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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority benefit to U.S.
Provisional Patent Application No. 61/349,727 filed May
28, 2010.

FIELD OF THE INVENTION

[0002] The field of this invention relates generally to
methods and compositions for reducing lactate produc-
tion and increasing polypeptide production in cultured
cells.

BACKGROUND OF THE INVENTION

[0003] Biopharmaceutical market is growing rapidly,
and the industry is projected to reach $70 billion dollars
byyear2010. See GeneticEngineeringin Livestock: New
Applications and Interdisciplinary Perspectives (Engel-
hard et al., 2009) Springer Berlin Heidelberg. Given the
increase in demand in therapeutic proteins and the in-
crease in competitions in market sharing among compa-
nies, there is aneed in improving technologies to achieve
better productivity in therapeutic proteins. Towards this
goal, differentapproaches, such as host cell engineering,
have been explored. See Kuystermans et al., Cytotech-
nology 53(1-3):3-22 (2007); and O’Callaghan and
James, Brief Funct. Genomic Proteomic 7(2):95-110
(2008). Cultured cells, such as Chinese Hamster Ovary
(CHO) cells, are widely used to produce therapeutic pro-
teins. For example, pH-controlled fed-batch bioreactor
culture has been used widely to produce recombinant
monoclonal antibodies. Langheinrich and Nienow, Bio-
technol. Bioeng. 66(3):171-9 (1999). Lactate is one of
the main accumulated waste products during fed-batch
culture, and it has been shown to inhibit cell growth and
protein production. See Glacken et al., Biotechnol. Bio-
eng. 32:491-506 (1988); and Lao and Toth, Biotechnol.
Prog. 13:688-691(1997). Thisinturn leadsto anincrease
in the amount of alkali needed for adding into the culture
medium to control the pH. Dietl et al.,, J. Immunol.
184(3):1200-9 (2010); Langheinrich and Nienow, Bio-
technol. Bioeng, 66(3):171-2 (1999). Increased addition
of alkali to the cell culture medium for maintaining the pH
can result in an increase in osmolality, and this increase
can lead to cell growth inhibition and decreased antibody
productivity. Cruz et al., Enzyme Microb. Technol.
27(1-2):43-52 (2000); Iran et al., Biotechnol. Bioeng.
66:238-246 (1999). Hence, reducing the lactate level is
desired for the development of polypeptide or a higher
titer antibody production process.

[0004] There are many factors that can influence lac-
tate production in cell culture, such as controlling the
pyruvate level. See Liu et al, J. Biol. Chem,,
284(5):2811-22 (2009); and Samuvel et al., J. of Immu-
nol. 182(4):2476-84 (2009). Pyruvate is the substrate for
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the enzymes pyruvate dehydrogenase (PDH) and lactate
dehydrogenase (LDH).

[0005] The PDH complex is a multi-enzyme unit con-
sisting of three catalytic enzymes, E1, E2, and E3. Patel
and Korotchkina, Exp. Mol. Med. 33(4):191-7 (2001).
This complex catalyzes the rate-limiting conversion re-
action in converting from pyruvate to acetyl-CoA, which
is the entry point of tricarboxylic acid (TCA) cycle. The
activity of PDH is regulated by the enzymes pyruvate
dehydrogenase kinases (PDHK(s)) and pyruvate dehy-
drogenase phosphatases (PDHPs). PDHKs phosphor-
ylate PDH to suppress its enzymatic activity, whereas
PDHP dephosphorylate and thus activate PDH. See Pa-
tel and Korotchkina, Exp. Mol. Med. 33(4):191-7 (2001);
Roche and Hiromasa, Cell Mol. Life Sci. 64(7-8):830-49
(2007); Holness and Sugden, Biochemical Society
Transactions, 31:1143-1151 (2003). There are four iso-
types of PDHK in mammalian cells (PDHK1, PDHK2,
PDHK3, and PDHK4) with tissue specific distributions.
See Harris et al., Adv. Enzyme Regul. 42:249-59 (2002);
and Bowker-Kinley et al., Biochem. J. 329(1):191-6
(1998).

[0006] LDH directly catalyzes the interconversion of
pyruvate and lactate with concurrent interconversion of
NADH and NAD+. In mammalian cells, LDHs exist as
either homo- or heterotetramers consisting mostly A and
B subunits (or H and M subunits, respectively) encoded
by LDHa and LDHb genes, and sometimes homotetram-
ers of C subunit encoded by LDHc genes. See Baumgart
et al., J. Biol. Chem. 271(7):3846-55 (1996); Li et al., J.
Biol. Chem. 258(11):7029-32 (1983); Skory C.D., Appl.
Environ. Microbiol. 66(6):2343-8 (2000); and Read et al.,
Proteins 43(2):175-185 (2001). For example, in CHO
cells, LDH isotypes have been shown to be intermediates
of the A3B and A2B2 tetramer. Jeong et al., Biochem.
Biophys. Res. Commun. 289(5):1141-9 (2001). Previous
studies have shown that down-regulating LDHa in CHO
cells by disrupting the gene via homologous recombina-
tion (Chen et al.,, Biotechnol. Bioeng. 72(1):55-61
(2001)), antisense technology (Jeong et al., Biochem.
Biophys. Res. Commun. 289(5):1141-9 (2001)), or small
or short interfering RNA (siRNA) (Kim and Lee, Appl.
Microbiol. Biotechnol. 74(1):152-9 (2007)) can reduce
lactate level, but did not achieve appreciable improve-
ment in protein productivity. For example, in the case of
LDHa specific siRNA, even though there was reportedly
a45-79% reduction in lactate level, there was no signif-
icantimprovementin Specific Productivity (Qp) and prod-
uct (antibody) titer, suggesting that knocking down LDHa
alone in CHO cells is not sufficient to improve Qp and
product yield efficiently. Thus, more efficient methods for
reducing lactate production are needed for achieving a
better therapeutic polypeptide production.

[0007] WO 02/04598 discloses adding chemical inhib-
itors of pyruvate kinases to cell culture media to reduce
production of lactate.
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BRIEF SUMMARY OF THE INVENTION

[0008] The present invention provides methods and
compositions for reducing lactate production and in-
creasing polypeptide production in cultured cells. The in-
ventors have discovered that concomitant downregula-
tion of a LDH and PDHKSs via siRNAs in cultured cells
expressing polypeptides (e.g., antibodies) decreased
lactate level, lactate production rate, and osmolality, and
increased specific polypeptide productivity (e.g., Specific
Productivity) and polypeptide production (e.g., produc-
tivity). Further, these cultured cells with downregulated
LDH and PDHKs exhibited no negative impact on cell
growth, cell viabilities, and the quality of polypeptides pro-
duced.

[0009] In one aspect, the invention provides a method
for reducing lactate productionin cultured cells, the meth-
od comprising culturing cells expressing a) a small inter-
fering RNA (siRNA) specific for a lactate dehydrogenase
(LDH) and b) an siRNA specific for a pyruvate dehydro-
genase kinase (PDHK).

[0010] In another aspect, the invention provides cells
in culture comprising a) an siRNA specific for a LDH and
an siRNA specific for a PDHK.

[0011] Insome embodiments, the cultured cells further
express an siRNA specific for a second PDHK. In some
embodiments, the cultured cells further express an siR-
NA specific for a third PDHK. In some embodiments, the
cultured cells further express an siRNA specific for a
fourth PDHK.

[0012] In another aspect, the invention provides a
method for reducing lactate production in cultured cells,
the method comprising culturing cells comprising a first
heterologous nucleic acid sequence encoding a small
interfering RNA (siRNA) specific for a lactate dehydro-
genase (LDH) and a second heterologous nucleic acid
sequence encoding an siRNA specific for a pyruvate de-
hydrogenase kinase (PDHK), wherein the first heterolo-
gous nucleic acid sequence is operably linked to a first
promoter, and wherein the second heterologous nucleic
acid sequence is operably linked to a second promoter.
[0013] In another aspect, the invention provides cells
in culture comprising a first heterologous nucleic acid se-
quence encoding a first siRNA specific for a LDH and a
second heterologous nucleic acid sequence encoding a
second siRNA specific for a PDHK, wherein the first het-
erologous nucleic acid sequence is operably linked to a
first promoter, and wherein the second heterologous nu-
cleic acid sequence is operably linked to a second pro-
moter.

[0014] In some embodiments, the cells further com-
prise a third heterologous nucleic acid sequence encod-
ing an siRNA specific for a second PDHK and wherein
the third heterologous nucleic acid sequence is operably
linked to a third promoter. In some embodiments, the
cells further comprise a fourth heterologous nucleic acid
sequence encoding an siRNA specific for a third PDHK
and wherein the fourth heterologous nucleic acid se-
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quence is operably linked to a fourth promoter. In some
embodiments, the cells further comprise a fifth heterolo-
gous nucleic acid sequence encoding an siRNA specific
for afifth PDHK and wherein the fifth heterologous nucleic
acid sequence is operably linked to a fifth promoter.

[0015] Insomeembodiments,the LDHis LDHa, LDHb,
or LDHc.
[0016] In some embodiments, the PDHK is selected

from the group consisting of PDHK1, PDHK2, PDHKS3,
and PDHK4. In some embodiments, the PDHK is select-
ed from the group consisting of PDHK1, PDHK2, and
PDHK3. In some embodiments, the PDHK is selected
from the group consisting of PDHK1 and PDHK2. Insome
embodiments, the PDHK is selected from the group con-
sisting of PDHK1 and PDHKS3. In some embodiments,
the PDHK s selected from the group consisting of PDHK2
and PDHK3.

[0017] Insome embodiments, the method forreducing
lactate production in cultured cells comprises culturing
cells comprising a first heterologous nucleic acid se-
quence encoding an siRNA specific for a lactate dehy-
drogenase (LDH) and a second, third, and fourth heter-
ologous nucleic acid sequences encoding three different
siRNAs specific for a first, second, and third PDHKs,
wherein the first heterologous nucleic acid sequence is
operably linked to a first promoter, and wherein the sec-
ond, third, and fourth heterologous nucleic acid sequenc-
es are operably linked to a second, third, and fourth pro-
moters, respectively. In some embodiments, the LDH is
LDHa, wherein the first PDHK is PDHK1, the second PD-
HK is PDHK2, and the third PDHK is PDHK3.

[0018] In some embodiments, the cells in culture com-
prises a first heterologous nucleic acid sequence encod-
ing a first siRNA specific for a LDH and a second, third,
and fourth heterologous nucleic acid sequences encod-
ing three different siRNAs specific for a first, second, and
third PDHKSs, wherein the first heterologous nucleic acid
sequence is operably linked to a first promoter, and
wherein the second, third, and fourth heterologous nu-
cleic acid sequences are operably linked to a second,
third, and fourth promoters, respectively. In some em-
bodiments, the LDH is LDHa, wherein the first PDHK is
PDHKA1, the second PDHK is PDHK2, and the third PDHK
is PDHKS3.

[0019] In some embodiments, the cultured cells pro-
duce a heterologous polypeptide. In some embodiments,
the heterologous polypeptide is an antibody.

[0020] In some embodiments, the lactate synthesis
rate of the cultured cells is lower than the lactate con-
sumption rate. In some embodiments, the average lac-
tate production rate is less than about negative 0.02
mg/106 cells/day.

[0021] In some embodiments, the cultured cells con-
taining siRNAs specific for the LDH and PDHK(s) has an
osmolality at less than about 300 mOsm.

[0022] In some aspects of the disclosure the cultured
cells have a Specific Productivity (Qp) of at least about
75% higher than cultured cells without the heterologous
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nucleic acid sequence comprising the PDHK(s) and the
LDH.

[0023] In some embodiments, the cultured cells have
a Specific Productivity (Qp) of at least about 75% higher
than cultured cells without the siRNAs specific for the
LDH and PDHK(s).

[0024] In some aspects of the disclosure, the cultured
cells have a polypeptide productivity (e.g., antibody pro-
ductivity or titer in g/L) of about 10% to about 800% higher
than cultured cells without the heterologous nucleic acid
sequence comprising the PDHK(s) and the LDH. In some
embodiments, the cultured cells have a polypeptide pro-
ductivity of about 55% higher than cultured cells without
the heterologous nucleic acid sequence comprising the
PDHK(s) and the LDH. In some embodiments, the cul-
tured cells have of a polypeptide productivity of at least
about 68% higher than cultured cells without the heter-
ologous nucleic acid sequence comprising the PDHK(s)
and the LDH.

[0025] In some embodiments, the cultured cells have
a polypeptide productivity of about 10% to about 800%
higher than cultured cells without the siRNAs specific for
the PDHK(s) and the LDH. In some embodiments, the
cultured cells have a polypeptide productivity of about
55% higher than cultured cells without the siRNAs spe-
cificforthe PDHK(s) and the LDH. In some embodiments,
the cultured cells have a polypeptide productivity of at
least about 68% higher than cultured cells without the
siRNAs specific for the PDHK(s) and the LDH.

[0026] In some embodiments, the cultured cells are
mammalian cells. In some embodiments, the cultured
cells are non-mammalian cells.

[0027] In another aspect, the invention provides a
method of silencing or down-regulating LDH and PDHK
transcription in a cultured cell comprising: introducing into
the cell a vector comprising a first heterologous nucleic
acid sequence encoding a siRNA specific for the LDH
and a second heterologous nucleic acid sequence en-
coding an siRNA specific for the PDHK, wherein the first
heterologous nucleic acid sequence is operably linked
to afirst promoter, and wherein the second heterologous
nucleic acid sequence is operably linked to a second pro-
moter, wherein the siRNAs are expressed, thereby si-
lencing or down-regulating gene transcription of the LDH
and the PDHK.

[0028] In another aspect, the invention provides a
method of making a cell that exhibits decreased lactate
production in culture, comprising introducing into the cell
a vector comprising a first heterologous nucleic acid se-
quence encoding a siRNA specific for the LDH and a
second heterologous nucleic acid sequence encoding an
siRNA specific for the PDHK, wherein the first heterolo-
gous nucleic acid sequence is operably linked to a first
promoter, and wherein the second heterologous nucleic
acid sequence is operably linked to a second promoter.
[0029] In another aspect, the invention provides a vec-
tor comprising afirst heterologous nucleic acid sequence
encoding a small interfering RNA (siRNA) specific for a
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lactate dehydrogenase (LDH) and a second heterolo-
gous nucleic acid sequence encoding an siRNA specific
for a pyruvate dehydrogenase kinase (PDHK), wherein
the first heterologous nucleic acid sequence is operably
linked to a first promoter, and wherein the second heter-
ologous nucleic acid sequence is operably linked to a
second promoter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

Figure 1 shows siRNA construct targeting LD-
Ha/PDHK1, 2, 3. siRNAs targeting LDHa, PDHK1,
PDHK2 and PDHK3 were cloned into single pSilenc-
er 3.1 hygromycin vector. Targeting sequence for
LDHa was under U6 promoter regulation whereas
siRNAs for PDHK1, 2, and 3were under H1 promoter
regulation.

Figure 2 shows relative LDHa, PDHK1, 2, and 3 mR-
NA expression levels in selected 12 siRNA clones
(as shown in light gray color). Expression levels of
LDHa and PDHKs were normalized to housekeeping
gene b-microglobulin. The average mRNA expres-
sion levels from 12 mock clones were shown in dark
gray color.

Figure 3 shows lactate profiles, average lactate pro-
duction rates, and day 14 pH values in fed-batch
shake flask evaluation. Lactate concentrations were
measured using Nova analyzer on day 3, 7, 10 and
14 during a 14-day shake flask evaluation. 3A). Lac-
tate profile of mock (dark gray) and siRNA (light gray)
clones; 3B). Average lactate production rate be-
tween days 3 and 14 (mg/108 cells/day); and 3C).
Day 14 pH values. The fed-batch shake flask exper-
iments were performed 3 times and the data shown
is from 1 experiment.

Figure 4 shows titer, Specific Productivity (Qp) and
cell growth profiles in fed-batch shake flask evalua-
tion. 4A). Day 14 titer (productivity) in g/L; 4B). Spe-
cific Productivity in pg/cell/day; and 4C). Cell growth
measure by integrated viable cell count (IVCC) in
100 millions of cells per day per liter. Mock clones
are in dark gray and siRNA clones are in light gray.
Figure 5 shows lactate profile, average lactate pro-
duction rates, and osmolality profile in 2L bioreactor
evaluations. 5A). Lactate profile; 5B). Average lac-
tate production rates; and 5C). Osmolality profile.
Figure 6 shows productivity profile of cultured cells
containing siRNA, mock, or parent clones in 2L bio-
reactor evaluation.

DETAILED DESCRIPTION OF THE INVENTION

[0031] The present invention provides methods and
compositions for reducing lactate production and in-
creasing polypeptide production in cultured cells. The in-
ventors have discovered that concomitant downregula-
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tion of a LDH and PDHKSs via siRNAs by a process known
as RNA interference (RNAI) in cultured cells expressing
polypeptides (e.g., antibodies) decreased lactate level,
lactate production rate, and cell osmolality, and in-
creased specific polypeptide productivity (e.g., Specific
Productivity) and polypeptide production (e.g., produc-
tivity). Further, these cultured cells with the downregu-
lated LDH and PDHKs exhibited no negative impact on
cell growth, cell viabilities, and the quality of polypeptides
produced. Thus, without wishing to be bound by theory,
decreasing the pyruvate-lactate conversion by knocking
down the expression of a LDH and promoting pyruvate
into tricarboxylic acid cycle (TCA or Krebs cycle) by
knocking down the expression of one or more PDHKs
may create a synergistic effect in lactate reduction and
providing cells with more energy and metabolic interme-
diates. These effects in turn may lead to increased
polypeptide (e.g., antibody) production in cultured cells.
[0032] Accordingly, in one aspectof the invention, pro-
vided is a method for reducing lactate production in cul-
tured cells, comprising culturing cells expressing a) an
siRNA specific for a LDH and b) an siRNA specific for a
PDHK.

[0033] In another aspect, provided are cells in culture
comprising a) an si RNA specific for a LDH and an siRNA
specific for a PDHK.

[0034] In another aspect, the invention provides a
method for reducing lactate production in cultured cells,
comprising culturing cells comprising a first heterologous
nucleic acid sequence encoding an siRNA specific for a
LDH and a second heterologous nucleic acid sequence
encoding an siRNA specific for a PDHK, wherein the first
heterologous nucleic acid sequence is operably linked
to afirst promoter, and wherein the second heterologous
nucleic acid sequence is operably linked to a second pro-
moter.

[0035] In yet another aspect, the invention provides
cells in culture comprising a first heterologous nucleic
acid sequence encoding a first siRNA specific for a LDH
and a second heterologous nucleic acid sequence en-
coding a second siRNA specific for a PDHK, wherein the
first heterologous nucleic acid sequence is operably
linked to a first promoter, and wherein the second heter-
ologous nucleic acid sequence is operably linked to a
second promoter.

[0036] The practice of the present invention will em-
ploy, unless otherwise indicated, conventional tech-
niques of molecular biology (including recombinant tech-
niques), microbiology, cell biology, biochemistry and im-
munology, which are within the skill of the art. Such tech-
niques are explained fully in the literature, such as, Mo-
lecular Cloning: A Laboratory Manual, second edition
(Sambrook et al., 1989) Cold Spring Harbor Press; Oli-
gonucleotide Synthesis (M.J. Gait, ed., 1984); Methods
in Molecular Biology, Humana Press; Cell Biology: ALab-
oratory Notebook (J.E. Cellis, ed., 1998) Academic
Press; Animal Cell Culture (R.I. Freshney, ed., 1987);
Introduction to Cell and Tissue Culture (J.P. Mather and

10

15

20

25

30

35

40

45

50

55

P.E. Roberts, 1998) Plenum Press; Cell and Tissue Cul-
ture: Laboratory Procedures (A. Doyle, J.B. Griffiths, and
D.G. Newell, eds., 1993-1998) J. Wiley and Sons; Meth-
ods in Enzymology (Academic Press, Inc.); Handbook of
Experimental Immunology (D.M. Weir and C.C. Black-
well, eds.); Gene Transfer Vectors for Mammalian Cells
(J.M. Miller and M.P. Calos, eds., 1987); Current Proto-
cols in Molecular Biology (F.M. Ausubel et al., eds.,
1987); PCR: The Polymerase Chain Reaction, (Mullis et
al., eds., 1994); Current Protocols in Immunology (J.E.
Coligan et al., eds., 1991); Short Protocols in Molecular
Biology (Wiley and Sons, 1999); Immunobiology (C.A.
Janeway and P. Travers, 1997); Antibodies (P. Finch,
1997); Antibodies: a practical approach (D. Catty., ed.,
IRL Press, 1988-1989); Monoclonal antibodies: a prac-
tical approach (P. Shepherd and C. Dean, eds., Oxford
University Press, 2000); Using antibodies: a laboratory
manual (E. Harlow and D. Lane (Cold Spring Harbor Lab-
oratory Press, 1999); The Antibodies (M. Zanettiand J.D.
Capra, eds., Harwood Academic Publishers, 1995).

Definitions

[0037] As used herein, the term "cells in culture" or
"cultured cells" refers two or more cells in a solution (e.g.,
a cell medium) that allows the cells to undergo one or
more cell divisions.

[0038] The term "polynucleotide" or "nucleic acid," as
used interchangeably herein, refers to polymers of nu-
cleotides of any length, and include DNA and RNA. The
nucleotides can be deoxyribonucleotides, ribonucle-
otides, modified nucleotides or bases, and/or their ana-
logs, or any substrate that can be incorporated into a
polymer by DNA or RNA polymerase. A polynucleotide
may comprise modified nucleotides, such as methylated
nucleotides and their analogs. If present, modification to
the nucleotide structure may be imparted before or after
assembly of the polymer. The sequence of nucleotides
may be interrupted by non-nucleotide components. A
polynucleotide may be further modified after polymeriza-
tion, such as by conjugation with a labeling component.
Other types of modifications include, for example, "caps”,
substitution of one or more of the naturally occurring nu-
cleotides with an analog, internucleotide modifications
such as, for example, those with uncharged linkages
(e.g., methyl phosphonates, phosphotriesters, phos-
phoamidates, cabamates, etc.) and with charged linkag-
es (e.g., phosphorothioates, phosphorodithioates, etc.),
those containing pendant moieties, such as, for example,
proteins (e.g., nucleases, toxins, antibodies, signal pep-
tides, ply-L-lysine, etc.), those with intercalators (e.g.,
acridine, psoralen, etc.), those containing chelators (e.g.,
metals, radioactive metals, boron, oxidative metals, etc.),
those containing alkylators, those with modified linkages
(e.g., alpha anomeric nucleic acids, etc.), as well as un-
modified forms of the polynucleotide(s). Further, any of
the hydroxyl groups ordinarily present in the sugars may
be replaced, for example, by phosphonate groups, phos-
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phate groups, protected by standard protecting groups,
or activated to prepare additional linkages to additional
nucleotides, or may be conjugated to solid supports. The
5 and 3’ terminal OH can be phosphorylated or substi-
tuted with amines or organic capping group moieties of
from 1 to 20 carbon atoms. Other hydroxyls may also be
derivatized to standard protecting groups. Polynucle-
otides can also contain analogous forms of ribose or de-
oxyribose sugars that are generally known in the art, in-
cluding, for example, 2’-O-methyl-, 2’-O-allyl, 2’-fluoro-

or 2’-azido-ribose, carbocyclic sugar analogs, #-ano-
meric sugars, epimeric sugars such as arabinose, xylos-
es or lyxoses, pyranose sugars, furanose sugars, sedo-
heptuloses, acyclic analogs and abasic nucleoside ana-
logs such as methyl riboside. One or more phosphodi-
ester linkages may be replaced by alternative linking
groups. These alternative linking groups include, but are
not limited to, embodiments wherein phosphate is re-
placed by P(O)S("thicate"), P(S)S ("dithicate"), "(O)NR,
("amidate"), P(O)R, P(O)OR’, CO or CH,, ("formacetal"),
in which each R or R’ is independently H or substituted
or unsubstituted alkyl (1-20 C) optionally containing an
ether (-O-) linkage, aryl, alkenyl, cycloalkyl, cycloalkenyl
or araldyl. Not all linkages in a polynucleotide need be
identical. The preceding description applies to all poly-
nuclectides referred to herein, including RNA and DNA.
[0039] The term "RNA interference (RNAI)" refers to
the process of sequence-specific, transcriptional gene
silencing (e.g., posttranscriptional gene silencing) medi-
ated or initiated by siRNA. Without wishing to be bound
by theory, during RNAI, in practicing the methods of the
invention, siRNA can induce degradation of target MRNA
with consequent sequence-specific inhibition of gene ex-
pression of a LDH and one or more PDHKs.

[0040] The term "heterologous nucleic acid" or "heter-
ologous polypeptide" refers to a nucleicacid or a polypep-
tide whose sequence is not identical to that of another
nucleic acid or polypeptide naturally found in the same
host cell.

[0041] The term "small interfering RNA," "short inter-
fering RNA," or "siRNA" refers to an RNA duplex of nu-
cleotides, or, in some alternative aspects, a single mol-
ecule of RNA that is targeted to a nucleic acid of interest,
e.g., a LDH or PDHK(s). The siRNA comprise a sense
RNA strand and a complementary antisense RNA strand
annealed together by standard Watson-Crick base-pair-
ing interactions. SIRNA can either be transfected directly
or otherwise produced within a cultured cell.

[0042] In one variation, the sense RNA strand and the
complementary antisense RNA strand are linked by a
spacer leading to the expression of a stem-loop or a hair-
pin structure termed short hairpin RNA (shRNA). The
hairpin is then cleaved by an endonuclease (e.g., Dicer)
to generate an siRNA. In another variation, the shRNA
is a bi-functional shRNA consisting of two stem-loop
structures, with one stem-loop structure composed of ful-
ly matched sequence guiding the RNA duplex for mMRNA
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degradation via cleavage dependent RISC (RNA-in-
duced silencing complex) loading, and with the second
stem-loop structure composed of mis-matched strand in-
hibiting translation of the mRNA through mRNA seques-
tration via cleavage-independent RISC loading.

[0043] As used herein, an siRNA "specific" for a LDH
or PDHK refers to an siRNA that is targeted to a nucleic
acid of interest (e.g., a LDH or PDHK(s)) and that the
nucleotide sequence of the duplex portion of the siRNA
is complementary to a nucleotide sequence of the tar-
geted gene (e.g., a LDH or PDHK(s)).

[0044] Asused herein, "operably linked" as used here-
inrefers to a functional relationship between two or more
nucleic acid (e.g., DNA) segments. Typically, it refers to
the functional relationship of transcriptional regulatory
sequence to atranscribed sequence. For example, apro-
moter is operably linked to a coding sequence, such as
anucleic acid ofthe invention, if it stimulates or modulates
thetranscription ofthe coding sequence in an appropriate
host cell or other expression system. Generally, promoter
transcriptional regulatory sequences that are operably
linked to a transcribed sequence are physically contigu-
ous to the transcribed sequence, i.e., they are cis-acting.
However, some transcriptional regulatory sequences,
such as enhancers, need not be physically contiguous
or located in close proximity to the coding sequences
whose transcription they enhance.

[0045] As used herein, the term "promoter" includes
all sequences capable of driving transcription of a coding
sequencein acultured cell, e.g.,amammalian cell. Thus,
promoters used in the constructs of the invention include
cis-acting transcriptional control elements and regulatory
sequences that are involved in regulating or modulating
the timing and/or rate of transcription of a gene (e.g., a
LDH or PDHK(s)). For example, a promoter can be a cis-
acting transcriptional control element, including an en-
hancer, a promoter, a transcription terminator, an origin
of replication, a chromosomal integration sequence, 5’
and 3’ untranslated regions, or an intronic sequence,
which are involved in transcriptional regulation. These
cis-acting sequences typically interact with proteins or
other biomolecules to carry out (turn on/off, regulate,
modulate, etc.) transcription. "Constitutive" promoters
are those that drive expression continuously under most
environmental conditions and states of development or
cell differentiation. "Inducible" or "regulatable” promoters
direct expression of the nucleic acid of the invention un-
der the influence of environmental conditions or devel-
opmental conditions. Examples of environmental condi-
tions that may affect transcription by inducible promoters
include anaerobic conditions, elevated temperature,
drought, or the presence of light.

[0046] As used herein, "vector" means a construct,
which is capable of delivering, and preferably expressing,
one or more gene(s) or sequence(s) of interest (e.g., LD-
Ha and PDHK(s)) in a host cell. Examples of vectors in-
clude, but are not limited to, viral vectors, naked DNA or
RNA expression vectors, plasmid, cosmid or phage vec-
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tors, DNA or RNA expression vectors associated with
cationic condensing agents, DNA or RNA expression
vectors encapsulated in liposomes, and certain eukary-
otic cells, such as producer cells. Suitable vectors are
those which are compatible with the host cell employed.
Suitable vectors can be derived, for example, from a bac-
terium, a virus (such as bacteriophage T7 or a M-13 de-
rived phage), a cosmid, a yeast, or a plant. Protocols for
obtaining and using such vectors are known to those in
the art (see, for example, Sambrook et al.,, Molecular
Cloning: A Laboratory Manual, 2nd ed., Cold Spring Har-
bor, 1989).

[0047] As used herein, the average lactate production
rate is calculated as lactate synthesis rate minus lactate
consumption rate in mg/cells/day.

[0048] As used herein, "Specific Productivity" or "Qp"
refers to the specific protein, e.g., antibody, production
rate in pg/cell/day. Specific productivity is calculated as
protein titer (pg/cell/day)/IVCC (calculate integrated via-
ble cell count; cell/day).

[0049] The terms "polypeptide" and "protein" are used
interchangeably herein to refer to polymers of amino ac-
ids of any length. The polymer may be linear or branched,
it may comprise modified amino acids, and it may be
interrupted by non-amino acids. The terms also encom-
pass an amino acid polymer that has been modified nat-
urally or by intervention; for example, disulfide bond for-
mation, glycosylation, lipidation, acetylation, phosphor-
ylation, or any other manipulation or modification, such
as conjugation with a labeling component. Also included
within the definition are, for example, polypeptides con-
taining one or more analogs of an amino acid (including,
forexample, unnaturalamino acids, etc.), as well as other
modifications known in the art.

[0050] The term "antibody" is used in the broadest
sense and specifically covers monoclonal antibodies (in-
cluding full length monoclonal antibodies), polyclonal an-
tibodies, multispecific antibodies (e.g., bispecificantibod-
ies), and antibody fragments.

[0051] "Antibody fragments" comprise a portion of a
full length antibody, generally the antigen binding or var-
iable region thereof. Examples of antibody fragments in-
clude Fab, Fab’, F(ab’),, and Fv fragments; single-chain
antibody molecules; diabodies; linear antibodies; and
multispecific antibodies formed from antibody fragments.
[0052] Theterm "monoclonal antibody" as used herein
refers to an antibody obtained from a population of sub-
stantially homogeneous antibodies, i.e., the individual
antibodies comprising the population are identical except
for possible naturally occurring mutations that may be
present in minor amounts. 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 monoclonal antibody is directed against
a single determinant on the antigen. The modifier "mon-
oclonal" indicates the character of the antibody as being
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obtained from a substantially homogeneous population
of antibodies, and is not to be construed as requiring
production of the antibody by any particular method. For
example, the monoclonal antibodies to be used in ac-
cordance with the present invention may be made by the
hybridoma method first described by Kohleret al, Nature
256:495 (1975), or may be made by recombinant DNA
methods (see, e.g., U.S. Pat. No. 4,816,567). The "mon-
oclonal antibodies" may also be isolated from phage an-
tibody libraries using the techniques described in Clack-
son et al., Nature 352:624-628 (1991) and Marks et al.,
J. Mol. Biol. 222:581-597 (1991), for example.

[0053] The monoclonal antibodies herein specifically
include "chimeric" antibodies (immunoglobulins) inwhich
a portion of the heavy and/or light chain is identical with
or homologous to corresponding sequences in antibod-
ies derived from a particular species or belonging to a
particular antibody class or subclass, while theremainder
of the chain(s) is identical with or homologous to corre-
sponding sequences in antibodies derived from another
species or belonging to another antibody class or sub-
class, as well as fragments of such antibodies, so long
as they exhibit the desired biological activity (U.S. Pat.
No. 4,816,567; and Morrison et al., Proc. Natl. Acad. Sci.
USA 81:6851-6855 (1984)).

[0054] The term "“hypervariable region" when used
herein refers to the amino acid residues of an antibody
which are responsible for antigen-binding. The "hyper-
variable region comprises amino acid residues from
a "complementarity determining region" or "CDR" (i.e.
residues 24-34 (L1), 50-56 (L2) and 89-97 (L3) in the
light chain variable domain and 31-35 (H1), 50-65 (H2)
and 95-102 (H3) in the heavy chain variable domain;
Kabat et al., Sequences of Proteins of Immunological
Interest, 5th Ed. Public Health Service, National Institutes
of Health, Bethesda, Md. (1991)) and/or those residues
from a "hypervariable loop" (i.e. residues 26-32 (L1),
50-52 (L2) and 91-96 (L3) in the light chain variable do-
main and 26-32 (H1), 53-55 (H2) and 96-101 (H3) in the
heavy chain variable domain; Chothia and Lesk J. Mol.
Biol. 196:901-917 (1987)). "Framework" or "FR" resi-
dues are those variable domain residues other than
the "hypervariable region residues as herein defined.
[0055] "Humanized" forms of non-human (e.g.,
murine) antibodies are chimeric antibodies which contain
minimal sequence derived from non-human immu-
noglobulin. For the most part, humanized antibodies are
human immunoglobulins (recipient antibody) inwhich hy-
pervariable region residues of the recipient are replaced
by "hypervariable region residues from a non-human
species (donor antibody) such as mouse, rat, rabbit or
nonhuman primate having the desired specificity, affinity,
and capacity. In some instances, Fv framework region
(FR)residues of the humanimmunoglobulin are replaced
by corresponding non-humanresidues. Furthermore, hu-
manized antibodies may comprise residues which are
not found in the recipient antibody or in the donor anti-
body. These modifications are made to further refine an-
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tibody performance. In general, the humanized antibody
will comprise substantially all of at least one, and typically
two, variable domains, in which all or substantially all of
the hypervariable loops correspond to those of a non-
human immunoglobulin and all or substantially all of the
FR regions are those of a human immunoglobulin se-
quence. The humanized antibody optionally also will
comprise at least a portion of an immunoglobulin con-
stant region (Fc), typically that of a human immunoglob-
ulin. For further details, see Jones et al.,, Nature
321:522-525 (1986); Riechmann et al.,, Nature
332:323-329 (1988); and Presta, Curr. Op. Struct. Biol.
2:593-596 (1992).

[0056] As used herein,theterm"immunoadhesin" des-
ighates antibody-like molecules which combine the
"binding domain" of a heterologous "adhesin" protein
(e.g. areceptor, ligand or enzyme) with the effector func-
tions of an immunoglobulin constant domain. Structural-
ly, the immunoadhesins comprise a fusion of the adhesin
amino acid sequence with the desired binding specificity
which is other than the antigen recognition and binding
site (antigen combining site) of an antibody (i.e. is "het-
erologous") and an immunoglobulin constant domain se-
quence. Theimmunoglobulin constant domain sequence
in the immunoadhesin is preferably derived from y1, y2,
or v4 heavy chains since immunoadhesins comprising
these regions can be purified by Protein A chromatogra-
phy (Lindmark et al., J. Immunol. Meth. 62:1-13 (1983)).
[0057] Theterm "ligand binding domain" as used here-
in refers to any native cell-surface receptor or any region
or derivative thereof retaining at least a qualitative ligand
binding of a corresponding native receptor. In a specific
embodiment, the receptor is from a cell-surface polypep-
tide having an extracellular domain which is homologous
to a member of the immunoglobulin supergenefamily.
Other receptors, which are not members of the immu-
noglobulin supergenefamily but are nonetheless specif-
ically covered by this definition, are receptors for cy-
tokines, and in particular receptors with tyrosine kinase
activity (receptor tyrosine kinases), members of the he-
matopoietin and nerve growth factor receptor super-
families, and cell adhesion molecules, e.g. (E-, L- and
P-) selectins.

[0058] The term "receptor binding domain" is used to
designate any native ligand for a receptor, including cell
adhesion molecules, or any region or derivative of such
native ligand retaining at least a qualitative receptor bind-
ing ability of a corresponding native ligand. This defini-
tion, among others, specifically includes binding se-
quences from ligands for the above-mentioned recep-
tors.

[0059] An "antibody-immunoadhesin chimera" com-
prises a molecule which combines at least one binding
domain of an antibody (as herein defined) with at least
one immunoadhesin (as defined in this application). Ex-
emplary antibody-immunoadhesin chimeras are the bis-
pecific CD4-IgG chimeras described in Berg et al., PNAS
(USA) 88:4723-4727 (1991) and Chamow et al., J. Im-
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munol. 153:4268 (1994).

[0060] The term "osmolality" refers to the number of
solute particles dissolved in 1 liter of solution. Solutes
which can be added to the culture medium so as to in-
crease the osmolality thereof include proteins, peptides,
amino acids, non-metabolized polymers, vitamins, ions,
salts (e.g., sodium or potassium salts), sugars, metabo-
lites, organic acids, lipids, etc. When used herein, the
abbreviation "mOsm" means "milliosmoles/Liter H,O."
[0061] As used herein, a "host cell" includes an indi-
vidual cell, cultured cells, or cell in culture that can be or
has been a recipient for vector(s) or siRNA(s) for incor-
poration of polynucleotide inserts to produce polypep-
tide. Host cells include progeny of a single cultured cell,
and the progeny may not necessarily be completely iden-
tical (in morphology or in genomic DNA complement) to
the original parent cell due to natural, accidental, or de-
liberate mutation.

[0062] For use herein, unless clearly indicated other-
wise, use of the terms "a", "an," and the like refers to one
or more.

[0063] Reference to "about"avalueorparameter here-
in includes (and describes) embodiments that are direct-
ed to that value or parameter per se. For example, de-
scription referring to "about X" includes description of "X."
Numeric ranges are inclusive of the numbers defining
the range.

[0064] Itis understood thatwhereverembodiments are
described herein with the language "comprising," other-
wise analogous embodiments described interms of "con-
sisting of" and/or "consisting essentially of" are also pro-
vided.

[0065] Where aspectsor embodiments ofthe invention
aredescribed in terms of a Markush group or other group-
ing of alternatives, the present invention encompasses
not only the entire group listed as awhole, but each mem-
ber of the group individually and all possible subgroups
of the main group, but also the main group absent one
or more of the group members. The present invention
also envisages the explicit exclusion of one or more of
any of the group members in the claimed invention.

Methods for Reducing Lactate Production

[0066] The methods herein involve culturing cells ex-
pressing siRNAs specific for a LDH and at least one or
more PDHKSs to reduce lactate production via RNA inter-
ference (RNAI). In one aspect, the method comprises
culturing cells expressing a) an siRNA specific for LDH
and b) an siRNA specific for a PDHK.

[0067] Insomeembodiments, the cultured cells further
express an siRNA specific for a second PDHK. In some
embodiments, the cultured cells further express an siR-
NA specific for a third PDHK. In some embodiments, the
cultured cells further express an siRNA specific for a
fourth PDHK.

[0068] In another aspect, the method comprises a first
heterologous nucleic acid sequence encoding an siRNA
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specific for a LDH and a second heterologous nucleic
acid sequence encoding an siRNA specific for a PDHK,
wherein the first heterologous nucleic acid sequence is
operably linked to a first promoter, and wherein the sec-
ond heterologous nucleic acid sequence is operably
linked to a second promoter.

[0069] In another aspect, provided is a method of si-
lencing or down-regulating LDH and PDHK transcription
in a cultured cell comprising: introducing into the cell a
vector comprising a first heterologous nucleic acid se-
quence encoding an siRNA specific for the LDH and a
second heterologous nucleic acid sequence encoding an
siRNA specific for the PDHK, wherein the first heterolo-
gous nucleic acid sequence is operably linked to a first
promoter, and wherein the second heterologous nucleic
acid sequence is operably linked to a second promoter,
wherein the siRNAs are expressed, thereby silencing or
down-regulating gene transcription of the LDH and the
PDHK.

[0070] Insome embodiments, the cultured cells further
comprise a third heterologous nucleic acid sequence en-
coding an siRNA specific for a second PDHK and wherein
the third heterologous nucleic acid sequence is operably
linked to a third promoter. In some embodiments, the
cultured cells further comprise a fourth heterologous nu-
cleic acid sequence encoding an siRNA specific for a
third PDHK and wherein the fourth heterologous nucleic
acid sequence is operably linked to a fourth promoter. In
some embodiments, the cultured cells further comprise
a fifth heterologous nucleic acid sequence encoding an
siRNA specific for a fifth PDHK and wherein the fifth het-
erologous nucleic acid sequence is operably linked to a
fifth promoter.

[0071] Insomeembodiments,the LDHisLDHa, LDHb,
or LDHc. In some embodiments, the PDHK is selected
from the group consisting of PDHK1, PDHK2, PDHK3,
and PDHK4. In some embodiments, the PDHK is select-
ed from the group consisting of PDHK1, PDHK2, and
PDHK3. In some embodiments, the PDHK is selected
from the group consisting of PDHK2, PDHKS3, and
PDHK4. In some embodiments, the PDHK is selected
from the group consisting of PDHK1, PDHKS3, and
PDHK4. In some embodiments, the PDHK is selected
from the group consisting of PDHK1 and PDHK2. Insome
embodiments, the PDHK is selected from the group con-
sisting of PDHK1 and PDHKS3. In some embodiments,
the PDHK is selected from the group consisting of PDHK2
and PDHK3. In some embodiments, the PDHK is select-
ed from the group consisting of PDHK2 and PDHK4. In
some embodiments, the PDHK is selected from the group
consisting of PDHK3 and PDHK4.

[0072] In some embodiments, the method comprises
culturing cells expressing a) an siRNA specific for LDHa
and b) an siRNA specific for PDHK1, PDHK2, and
PDHKS3, respectively. In some embodiments, the method
comprises culturing cells expressing a) an siRNA specific
for LDHb and b) an siRNA specific for PDHK1, PDHK2,
and PDHKS, respectively. In some embodiments, the
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method comprises culturing cells expressing a) an siRNA
specific for LDHc and b) an siRNA specific for PDHK1,
PDHK2, and PDHKS3, respectively.

[0073] In some embodiments, the method comprises
culturing cells expressing a) an siRNA specific for LDHa,
LDHb, or LDHc and b) an siRNA specific for two PDHKs,
wherein the PDHK is selected from the group consisting
of PDHK1, PDHK2, PDHK3, and PDHK4. For example,
the method comprises culturing cells expressing a) an
siRNA specific for LDHa and b) an siRNA specific for
PDHK1 and PDHK2, respectively.

[0074] In some embodiments, the mRNA expression
level for a LDH is reduced by at least about 75% and the
mRNA expression level fora PDHK is reduced by at least
about 25% in cultured cells expressing a) an siRNA spe-
cific for a LDH and b) an siRNA specific for a PDHK in
comparison to cultured cells without the siRNAs specific
for a LDH and a PDHK. In some embodiments, the LDH
is LDHa, LDHb, or LDHc and the mRNA expression level
for the LDH is reduced by at least about 75%, at least
about 80%, at least about 85%, at least about 90%, or
at least about 95%. In some embodiments, the PDHK is
PDHK1, PDHK2, or PDHK3, and the mRNA expression
level for the PDHK is reduced by at least about 25%, at
least about 30%, at least about 35%, at least about 40%,
at least about 45%, at least about 50%, at least about
55%, at least about 60%, at least about 65%, at least
about 70%, at least about 75%, at least about 80%, at
least about 85%, at least about 90%, or at least about
95%.

[0075] In some embodiments, in cultured cells ex-
pressing a) an siRNA specific for LDHa and b) an siRNA
specific for PDHK1, PDHK2, and PDHK3, the mRNA ex-
pression level for LDHa is reduced by about 90% and
the mRNA expression levels for PDHK1, PDHK2, and
PDHKS3 are reduced by about 32%, 83%, and 70%, re-
spectively, in comparison to cultured cells without the
siRNAs specific for the LDHa, PDHK1, PDHK2, and
PDHKS3.

[0076] In some embodiments, the method comprises
a first heterologous nucleic acid sequence encoding an
siRNA specific for LDHa, LDHb, or LDHc, a second het-
erologous nucleic acid sequence encoding an siRNA
specific for PDHK1, a third heterologous nucleic acid se-
quence encoding an siRNA specific for PDHK2, and a
fourth heterologous nucleic acid sequence encoding an
siRNA specific for PDHK3, wherein the first heterologous
nucleic acid sequence is operably linked to a first pro-
moter, and wherein the second, third, and fourth heter-
ologous nucleic acid sequence is operably linked to a
second promoter.

[0077] In some embodiments, the method comprises
a first heterologous nucleic acid sequence encoding an
siRNA specific for LDHa, LDHb, or LDHc, a second het-
erologous nucleic acid sequence encoding an siRNA
specific for a PDHK, and a third heterologous nucleic
acid sequence encoding an siRNA specific for a PDHK,
wherein the first heterologous nucleic acid sequence is
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operably linked to a first promoter, wherein the second
and third heterologous nucleic acid sequences are op-
erably linked to a second promoter, and wherein the PD-
HK is selected from the group consisting of PDHK1,
PDHK2, PDHK3, and PDHKA4.

[0078] In some embodiments, the mRNA expression
level for a LDH is reduced by at least about 75% and the
MRNA expression level for a PDHK is reduced by at least
about 25% in cultured cells comprising a first heterolo-
gous nucleic acid sequence encoding an siRNA specific
for a LDH and a second heterologous nucleic acid se-
guence encoding an siRNA specific for a PDHK in com-
parison to cultured cells without the heterologous nucleic
acid sequence comprising the LDH and the PDHK(s),
wherein the first heterologous nuclei acid sequence is
operably linked to a first promoter, and wherein the sec-
ond heterologous nucleic acid sequence is operably
linked to a second promoter. In some embodiments, the
LDH is LDHa, LDHb, or LDHc and the mRNA expression
level for the LDH is reduced by at least about 75%, at
least about 80%, at least about 85%, at least about 90%,
or at least about 95%. In some embodiments, the PDHK
is PDHK1, PDHK2, or PDHK3, and the mRNA expression
level for the PDHK is reduced by at least about 25%, at
least about 30%, at least about 35%, at least about40%,
at least about 45%, at least about 50%, at least about
55%, at least about 60%, at least about 65%, at least
about 70%, at least about 75%, at least about 80%, at
least about 85%, at least about 90%, or at least about
95%.

[0079] In some embodiments, in cultured cells com-
prising a first heterologous nucleic acid sequence encod-
ing an siRNA specific for LDHa, a second heterologous
nucleic acid sequence encoding an siRNA specific for
PDHKH1, a third heterologous nucleic acid sequence en-
coding an siRNA specific for PDHK2, and a fourth het-
erologous nucleic acid sequence encoding an siRNA
specific for PDHK3, wherein the first heterologous nucle-
ic acid sequence is operably linked to a first promoter,
and wherein the second, third, and fourth heterologous
nucleic acid sequence is operably linked to a second pro-
moter, the mRNA expression level for LDHa is reduced
by about 90% and the mRNA expression levels for
PDHK1, PDHK2, and PDHK3 are reduced by about 32%,
83%, and 70%, respectively, in comparison to cultured
cells without the siRNAs specific for the LDHa, PDHK1,
PDHK2, and PDHK3.

[0080] The siRNA used in the invention described
herein can be obtained or made from avariety of sources,
e.g., produced in vitro, ex vivo or in vivo, as described
herein. In some embodiments, the siRNA can contain
from about 1 to about 200 nucleotides, from about 5 to
about 100 nucleotides, from about 10 to about 50 nucle-
otides, from about 15 to about 30 nucleotides, or from
about 19 to about 25 nucleotides. In some embodiments,
the length of the siRNA is less than 30 nucleotides. In
some embodiments, the length of the siRNAs is more
than 30 nucleotides. In some embodiments, the siRNA
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can be 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28,
27,26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13,
12, 11, 10, 9 or less nucleotides in length.

[0081] In some embodiments, the siRNA can be gen-
erated by chemical synthesis, by in vitro transcription us-
ing a polymerase, or by an endoribonuclease (e.g., Dicer)
digestion of long double strand RNA (dsRNA). In some
embodiments, the siRNA can be entirely, or in part, com-
prised of synthetic nucleotides, natural bases or modified
bases.

[0082] In some embodiments, the siRNA can be ex-
pressed intracellularly. The siRNA can be encoded by a
nucleic acid sequence, and the nucleic acid sequence
can also include one or more promoters. The nucleic acid
sequence can also include a polyadenylation signal. In
some embodiments, sense and antisense strands of the
RNA duplex can be produced from two independent pro-
moters and annealed with the cultured cell. In some em-
bodiments, the sense and antisense strands of the RNA
duplex can also be linked by a base pair spacer (e.g., a
base pair spacer may comprise a single or multiple base
pair) or a stem-loop to form a shRNA and expressed by
a single promoter. In some embodiments, the shRNA
can be a bi-functional shRNA. The hairpin can be cleaved
by an endoribonuclease (e.g., Dicer) to generate effec-
tive siRNA molecules. The spacer or stem-loop is posi-
tioned between the sense and antisense strands that
form the duplex. The stem-loop can vary in length. In
some embodiments, the stem-loop is 2, 3, 4, 5, 6, 7, 8,
9,10, 11,12, 13, 14, or 15 or more nucleotides in length.
The hairpin structure can also contain 3’ or 5’ overhang
portions. In some embodiments, the overhang is a 3’ or
a5’ overhang 1, 2, 3, 4 or 5 nucleotides in length. Com-
positions and methods for RNA-mediated gene regula-
tion by siRNA, shRNA, or bifunctional shRNA are de-
scribed, for example, in U.S. Appl. No. 20090215860,
Rutz and Scheffold, Arthritis Research & Therapy,
6(2):78-85 (2004), and Rao et al., Advanced Drug Deliv-
ery Reviews 61:746-759 (2009).

[0083] In some embodiments, the siRNA used in the
present invention can have perfect homology with target
sequences to produce target specificresponses. Insome
embodiments, the siRNA used in the present invention
have about any of 99%, 98%, 97%, 96%, 95%, 94%,
92%,91%, 90%, 88%, 86%, 84%, 82%, 80%, 78%, 76%,
74%,72%,70%,65%,60%, 55%, 50%, 45%, 40%, 35%,
30%, 25%, 20%, 15%, 10%, or 5%, homology with target
sequences. In one variation, the siRNA used in the
present invention can hybridize under physiologic con-
ditions to a nucleic acid target sequence, e.g., it can spe-
cifically hybridize to a target sequence in a cell, e.g., in
vivo. In another variation, the siRNA targets more than
one target sequence, target marker or reporter gene.
[0084] The extent of sequence identity (homology)
necessary for in vivo targeting of an siRNA to a target
nucleic acid (e.g., specific binding of an siRNA to a target
sequence in a cell under physiologic conditions) can be
tested under routine screening conditions, e.g., in cell
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culture and the like.

[0085] In some embodiments, the target sequence for
PDHK1 is GCAGTTCCTGGACTTCGGA (SEQ ID
NO:2). In some embodiments, the target sequence for
PDHK2 is CATTCAGTACTTCTTGGAC (SEQ ID NO:3).
In some embodiments, the target sequence for PDHK3
is TGTAGCTGATGTCGTGAAA (SEQ ID NO:4).
[0086] Lactate dehydrogenase (LDH) converts pyru-
vate into lactate. The accession numbers of exemplary
LDH (e.g., LDHa, LDHb, or LDHc) polypeptides and nu-
cleic acids include, butare not limited to, DQ912661 (LD-
Ha in CHO cells), BC067223 (human LDHa), BC084698
(rat LDHa), BC094428 (mouse LDHa), BC002362 (hu-
man LDHb), NM_012595 (rat LDHb), NM_008492
(mouse LDHb), BC020043 (human LDHc), NM_017266
(rat LDHc), and NM_013580 (mouse LDHc). Standard
methods known by persons skill in the art can be used
to determine whether a LDH polypeptide has LDH activity
by measuring the ability of the polypeptide to convert
pyruvate into lactate in vitro, in a cell extract, or in vivo.
[0087] Pryuvate dehydrogense kinase (PDHK) inhibits
the conversion of pyruvate into acetyl-CoA. The acces-
sion numbers of exemplary PDHK1 polypeptides and nu-
cleic acids include, but are not limited to, L42450 (hu-
man), BC089783 (rat), and NM_172665 (mouse). The
accession numbers of exemplary PDHK2 polypeptides
and nucleic acids include, but are not limited to,
NM_002611  (human), NM_030872 (rat), and
NM_133667 (mouse). The accession numbers of exem-
plary PDHK3 polypeptides and nucleic acids include, but
are not limited to, L42452 (human), BC169078 (rat), and
NM_145630 (mouse). The accession numbers of exem-
plary PDHK4 polypeptides and nucleic acids include, but
are not limited to, NM_002612 (human), NM_053551
(rat), and NM_013743 (mouse). Standard methods
known by person skilled in the art can be used to deter-
mine whether a PDHK polypeptide has PDHK activity by
measuring the ability of the polypeptide to inhibit the con-
version of pyruvate into acetyl-CoA in vitro, in a cell ex-
tract, or in vivo.

[0088] Promoters are well known in the art. Any pro-
moter that functions in the host cell can be used for ex-
pression of siRNAs specific for a LDH and one or more
of PDHK in the host cell. Virtually any promoter capable
of driving these siRNAs is suitable for the present inven-
tion including, but not limited to, U6, H1, CYC1, HIS3,
GAL1, GAL4, GAL10, ADH1, PGK, PHO5 GAPDH, T7,
CMV, SV40, and EF1a. For example, in some embodi-
ments, the method comprises afirst heterologous nucleic
acid sequence encoding an siRNA specific for LDHa, a
second heterologous nucleic acid sequence encoding an
siRNA specific for PDHK1, a third heterologous nucleic
acid sequence encoding an siRNA specific for PDHK2,
and a fourth heterologous nucleic acid sequence encod-
ing an siRNA specific for PDHK3, wherein the first het-
erologous nucleic acid sequence is operably linked to a
first promoter U6, and wherein the second, third, and
fourth heterologous nucleic acid sequences are operably
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linked to a second promoter H1. In one variation, the first
heterologous nucleic acid sequence encoding an siRNA
is specific for LDHb. In another variation, the first heter-
ologous nucleic acid sequence encoding an siRNA is
specific for LDHc.

[0089] In another aspect, provided is a method of mak-
ing a cell that exhibits decreased lactate production in
culture, comprising introducing into the cell a vector com-
prising a first heterologous nucleic acid sequence encod-
ing an siRNA specific for the LDH and a second heterol-
ogous nucleic acid sequence encoding an siRNA specific
for the PDHK, wherein the first heterologous nucleic acid
sequence is operably linked to a first promoter, and
wherein the second heterologous nucleic acid sequence
is operably linked to a second promoter.

[0090] The first heterologous nucleic acid sequence
encoding an siRNA specific for the LDH and the second
heterologous nucleic acid sequence encoding the siRNA
specific for the PDHK can be inserted into a vector by a
variety of procedures. For example, the LDH and PDHK
siRNA sequences are ligated to the desired position in
the vector following digestion of the insert and the vector
with appropriate restriction endonucleases, such as Ka-
sl, BamHlI, Hindlll, or Bhlll. In some embodiments, a vec-
tor containing siRNAs sequences specific for LDHa and
PDHK1, PDHK2, and PDHKS3 are constructed by insert-
ing the LDHa siRNA sequence into the Kasl site of the
vector (e.g., pSilencer 3.1-H1 hygro vector) with an ad-
dition of U6 promoter at its immediate 5’end, inserting
the PDHK1 and PDHK2 siRNA sequences into Bam-
HI/Hindlll and Hindlll sites, respectively, and inserting
the PDHK3 siRNA sequence into Bglll with an addition
of H1 promoter at the immediate 5’ends of PDHK1,
PDHK2, and PDHKS3. Cultured cells expressing de-
creased lactate production can then be generated by
transfecting the vectors containing LDHa and PDHK1,
PDHK2, and PDHK3 siRNA.

Compositions

[0091] The cultured cells produced by the methods de-
scribed herein are also provided in the present invention.
The compositions of the present invention can be prac-
ticed in vivo, ex vivo, or in vitro. In one aspect, provided
are cells in culture expressing a) an siRNA specific for
LDH and b) an siRNA specific for a PDHK. In some em-
bodiments, the cultured cells further express an siRNA
specific for a second PDHK. In some embodiments, the
cultured cells further express an siRNA specific for a third
PDHK. In some embodiments, the cultured cells further
express an siRNA specific for a fourth PDHK.

[0092] In some embodiments, cells in culture express
a) an siRNA specific for LDHa and b) an siRNA specific
for PDHK1, PDHK2, and PDHKS, respectively. In some
embodiments, cells in culture express a) an siRNA spe-
cific for LDHb and b) an siRNA specific for PDHK1,
PDHK2, and PDHK3, respectively. In some embodi-
ments, cells in culture express a) an siRNA specific for
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LDHc and b) an siRNA specific for PDHK1, PDHK2, and
PDHKS3, respectively.

[0093] In some embodiments, cells in culture express
a) an siRNA specific for LDHa and b) an siRNA specific
for two PDHKs, wherein the PDHK is selected from the
group consisting of PDHK1, PDHK2, PDHK3, and
PDHK4. In some embodiments, cells in culture express
a) an siRNA specific for LDHb and b) an siRNA specific
for two PDHKs, wherein the PDHK is selected from the
group consisting of PDHK1, PDHK2, PDHK3, and
PDHK4. In some embodiments, cells in culture express
a) an siRNA specific for LDHc and b) an siRNA specific
for two PDHKs, wherein the PDHK is selected from the
group consisting of PDHK1, PDHK2, PDHK3, and
PDHK4.

[0094] In another aspect, provided are cells in culture
comprising a first heterologous nucleic acid sequence
encoding an siRNA specific for a LDH and a second het-
erologous nucleic acid sequence encoding an siRNA
specific for a PDHK, wherein the first heterologous nu-
cleic acid sequence is operably linked to a first promoter,
and wherein the second heterologous nucleic acid se-
quence is operably linked to a second promoter. In some
embodiments, the cells further comprise a third heterol-
ogous nucleic acid sequence encoding an siRNA specific
for a second PDHK and wherein the third heterologous
nucleic acid sequence is operably linked to a third pro-
moter. In some embodiments, the cells further comprise
a fourth heterologous nucleic acid sequence encoding
an siRNA specific for a third PDHK and wherein the fourth
heterologous nucleic acid sequence is operably linked
to a fourth promoter. In some embodiments, the cells
further comprise a fifth heterologous nucleic acid se-
quence encoding an siRNA specific for a fifth PDHK and
wherein the fifth heterologous nucleic acid sequence is
operably linked to a fifth promoter.

[0095] Insome embodiments, cells in culture compris-
es a first heterologous nucleic acid sequence encoding
an siRNA specific for LDHa, a second heterologous nu-
cleic acid sequence encoding an siRNA specific for
PDHKH1, a third heterologous nucleic acid sequence en-
coding an siRNA specific for PDHK2, and a fourth het-
erologous nucleic acid sequence encoding an siRNA
specific for PDHK3, wherein the first heterologous nucle-
ic acid sequence is operably linked to a first promoter
(e.g., UB), and wherein the second, third, and fourth het-
erologous nucleic acid sequences are operably linked to
a second promoter (e.g., H1). In one variation, the first
heterologous nucleic acid sequence encoding an siRNA
is specific for LDHb. In another variation, the first heter-
ologous nucleic acid sequence encoding an siRNA is
specific for LDHb.

[0096] Insome embodiments, cellsin culture comprise
a first heterologous nucleic acid sequence encoding an
siRNA specific for LDHa, a second heterologous nucleic
acid sequence encoding an siRNA specific for a PDHK,
a third heterologous nucleic acid sequence encoding an
siRNA specificfora PDHK, wherein the PDHK is selected
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from the group consisting of PDHK1, PDHK2, PDHKS3,
and PDHK4, wherein the first heterologous nucleic acid
sequence is operably linked to a first promoter (e.g., U6),
and wherein the second and the third heterologous nu-
cleic acid sequences are operably linked to a second
promoter (e.g., H1). In one variation, the first heterolo-
gous nucleic acid sequence encoding an siRNA is spe-
cific for LDHb. In another variation, the first heterologous
nucleic acid sequence encoding an siRNA is specific for
LDHc.

[0097] Insome embodiments, the cell culture includes
at least about 5, 10, 15, 20, 50, 75, 100, 200, 500, 750,
1,000, 5,000, 7,500, 10,000, 15,000 or more cells.
[0098] Inanother aspect, disclosed are cells in culture
having a lactate synthesis rate thatis lower than a lactate
consumptionrate. Thedisclosure also relates to, the cells
in culture have an average lactate production rate of less
than about any of negative 0.2 mg/108 cells/day, negative
0.1 mg/108 cells/day, negative 0.08 mg/108 cells/day,
negative 0.06 mg/108 cells/day, negative 0.04 mg/1086
cells/day, negative 0.02 mg/108 cells/day, negative 0.01
mg/106 cells/day, negative 0.008 mg/108 cells/day, neg-
ative 0.006 mg/108 cells/day, negative 0.004 mg/108
cells/day, or negative 0.002 mg/108 cells/day.

[0099] Insome embodiments, cells in culture compris-
es a first heterologous nucleic acid sequence encoding
an siRNA specific for LDHa, a second heterologous nu-
cleic acid sequence encoding an siRNA specific for
PDHK1, a third heterologous nucleic acid sequence en-
coding an siRNA specific for PDHK2, and a fourth het-
erologous nucleic acid sequence encoding an siRNA
specific for PDHK3, wherein the first heterologous nucle-
ic acid sequence is operably linked to a first promoter
(e.g., UB), wherein the second, third, and fourth heterol-
ogous nucleic acid sequences are operably linked to a
second promoter (e.g., H1), and wherein the cells in cul-
ture have an average lactate production rate of about
negative 0.02 mg/108 cells/day.

[0100] Inanother aspect, disclosed are cells in culture
containing siRNA specific fora LDH and PDHK(s) having
a decreased osmolality. In some aspects of the
disclosure , cells in culture containing siRNA specific for
alLDHand PDHK(s) have an osmolality atless than about
any of 500 mOsm, 450 mOsm, 400 mOsm 350 mOsm,
300 mOsm, 250 mOsm, 200 mOsm, or 150 mOsm.
[0101] Insome embodiments, cells in culture compris-
es a first heterologous nucleic acid sequence encoding
an siRNA specific for LDHa, a second heterologous nu-
cleic acid sequence encoding an siRNA specific for
PDHK1, a third heterologous nucleic acid sequence en-
coding an siRNA specific for PDHK2, and a fourth het-
erologous nucleic acid sequence encoding an siRNA
specific for PDHK3, wherein the first heterologous nucle-
ic acid sequence is operably linked to a first promoter
(e.g., UB), wherein the second, third, and fourth heterol-
ogous nucleic acid sequence is operably linked to a sec-
ond promoter (e.g., H1), and wherein the cells in culture
have an osmolality at about 300 mOsm.
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[0102] In another aspect, disclosed are cells in culture
having an increased Specific Productivity (Qp). In some
aspects of the disclosure, the cultured cells have a Spe-
cific Productivity of at least about 60% higher, at least
about 65% higher, at least about 70% higher, at least
about 75% higher, at least about 80% higher, at least
about 85% higher, at least about 90% higher, or at least
about 95% higher than cultured cells without the heter-
ologous nucleic acid sequence comprising the PDHK(s)
and the LDH. In some aspects of the disclosure, the cul-
tured cells have a Specific Productivity of about 67%
higher, about 69% higher, about 71% higher, about 72%
higher, about 73% higher, about 74% higher, about 75%
higher, about 76% higher, about 77% higher, about 78%
higher, about 79% higher, about 81% higher, about 83%
higher, about 85% higher, about 87% higher, about 89%
higher, about 91% higher, about 93% higher, about 95%
higher, about 97% higher, or at about 99% higher than
cultured cells without the heterologous nucleic acid se-
quence comprising the PDHK(s) and the LDH.

[0103] Insome embodiments, cells in culture compris-
es a first heterologous nucleic acid sequence encoding
an siRNA specific for LDHa, a second heterologous nu-
cleic acid sequence encoding an siRNA specific for
PDHKH1, a third heterologous nucleic acid sequence en-
coding an siRNA specific for PDHK2, and a fourth het-
erologous nucleic acid sequence encoding an siRNA
specific for PDHK3, wherein the first heterologous nucle-
ic acid sequence is operably linked to a first promoter
(e.g., UB), wherein the second, third, and fourth heterol-
ogous nucleic acid sequence is operably linked to a sec-
ond promoter (e.g., H1), and wherein the cells in culture
have a Specific Productivity of about 75% higher.
[0104] In another aspect, provided are the cultured
cells produced by the method herein with an increased
polypeptide productivity (e.g., antibody productivity or tit-
erin g/L). In some embodiments, the cultured cells have
a polypeptide productivity of about 10% to about 800%
higher than cultured cells without the heterologous nu-
cleic acid sequence comprising the PDHK(s) and the
LDH. In some embodiments, the cultured cells have a
polypeptide productivity of about 10% higher, about 15%
higher, about 20% higher, about 25% higher, about 30%
higher, about 35% higher, about 40% higher, about 45%
higher, about 50% higher, about 55% higher, about 58%
higher, about 60% higher, about 65% higher, about 70%
higher, about 71% higher, about 75% higher, about 80%
higher, about 85% higher, about 90% higher, about 95%
higher, about 100% higher, about 125% higher, about
150%, about 200% higher, about 250% higher, about
300% higher, about 350% higher, about 400% higher,
about 450% higher, about 500 higher, about 550% high-
er, about 600% higher, about 650% higher, about 700%
higher, about 750% higher, or about 800% higher than
cultured cells without the heterologous nucleic acid se-
quence comprising the PDHK(s) and the LDH. In some
embodiments, the cultured cells have a polypeptide pro-
ductivity of at least about 55% higher, at least about 60%
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higher, at least about 65% higher, at least about 68%
higher, at least about 70% higher, at least about 80%
higher, at least about 85% higher, or at least about 90%
higher than cultured cells without the heterologous nu-
cleic acid sequence comprising the PDHK(s) and the
LDH.

[0105] Insome embodiments, cells in culture compris-
es a first heterologous nucleic acid sequence encoding
an siRNA specific for LDHa, a second heterologous nu-
cleic acid sequence encoding an siRNA specific for
PDHK1, a third heterologous nucleic acid sequence en-
coding an siRNA specific for PDHK2, and a fourth het-
erologous nucleic acid sequence encoding an siRNA
specific for PDHK3, wherein the first heterologous nucle-
ic acid sequence is operably linked to a first promoter
(e.g., UB), wherein the second, third, and fourth heterol-
ogous nucleic acid sequence is operably linked to a sec-
ond promoter (e.g., H1), and wherein the cultured cells
have an antibody productivity (e.g., in g/L) of at least
about 68% higher than cultured cells without the heter-
ologous nucleic acid sequence comprising the PDHK1,
PDHK2, PDHK3, and LDHa.

[0106] In some embodiments, the cultured cells have
a polypeptide productivity of about 10% to about 800%
higher than cultured cells without the siRNAs specific for
the PDHK(s) and the LDH (in some embodiments, an
antibody). In some embodiments, the cultured cells have
a polypeptide productivity of about 10% higher, about
15% higher, about 20% higher, about 25% higher, about
30% higher, about 35% higher, about 40% higher, about
45% higher, about 50% higher, about 55% higher, about
60% higher, about 65% higher, about 70% higher, about
75% higher, about 80% higher, about 85% higher, about
90% higher, about95% higher, about 100% higher, about
125% higher, about 150%, about 200% higher, about
250% higher, about 300% higher, about 350% higher,
about 400% higher, about 450% higher, about 500 high-
er, about 550% higher, about 600% higher, about 650%
higher, about 700% higher, about 750% higher, or about
800% higher than cultured cells without the siRNAs spe-
cific for the PDHK(s) and the LDH. In some embodiments,
the cultured cells have a polypeptide productivity of at
least about 65% higher, at least about 68% higher, at
least about 70% higher, at least about 80% higher, at
least about 85% higher, or atleast about 90% higher than
cultured cells w without the siRNAs specific for the PD-
HK(s) and the LDH. In some embodiments, the antibody
productivity is at least about 68% higher than cultured
cells without the siRNAs specific for the PDHK(s) and
the LDH.

[0107] Inanother aspect, provided is a vector compris-
ing a first heterologous nucleic acid sequence encoding
an siRNA specific for a LDH and a second heterologous
nucleic acid sequence encoding an siRNA specific for a
PDHK, wherein the first heterologous nucleic acid se-
quence is operably linked to afirst promoter, and wherein
the second heterologous nucleic acid sequence is oper-
ably linked to a second promoter.
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[0108] In some embodiments, the vector contains a
nucleic acid under the control of an expression control
sequence. As used herein, an "expression control se-
quence" means a nucleic acid sequence thatdirects tran-
scription of a nucleic acid of interest. An expression con-
trol sequence can be a promoter, such as a constitutive
or an inducible promoter, or an enhancer. An "inducible
promoter" is a promoter that is active under environmen-
tal or developmental regulation. The expression control
sequence is operably linked to the nucleic acid segment
to be transcribed.

[0109] Insome embodiments, the vector also includes
atermination sequence. Termination controlregions may
also be derived from various genes native to the host
cell. In some embodiments, the termination sequence
and the promoter sequence are derived from the same
source. In another embodiment, the termination se-
quence is endogenous to the host cell. Optionally, a ter-
mination site may be included. For effective expression
of the polypeptides, DNA encoding the polypeptide are
linked operably through initiation codons to selected ex-
pression control regions such that expression results in
the formation of the appropriate messenger RNA.
[0110] In some embodiments, the vector contains a
selective marker. The term "selective marker" refers to
a nucleic acid capable of expression in a host cell that
allows for ease of selection of those host cells containing
an introduced nucleic acid or vector. Examples of se-
lectable markers include, but are not limited to, antibiotic
resistance nucleic acids (e.g., kanamycin, ampicillin,
carbenicillin, gentamicin, hygromycin, phleomycin, bleo-
mycin, neomycin, or chloramphenicol) and/or nucleic ac-
ids that confer a metabolic advantage, such as a nutri-
tional advantage on the host cell. In some embodiments,
the selective marker is the hygromycin nucleic acid.

Polypeptides

[0111] The polypeptide or protein to be produced using
the methods and cultured cells described herein in-
cludes, but is not limited to, antibody orimmunoadhesin.
Techniquesforgenerating such molecules arediscussed
below.

Antibodies

[0112] Antibodies within the scope of the present in-
vention include, but are not limited to: anti-CD20 antibod-
ies such as chimeric anti-CD20 "C2B8" as in U.S. Pat.
No. 5,736,137 (RITUXAN®); anti-VEGF antibodies, in-
cluding humanized and/or affinity matured anti-VEGF an-
tibodies such as the humanized anti-VEGF antibody
huA4.6.1 AVASTIN® (Kim etal., Growth Factors, 7:53-64
(1992), International Publication No. WO 96/30046, and
WO 98/45331, published Oct. 15, 1998) and V3LA; anti-
MUC16 antibody; anti-CD4 antibodies such as the cM-
7412 antibody (Choy et al. Arthritis Rheum. 39(1):52-56
(1996)) and the Ibalizumab (TNX355) antibody; anti-MET
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antibodies such as one-armed 5D5 anti-C-Met antibody;
ant-HER2 antibodies Trastuzumab (HERCEPTIN®)
(Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285-4289
(1992), U.S. Pat. No. 5,725,856) and humanized 2C4
(WO01/00245, Adams et al.), a chimeric or humanized
variant of the 2H7 antibody as in U.S. Pat. No.
5,721,108B1, or Tositumomab (BEXXAR®); anti-IL-8 an-
tibodies (St John et al., Chest, 103:932 (1993), and In-
ternational Publication No. WO 95/23865); anti-prostate
stem cell antigen (PSCA) antibodies (WO01/40309); an-
ti-CD40 antibodies, including S2C6 and humanized var-
iants thereof (WO00/75348); anti-CD1 antibodies (U.S.
Pat. No. 5,622,700, WO 98/23761, Steppe et al., Trans-
plant Intl. 4:3-7 (1991), and Hourmant et al., Transplan-
tation 58:377-380 (1994)); anti-CD18 (U.S. Pat. No.
5,622,700, issued Apr. 22, 1997, or as in WO 97/26912,
published Jul. 31, 1997); anti-IgE antibodies (including
E25, E26 and E27; U.S. Pat. No. 5,714,338, issued Feb.
3,19980rU.S. Pat. No. 5,091,313, issued Feb. 25, 1992,
WO 93/04173 published Mar. 4, 1993, or International
Application No. PCT/US98/13410 filed Jun. 30, 1998,
U.S. Pat. No. 5,714,338, Presta et al.,, J. Immunol.
151:2623-2632 (1993), and International Publication No.
WO 95/19181); anti-Apo-2 receptor antibodies (WO
98/51793 published Nov. 19, 1998); anti-TNF-o. antibod-
ies, including cA2 (REMICADE®), CDP571 and MAK-
195 (See, U.S. Pat. No. 5,672,347 issued Sep. 30, 1997,
Lorenz et al. J. Immunol. 156(4):1646-1653(1996), and
Dhainaut et al. Crit. Care Med. 23(2):1461-1469 (1995));
anti-Tissue Factor (TF) antibodies (European Patent No.
0 420 937 B1 granted Nov. 9, 1994); anti-human a4p7
integrin antibodies (WO 98/06248 published Feb. 19,
1998); anti-epidermal growth factor receptor (EGFR) an-
tibodies (e.g. chimerized or humanized 225 antibody as
in WO 96/40210 published Dec. 19, 1996); anti-CD3 an-
tibodies such as OKT3 (U.S. Pat. No. 4,515,893 issued
May 7, 1985); anti-CD25 or anti-Tac antibodies such as
CHI-621 (SIMULECT® and ZENAPAX® (See U.S. Pat.
No. 5,693,762 issued Dec. 2, 1997); anti-CD52 antibod-
ies such as CAMPATH-1H (Riechmann et al. Nature
332:323-337 (1988)); anti-Fc receptor antibodies such
as the M22 antibody directed against Fcy Rl as in
Graziano et al. J. Immunol. 155(10):4996-5002 (1995);
anti-carcinoembryonic antigen (CEA) antibodies such as
hMN-1 4 (Sharkey et al. CancerRes. 55(23Suppl):
5935s-5945s (1995); antibodies directed against breast
epithelial cells including huBrE-3, hu-Mc 3 and CHL6
(Ceriani et al. Cancer Res. 55(23): 5852s-58565s (1995);
and Richman et al. Cancer Res. 55(23 Supp): 5916s-
5920s (1995)); antibodies that bind to colon carcinoma
cells such as C242 (Litton et al. Eur J Immunol. 26(1):
1-9 (1996)); anti-CD38 antibodies, e.g. AT 13/5 (Ellis et
al. J. Immunol. 155(2):925-937 (1995)); anti-CD33 anti-
bodies such as Hu M195 (Jurcic et al. Cancer Res 55(23
Suppl):5908s-5910s (1995) and CMA-676 or CDP771;
anti-CD22 antibodies such as LL2 or LymphoCide (Ju-
weid et al. Cancer Res 55(23 Suppl):5899s-5907s
(1995)); anti-EpCAM antibodies such as 17-1A (PANO-
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REX®); anti-Gpllb/llla antibodies such as abciximab or
c7E3 Fab (REOPRO®); anti-RSV antibodies such as ME-
DI-493 (SYNAGIS®); anti-CMV antibodies such as PRO-
TOVIR®; anti-HIV antibodies such as PRO542; anti-hep-
atitis antibodies such as the anti-Hep B antibody OSTA-
VIR®; anti-CA 125 antibodies, such as OvaRex; anti-id-
iotypic GD3 epitope antibody BEC2; anti-avp33 antibod-
ies, including VITAXIN®; anti-human renal cell carcinoma
antibody such as ch-G250; ING-1; anti-human 17-1A an-
tibody (3622W94); anti-human colorectal tumor antibody
(A33); anti-human melanoma antibody R24 directed
against GD3 ganglioside; anti-human squamous-cell
carcinoma (SF-25); and anti-human leukocyte antigen
(HLA) antibodies such as Smart ID10 and the anti-HLA
DR antibody Oncolym (Lym-1).

[0113] Aside from the antibodies specifically identified
above, the skilled practitioner can generate antibodies
directed against an antigen of interest, e.g., using the
techniques described below.

(i) Antigen Selection and Preparation

[0114] The antibody herein is directed against an an-
tigen of interest. Preferably, the antigen is a biologically
important polypeptide and administration of the antibody
to a mammal suffering from a disease or disorder can
result in a therapeutic benefit in that mammal. However,
antibodies directed against nonpolypeptide antigens
(such as tumor-associated glycolipid antigens; see U.S.
Pat. No. 5,091,178) are also contemplated. Where the
antigen is a polypeptide, itmay be a transmembrane mol-
ecule (e.g. receptor) or ligand such as a growth factor.
Exemplary antigens include those proteins described in
section (3) below. Exemplary molecular targets for anti-
bodies encompassed by the present invention include
CD proteins such as CD3, CD4, CD8, CD19, CD20,
CD22 and CD34; members of the ErbB receptor family
such as the EGFR, HER2, HER3 or HER4 receptor; cell
adhesion molecules such as LFA-1, Mac1, p1 50,95,
VLA-4, ICAM-1, VCAM and av/p3 integrin including ei-
ther o, or B subunits thereof (e.g. anti-CD11a, anti-CD18
oranti-CD11b antibodies); growth factors such as VEGF;
IgE; blood group antigens; flk2/flt3 receptor; obesity (OB)
receptor; mpl receptor; CTLA-4; protein C, or any of the
other antigens mentioned herein.

[0115] Soluble antigens or fragments thereof, option-
ally conjugated to other molecules, can be used as im-
munogens for generating antibodies. For transmem-
brane molecules, such as receptors, fragments of these
(e.g. the extracellular domain of areceptor) can be used
as the immunogen. Alternatively, cells expressing the
transmembrane molecule can be used as the immuno-
gen. Such cells can be derived from a natural source
(e.g. cancer cell lines) or may be cells which have been
transformed by recombinant techniques to express the
transmembrane molecule.

[0116] Other antigens and forms thereof useful for pre-
paring antibodies will be apparent to those in the art.
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(i) Polyclonal Antibodies

[0117] Polyclonal antibodies are preferably raised in
animals by multiple subcutaneous (sc) or intraperitoneal
(ip) injections of the relevant antigen and an adjuvant. It
may be useful to conjugate the antigen to a protein that
is immunogenic in the species to be immunized, e.g.,
keyhole limpet hemocyanin, serum albumin, bovine thy-
roglobulin, or soybean trypsin inhibitor using a bifunction-
al or derivatizing agent, for example, maleimidobenzoyl
sulfosuccinimide ester (conjugation through cysteine
residues), N-hydroxysuccinimide (through lysine resi-
dues), glutaraldehyde, succinic anhydride, SOCI,, or
RIN=C=NR, where R and R are different alkyl groups.
[0118] Animals are immunized againstthe antigen, im-
munogenic conjugates, or derivatives by combining, e.g.,
100 g or 5 ng of the protein or conjugate (for rabbits or
mice, respectively) with 3 volumes of Freund’s complete
adjuvant and injecting the solution intradermally at mul-
tiple sites. One month later the animals are boosted with
1/5 to {fraction (1/10)} the original amount of antigen or
conjugate in Freund’s complete adjuvant by subcutane-
ous injection at multiple sites. Seven to 14 days later the
animals are bled and the serum is assayed for antibody
titer. Animals are boosted until the titer plateaus. Prefer-
ably, the animalis boosted with the conjugate of the same
antigen, but conjugated to a different protein and/or
through a different cross-linking reagent. Conjugates al-
so can be made in recombinant cell culture as protein
fusions. Also, aggregating agents such as alum are suit-
ably used to enhance the immune response.

(i) Monoclonal Antibodies

[0119] Monoclonal antibodies may be made using the
hybridoma method first described by Kohler et al., Na-
ture, 256:495 (1975), or may be made by recombinant
DNA methods (U.S. Pat. No. 4,816,567).

[0120] Inthe hybridoma method, a mouse or other ap-
propriate host animal, such as a hamster or macaque
monkey, is immunized as hereinabove described to elicit
lymphocytes that produce or are capable of producing
antibodies that will specifically bind to the protein used
for immunization. Alternatively, lymphocytes may be im-
munized in vitro. Lymphocytes then are fused with mye-
loma cells using a suitable fusing agent, such as poly-
ethylene glycol, to form a hybridoma cell (Goding, Mon-
oclonal Antibodies: Principles and Practice, pp.59-103
(Academic Press, 1986)).

[0121] The hybridoma cells thus prepared are seeded
and grown in a suitable culture medium that preferably
contains one or more substances that inhibit the growth
or survival of the unfused, parental myeloma cells. For
example, if the parental myeloma cells lack the enzyme
hypoxanthine guanine phosphoribosyl transferase (HG-
PRT or HPRT), the culture medium for the hybridomas
typically will include hypoxanthine, aminopterin, and thy-
midine (HAT medium), which substances prevent the
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growth of HGPRT-deficient cells.

[0122] Preferred myeloma cells are those that fuse ef-
ficiently, support stable high-level production of antibody
by the selected antibody-producing cells, and are sensi-
tive to a medium such as HAT medium. Among these,
preferred myeloma cell lines are murine myeloma lines,
such as those derived from MOPC-21 and MPC-11
mouse tumors available from the Salk Institute Cell Dis-
tribution Center, San Diego, Calif. USA, and SP-2 or X63-
Ag8-653 cells available from the American Type Culture
Collection, Rockville, Md. USA. Human myeloma and
mouse-human heteromyeloma cell lines also have been
described for the production of human monoclonal anti-
bodies (Kozbor, J. Immunol., 133:3001 (1984); Brodeur
et al, Monoclonal Antibody Production Techniques and
Applications, pp. 51-63 (Marcel Dekker, Inc., New York,
1987)).

[0123] Culture medium in which hybridoma cells are
growing is assayed for production of monoclonal anti-
bodies directed against the antigen. Preferably, the bind-
ing specificity of monoclonal antibodies produced by hy-
bridoma cells is determined by immunoprecipitation or
by an in vitro binding assay, such as radioimmunoassay
(RIA) or enzyme-linked immunoabsorbent assay (ELI-
SA).

[0124] After hybridoma cells are identified that produce
antibodies of the desired specificity, affinity, and/or ac-
tivity, the clones may be subcloned by limiting dilution
procedures and grown by standard methods (Goding,
Monoclonal Antibodies: Principles and Practice,
pp.59-103 (Academic Press, 1986)). Suitable culture me-
dia for this purpose include, for example, D-MEM or RP-
MI-1640 medium. In addition, the hybridoma cells may
be grown in vivo as ascites tumors in an animal.

[0125] The monoclonal antibodies secreted by the
subclones are suitably separated from the culture medi-
um, ascites fluid, or serum by conventional immunoglob-
ulin purification procedures such as, forexample, Protein
A-Sepharose, hydroxylapatite chromatography, gel elec-
trophoresis, dialysis, or affinity chromatography. Prefer-
ably the Protein A affinity chromatography procedure us-
ing a pH gradient described herein is used.

[0126] DNA encoding the monoclonal antibodies is
readily isolated and sequenced using conventional pro-
cedures (e.g., by using oligonucleotide probes that are
capable of binding specifically to genes encoding the
heavy and light chains of the monoclonal antibodies).
The hybridoma cells serve as a preferred source of such
DNA. Onceisolated, the DNA may be placed into expres-
sion vectors, which are then transfected into host cells
such as E. coli cells, simian COS cells, Chinese hamster
ovary (CHO) cells, ormyeloma cells that do nototherwise
produce immunoglobulin protein, to obtain the synthesis
of monoclonal antibodies in the recombinant host cells.
[0127] The DNA also may be modified, for example,
by substituting the coding sequence for human heavy-
and light-chain constant domains in place of the homol-
ogous marine sequences (U.S. Pat. No. 4,816,567; Mor-
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rison, et al., Proc. Natl Acad. Sci. USA, 81:6851 (1984)),
or by covalently joining to the immunoglobulin coding se-
quence all or part of the coding sequence for a non-im-
munoglobulin polypeptide.

[0128] Typically such non-immunoglobulin polypep-
tides are substituted for the constant domains of an an-
tibody, or they are substituted for the variable domains
of one antigen-combining site of an antibody to create a
chimeric bivalent antibody comprising one antigen-com-
bining site having specificity for an antigen and another
antigen-combining site having specificity for a different
antigen.

[0129] Monoclonal antibodies can be isolated from an-
tibody phage libraries generated using the techniques
described in McCafferty et al., Nature, 348:552-554
(1990). Clackson et al., Nature, 352:624-628 (1991) and
Marks et al., J. Mol. Biol., 222:581-597 (1991) describe
the isolation of murine and human antibodies, respec-
tively, using phage libraries. Subsequent publications de-
scribe the production of high affinity (nM range) human
antibodies by chain shuffling (Marks et al., Bio/Technol-
ogy, 10:779-783 (1992)), as well as combinatorial infec-
tion and in vivo recombination as a strategy for construct-
ing very large phage libraries (Waterhouse et al., Nuc.
Acids. Res., 21:2265-2266 (1993)). Thus, these tech-
niques are viable alternatives to traditional hybridoma
techniques for isolation of monoclonal antibodies.

(iv) Humanized and Human Antibodies

[0130] A humanized antibody has one or more amino
acid residues introduced into it from a source which is
non-human. These non-human amino acid residues are
often referred to as "import" residues, which are typically
taken from an "import" variable domain. Humanization
can be essentially performed following the method of

Winter and co-workers (Jones et al., Nature,
321:522-525 (1986); Riechmann et al., Nature,
332:323-327 (1988); Verhoeyen et al., Science,

239:1534-1536 (1988)), by substituting rodent CDRs or
CDR sequences for the corresponding sequences of a
human antibody. Accordingly, such "humanized" anti-
bodies are chimeric antibodies (U.S. Pat. No. 4,816,567)
wherein substantially less than an intact human variable
domain has been substituted by the corresponding se-
quence from a non-human species. In practice, human-
ized antibodies are typically human antibodies in which
some CDR residues and possibly some FR residues are
substituted by residues from analogous sites in rodent
antibodies.

[0131] The choice of human variable domains, both
light and heavy, to be used in making the humanized
antibodies is very important to reduce antigenicity. Ac-
cording to the so-called "best-fit" method, the sequence
of the variable domain of a rodent antibody is screened
against the entire library of known human variable-do-
main sequences. The human sequence which is closest
to that of the rodent is then accepted as the human FR
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for the humanized antibody (Sims et al., J. Immunol.,
151:2296 (1993)). Another method uses a particular
framework derived from the consensus sequence of all
human antibodies of a particular subgroup of light or
heavy chains. The same framework may be used for sev-
eral different humanized antibodies (Carter et al., Proc.
Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al., J.
Immnol., 151:2623 (1993)).

[0132] Itis further important that antibodies be human-
ized with retention of high affinity for the antigen and other
favorable biological properties. To achieve this goal, ac-
cording to a preferred method, humanized antibodies are
prepared by a process of analysis of the parental se-
quences and various conceptual humanized products
using three-dimensional models of the parental and hu-
manized sequences. Three-dimensional immunoglobu-
lin models are commonly available and are familiar to
those skilled in the art. Computer programs are available
which illustrate and display probable three-dimensional
conformational structures of selected candidate immu-
noglobulin sequences. Inspection of these displays per-
mits analysis of the likely role of the residues in the func-
tioning of the candidate immunoglobulin sequence, i.e.,
the analysis of residues that influence the ability of the
candidate immunoglobulin to bind its antigen. In this way,
FR residues can be selected and combined from the re-
cipient and import sequences so that the desired anti-
body characteristic, such as increased affinity for the tar-
getantigen(s), is achieved. In general, the CDR residues
are directly and most substantially involved in influencing
antigen binding.

[0133] Alternatively, itis now possible to produce trans-
genic animals (e.g., mice) that are capable, upon immu-
nization, of producing a full repertoire of human antibod-
ies in the absence of endogenous immunoglobulin pro-
duction. For example, it has been described that the ho-
mozygous deletion of the antibody heavy-chain joining
region (JH) gene in chimeric and germ-line mutant mice
results in complete inhibition of endogenous antibody
production. Transfer of the human germ-line immu-
noglobulin gene array in such germ-line mutant mice will
resultin the production of human antibodies upon antigen
challenge. See, e.g., Jakobovits et al., Proc. Natl. Acad.
Sci. USA, 90:2551 (1993); Jakobovits et al., Nature,
362:255-258 (1993); Bruggermann et al., Year in Immu-
no., 7:33 (1993); and Duchosal et al. Nature 355:258
(1992). Human antibodies can also be derived from
phage-display libraries (Hoogenboom etal., J. Mol. Biol.,
227:381 (1991); Marks et al., J. Mol. Biol., 222:581-597
(1991); Vaughan et al. Nature Biotech 14:309 (1996)).

(v) Antibody Fragments

[0134] Various techniques have been developed for
the production of antibody fragments. Traditionally, these
fragments were derived via proteolytic digestion of intact
antibodies (see, e.g., Morimoto etal. Journal of Biochem-
ical and Biophysical Methods 24:107-117 (1992) and
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Brennan et al., Science, 229:81 (1985)). However, these
fragments can now be produced directly by recombinant
host cells. For example, the antibody fragments can be
isolated from the antibody phage libraries discussed
above. Alternatively, Fab’-SH fragments can be directly
recovered from E. coli and chemically coupled to form
F(ab’), fragments (Carter et al., Bio/Technology
10:163-167 (1992)). According to another approach,
F(ab’), fragments can be isolated directly from recom-
binant host cell culture. A single chain Fv fragment (scFv)
can also be isolated. See WO 93/16185. Other tech-
niques for the production of antibody fragments will be
apparent to the skilled practitioner.

(vi) Multispecific Antibodies

[0135] Multispecific antibodies have binding specifici-
ties for at least two different antigens. While such mole-
cules normally will only bind two antigens (i.e. bispecific
antibodies, BsAbs), antibodies with additional specifici-
ties such as trispecific antibodies are encompassed by
this expression when used herein.

[0136] Methods for making bispecific antibodies are
known in the art. Traditional production of full length bis-
pecific antibodies is based on the coexpression of two
immunoglobulin heavy chain-light chain pairs, where the
two chains have different specificities (Millstein et al., Na-
ture, 305:537-539 (1983)). Because of the random as-
sortment of immunoglobulin heavy and light chains,
these hybridomas (quadromas) produce a potential mix-
ture of 10 different antibody molecules, of which only one
has the correct bispecific structure. Purification of the cor-
rect molecule, which is usually done by affinity chroma-
tography steps, is rather cumbersome, and the product
yields are low. Similar procedures are disclosed in WO
93/08829, and in Traunecker et al., EMBO J.,
10:3655-3659 (1991).

[0137] According to another approach described in
WOQ096/27011, the interface between a pair of antibody
molecules can be engineered to maximize the percent-
age of heterodimers which are recovered from recom-
binant cell culture. The preferred interface comprises at
least a part of the C;3 domain of an antibody constant
domain. In this method, one or more small amino acid
side chains from the interface of the first antibody mole-
cule are replaced with larger side chains (e.g., tyrosine
or tryptophan). Compensatory "cavities" of identical or
similar size to the large side chain(s) are created on the
interface of the second antibody molecule by replacing
large amino acid side chains with smaller ones (e.g.,
alanine or threonine). This provides a mechanism for in-
creasing the yield of the heterodimer over other unwant-
ed end-products such as homodimers.

[0138] Bispecific antibodies include cross-linked or
"heteroconjugate" antibodies. For example, one of the
antibodies in the heteroconjugate can be coupled to avi-
din, the other to biotin. Such antibodies have, for exam-
ple, been proposed to target immune system cells to un-
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wanted cells (U.S. Pat. No. 4,676,980), and for treatment
of HIV infection (WO 91/00360, WO 92/200373, and EP
03089). Heteroconjugate antibodies may be made using
any convenient cross-linking methods. Suitable cross-
linking agents are well known in the art, and are disclosed
in U.S. Pat. No. 4,676,980, along with a number of cross-
linking techniques.

[0139] Techniques for generating bispecific antibodies
from antibody fragments have also been described in the
literature. For example, bispecific antibodies can be pre-
pared using chemical linkage. Brennan et al., Science,
229: 81 (1985) describe a procedure wherein intact an-
tibodies are proteolytically cleaved to generate F(ab’),
fragments. These fragments are reduced in the presence
of the dithiol complexing agent sodium arsenite to stabi-
lize vicinal dithiols and prevent intermolecular disulfide
formation. The Fab’ fragments generated are then con-
verted to thionitrobenzoate (TNB) derivatives. One of the
Fab’-TNB derivatives is then reconverted to the Fab’-thiol
by reduction with mercaptoethylamine and is mixed with
an equimolar amount of the other Fab’-TNB derivative to
form the bispecific antibody. The bispecific antibodies
produced can be used as agents for the selective immo-
bilization of enzymes.

[0140] Recentprogress hasfacilitated the directrecov-
ery of Fab’-SH fragments from E. coli, which can be
chemically coupled to form bispecific antibodies. Shalaby
et al., J. Exp. Med., 175: 217-225 (1992) describe the
production of a fully humanized bispecific antibody
F(ab’), molecule. Each Fab’ fragment was separately se-
creted from E. coli and subjected to directed chemical
coupling in vitro to form the bispecific antibody. The bis-
pecific antibody thus formed was able to bind to cells
overexpressing the ErbB2 receptor and normal human
T cells, as well as trigger the lytic activity of human cyto-
toxic lymphocytes against human breast tumor targets.
[0141] Varioustechniques for makingandisolating bis-
pecific antibody fragments directly from recombinant cell
culture have also been described. For example, bispe-
cific antibodies have been produced using leucine zip-
pers. Kostelny et al.,, J. Immunol., 148(5):1547-1553
(1992). The leucine zipper peptides from the Fos and
Jun proteins were linked to the Fab’ portions of two dif-
ferent antibodies by gene fusion. The antibody homodim-
ers were reduced at the hinge region to form monomers
and then re-oxidized to form the antibody heterodimers.
This method can also be utilized for the production of
antibody homodimers. The "diabody" technology de-
scribed by Hollinger et al., Proc. Natl. Acad. Sci. USA,
90:6444-6448 (1993) has provided an alternative mech-
anism for making bispecific antibody fragments. The frag-
ments comprise a heavy-chain variable domain (V) con-
nected to a light-chain variable domain (V|) by a linker
which is too short to allow pairing between the two do-
mains on the same chain. Accordingly, the V and V|
domains of one fragment are forced to pair with the com-
plementary V| and Vi domains of another fragment,
thereby forming two antigen-binding sites. Another strat-
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egy for making bispecific antibody fragments by the use
of single-chain Fv (sFv) dimers has also been reported.
See Gruber et al., J. Immunol., 152:5368 (1994). Alter-
natively, the antibodies can be "linear antibodies" as de-
scribed in Zapata et al. Protein Eng. 8(10):1057-1062
(1995). Briefly, these antibodies comprise a pair of tan-
dem Fd segments (Vy, -Cy1- V; and V) which form a
pair of antigen binding regions. Linear antibodies can be
bispecific or monospecific.

[0142] Antibodies with more than two valencies are
contemplated. For example, trispecific antibodies can be
prepared. Tutt et al. J. Immunol 147: 60 (1991).

Immunoadhesins

[0143] The simplest and most straightforward immu-
noadhesin design combines the binding domain(s) of the
adhesin (e.g., the extracellular domain (ECD) of a recep-
tor) with the hinge and Fc regions of an immunoglobulin
heavy chain. Ordinarily, when preparing the immunoad-
hesins of the present invention, nucleic acid encoding
the binding domain of the adhesin will be fused C-termi-
nally to nucleic acid encoding the N-terminus of an im-
munoglobulin constant domain sequence, however N-
terminal fusions are also possible.

[0144] Typically, in such fusions the encoded chimeric
polypeptide will retain at least functionally active hinge,
Cp2 and Cp3 domains of the constant region of an im-
munoglobulin heavy chain. Fusions are also made to the
C-terminus of the Fc portion of a constant domain, or
immediately N-terminal to the C1 of the heavy chain or
the corresponding region of the light chain. The precise
site at which the fusion is made is not critical; particular
sites are well known and may be selected in order to
optimize the biological activity, secretion, or binding char-
acteristics of the immunoadhesin.

[0145] In some embodiments, the adhesin sequence
is fused to the N-terminus of the Fc domain of immu-
noglobulin G4 (Ig Gy). It is possible to fuse the entire
heavy chain constant region to the adhesin sequence.
However, preferably, a sequence beginning in the hinge
region just upstream of the papain cleavage site which
defines IgG Fc chemically (i.e. residue 216, taking the
first residue of heavy chain constant region to be 114),
or analogous sites of other immunoglobulins is used in
the fusion. In some embodiments, the adhesin amino ac-
id sequence is fused to (a) the hinge region and or C;2
and C.;3 or (b) the Cy1, hinge, C;,2 and C,3 domains,
of an IgG heavy chain.

[0146] Forbispecificimmunoadhesins, the immunoad-
hesins are assembled as multimers, and particularly as
heterodimers or heterotetramers. Generally, these as-
sembled immunoglobulins will have known unit struc-
tures. Abasic four chain structural unitis the formin which
IgG, IgD, and IgE exist. A four chain unit is repeated in
the higher molecular weight immunoglobulins; IgM gen-
erally exists as a pentamer of four basic units held to-
gether by disulfide bonds. IgA globulin, and occasionally
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IgG globulin, may also exist in multimeric form in serum.
In the case of multimer, each of the four units may be the
same or different.

[0147] Various exemplary assembled immunoadhes-
ins within the scope herein are schematically diagramed
below:

(a) AC_-AC,;
(b) AC,-(ACy, AC_-ACyy, ACL -V} Gy, OF V| CL-AC,);
() AC_-AC,-(AC-ACy, AC,-V\Cyy, V| CL-ACy;, or
V,C-V,,Cpp)

(d) AC,-V;,Cyy (ACyy, oF AC-V, Gy, or V| CL-AC);
() V,C_- Ay (AC, -V} Cyy, OF V, C-AC,p); and

() (A-Y)n-(VL.CL-VICh)2,

wherein each A represents identical or different adhesin
amino acid sequences;

V| isanimmunoglobulin light chain variable domain;
Vy is an immunoglobulin heavy chain variable do-
main;
C| isanimmunoglobulin light chain constantdomain;
Cy is an immunoglobulin heavy chain constant do-
main;

n is an integer greater than 1;

Y designates the residue of a covalent cross-linking
agent.

[0148] In the interests of brevity, the foregoing struc-
tures only show key features; they do not indicate joining
(J) or other domains of the immunoglobulins, nor are di-
sulfide bonds shown. However, where such domains are
required for binding activity, they shall be constructed to
be present in the ordinary locations which they occupy
in the immunoglobulin molecules.

[0149] Alternatively, the adhesin sequences can bein-
serted between immunoglobulin heavy chain and light
chain sequences, such that an immunoglobulin compris-
ing a chimeric heavy chain is obtained. In this embodi-
ment, the adhesin sequences are fused to the 3’ end of
an immunoglobulin heavy chain in each arm of an immu-
noglobulin, either between the hinge and the C42 do-
main, or between the Cpy2 and C;3 domains. Similar con-
structs have been reported by Hoogenboom, et al., Mol.
Immunol. 28:1027-1037 (1991).

[0150] Although the presence of an immunoglobulin
light chain is not required in the immunoadhesins of the
present invention, an immunoglobulin light chain might
be present either covalently associated to an adhesin-
immunoglobulin heavy chain fusion polypeptide, or di-
rectly fused to the adhesin. In the former case, DNA en-
coding an immunoglobulin light chain is typically coex-
pressed with the DNA encoding the adhesin-immu-
noglobulin heavy chain fusion protein. Upon secretion,
the hybrid heavy chain and the light chain will be cova-
lently associated to provide an immunoglobulin-like
structure comprising two disulfide-linked immunoglobu-
lin heavy chain-light chain pairs. Methods suitable for the
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preparation of such structures are, for example, dis-
closed in U.S. Pat. No. 4,816,567, issued 28 Mar. 1989.
[0151] Immunoadhesins are most conveniently con-
structed by fusing the cDNA sequence encoding the ad-
hesin portion in-frame to an immunoglobulin cDNA se-
quence. However, fusion to genomic immunoglobulin
fragments can also be used (see, e.g., Aruffo et al., Cell
61:1303-1313 (1990); and Stamenkovic et al., Cell
66:1133-1144 (1991)). The latter type of fusion requires
the presence of Ig regulatory sequences for expression.
cDNAs encoding IgG heavy-chain constant regions can
be isolated based on published sequences from cDNA
libraries derived from spleen or peripheral blood lym-
phocytes, by hybridization or by polymerase chain reac-
tion (PCR) techniques. The cDNAs encoding the "adhes-
in" and the immunoglobulin parts of the immunoadhesin
are inserted in tandem into a plasmid vector that directs
efficient expression in the chosen host cells.

Expression of Polypeptides

[0152] The polypeptide (e.g., antibody) to be produced
using the method described herein is generally produced
using recombinant techniques.

[0153] Suitable host cells for cloning or expressing the
siRNAs in the vectors herein are the prokaryote, yeast,
or higher eukaryotic cells. Suitable prokaryotes for this
purpose include eubacteria, such as Gram-negative or
Gram-positive organisms, for example, Enterobacte-
riaceae such as Escherichia, e.g., E. coli, Enterobacter,
Erwinia, Klebsiella, Proteus, Salmonella, e.g., Salmonel-
la typhimurium, Serratia, e.g., Serratia marcescans, and
Shigella, as well as Bacilli such as B. subfilis and B. li-
cheniformis (e.g., B. licheniformis 41P disclosed in DD
266,710 published 12 Apr. 1989), Pseudomonas such
as P. aeruginosa, and Streptomyces. These examples
are illustrative rather than limiting.

[0154] In addition to prokaryotes, eukaryotic microbes
such as filamentous fungi or yeast are suitable cloning
or expression hosts for polypeptide encoding vectors.
Saccharomyces cerevisiae, or common baker’s yeast, is
the most commonly used among lower eukaryotic host
microorganisms. However, a number of other genera,
species, and strains are commonly available and useful
herein, such as Schizosaccharomyces pombe; Kluyvero-
myces hosts such as, e.g., K. factis, K. fragilis (ATCC
12,424), K. bulgaricus (ATCC 16,045), K. wickeramii
(ATCC 24,178), K. waltii (ATCC 56,500), K. drosophi-
farum (ATCC 36,906), K. thermotolerans, and K. marxi-
anus; yarrowia (EP 402,226); Pichia pastoris (EP
183,070); Candida; Trichoderma reesia (EP 244,234);
Neurospora crassa; Schwanniomyces such as Schwan-
niomyces occidentalis; and filamentous fungi such as,
e.g., Neurospora, Penicillium, Tolypocladium, and As-
pergillus hosts such as A. nidulans and A. niger.

[0155] Suitable cultured cells for the expression of gly-
cosylated polypeptide are derived from multicellular or-
ganisms. Examples of invertebrate cells include plant
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and insect cells. Numerous baculoviral strains and vari-
ants and corresponding permissive insect host cells from
hosts such as Spodoptera frugiperda (caterpillar), Aedes
aegypti (mosquito), Aedes albopictus (mosquito), Dro-
sophila melanogaster (fruitfly), and Bombyx mori have
been identified. A variety of viral strains for transfection
are publicly available, e.g., the L-1 variant of Aufographa
californica NPV and the Bm-5 strain of Bombyx moriNPV,
and such viruses may be used as the virus herein ac-
cording to the present invention, particularly for transfec-
tion of Spodoptera frugiperda cells. Plant cell cultures of
cotton, corn, potato, soybean, petunia, tomato, and to-
bacco can also be utilized as hosts.

[0156] However, interest has been greatest in verte-
brate cells, and propagation of vertebrate cells in culture
(tissue culture) has become a routine procedure. Exam-
ples of useful mammalian cell lines include, but are not
limited to, monkey kidney CV1 cells transformed by SV40
(COS-7, ATCC CRL 1651); human embryonic kidney
cells (293 or 293 cells subcloned for growth in suspension
culture, Graham et al., J. Gen Virol. 36:59 (1977)); baby
hamster kidney cells (BHK, ATCC CCL 10); Chinese
hamster ovary cellssDHFR (CHO, Urlaub et al., Proc.
Natl. Acad. Sci. USA 77:4216 (1980)); mouse sertoli cells
(TM4, Mather, Biol. Reprod. 23:243-251 (1980)); monkey
kidney cells (CV1 ATCC CCL 70); African green monkey
kidney cells (VERO-76, ATCC CRL-1587); human cer-
vical carcinoma cells (HELA, ATCC CCL 2); canine kid-
ney cells (MDCK, ATCC CCL 34); buffalo rat liver cells
(BRL 3A, ATCC CRL 1442); human lung cells (W138,
ATCC CCL 75); human liver cells (Hep G2, HB 8065);
mouse mammary tumor (MMT 060562, ATCC CCL51);
TRI cells (Mather etal., Annals N.Y. Acad. Sci. 383:44-68
(1982)); MRC 5 cells; FS4 cells; and human hepatoma
cells (Hep G2).

[0157] Host cells are transformed with the above-de-
scribed expression or cloning vectors for polypeptide pro-
duction and cultured in conventional nutrient media mod-
ified as appropriate for inducing promoters, selecting
transformants, or amplifying the genes encoding the de-
sired sequences.

[0158] The host cells used to produce the polypeptide
used in the methods of this invention may be cultured in
a variety of media. Commercially available media such
as Ham’s F10 (Sigma), Minimal Essential Medium
(MEM), (Sigma), RPMI-1640 (Sigma), and Dulbecco’s
Modified Eagle’s Medium ((DMEM), (Sigma), or GIBCO®
Dulbecco’s Modified Eagle Medium: Nutrient Mixture F-
12 (Invitrogen) are suitable for culturing the host cells. In
addition, any of the media described in Ham et al., Meth.
Enz.58:44 (1979), Barnes etal., Anal. Biochem. 102:255
(1980), U.S. Pat. Nos. 4,767,704, 4,657,866; 4,927,762;
4,560,655; or 5,122,469; WO 90/03430; WO 87/00195;
orU.S. Pat. No. Re. 30,985 may be used as culture media
forthe host cells. Otherdefined or synthetic growth media
may also be used, and the appropriate medium for grow-
ing a specific type of host cells are known by one of skill
in the art of molecular and cell biology. Any of these media
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may be supplemented as necessary with hormones
and/or other growth factors (such as insulin, transferrin,
or epidermal growth factor), salts (such as sodium chlo-
ride, calcium, magnesium, and phosphate), buffers (such
as HEPES), nucleotides (such as adenosine and thymi-
dine), antibiotics (such as GENTAMYCIN™, hygromy-
cin), trace elements (defined as inorganic compounds
usually present at final concentrations in the micromolar
range), and glucose or an equivalent energy source. Any
other necessary supplements may also be included at
appropriate concentrations that would be known to those
skilled in the art. The culture conditions, such as temper-
ature, pH, and the like, are those previously used with
the host cell selected for expression, and will be apparent
to the ordinarily skilled artisan.

[0159] Standard cell culture conditions can be used to
culture the cells. Cells are grown and maintained at an
appropriate temperature, gas mixture, and pH (such as
at about 20°C to about 37°C, at about 6% to about 84%
CO,, and at a pH between about 5 to about 9). In some
embodiments, cells are grown in an appropriate cell me-
dium at 37°C for the first 48 hours, and shifted to 33° for
the next 12 days. Reactions may be performed under
aerobic or anoxic conditions based on the requirements
of the host cells. In some embodiments, the cells are
grown using any known mode of fermentation, including,
but not limited to, batch, fed-batch, or continuous proc-
esses.

[0160] When using recombinant techniques, the
polypeptide can be produced intracellularly, in the peri-
plasmic space, or directly secreted into the medium. If
the polypeptide is produced intracellularly, as a first step,
the particulate debris, either host cells or lysed cells (e.g.
resulting from homogenization), isremoved, forexample,
by centrifugation or ultrafiltration. Where the polypeptide
is secreted into the medium, supernatants from such ex-
pression systems are generally first concentrated using
a commercially available protein concentration filter, for
example, an Amicon or Millipore Pellicon ultrafiltration
unit.

Kits

[0161] The present invention also provides kits com-
prising compositions and instructions for use comprising
description of the methods of the invention. The kits can
comprise cultured cells, siRNAs, target sequences,
transfecting agents, instructions for the methods of the
present invention, or any combination thereof.

[0162] The following examples are provided to illus-
trate, but not to limit, the invention.

EXAMPLES

[0163] Itis understood that the examples and embod-
iments described herein are for illustrative purposes only
and that various modifications or changes in light thereof
will be suggested to persons skilled in the art and are to
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be included within the spirit and purview of this applica-
tion.

Example 1: Knocking Down of PDHK1, PDHK2,
PDHK3, and LDHa Reduces Lactate Production and
Increases Antibody Titer/Productivity

Materials and Methods

Construction of the Vector Targeting LDHa/PDHK1, 2, 3

[0164] Targeting sequence for LDHa was selected as
described previously by Kim and Lee et al, Appl. Micro-
biol. Biotechnol. 74(1):152-159 (2007), and the LDHa
siRNA sequence is CTCGATTCCGTTATCTGAT (SEQ
ID NO:1). To design the siRNA-targeted sequence for
PDHKs, partial cDNA sequences for CHO PDHK1, 2,
and 3 were cloned by reverse transcription of polymerase
chain reaction (RT-PCR) with primers located within the
highly conserved regions of PDHKSs. Partially cloned se-
quences were used for siRNA sequence designing ac-
cording tothe method described by Elbashier etal. (Meth-
ods 26:199-213 (2002)).

PDHK1 targeting (siRNA) sequence: GCAGTTCCT-
GGACTTCGGA (SEQ ID NO:2)

PDHK2 targeting (siRNA) sequence: CATTCAG-
TACTTCTTGGAC (SEQ ID NO:3)

PDHK3 targeting (siRNA) sequence: TGTAGCT-
GATGTCGTGAAA (SEQ ID NO:4)

[0165] The single construct containing targeting se-
quences for LDHa and PDHKs was constructed using
the pSilencer 3.1-H1 hygro vector (Cat#. AM5766, Ap-
plied Biosystems/Ambion, Austin, TX). LDHa siRNA was
inserted into the Kasl site of pSilencer 3.1, with an addi-
tion of U6 promoter from pSilencer 2.1 at its immediate
5’ end. SiRNA sequences for PDHK1 and 2 siRNAs were
inserted into BamH|I/Hindlll and Hindlll sitesrespectively.
ABglll site was introduced to the 3’ side of PDHK2 siRNA
and used for the insertion of PDHK3 siRNA. For negative
control, pSilencer 3.1 vector containing a scrambled siR-
NA sequence was utilized.

Cell Culture

[0166] CHO cells deficient in dihydrofolate reductase
(DHFR) were cultured in a proprietary DMEM/F12-based
medium in shake flask vessels at 37°C and 5% CO..
Cells were passaged every three to four days.

Stable siRNA Cell Line (siRNA clone) Development

[0167] A CHO cellline resistantto 25 nM methotrexate
(MTX) and expressing a recombinant monoclonal anti-
body was transfected using Lipofectamine 2000 CD
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(Cat#12566-014, Invitrogen, Carlsbad, CA) according to
manufacturer’s recommendation (Invitrogen, Carlsbad,
CA). Transfected cells were centrifuged and seeded into
DMEM/F-12-based selective (glycine-, hypoxanthine-
and thymidine-free) medium containing 25 nM MTX and
400 ug/ml hygromycin (Cat # 10687010, Invitrogen,
Carlsbad, CA). Re-suspended cells were plated into 96-
well plates to generate individual clones. SiRNA clones
were derived from siRNA plasmid transfection containing
targeting sequences for LDHa and PDHKSs genes, while
mock clones were derived from mock plasmid (Cat#
AM5766, Applied Biosystems/Ambion, Austin, TX) trans-
fection containing a scramble sequence designed by
manufacture with no appreciable homology to known
genes.

Quantitive realtime PCR (QRT-PCR or Tagman) Analysis

[0168] Total RNA from individual clones were isolated
using the RNeasy 96 kit (Cat#74181, Qiagen) and were
treated with DNase digestion (Cat#79254, RNase free
DNase set, Qiagen) to remove residual DNA possibly
present in isolated RNA samples. Tagman was per-
formed using universal gRT-PCR master mix according
to the manufacturer’s instructions (Cat# 4309169, Ap-
plied Biosystems) and expression levels of PDHKs and
LDHa were normalized to housekeeping gene p-mi-
croglobulin.

[0169] The primers and probe sequences used for
Tagman analysis were as follows: PDHK1forward prim-
er: GCCCATCTCATCGAAAACA (SEQ ID NO:5)

PDHK1 reverse primer: AGCCATCTTTAATGACT-
TCGACTAC (SEQ ID NO:6)

PDHK1 probe: TCGCAGTTTGGATTTATGCTTC-
CAATG (SEQ ID NO:7)

PDHK2 forward primer; GATCTGTCCATCAAAAT-
GAGTGA (SEQ ID NO:8)

PDHK2 reverse primer: TGTGGAGTACATG-
TAGCTGAAGAG (SEQ ID NO:9)

PDHK2 probe: CTCTCAATCTTCCTCAAG-
GGGACACC (SEQ ID NO:10)

PDHK3forward primer: CAGCCTGGAGCCTACAA-
GA (SEQ ID NO:11)

PDHK3 reverse primer:
GAAATTGG (SEQ ID NO:12)
PDHK3 probe: AAGCCATAACCAAATC-
CAGCCAAGG (SEQ ID NO: 13)

LDHa forward primer;: GCCGAGAGCATAATGAA-
GAA (SEQ ID NO:14)

LDHa reverse primer: CCATAGAGACCCTTAAT-
CATGGTA (SEQ ID NO:15)

LDHa probe: CTTAGGCGGGTGCATCCCATTT
(SEQ ID NO:16)

B-microglobulin forward primer: TCCTCTCAGT-
GGTCT GCT TGG (SEQ ID NO: 17)
B-microglobulin reverse primer: TGGCGTGTGTA-
GACTTGCACTT (SEQ ID NO:18)

GGCATACAGTCGA-
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B-microglobulin  probe: TGCCATCCAGCGTC-

CCCCA (SEQ ID NO:19)

Fed-batch Shake Flask Clone Evaluation

[0170] Twelve siRNA clones and twelve mock clones
were seeded into the proprietary production medium with
a pH of 7.15 employing a 14-day fed-batch culture proc-
ess with one bolus feed on day 3 and a temperature shift
from 37 °C to 33 °C on day 2. Cell viability and viable cell
counts were monitored by Trypan blue dye exclusion us-
ing a Vicell (Beckman Coulter). Lactate concentrations
were measured on day 3, 7, 10 and 14 using a Nova
Bioprofile analyzer (Nova biomedical). The average cell
specific lactate production rate, q, is calculated as the
slope of the graph of integrated total cell number, and
the cumulative lactate produced, [S; S,], based on the
lactate mass balance equation formulated over the whole
culture volume:

S, =S, =q; | Xdt
0

where S; is the total amount of lactate in the culture vol-
ume (mg) at time ¢, So is the total amount of lactate in
the culture volume (mg) at time =0, X'is the total number
of cells in the culture volume at any given time ¢, and g4
is the specific lactate production rate in mgi/celliday.
Since the above equation is written for the time interval
between t=0 and =, q, is the average lactate production
rate over this time interval. Per the convention used in
this work, if more lactate is produced than consumed by
the cell, then the value of g, is positive.

Bioreactor Fed-Batch Operation

[0171] Bioreactor experiments were performed in 2 L
stirred tank bioreactors (Applikon, Foster City, CA) op-
erated at 1.5 L working volume. After a concentrated nu-
trientfeed at 72 hours post-inoculation, glucose was add-
ed as needed during the 14-day fed-batch culture. Dis-
solved oxygen and agitation were maintained in the bio-
reactor cultures at setpoints of 30% of air saturation and
275 rpm, respectively. Culture pH was controlled at 7.0
by addition of CO, gas or 1 M Na,COj. Culture temper-
ature was maintained at 37°C for the first 48 hours, and
shifted to 33°C thereafter. Process control in each bio-
reactor was achieved using a Digital Control Unit from
B. Braun Biotech (Allentown, PA).

Sample Analyses

[0172] Antibody titer was determined using conven-
tional protein A affinity chromatography with UV detec-
tion. See Fahrner et al., Biotechnol. Appl. Biochem.
30:121-128 (1999). Culture samples were analyzed for
viable cell concentration and viability by ViCell AS cell
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counter (Beckman Coulter, Fullerton, CA), pH and lactate
by Bioprofile 400 bioanalyzer (Nova Biomedical,
Waltham, MA), and osmolality by a multi-sample osmom-
eter (Advanced Instruments, Norwood, MA).

Statistical Analysis

[0173] Two tailed student t-test was carried out using
JMP software.

Results

Construction of a siRNA vector targeting PDHKs and LD-
Ha

[0174] There are four PDHK genes reported by Harris
et al. (Adv. Enzyme Regul. 42:249-59 (2002) in mamma-
lian cells. To assess if all four PDHK genes present in
CHO cells, four sets of RT-PCR primers were designed
based on the conserved regions between human and
mouse PDHK sequences. The PCR results revealed that
even though all four PDHK mRNAs can be detected in
CHO cells, PDHK4 mRNA level is minimal and much
lower than other 3 PDHKs in DHFR-deficient (dihydro-
folate reductase-deficient) CHO cells. Hence, only the
expression of PDHK1, 2, and 3 genes was knocked down
along with LDHa gene. For LDHa and each PDHK, three
siRNA sequences were designed and tested in CHO cells
to choose the siRNA sequence exhibiting best down-reg-
ulation of the target gene. The best siRNA sequence for
LDHa was selected based on the findings by Kim and
Lee. Appl. Microbiol. Biotechnol. 74(1):152-9 (2007). The
siRNA sequence for LDHa and PDHKs were constructed
in a single vector where siRNA for LDHa was under the
control of U6 promoter, whereas siRNAs for each PDHK
were driven by H1 promoters (Figure 1).

Generation of Stable Clones with Reduced Expression
of PDHK1, 2, 3, and LDHa

[0175] The siRNA construct targeting PDHKs and LD-
Ha was transfected into CHO cells expressing a mono-
clonal antibody to get individual clones named siRNA
clones. Individual siRNA clones were assayed for mMRNA
expression of four genes, PDHK1, 2, 3 and LDHa, using
Tagman analysis. Twelve siRNA clones that exhibited
most reduced expression of above four genes were iden-
tified (Figure 2) for further analysis. The mock vector con-
taining scramble sequence was also transfected into the
same antibody expressing cells to get individual clones
named mock clones. Twelve mock clones were chosen
randomly as control and their mRNA expression levels
of LDHa and PDHK1, 2, and 3 genes were also analyzed
by Tagman. On average, the mRNA expression levels
for LDHa, PDHK1, 2, and 3 in selected twelve siRNA
clones were reduced by 90%, 32%, 83%, and 70% re-
spectively compared to mock clones (Figure 2).
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Fed-Batch Shake Flask Evaluation of siRNA and Mock
clones

(a) Reduced Lactate Levels and Higher pHs in Culture
Media Observed in siRNA Clones

[0176] To evaluate the effect of siRNA-mediated
down-regulation of LDHa and PDHKSs on lactate produc-
tion, 12 siRNA and 12 mock clones were evaluated in
shake flask vessels in our proprietary medium employing
a 14-day, fed-batch, and temperature shift process. The
experiment has been repeated for three times and similar
results were observed. The results from one set of ex-
periment is shown as representatives in the figures. The
results showed that compared to mock clones, siRNA
clones had reduced lactate levels (Figure 3) in general.
By day 14, siRNA clones showed 91% less lactate in
average than mock clones (p<0.0001) (Figure 3A). Con-
sistent with the lower lactate level in siRNA clones over
the 14-day production period, the average lactate pro-
duction rate for siRNA clones was negative 0.02 mg/108
cells/day, suggesting that lactate synthesis rate is lower
than the consumption rate. In contrast, the average lac-
tate production rate was 0.01 mg/106 cells/day for mock
clones, indicating the overall lactate synthesis rate is
higher than the consumption rate. This difference in lac-
tate production rate between siRNA and mock clones
was statistically significant (p<0.002) (Figure 3B). Since
lactate level in the media affects pH, by day 14, the av-
erage pH for mock clones dropped to 6.54, whereas the
average pH for siRNA clones was 7.04 (Figure 3C). The
observed lower average pH is in agreement with higher
average lactate level for mock clones.

b) Increased Antibody Titer and Specific Productivity
(Op) Observed in siRNA Clones

[0177] Toinvestigate whether knockingdown gene ex-
pression of PDHKs and LDHa affect antibody production,
samples were collected from fed-batch shake flask ex-
periments on day 3, 7, 10 and 14 to measure antibody
titers by protein A chromatography. The data showed
that, on average, siRNA clones produced 68% more an-
tibody that that of mock clones (Figure 4A, p<0.022), and
average cell-specific productivity (Qp) measured in
pg/cell-d for siRNA clones was 75% higher than that for
mock clones (Figure 4B, p<0.006). To evaluate cell
growth, shake flask samples were collected on day 3, 7,
10, and 14 to measure viable cell counts and viabilities
to calculate integrated viable cell count (IVCC). In con-
trast to antibody titers and Qps, no appreciable cell
growth differences were observed between the two
groups (Figure 4C). Antibody product quality attributes
including glycan profile, charge variants and percentage
of aggregation were comparable between siRNA and
mock clones.

Bioreactor Fed-Batch Culture Evaluation of siRNA Mock
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Clones

[0178] Since pH-controlled fed-batch bioreactor cul-
ture is the standard scale-down model for large scale
manufacturing, the performance of some siRNA and
mock clones in 2L bioreactors was further investigated.
Given the limitation in bioreactor availability and experi-
mental complexity, 12 siRNA and 12 mock clones in du-
plicates were not run due to impracticability. Two repre-
sentative siRNA clones and two representative mock
clones whose metabolic profiles best represented the av-
erage performance for each group to minimize selection
bias, along with the parental line used for siRNA and
mock plasmid transfections for 2L bioreactor evaluation
were selected. Cell culture samples were collected daily
(excepton days 6 and 13)for lactate, glucose, osmolality,
and titer analysis. The lactate levels for siRNA clones
generally remained flat whereas the lactate levels for
mock and parental clones continued to increase during
the 14-day production period. On day 14, the two siRNA
clones had 86% lower lactate level on average in media
than mock clones or parental clone (Figure 5A) and had
lower specific lactate production rate than mock clones
and parent line (Figure 5B). Similarly, the osmolarities
for siRNA clones remained around 300 mOsm whereas
the osmolarities for mock clones or parental clone con-
tinued to increase during the 14-day production period.
Onday 14, average osmolarities for 2 siRNA clones were
60% lower than those of mock and parent clones (Figure
5C). Importantly,onday 14, the siRNAclones on average
produced 125% more antibody than that of mock clones
(Figure 6). As observed in fed-batch shake flask evalu-
ation, siRNA and mock clones have comparable viabili-
ties and cell growth in 2L bioreactors.

Discussion

[0179] Previous study demonstrated that down-regu-
lating LDHa gene expression alone was able to reduce
lactate production. Kim and Lee, Appl. Microbiol. Bio-
technol. 74(1):152-9 (2007). However, in their study de-
spite the 45-79% reduction in lactate level, there was no
significant improvement in Qp and product titer suggest-
ing that knocking down LDHa alone in CHO cells is not
sufficient to improve Qp and productyield efficiently. Fur-
ther, simultaneously down-regulating PDHK1, 2, and 3
in CHO cells was neither sufficient to reduce lactate level
nor to increase antibody productivity. Since the only way
for cells to generate lactate is through pyruvate reduction,
and pyruvate can not only be converted to lactate by LDH
but also be converted to acetyl-CoA by PDH entering
TCA cycle to be oxidized, reducing lactate production by
knocking down LDHa expression and promoting pyru-
vate into TCA cycle by knocking down PDHKs may syn-
ergize to reduce lactate level and to provide cells with
more energy and possibly metabolic intermediates lead-
ing to increased antibody production.

[0180] The expression of LDHa, PDHK2, and PDHK3
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was substantially reduced and the expression of PDHK1
was moderately reduced in all clones tested. The mod-
erate reduction in PDHK1 expression is likely due to non-
optimum siRNA targeting sequence since moderate re-
ductionwas observed with three PDHK1 siRNA sequenc-
es tested. Variations on lactate production and antibody
production in mock and siRNA clones were observed,
since each clone had different expression levels of LDHa
and PDHKs. Nevertheless, by day 14, the average lac-
tate level in siRNA group was lower than that in mock
group leading to the lower average pH for mock clones
than that of siRNA clones in fed-batch shake flask culture.
More importantly, in addition to lower specific lactate pro-
duction rate, the average titer and Qp for siRNA clones
increased by 68% and 75% respectively compared to
those of mock clones with no noticeable differences in
cell growth and product quality between siRNA and mock
clones. Interestingly, for the day 14 titers versus day 14
lactate levels, there was a good inverse relationship be-
tween titers and lactate levels among mock clones, but
not among siRNA clones. The observed differences in
titers and lactate levels among mock clones may be likely
that parental clone is heterogeneous in antibody produc-
tivity and cellular metabolism even though the cell line
was derived from a single clone. A total of 12 mock clones
were evaluated to take into consideration of clonal vari-
ation. The data indicate that knocking down LDHa and
PDHKs simultaneously reduces lactate level and im-
proves antibody production in CHO cells. Hence, for the
development of robust and productive antibody produc-
tion processes, simultaneous down regulation of both
LDHa and PDHKSs provides an efficient approach.
[0181] The performance of 2 mock and 2 siRNA clones
in 2L bioreactors with duplicates wasfurther investigated.
Those 4 clones were selected to best represent the av-
erage productivity in each group based on fed-batch
shake flask evaluations. Similar to the observations from
shake flask experiment, the siRNA clones had lower lac-
tate levels and higher titers than mock clones in 2L bio-
reactor evaluation. Given that pH is controlled in fed-
batch 2L bioreactors, the mock cultures exhibited in-
creased osmolality than siRNA cultures since higher lac-
tate levels in mock clones needed more alkali addition
to maintain set point pH.

[0182] Insummary, the data fromfed-batch shake flask
and 2L bioreactor evaluations demonstrated that simul-
taneous knockdown of LDHa, PDHK1, 2, and 3 in CHO
cells is effective in reducing lactate level and in increasing
antibody titer without impacting cell growth and product
quality.

Claims

1. A method for reducing lactate production in cultured
cells, the method comprising culturing cells compris-
ing a first heterologous nucleic acid sequence en-
coding a small interfering RNA (siRNA) specific for
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a lactate dehydrogenase (LDH) and a second het-
erologous nucleic acid sequence encoding an siRNA
specific for a pyruvate dehydrogenase kinase (PD-
HK), wherein the first heterologous nucleic acid se-
quence is operably linked to a first promoter, and
wherein the second heterologous nucleic acid se-
quence is operably linked to a second promoter,
wherein the siRNAs silence or down-regulate gene
transcription of the LDH and the PDHK.

The method of claim 1, wherein the LDH is LDHa.

The method of claim 1, wherein the cultured cells
further comprise a third heterologous nucleic acid
sequence encoding an siRNA specific for a second
PDHK and wherein the third heterologous nucleic
acid sequence is operably linked to a third promoter.

The method of claim 3, wherein the cultured cells
further comprise a fourth heterologous nucleic acid
sequence encoding an siRNA specific for a third PD-
HK and wherein the fourth heterologous nucleic acid
sequence is operably linked to a fourth promoter.

The method of claim 4, wherein cultured cells further
comprise a fifth heterologous nucleic acid sequence
encoding an siRNA specific for a fifth PDHK and
wherein thefifth heterologous nucleic acid sequence
is operably linked to a fifth promoter.

The method of any one of claims 1, 3, 4, and 5,
wherein the PDHK is selected from the group con-
sisting of PDHK1, PDHK2, PDHK3, and PDHK4.

The method of any one of claims 1,3, and 4, wherein
the PDHK is selected from the group consisting of
PDHK1, PDHK2, and PDHKS3.

The method of claim 1 or 3, wherein the PDHK is
selected from the group consisting of PDHK1 and
PDHK2.

The method of claim 1 or 3, wherein the PDHK is
selected from the group consisting of PDHK1 and
PDHKS3.

The method of claim 1 or 3, wherein the PDHK is
selected from the group consisting of PDHK2 and
PDHKS3.

The method of claim 4, wherein the LDH is LDHa,
wherein the first PDHK is PDHK1, wherein the sec-
ond PDHK is PDHK2, and wherein the third PDHK
is PDHKS.

The method of any one of claims 1, 3, 4, and 5,
wherein the cultured cells produce a heterologous
polypeptide.
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The method of claim 12, wherein the heterologous
polypeptide is an antibody.

The method of clam 4, wherein an average lactate
production rate of the cultured cells is less than neg-
ative 0.02 mg/108 cells/day.

The method of claim 4, wherein the cultured cells
have a Specific Productivity of at least 75% higher
than cultured cells without the heterologous nucleic
acid sequence encoding an siRNA specific for the
PDHKSs and the LDH.

The method of claim 4, wherein the cultured cells
have an osmolality at less than 300 mOsm.

The method of claim 4, wherein the cultured cells
have a polypeptide productivity of at least 68% high-
er than cultured cells without the heterologous nu-
cleic acid sequence comprising encoding an siRNA
specific for PDHKs and the LDH.

The method of claim 12 or 13, wherein the cultured
cells are mammalian cells.

A method of silencing or down-regulating lactate de-
hydrogenase (LDH) and pyruvate dehydrogenase
kinase (PDHK) transcription in a cultured cell com-
prising:

introducing into the cell a vector comprising a
first heterologous nucleic acid sequence encod-
ing a small interfering RNA (siRNA) specific for
the LDH and a second heterologous nucleic acid
sequence encoding an siRNA specific for the
PDHK, wherein the first heterologous nucleic
acid sequence is operably linked to a first pro-
moter, and wherein the second heterologous
nucleic acid sequence is operably linked to a
second promoter, wherein the siRNAs are ex-
pressed, thereby silencing or down-regulating
gene transcription of the LDH and the PDHK.

A method of making a cell that exhibits decreased
lactate production in culture, comprising introducing
into the cell a vector comprising a first heterologous
nucleic acid sequence encoding a small interfering
RNA (siRNA) specific for the LDH and a second het-
erologous nucleic acid sequence encoding an siRNA
specific for the PDHK, wherein the first heterologous
nucleic acid sequence is operably linked to a first
promoter, and wherein the second heterologous nu-
cleic acid sequence is operably linked to a second
promoter, wherein the siRNAs are expressed, there-
by silencing or down-regulating gene transcription
of the LDH and the PDHK.

Cells in culture comprising a first heterologous nu-
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cleic acid sequence encoding afirst small interfering
RNA (siRNA) specific for a lactate dehydrogenase
(LDH) and a second heterologous nucleic acid se-
guence encoding a second siRNA specificfor a pyru-
vate dehydrogenase kinase (PDHK), wherein the
first heterologous nucleic acid sequence is operably
linked to a first promoter, and wherein the second
heterologous nucleic acid sequence is operably
linked to a second promoter, wherein the siRNAs
silence or down-regulate gene transcription of the
LDH and the PDHK.

The cells of claim 21, wherein the cells further com-
prise a third heterologous nucleic acid sequence en-
coding an siRNA specific for a second PDHK and
wherein the third heterologous nucleic acid se-
quence is operably linked to a third promoter.

The cells of claim 22, wherein the cells further com-
prise a fourth heterologous nucleic acid sequence
encoding an siRNA specific for a third PDHK and
wherein the fourth heterologous nucleic acid se-
quence is operably linked to a fourth promoter.

The cells of claim 23, wherein the cells further com-
prise a fifth heterologous nucleic acid sequence en-
coding an siRNA specific for a fifth PDHK and where-
in the fifth heterologous nucleic acid sequence is op-
erably linked to a fifth promoter.

The cells of any one of claims 21,22, 23, and 24,
wherein the PDHK is selected from the group con-
sisting of PDHK1, PDHK2, PDHK3, and PDHK4.

The cells of any one of claims 21, 22 and 23 wherein
the PDHK is selected from the group consisting of
PDHK1, PDHK2, and PDHKS3.

The cells of claim 21 or 22, wherein the PDHK is
selected from the group consisting of PDHK1 and
PDHK2.

The cells of claim 21 or 22, wherein the PDHK is
selected from the group consisting of PDHK1 and
PDHKS3.

The cells of claim 21 or 22, wherein the PDHK is
selected from the group consisting of PDHK2 and
PDHKS3.

The cells of claim 23, wherein the LDH is LDHa,
wherein the first PDHK is PDHK1, wherein the sec-
ond PDHK is PDHK2, and the wherein the third PD-
HK is PDHKS3.

The cells of claim 21, wherein the cells produce a
heterologous polypeptide.
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The cells of claim 31, wherein the heterologous
polypeptide is an antibody.

The cells of claim 23, wherein the cells have an av-
erage lactate production rate of less than negative
0.02 mg/108 cells/day.

The cells of claim 23, wherein the cells have a Spe-
cific Productivity of at least 75% higher than cells
without the heterologous nucleic acid sequence
comprising the LDH and the PDHKSs.

The cells of claim 23, wherein the cells have an os-
molality at less than 300 mOsm.

The cells of claim 23, wherein the cells have a
polypeptide productivity of at least 68% higher than
cells without the heterologous nucleic acid sequence
comprising the LDH and the PDHKSs.

The cells of claim 31 or 32, wherein the cells are
mammalian cells.

A vector comprising a first heterologous nucleic acid
sequence encoding a small interfering RNA (siRNA)
specific for a lactate dehydrogenase (LDH) and a
second heterologous nucleic acid sequence encod-
ing an siRNA specific for a pyruvate dehydrogenase
kinase (PDHK), wherein the first heterologous nu-
cleic acid sequence is operably linked to a first pro-
moter, and wherein the second heterologous nucleic
acid sequence is operably linked to a second pro-
moter.

A method for reducing lactate production in cultured
cells, the method comprising culturing cells express-
ing a) a small interfering RNA (siRNA) specific for a
lactate dehydrogenase (LDH) and b) an siRNA spe-
cific for a pyruvate dehydrogenase kinase (PDHK),
wherein the siRNAs are expressed, thereby silenc-
ing or down-regulating gene transcription of the LDH
and the PDHK..

The method of claim 39, wherein the cultured cells
further express an siRNA specific for a second PD-
HK.

The method of claim 40, wherein the cultured cells
further express an siRNA specific for a third PDHK.

The method of claim 40, wherein the cultured cells
further express an siRNA specific for a fourth PDHK.

The method of claim 41, wherein the cultured cells
have a polypeptide productivity of at least 68% high-
er than cultured cells without the siRNAs specific for
the LDH and PDHKs.
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Patentanspriiche

Verfahren zur Reduzierung der Lactatherstellung in
geziichteten Zellen, wobei das Verfahren das Ziich-
ten von Zellen umfasst, die eine erste heterologe
Nucleinsauresequenz umfassen, die eine siRNA co-
diert, die fiir eine Lactatdehydrogenase (LDH) spe-
zifisch ist, und die eine zweite heterologe Nuclein-
s@uresequenz umfassen, die eine siRNA codiert, die
flir eine Pyruvatdehydrogenase-Kinase (PDHK)
spezifisch ist, wobei die erste heterologe Nuclein-
s@uresequenz mit einem ersten Promotor funktionell
verknlpft ist, und wobei die zweite heterologe Nuc-
leins@uresequenz mit einem zweiten Promotor funk-
tionell verkniipft ist, wobei die siRNAs die Gentran-
skription der LDH und der PDHK stilllegen (silence)
oder herunterregulieren.

Verfahren nach Anspruch 1, wobeidie LDH LDHaist.

Verfahren nach Anspruch 1, wobei die geziichteten
Zellen des Weiteren eine dritte heterologe Nuclein-
s@uresequenz umfassen, die eine siRNA codiert, die
fir eine zweite PDHK spezifisch ist, und wobei die
dritte heterologe Nucleinsduresequenz mit einem
dritten Promotor funktionell verkniipft ist.

Verfahren nach Anspruch 3, wobei die geziichteten
Zellen des Weiteren eine vierte heterologe Nuclein-
s@uresequenz umfassen, die eine siRNA codiert, die
fir eine dritte PDHK spezifisch ist, und wobei die
vierte heterologe Nucleinsauresequenz mit einem
vierten Promoter funktionell verknipft ist.

Verfahren nach Anspruch 4, wobei die geziichteten
Zellen des Weiteren eine flnfte heterologe Nuclein-
s@uresequenz umfassen, die eine siRNA codiert, die
fir eine funfte PDHK spezifisch ist, und wobei die
flnfte heterologe Nucleinsduresequenz mit einem
flnften Promoter funktionell verknipft ist.

Verfahren nach einem der Anspriiche 1, 3, 4 und 5,
wobei die PDHK ausgewahlt ist aus der Gruppe be-
stehend aus PDHK1, PDHK2, PDHK3 und PDHK4.

Verfahren nach einem der Anspriiche 1, 3 und 4,
wobei die PDHK ausgewahlt ist aus der Gruppe be-
stehend aus PDHK1, PDHK2 und PDHKS.

Verfahren nach Anspruch 1 oder 3, wobei die PDHK
ausgewahlt ist aus der Gruppe bestehend aus
PDHK1 und PDHK2.

Verfahren nach Anspruch 1 oder 3, wobei die PDHK
ausgewahlt ist aus der Gruppe bestehend aus
PDHK1 und PDHK3.

10. Verfahren nach Anspruch 1 oder 3, wobei die PDHK
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ausgewahlt ist aus der Gruppe bestehend aus
PDHK2 und PDHK3.

Verfahren nach Anspruch 4, wobei die LDH LDHa
ist, wobeidie erste PDHK PDHK1 ist, wobeidie zwei-
te PDHK PDHK2 ist, und wobei die dritte PDHK
PDHKS ist.

Verfahren nach einem der Anspriiche 1, 3, 4 und 5,
wobei die geziichteten Zellen ein heterologes Poly-
peptid herstellen.

Verfahren nach Anspruch 12, wobei das heterologe
Polypeptid ein Antikorper ist.

Verfahren nach Anspruch 4, wobei die durchschnitt-
liche Lactatherstellungsrate der geziichteten Zellen
weniger als minus 0.02mg/108 Zellen/Tag ist.

Verfahren nach Anspruch 4, wobei die geziichteten
Zellen eine spezifische Produktivitét haben, die min-
destens 75% hoher ist als die von geziichteten Zel-
len ohne die heterologe Nucleinsduresequenz, die
eine siRNA codiert, die flir die PDHKs und die LDH
spezifisch ist.

Verfahren nach Anspruch 4, wobei die geziichteten
Zellen eine Osmolalitat von weniger als 300 mOsm
haben.

Verfahren nach Anspruch 4, wobei die geziichteten
Zellen eine Polypeptidproduktivitat haben, die min-
destens 68% hoher ist als die von geziichteten Zel-
len ohne die heterologe Nucleinsduresequenz, die
eine siRNA codieren, die fir die PDHKs und die LDH
spezifisch ist.

Verfahren nach Anspruch 12 oder 13, wobei die ge-
zlchteten Zellen Saugerzellen sind.

Verfahren zum Stilllegen (silencing) oder Herunter-
regulieren der Transkription von Lactatdehydroge-
nase (LDH) und Pyruvatdehydrogenase-Kinase
(PDHK) in einer geziichteten Zelle, umfassend:

Einflihren eines Vektors in eine Zelle, wobei der
Vektor eine erste heterologe Nucleinsaurese-
quenz umfasst, die eine siRNA codiert, die fur
die LDH spezifisch ist, und der eine zweite he-
terologe Nucleinsduresequenz umfasst, die ei-
ne siRNA codiert, die fir die PDHK spezifisch
ist, wobei die erste heterologe Nucleinsaurese-
quenz mit einem ersten Promotor funktionell
verknipft ist, und wobei die zweite heterologe
Nucleinsauresequenz mit einem zweiten Pro-
motor funktionell verknipft ist, wobeidie siRNAs
exprimiert werden, wodurch die Gentranskripti-
on der LDH und der PDHK stillgelegt oder her-
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unterreguliert wird.

Verfahren zur Herstellung einer Zelle, die vermin-
derte Lactatherstellung in der Kultur zeigt, umfas-
send das Einflihren eines Vektors in eine Zelle, wo-
bei der Vektor eine erste heterologe Nucleinsaure-
sequenz umfasst, die eine siRNA codiert, die fiir die
LDH spezifisch ist, und der eine zweite heterologe
Nucleinsauresequenz umfasst, die eine siRNA co-
diert, die flr die PDHK spezifisch ist, wobei die erste
heterologe Nucleinsauresequenz mit einem ersten
Promotor funktionell verknipft ist, und wobei die
zweite heterologe Nucleinsauresequenz mit einem
zweiten Promotor funktionell verkniipft ist, wobei die
siRNAs exprimiert werden, wodurch die Gentrans-
kription der LDH und der PDHK stillgelegt oder he-
runterreguliert wird.

Zellen in Kultur, umfassend eine erste heterologe
Nucleinsauresequenz, die eine erste siRNA codiert,
die fUr eine Lactatdehydrogenase (LDH) spezifisch
ist, und eine zweite heterologe Nucleinsdurese-
quenz, die eine zweite siRNA codiert, die flr eine
Pyruvatdehydrogenase-Kinase (PDHK) spezifisch
ist, wobeidie erste heterologe Nucleinsauresequenz
mit einem ersten Promotor funktionell verknipft ist,
und wobei die zweite heterologe Nucleinsdurese-
quenz mit einem zweiten Promotor funktionell ver-
knlpftist, wobei die siRNAs die Gentranskription der
LDH oder der PDHK stilllegen oder herunterregulie-
ren.

Zellen nach Anspruch 21, wobei die Zellen des Wei-
teren eine dritte heterologe Nucleinsduresequenz
umfassen, die eine siRNA codiert, die flr eine zweite
PDHK spezifisch ist, und wobei die dritte heterologe
Nucleinsauresequenz mit einem dritten Promotor
funktionell verkn(pft ist.

Zellen nach Anspruch 22, wobei die Zellen des Wei-
teren eine vierte heterologe Nucleinsduresequenz
umfassen, die eine siRNA codiert, die fur eine dritte
PDHK spezifisch ist, und wobei die vierte heterologe
Nucleinsauresequenz mit einem vierten Promotor
funktionell verkn(pft ist.

Zellen nach Anspruch 23, wobei die Zellen des Wei-
teren eine funfte heterologe Nucleinsduresequenz
umfassen, die eine siRNA codiert, die flir eine flinfte
PDHK spezifischist, und wobei die flinfte heterologe
Nucleinsauresequenz mit einem flinften Promotor
funktionell verkn(pft ist.

Zellen nach einem der Anspriiche 21, 22, 23 und 24,
wobei die PDHK ausgewahlt ist aus der Gruppe be-
stehend aus PDHK1, PDHK2, PDHK3 und PDHKA4.

Zellen nach einem der Anspriiche 21, 22 und 23,
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wobei die PDHK ausgewahlt ist aus der Gruppe be-
stehend aus PDHK1, PDHK2 und PDHK3.

Zellen nach Anspruch 21 oder 22, wobei die PDHK
ausgewahlt ist aus der Gruppe bestehend aus
PDHK1 und PDHK2.

Zellen nach Anspruch 21 oder 22, wobei die PDHK
ausgewahlt ist aus der Gruppe bestehend aus
PDHK1 und PDHK3.

Zellen nach Anspruch 21 oder 22, wobei die PDHK
ausgewahlt ist aus der Gruppe bestehend aus
PDHK2 und PDHK3.

Zellen nach Anspruch 23, wobei die LDH LDHa ist,
wobei die erste PDHK PDHK1 ist, wobei die zweite
PDHK PDHK2 ist, und wobei die dritte PDHK PDHK3
ist.

Zellen nach Anspruch 21, wobei die Zellen ein he-
terologes Polypeptid herstellen.

Zellen nach Anspruch 31, wobei das heterologe Po-
lypeptid ein Antikdrper ist.

Zellen nach Anspruch 23, wobei die Zellen eine
durchschnittliche Lactatherstellungsrate von weni-
ger als minus 0.02mg/108 Zellen/Tag haben.

Zellen nach Anspruch 23, wobei die Zellen eine spe-
zifische Produktivitdt haben, die mindestens 75%
hoher ist als die von Zellen ohne die heterologe Nu-
cleinsduresequenz, die die LDH und die PDHKs um-
fasst.

Zellen nach Anspruch 23, wobei die Zellen eine Os-
molalitat von weniger als 300 mOsm haben.

Zellen nach Anspruch 23, wobei die Zellen eine Po-
lypeptidproduktivitét haben, die mindestens 68% ho-
her ist als die von Zellen ohne die heterologe Nuc-
leinsduresequenz, die die LDH und die PDHKs um-
fasst.

Zellen nach Anspruch 31 oder 32, wobei die Zellen
Saugerzellen sind.

Vektor, der eine erste heterologe Nucleinsaurese-
quenz umfasst, die eine siRNA codiert, die fiir eine
Lactatdehydrogenase (LDH) spezifisch ist, und die
eine zweite heterologe Nucleinsduresequenz um-
fasst, die eine siRNA codiert, die fiir eine Pyruvat-
dehydrogenase-Kinase (PDHK) spezifisch ist, wo-
bei die erste heterologe Nucleinsduresequenz mit
einem ersten Promotor funktionell verknlpft ist, und
wobei die zweite heterologe Nucleinsauresequenz
mit einem zweiten Promotor funktionell verknlipft ist.
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Verfahren zur Reduzierung der Lactatherstellung in
geziichteten Zellen, wobei das Verfahren das Ziich-
ten von Zellen umfasst, die a) eine siRNA exprimie-
ren, die fUr eine Lactatdehydrogenase (LDH) spezi-
fisch ist, und b) eine siRNA exprimieren, die flr eine
Pyruvatdehydrogenase-Kinase (PDHK) spezifisch
ist, wobei die siRNAs exprimiert werden, wodurch
die Gentranskription der LDH und der PDHK stillge-
legt oder herunterreguliert wird.

Verfahren nach Anspruch 39, wobei die geziichteten
Zellen des Weiteren eine siRNA exprimieren, die fur
eine zweite PDHK spezifisch ist.

Verfahren nach Anspruch 40, wobei die geziichteten
Zellen des Weiteren eine siRNA exprimieren, die fur
eine dritte PDHK spezifisch ist.

Verfahren nach Anspruch 40, wobei die geziichteten
Zellen des Weiteren eine siRNA exprimieren, die fur
eine vierte PDHK spezifisch ist.

Verfahren nach Anspruch 41, wobei die geziichteten
Zellen eine Polypeptidproduktivitat haben, die min-
destens 68% hoher ist als die der gezilichteten Zellen
ohne die siRNAs, die fir die LDH und PDHKSs spe-
zifisch sind.

Revendications

Procédé pour réduire la production de lactate dans
des cellules en culture, le procédé comprenant la
culture de cellules comprenant une premiere sé-
quence d’acide nucléique hétérologue codant pour
un petit ARN interférant (ARNRsi) spécifique d’'une
lactate déshydrogénase (LDH) et une deuxiéme sé-
quence d’acide nucléique hétérologue codant pour
un ARNsi spécifique d’'une pyruvate-déshydrogéna-
se-kinase (PDHK), dans lequel la premiere séquen-
ce d’acide nucléique hétérologue estliée de maniére
fonctionnelle a un premier promoteur, etdans lequel
la deuxiéme séquence d’acide nucléique hétérolo-
gue est liée de maniére fonctionnelle au deuxiéme
promoteur, les ARNsi rendant silencieuse ou provo-
quant la régulation négative de la transcription des
génes de la LDH et de la PDHK.

Procédé suivant la revendication 1, dans lequel la
LDH est la LDHa.

Procédé suivant la revendication 1, dans lequel les
cellules en culture comprennent en outre une troi-
siéme séquence d’acide nucléique hétérologue co-
dant pour un ARNSsi spécifique d’'une deuxiéme PD-
HK et dans lequel la troisieme séquence d’acide nu-
cléique hétérologue estliée de maniére fonctionnelle
a un troisieme promoteur.
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Procédé suivant la revendication 3, dans lequel les
cellules en culture comprennent en outre une qua-
trieme séquence d’acide nucléique hétérologue co-
dant pour un ARNSsi spécifique d’une troisiéme PD-
HK et dans lequel la quatrieme séquence d’acide
nucléique hétérologue est liée de maniére fonction-
nelle a un quatrieme promoteur.

Procédé suivant la revendication 4, dans lequel les
cellules en culture comprennent en outre une cin-
quieme séquence d’acide nucléique hétérologue co-
dant pour un ARNsi spécifique d’'une cinquiéme PD-
HK et dans lequel la cinquiéme séquence d’acide
nucléique hétérologue est liée de maniére fonction-
nelle a un cinquiéme promoteur.

Procédé suivant 'une quelconque des revendica-
tions 1, 3, 4 et 5, dans lequel la PDHK est choisie
dans le groupe consistant en PDHK1, PDHK2,
PDHK3, et PDHK4.

Procédé suivant 'une quelconque des revendica-
tions 1, 3, et4, dans lequel la PDHK est choisie dans
le groupe consistanten PDHK1, PDHK2, et PDHK3.

Procédé suivant la revendication 1 ou 3, dans lequel
la PDHK est choisie dans le groupe consistant en
PDHK1 et PDHK2.

Procédé suivant la revendication 1 ou 3, dans lequel
la PDHK est choisie dans le groupe consistant en
PDHK1 et PDHK3.

Procédé suivant la revendication 1 ou 3, dans lequel
la PDHK est choisie dans le groupe consistant en
PDHK2 et PDHK3.

Procédé suivant la revendication 4, dans lequel la
LDH est la LDHa, dans lequel la premiére PDHK est
la PDHK1, dans lequel la deuxiéme PDHK est la
PDHK2, et dans lequel la troisieme PDHK est la
PDHK3.

Procédé suivant 'une quelconque des revendica-
tions 1, 3, 4 et 5, dans lequel les cellules en culture
produisent un polypeptide hétérologue.

Procédé suivant la revendication 12, dans lequel le
polypeptide hétérologue est un anticorps.

Procédé suivant la revendication 4, dans lequel une
vitesse moyenne de production de lactate des cel-
lules en culture est inférieure a une valeur négative
de 0,02mg/108 cellules par jour.

Procédé suivant la revendication 4, dans lequel les
cellules en culture ont une productivité spécifique
supérieure d’au moins 75 % a celle de cellules en
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culture sans la séquence d’acide nucléique hétéro-
logue codant pour un ARNSsi spécifique des PDHK
et de la LDH.

Procédé suivant la revendication 4, dans lequel les
cellules en culture ont une osmolalité inférieure a
300 mOsm.

Procédé suivant la revendication 4, dans lequel les
cellules en culture ont une productivité de polypep-
tide supérieure d’au moins 68 % a celle de cellules
en culture sans la séquence d’acide nucléique hé-
térologue comprenant le codage d’'un ARNsi spéci-
figue des PDHK et de la LDH.

Procédé suivant la revendication 12 ou 13, dans le-
quelles cellules de culture sontdes cellules de mam-
mifére.

Procédé pour rendre silencieuse ou pour provoquer
la régulation négative de la transcription de la lacta-
te-déshydrogénase (LDH) et de la pyruvate-déshy-
drogénase-kinase (PDHK) dans une cellule en cul-
ture, comprenant :

Pintroduction dans la cellule d’'un vecteur com-
prenant une premiére séquence d’acide nucléi-
que hétérologue codant pour un petit ARN in-
terférant (ARNsi) spécifique de la LDH et une
deuxieme séquence d’acide nucléique hétéro-
logue codant pour un ARNSsi spécifique de la
PDHK, la premiére séquence d’acide nucléique
hétérologue étant li€e de maniére fonctionnelle
aun premier promoteur, et la deuxieme séquen-
ce d’acide nucléique hétérologue étant liée de
maniére fonctionnelle a un deuxiéme promo-
teur, les ARNSsi étant exprimés, ce qui rend si-
lencieuse ou ce qui provoque la régulation né-
gative de la transcription de génes de la LDH et
de la PDHK.

20. Procédé pour la production d’'une cellule qui présen-

te une production réduite de lactate en culture, com-
prenant lintroduction dans la cellule dans un vecteur
comprenant une premiére séquence d’acide nucléi-
que hétérologue codant pour un petit ARN interférant
(ARNSsi) spécifique de la LDH et une deuxiéme sé-
quence d’acide nucléique hétérologue codant pour
un ARNsi spécifique de la PDHK, la premiére sé-
quence d’acide nucléique hétérologue étant liée de
maniére fonctionnelle a un premier promoteur, et la
deuxieme séquence d’acide nucléique hétérologue
étant liée de maniére fonctionnelle & un deuxiéme
promoteur, les ARNsi étant exprimés, ce qui rend
silencieuse ou ce qui provoque larégulation négative
de latranscriptionde génesdelalLDH etde laPDHK.

Cellules en culture comprenant une premiere sé-
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quence d’acide nucléique codant pour un premier
petit ARN interférant (ARNSI) spécifique d’une lac-
tate-déshydrogénase (LDH) et une deuxieme sé-
quence d’acide nucléique hétérologue codant pour
un deuxiéme ARNSsi spécifique d’'une pyruvate-dés-
hydrogénase-kinase (PDHK), la premiere séquence
d’acide nucléique hétérologue étant liée de maniére
fonctionnelle a un premier promoteur, etladeuxiéme
séquence d’acide nucléique hétérologue étant liée
de maniére fonctionnelle a un deuxiéme promoteur,
les ARNsi rendant silencieuse ou provoquant la ré-
gulation négative de la transcription de génes de la
LDH et de la PDHK.

Cellules suivant larevendication 21, lesdites cellules
comprenant en outre une troisieme séquence d’aci-
de nucléique codant pour un ARNSsi spécifique d’une
deuxiéme PDKH, la troisieme séquence d’acide nu-
cléique hétérologue étant liée de maniére fonction-
nelle a un troisieme promoteur.

Cellules suivant larevendication 22, lesdites cellules
comprenant en outre une quatrieme séquence d’aci-
de nucléique codant pour un ARNSsi spécifique d’une
troisitme PDKH, la quatrieme séquence d’acide nu-
cléique hétérologue étant liée de maniére fonction-
nelle a un quatrieme promoteur.

Cellules suivant larevendication 23, lesdites cellules
comprenanten outre une cinquieme séquence d’aci-
de nucléique codant pour un ARNSsi spécifique d’une
cinquieme PDKH, la cinquiéme séquence d’acide
nucléique hétérologue étant liée de maniére fonc-
tionnelle a un cinqui€me promoteur.

Cellules suivant 'une quelconque des revendica-
tions 21, 22, 23 et 24, la PDHK étant choisie dans
le groupe consistant en PDHK1, PDHK2, PDHKS,
et PDHK4.

Cellules suivant 'une quelconque des revendica-
tions 21, 22, et 23, la PDHK étant choisie dans le
groupe consistant en PDHK1, PDHK2, et PDHKS3.

Cellules suivant la revendication 21 ou 22, la PDHK
étant choisie dans le groupe consistant en PDHK1
et PDHK2.

Cellules suivant la revendication 21 ou 22, la PDHK
étant choisie dans le groupe consistant en PDHK1
et PDHK3.

Cellules suivant la revendication 21 ou 22, la PDHK
étant choisie dans le groupe consistant en PDHK2
et PDHK3.

Cellules suivant la revendication 23, la LDH étant la
LDHa, la premiere PDHK étantla PDHK1, la deuxie-
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me PDHK étant la PDHK2, et la troisitme PDHK
étant la PDHKS3.

Cellules suivant larevendication 21, lesdites cellules
produisant un polypeptide hétérologue.

Cellules suivant la revendication 31, le polypeptide
hétérologue étant un anticorps.

Cellules suivant larevendication 23, lesdites cellules
ayant une vitesse moyenne de production de lactate
inférieure & une valeur négative de 0,02 mg/108 cel-
lules par jour.

Cellules suivant larevendication 23, lesdites cellules
ayant une productivité spécifique supérieure d’au
moins 75 % a celle de cellules sans la séquence
d’acide nucléique hétérologue comprenant la LDH
et les PDHK.

Cellules suivant larevendication 23, lesdites cellules
ayant une osmolalité inférieure a 300 mOsm.

Cellules suivant larevendication 23, lesdites cellules
ayant une productivité en polypeptide supérieure
d’au moins 68% a celle de cellules sans la séquence
d’acide nucléique hétérologue comprenant la LDH
et les PDHK.

Cellules suivant la revendication 31 ou 32, lesdites
cellules étant des cellules de mammifére.

Vecteur comprenant une premiére séquence d’acide
nucléique hétérologue codant pour un petit ARN in-
terférant (ARNsi) spécifique d’une lactate-déshydro-
génase (LDH) et une deuxieme séquence d’acide
nucléique hétérologue et codant pour un ARNsi spé-
cifique d'une pyruvate-déshydrogénase-kinase
(PDHK), lapremiére séquence d’acide nucléique hé-
térologue étant lié¢e de maniére fonctionnelle a un
premier promoteur, etladeuxiéme séquenced’acide
nucléique hétérologue étant liée de maniére fonc-
tionnelle a un deuxi€éme promoteur.

Procédé pour réduire la production de lactate dans
des cellules en culture, le procédé comprenant la
culture de cellules exprimant a) un petit ARN inter-
férant (ARNsi) spécifique d’une lactate-déshydrogé-
nase (LDH) et b) un ARNSsi spécifique d’'une pyruva-
te-déshydrogénase-kinase (PDHK), les ARNsi étant
exprimés, ce quirend silencieuse ou ce qui provoque
la régulation négative de la transcription de génes
de la LDH et de la PDHK.

Procédé suivant la revendication 39, dans lequel les
cellules en culture expriment en outre un ARNsi spé-
cifique d’'une deuxiéme PDHK.



41.

42.

43.
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Procédé suivant larevendication 40, dans lequel les
cellules en culture expriment en outre un ARNsi spé-
cifique d’'une troisitme PDHK.

Procédé suivant larevendication 40, dans lequel les
cellules en culture expriment en outre un ARNsi spé-
cifique d’'une quatrieme PDHK.

Procédé suivant larevendication 41, dans lequel les
cellules en culture ont une productivité en polypep-
tides supérieure d’au moins 68 % a celle de cellules
en culture sans les ARNsi spécifiques de la LDH et
des PDHK.
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Az EP 2 576 580 lajstromszami surdpyl szabadalom igénypontjainak magyer
forditasa:

1. Elidds akistlarmeles cadkkantesdrs lanyésziet! sejtekben, amely eligrdsban
clyanr sejickel tenydszttnk, amalysk Wrialmazngk egy olad heleroldg
nukleinsav-szekvenciat, amealy lakiat-dehidrogenazra (LDH) spegifikus Kis
interferald RNS- (sIRNS) kaodal és sgy masodik heteroldg nukleinsay-
szakvenciat, amaly piruvat-dehidrogendz-kindzra (PRDHK) specifikus siRNS-
kédéi, amalvben az elsd helerolig nukleinsav-szekvencia mikddkepesen
van kaposolva egy elst promoterhez, ds amelyben 8 masodik hateroldg
nukleineav-ezekvenaia mikiidokepesen van kaposolva sgy masadik
promoterhaz, amalyben az siRNS-ek elnémiljdk vagy luszabalyozzik az LDH
&s a POHK gén-transzkeipeidjat.

Az 1 iggnypont szerintl elidras, amslyben az LDH LDMHa.

Az 1, igénypant szerinti eljards, amelyben a tenyészial sajtek tartalmaznak
tovabha egy harmadik heteroldg nukleinsav-szekvenciat, amely egy masadik
POHK-ra spacifikus siRNS- kadol, é5 amelyban a harmadik heteroldg
nuklsinsav-szekvencia mukodokepasen van Kaposolva sgy harmadik
promoterhes.

4. A 3. igénypont szerintl eljdras, amelyben g tenydsztell sejtek tartalmaznak
tovabba egy negyedik heteroldg nukleinsav-szekvenciat, amely egy hanmadik
nukieinsavsszekvenciy mitkoddképeasen van kapesolva egy negyadik
promoterhez,

5. Ad igénypont szerindi eljaras, amelyben a tenyésziet! sejtek tartalmaznak
tovabba egy Stodik heteroldg nukleinsav-szekvancigt, amely sgy Htodik
nukleinsav-seekvencia mikodoképesen van kapesolva agy Stadik
promoterhez.

8 POHKL, PDHKZ, POHKS és PLIHKA altal alkotott csoportbdl valasztjuk.
7. Az 1, 3. és 4. igényponiok barmalyike szerinti eliaras, amalyben a PDHKL a
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12.

13.
14.

15

186,

17.

18,

18,

Az 1. vagy 3. lgénypont szerint elidras, amelyben g PDHK a PDHKT és
PDMK2 altal alkotott csoportbol valasatjul
Az 1. vagy 3. lgenypont szerintl elidrds, amelyben a PDHEY a FDHK &g
FRHKS dltsl atkotott csoporthdl valasaljuk.
Azl vagy 3. lgénypont szerindl eljards, amslyben a PDHRA & PDHKZ és

PDRHK2 altal alkotolt csoportbol wdlasztiuk.

PUOHK PDHK 1, amelyben a masodik PDHK PDHKE, és amelvban a harmadik
PDHK PDHK3.
Az 1, 3, 4 88 8. igénypontok bdrmelyike szerintl eljdrds, amelybena
fenydszietl sejtek hetaroldy polipeptidet termelnek.
A 12 lgénypont szerintl eliaras, amelyben a heteroldg polipeptid antitest.
A 4, igénypont szennt eljards, amalyben a tenyésslett seflek atlagos lakiat-
termeld sebessége kisebb, mint negativ 0,02 mg/10° sejfinap.
A4, lgdnypont szerinti eljdrds, amelyben a tenyésatel! sejlsk faflagos
tenmelékenysége legalabb 7i%-kal magasabb, mint a heteroldy, a PDHK-olra
as az LDH-rg specifikus siIRNS kddold nuklainsav-szekvencia nélki
tenydésziat sejteké.
A4, igénypont sserinti eligras, amelybern o lanyésatalt sejfek ormolalitdss 300
mOsm-nal kisehb,
A 4. igénypont szerintl eliaras, amelvben g tenyésziell sejtek polipeptidlermeld
képrssige legalabb 68%-kal nagyohb, mint a hetersldy, 8 POHR-kra és sz
LDHMwra speciikus siIRNS kadolo nukleinsav-szekvencia ndlkil fenyésstett
sejteks.
A 12, vagy 13, igenypant szerinll gliaras, amelyben g tenyesztell sejtek emids
sejtek.
Eljaras laktdt-dehidrogandz- (LDH) és plruvatdehidrogenaz-kinaz (PDHK)
transskeipoid elnémitasara vagy lessabdlyorasars tenveszistt seitben, amely
soran
bejuttatunk 8 seithe egy vekior, amely farisimaz egy elsd heteroldg, 83
LDH-ra spacifikus kis interforald RNSH (sIRNS) kadold nukleinsay-
ssekvencigt és egy masodik heteroloyg, a PDHKra specifikus siRNS4
kadold nuklainsav-seekvanciat, amelyben az elsd heterolog nukleinsav-

szekvencia mitjkidoképesen van kaposolva agy elsd promolerhez, és
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amelyban a masadik hateroidy nukleinsav-szekvanaia mikdddkspasen van
kapcsolva sgy masodik promoterhes, amelyben az siRNG-ek
axpresszaicunak, ezzel elnémilak vagy leszabalyozzak ax LDH és az
PDHK gén-transsknipcidgat.

20, BEligras suil labrehozasarg, amely tlenyészetben csbkkant akidtermeldst
mulat, amelynek sordn bejuliatunk a sajtbe egy vekion, amely laraimaz sgy
slsd hateroléy, ae LDH-ra specifikus kis interforalo RNSH {(SIRNS) kodold
nuklsinsav-szskvenciit és egy masordik hateroldg, a PDHKwa specifikus
SIRNG-t kadold nakieimaw&z&%{v&nﬁiéﬁ, amelyben az elsd haterolog
&z amelyben a masodik hetsrolog nukleinsav-szekvenala mikdddképesen van
kaposniva egy mdsadik promotarherz, amelvhen gz siRNB-ek
gxprosszalodnak, evced ninémifjdk vagy lessabdlvorsak az LDH dg g POHK
aén-ransskripoiGiat,

21 Sejtel tenyészstben, amelvek rtaimaznak sgy slst heteroldy, lakigt
dehidrogenazra {LDH) speciiikus Ris inferferdld KNS (siRND) kadold
nukleinsav-seekvenciat 45 egy masodik heteroldy, pirwvat-dehidrogenaz
kKingzra {(PRMK) specifikus siBNS- kodold nulleinsav-szekvancidt, amesivban
az olsd hateroldg nukisinsav-szekvensia miikdddképesean van kaposolva egy
elsd promoterhez, és amelyben g masodik heterolog nuklsinsav-ssekvencia
mitkdddképesan van kapasolva egy masadik promaterhes, amelybean az
siRNB-ok alnémitiak vagy leszabalyozsak oz LDH és a PRDHK gén-
transchkripcitiat,

22, A 21 wénypont seerintl sejlek, amely seftek tartalmasnak tovibba egy
Farmadih heteraldg, gy masodik POHKra specifikus siRNBY kadald
nubleinsav-szekvanciat, és amelyben 2 harmadik heterglog nulkdeinsav-

23, A 22 igénypont szerinti sejtek, amely sejfek tarlslmaznak tovabbs eqy
negyedik hateroldg nukleinsav-ssskvenciat, amely sgy harmadik PDHKra
specifikus siIRNS- kddol, ds amelyben a nagyedik heteroldg nukleinsav-
szekvenala mikaddkspesen van kapesolva sgy negyedik promotsrhaz,

24, A 23, igénypont szerintl seitek, amely sejlek tartalmaznak tovabba egy 610dik
heterolog nukleinsav-szekvencial, amaly egy Stodik PDHK-rg spegifikus
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SIRNS- kdol, és amelyben az BtBdik helerolog nulleinsav-szekvencia

mikoddképesen van kaposolva egy 8todik promoterhss.

L A 21, 22, 23088 24 lgdnypontok bamelyike szarinti seifek, amalyekben 3

FOHK a POHKY, POHK2, FDHKS 8 POHKS altal alkatolt asoporthdt
valasziiuk.

ALY, ¥2. 88 23 genyvponiok bammabiike szenintl seffek, amalyakben a POMK-
{ 2 PDHKT, PDHK2 ¢8 POHKS altal alkotolt csoporthol valasstiuk,

A 21, vagy 32, lgénypont szerintl sajtek, amelvekben a PRHEA 8 PDHKY és
PDHKZ altal alkotolt csoportbd! valasstiuk, |

A 31, vagy 22, igénypont szerint seitek, amelyekben g POHKA a PDHKT és
POHRS sital altkotedt osoparthdl valaszijuk.

A 21, vagy 22, igsnypont seerintl sajlek, amslvekben & PDHK 3 POHK? és
FOHKS altal alkotolt csoportbd! vélaszlul.

A 23, lndnypont szerintl sejtek, amelyekben az LDM LDHy, smslyskben az
alsd POHK PDHK1, amelyekben a masodik POHK PRHKZ, és amelyekben g
harmadik POHK PDHKA,

A 21, iganypont seerindl sajtek, amelyek haterolog polipeptidst termeinsk.

A 31 igsnypont seerintl sejtek, amslyskndd s heleroldg polipeptid antitest

A 28 igenypont szerintt seftek, amely sejtek dllagos lakidt-termeld sebassdys
kisebb, mint negativ 0,02 mg/10° sejiinap.

A 23, igenypord szerindi sellsk, amely sellek faflagos lermelékenysege
lngaldbb 75% kal nagyvobb, mint a heternldg, az LDH- és 8 PUHK-kat
tartalmasd nukleinsav-szekvencia nélkill sejteks,

A 33, enypont szenntl sefiek, amely seftel ozmolalitasa 300 mOsmenal
kisebb.

A 23, igénypond szerintl seltek, amaly sajtek polipeptidiermeld Répessége
fsgalabb 68%-kal nagyobb, mint a hetleroldg, az LDH- és & PDHR-kat
tartalmazd nukleinsav-seekvencia nalkiili sefteke.

A 31 vagy 32, igénypont szerintl sejtek, amsely sejfek amids ssijtek.

Veaktor, amely lartaimaz egy elkd hateroldy nukleinsav-szskvencial, amsly
laktat dehidrogandsra (LDH) spenifikus kis interfarals RNSY (SIRNS) kodol &5
egy masodik heteroldg nuklsnsayv-szekvencidt, amely plruvit-dehidrogende-
kindzra (POHK) specifilus siRNS- kodol, amelyben az elsf hateraldg

nukleinsav-srekvencia mikGdoképesen van kapesolva agy olst promoterhes,
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&g amelyben g masodik heteraldg nukleinsav-srekvenacia miitkodiképeasen van
kapesoh sy masadik promoterhez.

Efjaras laktabtermelés cedkkentésére tanyésziatt ssitekben, amely eljidrasban
olyan sejteket tenyssetink, amelyek expresszainak a) laktdi-dehidrogendzra
{(LDH) specifikus Kis interferdlé RNBY (8IRNG) é8 b piruvat-dehidrogende-
kindzra (PDHK) specifikus sIRNS-t, amelynsk soran az siRNSwek
axpresszalodnak, szzel slndmitiak vagy leszabalyozzak az LDH és a PDMHK
gen-transzkripeibjat.

A 39, igdnypont szerintl eljdras, amalyben a tenydsatet! sejtek ea-xpfésszéimﬁk
tovabba egy masodik POHK 3 specifikug sIRNSAAL

A 40 igenypont szenindi aljaras, amelyben a tenyéseiatl seitek expresszainak
tovabbg egy barmadik PDHK-ra specifikus siRNS-L

tovabba egy negyedik PDHKra spacifikus siRNG,

A 41, igénypont szerinll oljdras, amelyben a tenyésziel! sejtek
pofipeptidtarmeld képessége legaldbb 68%-kal nagyabb, mint az LDHwa és
PHOK-kra specifikus siRNS-ek nelkiili tenyéssiett sejteké.
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