 6 5 TEFEIE S BRI 4X HEiE BE A i BB o . _
BLEA PR (b P80+ SR 0T B IARED 1 1.3 Hedin,
(R 10 4rBP 42158 mg/ml.
[0067]  F10. 34N IAHUBLALIR FTUFDE T 2 84
Hewks BN 13P120J604 13P120J605 13P120J606
UFd i 28257 30kD Millipore C-JER 30kD Millipore C-jEM 30kD Millipore C-JER
UF SR m2 1,14 1,14 1,14
PN L 68.9L / 30.56L 81.53L / 26.57L 85.2L / 32.0L
TR g/L 11.03 g/L / 10.9 g/L 11.04 g/L / 11.22 g/L 8.79 g/L / 11.51 g/L
UF 25 A k% g/m2 959 950 982
UF Pk 1/m2 87,2 95 103
WG L FF U TR AM/PM | 08:21 08:21 09:08
TR 145 BRI 7] AM/PM | 11:38 12:07 15:02
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CN 108025072 A 17/25 0
WA 1% IS P R L 86,66 97,66 107,16
Wil RN psig 35 35 35
WAL REWES psig 15 15 15
W41 iE Y% 71 psig 0 0 0
WA 128 SR B WA AR L 12,8 10,4 10,2
WG 138 = L/m2/h | 23,1 22,7 15,9
w451 FEITMP psig 25 25 25
IR RIS [E) AM/PM | 11:49 12:14 10:05
PBURZE AR R AM/PM | 14:45 16:22 13:39
BIEE YR L 109 82,76 103
B 8,0 8,0 8,0
BRI 7 psig 40 40 40
BB YL psig 15 15 15
BIEE L IE T psig 0 0 0
BUE B E L/m2/h | 32,6 18,8 25,3
B TMP psig 27,5 27,5 27,5
WG 2 IR (] AM/PM | 15:15 16:45 14:02
4 245 SR 7] AM/PM | 15:55 17:27 14:45
WeaR2ERE ) psig 25 - 55 25 - 55 25 - 55
WAR2AR BT psig 0-2 0-2 0-2
WRAR2FE LWL S psig 0 0 0
Wen23E L P RAR L 7,1 7,9 6,8
W2 1538 = L/m2/h | 9,3 9,9 8,3
w42 SEHITMP (psig) 20 20 20
FEP AR L 6,433 6,337 7,175
PR g/L 158,6 157,5 156,6
ELYe % 95 92 99
Ve AR L 833 915 790
Ve g/L 62,88 63,20 54,28
Y e gk g 52 58 43
ekt 4 g/m2 5,14% 5,79% 3,82%

[0068] A.3 Z%it

IR SIS RESAEIE B 250 i H bR iK [R5 92-99 9% IR 20 BRAG R

TSI IE S AR AR W A UFDF 5238 & - il 2 BAT £ m] 4532 VG N g pH Al
A WA TR BE () v BEWR 4 (1) (150 ¢/ 1) RS FHTZ5 W0 ot o mT LA HA 2R ) o A6 AR ) 2k
REfITE BT SeBLEIE , JEH A BATRR ] kG 1 B

[0069]

[0070]

FEVLIAPESCHE B2+ B8 FE I B 3 B TURCLOM, iy 7t 1t

B-5L Jifi 4512

= AN
e

IL-7TRIA IL-7TRFEFL 57 B

SLEPUIA AZ RO BT R AE G R R IE 1120 g/ 1 B bR EE , b 258 S AR
7. 0F pHELE BL R IR A1) «

— W20 mMIZHE B,
WREER100 mMI S &R,

WREN50 g/ 1P RERE,
W ER0.02 g/11PS80 (B8 1 BL M FiE80) , Al

W H0.5 g/1EDTA,
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[0071]  FEEEE K EH =10 /1 IB I EH = 15% MpH{EH 0. 5 & Z R IH LT
SR BB SR R T LA 1
[0072] AR ZIML , T E% 71518 BI85 % 1 = H =l
[0073]  FH-T FiRszio ) B RHE CididMabSelect © FIQHRZHT AL PR ) 58 4= A4k 1) VAT o
[0074] )& /1208 11 45

BTS20 35948 2 fidPellicon 3 ® (30KDa,C—yER , 88 cm?) P4 4 4E &K I GE
Crossflow &%t (300 mLfg#%) 5iQuattroflow ™ 2 RS #E4T . B & /7 (TransMembrane
Pressure) (TMP) fRHFFERLI14-22 psi,Pusi<55 psioFRAE A VLT, 15 W A IR PEm AR 2
TR PR G TR P PR 159381, SR e 4 22 RGN B/ TARARRA = A1)
(00751 4l &

{# F{Thermo Scientific Nanodrop 2000C ™ 8¢k C Technologies Inc.HJSolo VPE
M AT R A PR EE ) S A AT LG43 B I 5 v o dnid ik ARDSIZES I E A 7E280 nmf¥VH
ZHCN1.51 mL*kmg kem L,
[0076] %255

S 1

JEAT R 5% (2M NaCliBRl 3 H2M Trishl i 2 pl 7.0, K45 %50 g/1, H22 mM4d
MR, 110 mMkEZEpH 7.0923E , FHOXEEHESE il (22 nMAHZ R, 110 mMKE 2R , 275 g/LiE
BEpH 7.0 B KL, IFE~34 LMHI RN R IKGE 22146.9 /L, iR 1T PRR IR W4 (1) I TR
[FIpHAT .00, UF 2248 A1E JEV R UL B FE A X I A 30 o, T 2333 o/ LEIKEE . 543
HLIH88% .
[0077]  R11-FIMEER ST pH 7. 0REAT B U8 AN 4 o
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CN 108025072 A .IH HH :I:; 19/25 11
EilW 706263-77
# Quattro Flow
UF &1 Skl ie/m?) 348
4 1
InFFAEAL) 1.36
INFFRE /L) 225
HERHES(LMH) kit
R IR Apsi) <50
s 1 A 320
ed 1 PERE(g/L) 49.5
i 3.
v 22 mM HLEER,. 110 mM YRR, pH 7.0
R (ToV) 8
HEFHRL$ @ DF (LMH) 300
¥ N @ DF (psid 40
TMP (@ DF (psi) 20
& i @ DF (LMH) 11.5-16.5
EaE R E () 220
et 2
L a 22 mM HLERE, 110 mM BYEAE, 275 /L BEER pH 7.0
TMP @ 45 2 (psi) <25
1k A HEELE J1(psi) 50
5 HIR ) B SE(LMH) 34
HeHE 2 I (o) Aitawk
IR (/L) 146.9

[0078] K 12-14 8 /RIKIEF]CGEFISECHN 52 25 B o e IR 4R I M B 1 AH 2R K &= IR A1
REMH IR FEACAE T A1 =10% AN  FEUF L2 FE R A T G 1 R 45, i AT e

IKPIAZAE o

[0079]  FR12-FEEFRZE MilipH 7.00 L Z ML E

FE il 24 7R EHE P (/L) FEZ IR (mM) 2R (M) FERE (g/L)
BUETR 50.1 113.7 22.6 N/A
BRE 38.2 110.0 21.9 55.0
=2 S LY 146.9 108.5 19.8 50.0
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CN 108025072 A 20/25 71
RGEVER 33 111.1 22.1 49.9
BIEGE MR N/A 116.1 23.6 N/A
SXFEMEZE M | N/A 87.6 15.8 277.6

[0080] 13- FEEFREM TP 7.05L 56 I nrCGEFIrCCEZE B

- nrCGE | rCGE

% IgG %l | %ifh | % HC+LC | %¥h %o oAl
$i-IL-TR 2% 97.5 2.5 0 | 98.7 0.5 0.8
B 96.2 3.8 0 | 98.8 0.5 0.7
EE G 96.2 38 0 99,1 0.3 0.5
s aaath 96.3 3.7 98.9 0.5 0.6
B 96,8 32 99,1 0.3 0.6

[0081]  FKI4-FEEIRZE P 7. 055 SECL, R
FE it 47K % HMMS % LMMS % Pk
BIEW 0.6 0.2 99.2
BrE 0.6 0.2 99.2
ARG 0.6 0.2 99.2
ARGV 0.6 0.2 99.2

[0082] 3352

RS, AR5 P VEIR Y L ME— [ X B2 TSRS AR U7 30 R BT UF R SR
S AR AR AR AE (25 HH IS AR BN S G i B AR RO A (1) ALl CEUINREER LLIZDE
TR ) VL) AEBXFENE B K G , B FE~34 LMHEERHA 2 FlPuwi<50 psiik4EZ183.6

g/Lo
[0083]

25
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B ic 706263-78
H Cuanro Flow
UF 1 i i g/m®) 387
s 1
ImFEEBYL) 1.5
ImBEEg/L) 2.27
EEHIE S (LMH) L
iR Aipsi) =50
Hesi 1 i (o) 400
AR 1R EEL) 43
i
VAR bl 22 mM HLERE 110 mM B ERE pH 7.0
Wik B (TOV) 10
it FHiL @ DF (LMH) 300
ilE L 3@ DF (psi) 28
TMP @ DF (psi) 20
i L Pt 4@ DF (LMH) 13.4-19.1
& e ) oy ) 300
e 2
L 22 mM HLERR, 110 mM BVERE, 275 /L 86 pH 7.0
TMP @ R4 2 (psi) <23
dok R R 1 Fa(psi) 50
£5 B AR FR(LMH) 34
HEHH 2 0 [E)( 51 BP) Ric®
T EE R R (g/L) 183.6

[0084] 1677 o 26 b e G 7 FE 4 A0 L R PRI 22 ) et =

10% P o AE AT T SEB AR i 1) X 37 SRR S5 M 77K J3E A A ] S 2 550

[0085] R 16-45ZMRpH 7. 0% M i I JE 77k 2

FE il 2R T KR E (g/1) FE 2R (mM) R (m\D) JERE (g/L)
IR 43.71 112.9 21.8 ND

LR G 36.2 113.1 22.1 55.6

I AW AGY) 182 106.9 19.4 48.5
XL | N/A 102.1 22.2 266.7
[0086] 2453
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T e AR G 88 =R RS, B RAERP R BIEE, WL ih2 s ORI R
THESXB RN AR AR AR o 72~ 34 LMHIERNA 28 F1Puswi<50 ps R EE H BTk 4 2190 g/L.
UF 245 L) R FEAR S FH20 mMZH &R , 100 mMAE ZER , 50 g/ LEERE , pH 7. 0350k . & 3T I PR FE 4
R VT T P B P BB 151 g/, AT 32084 % I A5
[0087]  R17-FIpH 7.0MIAG 2 EE S2 i3t AT VB I AR 4

i T06263-79
w Quattro Flow
UF & 1A ki (g/m’) 500

L4 1

IFFHEEL) 1.96

I e (/L) 2.25

HERHE J3(psi) <50

eS| B (o) Aids

i 1 IR (/L) 454

Bk

VA 0 4 o 22 mM #LECAR, 110 mM Hi%(A%, pH 7.0
KB (TOV) 8

HEELR 5@ DF (LMH) 430

HEELE J1@ DF (psi) 30

TMP @ DF (psi) 25

i 14 $i @ DF (LMH) 18

R (a4 ) 300

W 2A

L Ebid 22 mM SRR, 110 mM FYEURY, 275 o/L 8K pH 7.0
TMP @ 57 2 (psi) <25

I HERLE J1ipsi) 50

ES R AL (LMH) 34

4 2 il ) Ao

1 £ R (g/L) 190

[o088] K 18414h T MRIE IS , R LH Z IR FE 2R AN BE MR LS E R E = 10% N .
F 19K 20K B 7EUFDF L. 2 FE % A TE B/ M) S AL B
[0089] 18— k5 MapH 7. 0% My (1) TGk TV 7513k 5

B EARWKE (/L) | HEER (M)

FZIR ) | BERE (/1)
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BUER 45.4 22 110.4 N/A
Bkl G 37.3 22 110.9 55.5
452 190 19.5 102 49.7
RSV 37.6 20.5 102.2 52.2
BAF-IL-TR MEL | 151.6 19.9 102.7 48.9
BIEGITIN N/A 22.2 110.3 N/A
5X35 Rl 22 Ml N/A 22.2 110.4 274 .4
eSS Rl N/A 20 99.1 51.8
[0090]  FI19-FEEMLpH 7.0Z% MW I nrCGEFrCGELE
B nrCGE . rfCGE
%IgG | % B | %l [%HC+LC | % BA | %itfh
Hi-IL-TR &% 97.1 2.9 | <0.3 98.7 0.5 0.8
Hi-IL-TR 83 96.2 3.8 <03 98.9 0.4 0.7
$i-1L-TR 8 E} 96.1 3.9 | <0.3 99 0.4 0.7
Hi-TL-TR 440 95,2 4.3 0.3 99 0.3 0.8
Hi-IL-TR EiHc 96.1 39 | <0.3 99 0.3 0.7
H-1L-TR g 2% 95.3 4.4 0.3 99 0.3 0.7
[0091]  ZR20-¥52MpH 7.05% M ¥ SECE,
FF i 4% % SHMMS % FLMMS % FLfAR
Pi-IL-7TR  FrifE 0.6 0.2 99.1
Pi-1L-TR  BIEW 0.5 0.3 99.3
Fi-IL-TR  BEHK 0.5 0.3 99.3
P-IL-TR K459 0.8 0.3 98.9
P-TL-7R EPRR 0.5 0.3 99.3
Pi-1L-TR & 0.7 0.3 99
[0092] 4y b sE3e 3R Bt AT () L2 ﬁzﬁﬁﬁﬁﬂi% R 28 R ) R ) T 4 S R
18, 37 H A R AR BE F T2 A 5 o IX AN T 2K 4 L K 2 Fh Al s , DA fR 3L
W R R AT
[0093] Al ML UFDET. 2

ffi iMillipore ® C—yEM FFA LT 4E SR IB I8 FIANB00 LA A=) S S 2% 40 AL H A4 RHE
H T A BRI R B UF T2 (SEER ) .
[0094]  fER21FVEIRI S ICIZfT bR, BT LG PR 2. 92 g/LINI86 LIE A A} F5 %
(92 M NaCliBkh, SR G VRAT 2446 /L. SRIEHEFPRHH22 nMZLZ R . 110 mKS R pH 7.0
PLKZI150 MU HERR 2 FPi<40 psidhiTiBIE.8 TOVIBIE)G , IR Y H22 mMA =
2,110 mFSZRR, 275 g/ LFEREDH 7.0 KL, JF BB 105 %0, ARG IRAE 2191 .4 o/LIR4
A FEAE30 LMHIE I )i 2 FPus<50 psifi ik o AR5 DL AR B H120 mMZH 22, 100 mmZH 24
2,50 g/LIEERE, pH 7.0M e 54, AT RLINBT % EANUF L2 RAFHESA /I A fE5E
Jio

28



CN 108025072 A .I'R HH :F; 24/25 T
[0095]  JE VR A CR B Wit B VR AN S AN B R R, R AR T IR ON135.4 g/ LIFUR
L iEIEMillipore ® 05/0.2 um Opticap Express SHCLA59 L/m*3@ it & id JEh . 420X
EDTAFIPS8OMR I 7152 rhil 45 k) B UF L Hp DA AR = B K BE 129 .4 g/ LI 25400 )it

[0096] 21—+ MARUF T 2 54

UFDF 588 HmEe f iy

L2 Millipore 30K C /4 RC
MM, m2 228

UF 3 19 % Hhilg/m’) 123

Hedii |

I dEYL) o6

InBEHE (/L) 2923

R 1 el e ~120

AR 1 L) 446

b 31

VEREAR 22 mM HLEAE, 110 mM B EEE pH 7.0

FER (TOV)

8

[0097]

TE i @ DF (LMH) 1316
b e J)@ DF (psi) 29
TMP @ DF (psi) 24
i i ¥ @ DF (LMH) 18.4
Ve ) AR 80
i 2
B3 b 22 mM HLEAE, 110 mM BYERL, 275 /L BERN pH 7.0
TMP @ife4s 2 (psi) 25
:E{[{r#ﬂéﬁﬂé@ ENET (LMH) 30
HedE 2 W E R EL) 0.738
AR 2 0 [l i) ~30
A 2 (L) 191.4
Hedi 2 mlfreve) 50.35
e
s R 20 mM #HECRR, 100 mM Y E(RE, 50 g/L BEBE pH 7.0
i R PEE L) 1057
S (L) 973
TR EI ) 36.7

22m A T IRIE R L, e B o B 2t o B A R L R R AT RE R R B2 A H AR

fEL £ 15% A o £E 556 2 AR L 2T S UIT8] B8 H Ao 9 BB B0 N BT TR 7R 2 H AR =

10% , {H K HIARE (1) SRS 1Bl 18t 52 2 = 15 % LA FOVF7E 2 LU A9 FSOR Sk 2 o 11 5 25 %
A TORBIBATI PR AR, H SR B U 21 R S e A R

[0098] FK23fN1F24

.

[0099] 22— L HNBLIZ AT TR FFI BT 5 SR

FE il 24 7R WRE (g/L) F 2R (mM) H 2R (M) FERE (g/L)
BiEh 44.6 111.4 22.2 N/A

5X5 KLt 32.9 111.2 22.1 46.3
AR Y 191.4 105.8 20.1 43.9
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e AT 97.3 101.8 19.9 46.4
25 o 135.4 103.9 20.2 43.8
UFZE M N/A 110.6 22.2 N/A
5X#5 K} N/A 112.7 22.5 269.5
SRS N/A 101.0 20.4 46.9
[0100]  FR23-H MR IZ 1T SECEE
FF i 4 H5 % SLHMMS % ELMMS % Bk
Yi-IL-TRZ % 0.6 0.4 99.0
UF Nt 0.5 0.4 99.2
w4ag2  UF{REEW 0.7 0.4 98.9
e AT 0.6 0.3 99.1
259 o 0.6 0.3 99.0
[0101] 24— RFNAIZE T nrCGESE B
R % TgG % B F % HAth
Yi-IL-TRZ % 96.5 3.1 0.3
UF Nt 96.7 3.3 0.0
BUEh 97.3 2.7 0.0
w4ag2  UF{REEW) 96.2 3.4 0.3
e AT 97.1 2.9 0.0
25 o 96.5 3.5 0.0
[0102] Ziig

B2, ERSCISUESE 7T S AP TL-TRUTAR > 120 mg/m1 2544 5t (I URDF J5 3%
(R RREh 20T & o UFDF L Z A FE IR IR L B8 S IR A i (4 BERE 2 ), 28 FH AR A% (R

FEFUB R TF AR 2 FR ) pHAT BT AT W PR S AT A ] 1252 (1 A
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<110>

<120>
<130>
<150>
<151>
<160>
<170>
<210>
211>
212>
<213>
<220>
223>
<400>

PFIZER INC.
Glynn, Judy K
Chen, Brian X

LaCasse, Daniel P

8- VE 9T F R SR 7 ) 7 VR R E X AT VR AR B AR o 7

PC72213A

61/222,067
2015-09-22

22

BRIES

PatentIn version 3.5

1
118
PRT

ANTH)

BRI A

1

Gln Val Gln Leu Val

1
Ser Val

Tyr Met

Gly Glu
50

Lys Ser

65

Met Glu

Ala Arg
Thr Val
<210>
211>

212>
<213>

Lys

His
35
Tle

Arg

Leu

Glu

Thr

115
2

107
PRT

Val
20
Trp

Ser

Val

Ser

Arg

100
Val

PNEN: ()

5

Ser

Val

Pro

Thr

Ser

85

Pro

Ser

Gln Ser
Cys Lys
Arg Gln
Phe Gly
55

Met Thr
70

Leu Arg

Leu Tyr

Ser

Gly
Ala
Ala
40

Gly
Arg

Ser

Ala

Ala
Ser
25

Pro
Arg
Asp

Glu

Ser
105

31

Glu

10

Gly

Gly

Thr

Thr

90
Asp

Val

Tyr

Gln

Asn

Ser

75

Thr

Leu

Lys
Thr
Gly
Tyr
60

Thr

Ala

Trp

Lys
Phe
Leu
45

Asn
Ser

Val

Gly

Pro

Thr

30

Glu

Glu

Thr

Tyr

Gln
110

Gly
15

Ser
Trp
Lys
Val
Tyr

95
Gly

Ala

Tyr

Met

Phe

Tyr

80

Cys

Thr



CN 108025072 A

.1l

2/11 T

<220>

223> A RLHI R AR

<400> 2

Asp Ile Gln Met Thr

1
Asp Arg Val

Leu Ala Trp
35
Tyr Ser Ala
50
Ser Gly Ser
65
Glu Asp Ile

Thr Phe Gly

<210> 3

211> 5

<212> PRT
<213>
<220>
223>
<400> 3

Thr
20

Tyr
Ser
Gly

Ala

Gln
100

ANTH)

5
Ile

Gln

Tyr

Thr

Thr

85
Gly

BRI A

Ser Tyr Tyr Met His

1

<210> 4
211> 7
<212> PRT
<213>
<220>
<223>
<400> 4

PNEN: ()

5

BRI A

Gln
Thr
Gln
Arg
Asp
70

Tyr

Thr

Ser
Cys
Lys
Tyr
55

Phe

Tyr

Lys

Gly Tyr Thr Phe Thr Ser Tyr

1
<210> 5

211> 10
<212> PRT
<213>

ANTH)

5

Pro
Arg
Pro
40

Thr
Thr

Cys

Leu

Ser
Ala
25

Gly
Gly
Phe

Gln

Glu
105

32

Ser
10

Ser

Lys

Val

Thr

Gln

90
Ile

Leu

Gln

Ala

Pro

Ile

75

Lys

Ser
Gly
Pro
Ser
60

Ser

Tyr

Ala
Tle
Lys
45

Arg

Ser

Ser

Ser

Ser

30

Leu

Phe

Leu

Leu

Val
15

Ser
Leu
Ser

Gln

Trp
95

Gly

Ala

Ile

Gly

Pro

80
Arg
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220>

223> & U AR

<400> 5

Gly Tyr Thr Phe Thr Ser Tyr Tyr Met His
1 5 10
<210> 6

211> 17

<212> PRT

213> ATH

220>

223> & AR

<400> 6

Glu Ile Ser Pro Phe Gly Gly Arg Thr Asn Tyr Asn Glu Lys Phe Lys
1 5 10 15
Ser

210> 7

211> 7

<212> PRT

213> ATH

220>

223> & R AR

<400> 7

Ile Ser Pro Phe Gly Gly Arg

1 5

<210> 8

211> 9

<212> PRT

213> ANTH

220>

223> &R AR

<400> 8

Glu Arg Pro Leu Tyr Ala Ser Asp Leu

1 5

210> 9

211> 11

<212> PRT

213> ATH

220>

223> &R AR
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<400> 9
Arg Ala Ser Gln Gly Ile Ser Ser Ala Leu Ala

1

<210>
211>
<212>
<213>
<220>
223>
<400>

5
10
7
PRT
NI

BRI A
10

Ser Ala Ser Tyr Arg Tyr Thr

1

<210>
211>
<212>
<213>
<220>
223>
<400>

5
11
9
PRT
NI

AR R A
11

Gln Gln Arg Tyr Ser Leu Trp

1

<210>
211>
212>
213>
<400>
Met Gly
1

Leu Leu

Asp Glu

Glu Asp
50

His Arg

65

Val Leu

Arg Leu

5
12
692
PRT

1 N\ (Homo sapiens)

12
Thr Val Ser
5
Leu Leu Leu
20
Asp Gly Asp
35
Gly Leu Ala

Cys Ala Lys
Lys Glu Glu

85
Gln Ala Gln

Ser Arg

Leu Leu

Tyr Glu

Glu Ala
55

Asp Pro

70

Thr His

Ala Ala

Gly

Glu
40

Pro

Thr

Ser
Pro
25

Leu

Glu

34

10

Trp
10

Ala
Val
His
Leu

Gln
90
Gly

Trp
Gly
Leu
Gly
Pro
75

Ser

Tyr

Pro
Ala
Ala
Thr
60

Gly

Glu

Leu

Leu

Leu
45

Thr
Thr

Arg

Thr

Pro
Ala
30

Arg

Ala

Thr

Lys

Leu
15
Gln

Ser

Thr

Val

Ala

95
Ile

Leu
Glu
Glu
Phe
Val
80

Arg

Leu
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His
Asp
Glu
145
Ile
Gly
His
Pro
Ser
225
Val
Gly
Lys
Leu
Ala
305
Asp
Gly
Thr
Ile
Thr

385

Ser

Val
Leu
130
Asp
Thr
Ser
Arg
Glu
210
His
Ala
Lys
Ser
Ala
290
Arg
Ala
Ala
Asn
Gly
370

Ser

Ala

Phe
115
Leu
Ser
Pro
Leu
Glu
195
Glu
Gly
Lys
Gly
Gln
275
Gly
Ala
Cys
Thr
Phe
355
Ala

Gln

Glu

100
His

Glu
Ser
Pro
Val
180
Tle
Asp
Thr
Gly
Thr
260
Leu
Gly
Gly
Leu
Asn
340
Gly
Ser

Ala

Pro

Gly
Leu
Val
Arg
165
Glu
Glu
Gly
His
Ala
245
Val
Val
Tyr
Val
Tyr
325
Ala
Arg
Ser

Ala

Glu
405

Leu
Ala
Phe
150
Tyr
Val
Gly
Thr
Leu
230
Ser
Ser
Gln
Ser
Val
310
Ser
Gln
Cys
Asp
Ala

390
Leu

Leu
Leu
135
Ala
Arg
Tyr
Arg
Arg
215
Ala
Met
Gly
Pro
Arg
295
Leu
Pro
Asp
Val
Cys
375
His

Thr

Pro
120
Lys
Gln
Ala
Leu
Val
200
Phe
Gly
Arg
Thr
Val
280
Val
Val
Ala
Gln
Asp
360
Ser

Val

Leu

105
Gly

Leu
Ser
Asp
Leu
185
Met
His
Val
Ser
Leu
265
Gly
Leu
Thr
Ser
Pro
345
Leu
Thr

Ala

Ala

35

Phe
Pro
Tle
Glu
170
Asp
Val
Arg
Val
Leu
250
Tle
Pro
Asn
Ala
Ala
330
Val
Phe
Cys

Gly

Glu
410

Leu
His
Pro
155
Tyr
Thr
Thr
Gln
Ser
235
Arg
Gly
Leu
Ala
Ala
315
Pro
Thr
Ala
Phe
Tle

395
Leu

Val
Val
140
Trp
Gln
Ser
Asp
Ala
220
Gly
Val
Leu
Val
Ala
300
Gly
Glu
Leu
Pro
Val
380

Ala

Arg

Lys
125
Asp
Asn
Pro
Ile
Phe
205
Ser
Arg
Leu
Glu
Val
285
Cys
Asn
Val
Gly
Gly
365
Ser

Ala

Gln

110
Met

Tyr
Leu
Pro
Gln
190
Glu
Lys
Asp
Asn
Phe
270
Leu
Gln
Phe
Tle
Thr
350
Glu
Gln

Met

Arg

Ser
Ile
Glu
Asp
175
Ser
Asn
Cys
Ala
Cys
255
Ile
Leu
Arg
Arg
Thr
335
Leu
Asp
Ser

Met

Leu
415

Gly
Glu
Arg
160
Gly
Asp
Val
Asp
Gly
240
Gln
Arg
Pro
Leu
Asp
320
Val
Gly
Ile
Gly
Leu

400
Ile
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His
Gln
His
Ser
465
Glu
Gly
Asn
Leu
Ser
545
Gly
Pro
Glu
Lys
Ala
625
Thr
Arg

Thr

Gln

Phe
Arg
Gly
450
Gly
Glu
Glu
Ala
Pro
530
Met
Cys
Val
Ala
Val
610
Cys
Ser
Ser

Ala

Glu
690

<210>
211>
<212> PRT

Ser
Val
435
Ala
Pro
Leu
Arg
Phe
515
Gln
Gly
Ser
Leu
Ser
595
Lys
Glu
His
Arg
Val

675
Leu

13
117

Ala
420
Leu
Gly
Thr
Leu
Met
500
Gly
Ala
Thr
Ser
Arg
580
Tle
Glu
Glu
Val
Asp
660

Ala

Gln

Lys
Thr
Trp
Arg
Ser
485
Glu
Gly
Asn
Arg
His
565
Pro
His
His
Gly
Leu
645

Val

Ile

Asp
Pro
Gln
Met
470
Cys
Ala
Glu
Cys
Val
550
Trp
Arg
Ala
Gly
Trp
630
Gly

Ser

Cys

Val
Asn
Leu
455
Ala
Ser
Gln
Gly
Ser
535
His
Glu
Gly
Ser
Tle
615
Thr
Ala

Thr

Cys

Tle
Leu
440
Phe
Thr
Ser
Gly
Val
520
Val
Cys
Val
Gln
Cys
600
Pro
Leu
Tyr

Thr

Arg
680

Asn
425
Val
Cys
Ala
Phe
Gly
505
Tyr
His
His
Glu
Pro
585
Cys
Ala
Thr
Ala
Gly

665

Ser

36

Glu
Ala
Arg
Val
Ser
490
Lys
Ala
Thr
Gln
Asp
570
Asn
His
Pro
Gly
Val

650

Ser

Ala
Ala
Thr
Ala
475
Arg
Leu
Tle
Ala
Gln
555
Leu
Gln
Ala
Gln
Cys
635
Asp

Thr

His

Trp
Leu
Val
460
Arg
Ser
Val
Ala
Pro
540
Gly
Gly
Cys
Pro
Glu
620
Ser
Asn

Ser

Leu

Phe
Pro
445
Trp
Cys
Gly
Cys
Arg
525
Pro
His
Thr
Val
Gly
605
Gln
Ala
Thr

Glu

Ala
685

Pro
430
Pro
Ser
Ala
Lys
Arg
510
Cys
Ala
Val
His
Gly
590
Leu
Val
Leu
Cys
Gly

670
Gln

Glu
Ser
Ala
Pro
Arg
495
Ala
Cys
Glu
Leu
Lys
575
His
Glu
Thr
Pro
Val
655

Ala

Ala

Asp
Thr
His
Asp
480
Arg
His
Leu
Ala
Thr
560
Pro
Arg
Cys
Val
Gly
640
Val

Val

Ser
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213> ATH
<220>
223> HRHIF A
<400> 13
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly
1 5 10 15
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp Asp Ser
20 25 30
Val Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
Ser Leu Val Gly Trp Asp Gly Phe Phe Thr Tyr Tyr Ala Asp Ser Val
50 55 60
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95
Ala Arg Gln Gly Asp Tyr Met Gly Asn Asn Trp Gly Gln Gly Thr Leu
100 105 110
Val Thr Val Ser Ser
115
<210> 14
<211> 110
<212> PRT
213> ATH
<220>
223> HRHIH A
<400> 14
Asn Phe Met Leu Thr Gln Pro His Ser Val Ser Glu Ser Pro Gly Lys
1 5 10 15
Thr Val Thr Ile Ser Cys Thr Arg Ser Ser Gly Ser Ile Asp Ser Ser
20 25 30
Tyr Val Gln Trp Tyr Gln Gln Arg Pro Gly Ser Ser Pro Thr Thr Val
35 40 45
Ile Tyr Glu Asp Asp Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60
Gly Ser Ile Asp Ser Ser Ser Asn Ser Ala Ser Leu Thr Ile Ser Gly
65 70 75 80
Leu Lys Thr Glu Asp Glu Ala Asp Tyr Tyr Cys Gln Ser Tyr Asp Phe
85 90 95
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His His Leu Val Phe

<210>
211>
212>
213>
220>
223>
<400>
Glu Val GIn Leu Val

1

Ser

Val

Ser

Lys

65

Leu

Ala

Val

Ala

Leu

145

Gly

Ser

Leu

Thr

Val
225

Leu
Met
Leu
50

Gly
Gln
Arg
Thr
Pro
130
Val
Ala
Gly
Gly
Lys

210
Phe

15
432
PRT

100

ANTH]

BRI F A

15

Arg
His
35

Val
Arg
Met
Gln
Val
115
Ser
Lys
Leu
Leu
Thr
195

Val

Leu

Leu
20

Trp
Gly
Phe
Asn
Gly
100
Ser
Ser
Asp
Thr
Tyr
180
Gln

Asp

Phe

5

Ser

Val

Trp

Thr

Ser

85

Asp

Ser

Lys

Tyr

Ser

165

Ser

Thr

Lys

Pro

Gly Gly Gly Thr Lys Leu Thr Val Leu

Glu

Cys

Arg

Asp

Ile

70

Leu

Tyr

Ala

Ser

Phe

150

Gly

Leu

Tyr

Lys

Pro
230

Ser

Ala

Gln

Gly

95

Ser

Met

Ser

Thr
135

Pro

Val

Ser

Ile

Val

215
Lys

Gly
Ala
Ala

40
Phe

Ala
Gly
Thr
120
Ser
Glu
His
Ser
Cys
200

Ala

Pro

105

Gly
Ser
25

Pro
Phe
Asp
Glu
Asn
105
Lys
Gly
Pro
Thr
Val
185
Asn

Pro

Lys

38

Gly
10

Gly
Gly
Thr
Asn
Asp
90

Asn
Gly
Gly
Val
Phe
170
Val
Val

Glu

Asp

Leu

Phe

Lys

Tyr

Ala

75

Thr

Trp

Pro

Thr

Thr

155

Pro

Thr

Asn

Leu

Thr
235

Val
Thr
Gly
Tyr
60

Lys
Ala
Gly
Ser
Ala
140
Val
Ala
Val
His
Leu

220
Leu

Lys
Phe
Leu
45

Ala
Asn
Val
Gln
Val
125
Ala
Ser
Val
Pro
Lys
205

Gly

Met

110

Pro
Asp
30

Glu
Asp
Ser
Tyr
Gly
110
Phe
Leu
Trp
Leu
Ser
190
Pro

Gly

Ile

Gly
15
Asp

Ser
Leu
Tyr
95

Thr
Pro
Gly
Asn
Gln
175
Ser
Ser

Pro

Ser

Gly

Ser

Val

Val

Tyr

80

Cys

Leu

Leu

Cys

Ser

160

Ser

Ser

Asn

Ser

Arg
240
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Thr
Glu
Lys
Ser
Lys
305
Tle
Pro
Leu
Asn
Ser
385

Arg

Leu

Pro
Val
Thr
Val
290
Cys
Ser
Pro
Val
Gly
370
Asp

Trp

His

210>
211>
212>
213>
220>
223>
<400>
Asn Phe Met Leu Thr

1

Glu Val

Lys Phe
260

Lys Pro

275

Leu Thr

Lys Val

Lys Ala

Ser Arg
340

Lys Gly

355

Gln Pro

Gly Ser

Gln Gln

Asn His
420

16

215

PRT

NI

Thr
245
Asn
Arg
Val
Ser
Lys
325
Glu
Phe
Glu
Phe
Gly

405
Tyr

BRI F A

16

5

Thr Val Thr Ile Ser

20

Tyr Val Gln Trp Tyr

35

Ile Tyr Glu Asp Asp

50

Cys
Trp
Glu
Leu
Asn
310
Gly
Glu
Tyr
Asn
Phe
390

Asn

Thr

Gln

Cys

Gln

Gln

Val
Tyr
Glu
His
295
Lys
Gln
Met
Pro
Asn
375
Leu

Val

Gln

Pro

Thr

Gln

Arg
55

Val
Val
Gln
280
Gln
Ala
Pro
Thr
Ser
360
Tyr
Tyr

Phe

Lys

His
Arg
Arg

40

Pro

Val
Asp
265
Tyr
Asp
Leu
Arg
Lys
345
Asp
Lys
Ser

Ser

Ser
425

Ser
Ser
25

Pro

Ser

39

Asp
250
Gly
Asn
Trp
Pro
Glu
330
Asn
Tle
Thr
Lys
Cys

410
Leu

Val
10

Ser

Gly

Gly

Val
Val
Ser
Leu
Ala
315
Pro
Gln
Ala
Thr
Leu
395

Ser

Ser

Ser

Gly

Ser

Val

Ser

Glu

Thr

Asn

300

Pro

Gln

Val

Val

Pro

380

Thr

Val

Leu

Glu

Ser

Ser

Pro
60

His
Val
Tyr
285
Gly
Tle
Val
Ser
Glu
365
Pro
Val

Met

Ser

Ser

Ile

Pro
45
Asp

Glu
His
270
Arg
Lys
Glu
Tyr
Leu
350
Trp
Val
Asp
His

Pro
430

Pro
Asp
30

Thr

Arg

Asp
255
Asn
Val
Glu
Lys
Thr

335
Thr

Glu

Leu

Lys

Glu

415
Gly

Gly
15
Ser

Thr

Phe

Pro
Ala
Val
Tyr
Thr
320
Leu
Cys
Ser
Asp
Ser
400

Ala

Lys

Lys

Ser

Val

Ser
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Gly Ser Ile

65
Leu

His

Lys

Gln

Gly

145

Gly

Ala

Ser

Val

Lys

His

Ala

Ala

130

Ala

Val

Ser

Tyr

Ala
210

210>
211>
212>
213>
220>
223>
<400>
Asp Ser Val Met His

1

210>
211>
212>
213>
220>
223>
<400>
Leu Val Gly Trp Asp Gly Phe Phe Thr Tyr Tyr Ala Asp Ser Val Lys

1
Gly

Thr

Leu

Ala
115

Asn

Val

Glu

Ser

Ser

195

Pro

17

5
PRT

Asp
Glu
Val
100
Pro
Lys
Thr
Thr
Tyr
180

Cys

Thr

NTH)

Ser
Asp
85

Phe
Ser
Ala
Val
Thr
165
Leu

Gln

Glu

BRI A

17

18
17
PRT

NTH)

5

BRI F A

18

5

Ser
70

Glu
Gly
Val
Thr
Ala
150
Thr
Ser

Val

Cys

Ser

Ala

Gly

Thr

Leu

135

Trp

Pro

Leu

Thr

Ser
215

Asn

Asp

Gly

Leu

120

Val

Lys

Ser

Thr

His
200

Ser
Tyr
Thr
105
Phe
Cys
Ala
Lys
Pro

185
Glu

40

Ala Ser
75

Tyr Cys

90

Lys Leu

Pro Pro
Leu Ile
Asp Ser

155
Gln Ser
170

Glu Gln

Gly Ser

10

Leu

Gln

Thr

Ser

Ser

140

Ser

Asn

Trp

Thr

Thr

Ser

Val

Ser

125

Pro

Asn

Lys

Val
205

Ile

Tyr

Leu

110

Glu

Phe

Val

Lys

Ser

190
Glu

Ser
Asp
95

Gln
Glu
Tyr
Lys
Tyr
175

His

Lys

15

Gly
80

Phe
Pro
Leu
Pro
Ala
160
Ala

Arg

Thr
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<210>
211>
<212>
<213>
<220>
223>
<400>

19

8
PRT
NI

BRI F A
19

Gln Gly Asp Tyr Met Gly Asn Asn

1

<210>
211>
<212>
<213>
<220>
223>
<400>

Thr Arg Ser Ser Gly Ser Ile Asp Ser Ser Tyr Val Gln

1

<210>
211>
212>
<213>
<220>
223>
<400>

5
20

13

PRT
NTH)

BRI A
20

5
21
7
PRT
NI

B R A
21

Glu Asp Asp Gln Arg Pro Ser

1

<210>
211>
<212>
<213>
<220>
223>
<400>

5
22
9
PRT
NI

B R A
22

Gln Ser Tyr Asp Phe His His Leu Val

1

5

41
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