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MAMMALIAN CELLS FOR PRODUCING A SECRETED PROTEIN

Technical field

The invention relates to the field of cell culture technology. It concerns the knockdown, such as by using
RNA interference, or gene knockout, of activating transcription factor 6 beta (ATF6B), or the combination
of ceramide synthase 2 (CERS2) and TBC1 domain family member 20 (TBC1D20), proteins which play
central roles in the cellular secretion pathway. This downregulation leads to improved secretion of
biopharmaceutically relevant products produced in mammalian cells. The invention specifically relates to
mammalian cells having enhanced secretion of a recombinant therapeutic protein compared to a control
cell, a method of producing said mammalian cell, a method for the production of a recombinant secreted
therapeutic protein and the use of said mammalian cell for increasing the yield of a recombinant

secreted therapeutic protein.

Background
Improving titers of therapeutic proteins in production, making processes more efficient, is a clear goal in

industry. This can lead to reduced costs and shortened timelines to supply protein material for clinical
studies and markets. As overall yields in production processes are determined by cell specific
productivity of the individual cell, as well as the number of viable cells present in the process, strategies
to improve production efficiency usually aim to increase either of these two parameters, without

negatively affecting the other.

There is a need for improving recombinant protein production in mammalian cells, by increasing the
specific productivity and/or the total yield (i.e., titer or concentration) of the protein in the cell culture
supernatant, which is generally applicable and not dependent on the individual cell line or protein to be

produced.

Engineering strategies aiming to improve titers of therapeutic proteins can focus on different stages of
protein secretion, such as protein folding, post-transcriptional regulation and/or secretion. However, one
of the challenges associated with modifying the behaviour of cells to achieve favourable phenotypes for
the production of recombinant proteins is the complex nature of intracellular regulation circuits. Targeting
the expression of one gene or protein is not useful unless it is a rate-limiting factor in a critical pathway
or it is a transcription factor with the potential to alter expression of a whole set of target genes. For this
reason, microRNAs, as regulators of whole networks of genes, were used in protein-producing cell lines
(WO 2013/182553). Targeting whole networks of genes is an undefined process unless all target genes
are identified. Also regulation of some of those genes may not be favourable for protein secretion or
counteract the regulation of other genes. It is an objective of the present invention to downregulate
specific proteins that constitute a bottleneck in protein secretion in order to have a higher yield of

secreted therapeutic proteins.
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Expression of recombinant therapeutic proteins leads to an increase of the total protein amount that is
translocated to the endoplasmic reticulum (ER) for further processing and subsequent secretion.

Consequently, the protein folding capacity of the ER is one potential bottleneck for protein production.

To this end, several studies are concerned with alterations in the unfolded protein response (UPR), an
adaptive stress-response pathway that uses ER chaperones. Improved secretion of therapeutic proteins
in recombinant producer cells was obtained by overexpression of UPR related transcription factors such
as activating transcription factor 4 (ATF4) (Ohya T, et al., 2008. Biotechnology and Bioengineering.
100(2):317-324) the X-box binding protein-1 (XBP-1) (Tigges M, et al., 2006. Metabolic Engineering.
8:264-272; Becker E, et al., 2008. Journal of Biotechnology. 135:217-223) or the CCAAT-enhancer-
binding protein homologous protein (CHOP) (Nishimiya D, et al., 2013. Appl Microbiol Biotechnol.
97:2531-2539). In 2009, Bommiasamy et al. showed that not only overexpression of XBP-1, but also the
expression of a constitutively active form of activating transcription factor 6 alpha (ATF6a), increased the
protein folding capacity of the ER (Bommiasamy et al., 2009, Journal of Cell Sciences. 122: 1626-1636).

A further bottleneck in the secretion of recombinant proteins is the delivery from the ER to the Golgi
apparatus. The small GTPase Rab1 has a crucial role in the vesicular transport of proteins that have
been processed in the ER. Due to its involvement in regulating the exit of secretory cargo from the ER
and in COPIl vesicle tethering (Haas A, et al., 2007. Journal of Cell Science. 120:2997-3010), an
increase in Rab1 activity could be advantageous for the overall protein secretion of the cell. While
overexpression of Rab1 has been described to enlarge the Golgi apparatus and led to the up-regulation
of vesicle traffic genes participating in the ER-to-Golgi transport, its inactivation or depletion resulted in a
blockage of ER exit (Haas A, et al., 2007. Journal of Cell Science. 120:2997-3010; Romero N, et al.,
2013. MBoC. 24:617-632). Rab1 is inactivated by a specific GTPase-activating protein (GAP), namely
TBC1 Domain Family, Member 20 (TBC1D20) (Haas A, ef al., 2007. Journal of Cell Science. 120:2997-
3010).

In addition to limitations in the protein folding capacity of the ER and the ER-to-Golgi transport, it has
previously been shown that the protein transport at the Golgi complex may be a further bottle neck in
recombinant protein secretion (Florin L, et al., 2009. Journal of Biotechnology. 141:84-90). Ceramides
are a source of diacylglycerol (DAG), which regulates the activity of protein kinase D (PKD) (Hausser A,
et al., 2005. Nat Cell Biol. 7(9):880-886; Fuchs YF, ef al., 2009. Traffic. 10:858-867; Baron CL and
Malhotra V. 2002, Science 295(5553): 325-8). PKD is crucial for the transport of proteins from the Golgi
to the plasma membrane by ceramide transfer protein (CERT) (Hanada K, ef al., 2003. Nature. 426:803-
809; Florin L, et al., 2009. Journal of Biotechnology. 141:84-90; Fugmann T, et al., Journal of Cell
Biology. 178: 15-22). Ceramides are synthesized by six different isoforms of Ceramide Synthases
(CERS1-6).

However, no specific proteins involved in the UPR or the secretory pathway have been identified that
would loosen the above described bottlenecks upon downregulation and hence result in increased
production of secreted proteins. Downregulation of genes may have technical advantages. For example,
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knock-out cells are stable with regard to this phenotype and marker genes can be excised. Also, RNAI
expression is more easily controlled since a saturating level is usually reached and the expression level

is less critical as for protein overexpression.

SUMMARY

In the present disclosure it is shown that knocking-down selected target genes increased production of
secreted proteins, particularly reducing ATF6B activity, or reducing CERS2 and TBC1D20 activity, exerts
a positive effect on secreted product concentration, protein productivity and viable cell density. These
results suggest that the targeting of ATF6B, or the combination of CERS2 and TBC1D20, are effective

strategies for improving titers of therapeutic proteins, including antibodies.

By virtue of downregulation of ATF6B, CERS2 and TBC1D20 protein activity, it is now possible to
engineer mammalian cells to improve their cell productivity and/or cell viability, in particular, to increase
the amount of protein secreted by the cell culture. The mammalian cells, methods and uses provided
herein allow for a more efficient and cost-effective production of secreted proteins, especially for
antibody production. This may speed up drug development, since the generation of sufficient amounts
of material for pre-clinical studies is critical with regard to overall development timelines. The objects of
the examples disclosed herein can further be used for the generation of one or several specific secreted
proteins for either diagnostic purposes, research purposes (target identification, lead identification, and

lead optimization) or manufacturing therapeutic proteins either on the market or in clinical development.

In one aspect, the disclosure relates to a mammalian cell having enhanced secretion of a recombinant
therapeutic protein comprising (a) reduced expression of the host cell proteins TBC1 domain family
member 20 (TBC1D20) and ceramide synthase 2 (CERS2); or (b) reduced expression of the host cell
protein activating transcription factor 6 beta (ATF6B); wherein the mammalian cell further comprises one

or more expression cassette(s) encoding a recombinant secreted therapeutic protein.

Another aspect of the disclosure relates to a mammalian cell having enhanced secretion of a
recombinant therapeutic protein comprising reduced expression of the host cell proteins TBC1D20 and
CERS2. Optionally the mammalian cell may further comprise one or more expression cassette(s)

encoding a recombinant secreted therapeutic protein.

In the mammalian cell of the disclosure (a) the gene encoding the host cell protein comprises a genetic
modification that inhibits expression of said host cell protein, or (b) the mammalian cell comprises a RNA
oligonucleotide that inhibits expression of the gene encoding said host cell protein by RNA-interference,
wherein the protein expression of TBC1D20 and CERS2 or the protein expression of ATF6B in the
mammalian cell is reduced compared to the same mammalian cell not containing said genetic

modification(s) or RNA oligonucleotide(s).

In a further aspect, the disclosure relates to a method of producing a mammalian cell with enhanced

secretion of a recombinant therapeutic protein comprising (a) reducing expression of the host cell
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proteins TBC1D20 and CERS2, or of the host cell protein ATF6B in the mammalian cell by introducing (i)
a genetic modification into a gene encoding the host cell protein that inhibits expression of said host cell
protein, or (i) a RNA oligonucleotide into the mammalian cell that inhibits expression of the gene
encoding said host cell protein by RNA-interference, and (b) introducing one or more gene(s) encoding a
recombinant secreted therapeutic protein. The method of the disclosure may further comprise the
following steps: (c) selecting cells with enhanced secretion of the recombinant therapeutic protein; and
(d) optionally culturing the cells obtained in step (c) under conditions which allow expression of one or
more gene(s) encoding a recombinant secreted therapeutic protein. According to the method of the
disclosure the protein expression of TBC1D20 and CERS2 or the protein expression of ATF6B in the
mammalian cell is reduced compared to the same mammalian cell not containing said genetic

modification(s) or RNA oligonucleotide(s).

The RNA-interference in the cell of the disclosure or in the method of the disclosure may be mediated by
small hairpin RNA (shRNA) or short interfering RNA (siRNA). Preferably the mammalian cell is
transfected with one or more expression vector(s) comprising a nucleotide sequence encoding said
SiRNA(s) or shRNA(s), more preferably the mammalian cell is stably transfected with one or more
expression vector(s) encoding said siRNA(s) or shRNA(s). The siRNA used in the cell or the method of
the disclosure may be (a) siTbc1D20#1 (SEQ ID NO: 7) or siCerS2#1 (SEQ ID NO: 8), or a combination
thereof if TBC1D20 and/or CERS2 are targeted; or (b) one or more of siAtféb#1 (SEQ ID NO: 9),
SiAtféb#2 (SEQ ID NO: 10), and siAtf6b#3 (SEQ ID NO: 11) if ATF6b is targeted. The shRNA may
comprise (a) shTbc1D20#1 (SEQ ID NO: 12), or one or more of shCerS2#1 (SEQ ID NO: 13) and
shCerS2#2 (SEQ ID NO: 14), or a combination thereof, if TBC1D20 and/or CERS2 are targeted; or (b)
one or more of shAtféb#1 (SEQ ID NO: 15) and shAtféb#2 (SEQ ID NO: 37), if ATF6b is targeted. The

exemplary siRNAs and shRNAs are particularly suitable for hamster cells, such as CHO cells.

The genetic modification in the gene(s) encoding the host cell protein(s) TBC1D20 and CERS2, or
ATF6B may be independently (a) a gene deletion; or (b) a mutation in the gene that inhibits expression
of the host cell protein, preferably in the coding region of the gene and/or the promoter or regulatory
region of the gene. The host cell protein TBC1D20 preferably has a sequence identity of at least 80% to
the amino acid sequence of SEQ ID NO: 4, the host cell protein CERS2 preferably has a sequence
identity of at least 80% to the amino acid sequence of SEQ ID NO: 5; and the host cell protein ATF6B

preferably has sequence identity of at least 80% to the amino acid sequence of SEQ ID NO: 6.

According to the disclosure the recombinant secreted therapeutic protein may be an antibody, preferably
a monoclonal antibody, a bi-specific antibody or a fragment thereof. Alternatively the recombinant
secreted therapeutic protein may also be a Fc-fusion protein. The cell according to the disclosure or
used in the method of the disclosure is preferably a rodent or a human cell, preferably a rodent cell, such
as a CHO cell.

In a further aspect the disclosure also relates to a method for the production of a recombinant secreted
therapeutic protein in a mammalian cell comprising (a) providing the mammalian cell of the
4
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disclosure, wherein the cell is transfected with a recombinant secreted therapeutic protein or providing
the mammalian cell produced by the method of the disclosure, (b) culturing the mammalian cell of step
(a) in a cell culture medium at conditions allowing production of the recombinant secreted therapeutic
protein, (c) harvesting the recombinant secreted therapeutic protein, and optionally (d) purifying the

recombinant secreted therapeutic protein.

In yet another aspect, the disclosure relates to the use of the mammalian cell of the disclosure or to the
mammalian cell produced by the method of the disclosure for increasing the yield of a recombinant

secreted therapeutic protein.

DESCRIPTION OF THE FIGURES

FIGURE 1 shows IDENTIFICATION OF DIFFERENTIALLY EXPRESSED TARGET GENES OF
MICRORNAS BY NEXT GENERATION SEQUENCING

Panel (A) is a table showing that CHO-DG44 cells stably secreting an IgG1 antibody (mAb1l) (CHO-
mADbL1 cells) were transfected with each of the two microRNAs miR-1287 and miR-1978 having strong
effects on antibody production and specific productivity. 12 hours after transfection transcriptome
profiling by next generation sequencing (NGS) was used to identify direct target genes of the two
mMiRNAs. Genes that were significantly downregulated with a | log2 | fold change > 1 (gene expression in
untransfected control cells (mock) was more than 2-fold) were defined as hits. The miR-1287 target gene
ATF6B and the miR-1978 target genes CerS2 and Thc1D20 were chosen for further analysis. Shown is
the normalized fold change in expression (mock vs miRNA transfected) of the respective genes and its
|I092| .Effects of selected target genes on antibody production and specific productivity were first
assessed by siRNA-mediated gene knockdown, followed by shRNA-mediated knockdown to investigate
long-term depletion of the target genes. Panel (B) is a table listing the names and sequences of the
siRNAs and shRNAs used in this study.

FIGURE 2 shows VALIDATION OF TARGET GENES VIA QPCR

(A) and (B), CHO-DGA44 cells stably secreting the 1gG1 antibody mAbl were transfected with microRNA
miR-c#1, miR-1287 or miR-1978. One day after transfection, RNA was extracted to quantify levels of
MRNA of ATF6B, CerS2 and Thc1D20 by gPCR. (C) and (D), Expression levels of these target genes
were quantified for CHO-DG44 cells stably secreting the antibody mAbl and further stably
overexpressing either miR-1287 or miR-1978. Relative expression was calculated by normalizing to the
reference gene beta actin. Panel (A) is a bar graph showing that transient transfection with miR-1287
resulted in a reduced expression level of ATF6B compared to untransfected cells (mock) (n=3, error bars
= SEM of triplicates). Panel (B) is a bar graph showing that transient transfection with the miRNA miR-
1978 resulted in decreased levels of CERS2 mRNA and TBC1D20 mRNA compared to untransfected
5
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cells (mock) (n=3, error bars = SEM of friplicates). (C)-(D) CHO-mAb1 cells stably secreting an IgG
antibody were stably transfected with expression vectors encoding either miR-1287 or miR-1978
(pcDNAB.2-GW/emGFP-miR1287-miR1287 or pcDNAG6.2-GW/emGFP-miR1978-miR1978) or a negative
control sequence expression plasmid (pcDNA6.2-GW/emGFP-negative-control) and enriched for GFP
positive cells by FACS. Panel (C) is a bar graph showing that CHO-mAb1 cells stably overexpressing
miR-1287 showed reduced levels of ATF6B mRNA compared to parental CHO-mAb1 cells (n=3, error
bars = SEM of triplicates). Panel (D) is a bar graph showing that CHO-mADb1 cells stably overexpressing
miR-1978 showed reduced levels of both CERS2 and TBC1D20 compared to parental CHO-mAb1 cells

(n=2, error bars = SEM of duplicates).

FIGURE 3 shows KNOCKDOWN EFFICIENCY OF SIRNAS SPECIFIC FOR ATF6B, CERS2 AND
TBC1D20

CHO-DG44 cells stably secreting the IgG1 antibody mAb1 were transfected with siRNAs specific for
ATF6B or CERS2 and TBC1D20, respectively, and mRNA levels of ATF6B, CERS2 and TBC1D20 were
quantified by qPCR. Panel (A) is a bar graph showing that an effective knockdown of ATF6B was
observed by three independent siRNAs (SiAftéb#1, siAftéb#2 and siAftéb#3) (n=3, error bars = SEM of
triplicates). Panel (B) is a bar graph showing that combined knockdown of CERS2 and TBC1D20 was
observed by nucleofection with both siRNAs simultaneously (siTbc1D20#1 and siCerS2#1) (n=2, error
bars = SEM of duplicates).

FIGURE 4 shows the EFFECT OF ATF6B KNOCKDOWN ON PRODUCTIVITY OF CHO-mAb1 CELLS

CHO-mADb1 cells were transfected with each of three independent siRNAs specific for ATF6B (siAft6b#1,
siAft6b#2 and siAftéb#3). Specific productivity on days 3 and 4 was calculated and normalized to non-
transfected control cells (mock). Knockdown of ATF6B resulted in improved specific productivity at day 4

(n=3, error bars = SEM of triplicates).

FIGURE 5 shows the EFFECT OF COMBINED CERS2 AND TBC1D20 KNOCKDOWN ON
PRODUCTIVITY OF CHO-mAB1 CELLS

CHO-mAb1 cells were transfected with siRNAs against CERS2 and TBC1D20 (siTbc1D20#1 and
siCerS2#1) (A) singly and (B) in combination. Specific productivity on days 3 and 4 was calculated and
normalized to non-transfected control cells (mock). Panel (A) is a bar graph showing that a single
knockdown of either CERS2 or TBC1D20 slightly increased the specific productivity at day 4 (n=2, error
bars = SEM of duplicates). Panel (B) is a bar graph showing that a combined knockdown of CERS2 and
TBC1D20 resulted in further improvement of the specific productivity at day 3 and day 4 (n=3, error bars
= SEM of triplicates).



10

15

20

25

30

35

WO 2017/157593 PCT/EP2017/053043

FIGURE 6 shows the EFFECT OF ATF6B KNOCKDOWN ON PRODUCTIVITY OF CHO-mAB2 CELLS

A further CHO-DG44 cell clone stably secreting the IgG antibody mAb2 was transfected with each of
three independent siRNAs specific for ATF6B (siAftéb#1, siAfteb#2 and siAftéb#3). Specific productivity
on days 3 and 4 was calculated and normalized to non-transfected control cells (mock). Knockdown of

ATF6B resulted in improved specific productivity at days 3 and 4 (n=3, error bars = SEM of replicates).

FIGURE 7 shows the EFFECT OF COMBINED CERS2 AND TBC1D20 KNOCKDOWN ON
PRODUCTIVITY OF CHO-mAB2 CELLS

CHO-DG44 cells stably secreting the IgG antibody mAb2 were transfected with siRNAs against CERS2
and TBC1D20 in combination (siTbc1D20#1 and siCerS2#1). Specific productivity on days 3 and 4 was
calculated and normalized to non-transfected control cells (mock). Combined knockdown of CERS2 and
TBC1D20 resulted in improved specific productivity at day 3 and day 4 (n=3, error bars = SEM of

triplicates).

FIGURE 8 shows QUANTIFICATION OF STABLE GFP EXPRESSION IN ANTIBODY PRODUCING
CHO CELLS BY FLOW CYTOMETRY

CHO-DG44 cells stably secreting the IgG antibody mAb2 were stably transfected with a GFP-containing
expression vector further encoding (as shown in panel A) a shRNA specific for ATF6B (pcDNAG.2-
GW/emGFP-shATF6B#1 whose sequence structure is schematically represented in panel B), and (as
show in panel C) a shRNA specific for CERS2 and for TBC1D20 (pcDNA6.2-GW/emGFP-
shTBC1D20#1-shCERS2#1 or pcDNAG6.2-GW/emGFP-shCERS2#2-shTBC1D20#1, whose sequence
structures are schematically represented panel D). GFP-positive cells were enriched by FACS and living
cells were analyzed by flow cytometry analysis after cultivation for 42 days after sorting (see panels A

and C). As a negative control, untransfected cells without GFP expression were used (greyed out).

FIGURE 9 shows QUANTIFICATION OF STABLE KNOCKDOWN IN ANTIBODY PRODUCING CHO
CELLS BY QPCR

CHO-DG44 cells stably secreting the IgG antibody mAb2 were stably transfected with a GFP-containing
expression vector further encoding (as shown in panel A) a shRNA specific for ATF6B (shAtf6b#1) or (as
shown in panel B) two combined shRNAs specific for CERS2 and TBC1D20 (shCerS2#1-shTbc1D20#1,
shCerS2#2-shTbc1D20#1). GFP-positive cells were enriched by FACS sorting and RNA was extracted
to measure levels of mMRNA of ATF6B or CERS2 and TBC1D20, respectively, by qPCR analysis.

Relative expression was calculated by normalizing to the reference gene beta actin.
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FIGURE 10 shows the EFFECTS OF STABLE KNOCKDOWN OF ATF6B IN FED-BATCH CELL
CULTURE

CHO-DG44 cells stably secreting the IgG antibody mAb2 were stably transfected with shRNAs against
ATF6B (pcDNA6.2-GW/emGFP-shAtf6b#1) or a negative control sequence expression plasmid
(pcDNAGB.2-GW/emGFP-negative-control) and enriched for GFP positive cells by FACS sorting. Stable
pools (one pool for shAtf6b#1 and two independent pools for the negative control plasmid) were grown in
fed-batch cultures. Cell density and antibody concentration in the supernatant were determined on days
3-6 by cell counting with trypan blue exclusion and ELISA analysis, respectively, and specific productivity
was calculated. The data for one representative experiment are shown for the product concentration (in

panel A), the specific productivity at day 6 (in panel B), and the viable cell density (in panel C).

FIGURE 11 shows the EFFECTS OF STABLE KNOCKDOWN OF CERS2 AND TBC1D20 IN FED-
BATCH CELL CULTURE

CHO-DG44 cells stably secreting the IgG antibody mAb2 were stably transfected with expression
vectors encoding for shRNAs specific for CERS2 and TBC1D20 (pcDNAG6.2-GW/emGFP-shTbc1D20#1-
shCerS2#1 and pcDNA6.2-GW/emGFP-shCerS2#2-shTbc1D20#1) or a negative control sequence
(pcDNAGB.2-GW/emGFP-negative-control) and enriched for GFP positive cells by FACS sorting. Stable
pools (one pool for each of two independent shRNA combinations and 2 independent pools for the
negative control plasmid) were grown in fed-batch cultures. Cell density and antibody concentration in
the supernatant were determined on days 3-11 by cell counting with trypan blue exclusion and ELISA
analysis, respectively, and specific productivity was calculated. The data for one representative
experiment are shown for the product concentration (in panel A), the specific productivity at day 11 (in

panel B) and the viable cell density (in panel C).

FIGURE 12 shows the ANALYSIS OF ANTIBODY GLYCOSYLATION AND AGGREGATE FORMATION
UNDER FED-BATCH CONDITIONS

CHO-DG44 cells stably secreting the IgG antibody mAb2 were stably transfected with expression
vectors expressing (in panels A, C) a shRNA specific for ATF6B (pcDNAG6.2-GW/emGFP- shAtféb#1) or
(in panels B,D) shRNAs specific for CERS2 and TBC1D20 (pcDNAG6.2-GW/emGFP-shTbc1D20#1-
shCerS2#1 and pcDNAB.2-GW/emGFP-shCerS2#2-shTbc1D20#1). As a control the same antibody
producing cells were transfected with a negative control sequence expression plasmid (pcDNAG6.2-
GW/emGFP-negative-control). (A, B) The composition of the Fc-glycosylation of the IgG antibody was
analyzed after PNGaseF release and fluorescent labelling using microchip-based capillary
electrophoresis (CE). The percentage of the glycol-forms was calculated from the chromatographic peak
areas and is shown for (in panel A) shATF6b expressing and (in panel B) shCERS2 and shTBC1D20

expressing cells. The glycans in the legend on the right hand side are listed inversely to the order in
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each bar, i.e., Man 5 at the bottom, UNK second from the bottom etc. Abbreviations: A2, biantennary; G,
galactose; F, fucose; Man, mannose; UNK, unknown; asterisks indicate isoforms. (C) CHO-DG44 cells
stably secreting the IgG antibody mAb2 and stably expressing shAtf6b#1, shAtf6b#2 or a negative
control sequence were cultivated under fed-batch conditions for 7 days. The secreted antibody was
purified from the supernatants and analyzed by HPLC and the absorption over time of the three samples
analysed is shown in panel C. (D) CHO-mAb2 cells stably expressing shTbc1D20-shCerS2#1,
shCerS#2-shTbc1D20 or a negative control sequence were cultivated under Fed-batch conditions for 11
days. The secreted antibody was purified from the supernatant and analyzed by HPLC and the

absorption over time of the three samples analysed is shown in panel D.

FIGURE 13 shows the EFFECT OF ATF6B KNOCKDOWN ON THE EXPRESSION OF GRP78, CHOP
AND HERPUD1 AFTER TUNICAMYCIN TREATMENT

CHO-DG44 cells stably secreting the IgG antibody mAb2 were stably transfected with a plasmid
encoding a GFP cassette plus a shRNA sequence comprising a nucleotide sequence specifically
targeting ATF6B (pcDNA6.2-GW/emGFP-shAtféb#1 or pcDNAG6.2-GW/emGFP-shAtf6b#2), or a
negative control construct. Panel A is a bar graph showing the mRNA level of Atf6b as quantified by
gPCR. Values are given relative to control. Panel B provides bar graphs showing the mRNA levels of
GRP78, Herpud1 and CHOP in untreated cells and tunicamycin (TM) treated cells (2.5 pg/mL TM for 6
hours) as quantified by qPCR and shown relative to negative control cells at time point 0. All data are
shown as mean +/- SEM (n=3, **p<0.01, ***p<0.001, One Way Anova and Tukeys Multiple Comparison
Test), representing negative control (black bar, left); shAtféb#1 (grey bar, middle); and shAtf6b#2 (white
bar, right) as also shown in the legend of Figure 13C. (C) CHO-DG44 cells stably secreting the IgG
antibody mAb2 and stably expressing shAtféb#1, shAHféb#2 or a negative control sequence were
cultivated under fed-batch conditions for 5 days. At day 5 the mRNA levels of GRP78/BiP, Herpud1 and
CHOP were quantified by gPCR (as shown in panel C). All data are shown as mean +/- SEM (N=3,

**n<0.01, Two Way Anova and Bonferroni posttest).

FIGURE 14 shows the EFFECT OF CERS2 AND TBC1D20 KNOCKDOWN ON RAB1 ACTIVITY AND
CERAMIDE COMPOSITION

(A) CHO-DG44 cells stably secreting the IgG antibody mAb2 were transfected with a non-targeting
siRNA (NT) as a control, siTbc1D20 or siCerS2/siTbc1D20. Three days post transfection active Rab1
was detected in cell homogenates using a pull-down assay with a p115-GST fusion protein (as shown in
panel A). Bound Rab1 was detected by immunoblotting with an anti-Rab1 antibody. An anti-GST
antibody was used to detect the p115-GST protein as loading control. Detection of actin in the lysates
verifies equal loading of protein (input). Panel B is a bar graph showing that the band intensity of active
Rab1 was quantified using Image J software. (n=3, mean + SEM). Panel C shows that knockdown

efficiency was confirmed by gPCR at day 2 post transfection (n=3, mean + SEM). (D) Three days after

9



10

15

20

25

30

35

WO 2017/157593 PCT/EP2017/053043

transfection with NT siRNA control, siCerS2 or siTbc1D20/siCerS2, cells were homogenized and
ceramide synthase activity was measured by adding either C16-CoA or C24-CoA as substrates together
with NBD-labeled sphinganine. The products C16-dihydroceramide and C24-dihydroceramide were
separated by thin layer chromatography and detected using a fluorescence scanner (as shown in panel
D). Panel E is a bar graph showing band intensities of C16- and C24-dihydroceramides as quantified
using Image J software. The intensities of both products in cells transfected with the siRNA control were
set to 100% (n=3, mean £ SEM). Panel F is a bar graph showing that the efficiency of siRNA-mediated

knockdown was confirmed by gPCR (n=2, mean + SEM).

FIGURE 15 shows the EFFECTS OF STABLE KNOCKDOWN ON DOWNSTREAM TARGETS

(A) CHO-DG44 cells stably secreting the IgG antibody mAb2 were stably transfected with expression
vectors encoding for shRNAs specific for CERS2 and TBC1D20 (pcDNAG.2-GW/emGFP-shTbc1D20#1-
shCerS2#1 and pcDNA6.2-GW/emGFP-shCerS2#2-shTbc1D20#1) or a negative control sequence
(pcDNAG.2-GW/emGFP-negative-control) and were analysed in a fluorescent CerS assay to detect
ceramide synthase activity in CHO-mADb2 cell pools. In distinct reactions, either C16-CoA or C24-CoA
served as substrates together with NBD-labeled sphinganine. The products C16-ceramide and C24-
ceramide were separated by thin layer chromatography and detected using a fluorescence scanner (as
shown in panel A). Panel B shows the band intensities of C16- and C24-ceramides as quantified using

the Image J software. The intensities of both products in the negative control pool were set to 100 %.

DETAILED DESCRIPTION OF THE INVENTION

Definitions
The general embodiments “comprising” or “comprised” encompass the more specific embodiment
“consisting of”. Furthermore, singular and plural forms are not used in a limiting way. As used herein,

the singular forms “a”, “an” and “the” designate both the singular and the plural, unless expressly stated

to designate the singular only.

The term “ribonucleic acid”, “RNA” or “RNA oligonucleotide” as used herein describes a molecule
consisting of a sequence of nucleotides, which are built of a nucleobase, a ribose sugar, and a
phosphate group. RNAs are usually single stranded molecules and can exert various functions. The term
ribonucleic acid specifically comprises messenger RNA (mRNA), transfer RNA (tRNA), ribosomal RNA
(rRNA), short interfering RNA (siRNA), small hairpin RNA (shRNA) and micro RNA (miRNA), each of
which plays a specific role in biological cells. It includes small non-coding RNAs, such as microRNAs
(miRNA), short interfering RNAs (siRNA), small hairpin RNA (shRNA), and Piwi-interacting RNAs
(pIRNA). The term "non-coding" means that the RNA molecule is not translated into an amino acid

sequence.
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The term “RNA interference” (RNAI) refers to sequence-specific or gene-specific suppression of gene
expression (protein synthesis), without generalized suppression of protein synthesis. RNAi may involve
degradation of messenger RNA (mRNA) by an RNA-induced silencing complex (RISC), preventing
translation of the transcribed mRNA. The suppression of gene expression caused by RNAi may be
transient or it may be more stable, even permanent. RNAi may be mediated by siRNA or shRNA.
Preferably the RNAI according to the invention is gene-specific (only one gene is targeted). RNAi is
considered to be gene-specific or specific for its target gene, if the RNA oligonucleotide comprises a
sequence which has complete sequence complementarity with the target gene (i.e., perfect base pairing
between the antisense strand of the RNA duplex of the small interfering RNA and the target mRNA).
Gene-specific RNAi may be mediated by siRNA or shRNA. In a preferred embodiment, the RNAI is
mediated by siRNA or shRNA. In another preferred embodiment, the RNAI is not mediated by miRNA.

The terms “microRNA” or “miRNA” are used interchangeably herein. microRNAs are small, about 22
nucleotide-long (typically between 19 and 25 nucleotides in length) non-coding single stranded RNAs.
mMiRNAs typically target more than one gene. microRNAs are encoded in the genome of eukaryotic cells
and are typically transcribed by RNA Polymerase Il as long primary transcripts that are then processed
in several steps first into ~70nt-long hairpin-loop structures and subsequently into the ~22nt RNA duplex.
The active mature strand is then loaded into the RNA-induced silencing complex (RISC) in order to block
translation of target proteins or degradation of their respective mRNAs. Targeting with miRNAs allows for
mismatches and mRNA translational repression is mediated by incomplete complementarity (i.e.,
imperfect base paring between the antisense strand of the RNA duplex of the small interfering RNA and
the target mMRNA), while siRNA and shRNA are specific for their targets due to complete sequence
complementarity (i.e., perfect base pairing between the antisense strand of the RNA duplex of the small
interfering RNA and the target mRNA). Typically, miRNAs bind in the 3'untranslated region (3'UTR) and
are not gene-specific, but target multiple mRNAs. The term “microRNA” as used herein relates to
endogenous genomic mammalian miRNAs, such as human miRNAs. The prefix “hsa” indicates, e.g., the
human origin of a microRNA. They may be introduced into a mammalian host cell using an expression
vector comprising genomic microRNA sequence(s) for transient or stable expression of miRNA in the
mammalian host cell. Means for cloning genomic microRNA into an expression vector are known in the
art. They include, cloning genomic miRNA sequences with approximately 300 bp flanking regions into a
mammalian expression vector, such as pBIP-1, operably linked to a promoter. Alternatively one or more
microRNAs may be cloned as polynucleotides encoding engineered pre-miRNA sequences (i.e., short
hairpins) into a mammalian expression vector. For example, a mature miRNA sequence may be cloned
into a given sequence encoding an optimized hairpin loop sequence and 3’ and 5’ flanking regions, such
as derived from the murine miRNA mir-155 (Lagos-Quintana et al., 2002. Curr Biol. 30;12(9):735-9). A
DNA oligonucleotide is designed, which encodes the miRNA sequence, the mentioned loop and the
antisense sequence of the respective mature miRNA with a two nucleotide depletion to generate an

internal loop in the hairpin stem. Furthermore, overhangs are added for cloning at both ends to fuse the
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DNA oligonucleotide to the 3’ and 5’ flanking regions. miRNAs as used herein further comprise non-
canonical miRNAs. These RNAs can be derived from ‘housekeeping’ non-coding RNAs (ncRNA)
including ribosomal RNA (rRNA) or transfer RNA (tRNA) and function in a miRNA-like manner. These
RNAs can also originate from mammalian mitochondrial ncRNAs and are termed mitochondrial genome-
encoded small RNAs (mitosRNAs).

As used herein, the terms “small interfering” or “short interfering RNA” or “siRNA” refer to an RNA duplex
of nucleotides that is targeted to a desired gene and is capable of inhibiting the expression of a gene
with which it shares homology. It is formed from long double stranded RNA (dsRNA) or shRNA. The
RNA duplex typically comprises two complementary single-stranded RNAs of 19, 20, 21, 22, 23, 24, 25,
26, 27, 28 or 29 nucleotides that form 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27 base pairs and possess
3" overhangs of two nucleotides, preferably the RNA duplex comprises two complementary single
stranded RNAs of 19-27 nucleotides that form 17-25 base pairs and possess 3’ overhangs of two
nucleotides. siRNA is “targeted” to a gene, wherein the nucleotide sequence of the duplex portion of the
siRNA is complementary to a nucleotide sequence of the mRNA of the targeted gene. The siRNA or a
precursor thereof is always exogenously introduced into the cell, e.g., directly or by transfection of a
vector having a sequence encoding said siRNA, and the endogenous miRNA pathway is harnessed for
correct processing of siRNA and cleavage or degradation of the target mMRNA. The duplex RNA can be

expressed in a cell from a single construct.

As used herein, the term “shRNA” (small hairpin RNA) refers to an RNA duplex wherein a portion of the
siRNA is part of a hairpin structure (shRNA). The shRNA can be processed intracellularly into a
functional siRNA. In addition to the duplex portion, the hairpin structure may contain a loop portion
positioned between the two sequences that form the duplex. The loop can vary in length. In some
embodiments the loop is 4, 5,6, 7, 8, 9, 10, 11, 12, 13 or 14 nucleotides in length. The hairpin structure
can also contain 3' or 5’ overhang portions. In some aspects, the overhang is a 3' or a 5" overhang of 0,
1, 2, 3, 4 or 5 nucleoctides in length. In one aspect of this invention, a nucleotide sequence comprised in
the vector serves as a template for the expression of a small hairpin RNA, comprising a sense region, a
loop region and an antisense region. Following expression the sense and antisense regions form a
duplex. shRNA is always exogenously introduced, e.g., by transfection of a vector having a sequence
encoding said shRNA, and the endogenous miRNA pathway is harnessed for correct processing of the
siRNA and cleavage or degradation of the target mRNA. Use of a vector having a sequence encoding a
shRNA has the advantage over use of chemically synthesized siRNA in that the suppression of the

target gene is typically long-term and stable.

Typically siRNA and shRNA mediate mRNA repression by complete sequence complementarity (i.e.,
perfect base paring between the antisense strand of the RNA duplex of the small interfering RNA and
the target mMRNA) and are therefore specific for their target. The antisense strand of the RNA duplex may
also be referred to as active strand of the RNA duplex. Complete sequence complementarity of perfect

base paring as used herein means that the antisense strand of the RNA duplex of the small interfering
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RNA has at least 89% sequence identity with the target mRNA for at least 15 continuous nucleotides, at
least 16 continuous nucleotides, at least 17 continuous nucleotides, at least 18 continuous nucleotides
and preferably at least 19 continuous nucleotides, or preferably at least 93% sequence identity with the
target mRNA for at least 15 continuous nucleotides, at least 16 continuous nucleotides, at least 17
continuous nucleotides, at least 18 continuous nucleotides and preferably at least 19 continuous
nucleotides. More preferably the antisense strand of the RNA duplex of the small interfering RNA has
100% sequence identity with the target mRNA for at least 15 continuous nucleotides, at least 16
continuous nucleotides, at least 17 continuous nucleotides, at least 18 continuous nucleotides and

preferably at least 19 continuous nucleotides.

The term “ATF6B” as used herein refers to the protein Activating Transcription Factor 6 Beta. It is also
known as CREBL1, CAMP Response Element-Binding Protein-Related Protein, CAMP Responsive
Element Binding Protein-Like 1, CAMP-Dependent Transcription Factor ATF-6 Beta, CAMP-Responsive
Element-Binding Protein-Like 1, Protein G13 CREB-RP, G13, Cyclic AMP-Dependent Transcription
Factor ATF-6 Beta, Creb-Related Protein, ATF6-Beta. External Ids for Atféb are: HGNC: 2349; Entrez
Gene: 1388; Ensembl: ENSG00000213676; OMIM:  600984;  UniProtKB: Q99941
(http://www.genecards.org/cgi in/carddisp.pl?gene=ATF6B&keywords=ATF6B). It comprises proteins
having the amino acid sequence of SEQ ID NO: 6 or an amino acid sequence having at least 80%
sequence identity with SEQ ID NO:6.

The term “CERS2” as used herein refers to the protein Ceraminde Synthase 2. It is also known as
LASS2, Longevity Assurance (LAG1, S. Cerevisiae) Homolog 2, Tumor Metastasis-Suppressor Gene 1
Protein, LAG1 Homolog, Ceramide Synthase 2, SP260, TMSG1, LAG1 Longevity Assurance Homolog 2
(S. Cerevisiae), LAG1 Longevity Assurance Homolog 2, LAG1 Longevity Assurance 2, L3. External Ids
for CerS2 are: HGNC: 14076; Entrez Gene: 29956; Ensembl: ENSG00000143418; OMIM: 606920;
UniProtKB: Q96G23 (http://www.genecards.org/cgi-bin/carddisp.pl?gene=CERS2). It comprises proteins
having the amino acid sequence of SEQ ID NO: 5 or an amino acid sequence having at least 80%
sequence identity with SEQ ID NO:5.

The term “TBC1D20” as used herein refers to TBC1 Domain Family Member 20. It is also known as
C200rf140, WARBM4 and Chromosome 20 Open Reading Frame 140. External Ids for Thc1d20 are:
HGNC: 16133; Entrez Gene: 128637; Ensembl: ENSG00000125875; OMIM: 611663; UniProtKB:
Q96BZ9 (http://www.genecards.org/cgi-bin/carddisp.pl?gene=TBC1D20). It comprises proteins having
the amino acid sequence of SEQ ID NO: 4 or an amino acid sequence having at least 80% sequence
identity with SEQ ID NO: 4.

As used herein, an RNA oligonucleotide that inhibits the expression of TBC1D20, CERS2 or ATF6B by
RNAI specifically targets the RNA encoding TBC1D20, CERS2 or ATF6B, respectively. In a preferred

embodiment, the RNA oligonucleotide excludes miRNA.
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The term “knockdown” or “knockdown technology” refers to a technique of gene silencing in which the
expression of a target gene or gene of interest is reduced as compared to the gene expression prior to
the introduction of an RNA oligonucleotide that inhibits expression of a target gene by RNA-interference,
such as by using siRNA or shRNA, which can lead to the inhibition of production of the target gene

product. “Double knockdown” is the knockdown of two genes.

A gene may also be modified by deleting the gene using “knockout” technology. The term “knockout”
refers to cells, which have been genetically modified so that the expression of host cell proteins AFT6B
or the combination of host cell proteins TBC1D20 and CERS2 is/are inhibited and the respective host
cell protein is not produced (reduced by 100%). This may be achieved using various technologies, which

are known in the art, including CRISPR-Cas9 or Zinc finger nuclease technology.

Alternatively, the gene may be altered to inhibit the expression of its protein by introduction of a mutation
in the gene. The gene mutation may be a deletion, addition or substitution in the coding region or in the
promoter or regulatory region of the gene. This gene mutation may be either in one or both alleles of a
gene.

The term “reduction”, “reduced” or “reduce”, as used herein, generally means a decrease by at least
10% as compared to a reference level, for example a decrease by at least about 20%, or at least about
30%, or at least about 40%, or at least about 50%, or at least about 60%, or at least about 70%, or at
least about 75%, or at least about 80%, or at least about 90% or up to and including a 100% decrease,
or any integer decrease between 10-100% as compared to a control mammalian cell. The expression of
the host cell proteins TBC1D20 and CERS2, or of the host cell protein ATF6B, is preferably reduced by
at least 30%, at least 40%, at least 50%, at least 75%, or 100%, compared to a control mammalian cell.

The term “enhancement”, “enhanced”, “enhanced”, “increase” or “increased”, as used herein, generally
means an increase by at least 10% as compared to a control cell, for example an increase by at least
about 20%, or at least about 30%, or at least about 40%, or at least about 50%, or at least about 75%, or
at least about 80%, or at least about 90%, or at least about 100%, or at least about 200%, or at least

about 300%, or any integer decrease between 10-300% as compared to a control cell.

As used herein, a “control cell” or “control mammalian cell” is a cell which is the same as the cell to
which it is compared to, except that it does not have reduced expression of the host cell proteins
TBC1D20 and CERS2 or ATF6B. The control mammalian cell may be produced by a method of the
present invention, but omitting the step of reducing the expression of host cell proteins TBC1D20 and
CERS2, or of the host cell protein ATFEB. In particular, the control mammalian cell lacks any a genetic
modification that inhibits expression of TBC1D20 and CERS2, or ATF6B and lacks any transfected RNA
oligonucleotide that inhibits the genes Thc1d20 and Cers2, or Atféb, by RNA-interference.

The term “derivative” or “homologue” as used in the present invention means a polypeptide molecule or
a nucleic acid molecule, which is at least 70% identical in sequence with the original sequence or its

complementary sequence. Preferably, the polypeptide molecule or nucleic acid molecule is at least 80%
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identical in sequence with the original sequence or its complementary sequence. More preferably, the
polypeptide molecule or nucleic acid molecule is at least 90% identical in sequence with the original
sequence or its complementary sequence. Still more preferably, the polypeptide molecule or a nucleic
acid molecule is at least 95% identical in sequence with the original sequence or its complementary
sequence. Most preferably the polypeptide molecule or a nucleic acid molecule is at least 98% identical
in sequence with the original sequence or its complementary sequence. A homologous protein further

displays the same or a similar protein activity as the original sequence.

Sequence differences may be based on differences in homologous sequences from different organisms
or may be naturally occurring allelic variations. They might also be based on targeted modification of
sequences by substitution, insertion or deletion of one or more nucleotides or amino acids, preferably 1,
2,3,4,5,7,8,9o0r10. Deletion, insertion or substitution mutants may be generated using site-specific

mutagenesis and /or PCR-based mutagenesis techniques.

The term “host cells” as used herein are mammalian cells lines suitable for the production of a secreted
recombinant therapeutic protein and may hence also be referred to as “mammalian cells”. Preferred
mammalian cells according to the invention are rodent cells such as hamster cells. The mammalian cells
are isolated cells or cell lines. The mammalian cells are preferably transformed and/or immortalized cell
lines. They are adapted to serial passages in cell culture and do not include primary non-transformed
cells or cells that are part of an organ structure. Preferred mammalian cells are BHK21, BHK TK', CHO,
CHO-K1 (such as CHO-DUKX, CHO-DUKX B1) and CHO-DG44 cells or the derivatives/progenies of
any of such cell line. Particularly preferred are CHO-DG44, CHO-K1 and BHK21, and even more
preferred are CHO-DG44 and CHO-K1 cells. Most preferred are CHO-DG44 cells. Glutamine synthetase
(GS)-deficient derivatives of the mammalian cell, particularly of the CHO-DG44 and CHO-K1 cell are
also encompassed. The mammalian cell may further comprise one or more expression cassette(s)
encoding a recombinant secreted therapeutic protein. The host cells may also be murine cells such as
murine myeloma cells, such as NS0 and Sp2/0 cells or the derivatives/progenies of any of such cell line.
Non-limiting examples of mammalian cells which can be used in the meaning of this invention are also
summarized in Table 1. However, derivatives/progenies of those cells, other mammalian cells, including
but not limited to human, mice, rat, monkey, and rodent cell lines, can also be used in the present

invention, particularly for the production of biopharmaceutical proteins.
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TABLE 1: Mammalian production cell lines

Cell line Order Number

NSO ECACC No. 85110503

Sp2/0-Ag14 ATCC CRL-1581

BHK21 ATCC CCL-10

BHK TK ECACC No. 85011423

HaK ATCC CCL-15

2254-62.2 (BHK-21 derivative) ATCC CRL-8544

CHO ECACC No. 8505302

CHO wild type ECACC 00102307

CHO-K1 ATCC CCL-61

CHO-DUKX ATCC CRL-9096

(= CHO duk’, CHO/dhfr’)

CHO-DUKX B11 ATCC CRL-9010

CHO-DG44 Urlaub G, et al., 1983. Cell.
33:405-412.

CHO Pro-5 ATCC CRL-1781

V79 ATCC CCC-93

B14AF28-G3 ATCC CCL-14

HEK 293 ATCC CRL-1573

COS-7 ATCC CRL-1651

U266 ATCCTIB-196

HUNS1 ATCC CRL-8644

CHL ECACC No. 87111906

CAP’ Wolfel J, et al., 2011. BMC Proc.
5(Suppl 8):P133.

PER.C6® Pau et al., 2001. Vaccines. 19:
2716-2721.

H4-1I-E ATCC CRL-1548
ECACC N0.87031301
Reuber, 1961. J. Natl. Cancer Inst.
26:891-899.
Pitot HC, et al., 1964. Natl. Cancer
Inst. Monogr. 13:229-245.

H4-1-E-C3 ATCC CRL-1600

HATG ATCC CRL-1578

H4-1I-E DSM ACC3129

H4-1I-Es DSM ACC3130

'CAP (CEVEC's Amniocyte Production) cells are an immortalized cell line based on primary human
amniocytes. They were generated by transfection of these primary cells with a vector containing the
functions E1 and plX of adenovirus 5. CAP cells allow for competitive stable production of recombinant
proteins with excellent biologic activity and therapeutic efficacy as a result of authentic human
posttranslational modification.

Host cells are most preferred, when being established, adapted, and completely cultivated under serum
free conditions, and optionally in media, which are free of any protein/peptide of animal origin.
Commercially available media such as Ham’s F12 (Sigma, Deisenhofen, Germany), RPMI-1640
(Sigma), Dulbecco’s Modified Eagle’s Medium (DMEM; Sigma), Minimal Essential Medium (MEM,;
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Sigma), Iscove’s Modified Dulbecco’s Medium (IMDM; Sigma), CD-CHO (Invitrogen, Carlsbad, CA),
CHO-S-Invitrogen), serum-free CHO Medium (Sigma), and protein-free CHO Medium (Sigma) are
exemplary appropriate nutrient solutions. Any of the media may be supplemented as necessary with a
variety of compounds, non-limiting examples of which are hormones and/or other growth factors (such
as insulin, transferrin, epidermal growth factor, insulin like growth factor), salts (such as sodium chloride,
calcium, magnesium, phosphate), buffers (such as HEPES), nucleosides (such as adenosine,
thymidine), glutamine, glucose or other equivalent energy sources, antibiotics and trace elements. Any
other necessary supplements may also be included at appropriate concentrations that would be known
to those skilled in the art. In the present invention the use of serum-free medium is preferred, but media
supplemented with a suitable amount of serum can also be used for the cultivation of host cells. For the
growth and selection of genetically modified cells expressing the selectable gene a suitable selection

agent is added to the culture medium.

The term “protein” is used interchangeably with “amino acid residue sequences” or “polypeptide” and
refers to polymers of amino acids of any length. These terms also include proteins that are post-
translationally modified through reactions that include, but are not limited to, glycosylation, acetylation,
phosphorylation or protein processing. Modifications and changes, for example fusions to other proteins,
amino acid sequence substitutions, deletions or insertions, can be made in the structure of a polypeptide
while the molecule maintains its biological functional activity. For example certain amino acid sequence
substitutions can be made in a polypeptide or its underlying nucleic acid coding sequence and a protein

can be obtained with the same properties.

The term “polypeptide” means a sequence with more than 10 amino acids and the term “peptide” means

sequences with up to 10 amino acids in length. However, the terms may be used interchangeably.

The present invention is suitable to generate host cells for the production of biopharmaceutical or
diagnostic polypeptides/proteins. The invention is particularly suitable for the high-yield expression of a

large number of different genes of interest by cells showing enhanced cell productivity.

“‘Recombinant secreted therapeutic protein” refers to a secreted protein of interest suitable for diagnostic
or therapeutic use, preferably for therapeutic use encoded by a polynucleotide sequence of any length
that has been introduced into a host cell. The selected sequence encoding the protein can be full length
or a truncated gene, a fusion or tagged gene, and can be a cDNA, a genomic DNA, or a DNA fragment,
preferably a cDNA. It can be the native sequence, i.e. naturally occurring form(s), or can be mutated or
otherwise modified as desired. These modifications include codon optimizations to optimize codon
usage in the selected host cell, humanization, fusion or tagging. A “recombinant” protein is a protein

expressed from a heterologous sequence.

The term “host cell protein” generally relates to all proteins endogenous to the host cell, but is used
herein as specifically relating to the host cell protein ATF6B or to the two host cell proteins TBC1D20
and CERS2.
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The term “producing” or *highly producing”, “production”,

production and/or secretion”, “producing” or
“production cell” as used herein relates to the production of the recombinant secreted therapeutic
protein. An “increased production and/or secretion” relates to the expression of the recombinant
secreted therapeutic protein and means an increase in specific productivity, increased titer or both.
Preferably, the titer or the specific productivity and the titer are increased. Increased titer as used herein
relates to an increased concentration in the same volume, i.e., an increase in total yield. The produced
recombinant secreted therapeutic protein may be, for example, an antibody, preferably a monoclonal

antibody, a bispecific antibody or a fragment thereof, or a fusion protein, preferably a Fc-fusion protein.

As used herein, the term “expression cassette” refers to the part of a vector comprising one or more
genes encoding for a protein (recombinant secreted therapeutic protein) and the sequences controlling
their expression. Thus it comprises a promoter sequence, an open reading frame and a 3’ untranslated
region, typically containing a polyadenylation site. Preferably the vector is an expression vector
comprising one or more gene encoding for the recombinant secreted therapeutic protein. It may be part
of a vector, typically an expression vector, including a plasmid or a viral vector. It may also be integrated
in a chromosome by random or targeted integration, such as by homologous recombination. An
expression cassette is prepared using cloning techniques and does therefore not refer to a natural

occurring gene structure.

A “vector” is a nucleic acid that can be used to introduce another nucleic acid (or “construct”) linked to it
into a cell. One type of vector is a “plasmid”, which refers to a linear or circular double stranded DNA
molecule into which additional nucleic acid segments can be ligated. Another type of vector is a viral
vector (e.g., replication defective retroviruses, adenoviruses and adeno-associated viruses), wherein
additional DNA segments can be introduced into the viral genome. Certain vectors are capable of
autonomous replication in a host cell into which they are introduced (e.g., bacterial vectors comprising a
bacterial origin of replication and episomal mammalian vectors). Other vectors (e.g., non-episomal
mammalian vectors) integrate into the genome of a host cell upon introduction into the host cell and
culturing under selective pressure, and thereby are replicated along with the host genome. A vector can

be used to direct the expression of a chosen polynucleotide in a cell.

The term “expression vector” means a nucleic acid that has the ability confer expression of a nucleic
acid fragment to which it is operably linked in a cell. As used herein, an expression vector may be for
example a plasmid, a cosmid, virus sub-genomic or genomic fragment, or other nucleic acid capable of

maintaining and/or replicating heterologous DNA in an expressible format in a mammalian cell.

The term “antibody” refers to a protein consisting of one or more polypeptides substantially encoded by
immunoglobulin genes. The recognized immunoglobulin genes include the kappa, lambda, alpha,
gamma, delta, epsilon and mu constant regions genes as well as the myriad immunoglobulin variable
region genes. As used herein, the term “antibody” includes a polyclonal, monoclonal, bi-specific, multi-

specific, human, humanized, or chimeric antibody. The terms “antibody” and “immunoglobulin” are used
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interchangeably and are used to denote, without being limited thereto, glycoproteins having the

structural characteristics noted above for immunoglobulins.

The term “antibody” is used herein in its broadest sense and encompasses monoclonal antibodies
(including full length monoclonal antibodies), polyclonal antibodies, chimeric antibodies, humanized
antibodies, human antibodies, multispecific antibodies (e.g. bispecific antibodies), single domain
antibodies, and antibody fragments (such as Fv, Fab, Fab’, F(ab)2 or other antigen-binding
subsequences of antibodies). The term “antibody” also encompasses antibody conjugates and fusion
antibodies. Bispecific antibodies include BITE® (Bispecific T-cell Engager) and DART® (Dual-Affinity Re-
Targeting) antibodies. Single domain antibodies include camelids antibodies. Full length “antibodies” or
‘immunoglobulins” are generally heterotetrameric glycoproteins of about 150 kDa, composed of two
identical light and two identical heavy chains. Each light chain is linked to a heavy chain by one covalent
disulphide bond, while the number of disulphide linkages varies between the heavy chains of different
immunoglobulin isotypes. Each heavy and light chain also has regularly spaced intrachain disulphide
bridges. Each heavy chain has an amino terminal variable domain (VH) followed by three carboxy
terminal constant domains (CH). Each light chain has a variable N-terminal domain (VL) and a single C-
terminal constant domain (CL). The term “antibody” further refers to a type of antibody comprising a
plurality of individual antibodies having the same specificity (variable domain) and having the same

constant domains.

The term “monoclonal antibody” (mAb) as used herein refers to an antibody obtained from a population
of substantially homogeneous antibodies based on the amino acid sequence. Monoclonal antibodies are
highly specific, being directed against a single antigenic site. Furthermore, in contrast to conventional
(polyclonal) antibody preparations, which typically include different antibodies directed against different
determinants (epitopes), each mAb is directed against a single determinant on the antigen. In addition to
their specificity, the mAbs are advantageous in that they can be synthesized by cell culture (hybridomas,
recombinant cells or the like) uncontaminated by other immunoglobulins. The mAbs herein include

chimeric, humanized and human antibodies.

“Chimeric antibodies” are antibodies, wherein light and/or heavy chain genes have been constructed,
typically by genetic engineering, from immunoglobulin variable and constant regions of different species,
such as mouse and human. Or alternatively, whose heavy chain genes are belonging to a particular
antibody class or subclass while the remainder of the chain is from another antibody class or subclass of
the same or another species. Also covered are fragments of such antibodies, preferably fragments that
contain or are modified to contain at least one CH2 domain. For example, the variable segments of the
genes from a mouse monoclonal antibody may be joined to human constant segments, such as gamma
1 and gamma 3. A typical therapeutic chimeric antibody is thus a hybrid protein composed of the
variable or antigen-binding domain from a mouse antibody and the constant or effector domain from a
human antibody (e.g. ATCC Accession No. CRL 9688 secretes an anti-Tac chimeric antibody), although

other mammalian species may be used.
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The term “humanized antibodies” as used herein refers to specific chimeric antibodies, immunoglobulin
chains or fragments thereof (such as Fv, Fab, Fab’, F(ab)2 or other antigen-binding subsequences of
antibodies), which contain minimal sequence derived from non-human immunoglobulin. Humanized
antibodies comprise a human framework region and one or more CDRs from a non-human (usually a
mouse or rat) antibody. Preferably they contain or are modified to contain at least the portion of the CH2
domain of the heavy chain immunoglobulin constant region comprising the N-linked glycosylation site.
For the most part, humanized antibodies are human immunoglobulins (recipient antibody) in which
residues from a complementary-determining region (CDR) of the recipient are replaced by residues from
a CDR of a non-human species (donor antibody) such as mouse, rat or rabbit having the desired
specificity, affinity and capacity. Adjustments in framework amino acids might be required to keep
antigen binding specificity, affinity and or structure of domain. In some instances, Fv framework residues
of the human immunoglobulin are replaced by the corresponding non-human residues. Furthermore,
humanized antibodies can comprise residues which are found neither in the recipient antibody nor in the
imported CDR or framework sequences. These modifications are made to further refine and maximize
antibody performance. In general, the humanized antibody will comprise at least one, and typically two,
variable domains, in which all or substantially all off the CDR regions correspond to those of a non-
human immunoglobulin and all or substantially all of the framework regions are those of a human
immunoglobulin consensus sequence. Preferably, the humanized antibody also comprises at least a

portion of an immunoglobulin constant region, typically that of a human immunoglobulin.

The term “CH2 domain” according to the present invention is meant to describe the CH2 domain of the
heavy chain immunoglobulin constant region comprising the N-linked glycosylation site. In defining an
immunoglobulin CH2 domain reference is made to immunoglobulins in general and in particular to the
domain structure of immunoglobulins as applied to human IgG1 by Kabat, E.A. (Kabat EA, 1988. J.
Immunol. 141:825-S36; Kabat EA, et al., 1991. Sequences of Proteins of Immunological Interest. U. S.
Department of Health and Human Services, Natl. Inst. of Health, Bethesda). Accordingly,
immunoglobulins are generally heterotetrameric glycoproteins of about 150 kDa, composed of two
identical light and two identical heavy chains. Each light chain is linked to a heavy chain by one covalent
disulfide bond, while the number of disulfide linkages varies between the heavy chains of different
immunoglobulins isotypes. Each heavy and light chain also has regularly spaced intrachain disulfide
bridges. Each heavy chain has an amino terminal variable domain (VH) followed by carboxy terminal
constant domains (CH). Each light chain has a variable N-terminal domain (VL) and a C-terminal

constant domain (CL).

Depending on the amino acid sequence of the constant domain of the heavy chains, antibodies can be
assigned to different classes. There are five major classes: IgA, IgD, IgE, IgG and IgM. The heavy chain
constant domains that correspond to the different classes of antibodies are called alpha, delta, epsilon,
gamma and mu domains, respectively. The mu chain of IgM contains five domains (VH, CHmu1,

CHmu2, CHmu3 and CHmu4). The heavy chain of IgE also contains five domains while the heavy chain
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of IgA has four domains. The immunoglobulin class can be further divided into subclasses (isotypes),
e.g.1gG1, IgG2, IgG3, 1gG4, IgA1 and IgA2.

The subunit structures and three-dimensional configuration of different classes of immunoglobulins are
well known. Of these IgA and IgM are polymeric and each subunit contains two light and two heavy
chains. The heavy chain of IgG contains a polypeptide chain lying between the CHgamma1l and
CHgamma2 domains known as the hinge region. The alpha chain of IgA has a hinge region containing
an O-linked glycosylation site. The mu and epsilon chains do not have a sequence analogous to the
hinge region of the gamma and alpha chains, however, they contain a fourth constant domain lacking in

the other in the other immunoglobulin classes.

The Fc region of a full antibody usually comprises two CH2 domains and two CH3 domains. According
to the present invention, the CH2 domain is preferably the CH2 domain of one of the five
immunoglobulin classes indicated above. Preferred are mammalian immunoglobulin CH2 domains such
as primate or murine immunoglobulin with the primate and especially human immunoglobulin CH2
domains being preferred. The amino acid sequences of immunoglobulin CH2 domains are known or are
generally available to the skilled artisan (Kabat EA, et al., 1991. Sequences of Proteins of Immunological
Inferest. U. S. Department of Health and Human Services, Natl. Inst. of Health, Bethesda). A preferred
immunoglobulin CH2 domain within the context of the present invention is a human IgG and preferably
from IgG1, 19G2, 1gG3, IgG4, more preferably a human IgG1 and IgG3 and even more preferred a
human IgG1. Using the numbering system of Edelman (Edelman GM, ef al., 1969. Proc. Natl. Acad. Sci.
63:78-85), the immunoglobulin CH2 domain preferably begins at amino acid position equivalent to
glutamine 233 of human IgG1 and extends through amino acid equivalent to lysine 340 (Ellison J and
Hood L, 1982. Proc. Natl. Acad. Sci. 79:1984-1988).

With respect to human antibody molecules reference is made to the IgG class in which an N-linked
oligosaccharide is attached to the amide side chain of Asn 297 of the beta-4 bend to the inner face of the
CH2 domain of the Fc region. Preferably, the antibody or Fc-fusion protein contains or is modified to
contain at least a CH2 domain. The CH2 domain is a CH2 domain of an immunoglobulin having a single
N-linked oligosaccharide of a human IgG CH2 domain. The CH2 domain is preferably the CH2 domain
of human IgG1.

“Fc-fusion proteins” are defined as proteins which contain or are modified to contain at least the portion
of the CH2 domain of the heavy chain immunoglobulin constant region comprising the single N-linked
glycosylation site. According to the Kabat EU nomenclature (Kabat EA, et al., 1991. Sequences of
Proteins of Immunological Interest. U. S. Department of Health and Human Services, Natl. Inst. of
Health, Bethesda) this N-linked glycosylation site is at position Asn297 in an IgG1, 1gG2, IgG3 or 1gG4
antibody. The other part of the fusion protein can be the complete sequence or any part of the sequence
of a natural or modified heterologous protein or a composition of complete sequences or any part of the
sequence of a natural or modified heterologous protein. Fc-fusion proteins can be constructed by genetic
engineering approaches by introducing the CH2 domain of the heavy chain immunoglobulin constant
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region comprising the N-linked glycosylation site into another expression construct comprising for
example other immunoglobulin domains, enzymatically active protein portions, or effector domains.
Thus, an Fc-fusion protein according to the present invention comprises also a single chain Fv fragment
linked to the CH2 domain of the heavy chain immunoglobulin constant region comprising e.g. the N-

linked glycosylation site.

Furthermore, antibody fragments include e.g. “Fab fragments” (Fragment antigen-binding = Fab). Fab
fragments consist of the variable regions of both chains, which are held together by the adjacent
constant region. These may be formed by protease digestion, e.g. with papain, from conventional
antibodies, but similar Fab fragments may also be produced by genetic engineering. Further antibody

fragments include F(ab‘)2 fragments, which may be prepared by proteolytic cleavage with pepsin.

By definition any sequences or genes introduced into a host cell are called “heterologous sequences”,
“heterologous genes”, “heterologous RNAs” or “transgenes” or “recombinant gene” with respect to the
host cell, even if the introduced sequence, RNA or gene is identical to an endogenous sequence, RNA
or gene in the host cell. A “heterologous” or “recombinant” protein or RNA is thus a protein or RNA
expressed from a heterologous sequence or gene. In a preferred embodiment, the introduced sequence,
RNA or gene is not identical to an endogenous sequence, RNA or gene of the host cell in question,
although embodiments where it is identical are also contemplated in connection with the present

invention.

“Heterologous gene” or “heterologous sequences” can be introduced into a target cell directly (e.g.,
siRNAs) or by using an “expression vector”, preferably a mammalian expression vector. Methods used
to construct vectors are well known to the person skilled in the art and described in various publications.
In particular techniques for constructing suitable vectors, including a description of the functional
components such as promoters, enhancers, termination and polyadenylation signals, selection markers,
origins of replication, and splicing signals, are reviewed in considerable details in (Sambrook J, ef al.,
1989. Molecular Cloning: A Laboratory Manual. Cold Spring Harbor: Cold Spring Harbor Laboratory
Press) and references cited therein. Vectors may include but are not limited to plasmid vectors,
phagemids, cosmids, artificial/mini-chromosomes (e.g. ACE), or viral vectors such as baculovirus,
retrovirus, adenovirus, adeno-associated virus, herpes simplex virus, retroviruses and bacteriophages.
The eukaryotic expression vectors will typically contain also prokaryotic sequences that facilitate the
propagation of the vector in bacteria such as an origin of replication and antibiotic resistance genes for
selection in bacteria. A variety of eukaryotic expression vectors, containing a cloning site into which a
polynucleotide can be operably linked, are well known in the art and some are commercially available
from companies such as Stratagene, La Jolla, CA; Invitrogen, Carlsbad, CA; Promega, Madison, WI or
BD Biosciences Clonetech, Palo Alto, CA. Usually expression vectors also comprise an expression

cassette encoding a selectable marker, allowing selection of host cells carrying said expression marker.

In the present invention the expression vectors are also used for introducing “heterologous sequences”
or “polynucleotide sequences” encoding siRNAs or shRNAs, into a host cell. Such expression vectors
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may comprise siRNA or shRNA sequence(s) for transient or stable expression of siRNA or shRNAs in
cells, specifically in mammalian cells, even more specifically in CHO cells. Preferably, said expression
vector is a mammalian expression vector. Means for cloning nucleotide sequences encoding siRNAs or
shRNAs into an expression vector are known to the person skilled in the art. They include, but are not
limited to cloning siRNAs or shRNA sequences comprising flanking regions into a mammalian
expression vector, such as pcDNAG6.2, or any other vector known in the art, operably linked to a
promoter, preferably a strong promoter, such as a CMV promoter or any other strong promoter known to

work in the host cell.

The term “expression” as used herein refers to transcription and/or translation of a heterologous nucleic
acid sequence within a host cell. The level of expression of a host cell protein such as TBC1D20,
CERS2 or ATF6B in a host cell may be determined on the basis of either the amount of corresponding
MRNA that is present in the cell, or the amount of the polypeptide encoded by the selected sequence as
in the present examples. For example, mRNA transcribed from a selected sequence can be quantified
by Northern blot hybridization, ribonuclease RNA protection, in situ hybridization to cellular RNA or by
PCR, such as qPCR. Proteins encoded by a selected sequence can be quantitated by various methods,
e.g. by ELISA, by Western blotting, by radioimmunoassays, by immunoprecipitation, by assaying for the
biological activity of the protein, by immunostaining of the protein followed by FACS analysis or by
homogeneous time-resolved fluorescence (HTRF) assays. The level of expression of a non-coding RNA,
such as a miRNA can also be quantified by PCR, such as gPCR.

The term "transformation” or "to transform”, “transfection” or “to transfect” as used herein means any
introduction of genetic material, into a mammalian host cell, wherein the mammalian host cell may be
transiently transfected or stably transfected. The genetic material may be an expression vector
comprising a gene of interest (e.g., a recombinant secreted therapeutic protein) or a polynucleotide
sequence encoding siRNA or shRNA. It also means the introduction of a viral nucleic acid sequence in a
way which is for the respective virus the naturally one. The viral nucleic acid sequence needs not to be

present as a naked nucleic acid sequence but may be packaged in a viral protein envelope.

Transfection of eukaryotic host cells with a polynuclectide or expression vector, resulting in genetically
modified cells or transgenic cells, can be performed by any method known in the art (see e.g. Sambrook
J, et al., 1989. Molecular Cloning: A Laboratory Manual. Cold Spring Harbor: Cold Spring Harbor
Laboratory Press). Transfection methods include, but are not limited to liposome-mediated transfection,
calcium phosphate co-precipitation, electroporation, nucleofection, nucleoporation, microporation,
polycation (such as DEAE-dextran)-mediated transfection, protoplast fusion, viral infections and
microinjection. The transformation may result in a transient or stable transformation of the host cells.
Preferably, the transfection is a stable transfection. The transfection method that provides optimal
transfection frequency and expression of the heterologous genes in the particular host cell line and type
is favoured. Suitable methods can be detemined by routine procedures. For stable transfectants the

constructs are either integrated into the host cell's genome or an artificial chromosome/mini-
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chromosome or located episomally so as to be stably maintained within the host cell. Thus, the stably
transfected sequences actually remain in the genome of the cell and its daughter cells. Typically, this
involves the use of a selectable marker gene and the gene of interest or the polynucleotide sequence
encoding the RNA is integrated together with the selectable marker gene. In some cases the entire
expression vector integrates into the cell's genome, in other cases only parts of the expression vector
integrate into the cell’s genome. Cells “stably expressing” a recombinant secreted therapeutic protein or
an RNA is stably transfected with a gene encoding said recombinant secreted therapeutic protein or with
a polynucleotide sequence encoding said RNA. Thus, the sequences encoding the recombinant

secreted therapeutic protein or RNA remain in the genome of the cell and its daughter cells.

The expression vectors of the present invention may further comprise a selectable marker gene, such as
an antibiotic resistance gene or an amplifiable marker gene. The amplifiable selection marker gene may
be operably linked to the polynucleotide sequence encoding the RNA. To be operably linked, the
polynucleotide sequence encoding the RNA and the amplifiable selection marker gene may be located
on the same vector. Typically, the recombinant secreted therapeutic protein and the polynucleotide
sequence encoding the RNA in the expression vector of the invention are operably linked to a promoter
and/or a terminator. The recombinant secreted therapeutic protein or the polynucleotide sequence
encoding the RNA operably linked to a promoter and/or a terminator may also be referred to as an

expression cassette.

A “selectable marker gene” or “selection marker gene” is a gene which encodes a selectable marker and
allows the specific selection of cells which contain this gene, typically by the addition of a corresponding
“selecting agent” to the cultivation medium. As an illustration, an antibiotic resistance gene may be used
as a positive selectable marker. Only cells which have been transformed with this gene are able to grow
in the presence of the corresponding antibiotic and are thus selected. Untransformed cells, on the other
hand, are unable to grow or survive under these selection conditions. There are positive, negative and
bifunctional selectable markers. Positive selectable markers permit the selection and hence enrichment
of transformed cells by conferring resistance to the selecting agent or by compensating for a metabolic
or catabolic defect in the host cell. By contrast, cells which have received the gene for the selectable
marker can be selectively eliminated by negative selectable markers. An example of this is the
thymidine kinase gene of the Herpes Simplex virus, the expression of which in cells with the
simultaneous addition of acyclovir or gancyclovir leads to the elimination thereof. The selectable marker
genes useful in this invention also include the amplifiable selectable markers. The literature describes a
large number of selectable marker genes including bifunctional (positive/negative) markers (see for
example WO 92/08796 and WO 94/28143). Examples of selectable markers which are useful in the
present invention include, but are not limited to the genes of aminoglycoside phosphotransferase (APH),
hygromycine phosphostransferase (HYG), dihydrofolate reductase (DHFR), thymidine kinase (TK),
glutamine synthetase, asparagine synthetase and genes which confer resistance to neomycin

(G418/Geneticin), puromycin, histidinol D, bleomycin, phleomycin, blasticidin and zeocin. Also included

24



10

15

20

25

30

WO 2017/157593 PCT/EP2017/053043

are (genetically modified mutants and variants, fragments, functional equivalents, derivatives,
homologues and fusions with other proteins or peptides, provided that the selectable marker retains its
selective qualities. Such derivatives display considerable homology in the amino acid sequence in the

regions or domains, which are deemed to be selective.

Selection may also be made by fluorescence activated cell sorting (FACS) using for example a cell
surface marker, bacterial B-galactosidase or fluorescent proteins (e.g. green fluorescent proteins (GFP)
and their variants from Aequorea victoria and Renilla reniformis or other species; red fluorescent
proteins, fluorescent proteins and their variants from non-bioluminescent species (e.g. Discosoma sp.,

Anemonia sp., Clavularia sp., Zoanthus sp.) to select for recombinant cells.

The term “selection agent” or “selective agent” refers to a substance that interferes with the growth or
survival of a cell, unless a certain selectable marker gene product is present in the cell which alleviates
the effect of the selection agent. For example, to select for the presence of an antibiotic resistance gene
like APH (aminoglycoside phosphotransferase) in a transfected cell the antibiotic Geneticin (G418) is

used.

The tem "modified neomycin-phosphotransferase (NPT)" covers all the mutants described in
W02004/050884, particularly the mutant D227G (Asp227Gly), which is characterized by the substitution
of aspartic acid (Asp, D) for glycine (Gly, G) at amino acid position 227 and particularly preferably the
mutant F2401 (Phe240lle), which is characterized by the substitution of phenylalanine (Phe, F) for

isoleucine (lle, 1) at amino acid position 240.

The “amplifiable selectable marker gene” usually codes for an enzyme, which is needed for the growth of
eukaryotic cells under certain cultivation conditions. For example, the amplifiable selectable marker
gene may code for dihydrofolate reductase (DHFR) or glutamine synthetase (GS). In this case the gene
is amplified, if a host cell transfected therewith is cultivated in the presence of the selecting agent
methotrexate (MTX) or methionine sulphoximine (MSX), respectively. Sequences linked to the
amplifiable selectable marker gene (i.e., sequences physically proximal thereto) are co-amplified
together with the amplifiable selectable marker gene. Said co-amplified sequences may be introduced

on the same expression vector or on separate vectors.

The following Table 2 gives non-limiting examples of amplifiable selectable marker genes and the
associated selecting agents, which may be used according to the invention. Suitable amplifiable
selectable marker genes are also described in an overview by Kaufman (Kaufman RJ, 1990. Methods
Enzymol. 185:537-566).
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Amplifiable selectable marker
gene

Accession number

Selecting agent

dihydrofolate reductase (DHFR)

M19869 (hamster)
E00236 (mouse)

methotrexate (MTX)

metallothionein

D10551 (hamster)
M13003 (human)
M11794 (rat)

cadmium

CAD (carbamoylphosphate
synthetase : aspartate
transcarbamylase:
dihydroorotase)

M23652 (hamster)
D78586 (human)

N-phosphoacetyl-L-aspartate

adenosine-deaminase

K02567 (human)
M10319 (mouse)

Xyl-A- or adenosine,
2'deoxycoformycin

AMP (adenylate)-deaminase

D12775 (human)
J02811 (rat)

adenine, azaserin, coformycin

UMP-synthase

J03626 (human)

6-azauridine, pyrazofuran

IMP 5°-dehydrogenase

J04209 (hamster)
J04208 (human)
M33934 (mouse)

mycophenolic acid

xanthine-guanine-
phosphoribosyltransferase

X00221 (E. coli)

mycophenolic acid with limiting
xanthine

mutant HGPRTase or mutant
thymidine-kinase

J00060 (hamster)
M13542, K02581 (human)
J00423, M68489(mouse)
M63983 (rat)

M36160 (Herpes virus)

hypoxanthine, aminopterine and
thymidine (HAT)

thymidylate-synthetase

D00596 (human)
M13019 (mouse)
L12138 (rat)

5-fluorodeoxyuridine

P-glycoprotein 170 (MDR1)

AF016535 (human)
J03398 (mouse)

several drugs, e.g. adriamycin,
vincristin, colchicine

ribonucleotide reductase

M124223, K02927 (mouse)

aphidicoline

glutamine-synthetase (GS)

AF150961 (hamster)
U09114, M60803 (mouse)
M29579 (rat)

methionine sulphoximine (MSX)

asparagine-synthetase

M27838 (hamster)
M27396 (human)
U38940 (mouse)
U07202 (rat)

-aspartylhydroxamate, albizziin,
5’azacytidine

argininosuccinate-synthetase

X01630 (human)

canavanin

M31690 (mouse)
M26198 (bovine
omithine-decarboxylase M34158 (human) a-difluoromethylornithine
J03733 (mouse)
M16982 (rat)
HMG-CoA-reductase L0O0183,M12705 (hamster) compactin
M11058 (human)
N-acetylglucosaminyl- M55621 (human) tunicamycin
transferase
threonyl-tRNA-synthetase M63180 (human) borrelidin
Na'K™-ATPase J05096 (human) ouabain

M14511 (rat)
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According to the invention a preferred amplifiable selectable marker gene is a gene which codes for a

polypeptide with the function of GS or DHFR.

The present invention relates to mammalian cells wherein at least one gene encoding a host cell protein
comprises a genetic modification that inhibits expression of said host cell protein or the mammalian cell
comprises a RNA oligonucleotide that inhibits expression of the gene encoding a host cell protein by
RNA-interference, wherein the at least one host cell protein is ATF6B or TBC1D20 and CERS2. The
invention also relates to methods of preparing said mammalian cells and to the use of said cells in a
method for producing a secreted recombinant therapeutic protein. According to the invention, reduced
expression of the host cell protein means that the protein expression of TBC1D20 and CERS2 or the
protein expression of ATF6B in the mammalian cell is reduced compared to the same mammalian cell

not containing said genetic modification(s) or RNA oligonucleotide(s).

In one aspect, the invention relates to a mammalian cell having enhanced secretion of a recombinant
therapeutic protein comprising reduced expression of the host cell proteins TBC1 domain family member
20 (TBC1D20) and ceramide synthase 2 (CERS2); wherein the mammalian cell optionally further

comprises one or more expression cassette(s) encoding a recombinant secreted therapeutic protein.

In another aspect the invention relates to a mammalian cell having enhanced secretion of a recombinant
therapeutic protein comprising reduced expression of the host cell protein activating transcription factor 6
beta (ATF6B), wherein the mammalian cell further comprises one or more expression cassette(s)

encoding a recombinant secreted therapeutic protein.

In one embodiment of the invention, the mammalian cell having enhanced secretion of a recombinant
therapeutic protein comprises reduced expression of the host cell proteins TBC1 domain family member
20 (TBC1D20) and ceramide synthase 2 (CERS2); or reduced expression of the host cell protein
activating transcription factor 6 beta (ATF6B), wherein the mammalian cell further comprises one or

more expression cassette(s) encoding a recombinant secreted therapeutic protein.

In order to reduce expression of the host cell protein in the mammalian cell of the invention, the gene
encoding the host cell protein may comprise a genetic modification that inhibits expression of said host
cell protein, or the mammalian cell may comprise a RNA oligonucleotide that inhibits expression of the
gene encoding said host cell protein by RNA-interference. Reduced expression of the host cell protein
means that the protein expression of TBC1D20 and CERS2 or the protein expression of ATF6B in the
mammalian cell is reduced compared to the same mammalian cell not containing said genetic
modification(s) or RNA oligonucleotide(s). In one embodiment, the RNA oligonucleotide that inhibits

expression of the gene of the host cell protein by RNA-interference is not a miRNA.

The invention also relates to a method of producing a mammalian cell with enhanced secretion of a
recombinant therapeutic protein comprising (a) reducing expression of the host cell proteins TBC1D20
and CERS2, or of the host cell protein ATF6B in the mammalian cell by introducing (i) a genetic

modification into a gene encoding the host cell protein that inhibits expression of said host cell protein, or
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(i) a RNA oligonucleotide into the mammalian cell that inhibits expression of the gene encoding said
host cell protein by RNA-interference, and (b) introducing one or more gene(s) encoding a recombinant
secreted therapeutic protein. The method may further comprise a step of (¢) selecting cells with
enhanced secretion of the recombinant therapeutic protein. The method may furthermore comprise a
step of (d) culturing the cells obtained in step (c) under conditions which allow expression of one or more
gene(s) encoding a recombinant secreted therapeutic protein. The introduction of one or more gene(s)
encoding the secreted therapeutic protein in step (b) preferably comprises introducing one or more
expression cassette(s) encoding the recombinant secreted therapeutic. Step (a) of the method of the
invention may be performed before or after step (b). Thus, the one or more gene(s) encoding the
recombinant secreted protein may be introduced before the genetic modification or RNA
oligonucleotides (or the expression vector comprising a nucleotide sequence encoding said RNA
oligonucleotide) resulting in reduced expression of the host cell protein ATF6B or the host cell proteins
TBC1D20 and CERS2 is introduced. Alternatively, the one or more gene(s) encoding the recombinant
secreted protein may be introduced after the genetic modification or RNA oligonucleotides (or the
expression vector comprising a nucleotide sequence encoding said RNA oligonucleotide) resulting in
reduced the expression of the host cell protein ATF6B or the host cell proteins TBC1D20 and CERS2 is
introduced. The invention further relates to a mammalian cell line produced by the method of the

invention.

The mammalian cells and the mammalian cells produced by the method of the invention may further be
used in a method for the production of a recombinant secreted therapeutic protein in a mammalian cell.
The method comprising (a) providing the mammalian cell of the invention, wherein the cell is transfected
with a recombinant secreted therapeutic protein or providing the mammalian cell produced by the
method of the invention; (b) culturing the mammalian cell of step (a) in a cell culture medium at
conditions allowing production of the recombinant secreted therapeutic protein, and (c) harvesting the
recombinant secreted therapeutic protein. The method may further comprise (d) purifying the

recombinant secreted therapeutic protein.

In order to reduce expression of the host cell protein in the method of the invention, the gene encoding
the host cell protein may comprise a genetic modification that inhibits expression of said host cell
protein, or the mammalian cell may comprise a RNA oligonucleotide that inhibits expression of the gene
encoding said host cell protein by RNA-interference. Reduced expression of the host cell protein means
that the protein expression of TBC1D20 and CERS2 or the protein expression of ATFEB in the
mammalian cell is reduced compared to the same mammalian cell not containing said genetic

modification(s) or RNA oligonucleotide(s).

The mammalian cells and the mammalian cells produced by the method of the invention may further be
used for the production of a recombinant secreted therapeutic protein or increasing the yield of the
recombinant secreted therapeutic protein. The invention therefore also relates to a use of the

mammalian cell of the invention or the mammalian cell produced by the method of the invention for
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increasing the yield of a recombinant secreted therapeutic protein. It further relates to a use of the
mammalian cell of the invention or the mammalian cell produced by the method of the invention for

production of a recombinant secreted therapeutic protein.

The recombinant secreted therapeutic protein produced by the mammalian cell or the method of the
invention is preferably an antibody, preferably a monoclonal antibody, a bi-specific antibody or a

fragment thereof, or a Fe-fusion protein.

Reduced expression of the host cell proteins TBC1D20, CERS2 or ATF6B

The expression of the host cell proteins TBC1D20, CERS2 or ATF6B is reduced in a mammalian cell
according to the invention or used or produced in the methods of the invention. This means that the
protein expression of TBC1D20, CERS2 or ATF6B in the mammalian cell is reduced compared to the
same mammalian cell not containing said genetic modification or RNA oligonucleotide by gene

knockdown or gene knockout.

In one embodiment, the expression of the host cell proteins TBC1D20 and CERS2 is reduced. The host
cell protein TBC1D20 refers to hamster TBC1D20 expressed in CHO cells such as encoded by the
cDNA sequence of SEQ ID NO: 1, or having the amino acid sequence of SEQ ID NO: 4, or any
homologues thereof. As used herein, a homologue thereof means a protein having a sequence identity
of at least 80%, at least 85%, at least 90%, at least 95% or at least 98% to the amino acid sequence of
SEQ ID NO: 4. The host cell protein CERS2 refers to the hamster CERS2 expressed in CHO cells, such
as encoded by the cDNA sequence of SEQ ID NO: 2 or having the amino acid sequence of SEQ ID NO:
5 or any homologues thereof. As used herein, a homologue thereof means a protein having a sequence
identity of at least 80%, at least 85%, at least 90%, at least 95% or at least 98% to the amino acid
sequence of SEQ ID NO: 5.

In another embodiment, the expression of ATFEB is reduced compared to control cells. The host cell
protein ATF6B refers to the hamster ATF6B expressed in CHO cells, such as encoded by the cDNA
sequence of SEQ ID NO: 3 or having the amino acid sequence of SEQ ID NO: 6 or any homologue
thereof. As used herein, a homologue thereof means a protein having a sequence identity of at least
80%, at least 85%, at least 90%, at least 95% or at least 98% to the amino acid sequence of SEQ ID
NO: 6. The person skilled in the art would understand that also the expression of host cell proteins
ATF6B, TBC1D20 and CERS2 may be reduced.

The term “knockdown” or “knockdown technology” refers to a technique of gene silencing in which the
expression of a target gene or gene of interest is reduced as compared to the gene expression prior to
the introduction of an RNA oligonucleotide that inhibits expression of a target gene by RNA-interference,
such as by using siRNA or shRNA, which can lead to the inhibition of production of the target gene
product. “Double knockdown” is the knockdown of two genes, such as the genes encoding for TBC1D20
and CERS2.
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In one embodiment, the mammalian cell comprises a RNA oligonucleotide that inhibits expression of the
gene encoding said host cell protein by RNA-interference, wherein host cell protein refers to ATF6B or
TBC1D20 and CERS2. The skilled person will recognize that the RNA oligonucleotide may be
transfected directly into the cell or may be encoded by a polynucleotide sequence within the cell, e.g., by
using an expression vector. Hence, the expression vector comprises a polynucleotide sequence
encoding said RNA oligonucleotide. An expression vector may also comprise a polynucleotide sequence
encoding a second RNA oligonucleotide. The two RNA oligonucleotides may be encoded by two
separate expression cassettes or by the same expression cassette separated, e.g., by an IRES
sequence. Overexpression of siRNA(s) or shRNA(s) targeting ATF6B or to the combination of TBC1D20
and CERS2, leads to an enhanced production and/or secretion of the secreted recombinant therapeutic

protein in a mammalian expression system.

Preferably the RNA oligonucleotide mediates mRNA repression by complete sequence complementarity
(i.e., perfect base paring between the antisense strand of the RNA duplex of the small interfering RNA
and the target mRNA) and is therefore specific for its target. Complete sequence complementarity of
perfect base paring as used herein means that the antisense strand of the RNA duplex of the small
interfering RNA has at least 89% sequence identity with the target mRNA for at least 15 continuous
nucleotides, at least 16 continuous nucleotides, at least 17 continuous nucleotides, at least 18
continuous nucleotides and preferably at least 19 continuous nucleotides, or preferably at least 93%
sequence identity with the target mRNA for at least 15 continuous nucleotides, at least 16 continuous
nucleotides, at least 17 continuous nucleotides, at least 18 continuous nucleotides and preferably at
least 19 continuous nucleotides. Preferably the antisense strand of the RNA duplex of the small
interfering RNA has 100% sequence identity with the target mRNA for at least 15 continuous
nucleotides, at least 16 continuous nucleotides, at least 17 continuous nucleotides, at least 18
continuous nuclectides and preferably at least 19 continuous nucleotides. The skilled person wil
understand that miRNAs do not mediate mRNA repression by complete sequence complementarity and

are therefore not gene-specific. Thus, in one embodiment, the RNA oligonucleotide is not a miRNA.

Preferably the RNA-interference is mediated by small hairpin RNA (shRNA) or short interfering RNA
(siRNA). The mammalian cell may be transfected with one or more expression vector(s) encoding said
siRNA(s) or shRNA(s). Preferably the mammalian cell is stably transfected with one or more expression
vector(s) encoding said siRNA(s) or shRNA(s). The RNA oligonucleotide may be constitutively
expressed or conditionally expressed. For example, expression of the RNA oligonucleotide may be silent

during growth phase and switched on during protein production phase.

An exemplary siRNA for knocking-down TBC1D20 is siTbc1D20#1 (SEQ ID NO: 7). An exemplary
siRNA for knocking-down CERS2 is siCerS2#1 (SEQ ID NO: 8). Preferably the siRNAs having the
sequence of SEQ ID NOs: 7 or 8 are used in CHO cells. These siRNAs can be used independently of
each other. Thus, each of siTbc1D20#1 or siCERS2#1 may be used or both siRNAs may be used. While
the expression of both, TBC1D20 and CERS2, is reduced according to the method or the mammalian
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cell of the invention, the means to achieve the reduction of the host cell proteins are independent of each
other. Thus, expression of host cell protein TBC1D20 may be reduced by gene knockdown using siRNA
and expression of host cell protein CERS2 may be reduced by gene knockdown using shRNA, or vice
versa. Alternatively, the expression of host cell protein TBC1D20 may be reduced by gene knockdown,
e.g., using siRNA and expression of host cell protein CERS2 may be reduced by gene knockout, or vice

versa.

An exemplary shRNA for knocking-down TBC1D20 comprises shTbc1D20#1 (SEQ ID NO: 12); an
exemplary shRNA for knocking-down CERS2 comprises shCerS2#1 (SEQ ID NO: 13) or shCerS2#2
(SEQ ID NO: 14), or a combination of said shRNAs. Preferably, the shRNAs comprising the sequence of
SEQ ID NOs: 12, 13 or 14, are used in CHO cells. Exemplary DNA oligonucleotides encoding shRNAs
suitable in the present invention for knocking-down TBC1D20 (SEQ ID NOs: 16 and 17) or CERS2 (SEQ
ID NOs 18-21) are shown below. Preferably the DNA oligonucleotide encoding the shRNA targeting
TBCD1D20 comprises the sequence of nucleotides 6 to 26 of SEQ ID NO: 16 (shTBC1D20#1
oligonucleotide forward) and more preferably the sequence of nucleotides 6 to 26 and 46 to 64 of SEQ
ID NO: 16 (shTBC1D20#1 oligonucleotide forward). Preferably the DNA oligonucleotide encoding the
shRNA targeting CERS2 comprises the sequence of nucleotides 6 to 26 of SEQ ID NOs: 18 or 20
(shCERS2#1 or #2 oligonucleotide forward) and more preferably the sequence of nucleotides 6 to 26
and 46 to 64 of SEQ ID NOs: 18 or 20 (sShCERS2#1 or #2 oligonucleotide forward).

These shRNAs can be used independently of each other. Thus, shTbc1D20#1, shCERS2#1 or
shCERS2#2 may be used, or shTbc1D20#1 and shCERS2#1 or shCERS2#2 may be used. While the
expression of both, TBC1D20 and CERS?2 is reduced according to the method or the mammalian cell of
the invention, the means to achieve the reduction of the host cell proteins are independent of each other.
Thus, expression of host cell protein TBC1D20 may be reduced by gene knockdown using siRNA and
expression of host cell protein CERS2 may be reduced by gene knockdown using shRNA, or vice versa.
Alternatively, the expression of host cell protein TBC1D20 may be reduced by gene knockdown, e.g.,
using shRNA, and the expression of host cell protein CERS2 may be reduced by gene knockout, or vice

versa.

Exemplary siRNAs for knocking-down ATF6B are siAtféb#1 (SEQ ID NO: 9), siAtféb#2 (SEQ ID NO: 10),
or siAtféb#3 (SEQ ID NO: 11). Preferably one or more of siAtf6b#1 (SEQ ID NO: 9), siAtféb#2 (SEQ ID
NO: 10), and siAtf6b#3 (SEQ ID NO: 11) are used according to the invention, more preferably one or
more of siAtfeb#1 (SEQ ID NO: 9) and siAtféb#2 (SEQ ID NO: 10) are used. An exemplary shRNA for
knocking-down ATF6B comprises shAtféb#1 (SEQ ID NO: 15) or shAtf6b#2 (SEQ ID NO: 37), preferably
shAtfeéb#1 (SEQ ID NO: 15). Preferably the siRNAs having the sequence of SEQ ID NOs: 9, 10 or 11 or
the shRNA comprising the sequence of SEQ ID NOs: 15 or 37 are used in CHO cells. Exemplary DNA
oligonucleotides encoding shRNAs suitable in the present invention for knocking-down ATF6B are
shown below (SEQ ID NOs: 22, 23, 35 and 36). Preferably the DNA oligonucleotide encoding the
respective shRNA targeting ATF6B comprises the sequence of nucleotides 6 to 26 of SEQ ID NOs: 22
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or 35 (shATF6B#1 or #2 oligonucleotide forward) and more preferably the sequence of nucleotides 6 to
26 and 46 to 64 of SEQ ID NOs: 22 or 35 (shATF6B#1 or #2 oligonucleotide forward).

In another embodiment, at least one gene encoding a host cell protein comprises a genetic modification
that inhibits expression of said host cell protein. The genetic modification in the gene(s) encoding the
host cell protein(s) TBC1D20, CERS2 or ATF6B may be independent of each other a gene deletion or a
mutation in the gene that inhibits expression of the host cell protein. The mutation may be a deletion,
addition or substitution. The skilled person would know that the mutation may be in the coding region of
the gene and/or the mutation may be in the promoter or a regulatory region of the gene as long as the
gene expression is reduced. Preferably, the mutation is in the promoter or regulatory region of the gene.
The mutation may be introduced using methods known in the art. The skilled person would understand
that the same effect may be achieved using overexpression of a dominant mutant host cell protein that
has reduced protein activity. Alternatively, the host cell protein gene may be deleted in the mammalian
cell and an expression cassette encoding said host cell protein under the control of a weak promoter
may be introduced into the mammalian cell, resulting in an overall reduced expression of the host cell
protein compared to a control cell (i.e., the same mammalian cell not containing said gene deletion). This

gene mutation may be either in one or both alleles of a gene.

Reduced host cell protein expression can be determined by comparing the protein expression of
TBC1D20, CERS2 or ATF6B in the mammalian cell compared to a control mammalian cell, i.e., the
same mammalian cell not containing said genetic modification or RNA oligonucleotide. Preferably, the
expression of the host cell protein ATF6B or of host cell proteins TBC1D20, CERS2 are reduced by at
least 30%, at least 40%, at least 50%, at least 75%, or 100%, compared to a control mammalian cell.
This may be measured on protein level, e.g., by ELISA, by Western blotting, by radioimmunoassays,
immunoprecipitation, assaying for the biological activity of the protein, by immunostaining of the protein
followed by FACS analysis or by homogeneous time-resolved fluorescence (HTRF) assays, or any other
suitable method known in the art for quantifying protein. The reduced expression of host cell protein
ATF6Bor of host cell proteins TBC1D20, CERS2 may also be determined on mRNA level, e.g., by
quantitative PCR or any other suitable method known in the art for quantifying mRNA. mRNA transcribed
from a selected sequence can further be quantified by Northern blot hybridization, ribonuclease RNA

protection, in situ hybridization to cellular RNA or by PCR.

It is particularly important that the host cell protein expression is reduced during production phase. It is
therefore possible that knockdown of host cell protein expression induced after growth phase or early in
production phase as long as host cell protein expression is reduced during most of the production phase.
Host cell protein expression should be reduced at least 3 days before end of culture, at least 5 days
before end of culture, at least 7 days before end of culture or at least 9 days before end of culture.

Preferably the host cell protein expression is reduced throughout cell culture.

A gene may also be modified by deleting the gene using “knockout” technology. The term “knockout”
refers to cells which have been genetically modified so that the expression of host cell proteins AFT6B or
32



10

15

20

25

30

35

WO 2017/157593 PCT/EP2017/053043

the combination of host cell proteins TBC1D20 and CERS2 is/are inhibited and the respective host cell
protein is not produced (reduction by 100%). This may be achieved using various technologies which are
known in the art to the skilled person, including CRISPR-Cas9 or Zinc finger nuclease technology.
Alternatively, the gene may be altered to inhibit the expression of its protein by introduction of a mutation
in the gene. The gene mutation may be a nucleotide deletion, addition or substitution in the coding
region or in the promoter or regulatory region of the gene. This gene mutation may be either in one or

both alleles of a gene.

Enhanced secretion of the recombinant therapeutic protein

The reduced expression of ATF6B or TBC1D20 and CERS2 in a mammalian cell according to the
invention results in an enhanced secretion of the recombinant therapeutic protein. Protein secretion can
be increased by improved cell density or cell viability. It may also be increased by improved specific cell
productivity. However, the skilled person will understand that having improved cell density or cell viability
only enhances the total yield of the secreted recombinant therapeutic protein in case the specific cell
productivity is not substantially affected or even improved. Likewise having increased specific cell
productivity only enhances the total yield of the secreted recombinant therapeutic protein in case the cell
density or cell viability is not substantially affected or even improved. Enhanced secretion of the
recombinant therapeutic protein therefore refers to the total yield of the recombinant therapeutic protein
in the cell culture, typically measured as a concentration (titer), such as mg/ml. The secretion of the
recombinant therapeutic protein according to the invention is enhanced by at least 10%, at least 20%, at
least 30%, at least 40%, at least 50%, at least 75%, at least 100% or at least 200%, compared to a
control mammalian cell, i.e., not containing said genetic modification or RNA oligonucleotide. In a
preferred embodiment yield of the secretion of the recombinant therapeutic protein is enhanced at

harvest.

The protein ATF6b is involved in unfolded protein responses (UPR). It has been described before that
only “ATF6a, but neither ATF66 nor ATF4, has the ability to trigger expansion of the ER” (Bommiasamy
et al., 2009, Journal of Cell Sciences. 122: 1626-1636) and that only ATF6a is responsible for
transcriptional induction of ER chaperones (Yamamoto et al., 2007, Cell. 13: 365-376). It was further
reported that ATF6b is a very weak transcriptional activator of ER stress response (ERSR) genes
compared to ATF6a (Thuerauf et al., 2007, The Journal of Biological Chemistry. 282(31): 22865-22878).
Without being bound by theory, we therefore believe that depletion of ATF6b in producer cell lines might
augment the transcriptional activity of ATF6a and thus increase the protein folding capacity of the ER by

triggering the expression of ER chaperones.

Ceramides of varying chain lengths are synthesized by six different isoforms of Ceramide Synthases
(CERS1-6) in the ER. CERS2 catalyzes the synthesis of very long chain ceramides (C20-C26) and its

depletion in mice has been shown to decrease very long chain ceramides (>C22) whilst inducing a
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compensatory increase in C16-C18 ceramides (Grésch S, et al,, 2012. Progress in Lipid Research.
51:50-62). CERT efficiently transfers ceramides having C14, C16, C18, and C20 chains, but it does not
transfer longer acyl chains (Kumagai D, et al., 2005. The Journal of Biological Chemistry. 280(8):6488-
6495). Thus, without being bound by theory, the efficiency of the CERT mediated ceramide transport
might be increased by depleting CERS2, resulting in a higher amount of proteins that are transferred to

the plasma membrane.

The small GTPase Rab1 has a crucial role in the vesicular transport of proteins that have been
processed in the ER. GTP-bound Rab1 is required to maintain the Golgi Apparatus (Haas A, ef al., 2007.
Journal of Cell Science. 120:2997-3010). TBC1D20 is a GTPase-activating protein (GAP). It catalyzes
the conversion of active, GTP-bound Rab1 into an inactive, GDP-bound state. Thus, without being
bound by theory, depletion of TBC1D20 might result in a constitutive active form of Rab1, positively

affecting vesicular protein transport process.

TBC1D20 and CERS2 are both involved in protein transport at the Golgi apparatus. Reduction of
TBC1D20 and CERS2 expression therefore seem to act synergistically, resulting in an increased

recombinant protein secretion compared to reduction of each of said proteins alone.

Secreted recombinant therapeutic protein

The secreted recombinant therapeutic protein produced in the mammalian cells of the invention
includes, but is not limited to an antibodies or a fusion protein, such as a Fc-fusion proteins. Other
secreted recombinant therapeutic proteins can be for example enzymes, cytokines, lymphokines,
adhesion molecules, receptors and derivatives or fragments thereof, and any other polypeptides and

scaffolds that can serve as agonists or antagonists and/or have therapeutic or diagnostic use.

Other recombinant proteins of interest are for example, but not limited to insulin, insulin-like growth
factor, hGH, tPA, cytokines, such as interleukins (IL), e.g. IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,
IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, interferon (IFN) alpha, IFN beta, IFN gamma,
IFN omega or IFN tau, tumor necrosis factor (TNF), such as TNF alpha and TNF beta, TNF gamma,
TRAIL; G-CSF, GM-CSF, M-CSF, MCP-1, and VEGF. Also included is the production of erythropoietin
or any other hormone growth factors and any other polypeptides that can serve as agonists or

antagonists and/or have therapeutic or diagnostic use.

A preferred recombinant secreted therapeutic protein is an antibody or a fragment or derivative thereof.
Thus, the invention can be advantageously used for production of antibodies such as monoclonal
antibodies, multispecific antibodies, or fragments thereof, preferably of monoclonal antibodies, bi-specific
antibodies or fragments thereof. Furthermore, the method for producing a recombinant secreted
therapeutic protein according to the invention can be advantageously used for production of antibodies
such as monoclonal antibodies, multispecific antibodies, or fragments thereof, preferably of monoclonal

antibodies, bi-specific antibodies or fragments thereof. Exemplary antibodies within the scope of the
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present invention include but are not limited to anti-CD2, anti-CD3, anti-CD20, anti-CD22, anti-CD30,
anti-CD33, anti-CD37, anti-CD40, anti-CD44, anti-CD44v6, anti-CD49d, anti-CD52, anti-EGFR1 (HER1),
anti-EGFR2 (HER2), anti-GD3, anti-IGF, anti-VEGF, anti-TNFalpha, anti-IL2, anti-IL-5R or anti-IgE
antibodies, and are preferably selected from the group consisting of anti-CD20, anti-CD33, anti-CD37,
anti-CD40, anti-CD44, anti-CD52, antiHER2/neu (erbB2), anti-EGFR, anti-IGF, anti-VEGF, anti-
TNFalpha, anti-IL2 and anti-IgE antibodies.

Antibody fragments include e.g. “Fab fragments” (Fragment antigen-binding = Fab). Fab fragments
consist of the variable regions of both chains, which are held together by the adjacent constant region.
These may be formed by protease digestion, e.g. with papain, from conventional antibodies, but similar
Fab fragments may also be produced by genetic engineering. Further antibody fragments include

F(ab)2 fragments, which may be prepared by proteolytic cleavage with pepsin.

Using genetic engineering methods it is possible to produce shortened antibody fragments which consist
only of the variable regions of the heavy (VH) and of the light chain (VL). These are referred to as Fv
fragments (Fragment variable = fragment of the variable part). Since these Fv-fragments lack the
covalent bonding of the two chains by the cysteines of the constant chains, the Fv fragments are often
stabilized. It is advantageous to link the variable regions of the heavy and of the light chain by a short
peptide fragment, e.g. of 10 to 30 amino acids, preferably 15 amino acids. In this way a single peptide
strand is obtained consisting of VH and VL, linked by a peptide linker. An antibody protein of this kind is
known as a single-chain-Fv (scFv). Examples of scFv-antibody proteins are known to the person skilled
in the art.

In recent years, various strategies have been developed for preparing scFv as a multimeric derivative.
This is intended to lead, in particular, to recombinant antibodies with improved pharmacokinetic and
biodistribution properties as well as with increased binding avidity. In order to achieve multimerisation of
scFv, scFv were prepared as fusion proteins with multimerisation domains. The multimerisation domains
may be, e.g. the CH3 region of an IgG or coiled coil structure (helix structures) such as Leucin-zipper
domains. However, there are also strategies in which the interactions between the VH/VL regions of the
scFv are used for the multimerisation (e.g. dia-, tri- and pentabodies). By diabody the skilled person
means a bivalent homodimeric scFv derivative. The shortening of the Linker in a scFv molecule to 5- 10
amino acids leads to the formation of homodimers in which an inter-chain VH/VL-superimposition takes
place. Diabodies may additionally be stabilized by the incorporation of disulphide bridges. Examples of

diabody-antibody proteins are known to the person skilled in the art.

Preferred secreted recombinant therapeutic antibodies according to the invention are bispecific

antibodies. Bispecific antibodies typically combine antigen-binding specificities for target cells (e.g.,

malignant B cells) and effector cells (e.g., T cells, NK cells or macrophages) in one molecule. Examplary

bispecific antibodies, without being limited thereto are diabodies, BiTE (Bi-specific T-cell Engager)

formats and DART (Dual-Affinity Re-Targeting) formats. The diabody format separates cognate variable

domains of heavy and light chains of the two antigen binding specificities on two separate polypeptide
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chains, with the two polypeptide chains being associated noncovalently. The DART format is based on

the diabody format, but it provides additional stabilization through a C-terminal disulfide bridge.

By ftriabody the skilled person means a trivalent homotrimeric scFv derivative. In said scFv derivatives
the VH-VL domains are fused directly without a linker sequence, which leads to the formation of trimers.
The skilled person will also be familiar with so-called miniantibodies which have a bi-, tri- or tetravalent
structure and are derived from scFv. The multimerisation is carried out by di-, tri- or tetrameric coiled coil

structures.

Also anticipated in the context of the present invention are minibodies. By minibody, the skilled person
means a bivalent, homodimeric scFv derivative. It consists of a fusion protein which contains the CH3
region of an immunoglobulin, preferably IgG, most preferably IgG1 as the dimerisation region which is
connected to the scFv via a Hinge region (e.g. also from IgG1) and a Linker region. Examples of

minibody-antibody proteins are known to the person skilled in the art.

Another preferred recombinant secreted therapeutic protein is a fusion protein, such as Fc-fusion
protein. Thus, the invention can be advantageously used for production of fusion proteins, such as Fc-
fusion proteins. Furthermore, the method for producing a secreted recombinant therapeutic protein
according to the invention can be advantageously used for production of fusion proteins, such as Fc-

fusion proteins.

The effector part of the fusion protein can be the complete sequence or any part of the sequence of a
natural or modified heterologous protein or a composition of complete sequences or any part of the
sequence of a natural or modified heterologous protein. The immunoglobulin constant domain
sequences may be obtained from any immunoglobulin subtypes, such as IgG1, IgG2, 1gG3, 1gG4, 1gA1
or IgA2 subtypes or classes such as IgA, IgE, IgD or IgM. Preferentially they are derived from human
immunoglobulin, more preferred from human IgG and even more preferred from human IgG1 and IgG3.
Non-limiting examples of Fc-fusion proteins are MCP1-Fc, ICAM-Fc, EPO-Fc and scFv fragments or the
like coupled to the CH2 domain of the heavy chain immunoglobulin constant region comprising the N-
linked glycosylation site. Fc-fusion proteins can be constructed by genetic engineering approaches by
introducing the CH2 domain of the heavy chain immunoglobulin constant region comprising the N-linked
glycosylation site into another expression construct comprising for example other immunoglobulin
domains, enzymatically active protein portions, or effector domains. Thus, an Fc-fusion protein
according to the present invention comprises also a single chain Fv fragment linked to the CH2 domain

of the heavy chain immunoglobulin constant region comprising e.g. the N-linked glycosylation site.

The recombinant secreted therapeutic protein, especially the antibody, antibody fragment or Fc-fusion
protein is preferably recovered/isolated from the culture medium as a secreted polypeptide. It is
necessary to purify the recombinant secreted therapeutic protein from other recombinant proteins and
host cell proteins to obtain substantially homogenous preparations of the recombinant secreted

therapeutic protein. As a first step, cells and/or particulate cell debris are removed from the culture
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medium or lysate. Further, the recombinant secreted therapeutic protein is purified from contaminant
soluble proteins, polypeptides and nucleic acids, for example, by fractionation on immunoaffinity or ion-
exchange columns, ethanol precipitation, reverse phase HPLC, Sephadex chromatography, and
chromatography on silica or on a cation exchange resin such as DEAE. Methods for purifying a

heterologous protein expressed by host cells are known in the art.

In one embodiment the recombinant secreted therapeutic protein is encoded by one or more expression

cassette(s) encoding the secreted.

In some embodiments, the secreted therapeutic protein may be placed under the control of an
amplifiable genetic selection marker, such as dihydrofolate reductase (DHFR), glutamine synthetase
(GS). The amplifiable selection marker gene can be on the same expression vector as the secreted
therapeutic protein expression cassette. Alternatively, the amplifiable selection marker gene and the
secreted therapeutic protein expression cassette can be on different expression vectors, but integrate in
close proximity into the host cell's genome. Two or more vectors that are co-transfected simultaneously,
for example, often integrate in close proximity into the host cell’'s genome. Ampilification of the genetic
region containing the secreted therapeutic protein expression cassette is then mediated by adding the

amplification agent (e.g., MTX for DHFR or MSX for GS) into the cultivation medium.

Sufficiently high stable levels of the secreted therapeutic protein in the host cell or the producer cell may
also be achieved, e.g., by cloning multiple copies of the secreted therapeutic protein encoding-
polynucleotide into an expression vector. Cloning multiple copies of the secreted therapeutic protein-
encoding polynucleotide into an expression vector and amplifying the secreted therapeutic protein

expression cassette as described above may further be combined.

Antibody production

For producing a recombinant antibody, the DNA molecules encoding full-length light and heavy chains or
fragments thereof are inserted into an expression vector such that the sequences are operatively linked
to transcriptional and translational control sequences. Alternatively, DNA molecules encoding light chain
variable regions and heavy chain variable regions can be chemically synthesized using the sequence
information provided herein. Synthetic DNA molecules can be ligated to other appropriate nucleotide
sequences, including, e.g., constant region coding sequences, and expression control sequences, to
produce conventional gene expression constructs encoding the desired antibody. For manufacturing the
antibodies of the invention, the skilled artisan may choose from a great variety of expression systems
well known in the art, e.g. those reviewed by Kiprivanow and Le Gall, 2004. Molecular Biotechnology.
26:39 - 60. Expression vectors include plasmids, retroviruses, cosmids, EBV-derived episomes, and the
like. The term “expression vector” comprises any vector suitable for the expression of a foreign DNA.
Examples of such expression vectors are viral vectors, such as adenovirus, vaccinia virus, baculovirus

and adeno-associated virus vectors. In this connection, the expression “virus vector” is understood to
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mean both a DNA and a viral particle. Examples of phage or cosmid vectors include pWE15, M13,
AEMBL3, AEMBL4, AFIXII, ADASHII, AZAPII, AgT10, Agt11, Charon4A and Charon21A. Examples of
plasmid vectors include pBR, pUC, pBluescriptll, pPGEM, pTZ and pET groups. Various shuttle vectors
may be used, e.g., vectors which may autonomously replicate in a plurality of host microorganisms such
as E. coli and Pseudomonas sp.In addition, artificial chromosome vectors are considered as expression
vectors. The expression vector and expression control sequences are selected to be compatible with the
host cell. Examples of mammalian expression vectors include, but are not limited to, pcDNAS3,
pcDNA3.1(+/-), pGL3, pZeoSV2(+/-), pSecTag2, pDisplay, pEF/myc/cyto, pCMV/myc/cyto, pCR3.1,
pSinRepS, D H26S, D HBB, pNMT1, pNMT41, pNMT81, which are available from Invitrogen, pCl which
is available from Promega, pMbac, pPbac, pBK-RSV and pBK-CMV which are available from

Stratagene, pTRES which is available from Clontech, and their derivatives.

The antibody light chain gene and the antibody heavy chain gene can be inserted into separate vectors.
In certain embodiments, both DNA sequences are inserted into the same expression vector. Convenient
vectors are those that encode a functionally complete human CH or CL immunoglobulin sequence, with
appropriate restriction sites engineered so that any VH or VL sequence can be easily inserted and
expressed, as described above, wherein the CH1 and/or upper hinge region comprises at least one
amino acid modification of the invention. The constant chain is usually kappa or lambda for the antibody
light chain. The recombinant expression vector may also encode a signal peptide that facilitates
secretion of the antibody chain from a host cell. The DNA encoding the antibody chain may be cloned
into the vector such that the signal peptide is linked in-frame to the amino teminus of the mature
antibody chain DNA. The signal peptide may be an immunoglobulin signal peptide or a heterologous
peptide from a non-immunoglobulin protein. Alternatively, the DNA sequence encoding the antibody
chain may already contain a signal peptide sequence. In addition to the DNA sequences encoding the
antibody chains, the recombinant expression vectors carry regulatory sequences including promoters,
enhancers, termination and polyadenylation signals and other expression control elements that control
the expression of the antibody chains in a host cell. Examples for promoter sequences (exemplified for
expression in mammalian cells) are promoters and/or enhancers derived from (CMV) (such as the CMV
Simian Virus 40 (SV40) (such as the SV40 promoter/enhancer), adenovirus, (e. g., the adenovirus major
late promoter (AdMLP)), polyoma and strong mammalian promoters such as native immunoglobulin and
actin promoters. Examples for polyadenylation signals are BGH polyA, SV40 late or early polyA;

alternatively, 3'UTRs of immunoglobulin genes etc. can be used.

The recombinant expression vectors may also carry sequences that regulate replication of the vector in
host cells (e.g. origins of replication) and selectable marker genes. Nucleic acid molecules encoding the
heavy chain or an antigen-binding portion thereof and/or the light chain or an antigen-binding portion
thereof of an antibody of the present invention, and vectors comprising these DNA molecules can be
introduced into host cells, e.g. bacterial cells or higher eukaryotic cells, e.g. mammalian cells, according

to transfection methods well known in the art, including liposome-mediated transfection, polycation-
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mediated transfection, protoplast fusion, microinjections, calcium phosphate precipitation,

electroporation or transfer by viral vectors.

It is within ordinary skill in the art to express the heavy chain and the light chain from a single expression
vector or from two separate expression vectors. Preferably, the DNA molecules encoding the heavy
chain and the light chain are present on two vectors which are co-transfected into the host cell,
preferably a mammalian cell.

Mammalian cell lines available as hosts for expression are well known in the art and include, inter alia,
Chinese hamster ovary (CHO, CHO-DG44, CHO-K1) cells, NSO, SP2/0 cells, HelLa cells, HEK293 cells,
baby hamster kidney (BHK) cells, monkey kidney cells (COS), human carcinoma cells (e. g., HepG2),
A549 cells, 3T3 cells or the derivatives/progenies of any such cell line. Other mammalian cells, including
but not limited to human, mice, rat, monkey and rodent cells lines, or other eukaryotic cells, including but
not limited to yeast, insect and plant cells, or prokaryotic cells such as bacteria may be used. The
antibody molecules of the invention are produced by culturing the host cells for a period of time sufficient
to allow for expression of the antibody molecule in the host cells.Following expression, the intact
antibody (or the antigen-binding fragment of the antibody) can be harvested and purified using
techniques well known in the art, e.g., Protein A, Protein G, affinity tags such as glutathione-S-

transferase (GST) and histidine tags.

Protein purification

The recombinant secreted therapeutic proteins are preferably recovered from the culture medium as a
secreted polypeptide. It is necessary to purify the recombinant secreted therapeutic proteins using
standard protein purification methods used for recombinant proteins in a way that substantially
homogenous preparations of the protein are obtained. By way of example, state-of-the art purification
methods useful for obtaining the recombinant secreted therapeutic protein of the invention include, as a
first step, removal of cells and/or particulate cell debris from the culture medium or lysate. The
recombinant secreted therapeutic protein is then purified from contaminant soluble proteins,
polypeptides and nucleic acids, for example, by fractionation on immunoaffinity or ion-exchange
columns, ethanol precipitation, reverse phase HPLC, Sephadex chromatography, chromatography on
silica or on a cation exchange resin. Antibodies or Fc-fusion proteins, e.g., may be purified by standard
protein A chromatography, e.g., using protein A spin columns (GE Healthcare). Protein purity may be
verified by reducing SDS PAGE. recombinant secreted therapeutic protein concentrations may be
determined by measuring absorbance at 280nm and utilizing the protein specific extinction coefficient.
As a final step in the process for obtaining an recombinant secreted therapeutic protein preparation, the
purified recombinant secreted therapeutic protein may be dried, e.g. lyophilized, as described below for

therapeutic applications.
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Pharmaceutical compositions

To be used in therapy, the recombinant secreted therapeutic protein may be formulated into a
pharmaceutical composition appropriate to facilitate administration to animals or humans.
Pharmaceutical compositions containing the recombinant secreted therapeutic protein can be presented
in a dosage unit form and can be prepared by any suitable method. Typical formulations of a
recombinant secreted therapeutic protein can be prepared by mixing the protein with physiologically
acceptable carriers, excipients or stabilizers, in the form of lyophilized or otherwise dried formulations or
aqueous solutions or aqueous or non-aqueous suspensions. Carriers, excipients, modifiers or stabilizers
are nontoxic at the dosages and concentrations employed. They include buffer systems such as
phosphate, citrate, acetate and other anorganic or organic acids and their salts; antioxidants including
ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl ammonium chloride;
hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl alcohol,;
alkyl parabens such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-
cresol); proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone or polyethylene glycol (PEG); amino acids such as glycine, glutamine, asparagine,
histidine, arginine, or lysine; monosaccharides, disaccharides, oligosaccharides or polysaccharides and
other carbohydrates including glucose, mannose, sucrose, trehalose, dextrins or dextrans; chelating
agents such as EDTA; sugar alcohols such as, mannitol or sorbitol; salt-forming counter-ions such as
sodium; metal complexes (e.g. Zn-protein complexes); and/or ionic or non-ionic surfactants such as
TWEEN(TM) (polysorbates), PLURONICS(TM) or fatty acid esters, fatty acid ethers or sugar esters.
Also organic solvents can be contained in the recombinant secreted therapeutic protein formulation such
as ethanol or isopropanol. The excipients may also have a release-modifying or absorption-modifying

function.

The recombinant secreted therapeutic protein may also be dried (freeze-dried, spray-dried, spray- freeze
dried, dried by near or supercritical gases, vacuum dried, air-dried), precipitated or crystallized or
entrapped in microcapsules that are prepared, for example, by coacervation techniques or by interfacial
polymerization using, for example, hydroxymethylcellulose or gelatin and poly-(methylmethacylate),
respectively, in colloidal drug delivery systems (for example, liposomes, albumin microspheres,
microemulsions, nano-particles and nanocapsules), in macroemulsions or precipitated or immobilized
onto carriers or surfaces, for example by pcmc technology (protein coated microcrystals). Such
techniques are disclosed in Remington: The Science and Practice of Pharmacy, 21st edition,
Hendrickson R. Ed.

Naturally, the formulations to be used for in vivo administration must be sterile; sterilization may be
accomplished be conventional techniques, e.g. by filtration through sterie filtration membranes.
It may be useful to increase the concentration of the antibody to come to a so-called high concentration

liquid formulation (HCLF); various ways to generate such HCLFs have been described.
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The recombinant secreted therapeutic protein may also be contained in a sustained-release preparation.
Further, the recombinant secreted therapeutic protein can be incorporated in other application forms,
such as dispersions, suspensions or liposomes, tablets, capsules, powders, sprays, transdermal or
intradermal patches or creams with or without permeation enhancing devices, wafers, nasal, buccal or
pulmonary formulations, or may be produced by implanted cells or - after gene therapy - by the

individual's own cells.

A recombinant secreted therapeutic protein may also be derivatized with a chemical group such as
polyethylene glycol (PEG), a methyl or ethyl group, or a carbohydrate group. These groups may be
useful to improve the biological characteristics of the antibody, e.g. to increase serum half-life or to

increase tissue binding.

The preferred mode of application is parenteral, by infusion or injection (intravenous, intramuscular,
subcutaneous, intraperitoneal, intradermal), but other modes of application such as by inhalation,

transdermal, intranasal, buccal, oral, may also be applicable.

For the prevention or treatment of disease, the appropriate dosage of the recombinant secreted
therapeutic protein will depend on the type of disease to be treated, the severity and course of the
disease, whether the recombinant secreted therapeutic protein is administered for preventive or
therapeutic purposes, previous therapy, the patient's clinical history and response to the recombinant
secreted therapeutic protein, and the discretion of the attending physician. The recombinant secreted

therapeutic protein is suitably administered to the patient at one time or over a series of treatments.

Materials and Methods

Table 3: Cell lines use in the Examples

Designation Description Species

CHO-DG44-based producer cell clone

CHO-MAb1 secreting the IgG1 antibody mAb1 (with a
heavy chain with a sequence according to Hamster
SEQ ID NO: 24 and a light chain sequence

according to SEQ ID NO: 25)

CHO-DG44-based producer cell clone
secreting the IgG1 antibody mAb2 (with a
CHO-mAb2 heavy chain sequence according to SEQ ID Hamster
NO: 26 and a light chain sequence according
to SEQ ID NO: 27)
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Cell culture of suspension cells

Suspension cultures of mAb producing CHO-DG44 cells (Urlaub G, et al., 1986. Somatic Cell and
Molecular Genetics. 12(6):555-566) and stable transfectants thereof were incubated in a chemically
defined, serum-free medium. Seed stock cultures were sub-cultivated every 2-3 days with seeding
densities of 3 x 10° — 2 x 10° cells/mL, respectively. Cells were grown in T-flask (Greiner). T-flasks were
incubated in humidified incubators (Varolab) at 37°C and 5% CO,. The cell concentration and viability

was determined by trypan blue exclusion using a counting chamber.

Fed-batch cultivation

Cells were seeded at 3 x 10° cells/ml into 125 ml shake flasks (Corning) in 30 ml of chemically defined,
serum-free medium without antibiotics or MTX. The cultures were agitated at 120 rpm in 37°C and 5%
CO; in a minitron incubator (Infors) which was reduced to 2% following day 3. Feed solution was added
daily from day 3 on and glucose was measured using the offline glucose analysis device “LaboTRACE”
(Trace Analytics). At concentrations below 3 g/L, glucose (#G8769, Sigma-Aldrich) was adjusted to 5
g/L. Cell densities and viability were determined by trypan-blue exclusion using the “Countess 2 FL
automated cell counter” (Life Technologies). Cumulative specific productivity was calculated as product
concentration analyzed by ELISA at the given day divided by the “integral of viable cells” (IVC) until that

time point.

Generation of antibody-producing cells

CHO-DG44 cells (Urlaub G, et al., 1983. Cell. 33:405-412) were stably transfected with expression
plasmids encoding the IgG1 antibody mAb1 (with a heavy chain with a sequence according to SEQ ID
NO: 24 and a light chain sequence according to SEQ ID NO: 25) and are referred to as CHO-mAb1
herein. Selection was carried out by cultivation of transfected cells in the absence of Hypoxanthine and
Thymidine and in the presence of the respective selective agents, for which a resistance cassette is
encoded by the expression plasmids. After about 3 weeks of selection, stable cell populations are
obtained and further cultivated according to a standard stock culture regime with subcultivation every 2
to 3 days. Increasing concentrations of methotrexate were added step-wise to increase mAb1 gene
expression. In a next step, FACS-based single cell cloning of the stably transfected cell populations was

carried out to generate monoclonal cell lines.

CHO-DG44 cells (Urlaub G, et al., 1983. Cell. 33:405-412) were alternatively stably transfected with

expression plasmids encoding the 1gG1 antibody mAb2 (with a heavy chain with a sequence according

to SEQ ID NO: 26 and a light chain sequence according to SEQ ID NO: 27) and are referred to as CHO-

mMAD2 herein. Selection was carried out by cultivation of transfected cells in the absence of hypoxanthine

and thymidine and in the in the presence of the respective selective agents, for which a resistance

cassette is encoded by the expression plasmids. After about 3 weeks of selection, stable cell
42



10

15

20

25

30

35

WO 2017/157593 PCT/EP2017/053043

populations were obtained and further cultivated according to a standard stock culture regime with
subcultivation every 2 to 3 days. Increasing concentrations of methotrexate were added step-wise to
increase MAb2 gene expression. In a next step, ClonePixFL-based single cell cloning of the stably

transfected cell populations was carried out to generate monoclonal cell lines.

Stably transfected CHO-mAb1 or CHO-mAb2 cells were cultivated in chemically defined, serum-free
medium (Boehringer-Ingelheim) supplemented with G418 (Gibco, Life technologies). CHO-mAb1 cell
medium was supplemented with 400 nM MTX and CHO-mADb2 cell medium was supplemented with 100
nM MTX (Sigma-Aldrich, Germany). Cells were subcultivated every 2 or 3 days with a seeding density of

3x 10° cells/mL or 2 x 10° cells/mL.

Transient expression of human microRNAs in CHO producer cells

CHO-DG44 cells stably secreting an IgG1 antibody (mAb1) were cultivated in chemically defined, serum-
free medium (Boehringer-Ingelheim) supplemented with G418 (Gibco, Life technologies) and 400 nM
MTX (Sigma-Aldrich, Germany) and were subcultivated every 2 or 3 days with a seeding density of 3x

10° cells/mL or 2x 10° cells/mL.

Cells were transfected via nucleofection one day after subcultivation (4x 10° cells/sample) in 96-well
Nucleofector kit SG (Lonza) containing 1 pM miRNA using the Amaxa 96-well Shuttle Device (Lonza)
and program 96-DT-133 according to the manufacturer's instructions. For fransient transfection a
negative control miRNA miR-c#1 (miRIDIAN microRNA mimic negative control #1, Dharmacon) was
used. Cells were then seeded with a density of 3x 10° cells/mL into a 24-well flat bottom plate (Greiner).
One day after transfection the volume of the medium was doubled by addition of fresh medium. Two
days after transfection total RNA was extracted using the RNeasy Plus Mini Kit (Qiagen) and mRNA

levels of target genes were determined by qPCR as described below.

Next generation sequencing

CHO-DG44 cells stably secreting an IgG1 antibody (mAb1) were transfected via nucleofection one day
after subcultivation (4x 10° cells/sample) in 96-well Nucleofector kit SG (Lonza) containing 1 yM miRNA
(miR-c#1, hsa-miR-1287 or hsa-miR-1978) using the Amaxa 96-well Shuttle Device (Lonza) and
program 96-DT-133 as described above. 12 hours after transfection total RNA was extracted using
RNeasy Plus Mini Kit (Qiagen) according to manufacturer's instructions and quality and quantity were
analyzed with the 2100 Bioanalyzer (Agilent) using RNA 6000 Nano Kit. Subsequently, cDNA libraries
were generated with 200 ng RNA using TruSeq RNA Sample Prep Kit v2 (lllumina) according to the
manufacturer's instructions. Briefly, polyA+RNA was enriched, followed by random fragmentation of
poly-A+ RNA (100-500 bp), synthesis of ds cDNA without strand specificity, ligation of barcode-labeled
adapters per sample and amplification of asymmetrically ligated fragments. Quality and quantity was
analyzed with a 2100 Bioanalyzer (Agilent) using DNA 1000 Kit. The cDNA library was loaded with 9
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pmol per lane on a full flow cell on a HiSeq 2000 sequencing instrument (lllumina) with single-read mode
and 60 cycles of fragment sequencing plus 7 cycles of barcode sequencing. Sequence reads per sample
were mapped with TopHat software against the reference genome from Cricetulus griseus (assembly
"CriGri_1.0" https://www.ncbi.nlm.nih.gov/assembly/309608). Quantification was carried out according to
Mortazavi et al. (Nature Methods - 5, 621 - 628 (2008)). Thus, transcript abundance is calculated as

RPKM (= reads per kilobase of exon model per million mapped reads).

Transient expression of human siRNAs in CHO producer cells

CHO-mAb1 cells and CHO-mAb2 cells were cultivated in chemically defined, serum-free medium
(Boehringer-Ingelheim) supplemented with 400 nM MTX (Sigma-Aldrich, Germany) and 100 nM MTX,
respectively, and G418 (Gibco, Life technologies). Cells were subcultivated every 2 or 3 days with a

seeding density of 3x 10° cells/mL or 2x 10° cells/mL.

Cells were transfected via nucleofection one day after subcultivation (4x 10° cells/sample) in 96-well
Nucleofector kit SG (Lonza) containing 2 pM siRNA using the Amaxa 96-well Shuttle Device (Lonza) and
program 96-DT-133 according to the manufacturer’s instructions. Cells were then seeded with a density
of 3x 10° cells/mL into a 24-well flat bottom plate (Greiner). One day after transfection the volume of the
medium was doubled by addition of fresh medium. Two days after transfection total RNA was extracted
using the RNeasy Plus Mini Kit (Qiagen) and mRNA levels of target genes ATF6B, CERS2 and
TBC1D20 were determined by qPCR as described below. Supernatants were collected at day 1-4 post
transfection and stored at -20 °C until antibody measurement by ELISA. Negative control cells were
transfected with water instead of siRNA (mock control) or with a non-targeting negative control pool (NT
siRNA) having the following sequences: UGGUUUACAUGUCGACUAA, UGGUUUACAUGUUGUGUGA,
UGGUUUACAUGUUUUCUGA and, UGGUUUACAUGUUUUCCUA (SEQ ID NOs: 38-41, respectively)
(Dharmacon, #D-001810-10).

ATF6B, CERS2, TBC1D20, GRP78, CHOP and Herpud1 RNA expression measurement by qPCR
analysis
Total RNA of 2x10° to 2x10° cells was extracted using the RNeasy Plus Mini Kit (Qiagen). cDNA was

generated with 100 ng RNA using the Quantitect Reverse Transcription Kit (Qiagen) according to the

manufacturer’s instructions. qPCR was performed with the DyNAmo ColorFlash SYBR Green qPCR Kit
(Thermo Scientific) in a white 96-well PCR plate (Biorad) using a Cfx96 device (Biorad). Beta actin was
used as reference gene. Calculation was done with the single threshold method and AACq values were

calculated (Bio-rad CFX manager software 2.1).
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Table 4:

Primers used in gPCR analysis

Forward primer (5'-3)

PCT/EP2017/053043

Reverse primer (5'-3))

AtfGb GAGCAGGATGTCCCGTTTGA AGCTCAGGGAGGAGGAAGAG
(SEQ ID NO: 42) (SEQ ID NO: 43)

Tbe1D20  |CCCTGAACAGTGATCCCACC ATCCTTCCTTGACACAGGCG
(SEQ ID NO: 44) (SEQ ID NO: 45)

Cerso CCCATACAGAGCATCGTCCC GGCAAACCAGGAGAAGCTGA
(SEQ ID NO: 46) (SEQ ID NO: 47)

CHOP GACCCTGTTTCTTTCCCTTCAG GGACTGGGTTCTGCTTTCAGG
(SEQ ID NO: 48) (SEQ ID NO: 49)

GRP78 ACCACCTATTCCTGCGTTGG AGACCGTGTTCTCGGGATTG
(SEQ ID NO: 50) (SEQ ID NO: 51)

Herpud1 GAAGAGTCCCAACCAGCGTC ATGTCGCTTTTCCTGCTTTGG
(SEQ ID NO: 52) (SEQ ID NO: 53)

Determination of recombinant antibody concentration

To assess recombinant antibody production in transfected cells, supernatants were collected from cell
cultures at the given time points. The product concentration was then analyzed by enzyme linked
immunosorbent assay (ELISA). First, high binding 96-well microplates (Greiner) were coated with an
antibody against the human IgG Fc fragment (Jackson Immuno Research Laboratories) in a 1:480
dilution at 4 °C ovemight. After washing three times with 0.15 % Tween 20 in PBS (pH 7.4) the plates
were incubated with blocking buffer (1 % BSA in PBS, pH 7.4) for one hour at room temperature,
followed by three washing steps. Supernatants were diluted to an appropriate concentration in the range
of the standard curve (1-50 ng/uL or 1-100 ng/ul) in dilution buffer (0.5 % BSA, 0.01 % Tween 80 in
PBS, pH 7.4). As a standard, mAb1 antibody was used in a serial dilution from 0-100 ng/pL. Diluted
samples and standards were incubated for 1.5 hours at room temperature. After repeated washing, the
samples were incubated with a HRP-conjugated antibody against the human kappa light chain (Sigma)
in a 1:5000 dilution for one hour at room temperature, followed by three washing steps. The substrate p-
nitrophenylphosphate (Sigma Aldrich) was freshly prepared in a concentration of 1 mg/mL with 0.1 M
glycine, 1 mM ZnCl, and 1 mM MgCl, (pH 10.4) and incubated for 20 minutes in the dark. The reaction
was stopped by addition of 3 M NaOH and absorption at 405 nm and at a reference wavelength of 492

nm was measured using the Infinite M200 Pro multimode reader (Tecan).

Stable overexpression of microRNAs miR-1287 and miR-1978

The BLOCK-iT™ Pol II miR RNAi expression vector kit (pcDNAB.2-GW/emGFP-miRNA expression

system kit) was used for stably expressing miRNAs. DNA oligonucleotides encoding two copies of a
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specific microRNA were cloned as short hairpins into the mammalian expression vector pcDNA6.2. For
that purpose, DNA oligonucleotides encoding the respective miRNAs were designed as described in the
manual. In brief, the mature miRNA sequence was embedded in a given sequence including an
optimized hairpin loop sequence and 3’ and 5’ flanking regions derived from the murine miRNA mir-155
(Lagos-Quintana et al., 2002). The flanking regions were present on the vector and a DNA
oligonucleotide was designed, which encodes the miRNA sequence, the mentioned loop and the
antisense sequence of the respective mature miRNA with a 2 nucleotide depletion to generate an
internal loop in the hairpin stem. Furthermore, overhangs were added for cloning at both ends. Hairpin
structure may be analyzed using the online tool mfold (M. Zuker. Mfold web server for nucleic acid
folding and hybridization prediction. Nucleic Acids Res.31 (13), 3406-3415, 2003). DNA strands were
annealed and ligated into the 3-UTR of emerald GFP reporter protein gene as described by the
manufacturer. The oligonucleotide sequences used for cloning of miRNAs into the vector backbone were

as follows:
hsa-miR-1287 oligonucleotide forward:

TGCTGTGCTGGATCAGTGGTTCGAGTCGTTTTGGCCACTGACTGACGACTCGAACCACATCCAGCA
(SEQ ID NO: 28)

hsa-miR-1287 oligonucleotide reverse:

CCTGTGCTGGATGTGGTTCGAGTCGTCAGTCAGTGGCCAAAACGACTCGAACCACTGATCCAGCAC
(SEQ ID NO: 29)

hsa-miR-1978 oligonucleotide forward:
TGCTGGGTTTGGTCCTAGCCTTTCTAGTTTTGGCCACTGACTGACTAGAAAGGCTAACCAAACC
(SEQ ID NO: 30)

hsa-miR-1978 oligonucleotide reverse:
CCTGGGTTTGGTTAGCCTTTCTAGTCAGTCAGTGGCCAAAACTAGAAAGGCTAGGACCAAACCC
(SEQ ID NO: 31)

A vector containing more than one miRNA was generated applying the chaining technique. For one
mMiRNA with two copies, two copies of specific microRNAs (e. g. hsa-miR1287 or miR-1978 indicated by
pcDNAGB.2-GW/emGFP-miR1287-miR1287 or pcDNAG6.2-GW/emGFP- miR1978- miR1978) were cloned
as DNA oligonucleotides encoding said miRNAs as short hairpins into the mammalian expression vector
pcDNAG6.2-GW/emGFP-miRNA (BLOCK-iTT'VI Pol 1l miR RNAI expression vector kit, K4936-00 from life
technologies) as described by the manufactuer. In brief, the miRNA cassette was excised with the
enzymes BamH| and Xhol. The vector containing already one miRNA was opened with the enzymes
Bglll and Xhol. DNA was mixed with orange loading buffer and was separated in a 1 % agarose gel
prepared with TAE buffer, bands were visualized with ethidium bromide and bands of appropriate size
were excised from the gel. Size was verified with DNA ladder. DNA was eluted with the gel extraction kit.

DNA insert was ligated into the vector using T4 DNA ligase according to manufacturer’s instructions.
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Subsequently, competent E.coli were transformed with the DNA and plated on agar plates containing
spectinomycin. Colonies were picked and DNA was extracted with a DNA purification kit, checked by

control digest with BamHI and Bglll first, followed by sequencing.

For generation of stable cell pools CHO-mAb1 were transfected with Lipofectamine 2000 and Plus
reagent (Invitrogen) using an optimized protocol with pcDNAS.2-GW/emGFP-miR-1287-1287 or
pcDNAG.2-GW/emGFP-mi-1978-1978 as described by the manufacturer and cells were selected with 10
pg/mL blasticidin S (Life Technologies) and enriched for GFP positive cells by FACS (FACS Diva). As a
control vector a negative control miRNA expressing vector (pcDNAB.2-GW/emGFP-neg. control miRNA,
provided by the kit) expressing GFP was stably transfected as described. The negative control miRNA
has the following sequence: GAAAUGUACUGCGCGUGGAGAC (SEQ ID NO: 34)

Stable shRNA-mediated knockdown of ATF6B, CERS2 and TBC1D20

The BLOCK-iT™ Pol II miR RNAi expression vector kit (pcDNAB.2-GW/emGFP-miRNA expression
system kit) was used for stably expressing shRNAs. DNA oligonucleotides encoding specific ShRNAs
were cloned as short hairpins into the mammalian expression vector pcDNAG6.2. For that purpose, DNA
oligonucleotides encoding the respective shRNAs were designed and cloned into the integrating vector,
as described above for the cloning of miRNAs. The oligonucleotide sequences used for cloning of
shRNAs into the vector backbone were as follows, wherein the underline indicates the antisense target
site and its complementary sequence with a deletion of two nucleotides, respectively, connected with a

loop sequences:
shTBC1D20#1 oligonucleotide forward:

TGCTGAATCCTTGCTCAACTGTCGAAGTTTTGGCCACTGACTGACTTCGACAGGAGCAAGGATT
(SEQ ID NO: 16)

shTBC1D20#1 oligonucleotide reverse:

CCTGAATCCTTGCTCCTGTCGAAGTCAGTCAGTGGCCAAAACTTCGACAGTTGAGCAAGGATTC
(SEQ ID NO: 17)

shCERS2#1 oligonucleotide forward:

TGCTGITAAGTTCACAGGCAGCCATAGTTTTGGCCACTGACTGACTATGGCTGTGTGAACTTAA
(SEQ ID NO: 18)

shCERS2#1 oligonucleotide reverse:

CCTGTTAAGTTCACACAGCCATAGTCAGTCAGTGGCCAAAACTATGGCTGCCTGTGAACTTAAC
(SEQ ID NO: 19)

shCERS2#2 oligonucleotide forward:

47



10

15

20

25

30

WO 2017/157593 PCT/EP2017/053043

TGCTGIGATGTAGAGGTCTGAGGCTTGTTTTGGCCACTGACTGACAAGCCTCACCTCTACATCA
(SEQ ID NO: 20)

shCERS2#2 oligonucleotide reverse:

CCTGTGATGTAGAGGTGAGGCTTGTCAGTCAGTGGCCAAAACAAGCCTCAGACCTCTACATCAC
(SEQ ID NO: 21)

shATF6B#1 oligonucleotide forward:

TGCTGICCATCTTCACACTGAGGACCGTTTTGGCCACTGACTGACGGTCCTCAGTGAAGATGGA
(SEQ ID NO: 22)

shATF6B#1 oligonucleotide reverse:

CCTGTCCATCTTCACTGAGGACCGTCAGTCAGTGGCCAAAACGGTCCTCAGTGTGAAGATGGAC
(SEQ ID NO: 23)

shATF6B#2 oligonucleotide forward:
TGCTGITCACTTCCAGAACCTCCTCTGTTTTGGCCACTGACTGACAGAGGAGGCTGGAAGTGAA

(SEQ ID NO: 35)
shATF6B#2 oligonucleotide reverse:

CCTGITCACTTCCAGCCTCCTCTGTCAGTCAGTGGCCAAAACAGAGGAGGTTCTGGAAGTGAAC

(SEQ ID NO: 36)

As a control vector a negative control miRNA (SEQ ID NO: 34) expressing vector (pcDNAG.2-
GW/emGFP-neg. control miRNA, provided by the kit) expressing GFP was stably transfected as

described.

A vector containing more than one shRNA (pcDNA6.2-GW/emGFP-shTbc1D20-shCerS2#1 and
pcDNAG.2-GW/emGFP-shCerS2#2-shTbc1D20) was generated applying the chaining technique as

described above.

For generation of stable cell pools CHO-mAb2 cells were transfected one day after subcultivation via
nucleofection with the Cell Line Nucleofector Kit V (Lonza) according to the manufacturer’s instructions.
In brief, 5x 10° cells/sample were resuspended in 100 yL Solution V (Lonza) containing 5 pug plasmid
DNA and nucleofected in a cuvette using the Cell Line Nucleofector Device (Lonza) and program H14.
Cells were then seeded with 5 mL prewarmed chemically defined, serum-free medium without antibiotics
into a T25-flask. 72 hours after transfection the medium was changed to chemically defined, serum-free
medium containing 1 pg/mL blasticidin S (Life Technologies) for selection. 14 days after transfection
cells were enriched for GFP positive cells by FACS (BD FACS Aria lll). Efficient knockdown of ATF6B,
CERS2 and TBC1D20 was monitored by gPCR as described before and cells were analyzed by flow

cytometry (Miltenyi MacsQuant) for GFP expression after 42 days in culture.
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Knockout of ATF6B, CERS2 and TBC1D20

To generate knockout cells depleted of ATF6B, CERS2 or TBC1D20, the CRISPR/Cas9 technology was
applied. For gRNA design, target sites in the genomic loci of interest selected upstream of protospacer
adjacent motifs (PAM) in the first exons present in all transcript variants of the respective genes. For
each target gene three gRNA sequences were designed and cloned into the GeneArt® CRISPR
Nuclease Vector with OFP Reporter (Life Technologies) containing a Cas9 nuclease and OFP
expression cassette driven by a CMV promoter and a guide RNA (gRNA) cloning cassette. The guide
RNA (consisting of a crRNA specific for the target site and a trans activating RNA) expression is driven
by a U6 pallll type promoter. Subsequently, competent E.coli were transformed with the DNA and plated
on agar plates containing Ampicillin. Colonies were picked and DNA was extracted with a DNA
purification kit and integrity of the plasmid was analyzed by sequencing. For generation of stable cells,
CHO-mAb2 cells were transfected one day after subcultivation via nucleofection with the Cell Line
Nucleofector Kit V (Lonza) as described before. Cleavage efficiency was detected using the GeneART®
Genomic Cleavage Detection Kit (Life Technologies) according to the manufacturer’'s instructions. To
generate stable cell clones CHO-mAb2 cells were transfected with the described gRNA and Cas9
containing vector and a CMV promoter driven puromycin or alternatively fluorescence marker gene
embedded in flanking regions complementary to genomic regions flanking the target site of interest.
Efficient target site cleavage followed by homology directed repair (HDR) based integration of the
selection marker gene allows for antibiotic selection and FACS sorting, respectively. Cells with knockout
in the ATF6B, CERS2 or TBC1D20 gene were thereby selected and cultured in chemically defined,

serum-free medium (Boehringer Ingelheim).

Antibody Purification

The antibody was purified from cell-free cell culture supernatant using RoboColumns (Atoll) filled with
MabSelect resin (GE Healthcare) run on a pipetting robot. The low pH used for elution was neutralized to
pH 55 with 1 M TRIS to prevent for antibody denaturation. As amino groups interfere with the
glycosylation analysis, the buffer was exchanged by ultrafiltration using 10 kDa MWCQO PES Vivaspin
500 filter units (Sartorius) to pure water. The final protein concentration was determined using a

NanoDrop 2000c photospectrometer (Thermo Scientific).

Analysis of the glycosylation pattern

To elucidate the structure and composition of the Fc-glycosylation of IgGs produced in the shRNA

expressing CHO-mAD2 cell pools described in Examples 10 and 11, the glycans were released from the

purified antibody after reduction by enzymatic digestion with PNGase F. The composition of the Fc-

glycosylation of the IgG antibody was analyzed after PNGaseF release and fluorescent labelling using

microchip-based capillary electrophoresis (CE) with the ProfilerPro Glycan Profiling system on a
49



10

15

20

25

30

35

WO 2017/157593 PCT/EP2017/053043

LabChip GXII instrument (PerkinElmer) according to the manufacturer's protocol. Electropherograms
were analyzed by the LabChip GX software to identify and quantify the individual sugar structures. The
percentage of the glycol-fooms was calculated from the chromatographic peak areas. All values were

normalized to 100 % total sugar structures per sample.

EXAMPLES
Example 1: Transcriptome profiling by next generation sequencing (NGS)

CHO cells are commonly used for the production of therapeutic proteins. Genetic engineering
approaches have attempted to optimize the productivity of these cells by expressing specific cDNAs.
Naturally existing non-coding RNAs regulate cell fate by modulating the expression of a whole set of
target proteins, which may possibly result in a super-secretory phenotype when over-expressed in CHO
producer cells. To exploit the power of non-coding RNAs and to identify those that positively affect
secretion of a heterologous therapeutic protein, CHO-mAb1 cells were transfected with a library of
human microRNAs. Based on this genome-wide functional microRNA (miRNA) screen to identify
mMiRNAs that enhance the antibody productivity of CHO-mAb1 cells, the two miRNA screen hits miR-
1287 (SEQ ID NO: 32) and miR-1978 (SEQ ID NO: 33) with strong effects on antibody production and
specific productivity were chosen for further analysis (Figure 1). To identify direct miRNA target genes
responsible for the positive effects on CHO cell productivity, CHO-mAb1 cells were transiently
transfected with each of the two miRNAs. Cells were transfected via nucleofection one day after
subcultivation (4x1 0° cells/sample) in 96-well Nucleofector Kit SG (Lonza) as described above. Cells
were then seeded with a density of 3 x 10° cells/mL into a 24-well plates (Greiner). 12 hours after
transfection cells were analyzed by transcriptome profiling using next generation sequencing (NGS) as

described above.

Genes that were significantly downregulated with a | I092| of their expression fold change > 1
(expression more than 2 fold in untransfected cells) were defined as hits. Candidate miRNA target genes
were then selected for further analysis with reference to existing knowledge about relevant pathways.
ATF6B was chosen as target gene of miR-1287 with the assumption that its downregulation triggers the
unfolded protein response (UPR). Both, CERS2 and TBC1D20 were chosen as target genes of miR-
1978 being involved in the regulation of vesicular and non-vesicular protein secretion, respectively. Their
effects on antibody production and specific productivity were first assessed by siRNA-mediated gene
knockdown. Recapitulating the positive effects on specific productivity in the transient approach, long-
term depletion of the target genes was obtained by shRNAs. Names and sequences of the siRNAs and
shRNAs are listed in Figure 1B.
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Example 2: Selected NGS hits are validated by gPCR analysis

To validate the NGS hits ATF6B and CERS2/TBC1D20 as direct target genes of the miRNAs miR-1287
and miR-1978, respectively, their expression level was analyzed by qPCR. CHO-mAb1 cells were
transfected with each of the two microRNAs as described above. One day after transfection, RNA was
extracted to measure levels of MRNA of ATF6B, CERS2 or TBC1D20 by gPCR analysis (Figure 2A and
B) as described above. Relative expression was calculated by normalizing to the reference gene beta
actin. Additionally, changes in the expression level of the genes of interest were analyzed by gPCR in
CHO-mADb1 cells stably overexpressing the respective miRNAs. These cell pools were generated by
transfecting CHO-mADb1 cells with a GFP-containing expression vector further encoding miR-1287 or
mMiR-1978 (pcDNA6.2-GW/emGFP-miR-1287-1287 and pcDNA6.2-GW/emGFP-miR-1978-1978) (Figure
2C and D). Both, CHO-mAb1 cells transiently and stably expressing miR-1287 showed a reduced
expression level of ATF6B, indicating a direct targeting by the miRNA. CHO-mAb1 cells expressing miR-
1978 transiently as well as cell pools with stable miR-1978 overexpression showed decreased mRNA
levels of CERS2 and TBC1D20. Thus, all the three NGS hits were validated as direct target genes of the

respective miRNAs.

Example 3: Effective siRNA mediated knockdown of ATF6B, CERS2 and TBC1D20

Expression of miR-1287 and miR-1978 strongly improved the specific productivity of a recombinant
antibody expressing CHO cell line (CHO-mADb1). To investigate if the depletion of the validated miR-
1287 target gene ATF6B and the validated miR-1978 targets CERS2 and TBC1D20 also positively
affects the specific productivity of recombinant antibody producing CHO cells, CHO-mAb1 cells were
transfected with siRNAs specific for the respective target mMRNAs. Three independent siRNAs were used
for downregulation of ATF6B and two siRNAs for CERS2 and TBC1D20, respectively. One day after
transfection RNA was extracted and mRNA levels of ATF6B, CERS2 and TBC1D20 were quantified by
gPCR analysis. Relative expression was calculated by normalizing to the reference gene beta actin
(Figure 3). CHO-mAD1 cells transiently transfected with siRNAs specific for ATF6B had strongly reduced
levels of ATF6B mRNA compared to untransfected control cells (and compared to cells transfected with
non-targeting control siRNA in a separate experiment, data not shown). The knockdown efficiency was
similar for all three independent siRNAs. Transient transfection of CHO-mADb1 cells with siRNA specific
for CERS2 and siRNA specific for TBC1D20 in combination resulted in reduced expression of CERS2
and TBC1D20 in comparison to untransfected control cells (and compared to cells transfected with non-
targeting control siRNA in a separate experiment, data not shown). Thus, all the siRNAs for ATF6B and

for CERS2 as well as for TBC1D20 induced an effective knockdown of the respective target genes.
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Example 4: siRNA-mediated knockdown of ATF6B increases the specific productivity of CHO-mAb1

cells

To investigate if the knockdown of ATf6B improves the specific productivity of CHO-mAb1 cells stably
expressing the mAb1 antibody cells were transfected with three independent siRNAs specific for ATF6B
(siAtfeb#1 (SEQ ID NO: 9), siAtfeb#2 (SEQ ID NO: 10) and siAtféb#3 (SEQ ID NO: 11)). The cells were
cultivated for four days in a total volume of 1 mL (24 well format) with triplicate samples. Antibody
concentrations in the supernatant of the transfected cells were determined on day 3 and 4 post
transfection by ELISA as described above. In addition, cell density and viability were determined each
day as described above, enabling the calculation of the specific productivity. Knockdown of ATF6B
resulted in an improved specific productivity at day 4 (Figure 4), compared to untransfected control cells
(and compared to cells transfected with non-targeting control siRNA in a separate experiment, data not

shown).

Example 5: Combined siRNA-mediated knockdown of CERS2 and TBC1D20 increases the specific
productivity of CHO-mAb1 cells up to 1.5-fold

To explore whether the knockdown of the two miR-1978 targets CERS2 and TBC1D20 has a positive
impact on the specific productivity of CHO-mAb1 cells, these cells were first transfected with specific
siRNAs for either CERS2 or TBC1D20 and in a second experiment cells were transfected with both
siRNAs together. The experiment was conducted as described in Example 4. Determination of the
specific productivity at day 3 and 4 revealed that a single knockdown of either CERS2 or TBC1D20 only
slightly improved the specific productivity whereas a combined knockdown of the two target genes

increased specific productivity up to 1.5 fold (Figure 5).

Example 6: Three independent siRNAs for ATF6B improve specific productivity of CHO-mADb2 cells

To explore whether the increased specific productivity was specific to mAb1-producing CHO cells or
could equally be seen in another IgG-producing CHO cell line, CHO-mAb2 cells were transiently
transfected with each of the three independent siRNAs specific for ATF6B, siAtféb#1 (SEQ ID NO: 9),
siAtf6b#2 (SEQ ID NO: 10), siAtf6b#3 (SEQ ID NO: 11). The experiment was conducted as described in
Example 4. Remarkably, all the three siRNAs increased the specific productivity at day 3 and 4 post
transfection 1.2-1.6 fold (Figure 6).

Example 7: Combined knockdown of CERS2 and TBC1D20 improves specific productivity of CHO-
mAb2 cells

Furthermore, we were interested if the combined knockdown of CERS2 and TBC1D20 also leads to an

increased specific productivity of CHO-mADb2 cells. The experiment was conducted as described in
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Example 4 using siRNA specific for TBC1D20, siTbc1D20#1 (SEQ ID NO:7) and siRNA specific for
CERS2, siCerS2#1 (SEQ ID NO: 8). Similar to CHO cells stably expressing the mAb1 antibody, specific
productivity was increased up to 1.5 fold compared to mock transfected control cells (Figure 7), providing
evidence that this improvement by transient downregulation of CERS2 and TBC1D20 is independent of

the cell clone, the medium and the antibody produced.

A similar increase in specific productivity was also observed for CHO-DG44 cells stably expressing

human serum albumin (data not shown).

Example 8: Analysis of sShRNA expression in CHO-mADb2 cells by flow cytometry

CHO-mADb2 cells were stably transfected with a plasmid encoding a GFP cassette plus a shRNA
sequence comprising a nucleotide sequence specifically targeting ATF6B (shAtféb#1; SEQ ID NO: 15)
or a combination of two individual shRNA sequences comprising sequences specifically targeting
CERS2 (shCerS2#1; SEQ ID NO: 13 and shCerS2#2; SEQ ID NO: 14) and TBC1D20 (shTbc1D20#1;
SEQ ID NO: 12) (pcDNAG.2-GW/emGFP-shAtf6b#1, pcDNAG.2-GW/emGFP-shTbc1D20#1-shCerS2#1
and pcDNAG.2-GW/emGFP-shCerS2#2-shTbc1D20#1). After selection with blasticidin S (the blasticidin
resistance gene is encoded by the pcDNA6.2-GW/emGFP vector) cells were sorted based on their GFP
fluorescence. Control cells were untransfected parental cells. To validate the expression of stably
transfected shRNAs, cells were analyzed by flow cytometry for GFP expression, which correlates with
shRNA expression, and GFP positive populations were detected for at least 42 days (Figure 8). This

shows that CHO cells are able to stably overexpress shRNAs for at least 6 weeks.

Example 9: Analysis of sShRNA expression in stably transfected IgG-producing CHO cells by quantitative
PCR

CHO-mADb2 cells were stably transfected with a plasmid encoding a GFP cassette plus a shRNA
sequence comprising a nucleotide sequence specifically targeting ATF6B or a combination of two
individual shRNA sequences comprising sequences specifically targeting CERS2 and TBC1D20
(pcDNAB.2-GW/emGFP-shAtf6b#1, pcDNAG.2-GW/emGFP-shTbc1D20#1-shCerS2#1 or pcDNAG.2-
GW/emGFP-shCerS2#2-shTbc1D20#1), as described above. After selection with blasticidin S (the
resistance gene is encoded on the pcDNAG.2-GW/emGFP vector) cells were sorted based on their GFP
fluorescence. Cell pools stably expressing the control vector (pcDNAB.2-GW/emGFP-neg. control) and
untransfected parental cells served as negative controls. To validate the expression of stably transfected
shRNAs, we isolated RNA from all cells and performed qPCR analysis of the ATF6B, CERS2 and
TBC1D20 mRNA level, respectively, as described above. Compared to control vector transfected cells
and parental cells the cells transfected with shRNA-encoding plasmids had reduced levels of mRNA of
ATF6B or reduced levels of mRNA of both CERS2 and TBC1D20 (Figure 9). This demonstrates that
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stable genomic integration of plasmid-encoded shRNAs leads to decreased levels of the respective

target gene in CHO cells.

Example 10: Fed-batch cultivation of CHO-mAb2 cells stably expressing a shRNA for ATF6B

CHO-mAb2 cells were stably transfected with expression vectors containing a shRNA sequence
comprising a nucleotide sequence specifically targeting ATF6B (pcDNAGS.2-GW/emGFP-shAtf6b#1) and
cells were sorted based on their GFP expression, as described above. One pool of cells expressing a
shRNA sequence targeting ATF6B and two independent pools of cells transfected with a negative
control vector were used during fed-batch cultivation. Cell density, viability and product formation (ug/ml)
was determined on days 3-6 by cell counting with trypan blue exclusion and ELISA analysis,
respectively, as described above. Specific productivity was calculated. Interestingly, cells expressing a
shRNA specific for ATF6B showed improved antibody titer, improved specific productivity and an
increased viable cell density compared to the cells transfected with a negative control vector (Figure 10).
Further, cell viability was unaltered (data not shown). This proves that stable pools of CHO cells
depleted of ATF6B have an increased production capacity during fed-batch cultivation without

compromising viable cell density and viability.

Example 11: Fed-batch cultivation of CHO-mADb2 cells stably expressing a combination of shRNAs
specific for CERS2 and TBC1D20

CHO-mAb2 cells were stably transfected with expression vectors containing shRNA sequences
comprising sequences specifically targetihg CERS2 and TBC1D20 (pcDNA6.2-GW/emGFP-
shTbc1D20#1-shCerS2#1 or pcDNAB.2-GW/emGFP-shCerS2#2-shThc1D20#1) and cells were sorted
based on their GFP expression, as described above. Two independent combinations of shRNAs
targeting the CERS2 and TBC1D20 mRNAs and two independent pools of cells transfected with a
negative control vector were used during fed-batch cultivation in two independent experiments. Cell
density, viability and product formation was determined on days 3-11 by cell counting with trypan blue
exclusion and ELISA analysis, respectively, as described above. Specific productivity was calculated.
Both cell pools expressing shRNAs against CERS2 and TBC1D20 showed improved antibody
expression and specific productivity compared to the cell pools transfected with the negative control
vector (Figure 11). This proves that stable pools of CHO cells depleted of both CERS2 and TBC1D20

have an increased titer and specific productivity capacity.

Example 12: Analysis of antibody glycosylation and antibody aggregate formation

To analyse product quality we first analysed the structure and composition of the Fc-glycosylation of
IgGs produced in the shRNA expressing CHO-mAb2 cell pools described in Examples 10 and 11 above.

The glycans were released from the purified antibody after reduction by enzymatic digestion with
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PNGase F. The composition of the Fc-glycosylation of the IgG antibody was analyzed after PNGaseF
release and fluorescent labelling using microchip-based capillary electrophoresis (CE) with the
ProfilerPro Glycan Profiling system on a LabChip GXII instrument (PerkinElmer) according to the
manufacturer’'s protocol. Electropherograms were analyzed by the LabChip GX software to identify and
quantify the individual sugar structures. The percentage of the glycol-forms was calculated from the
chromatographic peak areas. All values were normalized to 100 % total sugar structures per sample.
The results in Figure 12 show that the depletion of ATF6B (Figure 12A), CERS2 and TBC1D20 (Figure
12B) did not affect glycosylation of the mAb2 antibody. In addition to antibodies purified from cells
expressing shAtf6b#1, no change in antibody glycosylation was observed in antibodies purified from

cells expressing shAtf6b#2 (data not shown).

To further prove that product quality was maintained, the formation of aggregates was analyzed by
HPLC at the end of the fed-batch run. CHO-mAb2 cells, stably expressing shAtf6b#1 or shAtf6b#2
(pcDNAB.2-GW/emGFP-shAtf6b#1 or pcDNAG6.2-GW/emGFP-shAtf6b#2) or a negative control
sequence were cultivated under fed-batch conditions for 7 days. The secreted antibody was purified
from the supernatants and analyzed by HPLC. Figure 12C shows that the antibody preparations from the
different cells (shAtféb#1 or shAtf6b#2 expressing cells as well as the negative controls) were very

similar, with a proportion of aggregates of less than 1.5 %.

A second pool of cells, stably expressing shTbc1D20-shCerS2#1 (pcDNA6.2-GW/emGFP-
shTbc1D20#1-shCerS2#1) and shCerS#2-shTbc1D20 (pcDNAG.2-GW/emGFP-shCerS2#2-
shTbc1D20#1) or a negative control sequence were cultivated under fed-batch conditions for 11 days.
The secreted antibody was purified from the supernatant and analyzed by HPLC. Figure 12D shows that
the antibody preparations from the different cells (shTbc1D20-shCerS2#1 or shCerS#2-shTbc1D20
expressing cells as well as the negative controls) were very similar, with a proportion of aggregates of

less than 1.5 %.

Example 13: Expression of Glucose regulated protein 78 (GRP78/BiP), CHOP and the ER-associated
degradation (ERAD) component HERPUD1 is increased in ATF6B knockdown

As ATF6 acts as a transcription factor during ER stress, we explored whether ATF6B knockdown
resulted in any changes of UPR-related genes. The mRNA level of three bona fide UPR markers —
glucose regulated protein 78 (GRP78), homocysteine inducible ER protein with ubiquitin-like domain 1
(Herpud1) and CCAAT-enhancer-binding protein homologous protein (CHOP or DDIT3, NCBI Reference
Sequence XM_007648092.1) were analyzed — after treatment with the ER stress inducing reagent
Tunicamyin (TM).

Stably transfected cells were produced as described in Example 8. In brief CHO-mAb2 cells were stably
transfected with a plasmid encoding a GFP cassette plus a shRNA sequence comprising a nucleotide
sequence specifically targeting ATF6B (pcDNAG.2-GW/emGFP-shAtf6b#1 or pcDNA6.2-GW/emGFP-
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shAtféb#2) encoding shAtf6b#1  comprising the sequence of SEQ ID NO: 15
(UCCAUCUUCACACUGAGGACC) and shAtf6b#2 comprising the sequence of SEQ ID NO: 37
(UUCACUUCCAGAACCUCCUCU). Cell pools stably expressing the control vector (pcDNAG.2-
GW/emGFP-neg. control) served as negative controls. To validate the expression of stably transfected
shRNAs, RNA was isolated and qPCR analysis of the ATF6B mRNA level was performed, as described
above. Cells transfected with shRNA-encoding plasmids had reduced levels of ATF6B mRNA compared
to negative control (Figure 13A). This again demonstrates that stable genomic integration of plasmid-
encoded shRNAs targeting ATF6B leads to decreased expression of the respective target gene in CHO

cells.

To investigate whether expression of downstream UPR-related genes are affected CHO-mADb2 cells
expressing negative control sequences or shRNAs specific for ATF6B were treated with or without
tunicamycin (TM). The mRNA levels of GRP78, Herpud1 and CHOP in untreated cells and TM treated
cells were quantified by gPCR (Figure 13B). Expression of both GRP78 and Herpud1 was significantly
enhanced in cells stably transfected with the shRNAs specific for ATF6B compared to cell pools
expressing the negative control construct (black bars), whereas CHOP expression was only slightly
enhanced. These results indicate that the knockdown of the transcription factor ATF6B triggers the UPR

at the transcriptional level.

We further analysed whether expression of downstream UPR-related genes are also affected in a fed-
batch culture. The CHO-mAb2 cells stably expressing ATF6B-specific ShRNAs or the negative control
construct were cultivated in shake flasks with daily feeding. On day 5 mRNA levels of the UPR-related
genes GRP78/BiP, CHOP and Herpud1 were analysed. In accordance with the results obtained in seed
stock cultures, mRNA levels of the UPR-related genes GRP78/BiP and Herpud1 were elevated in
shATF6B expressing cells when compared to control cells (Figure 13C). Further, shAtféb#1 and
shAtf6b#2 transfected cells showed an increased antibody concentration in the supernatant (1.36-fold)
and increased viable cell density at day 7 compared to negative control (data not shown), while the

viability was unchanged until day 7 and the glycosylation pattern was unaltered (data not shown).

Example 14: TBC1D20 knockdown enhances Rab1 activity and CERS2 knockdown alters the ceramide

composition in recombinant CHO cells.

TBC1D20 is a GTPase activating protein (GAP) for the small GTPase Rab1. We therefore investigated
whether TBC1D20 knockdown in CHO-mAD2 cells results in enhanced levels of active Rab1 using a

GST pull down assay.
Cloning of p115-GST expression construct

To generate a p115-GST fusion protein, p115 (derived from pEGFP-N2-p115 as described in Brandon et
al. 2006; Mol. Biol. Cell., 17(7): 2996-3008) was subcloned into the vector pGex-6P-1 (GE Healthcare)
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using Kpnl with BamHI and Sall with Notl, respectively. The integrity of the construct was verified by

Sanger sequencing (GATC Biotech AG).

Protein expression and extraction

The p115-GST fusion protein was expressed in Escherichia coli, followed by protein extraction. Briefly,
transformants were selected in Luria Broth (LB) medium with 100 pg/mL ampicillin and expression was
stimulated by adding 0.3 mM Isopropyl-B-D-thiogalactopyranosid (IPTG), when the culture reached an
OD600 of 0.8-1.0. Bacteria were harvested by centrifugation and the pellet was frozen on dry ice for 30
minutes. The pellet was resuspended in lysis buffer (50 mM Tris-HCl at pH 7.5, 1 mM EDTA, 1 mM DTT
and complete protease inhibitor (Roche)) and 0.1 pg/mL lysozyme was added. After incubation for 30
minutes on ice with gentle shaking, 5 mM MgCI2 and 20 ng/mL DNAse were added for further 30
minutes on ice, followed by centrifugation at 3000 g for 30 minutes. The protein extraction supernatant
was then incubated with 1 mL 50 % glutathione beads (GE Healthcare) (1 h, 4 °C). Beads were pelleted
(5 min at 500 g, 4 °C), washed three times with 4 ml washing buffer (lysis buffer plus 100 mM NacCl),
resuspended in 4 mL resuspension buffer (washing buffer without EDTA), pelleted (5 min at 500 g, 4
°C), washed once more and finally resuspended in 0.5 mL of resuspension buffer resulting in 1 mL of a
50 % slurry of GST-p115-beads.

GST pull down assay

CHO-IgG cells were transfected with siTbc1D20, siCerS2 and siTbc1D20 in combination or NT control
via nucleofection. 72 hours after transfection, 1 x 10° cells were lysed in 1 mL homogenization buffer (10
mM HEPES pH 7,4, 150 mM NaCl, 5 mM MgCl,, 1 % Triton-X-100, 1mM DTT, 5 % glycerol,
phosphatase inhibitor cocktail and complete protease inhibitor cocktail (Roche)) and incubated for 10
minutes on ice. Each lysate was mixed with 25 pL of 50% GST-p115-beads and incubated for 1 hour at
4 °C with gentle shaking. Beads were pelleted and washed three times with homogenization buffer.
Beads were resuspended in 20 L homogenization buffer with 10 pL gel loading buffer, incubated at 95
°C for 5 minutes, vortexed briefly and pelleted. Proteins were separated on a 12 % acrylamide gel,
transferred to nitrocellulose membranes and detected with an anti-Rab1 antibody (antibodies —
online.com). The fusion protein was detected with an anti-GST antibody (GE Healthcare). Aliquots of the
cell lysates (input) were also analyzed by immunoblotting using an anti-actin antibody (Sigma-Aldrich) to

confirm that equal protein amounts had been subjected to the pulldown assays

Three days post transfection active Rab1 was extracted from cell homogenates using the pull-down
assay with the p115-GST fusion protein, making use of its binding affinity to the Rab1 effector protein
p115 fused to GST. CHO-mMADb2 cells transfected with siTbc1D20 alone or in combination with siCerS2
showed enhanced amounts of active Rab1 (Figure 14 A). Quantification using Image J software
confirmed that Rab1 activity was increased 2-fold in cells transfected with siTbc1D20 alone or in
combination with siCerS2 (Figure 14B). Knockdown control (QPCR) at day 2 post transfection revealed a

reduction of Tbc1D20 mRNA by 50% in cells transfected with siTbc1D20 alone or in combination with
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siCerS2 (Figure 14C). These findings confirm that the knockdown of the Rab1 GAP TBC1D20 amplified
Rab1 activity in CHO-mADb2 cells.

We further analysed ceramide composition in cells transfected with siCerS2 alone or in combination with
siTbc1D20. Ceramide synthesis at the ER and its subsequent transport to the Golgi complex are
essential steps in the secretory pathway. CERS2 is one of the six ceramide synthase isoforms
expressed in mammalian cells. Each isoform uses a restricted subset of fatty acyl-CoAs as substrates
for the ceramide synthesis. CERS2 preferentially generates very long chain ceramides, particularly C22
and C24-ceramides. Because of its crucial role in the secretory pathway, it is conceivable that an altered

ceramide composition of ER membranes could affect sorting and trafficking of cargo proteins.

To investigate whether the ceramide composition is altered in CERS2 knockdown cells, CHO-mADb2 cells
were transfected with siCerS2#1 (SEQ ID NO: 8) alone, in combination with Tbc1D20#1 (SEQ ID NO: 7)
or with a non-targeting siRNA pool (siRNA NT-control, SEQ ID NOs: 38 to 41) as a control and analysed

using a fluorescent ceramide synthase activity assay.

Fluorescent Ceramide Synthase activity assay

At day 3 post nucleofection, 1.5 x 10° cells were pelleted, resuspended in 1 mL lysis buffer (20 mM
HEPES at pH 7.4, 25 mMKCI, 2 mM MgCl,, 250 mM Sucrose and Complete protease inhibitor cocktail
(Roche)) and mechanically lysed using a 26G needle (Terumo). Protein concentration was determined
using the bicinchoninic acid (BCA) assay (BioRad). To measure ceramide synthase activity, a
fluorescent assay was conducted as described by Kim et al (Kim et al., 2012) with minor modifications.
Briefly, 50 ug homogenate protein was incubated in reaction buffer (20 mM Hepes, pH 7.4, 25 mM KCI,
2 mM MgCl,, 0.5 mM DTT, 0.1% (w/v) fatty acid-free BSA, 10 pM NBD-sphinganine, 50 uM fatty acid-
CoA and 250 mM Sucrose) with shaking at 35°C for 30 min (for C16-ceramide quantification) and 120
min (for C24-ceramide quantification). The reactions were stopped with 250 pL chloroform/methanol
(2:1), vortexed, centrifuged and the lower phase was transferred to a 5 mL glass tube. The upper
aqueous phase was reextracted as described and both organic phases were combined and dried under
a steam of nitrogen, followed by resuspension in 100 yL methanol. 2 x 2 pL of each reaction were
applied onto aluminum-backed Silica Gel 60 TLC plates and separated by chromatography
(chloroform/methanol/water, 8:1:0.1 v/v/v). Fluorescence of the products was detected using a Typhoon
Trio+ Scanner (GE Healthcare). The products C16-dihydroceramide and C24-dihydroceramide were
separated by thin layer chromatography and detected using a fluorescence scanner (Figure 14D). Band

intensity of C16- and C24-dihydroceramides was quantified using Image J software (Figure 14E).

In comparison to the control, the knockdown of CERS2 and the combined knockdown of CERS2 and
TBC1D20 resulted in a decreased level of C24-ceramide and an increased amount of C16-ceramide
(Figure 14D and E). Quantification revealed that the fraction of C24-ceramide was reduced on average
by 67.6% after knockdown of CERS2 and 68.8% after combined knockdown of CERS2 and TBC1D20.

C16-ceramide was increased by 73.0% in cells transfected with siCerS2 and 19.1% in cells transfected
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with siCerS2 and siTbc1D20. Since the reduction of C24-ceramide was apparently stronger than the
enhancement of C16-ceramide, it is possible that further LC ceramides (for example C14- or C18-
ceramide) are additionally affected. The efficiency of siRNA-mediated knockdown was confirmed by
gPCR as described above (Figure14F). Thus, the knockdown of CERS2 results in an altered ceramide

composition with an increased ratio of C16-ceramide to C24-ceramide.

Example 15: Stable knockdown of CERS2 alters the ceramide composition in recombinant CHO cells.

CHO-mAb2 cells were stably transfected with expression vectors containing shRNA sequences
comprising sequences specifically targeting CERS2 and TBC1D20 (pcDNA6.2-GW/emGFP-
shTbc1D20#1-shCerS2#1 or pcDNAB.2-GW/emGFP-shCerS2#2-shTbc1D20#1) as described in
Example 11. Cells were lysed one day after subcultivation and analysed for ceramide composition using

a fluorescent ceramide synthase activity assay as described in Example 14.

The double knockdown of CERS2 and TBC1D20 by both independent sShRNA combinations resulted in a
strong decrease of C24-ceramide compared to control cells (shTbc1D20#1-shCerS2#1: 51.7%,
shCerS2#2-shTbc1D20#1 52.1%). At the same time, the amount of C16-ceramide increased
dramatically by 97.7% (shTbc1D20#1-shCerS2#1) and 74.5% (shCerS2#2-shTbc1D20#1), confirming

the results obtained in the transient experiment (Figures 14D and E).

Example 16: CRISPR/Cas9-mediated knockout of ATF6B in CHO-mAD2 cells

So far, we could show that transient and stable knockdown of ATF6B in CHO-mAb2 cells enhanced
antibody secretion in comparison to non-transfected cells or cells transfected with a negative control
plasmid. To investigate whether the total depletion of ATF6B protein could further improve productivity,
knockout cells are generated by mutating the ATF6B gene to attain a premature stop of transcription and
thus prevent ATFEB protein formation. Applying the CRISPR/Cas9 system, three independent gRNA
sequences targeting the ATF6B gene to generate CHO cell clones stably depleted of ATF6B are used.
Target sites are selected by identifying protospacer adjacent motifs (PAM) in the first two exons present
in both ATF6B transcript variants. Three guide RNAs are designed that each have 20 complementary
nucleotides to the sequence upstream of the PAM sites. Each gRNA is cloned into the GeneArt®
CRISPR Nuclease Vector with OFP Reporter (Life Technologies). The vector contains a CMV promoter
driven expression cassette for a Caspase 9 type 2 nuclease and an OFP gene and a further expression
cassette for the guide RNA that is driven by a U6 pollll type promoter. The vector is amplified in
competent E.coli and purified as described before. CHO-mAb2 cells are transfected one day after
subcultivation via nucleofection with the Cell Line Nucleofector Kit V (Lonza) as described before.
Cleavage efficiency is detected using the GeneART® Genomic Cleavage Detection Kit (Life
Technologies) according to the manufacturer’s instructions. To generate stable cell clones CHO-mAb2

cells are transfected with the described gRNA and Cas9 containing vector and, additionally, a single-
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stranded CMV promoter driven puromycin or alternatively a fluorescence marker gene. This selection
marker gene is embedded in flanking regions complementary to genomic regions flanking the target site
of interest. Only cells in which the genomic ATF6B target site is cleaved by the Cas9 nuclease followed
by integration of the selection marker gene by homology directed repair (HDR) bear the resistence or
fluorescence marker, respectively. Single cell clones are generated by FACS sorting for OFP positive
cells and subsequent cultivation in medium (Boehringer Ingelheim). Efficient depletion of ATF6B protein
is controlled, e.g., by PCR orby Western blotting using a specific anti-ATF6B antibody and efficient

mutation in the ATF6B gene is analyzed by sequencing the genomic loci of interest.

Example 17: CRISPR/Cas9-mediated knockout of CERS2 and TBC1D20 in combination in CHO-mAb2
cells

We could show before that transient and stable knockdown of CERS2 and TBC1D20 in CHO-mADb2 cells
enhanced antibody secretion in comparison to non-transfected cells or cells transfected with a negative
control plasmid. To investigate whether the total depletion of both CERS2 and TBC1D20 proteins could
further improve productivity, knockout cell lines are generated by mutating the CERS2 and TBC1D20
genes to attain a premature stop of transcription and thus prevent CERS2 and TBC1D20 protein
formation. Applying the CRISPR/Cas9 technology three independent gRNAs targeting CERS2 and three
independent gRNAs targeting TBC1D20 are used to mutate the respective genes. Target sites are
selected by identifying protospacer adjacent motifs (PAM) in the first two exons present in all six CERS2
transcript variants or two TBC1D20 transcript variants, respectively. Three guide RNAs are designed for
each gene that have 20 complementary nucleotides to the sequence upstream of the PAM sites. Each
gRNA is cloned into the GeneArt® CRISPR Nuclease Vector with OFP Reporter (Life Technologies) as
described above. CHO-mADb2 cells are transfected as described before and cleavage efficiency is
detected using the GeneART® Genomic Cleavage Detection Kit (Life Technologies) according to the
manufacturer’'s instructions. To generate stable cell clones CHO-mAb2 cells are transfected with the
described gRNA and Cas9 containing vector and, additionally, a single-stranded CMV promoter driven
puromycin or alternatively a fluorescence marker gene. This selection marker gene is embedded in
flanking regions complementary to genomic regions flanking the target site of interest. Only cells in
which the genomic CERS2 or TBC1D20 target site is cleaved by the Cas9 nuclease followed by
integration of the selection marker gene by homology directed repair (HDR) bear the resistance or
fluorescence marker, respectively. Single cell clones are generated by FACS sorting for OFP positive
cells and subsequent cultivation in medium (Boehringer Ingelheim). Efficient depletion of CERS2 or
TBC1D20 protein is controlled, e.g., by PCR or by Western blotting using a specific anti-CERS2 antibody
or anti-TBC1D20 antibody, respectively, and efficient mutation in the genome is analyzed by sequencing

the genomic loci of interest.
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The invention is encompassed by the following items:

1. Amammalian cell having enhanced secretion of a recombinant therapeutic protein comprising
(a) reduced expression of the host cell proteins TBC1 domain family member 20 (TBC1D20) and
ceramide synthase 2 (CERS2); or

(b) reduced expression of the host cell protein activating transcription factor 6 beta (ATF6B),
wherein the mammalian cell further comprises one or more expression cassette(s) encoding a

recombinant secreted therapeutic protein.

2. The mammalian cell of item 1, having reduced ATF6B protein expression and further comprising one

or more expression cassette(s) encoding a recombinant secreted therapeutic protein.

3. The mammalian cell of items 1 or 2, wherein the expression of the host cell proteins TBC1D20 and
CERS2, or of the host cell protein ATF6B, is reduced by at least 30%, at least 40%, at least 50%, at

least 75%, or 100%, compared to a control mammalian cell.

4. The mammalian cell of any one of items 1 to 3, wherein the secretion of the recombinant therapeutic
protein is enhanced by at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least

75%, at least 100% or at least 200%, compared to a control mammalian cell.
5. The mammalian cell of any one of the preceding items, wherein:

(a) the gene encoding the host cell protein comprises a genetic modification that inhibits expression of
said host cell protein, or

(b) the mammalian cell comprises a RNA oligonucleotide that inhibits expression of the gene encoding
said host cell protein by RNA-interference, and

wherein the protein expression of TBC1D20 and CERS2 or the protein expression of ATF6B in the
mammalian cell is reduced compared to the same mammalian cell not containing said genetic

modification(s) or RNA oligonucleotide(s).

6. The mammalian cell of item 5, wherein the RNA-interference is mediated by small hairpin RNA
(ShRNA) or short interfering RNA (siRNA).

7. The mammalian cell of item 6, wherein the mammalian cell has been transfected with one or more

expression vector(s) comprising a nucleotide sequence encoding said siRNA(s) or shRNA(s).

8. The mammalian cell of item 7, wherein the mammalian cell is stably transfected with one or more

expression vector(s) comprising a nucleotide sequence encoding said siRNA(s) or shRNA(s).

9. The mammalian cell of any one of items 6 to 8, wherein the siRNA is

(a) siTbc1D20#1 (SEQ ID NO: 7) or siCerS2#1 (SEQ ID NO: 8), or a combination thereof; or

(b) one or more of siAtféb#1 (SEQ ID NO: 9), siAtf6b#2 (SEQ ID NO: 10), and siAtféb#3 (SEQ ID NO:
11).
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10. The mammalian cell of any one of items 6 to 8, wherein the shRNA comprises

(a) shThc1D20#1 (SEQ ID NO: 12) or one or more of shCerS2#1 (SEQ ID NO: 13) and shCerS2#2
(SEQ ID NO: 14), or a combination thereof; or

(b) one or more of shAtf6b#1 (SEQ ID NO: 15) and shAtféb#2 (SEQ ID NO: 37), preferably shAtf6b#1
(SEQ ID NO: 15).

11. The mammalian cell of item 5, wherein the genetic modification in the gene(s) encoding the host cell
protein(s) TBC1D20, CERS2 or ATF6B is independently
(a) a gene deletion; or

(b) a mutation in the gene that inhibits expression of the host cell protein.
12. The mammalian cell of item 11, wherein the mutation is a deletion, addition or substitution.

13. The mammalian cell of item 12, wherein:
(a) the mutation is in the coding region of the gene; and/or

(b) the mutation is in the promoter or a regulatory region of the gene.

14. The mammalian cell of any one of the preceding items, wherein:

(a) the host cell protein TBC1D20 has sequence identity of at least 80% to the amino acid sequence of
SEQ ID NO: 4 and the host cell protein CERS2 has sequence identity of at least 80% to the amino acid
sequence of SEQ ID NO: 5; or

(b) the host cell protein ATF6B has sequence identity of at least 80% to the amino acid sequence of
SEQ ID NO: 6.

15. The mammalian cell of item 14, wherein

(a) the host cell protein TBC1D20 has the amino acid sequence of SEQ ID NO: 4 and the host cell
protein CERS2 has the amino acid sequence of SEQ ID NO: 5; or

(b) the host cell protein ATF6B has the amino acid sequence of SEQ ID NO: 6.

16. A mammalian cell having enhanced secretion of a recombinant therapeutic protein comprising

reduced expression of the host cell proteins TBC1D20 and CERS2.

17. The mammalian cell of item 16, further comprising one or more expression cassette(s) encoding a

recombinant secreted therapeutic protein.

18. The mammalian cell of items 17, wherein the secretion of the recombinant therapeutic protein is
enhanced by at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 75%, at least

100% or at least 200%, compared to a control mammalian cell.

19. The mammalian cell of items 16 to 18, wherein the expression of the host cell proteins TBC1D20 and
CERS?2 is reduced by at least 30%, at least 40%, at least 50%, at least 75%, or 100%, compared to a

control mammalian cell.
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20. The mammalian cell of any one of items 16 to 19, wherein:

(a) the gene encoding the host cell protein comprises a genetic modification that inhibits expression of
said host cell protein, or

(b) the mammalian cell comprises a RNA oligonucleotide that inhibits expression of the gene encoding
said host cell protein by RNA-interference, and

wherein the protein expression of TBC1D20 and CERSZ2 in the mammalian cell is reduced compared to

the same mammalian cell not containing said genetic modifications or RNA oligonucleotides.

21. The mammalian cell of item 20, wherein the RNA-interference is mediated by small hairpin RNA
(ShRNA) or short interfering RNA (siRNA).

22. The mammalian cell of item 21, wherein the mammalian cell has been transfected with one or more

expression vector(s) comprising a nucleotide sequence encoding said siRNA(s) or shRNA(s).

23. The mammalian cell of item 22, wherein the mammalian cell has been stably transfected with one or

more expression vector(s) comprising a nucleotide sequence encoding said siRNA(s) or shRNA(s).

24. The mammalian cell of any one of items 21 to 23, wherein the siRNA is siTbc1D20#1 (SEQ ID NO:
7) or siCerS2#1 (SEQ ID NO: 8), or a combination thereof.

25. The mammalian cell of any one of items 21 to 23, wherein the shRNA comprises shTbc1D20#1
(SEQ ID NO: 12) or one or more of shCerS2#1 (SEQ ID NO: 13) and shCerS2#2 (SEQ ID NO: 14), or a

combination thereof.

26. The mammalian cell of item 20, wherein the genetic modification in the genes encoding the host cell
proteins TBC1D20 and CERS2 is independently
(a) a gene deletion; or

(b) a mutation in the gene that inhibits expression of the host cell protein.
27. The mammalian cell of item 26, wherein the mutation is a deletion, addition or substitution.

28. The mammalian cell of item 27, wherein
(a) the mutation is in the coding region of the gene; and/or

(b) the mutation is in the promoter or a regulatory region of the gene.

29. The mammalian cell of any one of items 16 to 28, wherein the host cell protein TBC1D20 has
sequence identity of at least 80% to the amino acid sequence of SEQ ID NO: 4 and the host cell protein

CERS2 has sequence identity of at least 80% to the amino acid sequence of SEQ ID NO: 5.

30. The mammalian cell of any one of items 16 to 29, wherein the host cell protein TBC1D20 has the
amino acid sequence of SEQ ID NO: 4 and the host cell protein CERS2 has the amino acid sequence of
SEQ ID NO: 5.

31. The mammalian cell of any one of the preceding items, wherein the said recombinant secreted
therapeutic protein is
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(a) an antibody, preferably a monoclonal antibody, a bi-specific antibody or a fragment thereof, or

(b) an Fc-fusion protein.
32. The mammalian cell of any one of the preceding items, wherein the cell is a rodent or a human cell.
33. The mammalian cell of item 32, wherein the rodent cell is a hamster cell.

34. The mammalian cell of item 33, wherein the hamster cell is a CHO cell, preferably a CHO-DG44 cell,

a CHO-K1 cell or a glutamine synthetase (GS)-deficient derivative thereof.

35. A method of producing a mammalian cell with enhanced secretion of a recombinant therapeutic
protein comprising

(a) reducing expression of the host cell proteins TBC1D20 and CERS2, or of the host cell protein ATF6B
in the mammalian cell by introducing

(i) a genetic modification into a gene encoding the host cell protein that inhibits expression of said host
cell protein, or

(i) a RNA oligonucleotide into the mammalian cell that inhibits expression of the gene encoding said
host cell protein by RNA-interference, and

(b) introducing one or more gene(s) encoding a recombinant secreted therapeutic protein.

36. The method of item 35, further comprising the following steps:
(c) selecting cells with enhanced secretion of the recombinant therapeutic protein; and
(d) optionally culturing the cells obtained in step (c) under conditions which allow expression of one or

more gene(s) encoding a recombinant secreted therapeutic protein.

37. The method of items 35 or 36, wherein the protein expression of TBC1D20 and CERS2 or the
protein expression of ATF6B in the mammalian cell is reduced compared to the same mammalian cell

not containing said genetic modification(s) or RNA oligonucleotide(s).

38. The method of any one of items 35 or 37, comprising reducing TBC1D20 and CERS2 protein

expression in the mammalian cell.

39. The method of any one of items 35 or 37, comprising reducing ATF6B protein expression in the

mammalian cell.

40. The method of any one of items 35 to 39, wherein the RNA-interference is mediated by small hairpin
RNA (shRNA) or short interfering RNA (SiRNA).

41. The method of item 40, comprising transfecting the mammalian cell with one or more expression

vector(s) comprising a nucleotide sequence encoding said siRNA(s) or sShRNA(s).

42. The method of item 41, wherein the mammalian cell is stably transfected with one or more

expression vector(s) comprising a nucleotide sequence encoding said siRNA(s) or shRNA(s).
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43. The method of any one of items 40 to 42, wherein the siRNA is

(a) siTbc1D20#1 (SEQ ID NO: 7) or siCerS2#1 (SEQ ID NO: 8), or a combination thereof; or

(b) one or more of siAtféb#1 (SEQ ID NQ: 9), siAtféb#2 (SEQ ID NO: 10), and siAtf6b#3 (SEQ ID NO:
11).

44. The method of any one of items 40 to 42, wherein the shRNA comprises

(a) shThc1D20#1 (SEQ ID NO: 12) or one or more of shCerS2#1 (SEQ ID NO: 13) and shCerS2#2
(SEQ ID NO: 14), or a combination thereof; or

(b) one or more of shAtf6b#1 (SEQ ID NO: 15) and shAtf6éb#2 (SEQ ID NO: 37), preferably shAtf6b#1
(SEQ ID NO: 15).

45. The method of item 35, wherein the genetic modification in the gene(s) encoding the host cell
protein(s) TBC1D20 and CERS2, or ATF6B is independently
(a) a gene deletion; or

(b) a mutation in the gene that inhibits expression of the host cell protein.
46. The method of item 45, wherein the mutation is a deletion, addition or substitution.

47. The method of item 46, wherein:
(a) the mutation is in the coding region of the gene; and/or

(b) the mutation is in the promoter or a regulatory region of the gene.

48. The method of any one of items 35 to 47, wherein:

(a) the host cell protein TBC1D20 has sequence identity of at least 80% to the amino acid sequence of
SEQ ID NO: 4 and the host cell protein CERS2 has sequence identity of at least 80% to the amino acid
sequence of SEQ ID NO: 5; or

(b) the host cell protein ATF6B has sequence identity of at least 80% to the amino acid sequence of
SEQ ID NO: 6.

49. The method of any one of items 35 to 48, wherein

(a) the host cell protein TBC1D20 has the amino acid sequence of SEQ ID NO: 4 and the host cell
protein CERS2 has the amino acid sequence of SEQ ID NO: 5; or

(b) the host cell protein ATF6B has the amino acid sequence of SEQ ID NO: 6.

50. The method of any one of items 35 to 49, wherein the said recombinant secreted therapeutic protein
is
(a) an antibody, preferably a monoclonal antibody, a bi-specific antibody or a fragment thereof, or

(b) an Fc-fusion protein.
51. The method of any one of items 35 to 50, wherein the cell is a rodent or a human cell.

52. The method of item 51, wherein the rodent cell is a hamster cell.
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53. The method of item 52, wherein the hamster cell is a CHO cell, preferably a CHO-DG44 cell, a CHO-

K1 cell or a glutamine synthetase (GS)-deficient derivative thereof.
54. The method of any one of items 35 to 53, wherein step (a) may be performed before or after step (b).

55. The method of any one of items 35 to 54, wherein the selection step of step (c) is performed in the

presence of a selection agent.

56. The method of any one of items 35 to 55, further comprising an amplification step (b’), comprising
amplifying the one or more gene(s) introduced in step (b) together with an amplifiable selectable marker
gene and culturing the mammalian cell in the presence of an agent which allows the amplification of the

amplifiable selectable marker gene.

57. The method of items 56, wherein the amplifiable selectable marker gene encodes the amplifiable

selectable markers dihydrofolate reductase or glutamine synthetase.

58. The method of any one of items 35 to 57, wherein the expression of the host cell proteins TBC1D20
and CERS?2 or of the host cell protein ATF6B is reduced by at least 30%, at least 40%, at least 50%, at
least 75%, or 100% compared to a mammalian cell produced by the method of any one of items 35 to 56

using the same starting material, but omitting step (a).

59. The method of any one of items 35 to 58, wherein the secretion of the recombinant therapeutic
protein is enhanced by at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least
75%, at least 100% or at least 200% compared to a mammalian cell produced by the method of any one

of items 35 to 58 using the same starting material, but omitting step (a).

60. A method for the production of a recombinant secreted therapeutic protein in a mammalian cell
comprising

(a) providing the mammalian cell of any one of items 1 to 34 wherein the cell is transfected with a
recombinant secreted therapeutic protein or providing the mammalian cell produced by the method of
any one of the items 35 to 59,

(b) culturing the mammalian cell of step (a) in a cell culture medium at conditions allowing production of
the recombinant secreted therapeutic protein,

(c) harvesting the recombinant secreted therapeutic protein, and optionally

(d) purifying the recombinant secreted therapeutic protein.

61. Use of the mammalian cell of any one of items 1 to 34 or the mammalian cell produced by the

method of items 35 to 59 for increasing the yield of a recombinant secreted therapeutic protein.

62. The use of item 61, wherein the recombinant secreted therapeutic protein is
(a) an antibody, preferably a monoclonal antibody, a bi-specific antibody or a fragment thereof, or

(b) an Fc-fusion protein.
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SEQUENCE TABLE

SEQID NO 1:
SEQ ID NO 2:
SEQID NO 3:
SEQ ID NO 4:
SEQID NO 5:
SEQID NO 6:
SEQID NO 7:
SEQID NO 8:
SEQID NO 9:
SEQ ID NO 10:
SEQ ID NO 11:
SEQ ID NO 12:
SEQ ID NO 13:
SEQ ID NO 14:
SEQ ID NO 15:
SEQ ID NO 16:
SEQID NO 17:
SEQ ID NO 18:
SEQ ID NO 19:
SEQ ID NO 20:
SEQ ID NO 21:
SEQ ID NO 22:
SEQ ID NO 23:
SEQ ID NO 24:
SEQ ID NO 25:
SEQ ID NO 26:
SEQ ID NO 27:
SEQ ID NO 28:
SEQ ID NO 29:
SEQ ID NO 30:

Tbc1D20 Chinese Hamster cDNA
CerS2 Chinese Hamster cDNA

Atféb Chinese Hamster cDNA
TBC1D20 Chinese Hamster protein
CERS2 Chinese Hamster protein
ATF6B Chinese Hamster protein
siTbc1D20#1

siCerS2#1

SiAtf6b#1

SiAtfEb#2

SiAtf6b#3

shTbc1D20#1

shCerS2#1

shCerS2#2

shAtf6b#1
shThc1D20#1_oligonucleotide_forward
shTbc1D20#1_oligonucleotide_reverse
shCerS2#1_oligonucleotide_forward
shCerS2#1_oligonucleotide_reverse
shCerS2#2_oligonucleotide_forward
shCerS2#2_oligonucleotide_reverse
shAtf6b#1_oligonucleotide_forward
shAtf6b#1_oligonucleotide_reverse
mAb1 IgG1 heavy chain

mAb1 IgG1 light chain

mAb2 IgG1 heavy chain

mAb2 IgG1 light chain
hsa-miR-1287_oligonucleotide_forward
hsa-miR-1287_oligonucleotide_reverse
hsa-miR-1978_oligonucleotide_forward
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SEQ ID NO 31:
SEQ ID NO 32:
SEQ ID NO 33:
SEQ ID NO:34:
SEQ ID NO 35:
SEQ ID NO 36:
SEQ ID NO 37:
SEQ ID NO 38:
SEQ ID NO 39:
SEQ ID NO 40:
SEQ ID NO 41:
SEQ ID NO 42:
SEQ ID NO 43:
SEQ ID NO 44:
SEQ ID NO 45:
SEQ ID NO 46:
SEQ ID NO 47:
SEQ ID NO 48:
SEQ ID NO 49:
SEQ ID NO 50:
SEQ ID NO 51:
SEQ ID NO 52:
SEQ ID NO 53:

hsa-miR-1978_oligonucleotide_reverse

hsa-miR-1287
hsa-miR-1978

negative control

shAtf6b#2_oligonucleotide forward

shAtf6b#2_oligonucleotide_reverse

shAtf6b#2

siRNA NT-control#1

siRNA NT-control#2

siRNA NT-control#3

siRNA NT-control#4

gPCR primer (Atf6b) forward
gPCR primer (Atf6b) reverse
gPCR primer (Tbc1D20) forward
gPCR primer (Tbc1D20) reverse
gPCR primer (CerS2) forward
gPCR primer (CerS2) reverse
gPCR primer (CHOP) forward
gPCR primer (CHOP) reverse
gPCR primer (GRP78) forward
gPCR primer (GRP78) reverse
gPCR primer (Herpud1) forward
gPCR primer (Herpud1) reverse
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CLAIMS

1. A mammalian cell having enhanced secretion of a recombinant therapeutic protein comprising
(a) reduced expression of the host cell proteins TBC1 domain family member 20 (TBC1D20) and
ceramide synthase 2 (CERS2); or

(b) reduced expression of the host cell protein activating transcription factor 6 beta (ATF6B),
wherein the mammalian cell further comprises one or more expression cassette(s) encoding a

recombinant secreted therapeutic protein.

2. A mammalian cell having enhanced secretion of a recombinant therapeutic protein comprising
reduced expression of the host cell proteins TBC1D20 and CERS2.

3. The mammalian cell of claim 2, further comprising one or more expression cassette(s) encoding a

recombinant secreted therapeutic protein.

4. The mammalian cell of any one of the preceding claims, wherein:

(a) the gene encoding the host cell protein comprises a genetic modification that inhibits expression of
said host cell protein, or

(b) the mammalian cell comprises a RNA oligonucleotide that inhibits expression of the gene encoding
said host cell protein by RNA-interference, and

wherein the protein expression of TBC1D20 and CERS2 or the protein expression of ATF6B in the
mammalian cell is reduced compared to the same mammalian cell not containing said genetic

modification(s) or RNA oligonucleotide(s).

5. A method of producing a mammalian cell with enhanced secretion of a recombinant therapeutic
protein comprising

(a) reducing expression of the host cell proteins TBC1D20 and CERSZ2, or of the host cell protein ATF6B
in the mammalian cell by introducing

(i) a genetic modification into a gene encoding the host cell protein that inhibits expression of said host
cell protein, or

(i) a RNA oligonucleotide into the mammalian cell that inhibits expression of the gene encoding said
host cell protein by RNA-interference, and

(b) introducing one or more gene(s) encoding a recombinant secreted therapeutic protein.

6. The method of claim 5, further comprising the following steps:

(c) selecting cells with enhanced secretion of the recombinant therapeutic protein; and
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(d) optionally culturing the cells obtained in step (c) under conditions which allow expression of one or

more gene(s) encoding a recombinant secreted therapeutic protein.

7. The method of claims 5 or 6, wherein the protein expression of TBC1D20 and CERS2 or the protein
expression of ATF6B in the mammalian cell is reduced compared to the same mammalian cell not

containing said genetic modification(s) or RNA oligonucleotide(s).

8. The mammalian cell of any one of claims 1 to 4 or the method of any one of claims 5 to 7, wherein the
RNA-interference is mediated by small hairpin RNA (shRNA) or short interfering RNA (siRNA).

9. The mammalian cell or the method of claim 8, wherein the mammalian cell is transfected with one or
more expression vector(s) comprising a nucleotide sequence encoding said siRNA(s) or shRNA(s), and
optionally wherein the mammalian cell is stably transfected with one or more expression vector(s)
comprising a nucleotide sequence encoding said siRNA(s) or ShRNA(s).

10. The mammalian cell or the method of claims 8 or 9, wherein

() the siRNA is

(a) siTbc1D20#1 (SEQ ID NO: 7) or siCerS2#1 (SEQ ID NO: 8), or a combination thereof; or

(b) one or more of siAtféb#1 (SEQ ID NO: 9), siAtféb#2 (SEQ ID NO: 10), and siAtf6b#3 (SEQ ID NO:
11); or

(i) the shRNA comprises

(a) shTbclD20#1 (SEQ ID NO: 12) or one or more of shCerS2#1 (SEQ ID NO: 13) and shCerS2#2
(SEQ ID NO: 14), or a combination thereof; or

(b) one or more of shAtféb#1 (SEQ ID NO: 15) and shAtféb#2 (SEQ ID NO: 37).

11. The mammalian cell of claim 4 or the method of claim 5, wherein the genetic modification in the
gene(s) encoding the host cell protein(s) TBC1D20 and CERS2, or ATF6B is independently

(a) a gene deletion; or

(b) a mutation in the gene that inhibits expression of the host cell protein, preferably in the coding region

of the gene and/or the promoter or regulatory region of the gene.

12. The mammalian cell or the method of any one of the preceding claims, wherein:

(a) the host cell protein TBC1D20 has sequence identity of at least 80% to the amino acid sequence of
SEQ ID NO: 4 and the host cell protein CERS2 has sequence identity of at least 80% to the amino acid
sequence of SEQ ID NO: 5; or

(b) the host cell protein ATF6B has sequence identity of at least 80% to the amino acid sequence of
SEQ ID NO: 6.
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13. The mammalian cell or the method of any one of the preceding claims, wherein

(i) the said recombinant secreted therapeutic protein is

(a) an antibody, preferably a monoclonal antibody, a bi-specific antibody or a fragment thereof, or
(b) an Fc-fusion protein; or

(ii) the cell is a rodent or a human cell, preferably a CHO cell.

14. A method for the production of a recombinant secreted therapeutic protein in a mammalian cell
comprising

(a) providing the mammalian cell of any one of claims 1 to 4 and 8 to 13 wherein the cell is transfected
with a recombinant secreted therapeutic protein or providing the mammalian cell produced by the
method of any one of the claims 5 to 13,

(b) culturing the mammalian cell of step (a) in a cell culture medium at conditions allowing production of
the recombinant secreted therapeutic protein,

(c) harvesting the recombinant secreted therapeutic protein, and optionally

(d) purifying the recombinant secreted therapeutic protein.
15. Use of the mammalian cell of any one of claims 1 to 4 and 8 to 13 or the mammalian cell produced

by the method of any one of claims 5 to 13 for increasing the yield of a recombinant secreted therapeutic

protein.
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