Downloaded from orbit.dtu.dk on: Apr 20, 2018

Technical University of Denmark

=
—
—

i

Method for reducing ammonium and lactate production in cho cells

Ley, Daniel; Andersen, Mikael Rgrdam; Kildegaard, Helene Faustrup

Publication date:
2018

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Ley, D., Andersen, M. R., & Kildegaard, H. F. (2018). IPC No. C12N15/52; C12P21/02. Method for reducing
ammonium and lactate production in cho cells (Patent No. WO2017EP70682 .)

DTU Library
Technical Information Center of Denmark

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
e You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


http://orbit.dtu.dk/en/publications/method-for-reducing-ammonium-and-lactate-production-in-cho-cells(2eca9af1-d5e3-427f-a8d4-142c07400b20).html

wo 20187033542 A1 | 0000 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
22 February 2018 (22.02.2018)

(10) International Publication Number

WO 2018/033542 Al

WIPO I PCT

(51) International Patent Classification:
CI2P 21/02 (2006.01) CI2N 15/52 (2006.01)

(21) International Application Number:
PCT/EP2017/070682

(22) International Filing Date:
15 August 2017 (15.08.2017)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

16184179.6 15 August 2016 (15.08.2016) EP

(71) Applicant: DANMARKS TEKNISKE UNIVERSITET
[DK/DK]; Anker Engelunds Vej 101 A, 2800 Kgs. Lyngby
(DK).

(72) Imventors: LEY, Daniel; Dronningens Vange 12 2. tv.,
2800 Kgs. Lyngby (DK). ANDERSEN, Mikael, Rordam;
Rytterveenget 53, 3520 Farum (DK). KILDEGAARD, He-
lene, Faustrup; Lejrvej 139, 3500 Vearlose (DK).

(74) Agent: INSPICOS P/S; Kogle Allé 2, 2970 Hersholm
(DK).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,

(84)

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW,MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: METHOD FOR REDUCING AMMONIUM AND LACTATE PRODUCTION IN CHO CELLS

(57) Abstract: The present invention relates to modified producer cells for im-

T
=)
-

Maximum specific growth rate

Normalized to wildtype

Normalized to wildtype
(AT = 100)
=]
<

v & £
& & 8

&
€

4,
b
k)

Specific lactate secretion

Nomalized to wildlype

WT = 100)

Normalized to wildtype

proved production of therapeutic proteins. Specifically, the inventors have found
that removing genes involved in amino acid catabolism in Chinese Hamster Ovary
(CHO) cells improves the cell growth and viability and likely also the yield of a
recombinant therapeutic protein produced by the cells.
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METHOD FOR REDUCING AMMONIUM AND LACTATE PRODUCTION IN CHO CELLS

FIELD OF THE INVENTION

The present invention relates to modified producer cells for improved production of
therapeutic proteins. Specifically, the inventors have found that removing genes involved in
amino acid catabolism in Chinese Hamster Ovary (CHO) cells improves the cell growth and

viability and likely also the vyield of a recombinant therapeutic protein produced by the cells.

BACKGROUND OF THE INVENTION

CHO cells are the predominant cell factory for production of recombinant therapeutic
proteins, a segment of the pharmaceutical industry worth more than 140 billion USD in 2013
alone (Walsh, 2014). A central problem in CHO cell bioprocessing is accumulation of toxic
metabolic by-products, which inhibit growth and impair product quality (Lao & Toth, 1997;
Brodsky et al., 2014), leading to an overall reduced vyield of high quality protein. CHO cells
mainly acquire energy for growth and protein synthesis from glucose and glutamine
catabolism, however evidence suggest that other amino acids are also commonly utilized as
carbon source (Nicolae et al., 2014). Catabolism of amino acids is the main source of
ammonium production in mammalian metabolism. The catabolic reaction involves a
deamination step where the a-amino group is transferred to a-ketoglutarate to form
glutamate, which is then oxidatively deaminated to yield an ammonium ion. Catabolism of
amino acids is coupled to reduction of NAD" to produce NADH. Production of NADH in the
cytosol has been shown to perturb the redox equilibrium, which force the cell to regenerate
cytosolic NAD+ pools through lactate dehydrogenase activity to maintain redox homeostasis
(Templeton et al., 2014). In this manner, catabolism of amino acids may indirectly increase

lactate production in CHO cells.

Multiple toxic metabolites derived from amino acid catabolic pathways have been identified in
mammalian cells. Among these are intermediates in the primary catabolic pathway of L-
tryptophan, the kynurenine pathway: 3-hydroxykynurenine, 3-hydroxyanthranilic acid and 5-
hydroxyanthranilic acid (Sallée, 2014). Furthermore, toxic metabolites have been identified in
catabolism of L-tyrosine, which are synthesized from L-phenylalanine and degraded into the
following cytotoxic metabolites: 4-hydroxyphenylpyruvate, homogenisate, 4-
maleyacetoacetate and fumarylacetate (Pan et al., 2013). Finally, reactive aldehydes

produced in the catabolic pathway of L-lysine, the saccharopine pathway, are potentially toxic
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and can form adducts and condensation products with small molecules (e.g. amines),
proteins and DNA (Hallen et al., 2013).

The present invention provides for methods for targeted disruption of amino acid catabolic
pathways in CHO cells that cause an improved phenotype, with increased specific growth

rate, increased biomass vield and reduced cell specific secretion of lactate and ammonium.

OBJECT OF THE INVENTION

It is an object of embodiments of the invention to provide mammalian cells, which cells has a
phenotype with increased growth rate and/or increased biomass yield and/or speed of

expression of an exogenous protein of interest.

It is an object of embodiments of the invention to provide mammalian cells, which cells has a
phenotype with reduced specific secretion of lactate and/or reduced cell specific secretion of

ammonium.

It is an object of embodiments of the invention to provide mammalian cells, which cells

produce fewer amounts of toxic metabolites from amino acid catabolic pathways.

It is a further object of embodiments of the invention to provide mammalian cells, which has

targeted inactivation of one or more endogenous genes involved in amino acid catabolism.

SUMMARY OF THE INVENTION

It has been found by the present inventor(s) that by knocking out genes involved in amino
acid catabolism, the cells produce less toxic metabolites. This may be measured as e.g.
reduced cell specific secretion of lactate and/or reduced cell specific secretion of ammonium.
As a consequence of this disruption or downregulation of functional genes involved in amino
acid catabolism the cells provides for an increased growth rate, increased biomass yield

and/or speed of expression of an exogenous protein of interest.

So, in a first aspect the present invention relates to a recombinant mammalian cell having
one or more endogenous genes involved in amino acid catabolism inactivated and/or

downregulated.
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In a second aspect the present invention relates to a recombinant mammalian cell having one
or more endogenous genes involved in amino acid catabolism selected from the group
consisting of Hpd, Ddc, Afmid, Aass, Prodh, Prodh2, Gadl, Gad2, and LOC100759874

inactivated and/or downregulated.

In a third aspect the present invention relates to a recombinant mammalian cell having one
or more endogenous genes selected from the group consisting of Hpd, Ddc, Afmid, Aass,
Prodh, Prodh2, Gadl, Gad2, and LOC100759874 inactivated and/or downregulated.

In a further aspect the present invention relates to a method of cell culturing comprising the
growth of a population of recombinant mammalian cells according to the invention in a
suitable cell culture medium and maintaining at least one metabolite from amino acid
catabolism below a certain value. In some embodiments the metabolite is selected from
ammonium and lactate. In some embodiments the metabolite, such as ammonium or lactate
is kept at a level below a concentration of 3mM as measured by assays described herein. In
some embodiments the method comprises the step of measuring the concentration of the at
least one metabolite, and, when the measured concentration is above a predefined value, the
concentration of precursor of said at least one metabolite in the cell culture medium is
decreased by reducing the amount of precursor provided to the cells. In some embodiments
the maximum viable cell density of said population of recombinant mammalian cells is higher
than 1x10°cells/ml, such as higher than 5x10°cells/ml, such as higher than 1x10”cells/ml,
such as higher than 5x10’cells/ml, such as higher than 1x108cells/ml, such as higher than

5x10%cells/ml, such as higher than 1x10°cells/ml.

In a further aspect the present invention the use of a cell according to the invention for the

production of a recombinant exogenous protein of interest.

LEGENDS TO THE FIGURE

Fig. 1. Comparison of growth rate, integral of viable cell density and specific secretion levels
of lactate and ammonium in cell lines with full or partial disruption of the following genes:
Aass, Afmid, Ddc, Gadl, Gad2, Hpd, LOC100759874, Prodh and Prodh2. Values are
normalized to a non-transfected control cell line. Error bars indicate standard deviation of

biological triplicates.
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DETAILED DISCLOSURE OF THE INVENTION

Definitions

The term “inactivated” as used herein refers to a gene that has been completely or partially
disrupted, removed, or knocked out, to get an expression of said gene product

downregulated or completely absent at a protein functional level.

The term “downregulated” as used herein refers to a gene, which expression has been

lowered, diminished by some means, e.g. antisense, protein inactivators or by other means.

The term "mammalian cell" as used herein refers to any cell from or derived from any
mammal (e.g. a human, a hamster, a mouse, a monkey, a rat, a pig, a cow, or a rabbit). In
some embodiments, a mammalian cell can be an immortalized cell, such as an in vitro cell
line. In some embodiments, the mammalian cell is a differentiated cell. In some
embodiments, the mammalian cell is an undifferentiated cell. Recombinant mammalian cell

refers to a cell being genetically modified in some way from the wild type parent cell.

The term "culturing” or "cell culturing” as used herein refers to the maintenance or growth of

a mammalian cell under a controlled set of physical conditions.

Hpd refers to a gene normally described with a gene ID of 100768220 and a gene description
name or synonyms such as 4-hydroxyphenylpyruvate dioxygenase, 4-hydroxyphenylpyruvic
acid oxidase, 4HPPD, HPD, and HPPDase.

Ddc refers to a gene normally described with a gene ID of 100761742 and a gene description
name or synonyms such as dopa decarboxylase (aromatic L-amino acid decarboxylase),

Aromatic-L-amino-acid decarboxylase, and DOPA decarboxylase.

Afmid refers to a gene normally described with a gene ID of 100773211 and a gene
description name or synonyms such as arylformamidase, Kynurenine formamidase,

Arylformamidase, N-formylkynurenine formamidase, FKF, KFA, and Kfase.

Aass refers to a gene normally described with a gene ID of 100751161 and a gene
description name or synonyms such as aminoadipate-semialdehyde synthase, Alpha-
aminoadipic semialdehyde synthase, mitochondrial, Lysine ketoglutarate reductase,

Saccharopine dehydrogenase, LKR, LOR, and SDH.
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Prodh refers to a gene normally described with a gene ID of 100750856 and a gene
description name or synonyms such as proline dehydrogenase (oxidase) 1, Proline
dehydrogenase 1, mitochondrial, Proline oxidase, Proline oxidase 2, and p53-induced gene 6
protein.

Prodh2 refers to a gene normally described with a gene ID of 100773901 and a gene
description name or synonyms such as proline dehydrogenase (oxidase) 2, Probable proline
dehydrogenase 2, Kidney and liver proline oxidase 1, Probable proline oxidase 2, and
HsPOX1.

Gad1 refers to a gene normally described with a gene ID of 100765882 and a gene
description name or synonyms such as glutamate decarboxylase 1 (brain, 67kDa), Glutamate
decarboxylase 1, 67 kDa glutamic acid decarboxylase, Glutamate decarboxylase 67 kDa
isoform, and GAD-67.

Gad?2 refers to a gene normally described with a gene ID of 100757642 and a gene
description name or synonyms such as glutamate decarboxylase 2 (pancreatic islets and
brain, 65kDa), Glutamate decarboxylase 2, 65 kDa glutamic acid decarboxylase, Glutamate
decarboxylase 65 kDa isoform, and GAD-65.

LOC100759874 refers to a gene normally described with a gene ID of 100759874 and a gene
description name or synonyms such as L-threonine 3-dehydrogenase, L-threonine 3-
dehydrogenase, and TDH.

The cells provided herein can be modified from a variety of different mammalian cells. The
mammalian cell can be, e.g. a cell that grows in suspension or it can be an adherent cell.
Non-limiting examples of mammalian cells used herein include: Chinese hamster ovary
(CHO) cells, such as CHO-K1, Sp2.0, myeloma cells (e.g., NS/0), B-cells, hybridoma cells, T-
cells, human embryonic kidney (HEK) cells (e.g, HEK293E, HEK293T, and HEK 293F), African
green monkey kidney epithelial cells (Vero) cells, and Madin-Darby Canine (Cocker Spaniel)
kidney epithelial cells (MDCK) cells. Additional mammalian cells that can be used according to

the invention described herein are known in the art.

The mammalian cell can be modified to express an exogenous protein of interest, such as
containing a recombinant nucleic acid (e.g., a nucleic acid stably integrated in the
mammalian cell's genome) that encodes a recombinant protein, such as a therapeutic

protein. Non-limiting examples of exemplary recombinant proteins are described below.
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A nucleic acid encoding a recombinant protein can be introduced into a mammalian cell using
a wide variety of methods known in molecular biology and molecular genetics. Non-limiting
examples include transfection (e.g., lipofection), transduction (e.g., lentivirus, adenovirus, or
retrovirus infection), and electroporation. In some instances, the nucleic acid that encodes a
recombinant protein is not stably integrated into a chromosome of the mammalian cell
(transient transfection); while in others the nucleic acid is integrated. Alternatively or in
addition, the nucleic acid encoding a recombinant protein can be present in a plasmid and/or
in a mammalian artificial chromosome (e.g., a human artificial chromosome). Alternatively or
in addition, the nucleic acid can be introduced into the cell using a viral vector (e.g., a
lentivirus, retrovirus, or adenovirus vector). The nucleic acid can be operably linked to a
promoter sequence (e.g., a strong promoter, such as a p-actin promoter and CMV promoter,
or an inducible promoter). A selection system may also be applied, such as by use of a
selectable marker (e.g., dihydrofolate reductase (DHFR) selection system, a system based on
the selection of the glutamine synthetase (GS) gene, or a gene that confers hygromycin,

puromycin, or neomycin resistance to the mammalian cell).

In some instances, the recombinant protein is a secreted protein and is released by the
mammalian cell into the extracellular medium (e.g., the first and/or second liquid culture
medium). For example, a nucleic acid sequence encoding a soluble recombinant protein can
contain a sequence that encodes a secretion signal peptide at the N- or C-terminus of the
recombinant protein, which is cleaved by an enzyme present in the mammalian cell, and
subsequently released into the extracellular medium (e.g., the first and/or second liquid
culture medium). For example, such a secreted recombinant protein can be a secreted
immunoglobulin, a secreted enzyme, a secreted growth factor, a secreted protein fragment,
or a secreted engineered protein. In other instances, the recombinant protein is a soluble
protein that is not secreted, and the recombinant protein is recovered from within the
mammalian cell. For example, a recombinant protein that is not secreted can be an

immunoglobulin, an enzyme, a growth factor, a protein fragment, or an engineered protein.

Non-limiting examples of recombinant proteins that can be produced by the methods
provided herein include immunoglobulins (including light and heavy chain immunoglobulins,
antibodies, or antibody fragments (e.g., any of the antibody fragments described herein),
enzymes (e.g., a galactosidase (e.g., an alpha- galactosidase), Myozyme, or Cerezyme),
proteins (e.g., a growth factor, human erythropoietin, tumor necrosis factor (TNF), or an
interferon alpha or beta), an engineered protein, or immunogenic or antigenic proteins or
protein fragments (e.g., proteins for use in a vaccine). In some embodiments, the
recombinant protein is an engineered antigen-binding polypeptide that contains at least one
multifunctional recombinant protein scaffold (see, e.g., the recombinant antigen-binding
proteins described in Gebauer et al, Current Opin. Chem. Biol. 13 :245-255, 2009; and U.S.
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Patent Application Publication No. 2012/0164066. Non-limiting examples of recombinant
proteins that are antibodies include: panitumumab, omalizumab, abagovomab, abciximab,
actoxumab, adalimumab, adecatumumab, afelimomab, afutuzumab, alacizumab, alacizumab,
alemtuzumab, alirocumab, altumomab, amatuximab, anatumomab, apolizumab, atinumab,
tocilizumab, basilizimab, bectumomab, belimumab, bevacizumab, biciromab, canakinumab,
cetuximab, daclizumab, densumab, eculizumab, edrecolomab, efalizumab, efungumab,
ertumaxomab, etaracizumab, golimumab, infliximab, natalizumab, palivizumab,
panitumumab, pertuzumab, ranibizumab, rituximab, tocilizumab, and trastuzumab.
Additional examples of therapeutic antibodies that can be produced by the methods described
herein are known in the art. Additional non-limiting examples of recombinant proteins that
can be produced by the present methods include: alglucosidase alfa, laronidase, abatacept,
galsulfase, lutropin alfa, antihemophilic factor, agalsidase beta, interferon beta- 1 a,
darbepoetin alfa, tenecteplase, etanercept, coagulation factor IX, follicle stimulating

hormone, interferon beta- la, imiglucerase, dornase alfa, epoetin alfa, and alteplase.

The methods for inactivation, such as the complete or partial disruption, removal of a gene
involved in amino acid catabolism is known to the person skilled in the art. Relevant genes
may be knocked out to get an expression of said gene downregulated or completely absent.
Suitable methods include RNA interference with antisense RNA, antisense DNA, a Ribozyme,

inhibitors of the gene transcription or an inhibitor of the relevant gene products.

Complete or partial gene knock out may be accomplished by the use of Clustered Regularly
Interspaced Short Palindromic Repeats (CRISPR)-Cas9, Zinc finger (ZF) approach, TALENs or
similar methods. Thus, genes involved in amino acid catabolism (e.g. Hpd, Ddc, Afmid, Aass,
Prodh, Prodh2, Gadl, Gad2, and LOC100759874) may be inactivated and/or downregulated
in a cell, by use of methods comprising genome perturbation, gene-editing and/or gene
disruption capability such as with nucleic acid vector systems related to CRISPR and
components thereof, nucleic acid vector systems encoding fusion proteins comprising zinc
finger DNA-binding domains (ZF) and at least one cleavage domain or at least one cleavage
half-domain (ZFN) and/or nucleic acid vector systems encoding a first transcription activator-
like (TAL) effector endonuclease monomer and a nucleic acid encoding a second cleavage

domain or at least one cleavage half-domain (TALEN).

In some embodiments relevant genes are inactivated and/or downregulated by using
CRISPR/Cas9.



10

15

20

25

WO 2018/033542 PCT/EP2017/070682

Embodiments of the invention

As described above in some aspects the present invention relates to a recombinant
mammalian cell having one or more endogenous genes involved in amino acid catabolism
selected from the group consisting of Hpd, Ddc, Afmid, Aass, Prodh, Prodh2, Gadl, Gad2,
and LOC100759874 inactivated and/or downregulated.

In some embodiments the cells according to the inventions has a phenotype with increased
specific growth rate as compared to the corresponding cell without said one or more gene

inactivated and/or downregulated.

In some embodiments the cells according to the inventions has a phenotype with increased
biomass yield and/or speed of expression of an exogenous protein of interest; as compared
to the corresponding cell without said one or more gene inactivated and/or downregulated.

In some embodiments the cells according to the inventions has a phenotype with reduced cell
specific secretion of lactate as compared to the corresponding cell without said one or more

gene inactivated and/or downregulated.

In some embodiments the cells according to the inventions has a phenotype with reduced cell
specific secretion of ammonium as compared to the corresponding cell without said one or

more gene inactivated and/or downregulated.

In some embodiments the cells according to the inventions is selected from the group
consisting of a Chinese Hamster Ovarian (CHO) cells, such as CHO-K1; Baby Hamster Kidney
(BHK) cell; COS cell; HEK293; NSO; SP2/0; YB2/0; HUVEC; HKB; PER-C6; or derivatives of

any of these cells.

It is to be understood that a derivative of any particular cell line, is a cell line that is a variant
of the original cell line from which it is derived. A cell line derivate may be changed from the
original cell line by the addition, deletion, inactivation or other modification of one or more

endogenous genes.

In some embodiments the cells according to the inventions has been further modified to

express an exogenous protein of interest, such as therapeutic protein.

In some embodiments the cells according to the inventions expresses a protein of interest

selected from a glycosylated protein, such as a monoclonal antibody, granulocyte colony
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stimulating factor, interferon-alpha, interferon-beta, Factor VIIa, Factor IX, follicle
stimulating hormone, erythropoietin, granulocyte macrophage colony stimulating factor,
interferon-gamma, alpha-1 -protease inhibitor, beta-glucosidase, tissue plasminogen
activator protein, interleukin-2, Factor VIII, chimeric tumor necrosis factor receptor,
urokinase, chimeric anti-glycoprotein IIb/Illa antibody, chimeric anti-HER2 antibody,
chimeric anti-respiratory syncytial virus antibody, chimeric anti-CD20 antibody, DNase,
chimeric anti-tumor necrosis factor antibody, human insulin, hepatitis B sAg, and human

growth hormone.

In some embodiments the cells according to the inventions has a specific lactate secretion
rate decreased by more than 1%, such as 2, 3, 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30% as compared to the corresponding

cell without said one or more gene inactivated and/or downregulated.

In some embodiments the cells according to the inventions has a specific ammonium
secretion rate decreased by more than 1%, such as 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30% as compared to the

corresponding cell without said one or more gene inactivated and/or downregulated.

In some embodiments the cells according to the inventions has two or more, such as three,
four, five, six, seven, eight, or nine genes selected from the group consisting of Hpd, Ddc,
Afmid, Aass, Prodh, Prodh2, Gad1l, Gad2, and LOC100759874 inactivated and/or

downregulated.
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EXAMPLE 1

Metabolic network reconstruction

A draft network reconstruction of the glycolytic and amino acid catabolic pathways in CHO
cells was generated using the mouse metabolic pathways as template. Biochemical pathway
data from mouse metabolism was retrieved from the Kyoto Encyclopedia of Genes and
Genomes database (Kanehisa and Goto, 2000; Kanehisa et al., 2014) and homologous gene
sequences in the CHO genome were identified using the Chinese hamster genome database
www.CHOgenome.org (Hammond et al., 2012). The draft network reconstruction was further
refined by careful curation of gene-protein-reaction relationships using manual genome
annotation and literature evidence. The finalized reconstruction featured 319 proteins

catalyzing 183 reactions with 188 metabolites.

Single-guide RNA target design and transfection

Design and selection of single-guide RNA (sgRNA) target sites was performed with the online
tool "CRISPy” (Ronda et al., 2014). The sgRNA expression vectors were constructed as
previously described (Ronda et al., 2014). Prior to transfection, CHO-S suspension cells
obtained from Life Technologies were grown in CD-CHO medium supplemented with 8 mM L-
glutamine (Gibco) and 0.5 % anti-clumping reagent (Gibco) in a humidified shaking incubator
operated at 37°C, 5 % CO2 and 120 rpm. One day prior to transfection, cells were washed
and seeded in medium without anti-clumping reagent at 5x10° cells/mL. Cells were
transfected with expression vectors encoding GFP_2A-Cas9 (Grav et al., 2015) and sgRNA
targeting Aass, Afmid, Ddc, Gadl, Gad2, Hpd, LOC100759874, Prodh and Prodh2
individually, to generate single-gene knock out transfectants. For each sample, cell cultures
with cell density of 1 x 10° cells/mL in 125 mL shake flasks (Corning), were transfected with
17.7 pg DNA using FreeStyle™ MAX reagent together with OptiPRO SFM medium (Life
Technologies), according to the manufacturers recommendations. Anti-clumping reagent (0.5
%) was added one day after transfection. Enrichment and isolation of transfected cells, as
well as deep sequencing analysis of clone genotypes, were performed as previously described
(Grav et al., 2015).

Cell culture

Cultures were initiated from cryopreserved vials in preheated CD-CHO medium (Thermo
Fisher Scientific) supplemented with 8 mM L-glutamine (Gibco) and 0.5 % anti-clumping
reagent (Gibco). Cell culture was performed in 250 mL vented Erlenmeyer shake flasks
(Corning, NY, USA) with a working volume of 80 mL in a humidified shaking incubator
operated at 37°C, 5 % CO2 and 120 rpm. All cultures were seeded at 3x10° cells/mL and
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grown for 6 days in batch culture mode. Samples were drawn on a daily basis and analyzed
for cell density and viability using Nucleocounter NC-200 (Chemometec, Denmark). Extracted
culture supernatants were analyzed for glucose, lactate, glutamine, glutamate and
ammonium using BioProfile 400 Plus (Nova Biomedical, Waltham, MA, USA).

Calculations and statistics

Maximum specific growth rate was calculated using exponential regression of viable cell
density from day O to day 3. Average specific production rates of lactate and ammonium
were calculated during the time interval from day 0 to day 3, by dividing the increase in
metabolite concentration by the increase in integral of viable cell density (IVCD). The
statistical test for determination of physiological differences between clone populations was

performed using Student’s t-test with a significance level of a = 0.05.

Results and discussion

Selection of target amino acid catabolic genes for gene editing

The selection of target genes for knockout was guided by integrating differential gene
expression data in the metabolic network reconstruction of amino acid catabolism. The
differential gene expression dataset was generated from an IgG producing cell line and a
non-producing cell line (Lund et al, 2017). Thus, the dataset is assumed to reflect changes in
gene expression levels as a direct response to the metabolic burden of recombinant protein
production. Interestingly, we observed a general upregulation of glycolytic genes, indicating
increased catabolism of glucose to meet the metabolic demand from recombinant protein
synthesis. When inspecting the gene expression levels in amino acid catabolic pathways, we
found that the L-tryptophan, L-lysine, L-phenylalanine and L-tyrosine pathways were
upregulated in the protein producing cell line relative to the non-producing cell line, indicating
that CHO cells increase catabolism of said amino acids when producing recombinant proteins.
Therefore, in order to restrict the catabolism of L-tryptophan, L-lysine, L-phenylalanine and
L-tyrosine we selected the following genes, encoding catabolic enzymes, for knockout: Afmid,
Aass, Ddc and Hpd. In addition to these genes, we selected a second set of genes encoding
decarboxylases and dehydrogenases for knockout, as they were expected to reduce specific
secretion of lactate and ammonium: Gadl, Gad2, Prodh, Prodh2 and LOC100759874.

Knockout of amino acid catabolic genes improves growth and integral of viable cell density

and reduce specific lactate and ammonium secretion.

The effect of gene disruptions showed increased maximum specific growth rate in eight of

nine clones, except for the clone with gene Prodh2 disrupted, which had a negative impact on
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maximum specific growth rate. Of the eight gene disruptions with positive effect on
maximum specific growth rate, we found that Aass, Afmid, Gad2 and Hpd grew significantly
faster (Student’s t-test, p-value < 0.05). The integral of viable cell density (IVCD) is an
important process parameter, as it represents the cell-work-hours available for protein
synthesis and is correlated to overall process protein titer. We found that six of nine gene
disruptions improved IVCD and Afmid, Gad2, Hpd and Prodh were significantly improved
(Student’s t-test, p-value < 0.05). For specific secretion rate of lactate and ammonium, we
found that four of eight clones showed reduced lactate secretion rate, while five clones had
reduced ammonium secretion rate. From these clones, we found that specific lactate
secretion rate was significantly reduced in clones with Gad2 and Hpd disrupted (Student’s t-
test, p-value < 0.05), while only the clone with Hpd disrupted had significantly reduced
specific ammonium secretion rate. However, both disruptions of Afmid and Gad2, produced
were near significantly reduced secretion rates of ammonium with p-values of 0.08. In
conclusion, we provide evidence that targeted gene disruptions in amino acid catabolism can
improve critical process parameters for therapeutic protein production. Specifically, we
demonstrated that disrupting Hpd and Gad2 increases maximum specific growth rate and

IVCD, while reducing specific secretion of lactate and ammonium.

EXAMPLE 2 - KNOCK OUT OF HPD IN A IgG-PRODUCING CELL LINE

Single-guide RNA target design and transfection

Design and selection of single-guide RNA (sgRNA) target sites was performed with the online
tool "CRISPy” (Ronda et al., 2014). The sgRNA expression vectors were constructed as
previously described (Ronda et al., 2014). Prior to transfection, CHO-S suspension cells
obtained from Life Technologies, transformed to express an IgG and selected for high specific
productivities, were grown in CD-CHO medium supplemented with 8 mM L-glutamine (Gibco)
and 0.5 % anti-clumping reagent (Gibco) in a humidified shaking incubator operated at 37°C,
5 % CO2 and 120 rpm. One day prior to transfection, cells were washed and seeded in
medium without anti-clumping reagent at 5x10° cells/mL. Cells were transfected with
expression vectors encoding GFP_2A-Cas9 (Grav et al., 2015) and sgRNA targeting Gad2 to
generate single-gene knock out transfectants. For controls, "mock” cell lines were generated
transfected with a vector encoding GFP_2A-Cas9 and no sgRNA. For each sample, cell
cultures with cell density of 1 x 10° cells/mL in 125 mL shake flasks (Corning), were
transfected with 17.7 pg DNA using FreeStyle™ MAX reagent together with OptiPRO SFM
medium (Life Technologies), according to the manufacturers recommendations. Anti-

clumping reagent (0.5 %) was added one day after transfection. Enrichment and isolation of
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transfected cells, as well as deep sequencing analysis of clone genotypes, were performed as
previously described (Grav et al., 2015).

Cell culture

Cultures were initiated from cryopreserved vials in preheated CD-CHO medium (Thermo
Fisher Scientific) supplemented with 8 mM L-glutamine (Gibco) and 0.5 % anti-clumping
reagent (Gibco). Cell culture was performed in 250 mL vented Erlenmeyer shake flasks
(Corning, NY, USA) with a working volume of 80 mL in a humidified shaking incubator
operated at 37°C, 5 % CO2 and 120 rpm. All cultures were seeded at 3x10° cells/mL and
grown for 7 days in batch culture mode. Samples were drawn on a daily basis and analyzed
for cell density and viability using Nucleocounter NC-200 (Chemometec, Denmark). Extracted
culture supernatants were analyzed for glucose, lactate, glutamine, glutamate and
ammonium using BioProfile 400 Plus (Nova Biomedical, Waltham, MA, USA). IgG
quantification was assessed using an Octet biosensor (Pall ForteBio, Portsmouth,

United Kingdom)

Calculations

Maximum specific growth rate was calculated using exponential regression of viable cell
density from day O to day 3. Average specific production rates of lactate and ammonium
were calculated during the time interval from day 0 to day 3, by dividing the increase in
metabolite concentration by the increase in integral of viable cell density (IVCD). Specific
productivities of IgG was calculated from day 0 to day 3 by dividing the increase in IgG titer

by the increase in IVCD.

Results

A Hpd-knockout clone and a control clone transfected with a mock Cas9-plasmid were both
derived from a IgG-producing cell line. Cells were cultured in shake flasks and cell,
metabolite, and IgG concentrations were measured daily. Growth characteristics and

productivities are presented in TABLE 1.

TABLE 1 - PERFORMANCE INDICATORS FOR IgG PRODUCING CELL LINES

Control AHpd
Mmax (Relative, control index 100) 100 101
(uac, day 3 (Relative, control index 100 70
100)
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qnnz, day 3 (Relative, control index 100 87
100)

IVCD, day 6 (Relative, control index 100 118
100)

Titer, day 6 (relative, Control index 100 138
100)

qp, day 3 (Relative, Control index 100 101
100)

When compared to the control, the AHpd cell line performs markedly better, having lower
productivities of ammonium and lactate, and higher IVCD. The q; is similar in the two cell

lines, but the higher IVCD results in a higher final titer.
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CLAIMS

1. A recombinant mammalian cell having one or more endogenous genes involved in
amino acid catabolism selected from the group consisting of Hpd, Ddc, Afmid, Aass, Prodh,
Prodh2, Gad1l, Gad2, and LOC100759874 inactivated and/or downregulated.

2. The recombinant mammalian cell according to claim 1, having a phenotype with
increased specific growth rate as compared to the corresponding cell without said one or

more gene inactivated and/or downregulated.

3. The recombinant mammalian cell according to any one of claims 1 or 2, having a
phenotype with increased biomass yield and/or speed of expression of an exogenous protein
of interest; as compared to the corresponding cell without said one or more gene inactivated

and/or downregulated.

4. The recombinant mammalian cell according to any one of claims 1-3, having a
phenotype with reduced cell specific secretion of lactate as compared to the corresponding

cell without said one or more gene inactivated and/or downregulated.

5. The recombinant mammalian cell according to any one of claims 1-4, having a
phenotype with reduced cell specific secretion of ammonium as compared to the

corresponding cell without said one or more gene inactivated and/or downregulated.

6. The recombinant mammalian cell according to any one of claims 1-5, selected from
the group consisting of a Chinese Hamster Ovarian (CHO) cells, such as CHO-K1; Baby
Hamster Kidney (BHK) cell; COS cell; HEK293; NSO; SP2/0; YB2/0; HUVEC; HKB; PER-C6;

NSO; or derivatives of any of these cells.

7. The recombinant mammalian cell according to any one of claims 1-6, where the cell
has been further modified to express an exogenous protein of interest, such as therapeutic
protein.

8. The recombinant mammalian cell according to claim 7, where the cell expresses a
protein of interest selected from a glycosylated protein, such as a monoclonal antibody,
granulocyte colony stimulating factor, interferon-alpha, interferon-beta, Factor VIIa, Factor
IX, follicle stimulating hormone, erythropoietin, granulocyte macrophage colony stimulating
factor, interferon-gamma, alpha-1 -protease inhibitor, beta-glucosidase, tissue plasminogen
activator protein, interleukin-2, Factor VIII, chimeric tumor necrosis factor receptor,

urokinase, chimeric anti-glycoprotein IIb/IIIa antibody, chimeric anti-HER2 antibody,
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chimeric anti-respiratory syncytial virus antibody, chimeric anti-CD20 antibody, DNase,
chimeric anti-tumor necrosis factor antibody, human insulin, hepatitis B sAg, and human

growth hormone.

9. The recombinant mammalian cell according to any one of claims 1-8, which cell has a
specific lactate secretion rate decreased by more than 1%, such as 2, 3, 4, 5,6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30% as
compared to the corresponding cell without said one or more gene inactivated and/or

downregulated.

10. The recombinant mammalian cell according to any one of claims 1-9, which cell has a
specific ammonium secretion rate decreased by more than 1%, such as 2, 3,4, 5,6, 7, 8,9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30% as
compared to the corresponding cell without said one or more gene inactivated and/or

downregulated.

11. The recombinant mammalian cell according to any one of claims 1-10, which cell has
two or more, such as three, four, five, six, seven, eight, or nine genes selected from the
group consisting of Hpd, Ddc, Afmid, Aass, Prodh, Prodh2, Gadl, Gad2, and LOC100759874

inactivated and/or downregulated.

12. A method of cell culturing comprising the growing a population of recombinant
mammalian cells according to any one of claims 1-11 in a suitable cell culture medium and
maintaining at least one metabolite selected from ammonium and lactate at a level below a
concentration of 3mM, such as below 2mM, 1.5mM, 1 mM, 0.9mM, 0.8mM, 0.7mM, 0.6mM,
0.5mM, 0.4mM, 0.3mM, 0.2mM or 0.1 mM.

13. The method according to claim 12, which method comprises the step of measuring the
concentration of said at least one metabolite, and, when the measured concentration is
above a predefined value, the concentration of precursor of said at least one metabolite in
the cell culture medium is decreased by reducing the amount of precursor provided to the

cells.

14. The method according to claims 12 or 13, wherein the maximum viable cell density of
said population of recombinant mammalian cells is higher than 1x10°cells/ml, such as higher
than 5x10°cells/ml, such as higher than 1x10’cells/ml, such as higher than 5x10”cells/ml,
such as higher than 1x10%cells/ml, such as higher than 5x108%cells/ml, such as higher than

1x10°%cells/ml.
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15. Use of a cell as defined in any of claims 1-11 for the production of a recombinant

exogenous protein of interest.
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