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DESCRIPTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present disclosure relates to a method of preparing an antibody with a regulated
sugar chain content, the method including the step of culturing antibody-expressing cells in a
medium including glycerol as an additive for regulating the antibody sugar chain content, a
method of preparing a high-quality population of antibodies by regulating the sugar content of
the antibody to a desired content, and a population of antibodies prepared by the method.
Further, the present disclosure relates to a method of regulating the antibody sugar chain
content, the method including the step of culturing antibody-expressing cells in a medium
including glycerol as an additive for regulating the antibody sugar chain content. Furthermore,
the present disclosure relates to a medium composition for regulating the antibody sugar chain
content, the medium composition including glycerol as an additive for regulating the antibody
sugar chain content.

2. Description of the Related Art

[0002] Therapeutic antibodies, e.g., monoclonal antibodies (mAbs) and Fc fusion proteins,
occupy a large share of the current recombinant protein drug market.

[0003] Therapeutic effects of the antibody-related drugs are to directly induce apoptosis by
inhibiting a signal transduction system of target cells or to induce indirect immune mechanisms
such as ADCC (Antibody Dependent Cell-mediated Cytotoxicity) or CDC (Complement
Dependent Cytotoxicity), and these two indirect immune mechanisms are called "effector
functions" of antibodies. In the fields of biobetters or biosimilars as well as new antibodies,
effector functions are an important issue, and therefore, studies have been continued for
optimization of the functions or securing of in-vitro similarity of effector functions.

[0004] Galactosylation of Fc region affects CDC of antibodies. In the galactosylation
mechanism, galactose is a building block of the glycosylation chain reaction and binds next to
N-acetylglucosamine sugar by galactosyltransferase, and uridine is converted to UTP (uridine
triphosphate) by uridine kinase, and then UTP binds to galactose-1-phosphate (galactose-1-P)

to produce a galactosylation building block, UDP-galactose. Manganese (Mn2*) is a cofactor of
galactosyltransferase and functions to improve enzymatic performance.

[0005] Studies to improve ADCC of antibodies may be largely divided into engineering of the
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Fc region itself and sugar chain modification of the Fc region of antibodies. The present
inventors have focused on the latter sugar chain modification of the Fc region and intended to
regulate the sugar content. Multinational pharmaceutical companies and advanced biotech
companies release the next-generation version of antibodies with improved effector functions
and persistence by utilizing sugar chain modification technologies and they continuously make
efforts to occupy the market, whereas late movers in the same field are working to adapt to the
era of biosimilars and to produce biosimilars which are similar to original products in terms of
sugar chains as well as physicochemical properties. The reason is that the components and
structures of sugar chains greatly affect therapeutic efficacy, retention time in the human body,
pharmacological activity, immune response, etc. Accordingly, companies that intend to develop
biosimilar products actively conduct research into biosimilars which have sugar chains as
similar as possible to the original products, and therefore, exhibit equivalent therapeutic
efficacy and stability and fewer adverse effects such as immune response.

[0006] Previously, many literatures reported that core fucosylation in the sugar chain of the Fc
region of a recombinant antibody greatly affects ADCC, and many researchers have studied a
method capable of regulating core fucosylation. Representative research results are as follows.

[0007] A biosynthetic process of GDP-fucose which is a building block of the fucosylation
pathway, and enzymes or building blocks which are directly involved in core fucosylation of
antibodies are as shown in FIG. 1 (Sawa et al., "Glycoproteomic probes for fluorescent imaging
of fucosylated glycans in vivo", PNAS, 2006, p12372). Methods of regulating core fucosylation
by inhibiting synthesis of the enzymes or building blocks which are directly associated with
fucosylation have been studied.

[0008] Representative enzyme genes which are known to be associated with core fucosylation
are GMD (GDP-mannose 4, 6-dehyratase) gene and FUT8 (Alpha-1,6-fucosyltransferase)
gene, and a method of regulating core fucosylation by inhibiting expression of the two genes or
by preparing a FUT8 knock-out CHO host at a gene level has been suggested ((YAMANE-
OHNUKI et al., "Establishment of FUT8 knockout Chinese hamster ovary cells: an ideal host
cell line for producing completely defucosylated antibodies with enhanced antibody-dependent
cellular cytotoxicity.", BBOTECHNOLOGY AND BIOENGINEERING, 2004, p614 ~ 622) Such an
approach has also been used to obtain a fucose-negative version of trastuzumab (see Suzuki
Eiji et al., "A nonfucosylated anti-HER2 antibody augments antibody-dependent cellular
cytotoxicity in breast cancer patients”, Clinical cancer research : an official journal of the
American Association for Cancer Research, US, vol. 13, no. 6, 15 March 2007, pages 1875-
1882).

[0009] Another method of inhibiting core fucosylation is a method of adding an inhibitor of
glycosidase on the glycosylation pathway (FIG. 2, Hossler et al.,, "Optimal and consistent
protein glycosylation in mammalian cell culture”, Glycobiology, 2009, p939). That is, when
glycoproteins move from ER to Golgi in cells, they undergo high mannose trimming by
glucosidase and mannosidase. At this time, an alpha-mannosidase | inhibitor such as
Kifunensine is added to prepare oligo-mannose type glycoproteins, thereby inhibiting
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fucosylation. This method is easier than a regulation method performed at a gene level such
as cell line establishment, etc., and also advantageous in terms of time and cost.

[0010] The other fucosylation control method is a method of regulating osmolality during a
culturing process, in which a defucosylation level (deFuc%) is decreased with the increasing
osmolality in YB2/0 cell line (Yoshinobu et al., Cytotechnology, 2012, p249 ~ 265), and there is
also a report that mannose 5 glycoforms are increased in CHO cell line as a result of
increasing osmolality and extending culture duration (Efren Pacis et al., BIOTECHNOLOGY
AND BIOENGINEERING, 2011, p1078 ~ 1088). The high level of mannose 5 glycoforms
indicates the high defucosylation level.

[0011] On the other hand, Abbott's patents regarding adalimumab (US 2012/0276631 and WO
2012/149197) disclose regulation of antibody sugar chain by using manganese and galactose,
and there are literatures that reported galactosylation regarding uridine. However, there have
been difficulties in the preparation of antibodies by regulating the sugar chain to a desired
content.

[0012] Under the background of demanding a technology of increasing ADCC activity by
regulating the sugar chain of antibody, the present inventors have made many efforts to
develop a method of maintaining the sugar chain content of antibody in purification products
upon preparation of biosimilar antibody drugs. As a result, the present inventors developed an
additive to be used during a culturing process, and found out a method of consistently
preparing a population of antibodies with secured quality or equivalency by regulating the
sugar chain content of the antibody at a desired ratio, thereby completing the present
invention.

[0013] In detail, the present inventors intended to improve ADCC activity of antibodies by
controlling additives and conditions in a culturing process during the preparation of
recombinant antibodies to regulate sugar chain content (galactosylation, afucosylation) of
antibodies. As a result, the present inventors found that glycerol increases an afucosylation
level, and glycerol also increases the afucosylation level similar to that of a control drug in the
case of the development of biosimilars. The present inventors also found that glycerol,
manganese, and uridine may be used as additives, and similar effects may be obtained in an
old process or a new optimized process where different media are used, and the additives and
conditions may be widely applied to a method of preparing antibodies by regulating the sugar
chain content of antibodies.

SUMMARY OF THE INVENTION

[0014] In one aspect, the invention provides a method for preparing trastuzumab,the method
comprising: culturing recombinant trastuzumab expressing animal cells in a medium
comprising glycerol at a concentration of 0.5 to 3% (v/v), manganese at a concentration of 20
to 120 uM and uridine at a concentration of 3 to 10 mM as additives for regulating the sugar
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chain content of the antibody; wherein the animal cells are selected from: HD201 cell line
expressing trastuzumab, deposited under the Accession No: KCTC 12164BP, 19.03. 2012 and
Chinese hamster ovary cell line expressing trastuzumab; wherein the culturing step comprises:

1. (a) culturing the trastuzumab-expressing cells in a medium comprising glycerol at a
concentration of 0.5 to 3% (v/v) and manganese at a concentration of 20 to 120 mM;
and

2. (b) culturing the cells cultured in step (a) by adding uridine at a concentration of 3 to 10
mM on day 5 of culture; and optionally wherein the method further comprises

3. (¢) culturing the cells cultured in the step (b) by adding a feed medium comprising
glycerol and manganese.

[0015] In an embodiment, the sugar chain content of said trastuzumab comprises a
galactosylation content within the range of 35 to 50% and an afucosylation content within the
range of 8 to 20%.

[0016] In an embodiment, the culturing consists of main culturing and fed-batch culturing.

[0017] In an embodiment, the step (a) is performed for 3 days to 8 days; or the culturing of the
step (¢) is fed-batch culture. In an embodiment, the manganese is manganese chloride.

[0018] An object of the present disclosure is to provide a method of preparing an antibody with
a regulated sugar chain content, the method including the step of culturing antibody-
expressing cells in a medium including glycerol as an additive for regulating the antibody sugar
chain content.

[0019] Another object of the present disclosure is to provide a population of antibodies with the
regulated sugar chain content, which is prepared by the method.

[0020] Still another object of the present disclosure is to provide a method of regulating the
antibody sugar chain content, the method including the step of culturing antibody-expressing
cells in a medium including glycerol as an additive for regulating the antibody sugar chain
content. A medium composition for regulating the antibody sugar chain content, the medium
composition including glycerol as an additive for regulating the antibody sugar chain is
disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 illustrates a biosynthesis of GDP-fucose which is a building block of the fucosylation
pathway, and enzymes or building blocks directly involved in the core fucosylation of antibody;
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FIG. 2 illustrates the glycosylation pathway;
FIG. 3 shows cell growth curves measured under afucosylation-inducing additive conditions;
FIG. 4 shows cell viabilities measured under afucosylation-inducing additive conditions;

FIG. 5 shows final expression levels measured under afucosylation-inducing additive
conditions;

FIG. 6 is a graph showing relative contents of galactosylated glycoforms of antibodies
produced under afucosylation-inducing additive conditions;

FIG. 7 is a graph showing relative contents of afucosylated glycoforms of antibodies produced
under afucosylation-inducing additive conditions;

FIG. 8 is a graph showing the results of analyzing increase and decrease in galactosylated and
afucosylated antibodies, compared to non-added control;

FIG. 9 shows cell growth curves measured under conditions of single or combination treatment
of manganese (M), galactose, and uridine (Urd);

FIG. 10 shows cell viabilities measured under conditions of single or combination treatment of
manganese (M), galactose, and uridine (Urd);

FIG. 11 shows final expression levels measured under conditions of single or combination
treatment of manganese (M), galactose, and uridine (Urd);

FIG. 12 is a graph showing galactosylation contents under conditions of single or combination
treatment of manganese (M), galactose, and uridine (Urd);

FIG. 13 is a graph showing afucosylation contents measured under conditions of single or
combination treatment of manganese (M), galactose, and uridine (Urd);

FIG. 14 is a graph showing the results of analyzing increase and decrease in galactosylated
and afucosylated antibodies, compared to non-added control;

FIG. 15 is a graph showing the results of measuring (A) cell growth and (B) cell viability
according to the concentration of glycerol,

FIG. 16 shows the results of measuring final antibody expression levels according to the
concentration of glycerol;

FIG. 17 shows the results of measuring sugar chain contents according to the concentration of
glycerol, in which (A) galactosylated and (B) afucosylated sugar chain contents are shown;

FIG. 18 is a graph showing the results of measuring (A) cell growth and (B) cell viability in the
flask culture experiments using additive mixtures for co-inducing galactosylation and
afucosylation of a new process;



DK/EP 3127917 T3

FIG. 19 shows the results of measuring the final antibody expression levels in the flask culture
experiments using additive mixtures for co-inducing galactosylation and afucosylation of the
new process;

FIG. 20 shows the results of analyzing the sugar chain contents in the flask culture
experiments using additive mixtures for co-inducing galactosylation and afucosylation of the
new process, in which (A) galactosylated and (B) afucosylated sugar chain contents are
shown;

FIG. 21 shows the results of analyzing the sugar chain contents in the flask culture
experiments using additive mixtures for co-inducing galactosylation and afucosylation of the
new process, in which a galactosylation/ afucosylation difference (percent change) measured
is shown;

FIG. 22 is a graph showing the results of measuring (A) cell growth and (B) cell viability in the
bioreactor culture experiments according to the concentration of glycerol;

FIG. 23 is a graph showing the results of measuring the final antibody expression levels in the
bioreactor culture experiments according to the concentration of glycerol;

FIG. 24 shows the results of analyzing the sugar chain contents in the bioreactor culture
experiments according to the concentration of glycerol, in which (A) galactosylated and (B)
afucosylated sugar chain contents are shown;

FIG. 25 shows the results of analyzing the sugar chain contents in the bioreactor culture
experiments according to the concentration of glycerol, in which a galactosylation/
afucosylation difference (percent change) measured is shown;

FIG. 26 shows the final selection of new process additives and a graph showing the results of
measuring (A) cell growth and (B) cell viability in bioreactor experiments of 3 batches;

FIG. 27 shows the final selection of new process additives and the results of measuring the
final antibody expression levels in bioreactor experiments of 3 batches;

FIG. 28 shows the final selection of new process additives and the results of analyzing the
sugar chain contents in bioreactor experiments of 3 batches, in which (A) galactosylated and
(B) afucosylated sugar chain contents are shown;

FIG. 29 shows the final selection of new process additives and the results of analyzing the
sugar chain contents in bioreactor experiments of 3 batches, in which a galactosylation/
afucosylation difference (percent change) measured is shown;

FIG. 30 is a graph showing the results of measuring (A) cell growth and (B) cell viability in the
experiments of examining the effects of additive components applied to an old process (phase
| clinical trial process);

FIG. 31 is a graph showing the results of measuring the final antibody expression levels in the
experiments of examining the effects of additive components applied to the old process (phase
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| clinical trial process);

FIG. 32 shows the results of analyzing the sugar chain contents in the experiments of
examining the effects of additive components applied to the old process (phase | clinical trial
process), in which (A) galactosylated and (B) afucosylated sugar chain contents are shown;

FIG. 33 shows the results of analyzing the sugar chain contents in the experiments of
examining the effects of additive components applied to the old process (phase | clinical trial
process), in which a galactosylation/ afucosylation difference (percent change) relative to the
control group is shown;

FIG. 34 shows the results of analyzing the sugar chain contents in the experiments of
examining the effects of additive components, compared to the old process (phase | clinical
trial process), in which a galactosylation/ afucosylation increase (percent change) relative to
that of the sample of the old process is shown; and

FIG. 35 shows the results of analyzing the sugar chain contents in the flask culture experiment
for the selection of afucosylation-inducing additives, in which (A) galactosylated and (B)
afucosylated sugar chain contents are shown.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] Described herein is a method of consistently preparing a population of antibodies with
secured high quality or equivalency, in which sugar chain content of the antibodies is regulated
by adding additives to a medium, thereby preparing a population of antibodies including
antibodies with a desired sugar chain content. In particular, the regulation of the antibody
sugar chain content may be regulation of galactosylation or afucosylation.

[0023] Specifically, the method may be a method of regulating galactosylation, afucosylation,
or galactosylation/afucosylation content of antibodies by adding one or more additives selected
from the group consisting of glycerol, manganese, and uridine to a culture medium during a
process of producing antibodies, and in particular, a method of preparing antibodies with
regulated sugar chain content, including the step of culturing antibody-expressing cells in a
medium including glycerol as an additive for regulating the antibody sugar chain content. In the
present disclosure, the medium may further include one or more selected from the group
consisting of manganese and uridine as an additive for regulating the antibody sugar chain
content, in addition to glycerol.

[0024] As used herein, the term "antibody”, a substance produced by stimulation of an antigen
in the immune system, refers to a substance that specifically binds with a particular antigen to
cause an antigen-antibody reaction in the lymph and blood. The antibody

may include, but is not limited to, preferably all therapeutic antibodies commonly used in the
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art, more preferably, trastuzumab or pertuzumab which is an antibody targeting HER-2
(Human Epidermal Growth Factor Receptor 2), and most preferably, trastuzumab. The
trastuzumab is, also called Herceptin, a humanized antibody against HER2, developed by
Genentech, Inc., (USA), which is known as a therapeutic antibody against HER2/neu mainly
expressed in breast cancer cells.

[0025] In the present disclosure, the antibody-expressing cells include natural or transfected
cells expressing desired antibodies without limitation. With respect to the objects of the present
disclosure, the antibody-expressing cells may be cells expressing antibodies which are a
subject of regulation of the sugar chain content. In an embodiment of the present invention, the
antibody-expressing cells may be an HD201 cell line expressing trastuzumab (Accession NO:
KCTC 12164BP, Date of Deposit: 2012.03.19, Depositary Institution: the Korean Research
Institute of Bioscience and Biotechnology / the Korean Collection for Type Cultures). The cells
capable of producing antibodies may be preferably animal cells, for example, Chinese hamster
ovary cell line (CHO) or mouse myeloma cell line (NSO).

[0026] As used herein, the term "transfection” is a method of altering genetic traits of cells by
directly introducing DNA into cultured animal cells, and in general, a method of introducing a
target gene via a vehicle such as a plasmid, etc. is used. The transfection may be performed
according to a common method in the art, preferably, for example, calcium phosphate
coprecipitation, DEAE-dextran treatment, electroporation, redistribution, etc.

[0027] As used herein, the term "a population of antibodies” means a group of antibodies
including antibodies with different sugar chain contents. With respect to the objects of the
present disclosure, the population of antibodies means a group of antibodies including a
desired ratio of  galactosylated antibodies, afucosylated antibodies, and
galactosylated/afucosylated antibodies. The population of antibodies may include only one type
of antibody or all of antibodies that are galactosylated or not and antibodies that are
afucosylated or not. With respect to the objects of the present disclosure, the population of
antibodies may preferably refer to a group of antibodies with sugar chain contents regulated by
the preparation method of the present invention.

[0028] In the present invention, the sugar chain content may be one or more contents selected
from the group consisting of a galactosylation content and an afucosylation content.

[0029] In the present invention, the galactosylation content means a content of antibodies with
galactose-bound sugar chains and the afucosylation content means a content of antibodies
with fucosyl-free sugar chains. Galactosylation and afucosylation are widely known as
important modifications that greatly affect ADCC and CDC of antibodies.

[0030] To develop biosimilars, preparation of a product highly equivalent to a control drug in
terms of quality (sugar chain content) is one of the most important development points.

[0031] The present inventors continued to study for the improvement of N-glycan
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(galactosylation and afucosylation) similarity between a recombinant protein expressed and
obtained by using a trastuzumab gene and a control drug (the product of Original). It was
confirmed that when trastuzumab is prepared, the contents of N-glycans, in particular, the
contents of galactosylation and afucosylation are lower than those in the control drug,
depending on culture conditions. In particular, since the afucosylation content is a very
important index for the activity (ADCC) of antibodies, studies have been conducted on
additives used in a culturing process in order to improve the quality as equivalent as that of a
control drug by increasing the afucosylation content.

[0032] In detail, ADCC (Antibody Dependent Cell-mediated Cytotoxicity) activity of antibodies
produced during the development of a new process was measured, and as a result, the activity
was as low as 60~80% of that of the control drug. This result led to the present invention. As
mentioned above, the afucosylation level which plays an important role in ADCC activity was
examined by N-glycan analysis, and as a result, the control drug showed the afucosylation
level in the range of 8~10%, and HD201 antibody merely showed the afucosylation level in the
range of 5~7%. Accordingly, the present inventors performed experiments in order to improve
the galactosylation and afucosylation contents.

[0033] Before the present invention, experiments were performed under conditions of adding
sugar building blocks in order to induce galactosylation, and as a result, there was no great
galactosylation effect, but high afucosylation content was observed in the presence of

galactose + manganese (Mn2*). Based on this condition, changes in the sugar chain content
(quality) were examined by varying other conditions.

[0034] In an embodiment of the present disclosure, experiments were performed under

conditions where manganese (Mn2*) and galactose were added, together with an
afucosylation-inducing additive, and where an afucosylation-inducing additive was added

without manganese (Mn2*) and galactose. As a result, it was confirmed that addition of the two

materials, manganese (Mn2*) and galactose, is required in order to obtain a galactosylation
level equivalent to that of a control drug, and glycerol influences afucosylation. There are no
reports of a technology regarding the afucosylation effect of glycerol, and the present inventors
developed the technology for the first time.

[0035] To determine a proper concentration of glycerol, experiments were performed in a
concentration range of 0~3.0%(v/v), and it was confirmed that the afucosylation content of
antibodies is increased with increasing concentration of glycerol. In particular, while the relative
afucosylation content was increased, culture performance relative to that of a non-added
condition was examined in the similar range of glycerol concentration. As a result, excellent
effect was obtained in the glycerol concentration of 1% to 2%.

[0036] Further, in a specific embodiment of the present disclosure, substitutes for manganese
and galactose as additives for improving the galactose content were explored, and uridine was
selected as a candidate and used to carry out experiments. Of single additions of the three
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materials, single addition of manganese showed GOF ratio and G1F ratio similar to those of the
control drug, compared to single addition of galactose or uridine, and therefore, it can be seen
that manganese is a major factor of galactosylation in a new process. In contrast, upon single
addition of uridine, the galactosylation content was increased with increasing concentration of
uridine. However, under a high concentration condition (8 mM), growth inhibition and reduction
in expression levels were observed, and therefore, it was considered that addition of a high
concentration of uridine at the early stage of culture is inadequate for the new process. In
terms of afucosylation, three materials of manganese, galactose, and uridine were compared.
As a result, it was confirmed that there was little relationship between manganese and
galactose, but the afucosylation content was increased with increasing concentration of uridine.

[0037] The results of the experiments performed by adding manganese, galactose and uridine
in the new process showed that manganese is the most important factor influencing
galactosylation of antibodies, and it was found that when uridine is substituted for galactose, it
is possible to design a process improved in terms of galactosylation and afucosylation.
Therefore, the present inventors carried out experiments by adding combinations of
manganese, uridine and glycerol, in order to improve equivalence to the control drug in terms
of afucosylation as well as galactosylation.

[0038] In a specific embodiment of the present disclosure, by using combinations of the
additive conditions of the experiments carried out so far, experiments were carried out to
control galactosylation and fucosylation patterns of the antibody (Trastuzumab) so that they
are the most similar to those of a control drug (Herceptin®). As additives for regulating the
antibody sugar chain content, manganese which is a main additive for improving
galactosylation, glycerol which is an afucosylation-inducing additive, and uridine which may be
substituted for galactose and is a co-additive for galactosylation and afucosylation may be
used to design experiments.

[0039] It was observed that addition of a high concentration of uridine facilitates afucosylation
but reduces expression levels by growth inhibition. For this reason, uridine was separately
added on day 5 of culture to minimize growth inhibition and high mannose form.

[0040] It was confirmed that manganese had the highest effect of facilitating galactosylation,
and showed similar effects in a concentration range of 20 ~ 120 yM. Further, glycerol showed
the effect of facilitating afucosylation proportional to its concentration in the range of 1% to 3%.

[0041] These three factors were mixed and added as additives, and as a result, it was
confirmed that uridine had an effect of improving galactosylation, and therefore, uridine was
considered to be a substitute for galactose, and also showed an effect of improving
afucosylation even the effect is low. Meanwhile, in the flask culture experiments, conditions
which are the most similar to those of the control drug (Herceptin® HO717) were found to be
addition of uridine (on day 5 of culture) based on the combination of 40 uM manganese + 1%
glycerol.
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[0042] In contrast, the result of the bioreactor culture experiments showed that addition of 2%
glycerol, rather than 1% glycerol, to a production medium showed high equivalence to the
control drug (Herceptin®) in terms of afucosylation. When the afucosylation ratio of the control
drug is regarded as '1', the sample of the old process showed the afucosylation ratio of 0.43,
and 2% glycerol-added condition showed the afucosylation ratio of 0.86 which was slightly
lower than that of the control drug, but 2 times higher than that of the sample of the old
process.

[0043] In the results of bioreactor experiments of the additives for improving sugar chain
regulation (galactosylation and afucosylation), addition of 2% glycerol showed the effect of
increasing the afucosylation ratio, compared to that of the sample of the old process, in the N-
glycan profiles, and in terms of galactosylation, addition of manganese and uridine showed the
effect of improving galactosylation. However, they do not show complete equivalence to that of
the control drug (Herceptin®), and therefore, it was tried to change the concentrations of
glycerol and uridine and the addition method.

[0044] First, it was intended that feeding was performed by adding 2% glycerol to a feed
medium in order to improve the addition effect of glycerol. Uridine was added as a substitute
for galactose by increasing its concentration from 4 mM to 8 mM in order to improve the
galactosylation effect. Further, in flask experiments performed by adding uridine, pH was
measured on the final day of culture. As a result, pH was 6.9. Thus, the culture pH was
adjusted from pH 6.8 to pH 6.9 after addition of uridine. In order to maintain pH 6.8 in a
bioreactor, CO5 should be fed, but pCO» tend to continuously increase from day 4 of culture

and rapidly increase to 100 mmHg or higher on day 5 of culture. Therefore, referring to the
literature reporting that high pCO» negatively affects glycosylation (Kimura R, 1997), pCO» was

decreased when pH of the main culture was increased to pH 6.9 on day 5 of culture. Reflecting
this fact, experiments were designed as follows: All 3 batches were performed by adding
additives for regulating the sugar chain content (quality improvement), 40 yM manganese (M)
and 2%(v/v) glycerol (Gcr), to production media as for the selection of additives of a new
process, and on day 5 of the main culture, 8 mM uridine (Urd) was added, followed by
culturing. Consequently, a new process involving addition of 8 mM uridine on day 5 of the
culture following addition of 40 uM manganese and 2% glycerol was designed. Further, the
glycosylation contents of antibodies which were produced by bioreactor culture of 3 batches
under the same conditions were examined, and N-glycan profiles of samples which were
obtained from respective batches on day 8 of the main culture were compared with those of
the old process. As a result, galactosylation (Sum of all oligosaccharide with galactose) % of
HD201P-1102 ref.(In-house standard) was 33.9%, and galactosylation % of 3 batches of the
new process was in the range of 41.8 ~ 42.2%, which is about 8% higher than that of HD201P-
1102. Further, afucosylation (Sum of all oligosaccharide without fucose) % of HD201P-1102
was 3.8%, and afucosylation % of 3 batches of the new process was in the range of 9.1 ~
9.5%, which is about 6% higher than that of HD201P-1102. Compared with the control drug
(Herceptin®), galactosylation % of the control drug (Herceptin® Lot.H0717) was 43%, and thus
difference in the galactosylation % between the control drug and 3 batches of the new process
was less than 2%, and afucosylation % was 8.9%, and thus difference in the afucosylation %
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between the control drug and the new process was less than 2%, indicating that the conditions
are effective in terms of equivalence to the control drug. Oligo-mannose type (Sum of all
oligosaccharide with mannose) of the control drug was 1.7%, and oligo-mannose type (4%) of
the new process was 2% higher than that of the control drug.

[0045] Additionally, the additives (manganese, glycerol, and uridine) for regulating the sugar
chain content (Fc N-glycan quality improvement) designed in the new process were applied to
the old process (different medium environments) in a small-scale bioreactor to examine
whether glycosylation profiles (galactosylation /afucosylation) are regulated. 2% glycerol was
added to both of the production culture medium and the feed medium in the new process, but
in this experiment, the glycerol concentration was increased to 3%. In the samples collected
from the main culture in the bioreactor, N-glycan profiles were compared between the additive-
added condition and non-added condition in the old process. The additive-added condition
showed galactosylation % of 43.8% and the non-added condition showed galactosylation % of
43%, that is, the additive-added condition showed 1% increase in galactosylation %. Further,
the additive-added condition showed afucosylation % of 18.7% and the non-added condition
showed afucosylation % of 9.1%, that is, the additive-added condition showed 2-fold increase
in the afucosylation %. Furthermore, in the new process, the additive-added condition and the
non-added condition were compared. As a result, the additive-added condition showed
galactosylation % of 40.5% and the non-added condition showed galactosylation % of 31.8%,
that is, the additive-added condition showed 8% increase in the galactosylation %. The
additive-added condition showed afucosylation % of 14.1% and the non-added condition
showed afucosylation % of 6.1%, that is, the additive-added condition showed 2-fold increase
in the afucosylation %, similar to the results in the old process.

[0046] It was confirmed that addition of the additives (manganese, glycerol, and uridine) for
regulating the sugar chain content (Fc N-glycan quality improvement) developed in the present
invention showed similar effects in the old process as well as in the new process.

[0047] Analysis of ADCC activity of HD201 antibody was performed according to antibody-
dependent cytotoxicity assay's SOP [HD201 antibody-dependent cytotoxicity assay].

[0048] Further, in a specific embodiment of the present disclosure, ADCC activity of antibodies
prepared by adding the additives (manganese, glycerol, and uridine) for regulating the sugar
chain content of the present disclosure, was measured by a relative ADCC assay which is an
in-vitro assay. As a reference material (control drug) of ADCC activity, a currently available
original product (Herceptin®) was used. The experimental results were expressed as relative
ADCC%(A) determined by ECg5q values commonly used, and relative ADCC activity%(B) using

a relative activity ratio calculated by using PLA s/w. It can be seen that there is a slight
difference between the results obtained from ECs5y and PLA, but entire patterns were the

same.

[0049] In the small-scale old process, the additive-added condition showed 217.5% of ADCC
activity, compared to the control drug, and the non-added condition showed 78.7% of ADCC
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activity, which is lower activity than that of the control drug. Therefore, when the additives
(manganese, glycerol, and uridine) for regulating the sugar chain content (Fc N-glycan quality
improvement) were added to the old process, the afucosylation ratio may be increased to 2-
fold, leading to 100% or higher improvement in ADCC activity, compared to the non-added
condition. In the new process, the additive-added condition showed 130% of ADCC activity,
compared to the control drug, and the non-added condition showed 42.7% of ADCC activity,
which is the lowest activity, compared to that of the control drug. Therefore, as in the old
process using different media, when the additives (manganese, glycerol, and uridine) for
regulating the sugar chain content (Fc N-glycan quality improvement) were added to the new
process, the afucosylation ratio may be increased to 2-fold, leading to 80% or higher
improvement in ADCC activity, compared to the non-added condition.

[0050] As confirmed in Examples of the present invention, when a production process of
trastuzumab is performed using the additives for regulating the sugar chain content of the
present invention, regulation of sugar chain content of antibodies is possible. In particular,
there have been no studies or literatures regarding the afucosylation effect of glycerol in Korea
or abroad. On the basis of the above experimental results, the present inventors developed a
method of preparing antibodies by regulating the sugar chain content using glycerol for the first
time.

[0051] In the present disclosure, culturing may be carried out by a method widely known to
those skilled in the art under appropriate temperature, medium, and gas conditions depending
on antibody-expressing cells. There is no limitation in a method applicable to the antibody
preparation of the present disclosure, such as batch culture, fed-batch culture, continuous
culture, a combination thereof, etc.

[0052] The preparation method of the present disclosure may include the steps of (a) culturing
antibody-expressing cells in a medium including glycerol and manganese; and (b) culturing the
cells cultured in step (a) in a medium further including uridine. In particular, the method may
further include the step (c) of culturing the cells cultured in step (b) by adding a feed medium
including glycerol and manganese. The step (a) may be carried out for 3 days to 8 days, and in
Examples of the present invention, uridine treatment was carried out on day 5 of culture.

[0053] Further, the preparation method of the present disclosure may include the steps of (a)
culturing antibody-expressing cells in a medium including glycerol and manganese; (b)
culturing the cells cultured in step (a) in a medium including uridine; and (c) performing fed-
batch culture using a medium including glycerol and manganese.

[0054] Meanwhile, step (a) and step (b) may be performed by batch culture, and step (¢) may
be performed by fed batch culture, but are not limited thereto.

[0055] Further, the preparation method of the present disclosure may further include the step
of purifying antibodies from a cell culture broth, and the method of purifying the antibodies may
be performed by a variety of methods widely known in the art, for example, protein A/G
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column, HPLC, etc.

[0056] The medium of the present disclosure may include glycerol within a concentration
range from 0 to 10%, or from 0.1 to 5%(v/v), and in particular, within a concentration range
from 0.5 to 3% (v/v) . Further, the medium may include manganese within a concentration
range from 0 to 250 uM, or from 10 to 200 pM, and in particular, within a concentration range
from 20 to 120 yM. Furthermore, the medium may include uridine within a concentration range
from 0 to 20 mM, or from 1 to 10 mM, and in particular, within a concentration range from 4 to
8 mM.

[0057] Specifically, the medium of the present disclosure may include glycerol within a
concentration range from 0.5 to 3%(v/v), manganese within a concentration range from 20 to
120 pM, and uridine within a concentration range from 3 to 10 mM.

[0058] The type of the manganese of the present disclosure is not particularly limited, as long
as it is non-toxic to the human body, and exemplified by manganese chloride.

[0059] With regard to the additives for regulating the sugar chain content included in the
medium of the present disclosure, a ratio of glycerol (%, v/v) : manganese (uM) may be 0.5 :
20,1:20,2:20,3:20,05:40,1:40,2:40,3:40,05:80,1:80,2:80,3:80,0.5:120,1
2120, 2 : 120 or 3 : 120, based on the final concentration of the medium. Further, in the
present invention, uridine which is included in the medium of the present disclosure and
constitutes the additives for the regulating the sugar chain content may be added at a
concentration of 2 to 8 mM, based on the final concentration of the medium.

[0060] It was confirmed that when the additives for the regulating the sugar chain content in
accordance with the present invention may have a ratio of glycerol (%, v/v) : manganese (M) :
uridine (mM) of 1.0 : 40 : 80 or 2.0 : 40 : 80, based on the final concentration of the medium,
the sugar chain content similar to that of the known control drug, Herceptin® may be obtained.

[0061] In the sugar chain content of the antibodies prepared by the preparation method of the
present invention, the galactosylation content may be within the range from 35 to 50% and the
afucosylation content may be within the range from 8 to 20%.

[0062] Another instance of the present disclosure provides a population of antibodies with
regulated sugar chain content, prepared by the method of the present invention.

[0063] The method, population of antibodies, and population of antibodies with regulated
sugar chain content are the same as described above.

[0064] Still another aspect of the present disclosure provides a method of regulating the
antibody sugar chain content, the method including the step of culturing antibody-expressing
cells in a medium including glycerol as an additive for regulating the antibody sugar chain
content. The medium may further include one or more selected from the group consisting of
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manganese and uridine as an additive for regulating the sugar chain content.

[0065] The sugar chain content, antibody, antibody-expressing cells, and culture are the same
as described above.

[0066] Still another instance of the present disclosure provides a medium composition for
regulating the antibody sugar chain content, the medium composition including glycerol as an
additive for regulating the antibody sugar chain content.

[0067] The sugar chain content and antibody are the same as described above.

[0068] The medium composition for regulating the antibody sugar chain content of the present
disclosure may further include one or more selected from the group consisting of manganese
and uridine as additives for regulating the antibody sugar chain content.

[0069] As used herein, the term "medium” broadly refers to a nutrient-containing solution
which provides nutrients for proliferating cells, and this solution may include essential and non-
essential amino acids, vitamins, carbon sources, lipids, trace elements, etc. which are
generally required for cell proliferation and/or survival, but is not limited thereto. The medium is
preferably formulated at a pH and a salt concentration optimal for cell survival and proliferation,
depending on the type of cells to be cultured. The medium may further include a substance
widely used in the art as a component enhancing proliferation and/or survival, including
hormones and growth factors.

[0070] Further, components, excluding the additives for regulating the antibody sugar chain
content, in the medium of the present disclosure may include any components for the
production of antibodies widely used in the art, and the components may be easily constituted
in accordance with the common sense or experiments of those skilled in the art.

[0071] In a specific embodiment of the present disclosure the main culture was performed by
controlling the additives based on Media A, and the fed batch culture was performed by

controlling the additives based on Feed C.

[0072] Hereinafter, the present invention will be described in more detail with reference to
Examples. However, these Examples are for illustrative purposes only.

Example 1: Experiment of Additives For Regulating Antibody Sugar Chain

1-1. Flask culture experiment for selection of afucosylation-inducing additives

[0073] In order to induce galactosylation, experiments were carried out under conditions where



DK/EP 3127917 T3

sugar building blocks (glucosamine, N-acetylglucosamine, N-acetylmannosamine, galactose,

uridine, Manganese (Mn2*), glycerol) were added. As shown in the analysis results of the
experimental data of FIG. 35, a great galactosylation effect was not observed, but a high
afucosylation content was observed. On the basis of these results, in the subsequent studies,

galactose + manganese (Mn2*) known to show galactosylation-related effects were used in
combination, and changes were examined. Further, in order to find out a factor showing the
effect when used alone, parallel experiments were carried out under conditions where

galactose + manganese (Mn2*) were excluded.

[0074] In detail, experiments were performed under conditions where manganese (Mn2*) and
galactose were added, together with the afucosylation-inducing additive, and under conditions

where the afucosylation-inducing additive was added without manganese (Mn2*) and
galactose.

[0075] 200 g/L stock of galactose was prepared and used, and 40 mM stock of manganese

chlorides4 water (Mn2*) was prepared and used. Manganese and galactose added to a
production medium were diluted, based on 35 mL which is a volume of a main flask culture,
and a feed medium was separately divided into 20 mL per conditions, and stocks were diluted,
based on a volume of 20 mL, and added.

[0076] Each 1 M stock of the afucosylation-inducing additives, glucosamine and N-
acetylglucosamine was prepared, and pure glycerol was regarded as 100% and added in a
volume ratio (v/v, %), 50 mM stock of sodium butyrate and 50 g/L stock of lactose were
prepared and diluted 1/100. Kifunensine, an alpha-mannosidase | inhibitor, is a substance
known to have the afucosylation effect, and prepared at a concentration of 100 yg/mL (Qun
Zhou et al., 2008; US 2007/0092521 A1).

[0077] The experimental conditions are summarized in the following Table 1.
[Table 1] Conditions for flask culture experiment of afucosylation-inducing additives

2.0 g/L of
Experimental group Medium} Galactose + Sugar building block
40uM Mn2*
Media Not added; Negative
M(40), Gal(2.0) A added control
Clgféig)sa?nﬁgg(%) Mi(f“a added Glucosamine(10 mM)
M(40), Gal(2.0), N- Media added N-acetylglucosamine(10
acetylglucosamine(10) A mM)
M(40), Gal(2.0), Glycerol(1) Mi(f“a added 1%(v/v) Glycerol
M(40)5$ar'§é0:)62"—:‘j”“ Media added Sodium butyrate(0.5 mM)
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2.0 g/L of
Experimental group Mediumj Galactose + Sugar building block
40uM Mn2*
M(40), Gal(2.0), Media
Lactose(0.5 A added Lactose(0.5 g/L)
M(40), Gal(2.0), Media added Kifunensine(10 ng/mL);
Kifunensine(10) A Positive control
Control Media n/a Not added; Negative
A control
Glucosamineg(10) Mi(f“a n/a Glucosamine(10 mM)
N-acetylglucosamine(10) Media n/a N-acetylglucosamine(10
A mM)
Glyceral (1) Mep‘f“a n/a 1%(viv) Glycerol
- Media .
Sodium butyrate (0.5) A n/a Sodium butyrate(0.5 mM)
Media
Lactose(0.5) A n/a Lactose(0.5 g/L)
Kifunensine(10) Media n/a Klfunen_S|_ne(1O ng/mL)
A Positive control

1-2. Cell culture results of flask culture experiment of afucosylation-inducing additives

[0078] In the flask culture for the selection of afucosylation-inducing additives, cell growth
profile, cell viability profile, and final expression level profile (titer profile) were measured.

[0079] As shown in FIG. 3, the results of cell growth profiles showed that the highest cell
growth was observed when manganese and galactose were not added (Control), and growth
inhibition was observed when 0.5 mM sodium butyrate was added.

[0080] As shown in FIG. 4, the results of cell viability profiles also showed that cell viability was
decreased to 80% or less at the end point of the culture when sodium butyrate was added, and
cell viability was decreased to 77% at the end point of the culture when 10 ng/mL of
Kifunensine was added together with manganese and galactose. Other additive conditions
showed similar cell growth and cell viability profiles.

[0081] Meanwhile, final expression levels relative to that of a control group (titer profile) were
measured under afucosylation-inducing additive conditions, and as a result, when
glucosamine, N-acetylglucosamine, or glycerol was added, the expression level showed 1.1-
fold increase, compared to the control group. In contrast, when sodium butyrate was added,
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the expression level showed 0.8-fold increase, which was lower than those of other conditions.
It seems that such decrease in the expression level is attributed to a reduction in cell growth
and cell viability.

1-3. Analysis of sugar chain content of antibody

[0082] To analyze the sugar chain content of antibodies, antibody N-glycan assay was
performed. In detail, N-glycan assay was performed according to HD201 N-glycan assay's
SOP [N-glycan NP-UPLC assay of HD201], in which antibodies were treated with PNGase to
separate only N-glycan structures. Galactosylated and afucosylated glycoforms were analyzed,
and each of the calculated relative contents was shown in a graph (FIGS. 6 and 7).
Additionally, the results of analyzing increase and decrease in galactosylation and
afucosylation, compared to non-added control, were also shown in a graph (FIG. 8).

[0083] As shown in FIGS. 6 to 8, the greatest difference between manganese and galactose-
added condition and non-added condition is a difference in the galactosylation content, and
high relative galactosylation contents were observed, when the two materials were added,
compared to non-added control. In contrast, similar or lower relative galactosylation contents
were observed when both of the materials were not added, compared to the control group.
These results indicate that both of manganese and galactose are required in order to increase
the galactosylation content.

1-4. Experiment of changes in antibody sugar chain according to single or combination
treatment of manganese (M), galactose, and uridine (Urd)

[0084] As a method of regulating antibody sugar chain content, a method of using manganese
and galactose was previously disclosed (e.g., Abbott, US 2012/0276631; WO 2012/149197).
This experiment was intended to find out other substitutes for manganese and galactose.

[0085] The old process is a process for the production of samples for phase | clinical trial at
the early stage of development, and the new process is a process developed for phase Il
clinical trial through process improvement. The new process and the old process are different
in the production medium and feed medium, and it was intended that the additives of the
present invention were used to increase activity of antibodies by preparing a sugar chain
pattern, in particular, afucosylation content similar to that of the original product during a
process of developing the new process.

[0086] 200 g/L stock of galactose was prepared and used, and 40 mM stock of manganese

chlorides4water (Mn2*) was prepared and used. Manganese and galactose added to a
production medium were diluted, based on 35 mL which is a volume of a main flask culture,
and a feed medium was separately divided into 20 mL per conditions, and stocks were diluted,
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based on a volume of 20 mL, and added.

[0087] The experimental conditions are as in the following Table 2.

[Table 2]
Manganese (Mn2+), galactose (Gal), and uridine (Urd)-added conditions
Experimental group Production medium Feed medium
Control (not added) Media A Feed C
M(40). Gal(2) Media A + 2?\;||;]§I Gal + 40pM{ Feed C + 29|</|an2)1‘r Gal + 40uM
Gal(2), Urd(2) Media A + 2Ugr/ilaigfeGal +2mM § Feed C + ZSQEI%feGaI +2mM
Gal (2) Media A + 2g/L of Gal Feed C + 2g/L of Gal
Gal (4) Media A + 4g/L of Gal Feed C + 4g/L of Gal
Gal (8) Media A + 8g/L of Gal Feed C + 8g/L of Gal
M (40) Media A + 40uM Mn2* Feed C + 40uM Mn2*
M (80) Media A + 80uM Mn2* Feed C + 80uM Mn2*
M (120) Media A + 120uM Mn2* Feed C + 120uM Mn?*
Urd (2) Media A + 2mM Uridine Feed C + 2mM Uridine
Urd (4) Media A + 4mM Uridine Feed C + 4mM Uridine
Urd (8) Media A + 8mM Uridine Feed C + 8mM Uridine

[0088] As shown in FIG. 9, the results of flask culture showed that most cell growth profiles
were similar when manganese and galactose were added, and the highest peak cell density
was observed when the additive was not added (control) and only 40 uM of manganese was
added. When uridine (Urd) was added at a concentration of 8 mM, growth inhibition was
observed at the early stage of culture, and when uridine was added at a concentration of 4
mM, the reduction in the cell density was greatly increased at the late stage of culture.

[0089] In cell viability profiles (FIG. 10), viability was rapidly reduced when 8 mM of uridine was
added, and other conditions showed similar patterns.

[0090] As shown in the antibody expression level profiles (titer profiles) of FIG. 11,
manganese-added conditions showed about 0.9 ~ 1.1 of the relative content ratio, compared
to the non-added condition (control) and galactose-added conditions showed 0.9 ~ 1.0 of the
relative content ratio. When uridine was added, a reduction in the expression level relative to
that of the non-added condition (Control) was increased with increasing concentration of
uridine. When 8 mM of uridine was added, the relative content ratio was decreased to 0.36,
compared to that of the non-added condition (Control), suggesting that this reduction is
attributed to a reduction in the expression levels due to cell growth inhibition. Therefore, it was
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confirmed that when manganese is added within the concentration range of 40 uM ~ 120 uM,
there is no influence on the process.

1-5. Analysis of sugar chain content of antibody

[0091] As in the conditions of Table 2, manganese, galactose, and uridine were added to flasks
at different concentrations, sugar chain contents (glycosylation quality) of culture products
were examined. In detail, galactosylated and afucosylated glycoforms were analyzed, and
each of the calculated relative contents was shown in a graph (FIGS. 12 and 13). Additionally,
the results of analyzing increase and decrease in galactosylation and afucosylation, compared
to non-added control, were also shown in a graph (FIG. 14).

[0092] As shown in FIG. 12, the results of calculating the galactosylation content showed that
when 40 uM of manganese and 2 g/L of galactose were added at the same time, the highest
content was observed, compared to the control (non-added condition), and of the single
additions of the three materials, manganese-added experimental groups showed higher values
than galactose- or uridine-added experimental groups, indicating that manganese is a major
factor of galactosylation in the new process. In contrast, upon single addition of uridine, the
galactosylation content was increased with increasing concentration of uridine. However, under
a high concentration condition (8 mM), growth inhibition and reduction in expression levels
were observed, and therefore, it was considered that addition of a high concentration of uridine
at the early stage of culture is inadequate for the new process.

[0093] As shown in the results of calculating the afucosylation content of FIG. 13, three
materials of manganese, galactose, and uridine were compared. As a result, it was confirmed
that manganese and galactose showed no effects, but the afucosylation content was increased
with increasing concentration of uridine. In a graph (FIG. 14) showing a difference in
galactosylation/afucosylation, compared to non-added group, it was confirmed that when
manganese was added, galactosylation was enhanced to 10% or more, compared to non-
added group, and the afucosylation was enhanced with increasing concentration of uridine,
compared to non-added group.

[0094] According to these results of examining addition effects of manganese, galactose, and
uridine in the new process, it was confirmed that manganese is the most important factor in the
galactosylation of antibodies, and when uridine is substituted for galactose, improvement in
terms of galactosylation and afucosylation may be achieved.

[0095] In the subsequent experiments, manganese, uridine and glycerol were added in
combination, in order to improve galactosylation/afucosylation equivalence to a commercial
control drug (Herceptin®) in terms of developing biosimilars.

1-6. Flask culture experiment of changes in sugar chain according to glycerol addition
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[0096] In this experiment, glycerol (Gcer) obtained through selection of afucosylation-inducing
additives, in addition to manganese and galactose, was added by varying its concentration,
and the effects were examined.

[0097] Glycerol is a substance well known as an anti-freezing agent and a protein stabilizer,
and there is a literature reporting that glycerol increases the expression levels of recombinant
proteins or the content of sialic acid (Rodriguez et al. 2005, Chi-Hsien Liu 2007), but there is
no mention about afucosylation of antibodies related to the present invention.

[0098] Therefore, in order to examine the effect of glycerol on afucosylation of antibodies,
experiments were carried out. In detail, glycerol was added at a concentration of 0, 0.5, 1 or 2
%(v/v) and the afucosylation content according to the glycerol addition was measured.

[0099] The experimental conditions are as in the following Table 3.
[Table 3]

Conditions for flask culture experiment of afucosylation-inducing additive, glycerol
Experimental Production medium (A) Feed medium (C)
group
M(40), Gal(2), Media A + 2g/L of Galactose + Feed C + 2g/L of
Ger(0) 40uM Mn2* Galactose + 40uM Mn2*
M(40), Gal(2), Media A + 2g/L of Galactose + Feed C + 2g/L of
Gcer(0.5) 40uM Mn2* + 0.5% glycerol Galactose + 40uM Mn2*
M(40), Gal(2), Media A + 2g/L of Galactose + Feed C + 2g/L of
Ger(1.0) 40uM Mn2* + 1% glycerol Galactose + 40uM Mn2*
M(40), Gal(2), Media A + 2g/L of Galactose + Feed C + 2g/L of
Ger(2.0) 40uM Mn2* + 2% glycerol Galactose + 40uM Mn2*

[0100] Cell growth profiles and cell viability profiles according to the concentrations of glycerol
were measured. As shown in the results of FIG. 15, similar cell growth and cell viability were
observed under glycerol-added condition and non-added condition. It was confirmed that cell
viability was slightly low, compared to non-added condition, on the final day of culture.

[0101] Further, as shown in the results of measuring final antibody expression levels of FIG.
16, the antibody expression levels were increased with increasing concentration of glycerol,
compared to non-added condition. When 2.0% of glycerol was added, the expression level was
increased 1.1-fold or higher, which was recorded as the highest relative content ratio.

1-7. Analysis of sugar chain content of antibody
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[0102] Contents of galactosylated and afucosylated sugar chains were measured according to
the glycerol concentration under the conditions of Table 3.

[0103] As shown in FIG. 17, as the glycerol concentration was increased, galactosylation was
slightly decreased, but the galactosylated antibody contents were maintained at 40% or more,
showing no great effects (FIG. 17 (A)), and in terms of afucosylation, as the glycerol
concentration was increased, the afucosylated antibody contents were remarkably increased,
compared to the control (non-added group) (FIG. 17 (B)).

1-8. Flask culture experiment of additive mixture for co-induction of galactosylation
and afucosylation in new process

[0104] By using combinations of the experimental results of the additive conditions obtained in
the above Examples, experiments were carried out to examine a condition under which a
population of finally prepared antibodies shows the most similar sugar chain contents, namely,
galactosylation and afucosylation contents to those of the control drug (Herceptin®) .

[0105] In the present experiment, manganese (M) which is a main factor for the improvement
of galactosylation, glycerol (Gcr) which is an afucosylation-inducing additive, and uridine (Urd)
as a substitute for galactose, which is a cofactor of galactosylation and afucosylation, were
used as additives.

[0106] Meanwhile, the previous experiment (Examples 1-4) showed that addition of uridine
with a concentration of 4 mM or higher facilitates afucosylation but reduces expression levels
by growth inhibition. In the present experiment, therefore, 4 mM of uridine was separately
added on day 5 of the main culture as in the experimental conditions of the following Table 4 to
minimize growth inhibition and high mannose form.

[0107] The previous experiment (Examples 1-4) confirmed that manganese (M) had the
highest effect of facilitating galactosylation, and showed similar effects in the concentration
range of 40 to 120 uM.

[0108] In this experiment, 40 uM or less of manganese was added to a production medium
and a feed medium.

[0109] Lastly, glycerol was added to only the production medium at a concentration of 1% and
2% which showed effects in the above experiment of glycerol addition (Example 1-6).

[0110] The experimental conditions are summarized in the following Table 4.
[Table 4]
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Flask culture conditions of additive mixtures for induction of galactosylation and
afucosylation in new process
Engrrémug”ta' Production medium (A) Uridine Feed (rg)edi“m
" Glycerol (Gcr,
Additive VIV %)

M(40), 2g/L of na n/a 2g/L of
Galactose(2.0) { Galactose + Galactose +

40uM 40uM
manganese manganese

M(40), Ger(1) 40uM 1% n/a 40uM
manganese manganese

M(40), Ger(1), 40uM 1% 4mM on day 5 of 40uM
Urd(4) manganese ° culture manganese

M(40), Ger(2) 40uM 2% n/a 40uM
manganese manganese

M(40), Ger(2), 40uM > o 4mM on day 5 of 40uM
Urd(4) manganese ° culture manganese

M(20), Ger(1) 20pM 1% n/a 20uM
manganese manganese

M(20), Ger(1), 20uM 1% 4mM on day 5 of 20uM
Urd(4) manganese ° culture manganese

M(20), Ger(2) 20pM 2% n/a 20uM
manganese manganese

M(20), Ger(2), 20uM > o 4mM on day 5 of 20uM
Urd(4) manganese ° culture manganese

[0111] As in FIG. 18 showing the results of examining cell growth profiles and cell viability
profiles by flask culture under the conditions of Table 4, most cell growth profiles were similar
when manganese (M) was added, but addition of 2% glycerol showed a lower cell growth rate
than addition of 1% glycerol. Similar peak cell density was observed under non-glycerol added
condition (40 pM manganese + 2.0 g/L galactose) and 1% glycerol-added condition,
suggesting that addition of 1% glycerol do not affect cell growth efficiency in the old process.
Since uridine was added on day 5 of the main culture, growth inhibition at the early stage of
culture did not occur, but a reduction in cell viability was increased after addition of uridine,
compared to non-added condition.

[0112] The results of examining the final expression levels (FIG. 19) showed that other
conditions than non-glycerol and uridine-added condition (40 yM manganese + 2.0 g/L
galactose) showed similar or higher expression levels.

1-9. Analysis of sugar chain content of antibody



DK/EP 3127917 T3

[0113] Contents of galactosylated and afucosylated sugar chains were measured according to
combinations of the additives under the conditions of Table 4. In detail, peak areas of the N-
glycan analysis profiles were calculated as galactosylation and afucosylation contents.

[0114] As shown in FIG. 20, compared to non-uridine added condition, galactosylation
contents were increased under conditions where uridine was added on day 5 of culture, based
on a combination of 40 yM manganese + 1% glycerol. In terms of afucosylation, compared to
non-uridine added conditions, afucosylation contents were increased when 4 mM of uridine
was added. Compared to non-uridine added condition, galactosylation contents were
increased under conditions where uridine was added on day 5 of culture, based on a
combination of 40 uM manganese + 2% glycerol. In terms of afucosylation, compared to non-
uridine added conditions, afucosylation contents were increased when 4 mM of uridine was
added. In particular, afucosylation contents were increased in proportional to the amount of
glycerol added.

[0115] Compared to non-uridine added condition, galactosylation contents were increased
under conditions where uridine was added on day 5 of culture, based on a combination of 20
MM manganese + 1% glycerol. In terms of afucosylation, compared to non-uridine added
conditions, afucosylation contents were increased. Similar patterns were observed under
conditions where uridine was added, based on a combination of 20 yM manganese + 2%
glycerol.

[0116] Taken together, it was confirmed that addition of uridine to the new process improves
galactosylation, and therefore, uridine may be substituted for galactose. It was also confirmed
that uridine slightly improves afucosylation.

[0117] As a control group, 2.0 g/L of galactose was only added to the new process, and a
galactosylation/ afucosylation difference (percent change) was examined according to addition
of manganese, glycerol, and uridine. As a result, FIG. 21 showed that the galactosylation
content was increased to 6 ~ 13% by addition of manganese, and the afucosylation content
was increased to 1.5 ~ 4% by addition of glycerol.

Example 2: Experiment of Additives For Regulating Sugar Chain At Bioreactor Level

[0118] On the basis of the flask culture experimental results of Example 1, it was examined
whether regulation of antibody sugar chain is possible in a bioreactor.

2-1. Bioreactor experiments by varying concentration of glycerol
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[0119] To examine afucosylation by addition of glycerol as in the previous flask culture
experimental results of Example 1-6, the present experiment was carried out at a reactor level.

[0120] As in Example 1-6, the glycerol was added to only the production medium at a
concentration of 1% and 2%(v/v) shown in the following Table 5. Glycerol added to the
production medium was prepared by diluting pure solution (100%), based on 3.5 L which is a
volume of a main reactor culture, and no glycerol was added to a feed medium. It was
intended that the additives such as manganese and glycerol were used to achieve
galactosylation and afucosylation contents similar to those of the control drug (Herceptin®)
during a process of developing the new process.

[0121] The experimental conditions at a reactor level are summarized in the following Table 5.
[Table 5]

Conditions for bioreactor experiments by varying concentration of glycerol
Experimental Production medium (A) Feed medium (C)
group
" Glycerol
Additive (Ger, viv %)
Control n/a n/a n/a
lycerol (1) 2 g/L of Galactose + 40 19 2 g/L of Galactose + 40
gl MM Manganese ° MM Manganese
2 g/L of Galactose + 40 o 2 g/L of Galactose + 40
glycerol (2) MM Manganese 2% MM Manganese

[0122] Culturing was carried out in a bioreactor under the conditions of Table 5, and cell
growth profiles and cell viability profiles were measured. As in the results of FIG. 22, addition of
1% glycerol showed high cell growth profiles, compared to addition of 2% glycerol (about 10%
difference, based on peak cell density), and showed similar high cell growth profiles to those of
non-added condition.

[0123] The results of the final relative expression levels (FIG. 23) showed that all glycerol-
added groups showed high final relative expression levels, compared to non-added group, on
the final day of culture.

2-2. Analysis of sugar chain content of antibody

[0124] Contents of galactosylated and afucosylated sugar chains were measured according to
combinations of the additives under the conditions of Table 5. In detail, the results of the N-
glycan analysis in culture broths cultured for 8 days in a bioreactor of 2 units (addition of 1% or
2% of glycerol) were calculated as galactosylation content (A) and afucosylation content (B).
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[0125] As shown in FIG. 24, the reactor culture experimental results showed that afucosylation
contents were increased by addition of 2% glycerol, rather than addition of 1% glycerol, to the
production medium.

[0126] As shown in FIG. 25, the results of measuring the galactosylation/afucosylation
contents relative to those of the control group (no manganese, galactose and glycerol added)
showed that the additives increased galactosylation to 12% or higher, and also increased
afucosylation to 1.5%, compared to non-added control group. As shown in FIG. 34, this effect
of increasing the afucosylation content was about 2 times higher than that of the previous
sample of the phase | clinical trial.

2-3. Final selection of additives for new process and Bioreactor experiment of 3
batches

[0127] As confirmed in Example 2-2, addition of 2% glycerol showed the effect of improving
afucosylation on N-glycan profiles, compared to non-added condition, and as confirmed in
Example 1, addition of manganese and uridine showed the effect of improving galactosylation.
In terms of equivalency to the control drug (Herceptin®), glycerol was added to a production
medium and a feed medium, and uridine was added on day 5 of culture at a concentration of 8
mM. 3-batch repeated culture was performed.

[0128] In detail, glycerol was added to only the production medium in the previous experiment
(Example 2-1), but in order to increase the addition effect, 2% glycerol was also added to the
feed medium for feeding. VWWhen a high concentration of glycerol is added from the beginning of
culture, there is a concern about growth inhibition. Therefore, 2% glycerol was equally added
to the feed medium, and a dilution effect by feeding was intended to eliminate.

[0129] Of manganese and galactose, galactose was substituted by uridine, and to increase the
galactosylation effect, the concentration of uridine was increased from 4 mM to 8 mM. Further,
in the flask experiment to which uridine was added, pH on the final day of culture was
measured. As a result, pH was about pH 6.9. In this experiment, after addition of uridine,
culture pH was increased from pH 6.8 to pH 6.9, because pH may cause the effect difference
due to additive concentrations between the flask and the bioreactor.

[0130] When pH is intended to maintain at 6.8 in the reactor, pCO> tend to continuously

increase from day 4 of culture and rapidly increase to 100 mmHg or higher on day 5 of culture.
Therefore, it was expected that pCO, may be decreased when pH of the main culture is

increased to pH 6.9 on day 5 of culture, referring to the literature reporting that high pCO5
negatively affects glycosylation (Kimura R, 1997).

[0131] The experimental conditions considering this fact are summarized in the following Table
6. With regard to the following conditions, all 3 batches were equally performed by adding
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additives for regulating the sugar chain content (quality improvement), 40 yM manganese (M)
and 2%(v/v) glycerol (Gcr), to production media (media A), and on 5 day of the main culture, 8
mM uridine (Urd) was added, followed by culturing.

[Table 6]

Conditions for final selection of additives for new process and bioreactor
experiments of 3 batches

Experimental
group

New process
control

Production medium Urd Feed medium

Media A n/a Feed C

New process
batch #1

New process { Media A + Glycerol 2%(v/v) { 8 mM on § Feed C + Glycerol 2%(v/v)
batch #2 + 40uM manganese day 5 + 40uM manganese

New process
batch #3

[0132] As in FIG. 26 showing the results of measuring cell growth profiles and cell viability
profiles by performing culture in the bioreactor under the conditions of Table 6, cell growth

profiles showed that a peak cell density was about 18 to 24 x 108 cells/mL, similar to that of the
non-added control group.

[0133] It was found that the final relative expression level (FIG. 27) was about 1.05 on the final
day of the main culture, which was slightly higher than or similar to that of the non-added
control group.

2-4. Analysis of sugar chain content of antibody

[0134] The galactosylated and afucosylated sugar chain contents of HD201 antibodies, which
were produced by a bioreactor culture of 3 batches by the new process under conditions of
adding 8 mM uridine on day 5 of culture on the basis of 40 yM manganese and 2% glycerol of
Table 6, were measured. In detail, N-glycan profiles of the samples on day 8 of the main
culture were compared between each batch and non-added control group. As a result,
galactosylation (Sum of all oligosaccharide with galactose) % of the control group was 31.8%
and galactosylation (Sum of all oligosaccharide with galactose) % of 3 batches of the new
process was 41.8 to 42.2%, showing about 10% increase. Further, afucosylation (Sum of all
oligosaccharide without fucose) % of the non-added control group was 6.1% and afucosylation
(Sum of all oligosaccharide without fucose) % of 3 batches of the new process was 9.1 ~ 9.5%,
showing about 3% increase.

[0135] These results were compared to those of the control drug (Herceptin®) . As a result,
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galactosylation % of the control drug (Herceptin® Lot.H0717) was 43%, showing a difference of
2% or less, compared to that of 3 batches of the new process, and afucosylation % of the
control drug was 8.9%, showing a difference of 1% or less, compared to that of the new
process, indicating remarkably excellent effects in terms of equivalence to the control drug.

2-5. Effect of application of additive composition to old process

[0136] It was examined whether desired glycosylation profiles (galactosylation/afucosylation)
may be regulated when the additive compositions (manganese, glycerol, and uridine)
developed in the new process by the above Examples are applied to the old process in a
small-scale bioreactor, and thus it was confirmed whether the additives showed the similar
effects in the old process as well as in the new process.

[0137] 2% glycerol was added to the production medium and the feed medium in the new
process, but the concentration of glycerol was increased to 3% in the old process, and then an
increase in the afucosylation content according to increase in the concentration of glycerol
added was examined. Meanwhile, manganese and uridine were added in the same
concentrations as in the new process.

[0138] In detail, in phase | clinical trial of small scale, 40 uM manganese (M) and 3%(v/v)
glycerol (Ger) as the additives for regulating sugar chain content (quality improvement
additives) were added to a production medium (media D), and manganese and glycerol were
also added to a feed medium (Feed A) at the same concentrations as in the production
medium. In the new process, 40 uM manganese (M) and 3%(v/v) glycerol (Gcr) as the
additives for regulating sugar chain content (Fc N-glycan quality improvement) were added to
a production medium (media A), and a feed medium (Feed C), respectively. Experimental
groups cultured by equally adding 8 mM uridine (Urd) on day 5 of the main culture in both the
old process and the new process were compared to a control group to which the additives for
regulating sugar chain content (Fc N-glycan quality improvement) were not added.

[0139] The experimental conditions are summarized in the following Table 7.
[Table 7]

Conditions for application of additive to new process and old process

Experimental

Production medium Urd Feed medium
group
New process
without Ger, M, Media A n/a Feed C
Urd

New r?g‘;cfﬂs(zgg'th Media A + Glycerol 3% | 5™ IFeed C + Glycerol 3%(viv)
Urc’:l(8) ’ (v/v) + 40pM manganese 5 y + 40uM manganese

Old process(P I)
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Conditions for application of additive to new process and old process

Experimental

Production medium Urd Feed medium
group
without Ger, M, Media D n/a Feed A
Urd
Old process(P | 8 mM

Media D + Glycerol 3%
(viv) + 40uM manganese

Feed A + Glycerol 3%(v/v)

with Ger(3), M(40), + 40uM manganese

Urd(8)

on day
5

[0140] Bioreactor culture was performed under the conditions of Table 7 to measure cell
growth profiles and cell viability profiles. As shown in FIG. 30, a difference in the peak cell
density between non-additive added new process and additive-added new process was about
24% on cell growth profiles, and cell growth inhibition by addition of additives was observed.
Cell growth inhibition by addition of additives was also observed in the old process. It is
construed that the cell growth inhibitions are caused by addition of 3% glycerol among the
additives, and the previous experiments showed that cell growth inhibitions tend to increase
with increasing concentration of glycerol.

[0141] A difference in cell growth profiles between the new process and the old process was
confirmed by comparing a non-additive added old process with a non-additive added new
process and comparing an additive-added old process with an additive-added new process. A
difference in the peak cell density between non-added conditions was about 34%, indicating
that a large cell mass was observed in the new process. Further, a difference in the peak cell
density between additive-added conditions was about 28%, and the new process showed
higher peak cell density than the old process. In the old process, the main culture was carried
out for 7 days, and therefore, in the small-scale batch, culture was also carried out for 7 days.

[0142] Cell viability (B) was maintained at 80% or more in the additive-added conditions and
non-additive added conditions upon termination of the culture. It was considered that the high
reduction rate in the viability after day 5 of culture in the non-additive added old process is
attributed to depletion of glucose after day 3 of culture.

[0143] The results of the final relative expression levels (FIG. 31) showed that the old process
showed similar patterns on day 7 of culture irrespective of the additive addition, whereas the
new process showed a 13% lower expression level in the additive-added condition than in the
non-additive added condition. The expression level of the new process relative to that of the
old process was 1.8, indicating 80% or more increase in productivity.

2-6. Analysis of sugar chain content of antibody

[0144] The galactosylated and afucosylated sugar chain contents of antibodies produced
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under the conditions of Table 7 were measured. The present experiment was carried out in
order to compare the conditions where additives (manganese, glycerol, and uridine) for
regulating sugar chain content (quality improvement) were added or not in the new process
and the old process.

[0145] In detail, the glycosylation contents (glycosylation quality) of the products of bioreactor
culture samples were examined by N-glycan analysis, and the resulting galactosylation and
afucosylation contents were illustrated. The N-glycan profiles of the samples recovered from
the main culture were compared between additive-added condition and non-added condition in
the old process. As a result, the galactosylation content (%) was 43.8% in the additive-added
condition and 43% in the non-added condition, showing about 1% increase in the additive-
added condition. The afucosylation content (%) was 18.7% in the additive-added condition and
9.1% in the non-added condition, showing about 2-fold increase in the additive-added
condition.

[0146] In the new process, the additive-added condition was compared with the non-added
condition. As a result, the galactosylation content (%) was 40.5% in the additive-added
condition and 31.8% in the non-added condition, showing about 8% increase in the additive-
added condition. The afucosylation content (%) was 14.1% in the additive-added condition and
6.1% in the non-added condition, showing about 2-fold increase in the additive-added
condition, like in the old process.

[0147] These experimental results showed that the additions of the additives for regulating the
antibody sugar chain content consisting of manganese, glycerol, and uridine

have similar effects in the old process as well as in the new process where different media are
used, suggesting that the corresponding additives may be used any process without limitation
in the media.

Example 3. Examination of ADCC activity

[0148] Analysis of ADCC activity of HD201 antibody was carried out according to antibody-
dependent cytotoxicity assay's SOP [HD201 antibody-dependent cytotoxicity assay].

[0149] ADCC activity of antibodies prepared by adding the additives (manganese, glycerol,
and uridine) for regulating the sugar chain content (Fc N-glycan quality improvement) in small-
scale old process and new process was measured by a relative ADCC assay which is an in-
vitro assay. As a reference material (control drug) of ADCC activity, a currently available
original product (Herceptin® H4158B03 150 mg) was used.

[Table 8]
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Analysis of ADCC activity of HD201 antibody
Relative activity
RUN Sample EC50 ratio (by PLA s/w)
EC50 Relative § Activity § Relative
(ng/mL) % ratio ratio
1 Herceptin H4158B03 22.6 100.0 n/a 100.0
New Process with 20.6 109.7 1.3 130.0
Fc N-glycan quality improvement
additives
2 Herceptin H4158B03 22.9 100.0 n/a 100.0
Phase_l Rrocess with Fc Njglycan 14.5 157 .9 59 217 5
quality improvement additives
3 Herceptin H4158B03 18.4 100.0 n/a 100.0
Phase | Process With Fc N-glycan 25 5 799 08 78,7
quality
improvement additives
4 Herceptin H4158B03 19.7 100.0 n/a 100.0
New P_roc_:ess without Fc Njglycan 307 60.2 0.4 42 7
quality improvement additives

[0150] The experimental results were expressed as relative ADCC%(A) determined by ECgg

values commonly used, and relative ADCC activity% (B) using a relative activity ratio calculated
by using PLA s/w. It can be seen that there is a slight difference between the results obtained
from ECgg and PLA, but entire patterns were the same.

[0151] In the small-scale old process, the additive-added condition showed 217.5% of ADCC
activity, compared to the control drug, and the non-added condition showed 78.7% of ADCC
activity, which is lower activity than that of the control drug. Therefore, when the additives
(manganese, glycerol, and uridine) for regulating the sugar chain content (Fc N-glycan quality
improvement) were added to the old process, the afucosylation ratio may be increased to 2-
fold, leading to 100% or higher improvement in ADCC activity, compared to the non-added
condition. In the new process, the additive-added condition showed 130% of ADCC activity,
compared to the control drug, and the non-added condition showed 42.7% of ADCC activity,
which is the lowest activity, compared to that of the control drug. Therefore, as in the old
process using different media, when the additives (manganese, glycerol, and uridine) for
regulating the sugar chain content (Fc N-glycan quality improvement) were added to the new
process, the afucosylation ratio may be increased to 2-fold, leading to 80% or higher
improvement in ADCC activity, compared to the non-added condition.

[0152] Taken together, the above results showed that improvement of the afucosylation
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content of antibodies by using glycerol was demonstrated for the first time in the present
invention, and a process of regulating sugar chain content of antibodies by using manganese
and uridine together with glycerol was developed.

[0153] The scope of the invention is defined by the appended claims rather than by the
description preceding them.

[0154] A preparation method of antibodies according to the present disclosure may be used to
prepare a desired high-quality population of antibodies by regulating the sugar chain content of
the antibody. Further, in terms of the development of biosimilars, the method of the present
disclosure may be used to regulate the sugar chain content of antibodies, thereby preparing
antibodies having high equivalence to a control drug. Since the sugar chain content may be
regulated by a medium composition, the regulation method is easy and efficient in terms of
time and cost, and therefore, widely applied to the fields of antibody preparation.
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Patentkrav

1. Fremgangsmade til fremstilling af trastuzumab, hvilken fremgangsmade omfatter:
dyrkning af rekombinant trastuzumab, der udtrykker dyreceller i et medium, som
omfatter glycerol i en koncentration pa 0,5 til 3% (v/v), mangan i en koncentration pa
20 til 120 mM og uridin i en koncentration pa 3 til 10 mM som additiver til regulering
af sukkerkadeindholdet i antistoffet; hvor dyrecellerne er valgt blandt: HD201
cellelinje, der udtrykker trastuzumab deponeret under tiltreedelses-nr.: KCTC 12164BP
og ovariecellelinje fra kinesisk hamster, der udtrykker trastuzumab; hvor

dyrkningstrinnet omfatter:

(a) dyrkning af de trastuzumab-udtrykkende celler i et medium, som omfatter glycerol i

en koncentration pa 0,5 til 3% (v/v) og mangan i en koncentration pa 20 til 120 mM; og

(b) dyrkning af de celler, der er dyrket i trin (a), ved tilsetning af uridin i en
koncentration pa 3 til 10 mM pa kulturens dag 5; og eventuelt, hvor fremgangsmaden

endvidere omfatter

(¢) dyrkning af de celler, der er dyrket i trin (b), ved tilsetning af et fodermedium, der

omfatter glycerol og mangan.

2. Fremgangsmade ifolge krav 1, hvor sukkerkadeindholdet i trastuzumab omfatter et
galactosyleringsindhold inden for omradet 35 til 50% og et afucosyleringsindhold inden
for omradet fra 8 til 20%.

3. Fremgangsmade ifelge krav 1, hvor dyrkningen bestar af hoveddyrkning og fed-
batch-dyrkning.

4. Fremgangsmade ifolge krav 1, hvor dyrkningen i trin (c) er fed-batch-dyrkning,

5. Fremgangsmade ifelge krav 1, hvor manganet er manganchlorid.
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[FIG.

GALATOSYLATION (SUM OF ALL OLIGOSACCHARIDE WITH GALACTOSE)
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[FIG.

AFUCOSYLATION (SUM OF ALL OLIGOSACCHARIDE WITHOUT FUCOSE)
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[FIG.

GALATOSYLATION (SUM OF ALL OLIGOSACCHARIDE WITH GALACTOSE)
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[FIG. 18]
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[FIG. 24]
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