wO 2017/132376 A1 [N 00 O 0000 R0 OO0 0

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

(19) World Intellectual Property Ny
Organization é
International Bureau _/

=

AT 0O AR

(10) International Publication Number

(43) International Publication Date / WO 2017/132376 Al
3 August 2017 (03.08.2017) WIPOIPCT
(51) International Patent Classification: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
CI2N 15/86 (2006.01) KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
2D I ional Apolicati ) MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
(21) International Application Number: PCT/US2017/015130 NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
CT/US2017 RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
(22) International Filing Date: TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
26 January 2017 (26.01.2017) ZA,ZM, ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L. ) kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(30) Priority Data: TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
62/388,391 27 January 2016 (27.01.2016) UsS TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(71) Applicant: JUST BIOTHERAPEUTICS, INC. [US/US]; LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
401 Terry Avenue North, Seattle, Washington 98109 (US). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(72) Inventors: MCGREW, Jeffrey T.; 19237 160th Avenue GW, KM, ML, MR, NE, 8N, TD, TG).
NE, Woodinville, Washington 98072 (US). SMIDT, Pau- Declarations under Rule 4.17:
fine §.; 2112 E. Hamlin Street, Seattle, Washington 98112 _ as to applicant'’s entitlement to apply for and be granted a
(US). ONG, E-Ching; 2476 SW Webster Street, Seattle, D e d 1700 PPy g
Washington 98106 (US). patent (Rule 4.17(i1))
(74) Agent: STEINBERG, Nisan A.; 8866 Alcott Street, Suite — as to the applicant’s entitlement to claim the priority of the
PIgI4 Los Angeles Caiifornia 90635 (US) ’ carlier application (Rule 4.17(iit)
Published:
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

with international search report (Art. 21(3))
with sequence listing part of description (Rule 5.2(a))

(54) Title: HYBRID PROMOTER AND USES THEREOF

(57) Abstract: A hybrid promoter for recombinant expression of proteins of interest is disclosed that combines a mCMYV enhancer
sequence with a rat EF-1lalpha intron sequence. Also disclosed are an expression cassette containing the hybrid promoter and a re -
combinant expression vector containing the expression cassette. A mammalian host cell, which comprises the recombinant expres -
sion vector is also disclosed, as is a method of producing a protein of interest that employs the mammalian host cell, optionally in-
volving tetracycline-inducible expression of the protein.



WO 2017/132376 PCT/US2017/015130

HYBRID PROMOTER AND USES THEREOF

This application claims priority from United States Provisional Patent Application
Serial No. 62/388,391, filed in the United States Patent and Trademark Office on January
27, 2016.

Seguence Listing

The instant application contains a Sequence Listing which has been filed
electronically in ASCI format and 1s hereby incorporated by reference in ifs entirety.
Said ASCII copy, created on January 25, 2017, 1s named JUST0051 SL.txt and is 25,408

bytes in size.

[00061] BACKGROUND OF THE INVENTION
100021 1. Field of the Invention

[00603] This invention relates to recombinant production of proteins in manmmalian
cells.

[0004] 2. Discussion of the Related Art

{0005] Industrial scale production of therapeutic proteins by recombinant expression
in mammalian cell culture is a relatively recent endeavor that strives for the greatest
possible recombinant expression efficiency and product quality characteristics that meet
or exceed regulatory guidelines.

16606] Different manmmalian cell lines have been used for recombinant protein
production, including various lines of Chinese Hamster Ovary (CHO) cells. (See, e.g., Hu
et al., Overexpressing Cyclin D1 in a Eukaryotic Cell line, U. S. Patent No. 6,210,924;
Goepfert et al., Protein Expression from Multiple Nucleic Acids, U.S. Patent No.
8,771,988; and Wurm, F.M., CHO guasispecies- Implications for Manufacturing
Processes, Processes 1:296-311; doi: 10.3390/pr1030296 (2013)).

160071 Hybrid promoters combining enhancer and promoter elements from different
genetic sources have been used to enhance recombinant expression in a variety of host

celis. (E.g., Harvey, Hybrid promoters, WO 2008/020960 Al; US 2008/12492 Al).
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{0008} Previous studies have shown that the human CMV promoter and muring CMV
promoter can drive high level expression of heterologous expression in mammalian cells.
{Mizushima & Nagata, pEF-BOS, a powerful mammalian expression vector. Nucl. Acids
Res., 18(17)5322 (1990); Masayuki & Tanaka, The CMV Enhancer Stimulates
Expression of Foreign Genes from the Human EF-1a Promoter, Analytical Biochemistry
247:179-181 (1997); Chattellard, P. et al., The Lupac bitunctional marker and its use in
protein production, WO 2006/038900 A1; Chattellard, P. ot al., Expression vectors
comprising the mCMV 1E2 promoter, U.S. Patent No. 7,824,907; Hijelmstrom et al,,
Single IFN-beta fused to a mutated IgG Fe fragment, WO 2009/053368 Al; Gaucher et
al., Cell line having 8 high transcription activity for the production of proteins, in
particular therapeutic proteins, WO 2008/096070 AZ2; Flannery ot al., Recombinant
fubricin molecules and uses thercof, U.S. Patent No. 7,642,236; Mosyak ¢t al., Method
tor identifying or designing a candidate agent that interacts with LINGO- 1 polypeptide
using a LINGO-1 three-dimensional structure, U.S. Patent No. 7,693,698; Mosyak et al.,
WO 2007/092370 Al).

[0009] Addition of introns also can increase expression of heterologous proteins
{(Lacy-Hulbert, A. ot al., Interruption of coding sequences by heterologous introns can
enhance the functional expression of recombinant genes, Gene Ther. 8(8):649-653
{2001); Brinster, R.L., et al., Introns increase franscriptional efficiency in transgenic mice,
Proc. Natl, Acad. Sci. USA 85: 836-40 (1988)). The human and hamster EF-1alpha
promoter and introns have been shown to efficiently promote gene expression
(Mizushima & Nagata, pEF-BOS, a powerful mammalian expression vector, Nucl. Acids
Res. 18(17):5322 (1990); Running Deer, J., & Allison, D. S., High-level expression of
proteins in mammalian cells using Transcription Regulatory sequences from Chinese
Hamster Ovary EF-1alpha Gene, Biotechnology Progress 20:880-889 (2004); Allison,
D.S., Recombinant method for making multimeric proteins, WO 2006/063292 Al; Orlova
et al., Improved clongation factor-lalpha-based vectors for stable high-level expression of
heterologous proteins in Chinese hamster ovary cells, BMC Biotechnology 14:56 (2014)).
(000101 Combinations of human or murine CMV promoters combined with human EF-
lalpha introns showed a significant improvement over expression constructs with no
intron (Kim, 5.-Y. et al., The human elongation factor 1 alpha (EF-1 alpha) first intron
highly enhances expression of foreign genes from the murine cytomegalovirus promoter,

J. Biotechnol. 93(2):183-87 (2002)}.
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{00011]  The Tet repressor {TetR}, which is encoded by the bacterial transposon, Tnl{,
has been used to regulate gene expression in mammalian cells. TetR binds to a DNA
sequence {Tet(3) in the absence of tetracychine. Upon binding to tetracycline, TetR
undergoes a conformational change that abrogates the binding of TetR to TetO. Yao etal.
had shown that the human CMV enhancer promoter could be regulated by tetracycline by
incorporating a Tet( sequence between the TATA box and the transcriptional start site
(TSS). (See, Yao et al., Tetracycline repressor, teiR, rather than the tetR-mammalion cell
transcription jactor fusion derivatives, regulates inducible gene

expression in mammalian cells, Hum. Gene Ther. 9(13):1939-50 (1998); Yao et al. U5,
Patent No. 5,972,650; Yao et al.,, WO99/40510).

(000121  There is a need for enhanced recombinant expression of proteins by
mammalian cells in large batch or continuous culture to support robust production of

biologics in a variety of maramalian cell lincs, which the present invention provides.
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(600131 SUMMARY OF THE INVENTION
[00014]  The present invention relates to a hybrid promoter for regulating recombinant
expression of one or more proteins of interest. The hybrid promoter includes: (i) a
mCMYVY enhancer sequence, comprising a mCMV enhancer element (mCMV-E) and a
CMYV promoter (CMV-P) sequence at its 37 end, operably linked 57 to a rat EF-lalpha
ntron sequence, operably linked 57 to a rat EF-lalpha mntron sequence; (31) an intervening
first leader sequence operably linked, 37 to the CMV promoter sequence of the mCMY
enhancer sequence, and 5 to the rat EF-lalpha intron sequence; and (iil} a second leader
sequence operably linked 3”7 to the EF-1 alpha intron sequence. This inventive
combination of a mCMV enhancer sequence with a rat EF-lalpha intron sequence in the
hybrid promoter facilitates recombinant expression of proteins of interest, particularly by
CHO cells, with high titers and high specific productivity suitable for industrial
production of biologic molecules, such as, but not limited to, an antigen binding protein,
an immunoglobulin, an antibody or antibody fragment, {(e.g., as human therapeutics o
treat diseasc}, and was generally superior to other promoters tested for some cell lines.
(000157 Accordingly, the present invention also relates to an expression cassette
containing the inventive hybrid promoter, operably linked 5' to an open reading frame
encoding an exogenous protein of interest; and a polyadenylation site operably linked 3'
to the open reading frame.
[000616]  Another aspect of the invention is a recombinant expression vector comprising
the inventive expression cassette containing the hybrid promoter.
[00017]  Also included within the invention is a mammalian host cell that contains the
inventive recombinant expression vector containing the expression cassetie with the
hybrid promoter, such as a cell derived from a Chinese Hamster Ovary (CHG) cell, e.g, a
CHO-K1 cell, a DXB11 cell, or a DG44 cell.
{00618] The present invention also relaies 1o a method of producing a protein of
interest, in vifro, that involves culturing the mammalian host cell containing the inventive
expression vector, in an aqueous medium under physiological conditions permitting
expression of the protein of interest; and recovering the protein of interest from the
medium. The present invention also includes a method of producing a protein of interest
involving tetracycline-inducible expression of the protein of nterest.
(000191  The foregoing sununary s not intended to define every aspect of the
invention, and additional aspects are described in other sections, such as the Detailed
Description of Embodiments. The entire document is mtended to be related as a unified

4
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disclosure, and it should be understood that all combinations of features described herein
are contemplated, even if the combination of features are not found together in the same
sentence, or paragraph, or section of this document.

1000201  In addition to the foregoing, the invention includes, as an additional aspect, all
embodiments of the invention narrower in scope in any way than the variations defined
by specific paragraphs above. For example, certain aspects of the invention that are
described as a genus, and it should be understood that every member of a genus is,
individually, an aspect of the invention. Also, aspects described as a genus or selecting a
member of a genus, should be understood o embrace combinations of two or more
members of the genus. Although the applicant(s) invented the full scope of the invention
described herein, the applicants do not intend to claim subject matter described in the
prior art work of others. Theretore, in the event that statutory prior art within the scope of
a claim is brought to the attention of the applicants by a Patent Office or other entity ot
mdividual, the applicant(s) reserve the right to exercise amendment rights under
applicable patent laws to redefine the subject matter of such a claim to specifically
exchude such statutory prior art or obvious variations of statutory prior art from the scope
of such a claim. Variations of the invention defined by such amended claims also are

Y

intended as aspects of the invention.
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[060021] BRIEF DESCRIPTION OF THE BRAWINGS
(000221 Figure 1 shows schematic maps of some exemplary expression constructs.
(000231  Figure 2 shows a schematic map of exemplary Veetor B.
1000241  Figure 3A-B shows DXB11 cell produced Fc-A protein titer (Figure 3A) and
specific productivity (Figure 3B) in ProCHO™ 4 culture medium containing 150 nM
methotrexate (MTX) on Day 8. Each error bar is constracted using | standard error of the
mean.
(000251  Figure 4A-B shows DXB11 cell produced Fe-A protein titer (Figure 4A) and
specific productivity (Figure 4B) in PowerCHO™ 2 medium at 500 nM MTX on Day &.
Each error bar is constructed using 1 standard ervor of the mean.
1000261  Figure 5A-B shows Fe-A proten titer (Figure 5A) and specific productivity
(Figure 5B) for DG44 in PowerCHO™ 2 medium at 1 pM MTX and DXBI11 in
Exceli302 medium at 500 nM MTX, on Day 0. Each error bar is constructed asing |
standard error of the mean.
{00027] Figure 6 shows a schematic map of pJV56 with the inventive mCMV
enhancer/rEF-1a intron hybrid promoter driving LacZ expression.
1000281  Figure 7 shows a schematic map of pJV57, which was the same as pJV356,
except that part of the mCMYV promoter (mnCMV-P) was replaced with human CMVY
promoter (hCMV-P) and TetO sequences.
(000291 Figure 8 shows a schematic map of pJV39, which was the same as pJV56, but
with an optimized human CMV promoter ((hCMV-P); after Patwardhan ot al., High-
resolution analysis of DNA regulatory elements by synthetic saturation mutagenesis
Nature Biotechnology 27(12):1173-75 (2009)}), substituted for part of the mCMV
promoter (mCMV-P) sequence.
(000301 Figure 9 shows a schematic map of pJV 60, which was the same as pJV57,
except for changes to the Tet sequences {maintaining TetR binding) to match the
optimized human CMV promoter (hCMV-P) sequence.
1000311 Figure 10 below represents a schematic representation of the human CMV
promoter-Tet operator (TetO; “Tet”) inserted into the mCMY promoter ("mCMVP”)
sequence, 3” to the mCMV enhancer element (“MCVE”) sequence. This insertion
replaced part of the mCMYV promoter with a hCMV promoter (hCMVP) sequence. The
relative position of the first leader sequence is also represented by “TPL.”
[00032] Figure 11 shows a schematic comparisonr of the DNA sequences of a segment
of pIV56 (SEQ ID NO:16) and a segment of pJVS7 (SEQ ID NO:15). The segment of

6
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pJV57 shown in SEQ 1D NO:15 includes a segment (SEQ D NO:9) that incorporates a
partial hCMV promoter sequence {SEQ 1D N(G:24) and, 37 to SEQ 1D NO:24, a TetO
sequence (SEQ ID N(O:23, which contains a smaller Tet( sequence SEQ 1D N(G:29).
Arrows shown in the TetQO sequence (SEQ 1D NO:29) indicate palindromic TetR binding
sites. The mCMYV promoter (mCMV-P) sequence and hCMV promoter (hCMV-P)
sequence are those sequences from the TATA box through the start site of transcription.
SEQ ID NO:25 1s the 37 end of a mCMV-P sequence found in both pJV57 and pJV 56,
and in pJV57 is found 37 to SEQ ID NO:9. The transcription start is the guanine residue
in the 3”7 subsequence taccg of SEQ 1D NO:25. Note that the inserted Tet( sequence
(SEQ ID NO:23) most certainly imipacts the transcription start site, since the transcription
statt site is typically ~30 bases 37 to the 5° T of the TATA box. The relative position of
the first leader sequence is also represented by “TPL,” and some nucleotide residues at
the 5” end of the TPL are shown.

[00033] Figure 12 shows a schematic comparison of segments of the DNA sequences
of pdV57 and pJV60. In the segment shown of piV60 (SEQ 1D NO:18), the TetO
sequences in the corresponding segment of pJV57 (SEQ 1D NG:17) were changed to
match the scquences that increased expression surrounding the transcription start siie in
the study by Patwardhan et al., High-resolution analysis of DNA regulatory elements by
synthetic saturation mutagenesis, Nature Biotechnology 27(12):1173-75 {2009).

[00034] Figure 13 shows a schematic comparison of segments of the DNA sequences
of pIV56 and pJV59. In this segment of pJV 59 (SEQ 1D NO:20), optimized hCMV
promoter sequences in the corresponding sequence of piV56 (SEQ 1D NO:19) replaced
part of the mCMYV promoter (mCMV-P) sequence in a variation of the mCMV
enhancer/rat EF-1g intron hybrid promoter of the invention.

(000351 Figure 14 shows regulation of specitic B-galactosidase expression for each of
the indicated vectors. T-REx™-CHO cells expressing TetR were transiently transfected
with pJVS6, pIV57, pIV59, pIV6d, or the control plasmid pcDNAS/TO/LacZ. Cell were
incubated for 24 hours and then treated with tetracycline (Tet) or lefl untreated for 24
hours. Cells were lysed and LacZ was analyzed enzymatically. The fold-ditference
between the (+Tet) compared to (-Tet} is shown above the bars, except for the positive
control (pcDNAS/TO/LacZ).

[00036]  Figure 15 shows a schematic map of pJV40, including an open reading frame

for TetR.

-~
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[00037] Figure 16 illustrates expression of LacZ (beta-galactosidase protein) by CHO-
K1/TetR cells {clone 3E7) expressing TetR, which were transiently transtected with
pIV36, pIVS7, pIVSS, pIVE0, or the contro] plasmid pcDNAS/TO/LacZ. Cell were
incubated for 24 hours and then treated with tetracycline (Tet) or left untreated for 24
hours. Cells were lysed and LacZ was analyzed enzymatically. The fold-difference
between the (+Tet) compared to (-Tet) is shown above the bars.

[0003R8]  Figure 17 illustrates expression of LacZ (beta-galactosidase protein) by CHO-
K1/TetR cells {clone 3F9) expressing TetR, which were transiently transfected with
pIV36, pIVST, pIVS9, pIVel, or the control plasmid peDNAS/TO/Lac”Z. Cell were
incubated for 24 hours and then treated with tetracycline (Tet) or left untreated for 24
hours. Cells were lysed and LacZ was analyzed enzymatically. The fold-difference
between the (+Tet) compared to (-Tet) is shown above the bars.

(000391  Figure 18 illustrates expression of LacZ (beta-galaciosidase protein) by CHO-
Ki/TetR cells (clone 4G2) exprossing TetR, which were transiently transfected with
pIV36, plV57, pIV39, pIVel, or the control plasmid pcDNAS/TO/LacZ. Cell were
incubated for 24 hours and then treated with tetracycline {Tet) or left untreated for 24
hours. Cells were lysed and LacZ was analyzed enzymatically. The fold-difference

between the (+Tet) compared to {-Tet) is shown above the bars.
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[00040] DETAILED DESCRIPTION OF EMBODIMENTS
[00041]  The section headings used herein are for organizational purposes only and are
not 10 be construed as miting the subject matter described.
[00042]  Definitions
(000431  Unless otherwise defined herein, scientific and technical terms used in
comnection with the present application shall have the meanings that are commonly
understood by those of ordinary skill in the art. Further, unless otherwise required by
context, singular terms shall include pluralities and plural terms shall include the singular.
Thus, as used in this specification and the appended claims, the singular forms "a", "an”
and "the" include plural referents unless the context clearly fndicates otherwise. For
example, reference to "a protein” includes a plurality of proteins; reference to "a cell”
includes populations of a plurality of cells.
[00044]  The present invention relates o a hybrid promoter for regulating recombinant
expression of one or more proteins of interest. The inventive promoter includes a mCMVY
enthancer sequence operably linked to a rat EF-1alpha intron sequence. The term
“mCMV,” used interchangeably with “muCMV,” refers to murine cytomegalovirus,
which is a herpesvirus of the subfamily betaherpesviridac. The mCMV is a double-
stranded enveloped DNA virus with host specificity for mice. Similarly, the term
“hCMV,” or interchangeably “lmCMYV,” refers to human cytomegalovirus,
(000457  The “mCMYV enhancer sequence,” with respect to the present invention,
includes:
[00046] (i) a mCMYV enhancer element (“mCMV-E”); and, at the 3° end of the mCMY
enhancer sequence,
(000471 (i) a CMV promoter sequence ("CMV-P”; L.e., a nucleotide sequence segment
beginning at, and including, the TATA box through the start site of transcription); the
UMYV promoter sequence can be derived from mCMV, hCMV, simian CMV, rat CMV, or
any other variety of CMV, or it can be an optimized version of a CMV-P, which is
tunctional to enable transcription in mammalian cells, such as CHO cells.
[00048] The term "recombinant” indicates that the material (e.g., a nucleic acid or a
polypeptide) has been artificially or synthetically (i.e., non-naturally) altered by human
intervention. The alteration can be performed on the material within, or removed from, its
natural environment or state. For example, a "recombinant nucleic acid” is one that is
made by recombining nucleic acids, e.g., during cloning, DNA shuftling or other well

known molecular biological procedures. Examples of such molecular biological

g
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procedures are found in Maniatis et al., Molecular Cloning. A Laboratory Manual. Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y. (1982). A "recombinant DNA
molecule,” is comprised of segments of DNA joined together by means of such molecular
biological technigues. The term "recombinant protein” or "recombinant polypeptide” as
used herein refers to a protein molecule which is expressed using a recombinant DNA
molecule. A "recombinant host cell” is a cell that contains and/or expresses a recombinant
nucleic acid.

{00049]  The term "naturally occurring” as used throughout the specification in
connection with biological materials such as polypeptides, nucleic acids, host cells, and
the like, refers to materials which are found in nature.

(000501  The term "control sequence™ or "control signal” refers to a polynucleotide
sequence that can, in a particular host cell, affect the expression and processing of coding
sequences to which it is ligated. The nature of such control sequences may depend upon
the host organism. In particular embodiments, control sequences for prokaryotes may
include a promoter, a ribosomal binding site, and a transcription termination sequence.
Control sequences for eukaryotes may include promoters comprising one or a plurality of
recognition sites for transcription factors, transcription enhancer sequences or clements,
polyadenylation sites, and transcription termination sequences. Control sequences can
include leader sequences and/or fusion partner sequences. Promoters and enhancers
consist of short arrays of DNA that interact specifically with cellular proteins involved in
transcription (Maniatis, et al., Science 236:1237 (1987)). Promoter and enhancer clements
have been isolated from a variety of eukaryotic sources including genes in yeast, insect
and mammalian cells and viruses (analogous control elements, i.e., promoters, are also
found in prokaryotes). The selection of a particular promoter and enhancer depends on
what cell type is to be used to express the protein of interest. Some eukaryotic promoters
and enhancers have a broad host range while others are functional in a limited subset of
cell types (for review see Voss, et al,, Trends Biochem. Sci., 11:287 (1986) and Maniatis,
et al., Science 236:1237 (1987)).

f00051] A “promoter” is a region of DNA including a site at which RNA polymerase
binds to initiate transcription of messenger RNA by one or more downstream structural
genes. Promoters are located near the transcription start sites of genes, on the same strand
and upstream on the DNA (towards the 5' region of the sense strand). Promoters are

typically about 100-1000 bp in length.



WO 2017/132376 PCT/US2017/015130

[00052] In general, an “enhancer” is a short (50-1500 bp) region of DNA that can be
bound with one or more activator proteins (tfranscription factors) to activate transcription
of a gene.

1000531 A mCMYV enhancer sequence useful in the inventive hybrid promoter
comprises a mucleotide sequence at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical to the nucleotide sequence of SEQ 1D NO:2, which contains
a CMV promoter (CMV-P) sequence at its 3° end (bold underlined sequence in SEQ 1D
NO:2) beginning at nucleotide position 588 (including a TATA-box and transcriptional
start site, 1.e., TATAAGAGG CGCGA C CAGCG TCGG TACCG/SEQ 1D N(O:2R; bold
underlined in SEQ ID NO:2 below; SEQ ID NO:28 also comprises SEQ ID NO:26):
(000541 GTCAACAGGA AAGTTCCATT GGAGCCAAGT ACATTGAGTC
AATAGGGACT TTCCAATGGG TTTTGCCCAG TACATAAGGT CAATGGGAGG
TAAGCCAATG GGTTTTTCCC ATTACTGGCA CGTATACTGA GTCATTAGGG
ACTTTCCAAT GGGTTTTGCC CAGTACATAA GGTCAATAGG GGTGAATCAA
CAGGAAAGTC CCATTGGAGC CAAGTACACT GAGTCAATAG GGACTTITCCA
TTGGOTTITTG CCCAGTACAA AAGGTCAATA GGGGGTGAGT CAATGGGTTT
TTCCCATTAT TGGCACGTAC ATAAGGTCAA TAGGGGTGAG TCATTGGGTT
TITCCAGCCA ATTTAATTAA AACGCCATGT ACTTTCCCAC CATTGACGTC
AATGGGCTAT TGAAACTAAT GCAACGTGAC CTTTAAACGG TACTTTCCCA
TAGCTGATTA ATGGGAAAGT ACCGTTCTCG AGCCAATACA CGTCAATGGG
AAGTGAAAGG GCAGCCAAAA CGTAACACCG CCCCGGTTTIT CCCCTGGAAA
TTCCATATTG GCACGCATTC TATTGGCTGA GUTGCGTTCT ACGTGGG TAT
AACAGGCGLG ACCAGCETCG GTACCG/SEQ IDNO:2.

(000551  Aunother exemplary mCMV enhancer sequence usefol in the inventive hybrid
promoter comprises a nucleotide sequence at least 95%, at least 96%, at least 97%, at
lcast 98%, at least 99%, or 100% identical to the nucleotide sequence of SEQ 1D N(O:33,
which contains a CMV promoter sequence at its 3 end (bold underlined sequence in SEQ
T NO:33) beginning at position 588, which inchides a TATA-box and transcriptional
start sife, 1.e.,
TATATAAGCAGAGCTCGTTTAGTGAACCGTCAGTTCGTCTCTAGACGCCAACC
G//SEQ 1D NG:35; bold underlined sequence in SEQ 1D NO:33 below; SEQ ID NG:35
also comprises SEQ 1D NO:24):
[00056] GTCAACAGGAAAGTTCCATTGGAGCCAAGTACATTGAGTCAATAG
GGACTTTCCAATGGGTTTTGCCCAGTACATAAGGTCAATGGGAGGTAAGCCA
il
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ATGGGTTTTTCCCATTACTGGCACGTATACTGAGTCATTAGGGACTTICCAAT
GOOTTTTGCCCAGTACATAAGGTCAATAGGGOTGAATCAACAGGAAAGTCCC
ATTGGAGCCAAGTACACTGAGTCAATAGGGACTTTCCATTGGOGTTTTGCCCAG
TACAAAAGGTCAATAGGGGGTGAGTCAATGGGTTTTTCCCATTATTGGCACGT
ACATAAGGTCAATAGGGGTGAGTCATTGGGTTITTTCCAGCCAATTTAATTAAA
ACGCCATGTACTTTCCCACCATTGACGTCAATGGGCTATTGAAACTAATGCAA
CGTGACCTTTAAACGGTACTTTCCCATAGCTGATTAATGGGAAAGTACCGTTC
TCCGAGCCAATACACGTCAATGOGAAGTGAAAGGGCAGCCAAAACGTAACAL
CGCCCCGGTTTTCCCUTGGAAATTCCATATTGGCACGCATTCTATTGGCTGAG
CTGCOTTCTACGTGOGTATATAAGCAGAGCTCGTTITAGTGAACCGTCAGTT
CCTCTCTAGACGCCAACCG/SEQ 1D NO:33.

{000571  In some useful embodiments, in which tetracycline-inducible expression is
desired, the inventive hybrid promoter comprises one or more TetO sequences operably
linked 3° to the mCMYV enhancer sequence, inserted within the CMV promoter (CMV-P)
sequence at the 37 end of the mCMYV enhancer sequence. A “Tet(” sequence means a
nucleotide sequence, which maintains the ability to bind tetracycline repressor protein
{TetR). The TetO sequence 18 placed so that, in the presence of TetR protein, there is
binding ot TetR to the TetO sequence, thereby disrupting transcription to a detectable
extent, compared to a control not having TetO in the promoter driving transcription of a
gene of inferest, or to a control not having TetR. Examples of the TetO sequence include
a sequence having at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ D NO:29
(TCCCTATCAGTGATAGAGATCTCCCTATCAGTGATAGAGA//SEQ 1D NO:29) or
having at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 160%
sequence identity to SEQ 1D NO:34
(CTCCCTATCAGTGATCAGTTCCTCCCTATCAGTGATAGAGA//SEQ ID NO:34).
In some usetul embodiments, there can be additional nucleotide residues 3° or 37 {0 the
TetO sequence(s), or there can be intervening nucleotide linker sequences, as long as the
ability to bind TetR protein is not climinated.

[00058]  “Repression,” or “repressed,” within the context of the invention, refers to the
interference of transcription of a gene of interest (encoding a protein of interest),
occurring when TetR protein binds to a TetO binding site in the promoter that drives
expression of the gene of interest, resulting in decreased expression of the protein of
interest by the cell{s) (which are cell(s) that express TeiR). Expression of a gene of
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interest or of a protein of interest is said to be “derepressed,” when, in the presence of
tetracycline in the medivm, expression of the protein of interest is at least 1.5-fold over
the basal levels of expression by the cell(s) in the absence of tetracycline in the medium.
[00059]  “Tetracycline” means tetracycline or an analog of tetracycline, such as
doxycyeline, anhydrotetracycline, minocycline, oxytetracyeline, methacycline,
chlortetracychne, or COL-3 (Chemically modified tetracychine-3).
[000607 A rat EF-lalpha intron sequence useful in the inventive hybrid promoter
comprises a nucleotide sequence at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical to the nucleotide sequence of SEQ D NO:4:
(000617  GTGAGTGGCGGOTGTGOCTTCCGCGGGCCCCGGAGCTGGAGCCCTG
CTCTGAGCGGGCCGGGCTGATATGCGAGTGTCGTCCGCAGGGTTTAGCTGTG
AGCATTCCCACTTCGAGTGGCGGGCGGTGCGGGGGTGAGAGTGUGAGGCCTA
GCGGCAACCCCGTAGCCTCGCCTCOGTGTCCGGUTTGAGGCCTAGCGTGGTGTC
CGCCGCCGCGTGCCACTCCGGCCGCACTATGCGTTTITITGTCCTTGCTGCCCTC
SATTGCCTTCCAGCAGCATGGGCTAACAAAGGGAGGGTGTGGGGUTCACTCT
TAAGGAGCCCATGAAGCTTACGTTGGATAGGAATGGAAGGGCAGGAGGGGC
GACTGGGGCCCGCCCGCCTTCGGAGCACATGTCCGACGCCACCTGGATGGGG
CGAGGCCTGTGGCTTICCGAAGCAATCGGGCGTGAGTTTAGCCTACCTGGGCC
ATGTGGCCCTAGCACTGGGCACGGTCTGGCCTGGCGGTGCCGCGTTCCCTTGC
CTCCCAACAAGGGTGAGGCCOTCCCGUCCGGCACCAGTTGUTTGCGCGGAAA
GATGGCCGCTCCCGGGGCCCTGTTGCAAGGAGCTCAAAATGGAGGACGCGGC
AGCCCGOTGGAGCGGGCGGGTCGAGTCACCCACACAAAGGAAGAGGGLCTTG
CCCCTCGCCGGCCGCTGUITCCTGTGACCCCGTGGTCTATCGGUCGCATAGTC
ACCTCGGGCTTCTCTTGAGCACCGCTCOTCGOGGCGGGGGGAGGGGATCTAA
TGGCGTTGGAGTTTGTTICACATTTGGTGGGTGGAGACTAGTCAGGCCAGCCTG
GCGCTGGAAGTCATTCTTGGAATTTGCCCCTTTGAGTTITGGAGCGAGGCTAAT
TCTCAAGCCTCTTAGCGGTTCAAAGGTATTTTCTAAACCCGTTTICCAG/H/SEQ ID
NO:4.
[00062]  The inventive hybrid promoter also includes an intervening first leader
sequence, operably linked 37 to the mCMYV enhancer and 57 to the EF-1alpha intron
sequence in an operable orientation. The intervening first leader sequence is about 10 to
200 nucleotide residues in length-- more preferably about 10 fo 60 nucleotide residues in
length or even more preferably about 20-50 nucleotide residues in length-- and lacks any
secondary structure with stability greater than 20 kcal and lacks any ATG translational
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start sites. An example of a useful first leader sequence is an untranslated (S"UTR) leader
sequence derived from adenovirus tripartite leader (TPL), i.e., the nucleotide sequence of
SEQ I NO:3:
(000631 TACCTCTTCCGCATCGCTGTCTGCGAGGGCCAGCTGTTGGG/SEQ ID
NG:3.
[00064]  The tnventive hybrid promoter also includes a second leader sequence
operably linked 3 to the EF-1 alpha intron sequence n an operable orientation. The
second leader sequence is about 5 to 200 nucleotide residues in length-- more preferably
about 10 to 200 nucleotide residues in length or even more preferably about 10-150
nucleotide residues in length-- and lacks any secondary structare with stability greater
than 20 kcal and lacks any ATG translational start sites. An cxample of a useful second
leader sequence is another untranslated (5"UTR) leader sequence region derived from
adenovirus tripartite leader (TPL), 1e., the nucleotide sequence of SEQ ID NG:S:
1000651 CTCGCGGTTGAGGACAAACTCTTCGCGGTCTTTCCAGTACTCTTIGG
ATCGGAAACCCGTCGOCCTCCGAACGGTACTCCGCCACCGAGGGACCTGAGC
GAGTCCGCATCGACCGGATCGGAAAACCTC/SEQ ID NO:S.
1000661  For other examples of usetul leader sequences and design principles, see, e.g.,
Mignone, F. et al., Untransiated regions of mRNAs. Genome Biology,
3(3)reviews0004.1-0004 .10 (2002)), incorporated herein by reference in its entirety, Any
suttable leader sequences, with the above mentioned characteristics, can be used in
practicing the present invention,
(600671  One useful embodiment of the inventive hybrid promoter is a promoter that
comprises a nucleotide sequence at least 5%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical to the nucleotide sequence of SEQ TD N(O: 1, following,
which contains mCMVY GenBank: LO6816.1, nucleotides 4067-4682, Rat EF-lalpha
intron Genbank: AC158987.3, nucleotides 22137-21728; and an intervening first leader
sequence underlined in lower case letters (SEQ 1D NO:3); and a second leader sequence
underlined in italic lower case letters (SEQ ID NO:5):
[00068]  GTCAACAGGAAAGTTCCATTGGAGCCAAGTACATTGAGTCAATAG
GGACTTITCCAATGOOTTITTGCCCAGTACATAAGGTCAATGGGAGGTAAGCCA
ATGGGTTTTTCCCATTACTGGCACGTATACTGAGTCATTAGGGACTTTCCAAT
GGGTTTTGCCCAGTACATAAGGTCAATAGGGGTGAATCAACAGGAAAGTCCC
ATTGGAGCCAAGTACACTGAGTCAATAGGGACTTTICCATTGGGTTTTGCCCAG
TACAAAAGGTCAATAGGGGOTGAGTCAATGGGTTTTTICCCATTATTGGCACGT
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ACATAAGGTCAATAGGGGTGAGTCATTIGGOTITITCCAGCCAATTTAATTAAA
ACGCCATGTACTTTCCCACCATTGACGTCAATGGGCTATTGAAACTAATGCAA
CGTGACCTTTAAACGGTACTTTCCCATAGCTGATTAATGGGAAAGTACCGTTC
TCGAGCCAATACACGTCAATGGGAAGTGAAAGGGCAGCCAAAACGTAACAC
CGCCCCGOTTTICCCCTGGAAATTCCATATTGGCACGCATTCTATTGGCTGAG
CTGCGTTCTACGTGGOGTATAAGAGGCOGCGACCAGCGTCGGTACC Glageteticegea
tegetgteigegagegecagetgtiogeGTGAGTGGCGGGTGTGGCTTCCGCGGGCCCCGGAG
CTGGAGCCCTGCTCTGAGCGGGCCGGOCTGATATGCGAGTGTCGTCCGCAGG
GTTTAGCTGTGAGCATTICCCACTTCGAGTGGCGOGCGGTOGOGOGGGOTGAGAG
TGCCGAGGCCTAGCGGCAACCCCGTAGCCTCGCCTCGTGTCCGGCTTGAGGCCT
AGCGTGGTGTCCOGCCGCCGCGTGUCACTCCGGCCGCACTATGCGTTTITIGTEC
CTTGCTGCCCTCGATTGCCTTCCAGCAGCATGGOCTAACAAAGGGAGGGTGT
GOGGGCTCACTCTTAAGGAGCCCATGAAGCTTACGTTGGATAGGAATGGAAGG
GCAGGAGGGGCGACTGGGGCCCGCCCGCCTTCGGAGCACATGTCCGACGCCA
CCTGCATGGGGUGAGGUCTGTGGUTTTCCCGAAGCAATUGGGCGTGAGTTITAG
CCTACCTGOGGCCATGTGOGCCCTAGCACTGGGCACGGTCTGGCCTGGCGGTGE
CGCOTTCCCTTGCCTCCCAACAAGGUTGAGGCCGTCCCGCCCGGLACCAGTTG
CTTGCGCGGAAAGATGOUCGUTCCCGGGGCCCTGTTGCAAGGAGCTCAAAAT
GGAGGACGCGGCAGCCCGGTGGAGUGGGUGGETCGAGTCACCCACACAAAGG
AAGAGGGCCTTGCCCCTCOGCCOGGCCGCTGCTTCCTOGTGACCCCOGTGOTCTATC
GGCCGCATAGTCACCTCGGGUTTCTCTTGAGCACCGCTCGTCGCGGCGGGGE
GAGGGGATCTAATGGCGTTGGAGTTTGTTCACATTTGGTGGGTGGAGACTAGT
CAGGCCAGCCTGOCOGCTGGAAGTCATTUTTGGAATTTGCCCCTTTGAGTTTOG
AGCGAGGCTAATTCTCAAGCCTCTTAGCGGTTCAAAGGTATTTTCTAAACCCG

TYTCCAGeicgegeioag gacaaactClicg el citicca slacicligealcegaaaccegicggccleceaucse

faclccgccacegagesaccigagesagiccgcaicgaccggaicggagaaccic//SEQ 1D NO:1.

[00069]  Examples of additional useful embodiments of the inventive hybrid promoter
include (1) SEQ 1D NG:30 (hybrid promoter sequence including TetO, as m pJV57), (i)
SEQ 1D NO:31 (hybrid promoter including a mCMYV enhancer clement with optimized
hCMV promoter sequence, as in pJV59), and (it} SEQ 1D NO:32 (hybrid promoter
inchiding mCMYV enhancer element with optimized hCMV promoter sequence and
optimized TetO sequence, as in pJV60)
[00070] GTCAACAGGAAAGTTCCATTGGAGCCAAGTACATTGAGTCAATAG
GGACTTTCCAATGGGTTTTGCCCAGTACATAAGGTCAATGGGAGGTAAGCCA
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ATGGGTTTTITCCCATTACTGGCACGTATACTGAGTCATTAGGGACTTICCAAT
GGOTTTTGCCCAGTACATAAGGTCAATAGGGGTGAATCAACAGGAAAGTCCC
ATTGGAGCCAAGTACACTGAGTCAATAGGUGACTTTCCATTGGOTTITTIGCCCAG
TACAAAAGGTCAATAGGGGGTGAGTCAATGGGTTTITTCCCATTATTGGCACGT
ACATAAGGTCAATAGGGGTGAGTCATTGGGTTITTTCCAGCCAATTTAATTAAA
ACGCCATGTACTTTCCCACCATTGACGTCAATGGGCTATTGAAACTAATGCAA
CGTGACCTTTAAACGGTACTITCCCATAGCTGATTAATGGGAAAGTACCGTTC
TCGAGCCAATACACGTCAATGGGAAGTGAAAGGGCAGCCAAAACGTAACAC
CGCCCCGGTTTTCCCCTGGAAATTCCATATTGGCACGCATTCTATTGGCTGAG
CTGCGTTCTACGTGGGTATATAAGCAGAGCTCTCCCTATCAGTGATAGAGATC
TCCCTATCAGTGATAGAGATCGTCGACGAGCTCAGCGTCGGTACCGTACCTCT
TCCGCATCGCTGTCTGCGAGGGCCAGCTGTTGGGGTGAGTGGCGGGTGTGGC
TTCCGCGGGUCCCGGAGCTGGAGCCCTGCTCTGAGCGGGCCGOGCTGATATG
CGAGTGTCGTCCGCAGGGTTTAGCTGTGAGCATTCCCACTTCGAGTGGCGGGC
GGTGCGGGGGTGAGAGTGCGAGGCCTAGCGGCAACCCCGTAGCCTCGCCTCG
TOTCCGOCTTGAGGCCTAGCGTOGTOTCCGCCGUCGUOTGCCACTCCGGCCGL
ACTATGCGTTTITIGTCCTTGCTGCCCTCGATIGCCTTCCAGCAGCATGGGCTA
ACAAAGGGAGGGTGTGGGGCTCACTCTTAAGGAGCCCATGAAGUTTACGTTIG
GATAGGAATGGAAGGGCAGGAGGOGCGACTGGGOLCCGCCCGUCTTCGGAG
CACATGTCCGACGCCACCTGGATGGGGUGAGGCCTOGTGGCTTTCCGAAGCAA
TCGGGCGTGAGTTTAGCCTACCTGGGCCATGTGGCCCTAGCACTGGGCACGGT
CTGGCCTGGCGGTGCCGCGTTCCCTTGUCTCCCAACAAGGGTGAGGCCGTCCC
GCCCGGCACCAGTTGCTTGCGCGGAAAGATGGCCGUTCCCGGGGCCCTGTTG
CAAGGAGUTCAAAATGGAGGACGCGGCAGCCCOGOGTGGAGCGGGCGGUGTGAG
TCACCCACACAAAGGAAGAGGGCCTTGCCCCTCGUCCGGCCGCTGCTICCTGT
GACCCCOTGGTCTATCGGCCGCATAGTCACCTCGGGUTTCTCTTGAGCACCGC
TCGTCGCGGOGGGGGGAGGOGATCTAATGGCOGTTGGAGTTTGTTCACATTTG
GTGGGTGGAGACTAGTCAGGCCAGCCTGGCGCTGGAAGTCATTICTTGGAATT
TGCCCCTTTGAGTTTGGAGCGAGGCTAATTCTCAAGCCTCTTAGCGGTTCAAA
GGTATTTTCTAAACCCGTTTCCAGCTCGUGGTTGAGGACAAACTUTTCGCGGT
CTTTCCAGTACTCTTOGGATCGGAAACCCGTCGGCCTCCGAACGGTACTCCGCC
ACCGAGGGACCTGAGCGAGTCCGCATCGACCGGATCGGAAAACCTC/SEQ ID
NG:30;
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{60071] GTCAACAGGAAAGTTCCATTGGAGUCAAGTACATTGAGTCAATAG
GGACTTTCCAATGGOTTTTGCCCAGTACATAAGGTCAATGGGAGGTAAGCCA
ATGGOGTTTTTCCCATTACTGGCACGTATACTGAGTCATTAGGGACTTTCCAAT
GOGTTTTGCCCAGTACATAAGGTCAATAGGGGTGAATCAACAGGAAAGTCCC
ATTGGAGCCAAGTACACTGAGTCAATAGGGACTTTCCATTGGGTTITTGCCCAG
TACAAAAGGTCAATAGGGGGTGAGTCAATGGGTTITICCCATTATTIGGCACGT
ACATAAGGTCAATAGGGGTGAGTCATTGGGTITITCCAGCCAATTTAATTAAA
ACGCCATGTACTTTCCCACCATTGACGTCAATGOGCTATTGAAACTAATGCAA
COGTGACCTTTAAACGOTACTTTCCCATAGCTGATTAATCGGAAAGTACCGTTC
TCGAGCCAATACACGTCAATGGOGAAGTGAAAGGGCAGCCAAAACGTAACAC
CGCCCCGOTTTTCCCCTGGAAATTCCATATTGGCACGCATTCTATTIGGCTGAG
CTGCOGTTCTACGTGGGTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGTTICG
TCTCTAGACGCCAACCGOCTCTTCCGCATCGCTGTCTOGCGAGGGCCAGOTGTT
GGGGTGAGTGGCGGGTGTGOUTTCCGCGGGCCCCGGAGCTGGAGCCCTGCTC
TGAGCGGGCCOGGUTGATATGCCGAGTGTCGTCCGCAGGOTTTAGCTGTGAGC
ATTCCCACTTCGAGTOGGCGGOGCGGTGCGGGOGTCGAGAGTGCCGAGGUCTAGCG
GCAACCCCGTAGCCTCGCCTCGTGTCCGGCTTGAGGCCTAGCGTGGTGTCCGC
CGCCGCOTGCCACTCCGGCCGCACTATGCGTTTTITTIGTCCTTGCTGCCCTCGAT
TGCCTTCCAGCAGCATGGGUTAACAAAGGGAGGGTGTGGGGCTCACTCTITAA
GOAGUCCATGAAGCTTACGTTOGATAGGAATGGAAGGGCAGGAGGGGCGALC
TCGGGCCCGCCCGCCTTICGGAGCACATGTCCGACGCCACCTGGATGGGGCGA
GGCCTGTGGCTTTCCGAAGCAATCGGGCGTCGAGTTTAGCCTACCTGGGCCATG
TGGCCCTAGCACTGGGCACGOTCTGGCCTGGCGOTGCCGCOTTCCCTTGCCT
CCAACAAGGUGTGAGGCCGTCCCGCCCGGCACCAGTTGCTTGCGCGGAAAGAT
GGCCGCTCCCGOGGUCCTOTIGCAAGGAGUTCAAAATGCGAGGACGCGGCAGC
CCGOTGGAGCGGGCGGOTCGAGTCACCCACACAAAGGAAGAGGGCCTTGCCC
CTCGCCGGCCGCTGCTTCCTGTGACCCCOGTOGOTCTATCGGCCGCATAGTCACC
TCGGGCTTICTCTTGAGCACCGCTCGTCGCOGCGOGOGGAGGGGATCTAATGE
CGTTGGAGTTTGTTCACATTITGGTGGGTGGAGACTAGTCAGGCCAGCCTGGLG
CTGGAAGTCATTCTTGGAATTTGCCCCTTTGAGTTTGOGAGCGAGGCTAATTCT
CAAGCCTCTTAGCGGTTCAAAGGTATTITTCTAAACCCGTITCCAGCTCGCGOGT
TGAGGACAAACTCTTCGCGGTCTTITCCAGTACTCTTGGATCGGAAACCCGTCG
GCCTCCGAACGGTACTCCGCCACCGAGGGACCTGAGCGAGTCCGCATCGALCC
GGATCGGAAAACCTC/SEQ ID NO:31; and
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(60072] GTCAACAGGAAAGTTCCATTGGAGUCAAGTACATTGAGTCAATAG
GGACTTTCCAATGGOTTTTGCCCAGTACATAAGGTCAATGGGAGGTAAGCCA
ATGGOGTTTTTCCCATTACTGGCACGTATACTGAGTCATTAGGGACTTTCCAAT
GOGTTTTGCCCAGTACATAAGGTCAATAGGGGTGAATCAACAGGAAAGTCCC
ATTGGAGCCAAGTACACTGAGTCAATAGGGACTTTCCATTGGGTTITTGCCCAG
TACAAAAGGTCAATAGGGGGTGAGTCAATGGGTTITICCCATTATTGGCACGT
ACATAAGGTCAATAGGGGTGAGTCATTGGOGTITTITCCAGCCAATTTAATTAAA
ACGCCATGTACTTTCCCACCATTGACGTCAATGOGCTATTGAAACTAATGCAA
COGTGACCTTTAAACGOTACTTTCCCATAGCTGATTAATCGGAAAGTACCGTTC
TCGAGCCAATACACGTCAATGGGAAGTGAAAGGGCAGCCAAAACGTAACAC
CGCCCCGOTTTTCCCCTGGAAATTCCATATTGGCACGCATTCTATTIGGCTGAG
CTGCOGTTCTACGTGGGTATATAAGCAGAGCTCTCCCTATCAGTGATCAGTTCC
TCCCTATCAGTGATAGAGATCGTCOGACGAGCTCAGCGTCGOTACCOGTACCTCT
TCCGCATCGCTGTCTGCGAGGGUCAGCTGTTGOGGTGAGTGGCGGETGTGGO
TTCCGCGGGCCCCGGAGCTGGAGCCCTGUTCTGAGCGGGCCGGGUTGATATG
CGAGTGTCGTCCGCAGGOTTITAGCTGTGAGCATTCCCACTTCGAGTGGCGGGO
GUTGCGGGGOTCGAGAGTGCGAGGCCTAGCGGCAACCCCGTAGCCTCGCCTCG
TGTCCGGCTTGAGGCCTAGCGTGGTGTCCGCCGCCGCGTGCCACTCCGGCCGC
ACTATGCOTTTTTTIGTCCTTGCTGCCCTCOGATIGCCTTCCAGCAGCATGGGCTA
ACAAAGGGAGOGOTOTOGGGUTCACTCTTAAGGAGCCCATGAAGCTTACGTTG
GATAGGAATGGAAGGGCAGGAGGGGLGACTGOOGCCCGCCCGCCTTCGGAG
CACATGTCCGACGCCACCTGGATGGGGCGAGGCCTGTGGCTTICCGAAGCAA
TCGOGGCGTCGAGTTTAGCCTACCTGGOGCCATOGTGOGLCCTAGCACTGGOGCACGEGT
CTGOGCCTGOGCGGTGCCGCOGTTCCCTTGCCTCCCAACAAGGGTGAGGCCOGTCOC
GCCCGGCACCAGTTGCTTGCGLGLAAAGATGGCCOCTCCCGOGGCCCTETTIC
CAAGGAGCTCAAAATGCGAGGACGCGOGCAGCCCGGTGGAGCGGGLGGGTGAG
TCACCCACACAAAGGAAGAGGGCCTTGCCCCTCGCCOGOGCCGOTGCTTCCTOT
GACCCCOGTGOGTCTATCGGUCGCATAGTCACCTCOGGGUTTCTCTTGAGCACCGC
TCGTCGCGGCOGGGEGAGGGGATCTAATGGCGTTGCAGTTTGTTCACATTIGC
GTGGGTGGAGACTAGTCAGGCCAGCCTGOGCGCTGGAAGTCATTCTTGGAATT
TGCCCCTTTGAGTTTGGAGCGAGGCTAATTCTCAAGCCTCTTAGCGGTTCAAA
GGTATTTTCTAAACCCGTTTCCAGCTCGCGGTTGAGGACAAACTCTTCGCGGT
CTTTCCAGTACTCTTGGATCGGAAACCCGTCGGCCTCCOGAACGGTACTCCGCC
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ACCGAGGGACCTGAGCGAGTCCGCATCGACCGGATCGGAAAACCTC// SEQ ID
NO:32.

[00073]  The terms "in operable combination™, "in operable order” and "operably
linked" as used hercin refer to the linkage of nucleic acid sequences in such a manner that
a nucleic acid molecule capable of directing the transcription of a given gene and/or the
synthesis of a desired protein molecule is produced. The term also refers to the linkage of
amino acid sequences in such a manner so that a functional protein is produced. For
example, a control sequence in a vector that is "operably linked" to a protein coding
sequence is ligated thereto so that expression of the protein coding sequence is achieved
under conditions compatible with the transcriptional activity of the control sequences.
1000741 "Polypeptide” and "protein” are used interchangeably herein and include a
molecular chain of two or more amino acids linked covalently through peptide bonds. The
terms do not refer to a specific length of the product. Thus, "peptides,” and
"oligopeptides,” are included within the definition of polypeptide. The terms include post-
translational modifications of the polypeptide, for example, glycosylations, acetylations,
phosphorylations and the like. In addition, protein fragments, analogs, mutated or variant
proteins, fusion proteins and the like are included within the meaning of polypeptide. The
terms also include molecules in which one or more amino acid analogs or non-canonical
or unnatural amino acids are included as can be expressed recombinantly using known
protein engineering techniques. In addition, fusion proteins can be derivatized as
described herein by well-known organic chemistry technigues.

[60075] A "variant” of a polypeptide (¢.g., an immunoglobulin, or an antibody}
comprises an amino acid sequence wherein one or more amino acid residues are inserted
into, deleted from and/or substituted into the amino acid sequence relative to another
polypeptide sequence. Variants include fusion proteins,

[00076] The term "fusion protein” indicates that the protein includes polypeptide
components derived from more than one parental protein or polypeptide. Typically, a
fusion protein s expressed from a “fusion gene” in which a nucleotide sequence encoding
a polypeptide sequence from one protein is appended in frame with, and optionally
separated by a linker from, a nucleotide sequence encoding a polypeptide sequence from
a ditterent protein. The fusion gene can then be expressed by a recombinant host cell as a
single protein.

[00077] A "secreted” protein refers to those proteins capable of being directed to the
ER, secretory vesicles, or the extracellular space as a result of a secretory signal peptide
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sequence, as well as those proteins released into the extracellular space without
necessarily containing a signal sequence. If the secreted protein is released into the
extracellalar space, the secreted protein can undergo extracellular processing to produce a
"mature” protein. Release into the extracellular space can occur by many mechanisms,
including exocytosis and proteolytic cleavage. In some other embodiments of the
mventive method, the protein of interest can be synthesized by the host cell as a secreted
protein, which can then be further purified from the extracellular space and/or medium.
[00078]  As used herein "soluble” when in reference to a protein produced by
recombinant DNA techuology in a host cell is a protein that exists in agqueous solution; if
the protein contains a twin-arginine signal amino acid sequence the soluble protein is
exported fo the periplasmic space in gram negative bacterial hosts, or is secreted into the
culture medium by eukaryotic host cells capable of secretion, or by bacterial host
possessing the appropriate genes (e.g., the 4/ gene). Thus, a soluble protein is a protein
which is not found in an inclusion body inside the host cell. Altematively, depending on
the context, a soluble protein is a protein which is not found integrated in cellular
membranes, ot, in vitro, is dissolved, or is capable of being dissolved in an aqueous
buffer under physiological conditions without forming significant amounts of insoluble
aggregates (i.c., forms aggregates less than 10%, and typically less than about 5%, of total
protein) when it is suspended without other proteins in an aqueous buffer of interest under
physiological conditions, such buffer not containing a detergent or chaotropic agent, such
as urea, guanidinium hydrochloride, or Hthium perchlorate. In contrast, an insoluble
protein is one which exists in denatured form inside cytoplasmic granules {called an
inclusion body} in the host cell, or again depending on the context, an insoluble protein is
one which 1s present in cell membranes, including but not hmited to, cytoplasmie
membranes, mitochondrial membranes, chloroplast membranes, endoplasmic reticulum
membranes, ete., or in an in vitro agueous buffer under physiclogical conditions forms
stgnificant amounts of insoluble aggregates (i.e., forms aggregates equal to or more than
about 10% of total protein) when it is suspended without other proteins (at
physiologically compatible temperature) in an aqueous buffer of interest under
physiclogical conditions, such buffer not containing a detergent or chaotropic agent, such
as urea, guanidinium hydrochloride, or lithium perchlorate.

(000791  The term "polynucleotide™ or "nucleic acid” includes both single-stranded and
double-stranded nucleotide polymers containing two or more nucleotide residues. The
nucleotide residues comprising the polynucleotide can be ribonucleotides or
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deoxyribonucleotides or a modified form of either type of nucleotide. Said modifications
include base modifications such as bromouridine and inosine derivatives, ribose
modifications such as 2',3'-dideoxyribose, and internucleotide linkage modifications such
as phosphorothioate, phosphorodithioate, phosphoroselencate, phosphorodiselenoate,
phosphoroantlothioate, phosphoraniladate and phosphoroamidate.

[O00R0]  The term "ohigonucleotide” means a polynucleotide comprising 200 or fewer
nucleotide residucs. In some embodiments, oligonucicotides are 10 to 60 bases in length.
In other embodiments, oligonucleotides are 12, 13, 14, 15, 16, 17, 18, 19, or 20 to 40
nucleotides in length. Cligonucleotides may be single stranded or double stranded, e.g.,
for use in the construction of a mutant gene. Oligonucleotides may be sense or antisense
oligonucleotides. An oligonucleotide can inchide a label, including a radiolabel, a
fluorescent label, a hapten or an antigenic label, for detection assays. Oligonucieotides
may be used, for example, as PCR primers, cloming primers or hybridization probes.
[00081] A "polynucleotide sequence” or "nucleotide sequence” or "nucleic acid
sequence,” as used interchangeably herein, is the primary sequence of nucleotide residues
in a polynucieotide, including of an oligonucleotide, a DNA, and RNA, a nucleic acid, or
a character string representing the primary sequence of nucleotide residues, depending on
context. From any specified polynucleotide sequence, either the given nucleic acid or the
complementary polymucleotide sequence can be determined. Included are DNA or RNA
of genomic or synthetic origin which may be single- or double-stranded, and represent the
sense or antisense strand. Unless specified otherwise, the left-hand end of any single-
stranded polynucleotide sequence discussed herein is the 5 end; the left-hand direction of
double-stranded polynucleotide sequences is referred to as the 5" direction. The direction
of 5'to 3" addition of nascent RNA transcripts is referved to as the transcription direction;
sequence regions on the DNA strand having the same sequence as the RNA transcript that
are 5' to the 5" end of the RNA transcript are referred to as "upstream sequences;”
sequence regions on the DNA strand having the same sequence as the RNA transcript that
are 3' o the 3" end of the RNA transcript ave veferred to as "downstream sequences.”
(000821  As used hercin, an "isolated nucleic acid molecule” or "isolated nucleic acid
sequence” is a nucleic acid molecule that is either (1) identified and separated from at
least one contaminant nucleic acid molecule with which it is ordinarily associated in the
natural source of the nucleic acid or (2) cloned, amplified, tagged, or otherwise
distinguished from background nucleic acids such that the sequence of the nucleic acid of
interest can be determined. An isolated nucleic acid molecule is other than n the form or
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setting in which it is found in nature. However, an isolated nucleic acid molecule includes
a nucleic acid molecule contained in cells that ordinarily express the immunogiobulin
{c.g., antibody) where, for example, the nucleie acid molecule is in a chromosomal
location different from that of natural cells.
{00083]  As used herein, the terms "nucleic acid molecule encoding,” "DNA sequence
encoding,” and "DNA encoding” refer to the order or sequence of deoxyribonucleotides
along a strand of deoxyribonucleic acid. The order of these deoxyribonucleotides
determines the order of ribomucleotides along the mRNA chain, and also determines the
order of amino acids along the polypeptide (protein) chain. The DNA sequence thus
codes for the RN A sequence and for the amino acid sequence.
(000841  The term "gene" is used broadly to refer to any nucleic acid associated with a
biological function. Genes typically include coding sequences and/or the regulatory
sequences requited for expression of such coding sequences. The term "gene” applies to a
specific genomic or recombinant sequence, as well as to a cDNA or mRNA encoded by
that sequence. Genes also include non-expressed nucleic acid segments that, for example,
form recognition sequences for other proteins. Non-expressed regulatory sequences
including transcriptional control elements to which regulatory proteins, such as
franscription factors, bind, resulting in transcription of adjacent or nearby sequences.
[00085]  "Expression ot a gene" or "expression of a nucleic acid" means transcription
of DMNA into RNA (optionally including modification of the RNA, e.g., splicing),
transiation of RNA into a polypeptide (possibly including subsequent post-translational
modification of the polypeptide), or both transcription and translation, as indicated by the
context.
[00086]  The present invention relates to an expression cassette that includes the
inventive hybrid promoter. A ecukaryotic “expression cassette” refers to the part of an
expression vector that enables production of protein in a eukaryotic cell, such as a
mammalian cell. It includes a promoter, operable in a eukaryotic cell, for mRNA
ranscription, one or more gene(s) encoding protein(s) of interest and a mRNA
termination and processing signal. An expression cassette can usefully include among the
coding sequences, a gene usetul as a selective marker. In the expression cassette of the
present invention, the hybrid promoter is operably linked 5" to an open reading frame
encading an exogenous protein of interest; and a polyadenylation site is operably linked 3'
io the open reading frame. One embodiment of a useful polyadenylation site sequence is
a SV40 late polyadenylation site SEQ D NO:14:
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[00087] CACACATCATAAGATACATTGATGAGTTTGGACAAACCACAACTAG
AATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTIGTGATGCTATTGCTTTAT
TTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCAT
TTTATGTTTCAGGTTCAGGGGGAGATGTGGGAGGTTTTTTAAAGCAAGTAAAA
CCTCTACAAATGTGGTA/SEQ ID NO:14.
[O00RR]  Other suitable control sequences can also be included as long as the expression
cassette remains operable, The open reading frame can optionally include a coding
sequence for more than one protein of interest.
[00089]  As used herein the term "coding region” or "coding sequence” when used in
reference to a structural gene refers to the nucleotide sequences which encode the amino
acids found in the nascent polypeptide as a result of franslation of an mRNA molecule.
The coding region is bounded, in eukaryotes, on the 5' side by the nucleotide triplet
"ATG" which encodes the initiator methionine and on the 3' side by one of the three
triplets which specify stop codons (i.c., TAA, TAG, TGA).
{00090]  The present invention also encompasses a recombinant expression vector
comprising the inventive expression cassette.
1000911 The term "vector” means any molecule or entity (e.g., nucleic acid, plasmid,
bacteriophage or virus) used to transfer protein coding information into a host cell.
[00092] The term "expression vector” or "expression construct” as used herein refers o
a recombinant DNA molecule containing a desired coding sequence and appropriate
nucleic acid control sequences necessary for the expression of the operably linked coding
sequence in a particular host cell. An expression vector can inchude, but is not limited to,
sequences that affect or control transcription, translation, and, if introns are present, affect
RNA sphicing of a coding region operably linked thereto. Nucleic acid sequences
necessary for expression in prokaryotes include a promoter, optionally an operator
sequence, a ribosome binding site and possibly other sequences. Eukaryotic cells are
known to utilize promoters, enhancers, and termination and polyadenylation signals. A
secretory signal peptide sequence can also, optionally, be encoded by the expression
vector, operably linked to the coding sequence of interest, so that the expressed
polypeptide can be secreted by the recombinant host cell, for more facile isolation of the
polypeptide of interest from the cell, if desired. Such techniques are well known in the art.
{E.g., Goodey, Andrew R_; ot al,, Peptide and DNA sequences, U.S. Pat. No. 5,302,697;
Weiner et al., Compositions and methods for protein secretion, U.S. Pat. No. 6,022,952
and LS. Pat. No. 6,335,178; Usmura et al., Protein expression vector and utilization
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thereof, U.S. Pat. No. 7,029,909; Ruben et al., 27 human secreted proteins, US
2003/0104400 Al). For expression of multi-subunit proteins of interest, separate
expression vectors in suitable numbers and proportions, cach containing a coding
sequence for cach of the different monomers, can be used to transform a host cell. In
other embodiments a single expression vector can be used to express the different
subunits of the protein of interest.

f00093]  The present invention also relates to a mammalian host cell comprising the
inventive recombinant expression vector.

[00094]  The term "host cell” means a cell that has been transformed, or is capable of
being transformed, with a nucleic acid and thereby expresses a gene of interest. The term
inchudes the progeny of the parent cell, whether or not the progeny is identical in
morphology or in genetic make-up to the original parent celi, so long as the gene of
inferest is present. Auny of a large number of available and well-known host cells may be
used in the practice of this invention. The selection of a particular host is dependent upon
a number of factors recognized by the art. These include, for example, compatibility with
the chosen expression vector, toxicity of the peptides encoded by the DNA molecule, rate
of transformation, case of recovery of the peptides, expression characteristics, bio-safety
and costs. A balance of these factors must be struck with the understanding that not all
hosts may be equally effective for the expression of a particular DNA sequence. Within
these general guidelines, useful microbial host cells in culture include bacteria (such as
Escherichia coli sp.), yeast (such as Saccharomyces sp.) and other fungal cells, insect
cells, plant cells, mammalian (including human) cells, e.g., CHO cells and HEK-293
cells. Modifications can be made at the DNA level, as well. The peptide-encoding DNA
sequence may be chaunged to codons more compatible with the chosen host cell. For E.
coli, optimized codons are known in the art. Codons can be substituted to eliminate
restriction sites or to inchude silent restriction sites, which may aid in processing of the
DNA 1 the selected host cell. Next, the transformed host is cultured and purified. Host
cells may be cultured under conventional fermentation conditions so that the desired
compounds are expressed. Such fermentation conditions are well known in the art.
[00095]  Examples of useful mammalian host cell lines are Chinese hamster ovary
cells, meluding CHO-K 1 cells (e.g., ATCC CCL61), DXB-11, DG-44, and Chinese
hamster ovary cells/-DHFR (CHO, Urlaub et al, Proc. Natl. Acad. Sci. USA 77: 4216
{1980)); monkey kidney CV1 line {ransformed by SV40Q (C0OS-7, ATCC CRL 1651);
human embryonic kidney line (293 or 293 cells subcloned for growth in suspension
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culture, [Graham et al, J. Gen Virol. 36: 59 (1977)]; baby hamster kidney cells (BHK,
ATCC CCL 10); mouse Sertoli cells (TM4, Mather, Biol. Reprod. 23: 243-251 (198(0));
monkey kidney cells (CVI ATCC CCL 78); African green monkey kidney cells (VERG-
76, ATCC CRL-1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine
kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL
1442); human lung cells (W13R, ATCC CCL 75); human hepatoma cells (Hep G2, HB
8065); mouse mammary tumor (MMT 060562, ATCC CCL31); TRI cells (Mather et al,
Annals N.Y Acad. Sci. 383: 44-68 (1982)); MRC 5 cells or FS4 cells; or mammalian
myeloma cells.

(000961  “Cell,” “cell lineg,” and “cell culture” are often used interchangeably and all
such designations herein include cellular progeny. For example, a cell “derived” from a
CHO cell is a cellular progeny of a Chinese Hamster Ovary cell, which may be removed
trom the original primary cell parent by any number of generations, and which can also
melude a transformant progeny cell. Transformants and transformed cells include the
primary subject cell and cultures derived therefrom without regard for the number of
transfers. It is also understood that all progeny may not be precisely identical in DNA
content, due to deliberate or inadvertent mutations, Mutant progeny that have the same
function or biological activity as screened for in the originally transformed cell are
included.

[00097]  Host cells are transformed or transtected with the above-described nucleic
acids or vectors for production of polypeptides (including antigen binding proteins, such
as antibodies) and are cultured in conventional nutrient media modified as appropriate for
inducing promoters, selecting transformants, or amplifying the genes encoding the desired
sequences. [n addition, novel vectors and transtected cell lines with multiple copies of
tfranscription units separated by a selective marker are particularly useful for the
expression of polypeptides, such as antibodies.

[00098]  The term "transfection” means the uptake of foreign or exogenous DNA by a
cell, and a cell has been "transfected" when the exogenous DNA has been introduced
inside the cell membrane. A number of transfection techniques are well known in the art
and are disclosed herein. See, ¢.g., Graham et al., 1973, Virology 52:456; Sambrook et
al., 2001, Molecular Cloning: A Laboratory Manual, supra; Davis et al., 1986, Basic
Methods in Molecular Biology, Elsevier; Chu et al., 1981, Gene 13:197. Such techniques

can be used to introduce one or more exogenous DNA moieties into suitable host cells.
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{00099]  The term "transformation” refers to a change in a cell's genetic characteristics,
and a cell has been transformed when it has been modified to contain new DNA or RNA.
For example, a cell is transformed where it is genetically modified from its native state by
introducing new genetic material via transfection, transduction, or other fechnigues.
Following transfection or transduction, the transforming DNA may recombine with that
of the cell by physically integrating into a chromosome of the cell, or may be maintained
transiently as an episomal clement without being replicated, or may rephicate
independently as a plasmid. A cell is considered to have been "stably transformed” when
the transforming DNA is replicated with the division of the cell.

[000100] The present invention also relates to a method of producing a protein of
interest mvolving culturing the mammalian host cell, in aqueous medium under
physiological conditions permitting expression of the protein of interest; and recovering
the protein of interest from the medium.

[000101] The host cells used to produce the polypeptides useful in the 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 Dulbeceo's
Modified Eagle's Medium ((IDMEM), Sigma) are suitable for culturing the host celis. In
addition, any of the media described in Ham et al., Meth. Enz, 58: 44 {1979), Barnes ¢t
al., Anal. Biochem. 102: 255 (1980), U.S. Patent Nos. 4,767,704, 4,657,866, 4,927,762,
4,560,655; or 5,122,469, WO9(103430; WO 87/03195; or L1.S. Patent Re. No. 30,985
may be used as culture media for the host cells. Any of these media may be supplemented
as necessary with hormones and/or other growth factors (such as insulin, transferrin, or
epidermal growth factor), salts (such as sodium chloride, caleium, magnesium, and
phosphate), butters (such as HEPES), nucleotides (such as adenosine and thymidine),
antibiotics (such as Gentamycin®™ drug}, trace elements (defined as inorganic compounds
usually present at final concentrations in the micromolar range), and glucose or an
equivalent energy source, such that the physiological conditions of the cell in, or on, the
mediom promote expression of the protein of interest by the host cell; 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 temperature (typically, but not
necessarily, about 37°C), pH (typically, but not necessarily, about pH 6.5-7.5),
oxygenation, and the like, are those previously used with the host cell selected for
expression of the protein of interest, and will be apparent to the ordinarily skilled artisan.
The culture medium can inchude a suitable amount of serum such a fetal bovine serum
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(FBS), or preferably, the host cells can be adapted for culture in serum-free medium. In
some embodiments, the aqueous medium is liquid, such that the host cells are cultured in
a cell suspension within the liquid mediom. The host cells can be usefully grown in baich
culture or in continuous culture systems,

{606102] In other embodiments, the mammalian host cells can be cultured on solid or
semi-solid aqueous medium, for example, containing agar or agarose, (o form a medium
or substrate surface to which the cells adhere and form an adhesion layer,

[600103] Upon culturing the host cells, the recombinant polypeptide can be produced
intracellularly, in the periplasmic space, or directly secreted into the medivm. If the
polypeptide, such as an antigen binding protein (e.g., an antibody), is produced
intracellularly, as a first step, the particulate debris, either host cells or lvsed fragments, 1s
removed, for example, by centrifugation or ultratiltration.

[000104] A protein of interest, such as an antibody or antibody fragment can be purified
using, for example, hydroxylapatite chromatography, cation or anion exchange
chromatography, or preferably aftinity chromatography, using the antigen of interest or
protein A or protein G as an affinity ligand. Protein A can be used to purify proteins that
include polypeptides are based on human v1, v2, or v4 heavy chains (Lindmark et al., J.
Immunol. Meth, 62: 1-13 (1983)). Protein (G is recommended for ali mouse isotypes and
for human v3 (Guss et al, EMBO 1. 5: 15671575 (1986)}. The matrix to which the affinity
ligand is attached is most often agarose, but other matrices are available. Mechanically
stable matrices such as controlled pore glass or poly(styrenedivinyljbenzene allow for
taster flow rates and shorter processing times than can be achieved with agarose, Where
the protein comprises a CH 3 domain, the Bakerbond ABX™ resin {J. T. Baker,
Phillipsburg, N.1.) is useful for puritication. Other techniques for protein purification such
as ethanol precipitation, Reverse Phase HPLC, chromatofocusing, SDS-PAGE, and
ammonium sulfate precipitation are also possible depending on the antibody to be
recovered.

[000105] "Under physiological conditions” with respect to incubating buffers and
immunoglobulins, or other binding assay reagents means incubation under conditions of
temperature, pH, and ionic strength, that permit a biochemical reaction, such as a non-
covalent binding reaction, to occur. Typiecally, the temperature is at room or ambient
temperature up to about 37°C and at pH 6.5-7.5.

[000106] "Physiologically acceptable salt” of a composition of matter, for example a
salt of an immunoglobulin, such as an antibody, or other protein of interest, means any
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salt, or salts, that are known or later discovered to be pharmaceutically acceptable. Some
non-limiting examples of pharmaceutically acceptable salts are: acetate; triffuoroacetate;
hydrohalides, such as hydrochloride and hydrobromide; sulfate; citrate; maleate; tartrate;
glveolate; gluconate; succinate; mesylate; besylate; salts of gallic acid esters {gallic acid
is also known as 3,4, § trihydroxybenzoie acid) such as PentaGalloylGlucose (PGG) and
epigaliocatechin gallate (EGCG), salts of cholesteryl sulfate, pamoate, tannate and
oxalate salts.

[000107] A "reaction mixture” is an aqueous mixture containing all the reagents and
factors necessary, which under physiological conditions of incubation, permit an n vitro
biochemical reaction of interest to occur, such as a covalent or non-covalent binding
reaction.

{000108] A "domain" or "region” (used interchangeably herein) of a polynucleotide is
any portion of the entire polynucleotide, up to and including the complete polynucleotide,
but typically comprising less than the complete polynucletide. A domain can, but need
not, fold independenily {e.g., DNA hairpin folding) of the rest of the polynucleotide chain
and/or be correlated with a particular biological, biochemical, or structural function or
location, such as a coding region or a regulatory region.

[000109] A "domain" or "region” (used interchangeably herein) of a protein is any
portion of the entire protein, up to and including the complete protein, but typically
comprising less than the complete protein. A domain can, but need not, fold
independently of the rest of the protein chain and/or be correlated with a particular
biological, biochemical, or structural function or location (e.g., a ligand binding domain,
or a cytosolic, transmembrane or extracellular domain),

[000110] The term "antibody”, or interchangeably "Ab", 1s used in the broadest sense
and includes fully assembled antibodies, monoclonal antibodies (including human,
humanized or chimeric antibodies), polyclonal antibodies, multispecific antibodies {¢.g.,
bispecific antibodies), and antibody fragments that can bind antigen {¢.g., Fab, Fab’,
F(ab™y, Fv, single chain antibodies, diabodies), comprising complementarity determining
regions (CDRs) of the foregoing as long as they exhibit the desired biological activity.
Multimers or aggregates of intact molecules and/or fragments, including chemically
derivatized antibodies, are contemplated. Antibodies of any isotype class or subclass,
inchuding IgG, IgM, IgD, 1gA, and IgE, 1gGl, 1gG2, 1gG3, 1gG4, igAl and IgA2, or any

allotype, are contemplated. Different isotypes have different effector functions; for
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example, 1gG1 and 1gG3 isotypes have antibody-dependent cellular cytotoxicity (ADCC)
activity.

[000111] An "isolated" protein, ¢.g., an tmmunoglobulin, such as an antibody or
antibody fragment, is one that has been identified and separated from one or more
components of is natural environment or of a culture medium in which it has been
secreted by a producing cell. In some embodiments, the isolated protein is substantially
free from proteins or polypeptides or other contaminants that are found in its natural or
culture medium environment that would interfere with its therapeutic, diagnostic,
prophylactic, rescarch or other use. "Contaminant” components of its natural environment
or medium are materials that would interfere with diagnostic or therapeutic uses for the
protein, e.g., an antibody, and may include enzymes, hormones, and other proteinaceous
or nonproteinaceous (e.g., polynucleotides, lipids, carbohydrates) solutes. Typically, an
"isolated protein” constitutes at least about 5%, at least about 10%, at least about 25%, or
at least about 50% of a given sample. In some embodiments, the protein of interest, e.g.,
an antibody will be purified (1) to greater than 95% by weight of protein, and most
preferably more than 99% by weight, or (2) to homogeneity by SDS-PAGE under
reducing or nonreducing conditions, optionally using a stain, ¢.g., Coomassie blue or
silver stain. Isolated naturally occurring antibody includes the antibody in situ within
recombinant cells since at least one component of the protein's natural environment will
not be present. Typically, however, the isolated protein of interest (e.g., an antibody) will
be prepared by at least one purification step.

{000112] The term "monoclonal antibody" as used herein refers to an antibody obtained
from a population of substantially 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 that are antigen binding
proteins are highly specific binders, being directed against an individual antigenic site or
epitope, in contrast to polyclonal antibody preparations that typically include different
antibodies directed against different epitopes. Nonlimiting examples of monoclonal
antibodies include murine, rabbit, rat, chicken, chimeric, humanized, or human
antibodies, fully assembled antibodies, multispecific antibodies {including bispecific
antibodies), antibody fragments that can bind an antigen (including, Fab, Fab', F(ab),, Fv,
single chain antibodies, diabodies), maxibodies, nanobodics, and recombinant peptides
comprising CDRs of the foregoing as long as they exhibit the desired biclogical activity,
or variants or derivatives thereof.
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i000113] The modifier "monoclonal” indicates the character of the antibody as being
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 antibodics to be used in accordance with the present invention may be
made by the hybridoma method first described by Kohler et al., Nature, 256:495 {1975],
or may be made by recombinant DNA methods (see, e.g., U.S. Pat. No. 4,816,567). The
"monoclonal antibodies” may also be 1solated from phage antibody libraries using the
techniques described in Clackson et al., Nature, 352:624-62%[1991]} and Marks et al, J.
Mol. Biol., 222:581-597 (1991), for example.

[000114] A "multispecific” binding agent or antigen binding protein or antibody is one
that targets more than one antigen or epitope,

10001151 A "bispecific,” "dual-specific” or "bifunctional” binding agent or antigen
binding protein or antibody is a hybrid having two different antigen binding sites.
Biantigen binding proteins, antigen binding proteins and antibodies are a species of
nultiantigen binding protein, antigen binding protein or nwultispecific antibody and may
be produced by a variety of methods inchuding, but not Himited to, fusion of hybridomas
or linking of Fab' fragments. (Sce, ¢.g., Songsivilai and Lachmann, 1990, Clin. Exp.
Immunol. 79:315-321; Kostelny et al,, 1992, J. Immunol. 148:1547-1553; Spiess et al,,
Alternative molecular formats and therapeutic applications for bispecitic antibodies, Mol.
Immunol. 67:95-106 (2015)}. The two binding sites of a bispecific antigen binding
protein or antibody will bind to two different epitopes, which may reside on the same or
different protein targets.

[000116] The term "immunoglobulin®” encompasses full antibodies comprising two
dimerized heavy chains (HC), each covalently linked to a light chain (LC); a single
undimerized immunoglobulin heavy chain and covalently linked light chain (HC+LC), or
a chimeric immunoglobulin (light chaint+heavy chain)-Fc heterotrimer {a so-called
"hemibody™). An "timmunoglobulin” s a protein, but 1s not necessarily an antigen binding
protein,

[000117] In an "antibody", cach tetramer is composed ot two identical pairs of
polypeptide chains, each pair having one "light" chain of about 220 amino acids {(about 25
kDa) and one "heavy” chain of about 440 amino acids {(about 50-70 kDa). The amino-
terminal portion of each chain inchudes a "variable” ("V") region of about 100 to 110 or
more amino acids primarily responsible for antigen recognition. The carboxy-terminal
poriion of each chain defines a constant region primarily responsible for effector function.
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The variable region differs among difterent antibodies. The constant region is the same
among different antibodies. Within the variable region of each heavy or light chain, there
are three hypervariable subregions that help determine the antibody's specificity for
antigen in the case of an antibody that 1s an antigen binding protein. However, within the
scope of the present invention, an embodiment of the immunoglobulin, e.g., an antibody,
need not be an antigen binding protein, or need not be known to specifically bind to an
antigen. The varniable domain residues between the hypervariable regions are called the
tramework residues and generally are somewhat homologous among different antibodies.
Irmmunoglobuling can be assigned to different classes depending on the amino acid
sequence of the constant domain of their heavy chains. Haman light chains are classified
as kappa (kappa.) and lambda (Jamda.) light chains. Within light and heavy chains, the
variable and constant regions are joined by a "J" region of about 12 or more amino acids,
with the heavy chain also including a "D" region of about 10 more amino acids. See
generally, Fundamental Immunology, Ch. 7 (Paul, W, ed., 2nd ed. Raven Press, N.Y.
(1989})). Within the scope of the invention, an "antibody" also encompasses a
recombinantly made antibody, and antibodies that are glycosylated or lacking
glvcosylation.

{000118] The term "light chain” or "immunoglobulin light chain” includes a full-length
light chain and fragments thereof having sufficient variable region sequence to confer
binding specificity. A full-length light chain includes a variable region domain, Vi, and a
constant region domain, Cr. The variable region domain of the light chain is at the amino-
terminus of the polypeptide. Light chains include kappa chains and lambda chains.
[000119] The term "heavy chain” or "immunoglobulin heavy chain” includes a full-
length heavy chain and fragments thereof having sufficient variable region sequence to
conter binding specificity. A full-length heavy chain includes a variable region domain,
VY, and three constant region domains, Cui, Cm, and Cz. The Vu domain is at the
amino-terminus of the polypeptide, and the Cu domains are at the carboxyl-terminus, with
the Cys being closest to the carboxy-terminus of the polypeptide. Heavy chains are
classified as mu (u), delta (8), gamma (v), alpha (g}, and epsilon (g}, and define the
antibody's isotype as IgM, 1gD, IgG, IgA, and IgE, respectively. In separate embodiments
of the invention, heavy chains may be of any 1sotype, meluding IgG (including TgG1,
1gG2, 1gG3 and 1gG4 subtypes), lgA (including IgA 1 and IgA2 subtypes), IgM and IgkE.
Several of these may be further divided into subclasses or isotypes, e.g. IgGl, Ig(G2,
IgG3, IgG4, IgAl and IgAZ2. Different 1gG isotypes may have different etfector functions
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(mediated by the Fc region), such as antibody-dependent cellular cytotoxicity (ADCC)
and complement-dependent cytotoxicity (CDC). In ADCC, the Fe region of an antibody
binds to Fe receptors (Fe.gamma.Rs) on the surface of immune effector cells such as
natural killers and macrophages, leading to the phagocyiosis or lysis of the targeted cells.
In CEC, the antibodies kill the targeted cells by triggering the complement cascade at the
cell surtface.

[600120] An "Fe region", or used interchangeably herein, "Fc domam” or
"immunoglobulin Fc domain”, contains two heavy chain fragments, which in a full
antibody comprise the Cuy and Cm2 domains of the antibody. The two heavy chain
fragments are held together by two or more disulfide bonds and by hydrophobic
interactions of the Cuz domains.

{000121] The term "salvage receptor binding epitope” refers to an epitope of the Fc
region of an IgG molecule (e.g., 1gGi, 1gGo, 1gGs, or TgGy) that is responsible for
mereasing the in vivo serum half-life of the 1gG molecule.

(000122] Inmany embodiments of the invention, the protein of interest is an antigen
binding protein, such as but not limited to, an antibody, antibody subunit, or antibody
fragment. For a detailed description of the structure and generation of antibodics, see
Roth, D. B,, and Craig, N. L, Cell, 94:411-414 (1998), herein incorporated by reference
in its entirety. Briefly, the process for generating DNA encoding the heavy and light chain
immunoglobulin sequences occurs primarily in developing B-cells. Prior to the
rearranging and joining of various immunoglobulin gene segments, the V, D, J and
constant (C} gene segments are tound generally in relatively close proximity on a single
chromosome. During B-cell-differentiation, one of each of the appropriate family
members of the V, D, J {or only V and J in the case of light chain genes) gene segments
are recombined to form functionally rearranged variable regions of the heavy and light
immunoglobulin genes. This gene segment rearrangement process appears to be
sequential. First, heavy chain D-to-] joints are made, followed by heavy chain V-io-DJ
joints and light chain V-to-J joints. In addition to the rearvangement of V, Dand J
segments, further diversity is generated in the primary repertoire of immunoglobulin
heavy and light chains by way of variable recombination at the locations where the V and
I segments in the light chain are joined and where the D and J segments of the heavy
chain are joined. Such variation in the light chain typically occurs within the last codon of
the V gene segment and the first codon of the J segment. Similar imprecision in joining
occurs on the heavy chain chromosome between the D and Ju segmenis and may extend
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over as many as 10 nucleotides. Furthermore, several nucleotides may be inserted
between the D and Ju and between the Vg and D gene segments which are not encoded by
genomic DNA. The addition of these nucleotides is known as N-region diversity. The net
effect of such rearrangements in the variable region gene segments and the variable
recombination which may occur during such joining is the production of a primary
antibody reperioire.

[000123] The term "hypervariable" region refers to the amino acid residues of an
antibody which are responsible for antigen-binding. The hypervariable region comprises
amino acid residues from a complementarity determining region or CDR [ie., residues
24-34 (L1), 50-56 (L.2) and §9-97 (L.3) in the hight chain variable domain and 31-35 (H1),
$0-65 (H2) and 95-102 (H3) in the heavy chain variable domain as described by Kabat et
al., Sequences of Proteins of Immunclogical Interest, th Ed. Public Health Service,
National Institutes of Health, Bethesda, Md. (1991)]. Even a single CDR may recognize
and bind antigen, although with a lower affinity than the entire antigen binding site
containing all of the CDRs.

[000124] An alternative detinition of residues from a hypervariable "loop" is described
by Chothia et al., J. Mol. Biol. 196: 901-917 (1987) as residues 26-32 (1.1), 50-52 (L.2)
and 91-96 (L.3) in the light chain variable domain and 26-32 (H1), 53-55 (H2) and 96-101
{H3} in the heavy chain variable domain,

(0001251 "Framework" or "FR" residues are those variable region residues other than
the hypervariable region residues.

[000126] "Antibody fragments™ comprise a portion of an intact full length antibody,
preferably the antigen binding or variable region of the intact antibody. Examples of
antibody fragments include Fab, Fab', F(ab'),, and Fv fragments; diabodies; lincar
antibodies (Zapata et al., Protein Eng.,8(10):1057-1062 (1995)); single-chain antibody
molecules; and multispecific antibodies formed from antibody fragments.

[000127] Papain digestion of antibodies produces two identical antigen-binding
tragments, called "Fab" fragments, each with a single antigen-binding site, and a residual
"Fe" fragment which contains the constant region. The Fab fragment contains all of the
variable domain, as well as the constant domain of the light chain and the first constant
domain (CH1) of the heavy chain. The Fe fragment displays carbohydrates and is
responsible for many antibody effector functions (such as binding complement and cell

receptors}, that distinguish one class of antibody from another.
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{000128] Pepsin treatment yields an F(ab'), fragment that has two "Single-chain Fv" or
"scFv" antibody fragments comprising the Vi and Vi domains of antibody, wherein these
domains are present in a single polypeptide chain. Fab fragments differ from Fab’
fragments by the inclusion of a few additional residues at the carboxy ferminus of the
heavy chain CHI domain including one or more cysteines from the antibody hinge
region. Preferably, the Fv polypeptide further comprises a polypeptide hinker between the
VH and VL domains that enables the Fv to form the desired structure for antigen binding.
For a review of scFv see Pluckthun in The Pharmacology of Monoclonal Antibodies, vol.
t 13, Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-315 (19%4).
[000129] A "Fab fragment” is comprised of one light chain and the Cqay and variable
regions of one heavy chain. The heavy chain of a Fab molecule cannot form a disulfide
bond with another heavy chain molecule.

[000130] A "Fab' fragment” contains one light chain and a portion of one heavy chain
that contains the Vi domain and the Ci domain and also the region between the Cm and
Cim domains, such that an interchain disulfide bond can be formed between the two heavy
chains of two Fab' fragments to form an F(ab'); molecule.

[000131] A "F(ab'); fragment” contains two light chains and two heavy chains
containing a portion of the constant region between the Ciy and Cyp domains, such that
an interchain disulfide bond is formed between the two heavy chains. A F(ab'"), fragment
thus is composed of two Fab' fragments that are held together by a disulfide bond
between the two heavy chains.

[000132] "Fv" is the minimum antibody fragment that contains a complete antigen
recognition and binding stte. This region consists of a dimer of one heavy- and one light-
chain variable domain in tight, non-covalent association. It is 1n this configuration that the
three CDRs of each variable domain interact to define an antigen binding site on the
surface of the VH VL dimer. A single variable domain (or half of an Fv comprising only
three CDRs specific for an antigen) has the ability to recognize and bind antigen,
although at a lower atfinity than the entire binding site.

f000133] "Single-chain antibodics” are Fv molecules in which the heavy and light chain
variable regions have been connected by a tlexible linker to form a single polypeptide
chain, which forms an antigen-binding region. Single chain antibodics are discussed in
detail in International Patent Application Publication No. WO 88/01649 and U.S. Pat. No.
4,946,778 and No. 5,260,203, the disclosures of which are incorporated by reference in
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[000134] "Single-chain Fv" or "scFv" antibody fragments comprise the Vg and Vi
domains of antibody, wherein these domains are present in a single polypeptide chain,
and optionally comprising a polypeptide linker between the Va and Vi domains that
enables the Fv to form the desired structure for antigen binding (Bird et al,, Science
242:423-426, 1988, and Huston et al., Proc. Nati. Acad. Sci. USA 85:5879-5883, 1988).
An "Fd" fragment consists of the Va and Cai domains,

[000135] The term "diabodies" refers to small antibody fragrments with two antigen-
binding sites, which fragments comprise a heavy-chain variable domain {Vu) connected
to a light-chain variable domain (Vi) in the same polypeptide chain (Vu Vo). By using a
linker that is too short to allow pairing between the two domains on the same chain, the
domains are forced to pair with the complementary domains of another chain and create
two antigen-binding sites. Diabodies are described more fully in, for example, EP
404,097, WO 93/11161; and Hollinger ot al., Proc. Natl. Acad. Sci. USA, 90:6444-64438
(1993).

[000136] A "domain antibody” is an immunologically functional immunoglobulin
fragment containing only the variable region of a heavy chain or the variable region of a
light chain. In some instances, two or more Vi regions are covalently joined with a
peptide linker to create a bivalent domain antibody. The two Vu regions of a bivalent
domain antibody may target the same or different antigens.

[0006137] The term "antigen binding protein” (ABP) includes antibodies or antibody
tragraents, as defined above, and recombinant peptides or other compounds that contain
sequences derived from CDRs having the desired antigen-binding properties such that
they specitically bind a target antigen of interest.

[000138] In general, an antigen binding protein, e.g., an antibody or antibody fragment,
"specifically binds" to an antigen of interest when it has a significantly higher binding
affinity for, and consequently is capable of distinguishing, that antigen, compared to its
affiuity for other unrelated proteins, under similar binding assay conditions. Typically, an
antigen binding protein is said to "specifically bind" its target antigen when the
dissociation constant (Kp} is 10" M or lower. The antigen binding protein specifically
binds antigen with "high affinity” when the Kp is 10" M or lower, and with "very high
affinity” when the Kp is 1671 M or lower.

[000139] "Antigen binding region” or "antigen binding site” means a portion of a
protein that specifically binds a specified antigen. For example, that portion of an antigen
binding protein that contains the amino acid residues that interact with an antigen and
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confer on the antigen binding protein its specificity and affinity for the antigen is reterred
to as "antigen binding region.” An antigen binding region typically includes one or more
“complementary binding regions”™ ("CDRs"). Certain antigen binding regions also include
one or more "framework” regions ("FRs"™). A "CDR" is an amino acid sequence that
contributes to antigen binding specificity and attinity. "Framework” regions can aid in
matntaining the proper conformation of the CPRs to promote binding between the
antigen binding region and an antigen. In a traditional antibody, the CDRs arc embedded
within a framework in the heavy and light chain variable region where they constitute the
regions responsible for antigen binding and recognition. A variable region of an
immunoglobulin antigen binding protein comprises at least three heavy or light chain
CDRs, see, supra {Kabat et al,, 1991, Sequences of Proteins of Immunological Interest,
Public Health Service N.LH., Bethesda, Md.; see also Chothia and Lesk, 1987, J. Mol
Biol. 196:901-817; Chothia et al., 1989, Nature 342: 877-883)}, within a framework region
(designated framework regions 1-4, FR1, FR2Z, FR3, and FR4, by Kabat ct al., 1991,
supra; see also Chothia and Lesk, 1987, supra).

{000140] The term "antigen” refers to a molecule or a portion of a molecule capable of
being bound by a selective binding agent, such as an antigen binding protein (including,
e.g.. an antibody or immunological functional fragment thereot), and additionally capable
of being used in an animal to produce antibodies capable of binding to that antigen. An
antigen may possess one of more epitopes that are capable of interacting with different
antigen binding proteins, ¢.g., antibodies.

[000141] The term "epitope” is the portion of a molecule that is bound by an antigen
binding protein {for example, an antibody). The term includes any determinant capable of
specifically binding to an antigen binding protein, such as an antibody or to a T-cell
receptor. An epitope can be contiguous or non-contiguous {(€.g., in a single-chain
polypeptide, amino acid residues that are not contiguous to one another in the polypeptide
sequence but that within the context of the molecule are bound by the antigen binding
proiein). In certain embodiments, epitopes may be mimetic in that they comprtise a three
dimensional structure that is similar to an epitope used to generate the antigen binding
protein, vet comprise none or only some of the amino acid residues found in that epitope
used to generate the antigen binding protein. Most often, epitopes reside on proteins, but
in some instances may reside on other kinds of molecules, such as nucleic acids. Epitope
deternuinants may inchide chemically active surface groupings of molecules such as
amino acids, sugar side chains, phosphoryl or sultfonyl groups, and may have specific
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three dimensional structural characteristics, and/or specific charge characteristics.
Generally, antibodies specific for a particular target antigen will preferentially recognize
an epitope on the target antigen in a complex mixture of proteins and/or macromolecules.
1000142] The term "identity” refers to a relationship between the sequences of two or
more polypeptide molecules or two or more nucleic acid molecules, as determined by
aligning and comparing the sequences. "Percent identity” means the percent of identical
residues between the amino acids or nucleotides in the compared molecules and 15
calculated based on the size of the smallest of the molecules being compared. For these
calculations, gaps in alignments (if any) must be addressed by a particular mathematical
model] or computer program (i.e., an "algorithm™). Methods that can be used to calculate
the wdentity of the aligned nucleic acids or polypeptides include those described in
Computational Molecular Biology, (Lesk, A. M., ed.}, 1988, New York: Oxford
University Press; Biocomputing Informatics and Genome Projects, (Smith, . W, ed.),
1993, New York: Academic Press; Computer Analysis of Sequence Data, Part [, (Griftin,
A, M., and Griffin, H. G, eds.), 1994, New Jersey: Humana Press; von Heinje, G., 1987,
Sequence Analysis in Molecular Biology, New York: Academic Press; Sequence
Analysis Primer, (Gribskov, M. and Devercux, J., eds.), 1991, New York: M. Stockton
Press; and Carillo et al., 1988, SIAM J. Applied Math. 48:1073. For example, sequence
identity can be determined by standard methods that are conmumonly used to compare the
similarity in position of the amino acids of two polypeptides. Using a computer program
such as BLAST or FASTA, two pelypeptide or two polynucleotide sequences are aligned
tor optimal matching of their respective residues (either along the full length of one or
both sequences, or along a pre-determined portion of one or both sequences). The
programs provide a default opening penalty and a default gap penalty, and a scoring
matrix such as PAM 250 [a standard scoring matrix; see Dayhoff et al., in Atlas of Protein
Sequence and Structure, vol. 5, supp. 3 (1978}] can be used in conjunction with the
computer program. For example, the percent identity can then be calculated as: the total
number of identical matches multiplied by 100 and then divided by the sum of the length
of the longer sequence within the matched span and the number of gaps introduced into
the longer sequences in order to align the two sequences. In calculating percent identity,
the sequences being compared are aligned in a way that gives the largest match between
the sequences.

{000143] The GCG program package is a computer program that can be used to
determine percent identity, which package includes GAP (Devereux et al,, 1984, Nucl.
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Acid Res. 12:387; Genetics Computer Group, University of Wisconsin, Madison, Wis.}.
The computer algorithm GAP is used to align the two polypeptides or two
polynucleotides for which the percent sequence identity 18 to be determined. The
sequences are aligned for optimal matching of their respective amino acid or nucleotide
{(the "matched span”, as determined by the algorithm). A gap opening penalty (which is
calculated as 3.times. the average diagonal, wherein the "average diagonal” is the average
of the diagonal of the comparison matrix being used; the "diagonal” is the score or

umber assigned to each perfect amino acid match by the particular comparison matrix)
and a gap extension penalty {which is usually 1/10 times the gap opening penalty), as well
as a comparison matrix such as PAM 250 or BLOSUM 62 are used in conjunction with
the algorithm. In certain embodiments, a standard comparison matrix (see, Dayhoff et al.,
1978, Atlas of Protein Sequence and Structure 5:345-352 for the PAM 250 comparison
matrix; Hemkoff et al., 1992, Proc. Natl. Acad. Sct. U.5.A. 89:10915-10919 for the
BLOSUM 62 comparison matrix) is also used by the algorithm.
{000144] Recommended parameters for determining percent identity for polypeptides or
nucleotide sequences using the GAP program include the following:
(0001451 Algorithm: Needieman et al., 1970, J. Mol. Biol. 48:443-453;
[000146] Comparison matrix: BLOSUM 62 from Henikott et al., 1992, supra;
[000147] Gap Penalty: 12 (but with no penalty for end gaps)
[000148] Gap Length Penalty: 4
[000149] Threshold of Similarity: 0
[000150] Certain alignment schemes for aligning two amino acid sequences may resuit
in matching of only a short region of the two sequences, and this small aligned region
may have very high sequence identity even though there is no significant relationship
between the two full-length sequences. Accordingly, the selected alignment method (GAP
program} can be adjusted if so desired to result in an alignment that spans at least S0
contiguous amino acids of the target polypeptide.
[000151] The term "modification” when used in connection with proteins of interest
(e.g., immunoglobulins, including antibodies and antibody fragmenis), include, but are
not limited to, one or more amino acid changes (inchuding substitutions, insertions or
deletions); chemical modifications; covalent modification by conjugation to therapeutic
or diagnostic agents; labeling (e.g., with radionuclides or various enzymes); covalent
polymer attachment such as PEGylation {derivatization with polyethylene glycol) and
insertion or substitution by chemical synthesis of non-natural amino acids. Moditied
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immunoglobuling of the invention will retain the binding (or non-binding) properties of
unmodified molecules of the invention. By methods known to the skilled artisan,
mmmunoeglobulins, such as antibodies, or other proteins, can be “engineered” or modified
for improved target atfinity, selectivity, stability, and/or manufacturability betore the
coding sequence of the “enginecred” protein is included in the mventive expression
cassetle.

(0001521 The term "derivative” when used in connection with proteins of interest, suc
as immunoglobulins {including antibodies and antibody fragments) refers to proteins that
are covalently moditfied by conjugation to therapeutic or diagnostic agents, labeling (e.g.,
with radionuclides or various enzymes), covalent polymer attachment such as PEGylation
{derivatization with polyethylene glycol) and insertion or substitution by chemical
synthesis of non-natural amino acids. Derivatives of the invention will retain the binding
properties of un-derivatized molecules.

[000153] Within the scope of the invention, proteins of interest can be therapeutic
proteins, or “biologics,” for the treatment of disease, including but not Hmited to human
disease or disorder. "Treatment” or "treating” is an intervention performed with the
intention of preventing the development or altering the pathology of a disorder.
Accordingly, "treatment” refers to both therapeutic treatment and prophylactic or
preventative measures. Those in need of treatment include those already with the disorder
as well as those in which the disorder is to be prevented. "Treatment” includes any
indication{s) of success in the amelioration of an injury, pathology or condition, including
anty objective or subjective parameter such as abatement; remission; diminishing of
symptoms or making the injury, pathology or condition more tolerable to the patient;
slowing in the rate of degeneration or decline; making the final point of degeneration less
debilitating; improving a patient's physical or mental well-being. The treatment or
amelioration of symptoms can be based on objective or subjective parameters; including
the results of a physical examination by a physician or other health care provider, self-
reporting by a patient, neuropsychiatric exams, and/or a psychiatric evaluation.

[000154] An "effective amount” of a therapeutic is generally an amount sutticient to
reduce the severity and/or frequency of symptoms, eliminate the symptoms and/or
underlying cause, prevent the occurrence of symptoms and/or their anderlying cause,
and/or improve or remediate the damage that results from or is associated with migraine
headache. In some embodiments, the effective amount is a therapeutically effective

amount or a prophylactically effective amount. A "therapeutically effective amount” is an
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amount sufficient to remedy a disease state {(e.g., transplant rejection or GVHD,
inflammation, multiple sclerosis, cancer, cardiovasculer disease, diabetes, neuropathy,
pain} or symptom{s), particularly a state or symptom({s) associated with the disease state,
or otherwise prevent, hinder, retard or reverse the progression of the disease state or any
other undesirable symptom associated with the disease in any way whatsoever (i.e. that
provides "therapeutic efficacy™). A "prophylactically effective amount” is an amount of a
pharmaceutical composition that, when administered to a subject, will have the intended
prophylactic effect, e.g., preventing or delaying the onset (or reoccurrence) of migraine
headache or multiple sclerosis symptoms, or reducing the likelihood of the onset (or
reoccurrence) of migraine headache, migrane headache syraptoms, or multiple sclerosis
symptoms. The full therapeutic or prophylactic etfect does not necessarily occur by
administration of one dose, and may occur only after administration of a series of doses.
Thus, a therapeutically or prophylactically effective amount may be administered in one
or more administrations.

{000155] The protein of interest can be any protein, but in in many embodiments the
protein is a pharmacologically active protein or peptide.

[000156] Insome embodiments of the invention, the protein of interest can be a numetic

"N,

mimetic or agonist peptide. The terms "-mimetic peptide," "peptide mimetic,” and "-
agonist peptide” refer to a peptide or protein having biological activity comparable to a
naturally occurring protein of interest. These terms further include peptides that indirectly
mimic the activity of a naturally occurring peptide molecule, such as by potentiating the
effects of the naturally occurring molecule.

(0001571 Insome embodiments of the invention, the protein of interest can be an

EI D)

antagonist peptide or inhibitor peptide. The term "-antagonist peptide,” "peptide
antagonist,” and "inhibitor peptide” refer to a peptide that blocks or in some way
interferes with the biological activity of a receptor of interest, or has biclogical activity
comparable o a known antagonist or inhibitor of a receptor of interest (such as, but not
limited to, an ion channel or a G-Protein Coupled Receptor (GPCR)).

f000158] Examples of pharmacologically active proteins that can be used within the
present invention inchude, but are not limited to, a toxin peptide, an 1L-6 binding peptide,
a CD3 binding protein, a CD19 binding protein, a CD20 binding protein, a CD22 binding
protein, a HERZ binding protein, a HER3 binding protein, a VEGF-A binding protein, a
TNF-a binding protein, an EGFR binding protein, a RANK ligand binding protein, an 1L-
La binding protein, an [L-1 binding protein, an [L-17A binding protein, an EPCAM
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(CD326) binding protein, a CGRP peptide antagonist, a bradykinin B1 receptor peptide
antagonist, a parathyroid hormone (PTH) agonist peptide, a parathyroid hormone (PTH)
antagouist peptide, an ang-1 binding peptide, an ang-2 binding peptide, a myostatin
binding peptide, an erythropoictin-mimetic (EPO-mimetic) peptide, a FGF21 peptide, a
thrombopoietin-mimetic {TPO-mimetic) peptide (e.g., AMP2Z or AMPS), a nerve growth
factor (NGF) binding peptide, a B cell activating factor (BAFF) binding peptide, and a
glucagon-like peptide (GLP)-1 or a peptide mimetic therot or GLP-2 or a peptide mimetic
thereof.

[000159] The term peptide or protein “analog” refers o a polypeptide having a sequence
that differs from a peptide sequence existing i nature by at least one amino acid resicue
substitution, internal addition, or internal deletion of at least one amino acid, and/or
amino- or carboxy-terminal end truncations, or additions). An "internal deletion” refers fo
absence of an amino acid from a sequence existing in nature at a position other than the
N- or C-terminus. Likewise, an "internal addition” refers fo presence of an amino acid in a
sequence existing in nature at a position other than the N- or C-terminus.

[000160] Cloning DNA

1000161] Cloning of DNA 1is carried out using standard techniques (see, ¢.g. , Sambrook
et al. (1989) Molecular Cloning: A Laboratory Guide, Vols 1-3, Cold Spring Harbor
Press, which is incorporated herein by reference). For example, a ¢cDNA library may be
constructed by reverse transcription of polyA+ mRNA, preferably membrane-associated
mRNA, and the lihrary screened using probes specific for human immunoglobulin
polypeptide gene sequences. In one embodiment, however, the polymerase chain reaction
(PCR) is used to amplity cEBNAs (or portions of full-length ¢DNAs) encoding an
immunoglobulin gene segment of interest {¢.g., a light or heavy chain variable segment).
The amplified sequences can be readily cloned into any suitable vector, e.g., expression
vectors, minigene vectors, or phage display vectors. It will be appreciated that the
particular method of cloning used is not eritical, so long as it is possible to determine the
sequence of some portion of the immunoglobulin polypeptide of interest.

[000162] One source for antibody nucleic acids is a hybridoma produced by obtaining a
B cell from an animal immunized with the antigen of interest and fusing it to an immortal
cell. Alternatively, mucleic acid can be isolated from B cells (or whole spleen) of the
immunized animal. Yet another source of nucleic acids encoding antibodics s a library of

such nucleic acids generated, for example, through phage display technology.
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Polymucleotides encoding peptides of interest, e.g., variable region peptides with desired
binding characteristics, can be identitied by standard techniques such as panning.
[000163] The sequence encoding an entire variable region of the immunoglobulin
polypeptide may be determined; however, it will sometimes be adequate to sequence only
a portion of a variable region, for example, the CDR-encoding portion. Sequencing is
carried out using standard techniques (see, e.g., Sambrook et al. (1989) Molecular
Cloning: A Laboratory Guide, Vols 1-3, Cold Spring Harbor Press, and Sanger, F. et al.
(1977) Proc. Natl. Acad. Sci. USA 74: 5463-5467, which is incorporated herein by
reference). By comparing the sequence of the cloned nucleic acid with published
sequences of human immunoglobulin genes and ¢DNAs, one of skill will readily be able
to determine, depending on the region sequenced, (i) the germline segment usage of the
hybridoma immunoglobulin polypeptide (including the isotype of the heavy chain) and
(i1} the sequence of the heavy and light chain variable regions, including sequences
resulting trom N-region addition and the process of somatic mutation. Oune source of

immunoglobulin gene sequence information is the National Center for Biotechnology
Information, National Library of Medicine, National Institutes of Health, Bethesda, Md.

{000164] Isolated DNA can be operably linked to control sequences or placed into
expression vectors, which are then transfected into host celis that do not otherwise
produce tmamunoglobulin protein, to direct the synthesis of monoclonal antibodies in the
recombinant host cells. Recombinant production ot antibodies is well known in the art.
[000165] Nucleic acid is operably linked when it is placed into a functional relationship
with another nucleic acid sequence. For example, DNA for a presequence or secretory
leader is operably linked to DNA for a polypeptide if it is expressed as a preprotein that
participates in the secretion of the polypeptide; a promoter or enhancer is operably linked
to a coding sequence if it affects the transcription of the sequence; or a ribosome binding
site 1s operably linked to a coding sequence if it is positioned so as to facilitate
transiation. Generally, operably linked means that the DNA sequences being linked are
contiguous, and, in the case of a secretory leader, contiguous and in reading phase.
However, enhancers do not have to be contiguous. Linking is accomplished by ligation at
convenient restriction sites. 1t such sites do not exist, the synthetic oligonucieotide
adaptors or linkers are used in accordance with conventional practice.

[000166] Many vectors are known in the art. Vector components may include one or

more of the tollowing: a signal sequence (that may, for example, direct secretion of the
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antibody; e.g.,
ATGGACATGAGGGTGCCCGCTCAGCTCCTGGOGCTCCTGCTGCTOTGGCTGAG
AGGT GCGCGCTGT/SEQ ID NO:7, which encodes the VK-1 signal peptide sequence

MDMRVPAQLLGLLLLWLRGARC/SEQ 1D NO:8), an origin of replication, one or
more selective marker genes (that may, for example, confer antibiotic or other drug
resistance, complement auxotrophic deficiencies, or supply critical nutrients not available
in the media}, an enhancer clement, a promoter, and a franscription termination sequence,

all of which are well known in the art.

[000167] By way of further illustration, the following numbered embodiments are
encompassed by the present invention:
[000168] Embodiment 1: A hybrid promoter comprising:

(i) a mCMYV enhancer sequence, comprising 8 mCMYV enhancer element
(mCMVY-E)and a CMV promoter (CMV-P) sequence at its 37 end, operably
linked 5’ to a rat EF-lalpha intron sequence;

(i1}  an intervening first leader sequence operably linked, 37 to the CMV promoter
sequence of the mCMV enhancer sequence, and 5 to the rat EF-lalpha intron
sequence; and

(i1i}  asecond leader sequence operably linked 3” to the rat EF-1 alpha intron
sequence.

{000169] Embodiment 2: The hybrid promoter of Embodiment 1, wherein the
CMYV promoter sequence at the 3° end of the mUMYV enhancer sequence comprises a
segment having the nucleotide sequence of SEQ 1D NO:24 or SEQ 1D NO:26,

{00017¢] Embodiment 3: The hybrid promoter of any of Embodiments 1-2,
wherein the rat EF-1alpha intron sequence comprises the nucleotide sequence of SEQ ID
NOA4.

[000171] Embodument 4: The hybrid promoter of any of Embodiments 1-3,
wherein the mCMYV enhancer sequence comprises the nucleotide sequence of SEQ ID
NG:2 or SEQ D NO:33; and the rat EF-1alpha intron sequence comprises the nucleotide
sequence of SEQ ID NO:4.

[0600172] Embodiment 5: The hybrid promoter of any of Embodiments 1-4,
wherein the first leader sequence comprises the nucleotide sequence of SEQ ID NO:3.
[000173] Embodiment 6: The hybrid promoter of any of Embodiments {-5,

wherein the second leader sequence comprises the nucleotide sequence of SEQ 1D NO:S.
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[000174] Embodiment 7: The hybrid promoter of any ot Embodiments 1-6,
turther comprising one or more TetO sequences inserted within the CMV promoter
sequence.

[000175] Embodiment &: The hybrid promoter of any of Embodiments 1-7,
comprising a nucleotide sequence having at least 95% sequence identity to the mucleotide
sequence of any of SEQ 1D NO: 1, SEQ D NO:3G, SEQ ID NO:3L, or SEQ D NO:32,
[600176] Embodiment 9: An expression cassctic, comprising:

{000177] the hybrid promoter of any of Embodiments 1-8, operably linked 5' to an open
reading frame encoding an exogenous protein of interest; and a polyadenylation site
operably linked 3 to the open reading frame.

[000178] Embodiment 10; A recombinant expression vector comprising the
expression cassette of Embodiment 9.

[000179] Embodiment 11: A mammalian host cell comprising the recombinant
expression vector of Embodiment 10,

[000180] Embodiment 12: The mammalian host cell of Embodiment 11, further
being capable of expressing TetR.

[000181] Embodiment 13: The mammalian host cell of any of Embodiments 11-
12, being derived from a Chinese Hamster Ovary (CHO) cell.

[000182] Embodiment 14; The mammalian host cell of any of Embodiments 11-
13, selected from the group consisting of a CHO-K1 cell, a DXBI11 cell, and a DG44 cell.
[000183] Embodiment 15: A method of producing a protein of interest,
comprising:

(a) culturing the mammalian host cell of any of Embodiments 11-14, in an aqueous
medium under physiological conditions permitting expression of the protein of
interest; and

{b) recovering the protein of interest from the medium.

[000184] Embodiment 16: A method of producing & protein of inferest,
comprising:

{a) culturing a mammalian host cell that comprises an expression vector
comprising the hybrid promoter of any of Embodiments 7-8, in an aqueous
medium under physiological conditions, wherein the mammalian host cell
is capable of expressing TetR, whereby, in the absence of tetracycline in

the medium, the expression of the protein of intercst is repressed,;
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{b} adding tetracycline to the aqueous medium in an amount sufficient to bind
TetR in the host cell, whereby expression of the protein of interest by the
host cell is derepressed; and
{c) recovering the protein of interest from the medium,
[000185] Embodiment 17: The method of any of Embodiments 15-16, wherein the
aqueous medium is serum-free.
[000186] Embodiment 18: The method of any of Embodiments 15-16, whercin
culturing the mammalian host cell is in a suspension in liquid aqueous medium.
(0001871 Embodiment 19: The method of any of Embodiments 15-16, wherein
culturing the manunalian host cell is in an adhesion layer on a solid or semisolid
substrate.
{000188] The following working examples are illustrative and not to be construed in any

way as limiting the scope of the mvention.

(60018917 EXAMPLES
[000190] Example 1. Materials and Methods.
[000191] Vectorconstruction. All vectors C, D, E, F, and G included a DNA sequence

encading an exogenous protein of interest “Fe-A” {or “FC-A”; an exemplary Fe fusion
with a therapeutic anti-inflammatory antibody), an IRES derived trom EMCV virus, the
murine dihydrofolate reductase gene, and a 221 -bp late polyadenylation derived from
SV40 virus as described previously (Kaufman, R.J. et al., Improved vectors for stable
expression of foreign genes in mammalian cells by use of the untransiated leader
sequence from EMC virus, Nucl, Acids Res. 19(16): 44854490 (1991); Schek, et al,,
Definition of the upstream efficiency element of the simian virus 40 late polyadenylation
signal by using in vitro analyses, Mol Cell. Biol. 12(12):5386-93 {1992}). The junction
between the IRES and DHFR was aaaaacacgatTGCTCGAGAGTTGCCACCCAT C atg
/ISECQ 1D NO:6, where the lower case letters represent the endogenous IRES sequence
and the ATG transcription start site of DHFR i3 talicized lower case. A single transcript
is initiated from these variocus constructs, which then includes the Fc-A gene, the EMCVY
IRES, the murine DHFR gene and terminates at the SV40 polyadenylation siie.

[000192] Various transcription promoting sequences were included either 57 or both 57
and 3’ to the sequence described above. This allowed all plasmids to be selected using
the DHFR gene and Fc-A as a marker for relative expression. The plasmid backbone for
all plasmids was pUCS7-simple Geunscript (Piscataway, NJ).
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{000193] Several exemplary plasmids are represented schematically in Figure 1. Vector
C contained the human CMV and human EF-1alpha intron sequences described
previously (Kim, Lee, Shin, Kang, & Kim, 2002). Vector F (Figure 1) contained
sequences flanking the endogenous Chinese hamster ovary (CHO) EF-1alpha gene as
described {Running Deer, 1., & Allison, D. 8., High-level expression of proteins in
mammalian cells using Transcription Regulatory sequences from Chinese Hamster Ovary
EF-1alpha Gene, Biotechnology Progress 20:880-889 (2004)) with 4083 bp 5° sequences
tlanking the ATG and 4174 bp 3” flanking sequences following the polyadenylation site.
Vector G (Figure 1) was constructed by deleting a 240bp sequence from the transcription
start site of the CHO EF-lalpha gene to the FSEI site and replacing it with a DNA
fragment encompassing the murine CMV fragment from posttion -615 to the
franscriptional start site. Vector D (Figure 1) was constructed by synthesizing the
tragment shown in SEQ 1D NO:1 (containing murine CMV GenBank: L06816.1,
nucleotides 4067-4682, Rat EF-1alpha infron Genbank: ACI158987.3, nucleotides 22137-
21728y and placing these sequences 5’ of the Fe-A coding sequence. Vector C and
Vector D also contained the adenovirus tripartite leader that replaces the endogenous 3°
untranslated leader sequence (Kaufman et al., 1991). The pUC37-simple vector is not
shown in Figure 1. The complete map of Vector D is shown in Figure 2.

[000194] Electroporation and culture of cells. Long duration clectroporation were

performed as described previously (Bodwell, et al., Long Duration electroporation for
achieving high level expression of glucocorticoi receptors n mammalian cell lines. .
Steriod Biochem. and Mol. Biol., 68(e 8), 77-82 (1999)). Briefly, 2 x 107 cells were
resuspended in 0.3mL of HBS buffer (0.01 M HEPES pH 7.4, 6.15 M Na(’l, 3 mM
EDTA, 0.005% v/v Polysorbate2(}), 25mg of DNA was added, and electroporated in a
4mm gap cuvette using a BTX EM 600 with a capacitance of 3175 uF, 720 ohims, and
200 volts.

[000195] DXBI11 and DG44 cells were cultured in either PowerCHO2 (Lonza),
ProCHO4 (Lonza) or Ex-cell 302 (Sigma) according to the manufacturer’s instructions.
Cells were cultured every 3-4 days and seeded at 4 x 107 cells/m! for a 3-day culture or 3
x 107 cells/ml for a 4-day culture.

[000196] Protein titer was determined by affinity High Performance Liquid

Chromatography (HPLC) using POROS A/20 Protein A column.

10001971 Example 2. Transtection of CHQO celis
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[000198] CHO cells were transtected with various constructs expressing the Fc-A fusion
protein. These constructs are shown in Figure 1 and Figure 2. Transfected pools of cells
were compared for their expression of Fe-A fusion proteim.

10001991 Transfoction of DXB11 cells. The various Fc-A expression plasmids were

used to transfect DXB11, a DHFR mutant CHO cell line, using electroporation. These
cells were grown in ProCHO4 and were first selected for growth in media lacking
hypoxanthine and thymidine and then selected at 150 nM methotrexate (MTX). Pools of
cells selected with 150 nM MTX were seeded at 1 x 10° cells/ml and fed Ex-cell
Advanced CHO Feed | (SAFC) and ghicose on days 2, 4 and 7. Supernatant fluid was
harvested on day 8 and analyzed by poros protein A as described above.

[000200] The Fc-A protein titer and specific productivity (picograms per cell per day)
are shown in Figure 3A and Figure 3B, respectively. The results demonstrated that the
hybrid promoter containing nuarine CMV enhancer combined with the rat EF-lalpha
intron and suitable leader sequences (2.g., here the adenovirus tripartite leader; vector D),
enthanced expression of the Fe-A recombinant protein by pools of transtected cells. The
protein titers achieved were superior to other constructs and specific productivity was as
good or better than that obtained using other constructs.

[000201] Transfection of DXB-11 with Vectors D, F. and G. Vectors D, F, and G

{Figure 1) were used to transfect DXB11 cells growing in PowerCHOZ, Cells were first
selected for the growth in media lacking hypoxanthine and thymidine, amplified to
150nM MTX and then re-amplified to 500nM MTX to further enhance expression. These
poois were seeded at | x 10° celis/mi and fed with Ex-cell Advanced CHO Feed 1 and
glucose on days 2, 3 and 6. Supernatant fluid was harvested on day & As shown in
Figure 44 and Figure 4B, respectively, the titer of those pools transfected with Vector D
were significantly higher compared to Vectors ¥ and G. The specific productivities of
Vector D were generally higher than Vector F and G.

1000202] Transfection of DGA4 and DXB-11 with Veetors D and F. CHO cells were

transfected with Vectors D and F expressing Fe-A fusion protein. DXB11 cells growing
in Ex-cell 302 were transfected as described above. DG44, another DHFR mutant cell
line, was grown in PowerCHO2 and transtected identically to the DXB1I cells.
Transfected pools of cells were compared for their expression of Fo-A. Cells were
transtected using electroporation, selected for growth in media lacking hypoxanthine and
thymidine, and then amplified to 150nM MTX. The DXB11 were turther amplified to
300nM MTX and the DG44 cells were further amplified to 1aM MTX. Pools ot cells
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were then seeded by a 1:5 dilution into growth medium supplemented with Ex-cell
Advanced CHO Feed 1, fed on days 3, 6 and 8 with Ex-cell Advanced CHO Feed 1 and
glucose. Supematant fluid was harvested on day 10 and analyzed by poros protein A as
described above. The titer and specific productivity are shown in Figure SA and Figure
5B, respectively.

[000203] DXB11 Pools transfected with Vector D expressed nearly twice as much Fe-A
fusion protein as those pools transfected with Vector F. Pools of DG44 cells transfected
with Vectors [ and F expressed at similar levels. However, the pools transfected with the
Vector D had slightly higher specific productivity. The lower specific productivity of
DG44 cells compared to DXBIL cells implies that DG44 cells are less sensitive to the
MTX than DXB11 cells.

[000204] Vector D also included a 5" untranslated (5°UTR) leader sequence derived
trom adenovirus tripartite leader (TPL). The TPL has been shown to enhance expression
of proteins under stress conditions (Logan & Shenk, Adenovirus tripartite leader sequence
enhances translation of mRNAs late atter infection. Proc. Natl, Acad. Sci. USA 81{(12%
3655-59 (1984)). Whether the TPL is enhancing expression in these studies is unclear,
but other studies have shown that the exact nucleotide sequences of the 5"UTR that one
may use in this position varies as long, as they do not contain extensive secondary
structures of initiator codons prior to the authentic initiator codon {Mignone, F. et al,,
Untranslated regions of mRNAs. Genome Biology, 3(3)reviews0004.1-0004.10 (Z002)).
10002051 Example 3. Tetracveline-inducible expression from the inventive hybrid

promoter

[000206] In cells expressing the Tet repressor (TetR), tetracycline can be used to

regulate expression from promoters containing the Tet operator sequence (Yao et al.).
Introduction of the Tet operator {TetO) sequence just 3’ of the TATA box prevents
transcription from this promoter in the presence of the TetR. Presumably, TetR binds to
TetO and prevents transcription factors from mteracting with the transcription start site or
intertere with the transcription mitiation complex formation (Yao et al). Notably,
positioning of the TetO sequences is critical in determining if TetR can effectively
modulate transeription. (See, Yao et al,,

Tetracycline repressor, teiR, rather than the tetR-mammalian cell
transcription factor fusion derivatives, regulates inducible gene

expression in mammalion cells, Hum. Gene Ther. 9(13):1939-50 (1998)).
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[000207] Yao et al. hypothesized that positioning the TetO sequence 10bp downstream
of the TATATAA sequence aliows binding of the TetR to the same surface as the TATA
binding protein. Consistent with this hypothesis, Kim et al. found that insertion of Tet(
sequences at position 0 or 15 downstream of the hCMV US11 TATAAG sequence failed
to preserve repression in the presence of TetR. (See, Kim et al., Tefracycline repressor-
regulated gene repression in recombinant human cytomegalovirus, J. Virol. 69: 2565-257
(1995)).

[000208] Tetracycline (Tet), when added to the culture, will bind TetR and inhibit
binding to the TetO sequence, thus allowing transcription. To create a powerful Tet-
reguiated promoter based on the inventive mCMYV enhancer sequence/rat EF-1o intron
hybrid promoter sequences, we first generated a plasmid driving LacZ (beta-galactosidase
protein) expression, JV56 plV39 pIVI0 pUCSTS (herein abbreviated as “pJV56”;
Figure 6). The LacZ open reading frame is SEQ [D NO:12:

1000209] ATGGGGGGTTCTCATCATCATCATCATCATGGTATGGCTAGCATGA
CTGGTGGACAGCAAATGGGTCGGGATCTGTACGACGATGACGATAAGGTACC
TAAGGATCAGCTTGGAGTTGATCCCGTCGTTTTACAACGTCGTGACTGGGAAA
ACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTITCGCCAGC
TGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCA
GCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGAAGCGGTGCC
GGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCT
CAAACTGGCAGATGCACGGTTACGATGCGCCCATCTACACCAACGTAACCTA
TCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGACGGGTTGTT
ACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGCG
AATTATTTTTGATGGCGTTAACTCGGUOTTITCATCTGTGGTGCAACGOGCGCT
GOGGTCGGTTACGGCCAGGACAGTCOTTTGCCGTCTGAATTTCGACCTGAGCGCA
TTTTTACGCGCCGGAGAAAACCGCCTCGCGGTCGATGGTGCTGCGTTGGAGTG
ACGGCAGTTATCTGGAAGATCAGGATATGTGGCGGATGAGCGGCATTTICCG
TGACGTCTCGTTGCTGCATAAACCGACTACACAAATCAGCGATTTCCATGTTG
CCACTCGCTTTAATGATGATTTCAGCCGCGCTGTACTGGAGGCTGAAGTICAG
ATGTGCGGCGAGTTGCGTGACTACCTACGGGTAACAGTTTCTTTATGGCAGGG
TGAAACGCAGGTCGCCAGCGGCACCGUCGCCTTTCGGCGGTGAAATTATCGAT
GAGCGTGGTGGTTATGCCGATCGCGTCACACTACGTCTGAACGTCGAAAACC
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CGAAACTGTGOAGCGUCCGAAATCCCOAATCTCTATCOTGCGOTGGTTGAACT
GCACACCGCCGACGGCACGCTGATTGAAGCAGAAGCCTGCGATGTCGOGTTIC
CGCGAGGTGCOGGATTGAAAATGOTCTGCTGCTGCTGAACGGCAAGCCGTTGE
TGATTCGAGGCGTTAACCGTCACGAGCATCATCCTCTGCATGGTCAGGTCATG
GATCGAGCAGACGATGGTGCAGGATATCCTGCTCGATGAAGCAGAACAACTTTA
ACGCCOGTGCGCTOGTTCGCATTATCCGAACCATCCGCTGTGGTACACGUTGTGC
GACCGCTACGGCCTGTATGTGGTGGATGAAGCCAATATTGAAACCCACGGCA
TGGTGCCAATGAATCGTCTGACCGATGATCCGCGCTGGCTACCGGCGATGAG
COGAACGCGTAACGCGAATGOGTGCAGCGCGATCGTAATCACCCGAGTOGTGATC
ATCTGGTCGCTGGGOAATGAATCAGGCCACGGCGCTAATCACGACGCGCTGT
ATCGCTGGATCAAATCTGTCCGATCCTTCCCGUCCGUGTGCAGTATGAAGGCGGC
GOAGCCGACACCACGGCCACCGATATTATTTGCCCGATGTACGCGCGLGTGE
ATGAAGACCAGCCCTTCCCGOGCTOGTGCCGAAATGGTCCATCAAAAAATGGCT
TTCGCTACCTGGAGAGACGCGCCCGUTGATCCTTTGCGAATACGCCCACGEG
ATGGGTAACAGTCTTGGCGGTTITCGUTAAATACTGGCAGGCGTTTICGTCAGTA
TCCCCOGTTTACAGGGCGGCTTCGTCTGGGACTGGGTGGATCAGTCGCTGATTA
AATATGATGAAAACGGCAACCCGTGGTCGGCTTACGGCGOGTGATITIGGCGA
TACGCCGAACGATCGCCAGTTCTGTATGAACGGTCTGOGTCTTTGCCGACCGLA
CGCCGCATCCAGCGCTGACGGAAGCAAAACACCAGCAGCAGTTTTTICCAGTT
CCOTTTATCCGGOCAAACCATCGAAGTCGACCAGCGAATACCTGTTCCGTCATA
GCGATAACGAGCTCCTGCACTGGATGGTGGCGCTGGATGGTAAGCCGCTGGC
AAGCGGTCGAAGTGCCTCTGGATGTCGUTCCACAAGGTAAACAGTTGATTGAA
CTGCCTGAACTACCGCAGCCGGAGAGCGCUGLGGCAACTCTGGCTCACAGTAC
GCGTAGTGCAACCGAACGCGACCGCATGOTCAGAAGCCGGGCACATCAGCGC
CTGGCAGCAGTGGCGTCTGGCGGAAAACCTCAGTGTGACGCTCCCCGCLGCG
TCCCACGCCATCCCGCATCTCGACCACCAGCGAAATGGATTTTITGCATCGAGCT
GOGGTAATAAGCGTTGGCAATTTAACCGCCAGTCAGGCTTTCTTTCACAGATGT
GOATTGGCGATAAAAAACAACTGUTGACGCCGCTGCGCGATCAGTTCACCCG
TGCACCGCTGGATAACGACATTIGGCGTAAGTGAAGCGACCCGCATTGACCCY
AACGCCTGGGTCGAACGCTGGAAGGCGGCGGGCCATTACCAGGCCGAAGCA
GCGTTOTIGCAGTGCACGGCAGATACACTTGCTGATGCOOTOGCTGATTACGAC
CGCTCACGCGTGGCAGCATCAGGGGAAAACCTTATTTATCAGCCGGAAAACC
TACCGGATTGATGGTAGTGOTCAAATOGCGATTACCGTTCGATGTTGAAGTGGC
GAGCGATACACCGCATCCGGCGCGOGATTOGCCTGAACTOGCCAGCTGGCGCAG
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GTAGCAGAGCGGGTAAACTGGCTCGGATTAGGGCCGCAAGAAAACTATCCCG
ACCGCCTTACTGCCGCCTOTTTTGACCGCTGGGATCTGCCATTGTCAGACATG
TATACCCCGTACGTCTTCCCGAGCGAAAACGGTCTGCGCTGCGGGACGOGCG
AATTGAATTATGGCCCACACCAGTGGCGCGGCGACTTCCAGTTCAACATCAG
CCGCTACAGTCAACAGCAACTGATGGAAACCAGCCATCGCCATCTGCTGLAC
GCGGAAGAAGGCACATGGCTGAATATCGACGOGTTTCCATATGGGGATTGGTG
GCGACGACTCCTGGAGCCCGTCAGTATCGGCGGAGTTCCAGCTGAGCGCCGG
TCOGCTACCATTACCAGTTGGTCTGGTGTCAAAAATAA/SEQ 1D NO:12.
(0002107 The basic idea was to exchange part of the mCMYV promoter (mCMV-P)
element sequence with the human CMV promoter (hRCMV-P) element that includes the
TetO binding sites responsible for regulation by tetracycline (Tet). This construct,

JVSET IV36 piv3g plvi( (herein abbreviated as “pJV577; Figure 7), includes the
tetracycline-sensitive TetO regulatory clement for expression of LacZ. Figure 10 shows
schematically the hCMV-P/TetO inserted into the mCMYV promoter sequence. This
insertion replaces part of the mCMV-P promoter sequence with a part of the hCMV-P
promoter sequence. Another construct was made to incorporate expression-increasing
changes in a hCMV promoter described by Patwardhan et al. in the context of an
unregulated promoter (hybrid mCMYV enhancer/(partial) hCMV promoter/rat EF-lalpha
intron). (Patwardhan et al., High-resolution analysis of DNA regulatory elements by
synthetic saturation mutagenesis, Nature Biotechnology 27(123:1173-75 (2609)). This
construct was JV39 JVS6 plV38 plV10 (abbreviated herein as “pJV597; Figure 8). In
another construct, JV60 _JV56 piV3g plV10 (herein abbreviated as “pJV60™; Figure 9},
the TetO sequences of pIV57 were changed to match the sequences that increased
expression surrounding the transeription start site in the study by Patwardhan et al. (see,
Figure 9 and Figure 12).

{0006211] Figure 11 shows the DNA sequence of hCMV-P/Tet( that we used to replace
the mCMV promoter (mCMV-P) sequences. Arrows indicate palindromic TeiR binding
sites. The mCMV-P and hCMV-P promoter sequences shown are those sequences from
the TATA box through the start site of transcription. The transcription start is the g
residue in the 37 sequence taccg. Note that the TetO sequence most certainly impacts the
transcription start site, since the transcription start site is typically ~30 bases 3" tothe 5° T
of the TATA box.

(0002121 We expressed beta-galactosidase from various constructs to monitor the level
of protein expression. This inserted substitute sequence, which includes muCMV
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enthancer element (mCMV-E)/(partial} haCMYV promoter/TetO/ratEF-lalpha intron, was
indeed regulated by tetracyeline in the medium (See, e.g., Figure 14, pJV57 +/- Tet).
Furthermore, the construct pJ V57 yielded approximately 10-fold as much recombinant
protein as a human CMV/TetO control (pcDNAS/TO/Lacs; Thermo Fisher Scientific),
when Tet was present in the medium, but about 3.5-fold less beta-galactosidase in the
absence of tetracycline, as shown in Figure 14, T-Rex CHO cells bearing the muCMV
enhancer/ratEF-lalpha intron hybrid promoter in pJV56, absent a TetO sequence within
the CMV-P segment of the mCMYV enhancer sequence, also expressed approximately 10
times more protemn than the human CMV/TetO control (pcDNAS/TO/Lac?), regardless of
whether tetracycline was in the mediom.

[000213] Materials and Methods.

[000214] T-REx™.CHO cells. T-REx-CHO cell line {Thermo Fisher Scientific, Product

No. R71807) were cultured in Ham’s FI2 media + glutamine + 10 pg/ml Blast per
manufacturer’s protocol. T-REx-CHOQ cells were clectroporated using the fong duration
electroporation (LDE) method as described by Bodwell et al. (Bodwell et al., Long
Duration Electroporation for Achieving High Level Expression of Glucocorticoid
Receptors in Mammalian Cell Lines, 1. Steroid Biochem. Molec. Biol. 68:77-82 (1999)),
with various constructs pJV56, pIV57, pJV39, and pJV60, expressing the beta-
galactosidase protein, as shown in Figure 6, Figure 7, Figure 8, and Figure 9,
respectively. Transfected cells were allowed to recover for 24 hours and then were treated
with or without 1 ug/ml tetracycline for 24 hours. Cells were lysed and beta-galactosidase
activity was assayed using a §-Gal Assay Kit per manufacturer’s protocol {Thermo Fisher
Scientific, Product No. K1455-01). Brietly, lysates were diluted 10-fold and 18-l
aliguots were assayed using a BCA protein assay kit (Thermo Fisher Scientifie, Product
WNo. 23227} to determine protein concentration of the lysate. Lysates were diluted 100-
fold and 10-pl aliquots were assayed for beta-galactosidase activity. All samples were
transfected at least in duplicates. Specific beta-galactosidase activity was normalized to
the amount of protein assayed and background activity of mock-transfected cells was
subtracted from transfected samples. Results were graphed with standard deviation
shown (Figure 14).

[000215] CHO-K/TetR cells. In separate experiments, tetracycline repressor (TetR)

was subcloned by Genscript® (Piscataway, NI} into pcDNA3.1 + expression vector to
yield vector pJV40 pcBNA3. 1+etR (abbreviated herein, as “pJV40”; Figure 15). CHO-
K1 cells were routinely cultured in PowerCHO™ 2 Chemically Defined, Serum-free
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CHO Medium {Lonza, Product No. BE12-771Q), and cells were electroporated using the
LDE method, as described above for pJV40. Transfected pools were selected for 10 days
in PowerCHO™ 2 +600 pg/ml G418 {Gibeo, Product No. 10131027). Cells were then
serially diluted and plated in 96-well microplates (Coming® CellBIND® 96 Well, Product
#3340) at 0.75 cell per well in cloning media (EX-CELL® 302 Serum-Free Medium for
CHO Cells; Sigma-Aldrich, Product No. 14326C SIGMA) +15% conditioned media in
the presence of G418). Clonal populations were identified after 11-12 days and were
transferred to 12-well plates in 50/50 cloning media/ PowerCHO™ 2 medium for an
additional 3-4 days. Finally, clones were moved and grown in a 24 deep-well plate
(VWR, Produect No. P-DW-10ME-24-C-5) with constant shaking (220 rpm) in
PowerCHO™ 2 medium + 600 pg/ml G418,

[000216] To screen for clones expressing high levels of TetR, CHO-K 1/TetR clones
were transtected with pJVS7 using the ExpiFectarnine™ CHO transfection kit (Thermo
Fisher Scientific, Product No. AZ9130) per manufacturer’s protocol. From those highly
expressing TetR" clones, some clones were subsequently chosen to be transfected with
veetor piV36, pdVST, pIVS9, or pJV60, using the ExpiFectamine™ CHO transfection kit
{Thermao Fisher Scientific, Product No. A29130), again transfected per manufacturer’s
protocol. Transfected clones were allowed to recover for 24 hours and then were treated
with 1 pg/ml tetracycline for 24 hours. To measure expression of the LacZ protein
product, cells were lysed, and beta-galactosidase activity was assayed using a $-Gal
Assay Kit per mamufacturer’s protocol (Thermo Fisher Scientific, Product No. K1455-
01}

[000217] Briefly, lysates were diluted 10-fold and 10-p aliquots were assayed using a
BCA protein assay kit {Thermo Fisher Scientific, Product No. 23227} to determine
protein concentration of the lysate. Ten (10) ul of undiluted lysate was assayed for beta-
galactosidase activity. All samples were transfected at least in duplicates. Specific beta-
galactosidase activity was normalized to the amount of protein assayed and background
activily ot mock-transfected cells was subtracted from transfected samples. Results were
graphed with standard deviation shown (e.g., Figure 16, Figure 17, Figure 18},

[000218] Figure 16 (clone 3E7), Figure 17 {clone 3F9), and Figure 18 {clone 4G2)
shows representative results from CHO-K1/TetR clones transtected with various
constructs (pIV536, pJV57, pJV 59, and plV60) expressing the beta-galactosidase protein
{or transfected with positive control: pcDNAS/TO/LacZ; Thermo Fisher Scientific,
Product No. V1033-20). As above, cells were transtected with pJV57 using the
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ExpiFectamine™ CHO transfection kit {Thermo Fisher Scientific, Product No. A29130)
per manufacturer’s protocol. Transtected clones were allowed to recover for 24 hours and
then were treated with 1 pg/ml tetracycline for 24 hours. Cells were lysed, and beta-
galactosidase activity was assayed using a §-Gal Assay Kit per manufacturer’s protocol
{Thermo Fisher Scientific, Product No. K1455-01). Brietly, lysates were diluted 16-fold
and 10-ul aliquots were assayed using a BCA protein assay kit {Thermo Fisher Scientific,
Product No. 23227) to determine protein concentration of the lysate. Ten (10} ul of
undiluted fysate was assayed for beta-galactosidase activity. All samples were transfected
at least in duplicates. Specific beta-galactosidase activity was normalized to the amount
of protein assayed and background activity of mock-transfected cells was subtracted from
transfected samples. Specitic beta-galactosidase activity was normalized to the amount of
protein assayed and background activity of mock-transfected cells was subtracted from
transfected samples. Results were graphed with standard deviation shown.

[000219] Results.

[000220] T-REx™ CHO cells. In experiments using T-RExCHO cells (Thermo Fisher

Scientific), a commercial cell line that stably expresses TetR, we measured beta-
galactosidase (beta-gal) activity as a readout to test the ability of pJV57 to be regulated by
tetracycline {Tet). As shown in Figure 14, pIV57 had equivalent expression to pJV 56
when induced by the presence of tetracycline (+Tet). In addition, pJV57 had
approximately 10-fold higher expression of LacZ in the presence of tetracycline (+Tet)
when compared with pcDNAS/TO/LacZ, a vector shown to exhibit robust tetracycline-
regulated expression. pJV57 also showed 3.5-fold regulated expression by tetracycling, a
key observation demonstrating a powerfully regulated promoter. Fold-difference in Tet
regulation for the positive control pcDNAS/TO/LacZ was not included 1n Figure 14,
because of low signal-to-noise ratio between uninduced pcDNAS/TO/LacZ and
background, resulting in a negative specitic beta-gal activity in the control.

[000221] Inan attempt to further improve upon pIV57, we hypothesized that the TetO
sequences could reduce expression from pJV57 as previous studics showed that changes
around the transcription start site reduced expression from the hCMV promoter
(Patwardhan et al., High-resolution analvsis of DNA regulatory elements by synthetic
saturation mutagenesis, Nat Biotechnol. 27(12): 11731175 (2009)). The TetO
sequences in pJV57 were changed to match the sequences that increased expression
swrrounding the transcription start site in the study by Patwardhan et al. (pIVé0, Figure 9
and Figure 12). Furthermore, these changes were designed to maintain high affinity TeiR
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binding (the affinity of different TetO nmtations is described in Sizemore et al. and
reviewed in Hillen and Berens). (See, Sizemore et al., Quantitative analysis of TnlQ) Tet
repressor binding to a complete set of fet operator mutants, Nucleic Acids Research 18
{(10) 2875-2880 (1990); Hillen and Berens, Mechanisms underlying expression of Tnl0
encoded tetracvciine resistance, Ann. Rev. Micro. 48:345-369 (1994)). However, this
optimized construct, pJV60, did not appear to increase expression compared to pJV37 in
T-REx-CHO cells (Figure 14). Tetracycline-regulated expression was maintained, but
potentially slightly less regulation (2.68-fold compared to 3.50-fold (Figure 14},
[000222] The optimized hCMV promoter (HCMV-P) sequences replaced the mCMV
promoter (mCMV-P) sequences in the mCMYV enhancer sequence/rat EF-1a intron hybrid
promoter of the invention {see, sequence comparison in Figure 13). The changes
incorporated into pfV359 did not appear to increase expression relative to pJV56 (Figure
14). Thus, we conchide that in the T-REx-CHO cells, the context of the powertful mCMV
enhancer/promoter-rat EF-1a intron, that changes around the transcription start site have
little or no impact on expression.

(000223] CHO-KI/TetR cells. In separaie experiments, a CHO-K1 cell line stably

expressing TotR was generated by transtection of pJV40 (see, Figure 15) that has TetR
gene subcloned into pcDNA3 . 1+ vector. Geneticin-resistant CHO-K 1 pools were serially
dilited to obtain single-cell colonies and screened to have high expression of TetR, i.e.
more than two-fold repression of LacZ in the absence of Tet {data not shown}. Three
clones were selected for further analysis, as shown respectively in Figure 16, Figure 17,
and Figure 18, referred to herein as CHO-K1/TetR clones. The clones were transiently
transfected with pcDNAS/TO/LacZ as a control, and expression vectors of the present
mvention, 1.c., veciors pIVS6, pJV57, plV59 and plV60, as described above, to determine
the effectiveness of a Tet-regulated promoter element based on the mCMV enhancer
sequence/rat EF-1o intron hybrid promoter sequences using TetR-expressing cells that
were generated in-house.

1000224] As shown in Figure 16, Figare 17, and Figure 18, pJVS6 in two of the 3 CHO-
K1/TetR clones exhibited 2- to 3-fold higher expression of LacZ compared to
pcENAS/TO/LacZ in the presence of tetracycline (+Tet). Addition of hCMV-P/Tet(
sequences in pJV57 enabled protein expression to be regulated by tetracycline to the
extent of 3.24-, 9.30- and 3.15-fold enhancement of LacZ expression in the presence of
ietracycline {+Tet), compared to (-Tet) {see, pIVS7, in Figure 16, Figure 17, and Figure

1 & respectively), although the level of expression was variable depending on the clone
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studied. This is comparison to pJV 356, which did not include the hCMV-P/TetO
sequences {1.27-, 0.95-, 1.19-fold differences between +Tet and minus-Tet treatments, as
shown in Figure 16, Figure 17, and Figure 18, respectively).

10002251 Interestingly, total expression of LacZ was increased in all three pJV59-
transtected CHO-K1/TetR clones, although as expected there was essentially no
etracycline-sensitive regulation of expression (+Tet comparison: 0.99-, 1.06-, 1.00-fold
difference), as shown in Figure 16, Figure 17, and Figure 18, consistent with our
hypothesis that protein expression can be increased by optimizing sequences surrounding
the transcription start site (see, Patwardhan et al. ). However, addition of Tet( siies that
were mutated to maintain TetR binding (pJV60) — in the context of the optimized
promoter — showed decreased (Figure 16, Figure 17) or unchanged (Figure 18) LacZ
expression compared to pJV 59, Nevertheless, LacZ expression was augmented in all
three pIV60-bearing clones compared to pfVS7, in the presence of tetracyclin (2.31-,
2.82- and 1.56-fold higher expression compared to its non-Tet-treated control;Figure 16,
Figure 17, Figure 18, respectively}. This suggests that mutation of Tet sequences
adversely atfected TetR binding as observed by higher basal LacZ expression in al
clones in the absence of Tet and lower fold-induction upon +Tet addition.

0002261 Overall, all of the pJV56, pJV57, pIV59, and pJV60 constructs in CHO/TetR
cells demonstrated increased LacZ expression compared to CHO cells expressing from
pcDNAS/TO/LacZ (i.e., positive controls) in the presence of tetracycline, and CHO cells
bearing the inventive hybrid promoter with hCMV-P/TetO sequences had beta-
galactosidase expression up-reregulated by tetracycline (1.56- to 9.30-fold differences),
compared to (-Tet), as shown in Figure 16, Figure 17, and Figure 18. It should be noted
that the method of transfection is ditferent between T-REx-CHO cells (adherent) to CHO-
K1/TetR celis (cell suspension in liquid agqueous medium), and that transfection
efficiency may account for differences observed in the overall levels of specific beta-

galactosidase activity.
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We claim:

1. A hybrid promoter, comprising:
(1) a mCMV enhancer sequence, comprising a mCMV enhaneer element
(mCMV-E) and a CMV promoter (CMV-P) sequence at its 37 end, operably
linked 5’ to a rat EF-lalpha intron sequence;
(i)  anintervening first leader sequence operably linked, 37 to the CMV
promoter sequence of the mCMYV enhancer sequence, and 5° to the rat EF-
lalpha intron sequence; and
(111}  asecond leader sequence operably linked 3’ to the rat EF-1 alpha

niron seguence.

[

The hybrid promoter of Claim 1, wherein the CMV promoter sequence at the 3” end
of the mCMYV enhancer sequence comprises a segment having the nucleotide
sequence of SEQ ID NO:24 or SEQ ID NG:26.

3. The hybnid promoter of Claim 1, wherein the rat EF-1alpha intron sequence
comprises the nucleotide sequence of SEQ 1D NG4,

4. The hybrid promoter of Claim 1, wherein the mCMYV enhancer sequence comprises
the nucleotide sequence of SEQ ID NO:2 or SEQ 1D NO:33; and the rat EF-lalpha
intron sequence comprises the micleotide sequence of SEQ 1D NO4.

5. The hybrid promoter of Claim 4, wherein the mCMYV enhancer sequence comprises
the nucleotide sequence of SEQ 1D NO:2.

6. The hybrid promoter of Claim 1, wherein the first leader sequence comprises the

nucleotide sequence of SEQ 1D NO:3.

:~I

The hybrid promoter of Claim 1, wherein the second leader sequence comprises the

nucleotide sequence of SEQ D NO:5.

8. The hybrid promoter of Claim 1, further comprising one or more TetO sequences
inserted within the CMV promoter sequence.

9. The hybrid promoter of Claim 1, comprising a nucleotide sequence having at least
95% sequence identity to the nucleotide sequence of SEQ 1D NO:1, SEQ 1D NO:30,
SEQ ID NO:31, or SEQ 1D NO:32.

10. The hybrid promoter of Claim 1, comprising the nucleotide sequence of SEQ 1D
NO:1L

11. The hybrid promoter of Claim 1, comprising the nucleotide sequence of SEQ ID

NO:30.
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12. The hybrid promoter of Claim 1, comprising the mucleotide sequence of SEQ 1D
NG:31L
13, The hybrid promoter of Claim 1, comprising the nucleotide sequence of SEQ ID
NO:32.
14. An expression cassetie, comprising:
(a) the hybrid promoter of Claim 1 or Claim &, operably linked 5° to an open reading
frame encoding an exogenous protein of interest; and
(b} a polyadenylation site operably linked 3° to the open reading frame.
IS. A recombinant expression vector comprising the expression cassette of Claim 14.
16. A mammalian host cell comprising the recombinant expression vector of Claim 15.
17. The mammalian host cell of Claim 16, further being capable of expressing TetR.
18. The mammalian host cell of Claim 16 or Claim 17, being derived from a Chinese
Hamster Ovary (CHO) cell.
19. The mammalian host cell of Claim 18, selected from the group consisting of a CHO-
Kicell, a DXB11 cell, and a DG44 cell.
20. A method of producing a protein of interest, comprising:
{a) culturing the mammalian host cell of Claim 16, in an aqueous medium under
physiological conditions permitting expression of the protein of interest; and
{b) recovering the protein of interest from the medium.
21. A method of producing a protein of interest, comprising:
{a) culturing a mammalian host cell that comprises an expression vector
comprising the hybrid promoter of Claim 8, in an aqueous medium under
physiclogical conditions, wherein the mammalian host cell is capable of
expressing TetR, whereby, in the absence of tetracycline in the medium,
the expression of the protein of interest is repressed;
(b} adding tetracycline to the aqueous medium in an amount sufficient to
bind TetR in the host cell, whereby expression of the protein of interest by
the host cell ts derepressed; and

(¢} recovering the protein of interest from the medium,

22. The method of producing a protein of interest of Claim 20 or Claim 21, wherein
the aqueous medium is serum-free.
23 The method of producing a protein of interest of Claim 20 or Claim 21, wherein

culturing the mammalian host cell is in a suspension in liquid aqueous medium.
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24, The method of producing a protein of interest of Claim 20 or Claim 21, wherein
culturing the mammalian host cell is in an adhesion layer on a solid or semisolid

substrate.
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