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CELL CULTURE METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application 62/886,683 filed on

August 14, 2019, which is incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH &
DEVELOPMENT
{0001] This invention was made with government support under 1624718 awarded by

the National Science Foundation. The government has certain rights in the invention.

FIELD OF THE DISCLOSURE
(00021 The present disclosure is related to cell culture methods, the production of
proteins such as monoclonal antibodies in mammalian cells, novel biomarkers, and methods

of control of protein production using the novel biomarkers.

BACKGROUND

(0003} Mammalian cells such as Chinese hamster ovary (CHO) cell lines are used as
hosts for producing therapeutic antibodies in the biopharmaceutical industry. In the process
of antibedy production, CHO cells, for example, exhibit inefficient and poorly regulated
metabolism as they tend to use much of the available nutrients to produce waste metabolites
rather than the required amount for their growth. In the late stage of the bioprocess, the cells
stop growing and stop producing antibodies, even though the nutrient levels are sufficient to
support growth and protein production. The accomulated metabolites during the process are
one of the major rate Himiting reasons in cell proliferation and antibody production. In order
to control the metabolism and increase the productivity of CHO cells, it is crucial to identify
the inhibitory waste metabolites and study their pathways.

[0004] What is needed is the identification of inhibitory metabolites and control

strategy development.

BRIEF SUMMARY
[000S5] In one aspect, a method of cell culture comprises (1) cultaring cells in a cell
culture medium, and (i1} maintaining at least one metabolite selected from aconitic acid (AA),

leucinic acid (HICA), cytidine monophosphate (CMP), methyisuccinic acid (MSA),
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trigonelline (TRI) and N-acetylputrescinium (NAP) below an inhibitory concentration in the

cell culture medium for the at least one metabolite.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 shows integral viable cell deusity as the accamulation of the cells in
batch culture. Mixture conditions excluded ICA and included AA, HICA, CMP, MSA, TRL,
and NAP.

{00071 FIG. 2 shows antibody production inhibited by the inhibitory metabolites.
Productivity is shown as g/L.. Mixture conditions were the same as in FIG. 1.

[CO08] FIG. 3 shows a viable cell density plot for a fed-batch spiking test.

[0009] FIG. 4 shows that HICA, CMP, ICA and TRI (30-40% titer drop compared to
the control) showed stronger prodactivity inhibition. The values are harvest (Day 14) titer
values, measured by HPLC with triplicate standard curves.

[COL0] FIG. 5 shows the product quality impact on G1F, one of the glycan profile
species found on IgG antibody drugs, indicating the glycosylation level. Compared to control
group {columm 9), AA, HICA, CMP, MSA, and ICA had a higher impact on G1F formation.

(0011} FIG. 6 shows the product guality impact on G2F, one of the glycan profile
species found on IgG antibody drugs, indicating the glycosylation level. Compared to control
group {column %), AA totally inhibits the G2F formation, and all other 6 inhibitors had a
significant impact on G2F formation.

[0012] FIG. 7 shows a liguid chromatogram for control cultiire on Day 14, GOF,
G1F, and G2F glycan profile species were observed during the bioprocess.

[C013] FIG. 8 shows a liquid chromatogram for an AA spiking culture on Day 14.
Cnly GOF and GIF peaks were observed, G2F was not formed during the bioprocess.

[0014] FIG. 9 shows a liguid chromatograr for an AA spiking culture on Day 14.

[0015] FIG. 10 shows an exaraple of an NAP control strategy. This is the N-
acetylputresciniom (NAP) metabolic pathway in CHO cells. Control strategy 1: lower the
concentration of proline and arginine in the media, which will lead to reduced production of
NAP. In the current CHO cell bioprocessing, overfeeding (too high nutrients) is very
common, which will impact the production and quality of the biomanufacturing. Control
strategy 2: lower the enzyme (SAT1/2) expression level such as by introducing siRNA. With
reduced enzyme expression, the NAP accumulation rate will slow down. In addition, or as an
alternative, upregulating the MAOB (monoamine oxidase} expression level to shift the NAP

to the downstream TCA cycle, which can provide energy for cell growth and producing
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protein. Control strategy 3: upregulating the MAOB activity to shift the NAP to downstream
TCA cycle, which can provide energy for cell growth and producing protein.

{0016} FIG. 11 shows cell growth profiles after upregulating regulatory enzymes for
production of the inhibitory metabolites. Control indicates a CHO K1 batch cell culture
control condition without transfecting any genes. T1 indicates the cell growth profile with
Gotl transfecied into CHO K1 cell line. T2 indicates Gotl and Hogal transfection. T3
indicates Gotl, Hogal, Cat, and Slc35al transfection. A dramatic increase in peak cell
density was observed after the transfection, whereas the peak cell density was increased
50.9% in T2 and T3 compared to the control.

{0417} The above-described and other features will be appreciated and understood by
those skilled in the art from the following detailed description, drawings, and appended

claims.

DETAILED DESCRIPTION

[0018] Chinese hamster ovary (CHO) cells remain as the leading workhorse for
monoclonal antibody (mAb) production. To achieve high antibody productivity, the
mamfacturing process is done in high cell density conditions (> 10 million cells/mL).
However, the productivity reaches a bottleneck due to Jarge concenirations of inhibitory
metabolites secreted while the cell density reaches record highs. The accumulation of these
inhibitory metabolites compromises cell growth and also poses a risk to overall product
quality as accrual of waste byproducts (such as ammonia} has been shown to alter key
product attributes of recombinant proteins. Besides the comumon inhibitors, in this study
novel metabolic biomarkers were identified and characterized by metabolomics using LC-
MS. The work flow for the waste inhibitor metabolomics were candidate identification,
inhibitory impact verification and quantification, and contro] strategy development.

[0019] The novel biomarkers of protein production in CHO cells and other
mammalian cells are aconitic acid {AA), or more specifically aconitic acid (AA), leucinic
acid (HICA), cytidine monophosphate (CMP), methylsuccinic acid (MSA), trigonelline (TRI)
and N-acetylputrescinium (NAP). Guanosine monophosphate (GMP) and indole-3-
carboxylic acid (ICA) which had previously been identified were also identified in the studies
herein and can be combined with the biomarkers newly described herein.

{00201 Described herein are cell culture methods where the concentration of at least
one metabolite selected from aconitic acid (AA), leucinic acid (HICA), cytidine

monophosphate (CMP), methyisuccinic acid (MSA), trigonelline (TRI} and N-
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acetylputresciniom (NAP) is maintained at low levels in the cell culture medium. In cell
culture, and in particular in high density cell culture, such as for example {ed-batch and/or
perfusion bioprocessing aiming at producing high amount of a recombinant protein of
interest, the growth of cells can be inhibited by the accumulation of metabolites such AA,
HICA, CMP, MSA, TRI and/or NAP. The inhibitory effect of these metabolites can be
limited by maintaining their concentration in the cell culture medium below levels where they
inhibit cell growth, recombinant protein productivity and product quality. Product quality
includes, but is not limited to, glycosylation patiern, charge variants, aggregation and
fragmentation, all of which can be controlled by the methods described herein.

[0021] In an aspect, a cell culture method comprises (1) culturing cells in a cell culture
mediom to start a cell culture process, and, (i} maintaining at least one metabolite selected
from AA, HICA, CMP, MSA, TRI and NAP below an inhibitory concentration in the cell
culture medium for the at least one metabolite. In an aspect, the cells are mammalian cells.

{00221 Exemplary CHQO cell lines include CHOK1, CHO GS and DG44. Other
mammalian cell ines include cell lines used to produce human therapeutic products such as
HEK 293 cells, HT-1080 cells, enginesred T cells and engineered natural killer cells.

{00231 Inhibitory amounts of the metabolites can be in the range of | nm to 50 mM,
more specifically 100 nM to 10 aM.

[(024] When the metabolite is AA, the inhibitory concentration may be lower than
100 M, 440 uM, 880 pM, 3 mM., 5 mM or 10 mM.

(00251 When the metabolite is HICA, the inhibitory concentration may be lower than
10 uM, 23.5 M, 47 uM, 100 uM, 1 mM, or 3 mM.

{0026] When the metabolite is CMP, the inhibitory concentration may be lower than
SuM, 10 pM, 20 pM, 100 uM, 500 pM, or | mM.

[00271 When the metabolite is MSA, the inhibitory concentration may be lower than
1 uM, 375 pM, 7.5 puM, 100 uM, 1 ;oM or 3 mM.

{0028] When the metabolite is TR, the inhibitory concentration may be lower than
0.1 pM, G.35 uM, 0.7 pM, 100 pM, 1 mM or 3 mM.

{00291 When the metabolite is NAP, the inhibitory concentration may be lower than
0.1 uM, 03 oM, 0.6 M, 100 pM, T mM or 3 mM.

[0030] In an aspect, the method comprises measuring the concentration of the at least
one metabolite. The concentration of metabolite can be measured by any method known to

an analytical specialist.
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{0031] The concentration of metabolites can be measured once or several times
during the cell cultare. In aspects, the metabolite concentration is measured continuously,
intermittently, every 30 min, every hour, every two hours, twice a day, daily, or every two
days. In a preferred aspect, the concentration of metabolite is measured daily.

[3032] The concentration may be measured in a method that is not avtomated and
integrated to the cell culture method. For example, a measurement method where a sample is
manually taken from the cell culture medivm so that a specific concentration can be measured
in the sample may be employed. Alternatively, determining the concentration of the
metabolites may be automated and integrated to the cell culture method.

[0033] Exemplary methods for measuring the concentration of the metabolites
inclade nuclear magnetic resonance (NMR) spectroscopy, Raman spectroscopy, High/Ultra
Performance Liquid Chromatography (H/AJPLC), Liquid Chromatography Mass
Spectrometer (LC-MS), Gas Chromatography Mass Spectrometer (GC-MS) technology, or a
combination thereof. In GC-MS, for example, the expeniment can be performed with an
auto-sampler that draws samples from reactor and transfers them to the equipment in a
programmed manner. In data not shown, the identification of AA, HICA, CMP, MSA, TRI
and NAP was confirmed using a combination of one or more of the foregoing methods.

[0034]} In an aspect, when the measured concentration of the one or more metabolites
is above a predefined value such as the inhibitory concentration, a control strategy is
employed to limit the concentration of the inhibitory metabolite. In control strategy 1, the
concentration of a precursor (e.g., amino acids, glucose) of the at least one metabolite in the
cell culture medium is decreased by reducing the amount of the precursor provided to the
cells. Limiting the precursors of the metabolites will mitigate the accumulation of the
inhibitory metabolites. This method can also be referred to as media control. The predefined
value is selected so that the decrease of concentration of the precursor prevents the
concentration of the one or more metabolites to rise above the inhibitory concentration.

{0035] When the metabolite is AA, the precursor is glutamine, glucose, arginine,
and/or asparagine.

{00361 When the metabolite is HICA, the precursor is leucine and/or isoleucine.

{0037] When the metabolite is CMP, the precursor is glutamine, arginine, and/or
aspartate.

(00381 When the metabolite is MSA, the precursor is lysine, isoleucine, serine,

glucose, and/or glutamine.
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{0039] When the metabolite is TR, the precursor 15 aspartate, tryptophan, and/or
glutamine.

{0040] When the metabolite is NAP, the precursor is arginine, proline, aspartate
glutamine, and/or asparagine.

[0041] Combinations of the foregoing precursors may also be decreased in the
methods.

[0042] Decreasing the concentration of the precursors of the inhibitory metabolites
can decrease the inhibitor concentration to optimize the process.

{0043] The concentration of precursor in the cell culture medium can be decreased hy
reducing the amount of precursor provided to the cells, for example by reducing the
concentration of the precarsor in the feed medivm, reducing the feed rate, reducing the
number or volume of feeds, or a combination thereof. For example, the feed medium can be
replaced by a feed medium comprising a lower concentration of precursor.

{0044] The concentration of the precursors can be in the range of 0.01 g/L o 2 g/L.
More specifically:

[0045] When the precursor is arginine, the concentration may be lower than 8.2 /L,
03¢/1L,04¢1,05¢/L,0r0.6g/L.

[(046] When the precursor is asparagine, the concentration may be lower than 0.1
g/, 03g/L,05¢g/L,07 g/, 0109 g/L.

[0047] When the precursor is aspartic acid, the concentration may be lower than 0.1
2/t,038/L,05¢/L,07 g/, 0r0.9g/L.

[(048] When the precursor is glotamine, the concentration may be lower than 0.1 g/L,
0.6g/L,09¢e/L,1.2¢1L,0r1.5g/L.

{00491 When the precursor is isoleacine, the concentration may be lower than 0.05
/L, 015 /L, 0.25 g/1, 0.35 g/L., 0r 0.45 g/L.

{00501 When the precursor is leucine, the concentration may be lower than 0.1 g/L,,
0.2¢/L,03g/L, 04 gL, or0.5g/L.

{0051] When the precursor is lysine, the concentration may be lower than 0.1 g/L, 0.2
e/, 03 2/L, 04 ¢/, or 0.5 g/l

[0052] When the precursor is proline, the concentration may be lower than 0.05 g/L,
0.15 /1, 0.25 g/1., 0.35 g/L., o1 .45 g/1..

(053] When the precursor is serine, the concentration may be lower than 0.05 g/L,,

0.15 /L, 0.25 /L, 0.35 /L, or 0.45 g/L.
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{00541 When the precursor is tryptophan, the concentration may be lower than 0.01
e/, 0.03 ¢/, 0.07 g/1., 0.1 g/L, or 0.15 g/L.

100551 A design of experiments, such as Plackett-Burman Design or Response
Surface Methodology (RSM) can be applied teo find the optimum precursor concentration
from the above concentration range to minimize inhibitory metabolite accumulation.

[00561 Decreasing the amount of glucose, for example, can include culturing cells at
low glucose concentrations by using alternative carbon sources including but not limited to
fructose and galactose, using a cell ling that has reduced protein levels of glycolytic enzymes
including but not limited to hexose transporter or lactate dehydrogenase, employing a cell
line with suppressed cellular protein levels of both lactate dehydrogenase and pyruvate
dehydrogenase kinase, or employing a cell line with over-expression of pyruvate carboxylase
enzyme, or with the use of inhibitors (small molecule or protein based) for signaling
pathways (such as AKT, mTOR, HIF1a) that regulate the activity of energy metabolism
pathways {glycolysis, TCA cycle, and redox pathway).

{0057] In control strategies 2a and b and 3, the upstream and downstream enzyme
expression (strategy 2) or activity (strategy 3) is manipulated to mitigate the synthesis of the
inhibitory metabolites. The general idea behind control strategies 2 and 3 is to down regulate
the upstream enzyme s0 that the cells will produce less inhibitory metabolites and /or o
upregulate the downstream enzymes so that the cells will consume the metabolites to
generate energy. FIG. 10 shows three control strategies illustrated for NAP.

{00581 In control strategy 2a, the upstream and/or downstream enzyme expression
which controls the level of the metabolite may be regulated using an inhibitory nucleic acid,
such as an siRNA. The term “inhibitory nucleic acid” means a single stranded or double-
stranded RNA or DNA, specifically RNA, such as triplex oligonucleotides, ribozymes,
aptamers, small interfering RNA inchuding siRNA (short interfering RNA) and shRNA (short
hairpin RNA), antisense RNA, or a portion thereof, or an analog or mimetic thereof, that is
capable of reducing or inhibiting the expression of a target gene or sequence. Inhibitory
nucleic acids can act by, for example, mediating the degradation or inhibiting the translation
of mRNAs which are complementary to the interfering RNA sequence. An inhibitory nucleic
acid, when administered to a mammalian cell, results in a decrease (e.g., by 5%, 10%, 25%,
50%, 75%, or even 90-100%) in the expression (e.g., transcription or transiation) of a target
sequence. Typically, a nucleic acid inhibitor comprises or corresponds {o at least a portion of
a target nucleic acid molecule, or an ortholog thereof, or comprises at least a portion of the

complementary strand of a target nucleic acid molecule. Inhibitory nucleic acids may have
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substantial or complete identity to the target gene or sequence, or may include a region of
mismatch (i.e., a mismatch motit). The sequence of the inhibitory nucleic acid can
correspond to the full-length target gene, or a subsequence thereof. In one aspect, the
inhibitory nucleic acid molecules are chemically synthesized.

[(359] In control strategy 2b, recombinant DNA is used to overexpress one or more
downstream enzyrmes which controls the level of the metabolite, thus reducing the level of
the metabolite.

(00607 In control strategy 3, enzyme activation can be controlied by two different
approaches:

[0061] Approach 1: regulating enzyme expression to reduce the synthesis of the
metabolite comprises adding an inhibitor of enzyme activity. Exemplary inhibitors of
enzyme activity include small molecules, peptides, proteins and nucleic acids that bind the
active site of the enzyme and interfere with the activity of the enzyme.

[0062] Approach 2: As all the inhibitory metabolites can be further metabolized to the
TCA cycle to provide energy, glycolytic pathway activators, such as HK-1 and GK, can be
used to mitigate the accuomulation of inhibitory metabolites.

{00631 For control strategies 2 and 3 in certain aspects

wherein the metabolite s AA and the enzyme is ADI1, HOGAL, TADIL, ora
combination thereof

wherein the metabolite is HICA and the enzyme is GOT1, D-HicDH, MMUT, AUH ,
HMGCL, HADHA/B, or a combination thereof:

wherein the metabolite is CMP and the enzyme is UCKIE/2, NTS, CMAS, CMPK1,
DbDYD, CDA, SLC35A1, RRM1, HOGAL, or a combination thereof;

wherein the metabolite is MSA and the enzyme is GOT1, ETHEIL, AMT, HADHA/B,
MMUT, or a combination thereot:

wherein the metabolite is TRI and the enzyme is NADSYNT, NNMT, CAT,
NMNATI, SULT4A1, or a combination thereof;

wherein the metabolite is NAP and the enzyme is SAT1/2, HOGAL, AMD1, ODCH,
GOT1, MAOB, or a combination thereof; or

a combination thereot.

[0064] In control strategy 4, maintaining the at least one metabolite below an
inhibitory concentration in the cell culture medium for the at least one metabolite comprises
controlling process parameters, including temperature, dissolved oxygen level, pH, ora

combination thereof. The optimal temperature, dissolved oxygen level and pH can be
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determined by the rate of the enzymatic reaction and inhibitory metabolites accumulation.
The process may be optimized for fed-batch and perfusion bioprocesses.

[0065] Exemplary temperatures are about 30°C to about 40°C, specifically,
temperatures of 31°C, 32°C, 33°C, 34°C, 35°C, 36°C and 37°C in the early phase and late
phase of cell calture.

[0066] Exernplary pHs are in the range of pH 5.5 to 8.5, suchas pH 6.5, 6.7, 6.9, 7,
7.2,7.4, 0r7.6. CQOy sparging and/or NapC(; supplementation can be used to balance the pH.
Exemplary CO» sparging rates include 0.3 SLPH, 6.4 SLPH, 0.5 SLPH, 0.6 SLPH and 0.7
SLPH (standard liter per hour). Exemplary agitation rates for NaxCOs supplementation
inciude 90 RPM, 120 RPM, 150 RPM and 170 RPM (rounds per minute).

{0067] Exemplary dissolved oxygen set points include 5% to 50%, such as 20%, 30%
and 40%.

100681 Any cell which can be grown in cell culture can be used in the methods
described herein. In some aspects, the cell is a mammalian cell. Non-limiting examples of
mammalian cells inclode BALB/e mouase myeloma lines (NSO/L, ECACC No: 85110503);
huraan retinoblasts (PER.C6, CruCell, Leiden, The Netherlands); mounkey kidney CV1 lines
transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney lines (293 or
293 cells subcloned for growth in suspension); baby hamster kidney cells (BHK, ATCC CCL
10); Chinese hamster ovary cells +/~DHFR (CHO, Urlaub and Chasin, Proc. Nath. Acad. Sci.
USA, 77:4216, 1980); mouse sertoli cells (TM4, Mather, Biol. Reprod., 23:243-251, 1980);
monkey kidney cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERO-76,
ATCC CRL-1 587); human cervical carcinoma cells (HeLa, ATCC CCL 2); canine kidney
cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human
lang cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB B065); mouse mammary
tamor (MMT 060562, ATCC CCL51); TRI cells; MRC 5 cells; FS4 cells; and a human
hepatoma line (Hep G2). In an aspect, the cells are CHO cells, HEK 293 cells, HT-1080
cells, engineered T cells and engineered natural killer cells. Engineered T-cells include CAR
Teells

{00691 Any number of commercially and non-commercially available hybridoma cell
lines may be utilized in the methods described herein. The term “hybridoma™ as used herein
refers to a cell or progeny of a cell resulting from fusion of an immortalized cell and an
antibody-producing cell. Such a resulting hybridoma is an immortalized cell that produces
antibodies. Individual cells used to create the hybridoma can be from any mammalian

source, including, but not limited to, rat, pig, rabbit, sheep, goat, and human. In some
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aspects, a hybridoma is a trioma cell line, which results when progeny of heterohybrid
myeloma {usions, which are the product of a {usion between human cells and a murine
myeloma cell line, are subsequently fused with a plasma cell. In some aspects, a hybridoma
is any immortalized hybrid cell line that produces antibodies such as, for example,
guadromas. One skilled in the art will appreciate that hybridoma cell lines might have
different nutrition requirements and/or might require different culture conditions for optimal
growth, and will be able to modify conditions as needed.

{00701 The terms “culture” and “cell culture” as used herein refer to a cell population
that is suspended in a medium under conditions suitable to survival and/or growth of the cell
population. As will be clear to those of ordinary skill in the art, in some aspects, these terms
as used herein refer to the combination comprising the cell population and the medium in
which the population is suspended. In some aspects, the cells of the cell culture comprise
mammalian cells,

{0071] The methods described herein may be used with any cell culture method that
is amenable to the desired process {e.g., production of a recombinant protein {e.g., antibody)).
As a non-limiting example, cells may be grown in batch or fed-batch cultures, where the
culture is terminated after sufficient expression of the recombinant protein {e.g., antibody},
after which the expressed protein {e.g., antibody) is harvested. Alternatively, as another non-
limiting example, cells may be grown in batch-refeed, where the culture is not terminated and
new nutrients and other components are periodically or continuously added to the culture,
during which the expressed recombinant protein {e.g., antibody} is harvested periodically or
continuously. Other suitable methods (e.g., spin-tube coltures) are known in the art and can
be used to practice the methods described herein.

{0072} In some aspects, a cell culture is a fed-batch cultire. The term “fed-batch
culture” as ssed herein refers to a method of culturing celis in which additional components
are provided to the culture at a time or times subsequent to the beginning of the culture
process. Such provided components typically comprise nutritional components for the cells
which have been depleted during the culturing process. A fed-baich culture is typically
stopped at some point and the cells and/or components in the medium are harvested and
optionally purified. In some aspects, the fed-batch culture comprises a base medium
supplemented with feed media.

(0073} Alternatively, the cells may be grown in a perfusion process. In a perfusion
process, cells are retained in the bioreactor while continually removing cell waste products

and depleted media. Fresh media is added at roughly the same rate as depleted media is
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removed from the system. Removing spent media can be done by alternating tangential {low,
standard tangential flow filtration, hollow fiber {iltration, and the like.

{0074} Cells may be grown in any convenient volume chosen by the practiioner. For
example, cells may be grown in small scale reaction vessels ranging in volume from a few
milliliters to several liters. Alternatively, cells may be grown in large scale commercial
bioreactors ranging in volume from approximately at least 1 liter to 10, 530, 100, 250, 500,
1000, 2500, 5000, 8000, 10,000, 12,000, 15000, 20000 or 25000 liters or more, or any
volume in between.

{0075} The emperature of a cell culture will be selected based primartly on the range
of temperatures at which the cell culture remains viable and the range in which a high level of
desired product {e.g., a recombinant protein) is prodoced. In general, most mammalian cells
grow well and can produce desired products {(e.g., recombinant proteins) within a range of
about 25°C to 42°C, although the methods described herein are not Himited to these
temperatures. Certain mammalian cells grow well and can produce desired products {e.g.,
recombinant proteins or antibodies) within the range of about 35°C to 40°C. In certain
aspects, a cell culture is grown at a temperature of 20-45°C at one or more times during the
cell culture process. Those of ordinary skill in the art will be able to select appropriate
temperature or temperatures in which to grow cells, depending on the particular needs of the
cells and the particular production requirernents of the practitioner. The cells may be grown
for any amount of time, depending on the needs of the practitioner and the requirement of the
celis themselves. In an aspect, the cells are grown at 37°C. In other aspects, the cells are
grown at 36.5°C.

{0076} In some aspects, the cells are grown during the initial growth phase (or growth
phase) for a greater or lesser amount of time, depending on the needs of the practitioner and
the requirement of the cells themselves. In some aspects, the cells are grown for a period of
time sufficient to achieve a predefined cell density. In some aspects, the cells are grown for a
period of time sufficient to achieve a cell density that is a given percentage of the maximal
cell density that the cells would eventually reach if allowed to grow undisturbed. For
example, the cells may be grown for a period of time sufficient to achieve a desired viable
cell density of 1-99 percent of maximal cell density. In some aspects, the cells are grown
until the cell density does not increase by more than 13%, 14%, 13%, 12%, 11%, 10%, 9%,
8%, 1%, 6%, 5%, 4%, 3%, 2% or 1% per day of culture. In some aspects, the cells are grown

until the cell density does not increase by more than 5% per day of culture.

11



WO 2021/030672 PCT/US2020/046330

{0077] In some aspects, the cells are allowed to grow for a defined period of time.
For exaraple, depending on the starting concentration of the cell culture, the temperature at
which the cells are grown, and the intrinsic growth rate of the cells, the cells may be grown
for 0-20 or more days, specifically for 4 to 10 days. In some cases, the celis may be allowed
to grow for a month or more. The practitioner will be able to choose the duration of the
initial growth phase depending on protein production requirements and the needs of the cells
themselves.

{00781 The cell culture may be agitated or shaken during the initial culture phase in
order to increase oxygenation and dispersion of nutrients to the cells. One of ordinary skill in
the art will understand that it can be beneficial o control or regulate certain internal
conditions of the bioreactor during the initial growth phase, including but not Hmited to pH,
ternperature, oxygenation, and the hke.

100791 At the end of the initial growth phase, at least one of the culture conditions
may be shifted so that a second set of culture conditions is applied and a metabolic shift
occurs in the culture. A metabolic shift can be accomplished by, e.g., a change in the
temperature, dissolved oxygen level, pH, osmolality or chemical inductant level of the cell
culture. In one non-limiting aspect, the culture conditions are shifted by shifting the
temperature of the culure. However, as is known in the art, shifting temperature is not the
only mechanism through which an appropriate metabolic shift can be achieved. For example,
such a metabolic shift can also be achieved by shifting other culture conditions including, but
not limited to, pH, dissolved oxygen, osmolality, and sodium butyrate levels. The timing of
the culture shift will be determined by the practitioner, based on protein production
requirements ofr the needs of the cells themselves.

{0080] When shifting the temperature of the culture, the temperature shift may be
relatively gradual. For example, it may take several hours or days to complete the
temperature change. Alternatively, the temperatare shift may be relatively abrupt. For
example, the temperature change may be complete in less than several hours. Given the
appropriate production and contro] equipment, such as is standard in the commercial large-
scale production of polypeptides or proteins, the temperature change may even be complete
within less than an hour.

f0081]} In some aspects, once the conditions of the cell culture have been shifted as
discussed above, the cell culture is maintained for a subsequent production phase under a

second set of culture conditions conducive to the survival and viability of the cell culture and
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appropriate for expression of the desired polypeptide or protein at commercially adequate
levels.

[0082] As discussed above, the culture may be shified by shifting one or more of a
number of culture conditions including, but not limited to, temperature, dissolved oxygen,
pH, osmoolality, and sodiom botyrate levels. In some aspects, the temperature of the cultare is
shifted. According to this aspect, during the subsequent production phase, the culture is
maintained at a temperature or temperatare range that is lower than the temperature or
temperature range of the imtial growth phase. As discussed above, multiple discrete
temperature shifts may be employed fo increase cell density or viability or to increase
expression of the recombinant protein.

{0083] The cells can express a recombinant protein, a gene product, or a cell product.
In some aspects, the cells express a recornbinant protein and the cell culture method
comprises a growth phase and a production phase. The method described herein may be
applied during the growth phase, the produaction phase, or both.

{0084] The methods described herein can be used for improving cell growth in high
density cell culture at high cell density. High cell density as used herein refers to cell density
above 1x10% cella/mL, 5x10° celle/mL, 1x107 cells/mL, 5107 cells/mL, 1x10° cells/mb or
5x10° cells/ml, preferably above 1x107 cells/ml., more preferably above 5x107 cells/mL.

(00851 In some aspects, cell growth is determined by viable cell density (VCD),
maximum viable cell density, or integrated viable cell count (IVCC). In some aspects, cell
growth is determined by maximuom viable cell density. The term “viable cell density” as used
herein refers (o the number of cells present in a given volume of mediom. Viable cell density
can be measured by any method known to the skilled person. Preferably, viable cell density
is measured using an automated cell counter such as Bioprofile Flex®. The term maximum
cell density as ased herein refers to the maximum cell density achieved during the cell
culture. The term “cell viability” as used herein refers to the ability of cells in culture to
survive under a given set of culture conditions or experimental variations. For example, one
may use a dye (e.g., trypan blue) that does not pass through the membrane of a living cell, but
can pass through the disrupted membrane of a dead or dying cell in order to determine cell
viability.

[0086] The term “Integrated viable cell count (IVCC)” as used herein refers to as the
area under the viable cell density (VCD) curve. IVCC can be calculated using the following
formula:

IVCCi=IVCCHVC D VO (A2
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where At is the time difference between t and t+1 time points. IVCCig can be
assumed negligible. VCDand VCDy,; are viable cell densities at t and t+1 time
points.

{00871 The term “titer” as used herein refers, for example, to the total amount of
recombinantly expressed protein produced by a cell colture in a given amount of medium
volume. Titer is typically expressed in units of grams of protein per liter of mediom.

[0088] In some aspects, cell growth is increased by at least 3%, 10%, 15%, 20% or
25% as compared to a control culture. A control culture can be identical to the culture
described above except it is not cultured using step (11). In some aspects, cell growth is
increased by at least 10% as compared to a control culture. In some aspects, cell growth is
increased by at least 20% as compared to a control culture.

{0089] In some aspects, the productivity is determined by titer and/or volumetric
produoctivity. The term “titer” as used herein refers, for example, to the total amount of
recombinantly expressed protein produced by a cell culture in a given amount of medium
volume. Titer is typically expressed in units of grams of protein per liter of medium. In
some embodiments, the productivity is determined by titer. In some aspects, the productivity
is increased by at least 5%, 10%, 15%, 20% or 25% as compared (o the control culture. In
some aspects, the productivity is increased by at least 10% as compared to a control culture.
In some aspects, the productivity is increased by at least 20% as compared to a control
culture.

{0090] In some aspects, the maximum cell density of the cell culture is greater than
Ex10% cells/mL, 5x10% cells/mL, 1x1(7 cells/mL, 5x107 cells/mL, 1x10% cells/mL or 5x108
cells/mL. In some aspects, the maximam cell density of the cell culture is greater than 5x10°
cells/mL. In some aspects, the maximum cell density of the cell culture is greater than 1x10°
cells/mb.

{00911 The terms “mediam”, “cell culture medium”™ and “culture mediom” as used
herein refer to a solution containing nutrients which nourish growing mammalian cells.
Typically, such solutions provide essential and non-essential amino acids, vitamins, energy
sources, lipids, and trace elements required by the cell for minimal growth and/or survival.
Such a sclution may also contain supplementary components that enhance growth and/or
survival above the minimal rate, including, but not limited to, hormones and/or other growth
factors, particuiar ions (such as sodium, chloride, calcium, maguoesium, and phosphate),

butfers, vitamins, nucleosides or nucleotides, trace elements {inorganic compounds usually
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present at very low final concentrations), inorganic compounds present at high {inal
concentrations (e.g., iron), amino acids, lipids, and/or glucose or other energy source. In
some aspects, a medium is advantageously formulated to a pH and salt concentration optimal
for cell survival and proliferation. In some aspects, a medium is a feed medium that is added
after the beginning of the cell cultore.

[00921 A wide variety of mammalian growth media may be used in accordance with
the methods described herein. In some aspects, cells may be grown in one of a variety of
chemically defined media, wherein the components of the media are both known and
controlled. In some aspects, cells may be grown in a complex medium, in which not all
components of the medium are known and/or controlled.

{0093] Chemically defined growth media for mammalian cell culture have been
extensively developed and published over the last several decades. All components of
defined media are well characterized, and so defined media do not contain complex additives
such as serum or hydrolysates. Early media formulations were developed to permut cell
growth and maintenance of viability with little or no concern for protein production. More
recently, media formulations have been developed with the express purpose of supporting
highly productive recombinant protein producing cell cultures. Such media generaily
comprise high amounts of nutrients and in particular of amino acids to support the growth
and/or the maintenance of cells at high density. If necessary, these media can be modified by
the skilled person for use in the methods described herein.

{00941 Not all components of complex media are well characterized, and so complex
media may contain additives such as simple and/or complex carbon sources, simple and/or
complex nitrogen sources, and serum, among other things. In some aspects, complex media
contains additives such as hydrolysates in addition to other components of defined medivum as
described herein.

[0095] In some aspects, defined media typicaily includes roughly fifty chemical
entities at known concentrations in water. Most of them also contain one or more well-
characterized proteins such as insulin, IGF-1, transferrin or BS A, but others require no
protein components and so are referred (o as protein-free defined media. Typical chemical
components of the media fall into five broad categories: amino acids, vitamins, inorganic
salts, trace elements, and a miscellaneous category that defies neat categorization.

[0096] Cell culture medium may be optionally supplemented with supplementary
componenis. The term “supplementary components” as used herein refers to components

that enhance growth and/or survival above the minimal rate, inclading, but not limited to,
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hormones and/or other growth factors, particelar ions (such as sodium, chloride, calciam,
magnesium, and phosphate), buffers, vitamins, nucleosides or nucleotides, trace elements
{(inorganic compounds usually present at very low final concentrations), amino acids, lipids,
and/or glucose or other energy source. In some aspects, supplementary components may be
added to the initial cell culture. In some aspects, supplementary components may be added
after the beginning of the cell culture.

[0097] Typically, trace elements refer to a variety of inorganic salts included at
micromolar or lower levels. For example, commonly included trace elements are zinc,
selenium, copper, and others. In some aspects, iron {ferrous or ferric salts) can be included as
a trace element in the initial cell culture medium at micromolar concentrations. Manganese is
also frequently included among the trace elements as a divalent cation (MnCl or MaSO4) in a
range of nanomolar to micromolar concentrations. Numerous less common trace elements
are usually added at nanomolar concentrations.

{00981 In some aspects, the medium used in the method 15 3 medium suitable for
supporting high cell density, such as for example 1%10° cells/mL, 5x10° cells/md., 1x107
celis/mL, 3x107 cells/ml., 1x10% cells/mL or 5x10% cells/mL, in a cell culture. In some
aspects, the cell culture is a mammalian cell fed-batch culture, preferably a CHO cells fed-
batch culture.

[(099] In many instances, the cells will be selected or engineered to produce high
levels of desired products (e.g., recombinant protein or antibody). Often, cells will be
manipulated to produce high levels of recombinant protein, for example by introduction of a
gene encoding the protein of interest and/or by introduction of genetic control elements that
regulate expression of that gene (whether endogenous or introduced).

{00100} Certain proteins may have detrimental effects on cell growth, cell viability or
some other characteristic of the cells that ultimately limits prodaction of the protein of
interest in some way. Even amongst a population of cells of one particular type engineered to
express a specific protein, variability within the cellular population exists such that certain
individual cells will grow better, produce more protein of interest, or produce a protein with
higher activity levels (e.g., enzymatic activity). In certain aspects, a cell line is empirically
selected by the practitioner for robust growth under the particular conditions chosen for
culturing the cells. In some aspects, individual cells engineered (o express a particular
protein are chosen for large-scale production based on cell growth, final cell density, percent
cell viability, titer of the expressed protein or any combination of these or any other

conditions deemed important by the practitioner.
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{00101} Any protein that is expressible in a host cell may be produced in accordance
with the methods described herein. The terra “host cell” as used herein refers to a cell that is
manipulated to produce a protein of interest as described herein. A protein may be expressed
from a gene that is endogenous to the cell, or from a heterologous gene that is introduced into
the cell. A protein may be one that occurs in nature, or may alternatively have a sequence
that was engineered or selected.

100102} Proteins that may desirably be expressed will often be selected on the basis
of an interesting or useful biclogical or chemical activity. For example, the methods may be
employed to express any pharmaceutically or commercially relevant enzyme, receptor,
antibody, hormone, regulatory factor, antigen, binding agent, etc. In some aspects, the
protein expressed by cells in culture are selected from antibodies, or fragments thereof,
nanobodies, single domain antibodies, glycoproteins, therapeutic proteins, growth factors,
clotting factors, cytokines, fusion proteins, pharmaceutical drug substances, vaccines,
enzymes, or Small Meodolar ImmunoPharmaceuticals™ (SMIPs). One of ordinary skill in the
art will anderstand that any protein that may be expressed and will be able to select the
particular protein to be produced based on his or her particular needs.

[00103] Production of antibodies is of particular interest in accordance with the
present methods. Antibodies are proteins that have the ability to specifically bind a particular
antigen. Any antibody that can be expressed in a host cell may be produced. In some
aspects, the antibody to be expressed is a monoclonal antibody.

{00104} In some aspects, the monoclonal antibody is a chimeric antibody. A
chimeric antibody contains amino acid fragrents that are derived from more than one
organism. Chimeric antibody molecules can include, for example, an antigen binding domain
from an antibody of a mouse, rat, or other species, with human constant regions.

[00105] In some aspects, the monoclonal antibody is a human antibody derived, e.2.,
through the use of ribosome-display or phage-display libraries or the use of xenographic
species in which the native antibody genes are inactivated and functionally replaced with
hurnan antibody genes, while leaving intact the other components of the native immune
system.

[00106] In some aspects, the monoclonal antibedy is a humanized antibody. A
humanized antibody is a chimeric antibody wherein the large majority of the amino acid
residues are derived from human antibodies, thus minimizing any potential immune reaction
when delivered to a hman subject. In humanized antibodies, amino acid residues in the

complementarity determining regions are replaced, at least in part, with residues from a non-
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human species that confer a desired antigen specificity or affinity. Such altered
immunoglobulin molecules can be made by any of several technigues known in the art.

[00107} In some aspects, the monoclonal, chimeric, or humanized antibodies
described above may contain amino acid residues that do not naturally occur in any antibody
in any species in nature. These foreign residues can be utilized, for example, to confer novel
or modified specificity, affinity or effector function on the monoclonal, chimeric or
humanized antibody. In some aspects, the antibodies described above may be conjugated to
drugs for systemic pharmacotherapy, such as toxins, low-moleciiar-weight cytotoxic drugs,
biological response modifiers, and radionuclides.

{00108} Generally, a nucleic acid molecule introduced into the cell encodes the
protein desired to be expressed. Alternatively, a nucleic acid molecule may encode a gene
product that induces the expression of the desired protein by the cell. For example,
introduced genetic material may encode a transcription factor that activates transcription of
an endogenous or heterologous protein. Alternatively or additionally, an introduced nucleic
acid molecule may increase the translation or stability of a protein expressed by the cell.
Methods suitable for introducing nucleic acids sufficient to achieve expression of a protein of
interest into mammalian host cells are known in the art. For mammalian cells, commeon
methods of introducing genetic material into mammalian cells include the calcium phosphate
precipitation method or the Lipofectamine™ method.

[00109] In some aspects, a nucleic acid to be introduced is in the form of a naked
nucleic acid molecule. For example, the nucleic acid molecule introduced into a cell may
consist only of the nucleic acid encoding the protein and the necessary genetic control
elements. Alternatively, a nucleic acid encoding the protein (including the necessary
regulatory elements) may be contained within a plasmid vector. Non-limiting representative
examples of suitable vectors for expression of proteins in mammalian cells include pCDNAL;
pCD; pMCineo Poly-A; a baculovirus vector such as pAC 373 or pAC 610; CDMSE; and
pMT2PC. In some aspects, a nucleic acid molecule to be introduced into a cell is contained
within a viral vector. For example, a nucleic acid encoding the protein may be inserted into
the viral genome {or a partial viral genome). Regulatory elements directing the expression of
the protein may be included with the nucleic acid inserted into the viral genome (i.e., linked
to the gene inserted into the viral genome) or can be provided by the viral genome itself.

(00110} Naked DNA can be introduced into cells by forming a precipitate
containing the DNA and calcium phosphate. Alternatively, naked DNA can also be

introduced into cells by forming a mixture of the DNA and DEAFE-dextran and incubating the
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mixtire with the cells or by incubating the cells and the DNA together in an appropriate
buffer and subjecting the cells to a high-vollage electric pulse {e.g., by electroporation). A
further method for introducing naked DNA cells is by mixing the DNA with a liposome
suspension containing cationic lipids. The DNA/liposome complex is then incubated with
cells. Naked DNA can also be directly injected into cells by, for example, microtnjection.
Alternatively, naked DNA can also be introduced into cells by complexing the DNA toa
cation, such as polylysine, which is coupled to a ligand for a cell-surface receptor. Binding
of the DNA-ligand complex to the receptor facilitates uptake of the DNA by receptor-
mediated endocytosis.

{00111} Defective retroviruses are well characterized for use in gene transfer for
gene therapy purposes. A recombinant retrovirus can be constructed having a nucleic acid
encoding a protein of interest inserted into the retroviral genome. Additionally, portions of
the retroviral genome can be removed to render the retrovirus replication defective. Such a
replication defective retrovirgs is then packaged into virions which can be used to infect a
target cell through the use of a helper virus by standard techniques. For example, the genome
of an adenovirus can be manipulated such that it encodes and expresses a protein of interest
but is inactivated in terms of its ability to replicate in a normal lytic viral life cycle.
Exemplary adenoviral vectors derived from the adenovirus strain Ad type 5 d1324 or other
strains of adenovirus (e.g., Ad2, Ad3, Ad7 etc.) are known to those skilled in the art. Adeno-
associated virus (AAV) is a naturally occurring defective virus that requires another virus,
such as an adenovirus or a herpes virus, as a helper virus for efficient replication and a
productive life cyele.

{00112} When the method used to introduce nucleic acid molecules into a population
of cells results in modification of a large proportion of the cells and efficient expression of
the protein by the cells, the modified popualation of cells may be used without further isolation
or subcloning of individual cells within the population. That is, there may be sufficient
production of the protein by the population of cells such that no further cell isolation is
needed and the population can be immediately be used to seed a cell culture for the
production of the protein. Alternatively, it may be desirable to isolate and expand a
homogenous population of cells from a few cells or a single cell that efficiently produce(s)
the protein.

[00113] Alernative to introducing a nucleic acid molecule into a cell that encodes a
protein of interest, the introduced nucleic acid may encode another polypeptide or protein that

induces or increases the level of expression of the protein produced endogenously by a cell.
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For example, a cell may be capable of expressing a particular protein but may fail to do so
without additional treatment of the cell. Similarly, the cell may express insofficient amounts
of the protein for the desived purpose. Thus, an agent that stimulates expression of the
protein of interest can be used to induce or increase expression of that protein by the cell. For
example, the introduced nucleic acid molecule may encode a transcription factor that
activates or upregulates transcription of the protein of interest. Expression of such a
transcription factor in turn leads to expression, or more robust expression of the protein of
interest.

{00114} In general, it will typically be desirable to isolate and/or purify recombinant
proteins, gene products, or cell products expressed according to the methods described
herein. In certain aspects, the expressed protein is secreted into the mediom and thus cells
and other solids may be removed, as by centrifagation or filtering for example, as a first step
in the purification process.

(00115} Alternatively, the expressed protein may be bound to the surface of the host
cell. For example, the media may be removed and the host cells expressing the protein are
lysed as a first step in the purification process. Lysis of mammalian host cells can be
achieved by any number of means well known to those of ordinary skill in the art, including
physical disruption by glass beads and exposure to high pH conditions.

[00116] The expressed protein may be isolated and purified by standard methods
including, but not limited to, chromatography (e.g., ion exchange, affinity, size exclusion, and
hydroxyapatite chromatography), gel filtration, centrifugation, or differential solubility,
ethanol precipitation and/or by any other available technique for the purification of protein.

[C0117} In certain aspects, produced polypeptides or proteins will have
pharmacologic activity and will be useful in the preparation of pharmaceuticals. Proteins and
peptides may be formulated for delivery by any available route including, but not limited to
parenteral (e.g., intravenous), intradermal, subcutaneous, oral, nasal, bronchial, ophthalmic,
transdermal (topical}, transmucosal, rectal, and vaginal routes. Pharmaceutical compositions
typically include a purified polypeptide or protein expressed from a mammalian cell line, a
delivery agent in combination with a pharmaceutically acceptable carrier. As used herein the
language “pharmaceutically acceptable carrier” includes solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration. Supplementary active compounds can also
be incorporated into the compositions.

[00118}] The invention is further illustrated by the following non-limiting examples.

20



WO 2021/030672 PCT/US2020/046330

Examples

Fxample 1: Inhibitor Identification

[00119] HILIC lquid chromatography colurmn Orbitrap™ mass spectroscopy (LC-
MS) was used to screen the whole CHO metabolome. 30000 features were analyzed, and
more than 1000 features were accumulated throughout the cell culture. The inhibitory impact
of the top 20 features were tested analytically and biologically. Table 1 provides the
metabolites structurally confirmed by (LC-MS). The end of culture concentration was

measured also using the LC-MS with a different method.

Table 1: Stractarally confirmed metabolites with their end of culture supernatant

concentration,
Verified Metabolites
MS2 Exp m/z RT Confirmed
indole-3-carboxylic acid
6(1CA) 0.9300  Neg 160.0393 22 2.5
SMethylsuccinic acid (MSA)  0.8900 131.0339 311 13.59]
10lAconitic acid (AA) 0.7100  Neg 173.0081 4.55 14359
25/Leucinic acid (HICA) 0.62 Neg 131.4703 2.26 64.09)
1|Trigonelline (TRD) 0.6800  Pos 138.0550 12.8 0.812
3N-Acetylputrescinium (NAP) [0.9400  Pos 131.1179 15.34 (.196
Cytidine monophosphate
4(CMP) 1; 0.87  Pos (Neg)|324.0591,;322.0435[18.45 11.27
Guanosine monophosphate
SGMP) 0.99; 0.87 Pos (Neg) |364.0653;362.0496/18.29 20

Example 2: Standard Bioprocesses and Biological Confirmation of Metabolites

(00120} CHO K-1 industrial standard batch process: NIH CHO-K1 cell line is
cultared for 6 days, with 6mM glutamine supplement on the inoculation day. The working
volume is 30mL in 125ml shake flasks, and the inoculation cell density is 0.5 million cells/
ml. The parameters {or the shaking incubator are: 125 RPM, and 5% COn.

[00121} CHO GS industrial standard batch process: CHOZn® cell line is coltured
for 6 days. The working volume is 30mL in 125mL shake flasks, and the inoculation cell
density is 0.5 mullion cells/ mL. The parameters for the shaking incubator are: 125 RPM, and
5% COn.
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{00122} HEK 293 industrial standard batch process: MBL HEK 293 cell line is
culwred for 6 days. The working volume is 30mL in 125mL shake flasks, and the
inoculation cell density is 0.5 million cells/ mL, with 6mM glutamine supplement on the
inoculation day. The parameters for the shaking incubator are: 125 RPM, and 5% COo.

(00123} Cells were exposed to the identified inhibitory metabolites of Table 1 at their
end-of-culture concentration for 6 days in batch culture. AA, ICA, CMP, and mixture
condition showed lower cell density than the control group (FIG. 3). All of the inhibitory
metabolites decreased the antibody productivity (FIG. 4).

{00124} Industrial standard Fed-batch process: CHO-K1 cell line is cultured in
corresponding media. Feed for 14 days, with 6mM glutamine supplement on the inoculation
day. The working volume is 30mL in 125mL shake flasks, and the inoculation cell density is
0.5 mitlion cells/ ml.. The parameters for the shaking incabator are: 125 RPM, and 5% COx.
The feeding strategy is 10% corresponding feed everyday starting from day 3 to day 13.

{00125} In the standard industrial fed-batch process, cells were exposed to the
inhibitors for a long period of time. This experiment mimics the therapeutic antibody
production process, and spikes the inhibitors at their end-of-culture cellular concentration.
FCA was confirmed as a known inhibitor and was used as a positive inhibitor control.
Mixtare condition excluded ICA and included AA, HICA, CMP, MSA, TRI NAP. The
process lasted for 14 days, and starting from day 6, the cell density under the inhibitor
conditions were lower than the negative control batch. The results are shown in FIG. 3.
Comparing to the control batch, CMP, ICA, TRI and HICA showed stronger growth
inhibition impact, leading to 2 40-50% VCD drop at the peak VCD on Day 9.

Example 3 shows productivity and quality impact of the metabolites

[00126] 1gG titer was measured by HPLC with a Protein A column. Product quality
was quantified by the IgG glycan profile, which was measured by HPLC with a Glycan
Column.

[00127] All 7 metabolites showed an inhibitory impact on productivity and product
quality. HICA, CMP, ICA and TRI showed a strong inhibition on productivity, which is
more than a 30% productivity drop compared to the conirol (FIGG. 4). Product quality is a
critical parameter {or the bioprocess and drug approval, where glycan profie is one of the
most important Critical Quality Attributes (CQA). AA, HICA, CMP, MSA, and ICA shown

higher impact on G1F formation (FIG.5), and AA totally inhibit the G2F formation, and all
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other 6 inhibitors significant impact on G2ZF formaton (FIG. 6). Duplicated spiking

experiments shown that the impact on glycan profile is consistent (FIGs. 7, 8, and 9).

Conclusions

{00128} More than 30000 features were captured by the LC-MS metabolomics study
described herein and the top 20 inhibitor candidates with high confidence in identification
matching were selected by multivariate data analysis and pathway analysis. The highly
ranked candidates were experimentally verified by spiking them in the batch culture, and
among them 11 out of 15 showed an inhibitory impact on cell growth. Eight metabolic by-
products were verified structurally and biologically. Among them, six metabolites are novel
inhibitory byproducts of cell growth and/or productivity and 4 of them are first- time

identified CHO metabolites (See Table 2).

Table 2: AA, HICA, CMP, GMP, MSA, ICA, TRI and NAP were identified as inhibitors for
CHO cell process in this study. GMP and ICA were reported as a CHO cell cultore inhibitor
in publications/patent, and the rest of the 6 metabolites will be claimed by us. TRI, NAP, AA

and MSA were first-time identified as CHO cell metabolites.

Metabeolite D Cone. (udM) Pathway Inhibitor

Reported
AA 14359 Citric cycle N
HICA 64.09 Leucine N
CMP 11.27 Pyrimidine N
GMP 20 Purine Y
MSA 13.59 Isoleucine N
ICA 2.5 Tryptophan Y
TRI 0.812 NADPH N
NAP 0.196 Arginine and N

proline

Example 4: Accumulation of inhibitory metabolites in fed batch culture

(00129} Fed-batch conditions were the same as CHO K-1 industrial standard fed-
batch process in Example 2. Batch process conditions were the same as CHO K-1 industrial
standard batch process in Example 2.

{00130} Metabolites were identified by LC-ESI-MS. Table 3 shows the identified
inhibitory metabolites accumulated in the process and their accumulation after 6 daysina

batch process and after 5, 8 and 14 days in a fed-batch process,
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Table 3: Inhibitory metabolite accumulation in batch and fed batch processes

CHO Day AA HICA MSA CMP TRI NAP
¥Ki M pM uM uM pM M
Batch 6 1910 10.62 397 11.69 0.085 0.164

Fed 5 1238 8.53 1.3 1.14 (0.013 0.096
Baich 8 4026 2695 562 5.82 0.132 0.178
i4 14359 64.09 13.59 11.27 0.812 0.196

100131} This example shows the inhibitor concentrations in batch culture and fed-
batch culture. We conclude that the inhibitory metabolites accumulated in the major

bioprocess.

Example 5: Inhibitory metabolites accumulation in CHO K1, CHO GS, and HEK 293 in
batch culture

{00132} Batch process conditions were the same as CHO K-1, CHO GS and HEK
293 industrial standard batch process in Example 2. Metabolites were identified by LC-ESI-
MS. Table 4 shows the identified inhibitory metabolites accumulated in the process and their
accumulation after 6 days in a batch process. Table 4 shows that the six inhibitory

metabolites exist in different mammalian cell culture lines and accumulate in batch culture.

Table 4: Intubitory metabolite accumulation in CHO K1, CHO GS, and HEK 293 in batch

culture

Cone.

{uM) AA HICA MSA CMp TRI NAP
CHO K1 1910.00 10.62 3.97 11.69 0.09 0.16
CHO G5 717.42 31.63 2.59 78.51 0.81 0.20
HEK 293 a84.53 53.80 1.55 2.43 0.02 0.17

{00133} From the accumuilation at the end of batch colture we conclude that the

inhibitory metabolites widely exist in the mammalian cell lines.
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Example 6: Process development to mitigate the inhibitory metabolites accumulation

{00134} The transfection of regulatory genes {or the production of inhibitory
metabolites into CHO K1 cell line in the batch culture mitigates the growth of inhibitory
metabolites.

[00135] The purpose of transfection is to overexpress regulatory genes/enzymes for
the inhibitory metabolites. The downstream enzyme-coded genes were knocked into a CHO
cell line through the constructed plasmids with Gotl, Hogal, Cat, Slc35al on pcDNA 3.1 (+)
vector {V79020, ThermoFisher Scientific). The plasmid were amplified using 5-alpha
competent £.cofi (C29871, New England BioLabs). Polyethylenimine (408727, Millipore
Sigma) was used to transfect the plasmids into the mammalian cell lines to mitigate the
concentration of the inhibitory metabolites by overexpressing the regulatory genes for the
inhibitory metabolites. The transfection was done the same as CHO K1 indusirial standard
batch process, except that the initial inoculation cell density is 1 million cells/ml..

{00136} In Table 5 and FIG. 11, Control indicates a CHO K1 batch cell culture
control condition without transfecting any gene ; T1 indicates the cell growth profile with
Gotl transfected into CHO K1 cell ling; T2 indicates Gotl and Hogal transfection; and T3
indicates Gotl, Hogal, Cat, and Sic35al wransfection. As shown in Table 5 and FIG. 11
comparing o the control cell culture, the concentration of all the inhibitory metabolites
decreased with overexpressing Inhibitory metabolites regulation genes into CHO K1 cell line,

and the growth profile is improved.

Table S: Transfection of Inhibitory metabolites regulation genes into CHO K1 cell line in the

batch culture.

Clones | Calture AA HICA MSA CMP TR NAP
days B uM ph M uM I
Contral i 0.000 0.000 0.007 0.000 (.006 0.044
T3 1 $.000 0.000 0.010 (.000 0.004 0.000
Control 3 1026918 | 10.696 0.865 1.720 0.021 0.158
T2 3 084.457 3.826 0.619 1.692 0.019 0.178
T3 3 874.268 2.786 0.405 (.978 G.001 0.072
Controt 5 1910.126 1 10.686 3.966 11.687 0.044 0.165
T2 5 1868.026 { 9.951 2.868 9.433 0.042 0.129
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T3 5 1277005 9173 2.296 5.003 0.030 0.113

{00137} From this data we conclude that the inhibitor concentration decreased after
the transfection of inhibitory metabolites regulation genes into CHO cell line.

[00138] The use of the terms “a” and “an” and “the” and similar referents (especially
in the context of the following claims) are to be construed to cover both the singular and the
plural, unless otherwise indicated herein or clearly contradicted by context. The terms first,
second etc. as used herein are not meant to denote any particular ordering, but simply for
convenience to denote a plurality of, for example, layers. The terms “comprising”, “having”,
“including”, and “‘containing” are to he construed as open-ended terms (i.e., meaning
“including, but not limited t0”) unless otherwise noted. Recitation of ranges of values are
merely intended to serve as a shorthand method of refesring individually to each separate
value falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. The endpoints of
all ranges are included within the range and independently combinable. Al methods
described herein can be performed in a suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language {e.g., “such as”), is intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the
practice of the invention as used herein.

[(0139] While the invention has been described with reference to an exemplary
embodiment, it will be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof without departing from the
scope of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this invention, but that
the invention will include all embodiments falling within the scope of the appended claims.
Any combination of the above-described elements in all possible variations thereof is
encompassed by the invention unless otherwise indicated herein or otherwise clearly

contradicted by context.
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