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MAMMALIAN EXPRESSION VECTORS AND 
USES THEREOF 

RELATED APPLICATIONS 

0001. This application is a continuation application of 
U.S. patent application Ser. No. 13/368,618, filed on Feb. 8, 
2012, which is a divisional of U.S. patent application Ser. No. 
12/354,568, filed on Jan. 15, 2009 (now U.S. Pat. No. 8,187, 
836), which claims priority to U.S. provisional application 
Ser. No. 61/021,282, filed on Jan. 15, 2008, and to U.S. 
provisional application Ser. No. 61/104.546, filed on Oct. 10, 
2008, the contents of each of which are hereby incorporated 
in their entirety. 

BACKGROUND OF THE INVENTION 

0002 Stable production of proteins, including biologics, 
can be accomplished by transfecting host cells with vectors 
containing DNA that encodes the protein. Maintenance of the 
vector in the cell line can be achieved through a variety of 
means, including extrachromosomal replication through epi 
Somal origins of replication. Episomal vectors contain an 
origin of replication that promotes replication of the vector 
when the sequence is bound by a replication initiation factor. 
Episomal vectors have several advantages over vectors that 
require insertion into the host genome. For example, episomal 
vectors decrease phenotypic changes in the cell that may 
result from integration of a vector into the host genome. 
Episomal vectors may also be isolated from the transfected 
cells using standard DNA extraction protocols. 
0003. With the evolving importance of therapeutic pro 

teins, i.e., biologics, efforts must be made to optimize protein 
production, while improving efficiency of the overall produc 
tion process. Thus, improvements in efficiency must be 
weighed against the protein production capacity of the vector. 
There is a need for better expression systems that provide 
efficient cloning options, as well as high levels of the desired 
protein product. It would be advantageous to decrease the 
number of cloning steps involved in the production of biolog 
ics, especially antibodies, to improve time requirements and 
minimize cost. It would also be advantageous to provide 
vectors that provide adequate protein production for both 
Small and large scale cell cultures. The present invention 
overcomes the limitations of conventional vectors, by provid 
ing additional advantages that will be apparent from the 
detailed description below. 

SUMMARY OF THE INVENTION 

0004 Recombinant proteins may be produced by mam 
malian cell transient transfection, especially during the phar 
maceutical drug discovery process. A variety of host cells 
may be used to express proteins, including mammalian cells 
such as COS and human embryonic kidney (HEK) cells. 
Episomal vectors rely on both an origin of replication and a 
trans-acting replication initiation factor that binds the origin. 
Replication initiation factors, such as Epstein-Barr virus 
nuclear antigen (EBNA) that binds the OriP of the Epstein 
Barr virus, may be cloned into the episomal vector, or, alter 
natively, may be expressed by the host cell into which the 
vector is transfected. Thus, episomal vectors may be specific 
to certain cell lines that express the trans-acting factor 
required to activate replication through the origin of replica 
tion. 
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0005. The present invention eliminates the need for differ 
ent episomal vector backbones for recombinant protein 
expression. The present invention provides episomal vectors 
comprising at least two different episomal origins of replica 
tion, which allow the same vector to be used in different cell 
types for protein expression. Different origins of replication 
allow the vector to be used in different types of mammalian 
cells that provide the necessary trans-acting replication fac 
tors and allow the vector to replicate. By eliminating the need 
to re-clone the gene of interest for protein production, the 
instant invention improves efficiency and reduces costs asso 
ciated with multiple vectors, while at the same time maintain 
ing protein production levels. A Surprising aspect of the 
invention is that the addition of nucleotides to the vector, i.e., 
a second origin of replication, does not negatively impact the 
vector's ability to produce protein at the desired levels. 
0006. In a preferred embodiment, the vectors of the inven 
tion comprise antibody heavy or light chain constant regions. 
Thus, an antibody light or heavy chain variable region may be 
cloned into the vector upstream of the light or heavy chain 
constant region, respectively, further improving the efficiency 
of the expression system. The episomal vectors promote high 
protein production in mammalian cells expressing the SV40 
T Ag or Epstein-Barr virus nuclear antigen (e.g., COS7 or 
HEK293-6E cells). 
0007. The present invention provides an optimal combi 
nation of elements for protein yield, production efficiency, 
and reduced cost, which are all important elements for protein 
production, especially in the pharmaceutical industry and the 
production of biologic proteins, such as antibodies. Other 
features and advantages of the invention are described in the 
detailed description and claims below. 
0008. In one aspect, the invention provides an expression 
vector comprising: a) an OriP origin of replication derived 
from Epstein-Barr virus (EBV); (b) an SV40 origin of repli 
cation; (c) 
0009 an insertion site for inserting a gene of interest; and 
(d) a nucleic acid sequence encoding an antibody heavy or 
light chain constant region, operably linked to the insertion 
site. In an embodiment, the gene of interest is an antibody 
heavy or light chain variable region, for example, a murine, a 
humanized, a chimeric or a human antibody heavy or light 
chain variable region. In a particular embodiment, the anti 
body heavy chain variable region is the heavy chain variable 
region of an antibody selected from the group consisting of 
adalimumab, ABT-325, and ABT-874. In another particular 
embodiment, the antibody light chain variable region is the 
light chain variable region of an antibody selected from the 
group consisting of adalimumab, ABT-325, and ABT-874. 
The antibody heavy chain constant region is murine, human 
ized, chimeric or human, for example, and may be an anti 
body heavy constant region is selected from the group con 
sisting of gamma 1, Z, a gamma 1, Z. non-a; gamma 2, n+: 
gamma 2., n-, and gamma 4. The gamma 1, Z. non-a antibody 
heavy chain constant region may further comprise analanine 
mutation at position 234 of the heavy chain constant region. 
In another embodiment, the gamma 1, Z. non-a antibody 
heavy chain constant region may further comprise analanine 
mutation at either position 235 or 237 of the antibody heavy 
chain constant region. 
0010. In an embodiment, the antibody light chain constant 
region is a human kappa isotype or a human lambda isotype. 
In an embodiment, the antibody heavy chain constant region 
is a murine gamma 1 isotype or a murine gamma2a isotype. 
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In another embodiment, the antibody light chain constant 
region is a murine kappa isotype. In an embodiment, the 
antibody heavy chain constant region is an Fc domain. In an 
embodiment, the heavy or light chain antibody variable 
region is 5' to the insertion site. 
0011. In an embodiment, the expression vector further 
comprises a promoter operably linked to the insertion site, 
wherein the promoter is either an EF-1C. promoter or a 
cytomegalovirus (CMV) promoter. 
0012. In an embodiment, the expression vector further 
comprises a selectable marker, Such as an amplicillin resis 
tance gene. 
0013. In an embodiment, the CMV promoter comprises a 
nucleic acid sequence that is at least 80%, at least 85%, at 
least 90%, at least 95%, at least 96%, at least 97%, at least 
98% or at least 99% identical to nucleotides 1 to 608 of SEQ 
ID NO: 1. In a particular embodiment, the CMV promoter 
comprises nucleotides 1 to 608 of SEQID NO: 1. 
0014. In an embodiment the EF-1C. promoter is human. In 
an embodiment, the EF-1C, promoter comprises a nucleic acid 
sequence that is at least 80%, at least 85%, at least 90%, at 
least 95%, at least 96%, at least 97%, at least 98% or at least 
99% identical to nucleotides 76 to 1267 of SEQID NO: 2. In 
a particular embodiment, the EF-1C. promoter comprises 
nucleotides 76 to 1267 of SEQID NO: 2. 
0015. In an embodiment, the OriP origin of replication 
comprises a nucleic acid sequence that is at least 80%, at least 
85%, at least 90%, at least 95%, at least 96%, at least 97%, at 
least 98% or at least 99% identical to nucleotides 1795 to 
3545 of SEQID NO: 1. 
0016. In an embodiment, the SV40 origin of replication 
comprises a nucleic acid sequence that is at least 80%, at least 
85%, at least 90%, at least 95%, at least 96%, at least 97%, at 
least 98% or at least 99% identical to nucleotides 5834 to 
6140 of SEQID NO: 1. In a particular embodiment, the SV40 
origin of replication comprises nucleotides 5834 to 6140 of 
SEQID NO: 1. 
0017 Exemplary expression vector of the invention com 
prise a nucleic acid sequence that is at least 80%, at least 85%, 
at least 90%, at least 95%, at least 96%, at least 97%, at least 
98% or at least 99% identical to a sequence selected from the 
group consisting of SEQID NO: 1,2,3,4,5,6,7,8,9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
29, 30, 31 and 32. In particular embodiments, the expression 
vector comprises a nucleic acid sequence selected from the 
group consisting of SEQID NO: 1,2,3,4,5,6,7,8,9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
29, 30, 31 and 32. 
00.18 Expression vectors of the invention are also pro 
vided in FIGS. 1, 2, and 14-25. Additional vectors of the 
invention are described in FIGS. 8-13. 

0019. In another aspect, the invention provides a mamma 
lian host cell comprising the vector of the invention. The 
mammalian host may be a COS cell, such as a COS 7 cell, or 
a human embryonic kidney (HEK) cell, such as a HEK-293 
cell. 

0020. In another aspect, the invention provides a kitcom 
prising a vector of the invention. 
0021. In another aspect, the invention provides a method 
of producing a recombinant protein comprising introducing 
an expression vector of the invention into a mammalian host 
cell, culturing the mammalian host cell under Suitable condi 
tions so as to express the protein, and recovering the protein. 
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0022. In another aspect, the invention provides an expres 
sion vector comprising a nucleic acid sequence encoding a 
signal peptide. In one embodiment, the gene of interest is 
operably linked to a nucleic acid encoding a signal peptide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 The foregoing and other objects, features and 
advantages of the present invention, as well as the invention 
itself, will be more fully understood from the following 
description of preferred embodiments when read together 
with the accompanying drawings, in which: 
0024 FIG. 1 shows a map of the empty pHyb-C vector. 
Features include a SV40 eukaryotic origin of replication, a 
cytomegalovirus eukaryotic expression promoter (pCMV), 
Tripartite leader sequence (TPL), a splice donor site (SD), an 
Adenovirus major late enhancer element (enh MLP), a splice 
acceptor site (SA), an open reading frame (ORF) region for a 
gene of interest followed by a poly A signal (pA), a dyad 
symmetry element (DS), an Epstein Barr virus-derived 
eukaryotic origin of replication (OriP), a repeat region (FR), 
an amplicillin resistance marker (AmpR) and a bacterial ori 
gin of replication (pMB1 ori). 
0025 FIG. 2 shows a map of the empty pHyb-E vector. 
Features include a SV-40 eukaryotic origin of replication, an 
EF-1a eukaryotic promoter, an open reading frame (ORF) 
region for a gene of interest followed by a polyA signal (pA), 
a dyad symmetry element (DS), an Epstein Barr virus-derived 
eukaryotic origin of replication (OriP), a repeat region (FR), 
an ampicillin resistance marker (AmpR) and a bacterial ori 
gin of replication (pMB1 ori). 
0026 FIG. 3 shows recombinant Fc fusion protein titers 
produced by COS cells transfected via electroporation with 
pBOS, pTT3, pHybC and pHybE vectors. 
0027 FIG. 4 shows recombinant Fc fusion protein titers 
produced by HEK-293-6E cells transfected using PEI with 
pBOS, pTT3, pHybC and pHybE vectors. 
(0028 FIG.5 shows antibody titers produced by HEK-293 
6E transfected using PEI with pBOS, pTT3, pHybC and 
pHybE vectors constructed to express an IgG antibody. 
(0029 FIG. 6 shows antibody titers produced by COS 
transfection via electroporation with p3OS, pTT3, pHybC 
and pHybE vectors constructed to express an IgG antibody. 
0030 FIG. 7 shows antibody titers produced by COS 
transfection via electroporation with pHyb-E-Swa I (v1) or 
pHyb-E (V2) vector constructs expressing an IgG antibody. 
0031 FIG. 8 shows a map of the pHybC-mBR3-mCg2a 
vector (also referred to as “pHybC-mBR3-Fc'). 
0032 FIG. 9 shows a map of the pHybE-mBR3-mCg2a 
vector (also referred to as “pHybE-mBR3-Fc'). 
0033 FIG. 10 shows a map of the pHybC-E7-hCk vector 
(also referred to as “pHybC-E7'). 
0034 FIG. 11 shows a map of the pHybC-D2-hCg1.Z.a 
vector (also referred to as “pHybC-D2). 
0035 FIG. 12 shows a map of the pHybE-D2-hCg1.Z.a 
vector (also referred to as “pHybE-D2). 
0036 FIG. 13 shows a map of the pHybE-E7-hCk vector 
(also referred to as “pHybE-E7). 
0037 FIG. 14 shows a map of pHybE-hCg1.Z.a V2 (also 
referred to as “plP182). 
0038 FIG. 15 shows a map of pHybE-hCg1.Z. non-a V2 
(also referred to as “p.JP183”). 
0039 FIG. 16 shows a map of pHybE-hCg1.Z. non-amut 
(234.235) V2 (also referred to as “p.JP184”). 
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0040 FIG. 17 shows a map of pHybE-hCg1.Z. non-amut 
(234.237) V2 (also referred to as “p.JP185”). 
0041 FIG. 18 shows a map of pHybE-hCg2.n+V2 (also 
referred to as “plP186”). 
0042 FIG. 19 shows a map of pHybE-hCg2.n-V2 (also 
referred to as “plP187”). 
0043 FIG. 20 shows a map of pHybE-hCg4 V2 (also 
referred to as “plP188”). 
0044 FIG. 21 shows a map of pHybE-mCg1 V2 (also 
referred to as “plP189'). 
0045 FIG. 22 shows a map of pHybE-mCg2a V2 (also 
referred to as “plP190’). 
0046 FIG. 23 shows a map of pHybE-hCk V2 (also 
referred to as “plP191'). 
0047 FIG. 24 shows a map of pHybE-hC1 V2 (also 
referred to as “plP192'). 
0048 FIG. 25 shows a map of pHybE-mCk V2 (also 
referred to as “plP193”). 

DETAILED DESCRIPTION OF THE INVENTION 

I. Definitions 

0049. In order that the present invention may be more 
readily understood, certain terms are first defined herein. 
0050. The term “nucleic acid' or “nucleic acid molecule. 
as used herein, is intended to include DNA, RNA, mRNA, 
cDNA, genomic DNA, and analogs thereof. A nucleic acid 
molecule may be single-stranded or double-stranded, but 
preferably is double-stranded DNA. A nucleic acid may be 
isolated, or integrated into another nucleic acid molecule, 
e.g., an expression vector or the chromosome of an eukaryotic 
host cell. 

0051. An "isolated nucleic acid molecule is one that is 
separated from other nucleic acid molecules that are present 
in the natural source of the nucleic acid. For example, with 
regards to genomic DNA, the term "isolated includes nucleic 
acid molecules that are separated from the chromosome with 
which the genomic DNA is naturally associated. Preferably, 
an "isolated nucleic acid is free of sequences that naturally 
flank the nucleic acid (i.e., sequences located at the 5' and 3' 
ends of the nucleic acid) in the genomic DNA of the organism 
from which the nucleic acid is derived. Moreover, an “iso 
lated nucleic acid molecule, such as a cDNA molecule, can 
be substantially free of other cellular material, or culture 
medium when produced by recombinant techniques, or Sub 
stantially free of chemical precursors or other chemicals 
when chemically synthesized. 
0052. The terms “recombinant vector or “vector, used 
interchangeably herein, refers to a nucleic acid molecule 
capable of transporting another nucleic acid to which it has 
been linked. One type of vector is a “plasmid', which refers to 
a circular double stranded DNA loop into which additional 
DNA segments may be ligated. Alternatively, a vector can be 
linear. Another type of vector is a viral vector, wherein addi 
tional DNA segments may be ligated into the viral genome. 
Certain vectors are capable of autonomous replication in a 
host cell into which they are introduced (e.g., bacterial vec 
tors having a bacterial origin of replication and episomal 
mammalian vectors). Other vectors (e.g., non-episomal 
mammalian vectors) can be integrated into the genome of a 
host cell upon introduction into the host cell, and thereby are 
replicated along with the host genome. In a preferred embodi 
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ment, the vectors of the invention are episomal mammalian 
vectors. The term “construct’, as used herein, also refers to a 
Vector. 

0053 Certain vectors are capable of directing the expres 
sion of genes to which they are operatively linked. An 
“expression vector” or “recombinant expression vector” is a 
nucleic acid molecule encoding a gene that is expressed in a 
host cell, and, furthermore, contains the necessary elements 
to control expression of the gene. Typically, an expression 
vector comprises a transcription promoter, a gene of interest, 
and a transcription terminator. Gene expression is usually 
placed under the control of a promoter, and Such a gene is said 
to be “operably linked to the promoter. Similarly, a regula 
tory element and a core promoter are operably linked if the 
regulatory element modulates the activity of the core pro 
moter. In one embodiment, the expression vector of the inven 
tion comprises more that one origin of replication, thus not 
limiting the vector to one cell type. 
0054 As used herein, the term “episomally replicating 
vector” or “episomal vector” refers to a vector that is typically 
and very preferably not integrated into the genome of the host 
cell, but exists in parallel. An episomally replicating vector, as 
used herein, is replicated during the cell cycle and in the 
course of this replication the vector copies are distributed 
statistically in the resulting cells depending on the number of 
the copies present before and after cell division. Preferably, 
the episomally replicating vector may take place in the 
nucleus of the host cell, and preferably replicates during 
S-phase of the cell cycle. Moreover, the episomally replicat 
ing vector is replicated at least once, i.e., one or multiple 
times, in the nucleus of the host cell during S-phase of the cell 
cycle. In a very preferred embodiment, the episomally repli 
cating vector is replicated once in the nucleus of the host cell 
during S-phase of the cell cycle. 
0055 As used herein, the terms “origin of replication 
sequences' or “origin of replication used interchangeably 
herein, refer to sequences which, when present in a vector, 
initiate replication. An origin of replication may be recog 
nized by a replication initiation factor or, alternatively, by a 
DNA helicase. 

0056. As used herein, “recombination” refers to a process 
by which nucleic acid material, e.g., DNA, is exchanged 
between two nucleic acid molecules, for example, in a micro 
organism. As used herein, "homologous recombination” 
refers to a process by which nucleic acid material is 
exchanged between two nucleic acid molecules through 
regions or segments of sequence homology, or preferably, 
sequence identity (e.g., a high degree of sequence identity). In 
exemplary embodiments, the nucleic acid material is located 
on a chromosome or an episome of the microorganism. In 
another exemplary embodiments, the nucleic acid material is 
located extrachromasomally, for example, on a plasmid. 
Recombination can occur between linear and/or circular 
DNA molecules. 

0057. As used herein, the term “gene of interest” refers to 
an exogenous DNA sequence that is added to the vector of the 
invention. The gene of interest, for example, may comprise a 
coding sequence that can be either spaced by introns or that is 
a cDNA encoding the open reading frame. The "gene of 
interest” as used herein, refers to the DNA sequence that is 
added to the vector of the invention for eventual protein 
expression. The region of the vector to which the gene of 
interest is cloned is referred to herein as an “insertion site.” 
Preferably, the gene of interest comprises a portion of the 
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antibody or fusion protein that is expressed using a vector of 
the invention. For example, the heavy chain variable region of 
the antibody adalimumab, i.e., the gene of interest, is cloned 
into the vector of the invention that comprises a heavy chain 
constant region. 
0.058. In one embodiment of the invention, the vector com 
prises an antibody light or heavy chain constant region that is 
3' to the insertion site for the gene of interest and is operably 
linked thereto. Thus, in one embodiment, the gene of interest 
is a variable region of a light or heavy chain of an antibody 
that is operably linked to the antibody light or heavy chain 
constant region encoded in the vector of the invention. 
0059 A nucleotide sequence is “operably linked when 
placed into a functional relationship with another nucleotide 
sequence. For example, DNA encoding a signal peptide is 
operably linked to DNA encoding a protein or polypeptide if, 
when expressed, the sequences encode the signal peptide in 
frame with the protein or polypeptide. Likewise, a promoter 
or enhancer is operably linked to a nucleotide sequence 
encoding a protein or polypeptide if expression of the protein 
or polypeptide is promoted or enhanced. In one embodiment, 
nucleotide sequences that are operably linked are contiguous 
(e.g., in the case of a signal sequences). Alternatively, nucle 
otide sequences that are operably linked can be non-contigu 
ous (e.g., in the case of enhancers). In one embodiment, the 
nucleic acid sequence encoding an antibody light or heavy 
chain constant region is operably linked to the gene of inter 
est, e.g., a heavy or light chain variable region. 
0060. The term “promoter” includes any nucleic acid 
sequence Sufficient to direct transcription in a eukaryotic cell, 
including inducible promoters, repressible promoters and 
constitutive promoters. Typically, a promoter includes ele 
ments that are Sufficient to render promoter-dependent gene 
expression controllable in a cell type-specific, tissue-specific 
or temporal-specific manner, or inducible by external signals 
or agents. Such elements can be located in the 5' or 3' or intron 
sequence regions of a particular gene. Ordinarily, gene 
expression will be constitutive, although regulatable promot 
ers can be employed in the present invention if desired. Gene 
expression can also be controlled by transcription-regulation 
using heat, light, or metals, such as by the use of metallothion 
ine genes or heat shock genes. 
0061 “Upstream” and “downstream” are terms used to 
describe the relative orientation between two elements 
present in a nucleotide sequence or vector. An element that is 
“upstream” of another is located in a position closer to the 5' 
end of the sequence (i.e., closer to the end of the molecule that 
has a phosphate group attached to the 5' carbon of the ribose 
or deoxyribose backbone if the molecule is linear) than the 
other element. An element is said to be "downstream' when it 
is located in a position closer to the 3' end of the sequence (i.e., 
the end of the molecule that has anhydroxyl group attached to 
the 3' carbon of the ribose or deoxyribose backbone in the 
linear molecule) when compared to the other element. 
0062. As used herein, the term "stuffer sequence” refers to 
a nucleic acid sequence, preferably in a vector, which is 
flanked by restriction enzyme sites at both the 5' and 3' ends. 
The stuffer sequence is located in a vector at the insertion site 
for the nucleic acid encoding the gene of interest. During the 
cloning process, the stuffer sequence is digested away from 
the vector using the appropriate restriction enzymes, and the 
nucleic acid encoding the gene of interest is ligated or 
homologously recombined into the vector at the former posi 
tion of the stuffer sequence. Preferably, the stuffer sequence is 
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large enough to provide sufficient distance between the 5' and 
3' restriction enzyme sites So that the restriction enzyme can 
efficiently cut the vector. In addition, it is preferred that the 
length of the stuffer sequence is different than the size of the 
nucleic acid encoding the gene of interest, e.g., a stuffer 
sequence of about 300 base pairs or less or about 400 base 
pairs or more may be used for a nucleic acid encoding the 
gene of interest that is about 350 base pairs. In another 
embodiment, the stuffer sequence is about 1 kb in size. 
0063. The term “recombinant host cell’ (or simply “host 
cell”), as used herein, is intended to refer to a cell into which 
a recombinant expression vector has been introduced. It 
should be understood that such terms are intended to refer not 
only to the particular Subject cell but to the progeny of such a 
cell. Because certain modifications may occur in Succeeding 
generations due to either mutation or environmental influ 
ences, such progeny may not, in fact, be identical to the parent 
cell, but are still included within the scope of the term “host 
cell as used herein. 

0064. The term “antibody” as referred to herein includes 
whole antibodies and any antigen binding fragment (i.e., 
'antigen-binding portion') or single chains thereof. An “anti 
body' refers to a glycoprotein comprising at least two heavy 
(H) chains and two light (L) chains inter-connected by disul 
fide bonds, or an antigenbinding portion thereof. Each heavy 
chain is comprised of a heavy chain variable region (abbre 
viated herein as V) and a heavy chain constant region. The 
heavy chain constant region is comprised of three domains, 
CH1, CH2 and CH3. Each light chain is comprised of a light 
chain variable region (abbreviated herein as V) and a light 
chain constant region. The light chain constant region is com 
prised of one domain, CL. The V and V regions can be 
further subdivided into regions of hypervariability, termed 
complementarity determining regions (CDR), interspersed 
with regions that are more conserved, termed framework 
regions (FR). Each VandV, is composed of three CDRs and 
four FRS, arranged from amino-terminus to carboxy-termi 
nus in the following order: FR1, CDR1, FR2, CDR2, FR3, 
CDR3, FR4. The variable regions of the heavy and light 
chains contain a binding domain that interacts with an anti 
gen. The six CDRs of a V and V, combination form an 
antigen binding site. In the case of an antibody composed of 
two H chains and two L chains, the antibody may contain two 
identical antigen binding sites, two different antigen binding 
sites that bind the same antigen, or two antigen binding sites 
that bind different antigens. The constant regions of the anti 
bodies may mediate the binding of the immunoglobulin to 
host tissues or factors, including various cells of the immune 
system (e.g., effector cells) and the first component (Cld) of 
the classical complement system. 
0065. The term “antigen-binding portion of an antibody 
(or simply “antibody portion'), as used herein, refers to one or 
more fragments of an antibody that retain the ability to spe 
cifically bind to an antigen (e.g., IL-1C, IL-B). The antigen 
binding function of an antibody can be performed by frag 
ments of a full-length antibody. Examples of binding 
fragments encompassed within the term “antigen-binding 
portion' of an antibody include (i) a Fab fragment, a monova 
lent fragment consisting of the V, V, CL and CH1 domains; 
(ii) a F(ab')2 fragment, a bivalent fragment comprising two 
Fab fragments linked by a disulfide bridge at the hinge region; 
(iii) a Fd fragment consisting of the V and C domains; (iv) 
a FV fragment consisting of the V, and V. domains of a single 
arm of an antibody, (v) a dAb fragment (Ward et al. (1989) 
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Nature 341:544-546), which consists of a V or V, domain; 
and (vi) an isolated complementarity determining region 
(CDR). Furthermore, although the two domains of the Fv 
fragment, VL and V, are coded for by separate genes, they 
can be joined, using recombinant methods, by a synthetic 
linker that enables them to be made as a single protein chain 
in which the VL and VH regions pair to form monovalent 
molecules (known as single chain FV (ScFV); see e.g., Bird et 
al. (1988) Science 242:423-426; and Huston et al. (1988) 
Proc. Natl. Acad. Sci. USA 85:5879-5883). Such single chain 
antibodies are also intended to be encompassed within the 
term “antigen-binding portion of an antibody. These anti 
body fragments are obtained using conventional techniques 
known to those with skill in the art, and the fragments are 
screened for utility in the same manner as are intact antibod 
ies. In one embodiment if the invention, the antibody frag 
ment is selected from the group consisting of a Fab, an Fd, an 
Fd', a single chain FV (Sclv), an scv, and a domain antibody 
(dAb). 
0066 Still further, an antibody orantigen-binding portion 
thereof may be part of a larger immunoadhesion molecules, 
formed by covalent or noncovalent association of the anti 
body or antibody portion with one or more other proteins or 
peptides. Examples of Such immunoadhesion molecules 
include use of the streptavidin core region to make a tet 
rameric schv molecule (Kipriyanov et al. (1995) Human Anti 
bodies and Hybridomas 6:93-101) and use of a cysteine resi 
due, a marker peptide and a C-terminal polyhistidine tag to 
make bivalent and biotinylated scFv molecules (Kipriyanov 
et al. (1994) Mol. Immunol. 31:1047-1058). Antibody por 
tions, such as Fc., Fab and F(ab')2 fragments, can be prepared 
from whole antibodies using conventional techniques, such 
as papain or pepsin digestion, respectively, of whole antibod 
ies. Moreover, antibodies, antibody portions and immunoad 
hesion molecules can be obtained using standard recombi 
nant DNA techniques. 
0067. The term “domain refers to a folded protein struc 
ture that retains its tertiary structure independently of the rest 
of the protein. Generally, domains are responsible for discrete 
functional properties of proteins, and in many cases may be 
added, removed or transferred to other proteins without loss 
of function of the remainder of the protein and/or of the 
domain. By single antibody variable domain is meanta folded 
polypeptide domain comprising sequences characteristic of 
antibody variable domains. It therefore includes complete 
antibody variable domains and modified variable domains, 
for example, in which one or more loops have been replaced 
by sequences that are not characteristic of antibody variable 
domains, or antibody variable domains that have been trun 
cated or comprise N- or C-terminal extensions, as well as 
folded fragments of variable domains that retain at least in 
part the binding activity and specificity of the full-length 
domain. 

0068. Variable domains of the invention may be combined 
to form a group of domains; for example, complementary 
domains may be combined, such as VL domains being com 
bined with VH domains. Non-complementary domains may 
also be combined, e.g., VH domain and a second VH domain. 
Domains may be combined in a number of ways, involving 
linkage of the domains by covalent or non-covalent means. 
0069. A “dAb” or “domain antibody” refers to a single 
antibody variable domain (V or V.) polypeptide that spe 
cifically binds antigen. In one embodiment, the vector of the 
invention is used to express a dAb. 
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0070 The phrase “recombinant antibody' refers to anti 
bodies that are prepared, expressed, created or isolated by 
recombinant means, such as antibodies expressed using a 
recombinant expression vector transfected into a host cell, 
antibodies isolated from a recombinant, combinatorial anti 
body library, antibodies isolated from an animal (e.g., a 
mouse) that is transgenic for human immunoglobulin genes 
(see, e.g., Tayloretal. (1992) Nucl. Acids Res. 20:6287-6295) 
or antibodies prepared, expressed, created or isolated by any 
other means that involves splicing of particular immunoglo 
bulin gene sequences (such as human immunoglobulin gene 
sequences) to other DNA sequences. Examples of recombi 
nant antibodies include chimeric, CDR-grafted and human 
ized antibodies. 

(0071. The term “human antibody” refers to antibodies 
having variable and constant regions corresponding to, or 
derived from, human germline immunoglobulin sequences as 
described by, for example, Kabat et al. (See Kabat, et al. 
(1991) Sequences of Proteins of Immunological Interest, 
Fifth Edition, U.S. Department of Health and Human Ser 
vices, NIH Publication No. 91-3242). The human antibodies 
of the invention, however, may include amino acid residues 
not encoded by human germline immunoglobulin sequences 
(e.g., mutations introduced by random or site-specific 
mutagenesis in vitro or by Somatic mutation in vivo), for 
example in the CDRs and in particular CDR3. 
0072 Recombinant human antibodies of the invention 
have variable regions, and may also include constant regions, 
derived from human germline immunoglobulin sequences 
(See Kabat et al. (1991) Sequences of Proteins of Immuno 
logical Interest, Fifth Edition, U.S. Department of Health and 
Human Services, NIH Publication No. 91-3242). In certain 
embodiments, however, Such recombinant human antibodies 
are Subjected to in vitro mutagenesis (or, when an animal 
transgenic for human Ig sequences is used, in Vivo Somatic 
mutagenesis) and thus the amino acid sequences of the VH 
and VL regions of the recombinant antibodies are sequences 
that, while derived from and related to human germline VH 
and VL sequences, may not naturally exist within the human 
antibody germline repertoire in vivo. In certain embodiments, 
however, such recombinant antibodies are the result of selec 
tive mutagenesis or backmutation or both. 
0073. The term “backmutation” refers to a process in 
which some or all of the Somatically mutated amino acids of 
a human antibody are replaced with the corresponding germ 
line residues from a homologous germline antibody 
sequence. The heavy and light chain sequences of a human 
antibody of the invention are aligned separately with the 
germline sequences in the VBASE database to identify the 
sequences with the highest homology. Differences in the 
human antibody of the invention are returned to the germline 
sequence by mutating defined nucleotide positions encoding 
such different amino acid. The role of each amino acid thus 
identified as candidate for backmutation should be investi 
gated for a direct or indirect role in antigen binding and any 
amino acid found after mutation to affect any desirable char 
acteristic of the human antibody should not be included in the 
final human antibody. To minimize the number of amino acids 
Subject to backmutation those amino acid positions found to 
be different from the closest germline sequence but identical 
to the corresponding amino acid in a second germline 
sequence can remain, provided that the second germline 
sequence is identical and colinear to the sequence of the 
human antibody of the invention for at least 10, preferably 12 
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amino acids, on both sides of the amino acid in question. 
Backmutation may occur at any stage of antibody optimiza 
tion. 
0074 The term "chimeric antibody” refers to antibodies 
that comprise heavy and light chain variable region sequences 
from one species and constant region sequences from another 
species, such as antibodies having murine heavy and light 
chain variable regions linked to human constant regions. 
0075. The term “CDR-grafted antibody” refers to antibod 
ies that comprise heavy and light chain variable region 
sequences from one species but in which the sequences of one 
or more of the CDR regions of VH and/or VL are replaced 
with CDR sequences of another species, such as antibodies 
having murine heavy and light chain variable regions in 
which one or more of the murine CDRs (e.g., CDR3) has been 
replaced with human CDR sequences. 
0076. The term “humanized antibody” refers to antibodies 
that comprise heavy and light chain variable region sequences 
from a non-human species (e.g., amouse) but in which at least 
a portion of the VHand/or VL sequence has been altered to be 
more "human-like', i.e., more similar to human germline 
variable sequences. One type of humanized antibody is a 
CDR-grafted antibody, in which human CDR sequences are 
introduced into non-human VHand VL sequences to replace 
the corresponding nonhuman CDR sequences. 
0077. As used herein, the terms “linked,” “fused or 
“fusion” are used interchangeably. These terms refer to the 
joining together of two more elements or components, by 
Whatever means including chemical conjugation or recombi 
nant means. An “in-frame fusion' or “operably linked’ refers 
to the joining of two or more open reading frames (ORFs) to 
form a continuous longer ORF, in a manner that maintains the 
correct reading frame of the original ORFs. Thus, the result 
ing recombinant fusion protein is a single protein containing 
two ore more segments that correspond to polypeptides 
encoded by the original ORFs (which segments are not nor 
mally so joined in nature). Although the reading frame is thus 
made continuous throughout the fused segments, the seg 
ments may be physically or spatially separated by, for 
example, an in-frame linker sequence. 
0078. As used herein, the term “Fc region' includes amino 
acid sequences derived from the constant region of an anti 
body heavy chain. In some embodiments, an Fc region 
includes a polypeptide comprising the constant region of an 
antibody excluding the first constant region immunoglobulin 
domain. 
0079 An Fc region may be a functionally equivalent ana 
log of an Fc region. A functionally equivalent analog of an Fc 
region may be a variant Fc region, comprising one or more 
amino acid modifications to a wild-type or naturally existing 
Fc region. In some embodiments, variant Fc regions possess 
at least 50% homology with a naturally existing Fc region, 
with about 80% to 99% being preferred, including at least 
about 85% homology, at least about 90% homology, at least 
about 95% homology, at least about 96% homology, at least 
about 97% homology, at least 98% homology, or at least 
about 99% homology. Functionally equivalent analogs of an 
Fc region may comprise one or more amino acid residues 
added to or deleted from the N- or C-termini of the protein, 
preferably no more than 30, most preferably no more than 10. 
Functionally equivalent analogs of an Fc region include Fc 
regions operably linked to a fusion partner. 
0080. The terms “Fc fusion” or “Fc fusion protein', as 
used herein, include a protein wherein one or more proteins, 
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polypeptides or Small molecules is operably linked to an Fc 
region or derivative thereof. The term “Fc fusion' as used 
herein is intended to be synonymous with terms such as “Ig 
fusion”, “Ig chimera', and “receptor globulin' (sometimes 
with dashes) as used in the prior art (Chamow et al., 1996, 
Trends Biotechnol 14:52-60; Ashkenazi et al., 1997, Curr 
Opin Immunol 9:195-200). An Fc fusion combines one or 
more Fc regions, or variant(s) thereof, of an immunoglobulin 
with a fusion partner, which in general can be any protein, 
polypeptide, peptide, or Small molecule. In some embodi 
ments, the role of the non-Fc part of an Fc fusion, i.e., the 
fusion partner, may be to mediate target binding, and thus it 
can be functionally analogous to the variable regions of an 
antibody. 
I0081. A variety of linkers may be used in the present 
invention to covalently link Fc polypeptides to a fusion or 
conjugate partner or to generate an Fc fusion. As used herein, 
the terms “linker”, “linker sequence”, “spacer”, “tethering 
sequence' or equivalents thereof refer to a molecule or group 
of molecules (such as a monomer or polymer) that connects 
two molecules and can serve to place the two molecules in a 
preferred configuration. A number of strategies may be used 
to covalently link molecules together. These include, but are 
not limited to, polypeptide linkages between N- and C-ter 
mini of proteins or protein domains, linkage via disulfide 
bonds, and linkage via chemical cross-linking reagents. 

II. Vectors of the Invention 

I0082. The invention provides episomal vectors for 
expressing proteins in mammalian host cells. The vectors of 
the invention are based on the inclusion of two episomal 
origins of replication that allow the vector to be used in any 
cell line containing trans-acting replication initiation factors 
to either of the origins of replication. While the vector may 
also contain the replication initiation factor that binds the 
origin of replication, in a preferred embodiment the trans 
acting replication factor is provided by the host cell. In addi 
tion, in one embodiment, the vectors of the invention provide 
efficient and effective means for production of antibodies and 
Fc fusion proteins, as the vectors contain heavy or light chain 
constant regions operably linked to a gene of interest. 
Examples of vectors of the invention are described in FIGS. 1, 
2, and 8 to 25. In addition, sequences of exemplary vectors are 
provided in SEQID NOs: 1 to 32. FIGS. 1 and 2 (and corre 
sponding SEQID NOs: 1 and 2) describe the “open vector, 
i.e., the vector of the invention that does not contain antibody 
heavy or light chain constant regions and a gene of interest. 
FIGS. 8-25 provides maps of vectors of the invention which 
also comprise various murine or human constant regions, 
with sites for cloning a gene of interest. 
I0083. The vector of the invention comprises at least two 
distinct origins of replication, e.g., OriP origin of replication 
derived from Epstein-Barr virus (EBV) and an SV40 origin of 
replication. The origin of replication may be derived from a 
DNA virus, more preferably from a DNA virus that allows for 
episomal replication, including origins of replication derived 
from, for example, Epstein-Barr virus, Herpes simplex virus, 
Herpesvirus Saimiri, Murine Gammaherpesvirus 68, Human 
Cytomegalovirus, Mouse Cytomegalovirus, Pseudorabiesvi 
rus, Simian Virus 40, Polyoma virus, human BK virus, 
Bovine Papilloma virus, and Adeno-associated virus. 
I0084. In one embodiment, the origin of replication is from 
Epstein-Barr virus, e.g., oriP. or functional parts thereof (ex 
amples of Epstein-Barr functional origins are described in 
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Aiyar et al. (1998) EMBO Journal, 17:6394). The Epstein 
Barr virus origin of replication (OriP) is composed of 2 main 
elements and multiple cis-acting elements that facilitate DNA 
synthesis by the cell and a viral maintenance element. The 
first of the two main elements contains a family of repeats 
(FR), which comprise the EBNA binding sites (shown in 
FIGS. 1 and 2). EBNA is the replication initiation factor that 
initiates replication of the vector via OriP (see Genbank 
accession number V01555 (gi:94734074) for EBNA 
sequence). The second element contained in OriP contains a 
so called dyad symmetry (DS) and its function is to serve as 
an origin recognition element. Generally, the DS and FR 
elements are spaced by several base pairs, typically 1000 bp. 
The relative orientation of OriP. and in particular of DS and 
FR, can be altered without affecting OriP function. The ori 
entation of OriP, and in particular of DS and FR, relative to the 
other elements positioned on the expression vectors of the 
invention, can be altered without affecting OriP function. In a 
preferred embodiment of the invention, wherein the origin of 
replication is an Epstein-Barr virus origin of replication 
(OriP), and wherein the OriP comprises a family of repeats 
(FR) and a dyad symmetry (DS), the consecutive order is such 
that the DS element is between the gene of interest and the FR 
element. In one embodiment, the vector of the invention 
comprises an OriP (Epstein-Barr virus) origin of replication 
comprising nucleotides 1795 to 3545 of SEQ ID NO: 1, or 
sequences 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% 
identical thereto. 

0085. In another embodiment, the vector comprises an 
SV40 origin of replication. The SV40 (Simian Virus 40) 
origin of replication (described, for examp-le, in FIGS. 1 and 
2 as “SV40 Ori') requires a single viral protein, the large 
T-antigen, for initiation of replication of the vector via this 
origin. The SV40 origin of replication may be used in episo 
mal vectors to replicate and maintain said vector (see Calos 
(1996) Trends Genetics 12:462; Harrisonetal. (1994).J Virol 
68:1913; Cooper et al. (1997) PNAS 94:6450; and Ascenzi 
ono et al. (1997) Cancer Lett 118:135). In one embodiment, 
the vector of the invention comprises an SV40 origin of 
replication comprising nucleotides 5834 to 6140 of SEQID 
NO: 1, or sequences 80%, 85%, 90%, 95%, 96%, 97%, 98%, 
or 99% identical thereto. 

I0086) Functional variants of origins of replication 
describe herein are also encompassed in the meaning of ori 
gin of replication according to the present application. 
0087. In addition to the episomal origins of replication, the 
vector of the invention may also have an origin of replication 
for replicating the vector in bacteria. An example, as shown in 
FIGS. 1 and 2 and not meant to be limiting, is the pMB1 ori, 
which functions in E. coli. 

0088. The vector of the invention may also include a 
selectable marker. The selection marker may facilitate the 
cloning and amplification of the vector sequences in prokary 
otic and eukaryotic organisms. In certain embodiments, the 
selection marker will conferresistance to a compound or class 
of compounds, such as an antibiotic. An exemplary selection 
marker that can be used with the nucleic acid molecules and 
expression systems of the present invention is one that confers 
resistance to puromycin. Alternatively, selection markers 
may be used that confer resistance to hygromycin, gpt, neo 
mycin, Zeocin, ouabain, blasticidin, kanamycin, geneticin, 
gentamicin, amplicillin, tetracycline, Streptomycin, spectino 
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mycin, nalidixic acid, rifampicin, chloramphenicol, Zeocin or 
bleomycin, or markers such as DHRF, hisD, trpE, or 
glutamine synthetase. 
0089. Also included in the vector of the invention are 
regulatory elements that are necessary for transcription and 
translation of the gene of interest (as well as the selectable 
marker), into proteins. The transcriptional regulatory ele 
ments normally comprise a promoter 5' of the gene sequence 
to be expressed, transcriptional initiation and termination 
sites, and polyadenylation signal sequence. The term “tran 
scriptional initiation site' refers to the nucleic acid in the 
construct corresponding to the first nucleic acid incorporated 
into the primary transcript, i.e., the mRNA precursor; the 
transcriptional initiation site may overlap with the promoter 
sequences. The term “transcriptional termination site' refers 
to a nucleotide sequence normally represented at the 3' end of 
a gene of interest or the stretch of sequences to be transcribed, 
that causes RNA polymerase to terminate transcription. The 
polyadenylation signal sequence, or poly-A addition signal 
provides the signal for the cleavage at a specific site at the 3' 
end of eukaryotic mRNA and the post-transcriptional addi 
tion in the nucleus of a sequence of about 100-200 adenine 
nucleotides (polyA tail) to the cleaved 3' end. The polyade 
nylation signal sequence includes the sequence AATAAA 
located at about 10-30 nucleotides upstream from the site of 
cleavage, plus a downstream sequence. 
0090. A regulatory element that may be included in the 
vector of the invention is a promoter. The promoter can be 
constitutive or inducible. An enhancer (i.e., a cis-acting DNA 
element that acts on a promoter to increase transcription) may 
be necessary to function in conjunction with the promoter to 
increase the level of expression obtained with a promoter 
alone, and may be included as a transcriptional regulatory 
element. Often, the polynucleotide segment containing the 
promoter will include the enhancer sequences as well (e.g., 
CMV IE P/E; SV40 P/E: MPSV P/E). Splice signals may be 
included where necessary to obtain spliced transcripts. To 
produce a secreted polypeptide, the selected sequence will 
generally include a signal sequence encoding a leader peptide 
that directs the newly synthesized polypeptide to and through 
the ER membrane where the polypeptide can be routed for 
secretion. The leader peptide is often but not universally at the 
amino terminus of a secreted protein and is cleaved off by 
signal peptidases after the protein crosses the ER membrane. 
The selected sequence will generally, but not necessarily, 
include its own signal sequence. Where the native signal 
sequence is absent, a heterologous signal sequence can be 
fused to the selected sequence. Numerous signal sequences 
are known in the art and available from sequence databases 
such as GenBank and EMBL. Translational regulatory ele 
ments include a translational initiation site (AUG), stop 
codon and polyA signal for each individual polypeptide to be 
expressed. An internal ribosome entry site (IRES) is included 
in some constructs. 

0091 Promoters for use in the present invention include 
viral, mammalian and yeast promoters, e.g., murine beta 
globin promoter, ubiquitin promoter, polyoma promoter, 
mammalian cytomegalovirus (CMV) promoter, yeast alcohol 
oxidase, phosphoglycerokinase promoter, lactose inducible 
promoters, galactosidase promoter, adeno-associated viral 
promoter, poxvirus promoter, retroviral promoters, rous sar 
coma virus promoter, adenovirus promoters, SV40 promoter, 
hydroxymethylglutaryl coenzyme A promoter, thymidine 
kinase promoter, H5R poxvirus promoters, adenovirus type 2 
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MPC late promoter, alpha-antrypsin promoter, fox IX pro 
moter, immunoglobulin promoter, CFTR surfactant pro 
moter, albumin promoter and transferrin promoter. A pro 
moter selected for use with nucleic acids and expression 
vectors of the invention can provide for (1) high levels of 
expression, e.g., in driving expression of the gene of interest, 
or (2) decreased levels of expression (after weakening by 
modification), e.g., in driving expression of the selectable 
marker gene. Preferably, the promoter driving the gene of 
interest is a strong promoter, e.g., ubiquitin, CMV, EF-1C. and 
SRalpha promoters, to increase expression and promote cor 
rect splicing of the product of interest. 
0092. In one embodiment, the vector of the invention 
includes a CMV promoter to drive expression of the gene of 
interest. Use of the CMV promoter is described in U.S. Pat. 
Nos. 5,385.839 and 5,849,522, incorporated by reference 
herein. In one embodiment, the CMV promoter used in the 
vector of the invention is operably linked to the gene of 
interest and nucleotides 1 to 608 of SEQ ID NO: 1. Also 
included in the scope of the invention are CMV promoter 
sequences that are 80%, 85%,90%. 95%, 96%, 97%, 98%, or 
99% identical to nucleotides 1 to 608 of SEQID NO: 1. 
0093. Another promoter that may be used in the vector of 
the invention is a promoter from elongation-factor-1C. (EF 
1C), e.g., human EF-1C. The sequence for the human EF-1C. 
promoter can be found at GenBank Accession No. 
NM 001402 (gi:83367078). In one embodiment, the vector 
of the invention comprises nucleotides 76 to 1267 of SEQID 
NO: 2. Also included in the scope of the invention are EF-1C. 
promoter sequences that are 80%, 85%, 90%, 95%, 96%, 
97%.98%, or 99% identical to nucleotides 1 to 608 of SEQID 
NO: 1. 

0094. In one embodiment, the vector comprises a Swal 
restriction site for cloning purposes. 
0095 Typically, genes (e.g., selectable markers and GOIs) 
are sandwiched between a promoter and a polyadenylation 
site. The poly A sequence used can be from the gene of 
interest (i.e., the native poly A sequence can be used) or a 
heterologous poly A sequence can be used (i.e., from a gene 
different from the GOI), e.g., BGH polyA and SV40 polyA. 
An mRNA is transcribed from the promoters and stabilized 
by the polyadenylation signals located 3' to the coding 
regions. PolyA signals are well-known in the art, and can be 
selected based on suitability for use with the vectors and host 
cells employed in the present invention. Examples of poly A 
signals that can be used include human BGH poly A, SV40 
poly A, human beta actin polyA, rabbit beta globin polyA, 
and immunoglobulin kappa polyA. 
0096. The vector of the invention includes a gene of inter 

est, which the vector as a means for expressing in cell culture. 
The gene of interest may encode a functional nucleic acid 
molecule (e.g., an RNA. Such as an antisense RNA molecule) 
or, more typically, encodes a peptide, polypeptide or protein 
for which increased production is desired. Vectors of the 
invention can have a gene of interest, inserted at an insertion 
site such that the gene of interest is operably linked to a 
regulatory nucleic acid sequence that allows expression of the 
gene of interest. In one embodiment, the vectors of the inven 
tion can be used to express essentially any gene of interest, 
particularly genes encoding recombinant proteins having 
therapeutically useful activity or other commercially relevant 
applications. 
0097. Non-limiting examples of genes of interest include 
hormones, chemokines, cytokines, lymphokines, antibodies, 

Dec. 26, 2013 

receptors, adhesion molecules, and enzymes. A non-exhaus 
tive list of desired products includes, e.g., human growth 
hormone, bovine growth hormone, parathyroid hormone, 
thyroid stimulating hormone, follicle stimulating hormone 
growth, luteinizing hormone; hormone releasing factor, lipo 
proteins; alpha-1-antitrypsin; insulin A-chain; insulin 
B-chain; proinsulin; calcitonin; glucagon; molecules such as 
renin; clotting factors such as factor VIIIC, factor IX, tissue 
factor, and von Willebrands factor; anti-clotting factors such 
as Protein C, atrial natriuretic factor, lung Surfactant; a plas 
minogen activator, Such as urokinase or human urine or tis 
Sue-type plasminogen activator (t-PA); bombesin; thrombin; 
hemopoietic growth factor; tumor necrosis factor-alpha and 
-beta; enkephalinase; RANTES (regulated on activation nor 
mally T-cell expressed and secreted); human macrophage 
inflammatory protein (MIP-1-alpha); a serum albumin such 
as human serum albumin; mullerian-inhibiting Substance; 
relaxin A- or B-chain; prorelaxin, mouse gonadotropin-asso 
ciated peptide; DNase; inhibin; activin; receptors for hor 
mones or growth factors; integrin, protein A or D; rheumatoid 
factors; a neurotrophic factor Such as bone-derived neu 
rotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, 
NT-4, NT-5, or NT-6), growth factors including vascular 
endothelial growth factor (VEGF), nerve growth factor such 
as NGF-beta.; platelet-derived growth factor (PDGF): fibro 
blast growth factor such as aFGF, bFGF, FGF-4, FGF-5, 
FGF-6; epidermal growth factor (EGF); transforming growth 
factor (TGF) such as TGF-alpha and TGF-beta, including 
TGF-B1, TGF-B2, TGF-B3, TGF-B4, or TGF-B5; insulin-like 
growth factor-I and -II (IGF-I and IGF-II): des(1-3)-IGF-I 
(brain IGF-1), insulin-like growth factor binding proteins: 
CD proteins such as CD-3, CD-4, CD-8, and CD-19; eryth 
ropoietin, osteoinductive factors; immunotoxins; a bone mor 
phogenetic protein (BMP); an interferon such as interferon 
alpha, -beta, and -gamma; colony stimulating factors (CSFs), 
e.g., M-CSF, GM-CSF, and G-CSF; interleukins (ILs), e.g., 
IL-1 to IL-33; superoxide dismutase; T-cell receptors; surface 
membrane proteins, e.g., HER2; decay accelerating factor; 
viral antigen Such as, for example, a portion of the AIDS 
envelope; transport proteins; homing receptors; addressins; 
receptors for growth factors, cytokines, chemokines, and 
lymphokines; regulatory proteins; antibodies; chimeric pro 
teins such as immunoadhesins and fragments of any of the 
above-listed polypeptides. Examples of bacterial polypep 
tides or proteins include, e.g., alkaline phosphatase and 
.beta.-lactamase. 

0098. In one aspect of the invention, the vector comprises 
an antibody heavy or light chain region that is operably linked 
to the insertion site. Examples of vectors comprising two 
episomal origins of replication and a light or heavy chain 
constant region of an antibody, can be found in SEQID NOs: 
3-32. 

0099. One embodiment of the invention includes vectors 
that can be used to express a complete antibody, i.e., a variable 
region linked to the constant region for either the heavy or 
light chain. Thus, the gene of interest may encode an antibody 
heavy chain or light chain variable region, which can be of 
any antibody type, e.g., murine, chimeric, humanized, and 
human. A gene of interest encoding a heavy chain or light 
chain variable region may include the full length variable 
region, or alternatively, may encode only a fragment of the 
heavy chain or light chain, e.g., the antigen binding portion 
region. In one embodiment, the gene of interest encodes a 
murine or human antibody variable region. In Such an 
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instance, the constant region may be matched to the species of 
the variable region (SEQ ID NOs: 3-8, 27 and 28 encode 
murine constant regions, while SEQID NOs: 9-26 and 29-32 
encode human constant regions). 
0100. In one embodiment, the vector of the invention 
includes a nucleic acid sequence encoding an antibody heavy 
constant region having certain isotype and/or allotype char 
acteristics. The heavy chain constant region may, for 
example, be a gamma isotype (IgG). Such as gamma 1. 
gamma 2, gamma 3, or gamma 4. In one embodiment, the 
heavy chain gamma 1 constant region is a certain allotype, 
including, but not limited to, allotypes Z, a and Z. non-a. The 
Z, a, allotype is also known as Glm17 and Glml allotypes, 
and corresponds to IGHG 1 with Lys at position 214 (within 
CH1), Asp at 356 (CH3), and Leu at 358 (CH3) (numbering 
according to the EU number system). The Z. non-a allotype, 
also known as Glm17, and nGlml allotypes, corresponds to 
IGHG 1 with Lys at position 214 (within CH1), Glu at 356 
(CH3), and Met at 358 (CH3) (numbering according to the 
EU number system). 
0101. In another embodiment, the heavy chain gamma 2 
constant region (hcG2) is a certain allotype, including, but not 
limited to, n- or n+. The n+ allotype of hcG2, also known as 
G2m (n) or G2m (23), corresponds to IGHG2 with Thr at 
position 189 in CH1 and Met at position 282 (numbering 
according to the EU number system). The n- allotype of 
hcG2, also known as G2m (n-), corresponds to IGHG2 with 
Pro at position 189 in CH1 and Valat position 282 (numbering 
according to the EU number system). Additional details of the 
n+ and n- allotypes are described in Hougs et al. (2001) 
Immunogenetics 52:242 and Brusco et al. (1995) Immunoge 
netics 42:414. 
0102. In other embodiments, the heavy chain constant 
region may be an IgM, IgA (IgA1 or IgA2), Ig|D, or IgE 
isotype. 
0103) In one embodiment, the heavy chain constant region 
may have the following human isotype and allotype charac 
teristics: gamma 1, Z, a gamma 1, Z. non-a; gamma 2., n+: 
gamma 2., n-, or gamma 4. In one embodiment, the isotype? 
allotype gamma 1, Z. non-a may include a mutation at position 
234 of the heavy chain constant region. In a further embodi 
ment, the isotypefallotype gamma 1, Z. non-a may include 
mutations at position 234 and 235 or 234 and 237 of the heavy 
chain constant region. Examples of such vectors are provided 
in FIGS. 8 to 25. 
0104. In another example, the light chain constant region 
encoded in the vector of the invention may comprise a kappa 
isotype or lambda isotype. 
0105. The constant regions encoded by the vector of the 
invention are not limited to human, but may instead include 
murine or other species of constant regions. In one embodi 
ment, the expression vector of the invention comprises a 
nucleic acid encoding a heavy chain constant region that is 
either a murine gamma 1 isotype or a murine gamma 2a 
isotype, or a light chain constant region that is a murine kappa 
isotype. 
0106 Two vectors of the invention, pHybC and pHybE, 
are empty vectors in that these vectors do not contain constant 
regions, and may be used for cloning genes of interest. 
Descriptions of pHybC and pHybE are provided below, and 
maps of these vectors can be found in FIGS. 1 and 2. 
pHybC 
0107 The pHybC vector (empty) contains two viral ori 
gins of replication, Such that the vector may be replicated in 
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different cell lines. pHybC contains the following elements: 
an SV40 origin of replication (“SV40 Ori'), which allows for 
vector plasmid replication in cells expressing the large T 
antigen protein of SV40 (e.g., a COS7 cell); a CMV promoter 
(“pCMV) operably linked to the insertion site for a gene of 
interest; a Tripartite leader sequence (TPL); a splice donor 
site (SD); an Adenovirus major late enhancer element (enh 
MLP); a splice acceptor site (SA); an open reading frame 
(ORF) region for a gene of interest followed by a poly A 
signal (pA); a dyad Symmetry element (DS); an Epstein Barr 
virus-derived eukaryotic origin of replication (OriP), which 
permits replication of the vector plasmid in cells expressing 
the viral EBNA-1 protein (e.g., HEK-293-6E cells); a repeat 
region (FR); an amplicillin resistance marker (AmpR); and a 
bacterial origin of replication (pMB1 ori). The pHybC vector 
utilizes the pCMV promoter, one of the strongest promoter 
elements available. A vector map of pHybC (empty) is 
described in FIG.1. The nucleic acid sequence of the pHybC 
vector is set forth in SEQID NO:1. 
pHybE 
0108. The pHybE vector (empty) contains two origins of 
replication, such that the vector may be replicated in different 
cell lines. pHybE contains the following elements: an SV40 
origin of replication (“SV40 Ori'), which allows for vector 
plasmid replication in cells expressing the large T antigen 
protein of SV40 (e.g., a COS7 cell); an EF-1a eukaryotic 
promoter operably linked to the insertion site for a gene of 
interest; an open reading frame (ORF) region for a gene of 
interest followed by a polyA signal (pA); a dyad symmetry 
element (DS); an Epstein Barr virus-derived eukaryotic ori 
gin of replication (OriP); a repeat region (FR); an amplicillin 
resistance marker (AmpR); and a bacterial origin of replica 
tion (pMB1ori) A vector map of pHybE (empty) is described 
in FIG. 2. pHybE is distinguished from pHybC in that it 
pHybE contains an EF-1a promoter operably linked to the 
insertion site for the gene or interest, while pHybC contains a 
CMV promoter. The nucleic acid sequence of the pHybE 
vector is set forth in SEQID NO:2. 
0.109 The below-mentioned vectors are based on either 
pHybE or pHybC, and additionally contain immunoglobulin 
heavy or light chain constant regions. As with pHybE and 
pHybC, the following vectors have cloning sites that may be 
used for the insertion of a gene of interest, e.g., a coding 
sequence of a immunoglobin variable region, or an antigen 
binding portion thereof. In each instance, the cloning site for 
the gene of interest is adjacent to the coding sequence of a 
constant region contained within the vector. Thus, the vectors 
below may be used to express antibody light or heavy chains 
containing a particular constant region and a particular vari 
able region. As with pHybC and pHybE, each of the below 
mentioned vectors of the invention contain multiple origins of 
replication, such that the antibody light or heavy chain may be 
expressed in different cell lines using the same vector. 
Descriptions of additional vectors of the invention are 
described below (see also vector maps provided in FIGS. 8 to 
25). It should be noted that pHyb vectors described as version 
1 (V1) have an additional Swa I site upstream of the Srf I 
restriction site, whereas pHyb vectors described as version 2 
(V2) do not have the additional Swa I site. 
Vectors of the Invention Comprising Murine Constant 
Regions pHybC-mCg2a Vector pHybC-mCg2a is based on 
the pHybC vector (thus contains all of the elements described 
above for pHybC). This vector also comprises the murine 
immunoglobulin coding sequence for the gamma 2a heavy 
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chain constant region. Thus, in one embodiment, the pHybC 
mCg2a vector may be used to express an antibody heavy 
chain comprising an immunoglobulin heavy chain variable 
region (orportion thereof) and a murine gamma2 heavy chain 
constant region. Alternatively, pHybC-mCg2 may be used to 
express a gene of interest fused to a gamma 2 heavy chain 
constant region, e.g., an Fc fusion protein. FIG. 8 shows a map 
of the pHybC-mBR3-mCg2a which comprises the coding 
sequence for the extracellular domain (ECD) of the murine 
BR3 protein as the gene of interest. The nucleic acid sequence 
of pHybC-mBR3-mCg2a is set forth in SEQID NO:27. 
pHybE-mCk 
0110 Vector pHybE-mCk is based on the pHybE vector 
(thus contains all of the elements described above for 
pHybE). pHybE-mCk also comprises the murine immuno 
globulin coding sequence for the kappa light chain constant 
region. Thus, in one embodiment, the pHybE-mCk vector 
may be used to express an antibody light chain comprising an 
immunoglobulin light chain variable region and a murine 
kappa light chain constant region. Alternatively, pHybE-mCk 
may be used to express a gene of interest fused to a murine 
kappa light chain constant region. A vector map of pHybE 
mCkV2 is provided in FIG. 25. The nucleic acid sequence of 
pHybE-mCkV1 is set forth in SEQID NO:3 and the nucleic 
acid sequence of pHybE-mCk V2 is set forth in SEQ ID 
NO:4. 

pHybE-mCgl 
0111 pHybE-mCg1 is based on the pHybE vector (thus 
contains all of the elements described above for pHybE). This 
vector also comprises the murine immunoglobulin coding 
sequence for the gammal heavy chain constant region. Thus, 
in one embodiment, the pHybE-mCg1 vector may be used to 
express an antibody heavy chain comprising an immunoglo 
bulin heavy chain variable region and a murine gamma 1 
heavy chain constant region. Alternatively, pHybE-mCgl 
may be used to express a gene of interest fused to a murine 
gamma 1 heavy chain constant region, e.g., an Fc fusion 
protein. A vector map of pHybE-mCg 1 V2 is provided in FIG. 
21. The nucleic acid sequence of pHybE-mCg1 V1 is set forth 
in SEQ ID NO:5 and the nucleic acid sequence of pHybE 
mCg1 V2 is set forth in SEQID NO:6. 
pHybE-mCg2a 
0112 pHybE-mCg2a is based on the pHybE vector (thus 
contains all of the elements described above for pHybE). This 
vector also comprises the murine immunoglobulin coding 
sequence for the gamma 2a heavy chain constant region. 
Thus, in one embodiment, the pHybE-mCg2a vector may be 
used to express an antibody heavy chain comprising an 
immunoglobulin heavy chain variable region and a murine 
gamma 2 heavy chain constant region. Alternatively, pHybE 
mCg2a may be used to express a gene of interest fused to a 
gamma 2 heavy chain constant region, e.g., an Fc fusion 
protein. A vector map of pHybE-mCg2a V2 is provided in 
FIG. 22. The nucleic acid sequence of pHybE-mCg2a V1 is 
set forth as SEQID NO:7 and the nucleic acid sequence of 
pHybE-mCg2a V2 is set forth in SEQ ID NO:8. As an 
example of one embodiment of how the pHybE-mCg2a may 
be used, FIG. 9 shows a map of pHybE-mBR3-mCg2a. The 
vector described in FIG. 9 contains the coding sequence for 
the extracellular domain (ECD) of the murine BR3 protein. 
The nucleic acid sequence of pHybE-mBR3-mCg2a is set 
forth in SEQID NO:28. 
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Vectors of the Invention Comprising Human Constant 
Regions 
0113 pHybC-E7-hCk 
0114 pHybC-E7-hCk is based on the pHybC vector (thus 
contains all of the elements described above for pHybC). This 
vector also comprises the human immunoglobulin coding 
sequence for the kappa light chain constant region. In addi 
tion, pHybC-E7-hCk contains the coding sequence of the 
light chain variable region of adalimumab (also referred to as 
“E7'). A vector map of pHybC-E7-hCk is provided in FIG. 
10, and the nucleic acid sequence of pHybC-E7-hCk is set 
forth in SEQID NO:29. 
pHybC-D2-hCg1.Z.a 
0115 pHybC-D2-hCg1.Z, a is based on the pHybC vector 
(thus contains all of the elements described above for 
pHybC). This vector also comprises the coding sequence for 
the gamma 1.Z.a heavy chain constant region. In addition, 
pHybC-D2-hCg1.Z.a contains the coding sequence of the 
heavy chain variable region of adalimumab (also referred to 
as “D2). A vector map of pHybC-D2-hCg1.Z.a is provided in 
FIG. 11. The nucleic acid sequence of pHybC-D2-hCg1.Z.a is 
set forth in SEQID NO:30. 
pHybE-hCk 
0116 pHybE-hCk is based on the pHybE vector (thus 
contains all of the elements described above for pHybE). This 
vector also comprises the human immunoglobulin coding 
sequence for the kappa light chain constant region. Thus, for 
example, the pHybE-hCk vector may be used to express an 
antibody light chain comprising an immunoglobulin variable 
light chain region and a human kappa light chain constant 
region. Alternatively, pHybE-hCk may be used to express a 
gene of interest fused to a kappa light chain constant region. 
A vector map of pHybE-hCk V2 is provided in FIG. 23. The 
nucleic acid sequence of pHybE-hCk V1 is set forth in SEQ 
ID NO:9 and the nucleic acid sequence of pHybE-hCk V2 is 
set forth in SEQID NO:10. A vector map of pHybE-E7-hCk 
is also provided in FIG. 13. In addition to all of the elements 
of the pHybE-hCk vector described above, pHybE-E7-hCk 
contains the coding sequence of the light chain variable 
region of adalimumab (also referred to as “E7'). The nucleic 
acid sequence of pHybE-E7-hCk is set forth in SEQ ID 
NO:32. 
pHybE-hCl 
0117 pHybE-hCl is based on the pHybEvector (thus con 
tains all of the elements described above for pHybE). This 
vector also comprises the human immunoglobulin coding 
sequence for the lambda light chain constant region. Thus, in 
one embodiment, the pHybE-hC1 vector may be used to 
express an antibody light chain comprising an immunoglo 
bulin variable light chain region and a human lambda light 
chain constant region. Alternatively, pHybE-hC1 may be used 
to express a gene of interest fused to a lambda light chain 
constant region. A vector map of pHybE-hC1 V2 is provided 
in FIG. 24. The nucleic acid sequence of pHybE-hC1V1 is set 
forth in SEQ ID NO:11 and the nucleic acid sequence of 
pHybE-hC1V2 is set forth in SEQID NO:12. 
pHybE-hCg1.Z.a 
0118 pHybE-hCg1.Z.a is based on the pHybEvector (thus 
contains all of the elements described above for pHybE). This 
vector also comprises human immunoglobulin coding 
sequence for the gamma 1.Z.a heavy chain constant region. 
Thus, in one embodiment, the pHybE-hCg1.Z.a vector may 
be used to express an antibody heavy chain comprising an 
immunoglobulin variable heavy chain region and a human 
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gamma 1.Z,a heavy chain constant region. Alternatively, 
pHybE-hCg1.Z.a may be used to express a gene of interest 
fused to a gamma 1.Z.a heavy chain constant region, e.g., an Fc 
fusion protein. A vector map of pHybE-hCg1.Z.a is provided 
in FIG. 14. The nucleic acid sequence of pHybE-hCg1.Z.a V1 
is set forth in SEQID NO:13 and the nucleic acid sequence of 
pHybE-hCg1.Z.a V2 is set forth in SEQID NO:14. A vector 
map for pHybE-D2-hCg 1,7,a is provided in FIG. 12. In addi 
tion to the elements of pHybE-hCg1.Z.a described above, 
pHybE-D2-hCg1.Z.a contains the coding sequence of the 
heavy chain variable region of adalimumab (also referred to 
as “D2). The nucleic acid sequence of pHybE-D2-hCg 1,7,a 
is set forth in SEQID NO:31. 
pHybE-hCg1.Z.non-a 
0119 pHybE-hCg1.Z. non-a is based on the pHybE vector 
(thus contains all of the elements described above for 
pHybE). This vector also comprises human immunoglobulin 
coding sequence for the gamma 1.Z. non-a heavy chain con 
stant region. Thus, in one embodiment, the pHybE-hCg1.Z. 
non-a vector may be used to express an antibody heavy chain 
comprising an immunoglobulin variable heavy chain region 
and a human gamma 1.Z. non-a heavy chain constant region. 
Alternatively, pHybE-hCg1.Z. non-a may be used to express a 
gene of interest fused to a gamma 1.Z. non-a heavy chain 
constant region, e.g., an Fc fusion protein. A vector map of 
pHybE-hCg1.Z. non-aV2 is provided in FIG. 15. The nucleic 
acid sequence of pHybE-hCg1.Z.non-aV1 is set forth in SEQ 
ID NO:15 and the nucleic acid sequence of pHybE-hCg1.Z. 
non-aV2 is set forth in SEQID NO:16. 
pHybE-hCg1.Z. non-amut (234,235) 
0120 pHybE-hCg1.Z. non-a, mut(234,235) is based on the 
pHybE vector (thus contains all of the elements described 
above for pHybE). This vector also comprises human immu 
noglobulin coding sequence for the gamma 1.Z. non-amut 
(234.235) heavy chain constant region. Thus, in one embodi 
ment, the pHybE-hCg1.Z.non-amut (234,235) vector may be 
used to express an antibody heavy chain comprising an 
immunoglobulin variable heavy chain region and a human 
gamma 1.Z. non-a.mut(234.235) heavy chain constant region. 
Alternatively, pHybE-hCg1.Z. non-a.mut(234.235) may be 
used to express a gene of interest fused to a gamma 1.Z. non 
a.mut(234.235) heavy chain constant region, e.g., an Fc fusion 
protein. A vector map of pHybE-hCg1.Z. non-a, mut(234,235) 
V2 is provided in FIG. 16. The nucleic acid sequence of 
pHybE-hCg1.Z. non-amut (234,235)V1 is set forth in SEQID 
NO:17 and the nucleic acid sequence of pHybE-hCg1.Z. non 
a.mut(234.235) V2 is set forth in SEQID NO:18. 
pHybE-hCg1.Z. non-amut (234,237) 
0121 pHybE-hCg1.Z. non-a, mut(234,237) is based on the 
pHybE vector (thus contains all of the elements described 
above for pHybE). This vector also comprises human immu 
noglobulin coding sequence for the gamma 1.Z. non-amut 
(234.237) heavy chain constant region. Thus, in one embodi 
ment, the pHybE-hCg1.Z.non-amut (234,237) vector may be 
used to express an antibody heavy chain comprising an 
immunoglobulin variable heavy chain region and a human 
gamma 1.Z. non-a.mut(234.237) heavy chain constant region. 
Alternatively, pHybE-hCg1.Z. non-a.mut(234,237) may be 
used to express a gene of interest fused to a gamma 1.Z. non 
a.mut(234.237) heavy chain constant region, e.g., an Fc fusion 
protein. A vector map of pHybE-hCg1.Z. non-a, mut(234,237) 
V2 is provided in FIG. 17. The nucleic acid sequence of 
pHybE-hCg1.Z. non-amut (234,237)V1 is set forth in SEQID 
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NO:19 and the nucleic acid sequence of pHybE-hCg1.Z. non 
a.mut(234,237) V2 is set forth in SEQID NO:20. 
pHybE-hCg2.n- 
0.122 pHybE-hCg2.n- is based on the pHybE vector (thus 
contains all of the elements described above for pHybE). This 
vector also comprises the human immunoglobulin coding 
sequence for the gamma 2.n- heavy chain constant region. 
Thus, in one embodiment, the pHybE-hCg2.n-vector may be 
used to express an antibody heavy chain comprising an 
immunoglobulin variable heavy chain region and a human 
gamma 2.n- heavy chain constant region. Alternatively, 
pHybE-hCg2.n- may be used to express a gene of interest 
fused to a gamma2.n-heavy chain constant region, e.g., an Fc 
fusion protein. A vector map of pHybE-hCg2.n-V2 is pro 
vided in FIG. 19. The nucleic acid sequence of pHybE-hCg2, 
n- V1 is set forth in SEQ ID NO:21 and the nucleic acid 
sequence of pHybE-hCg2.n- V2 is set forth in SEQ ID 
NO:22. 
pHybE-hCg2.n+ 
I0123 pHybE-hCg2.n+ is based on the pHybE vector (thus 
contains all of the elements described above for pHybE). This 
vector also comprises the human immunoglobulin coding 
sequence for the gamma 2.n+ heavy chain constant region. 
Thus, in one embodiment, the pHybE-hCg2n+ vector may be 
used to express an antibody heavy chain comprising an 
immunoglobulin variable heavy chain region and a human 
gamma 2.n+ heavy chain constant region. Alternatively, 
pHybE-hCg2.n+ may be used to express a gene of interest 
fused to a gamma 2n+ heavy chain constant region, e.g., an Fc 
fusion protein. A vector map of pHybE-hCg2.n+ is provided 
in FIG. 18. The nucleic acid sequence of pHybE-hCg2n+V1 
is set forth in SEQID NO:23 and the nucleic acid sequence of 
pHybE-hCg2n+V2 is set forth in SEQID NO:24. 
pHybE-hCg4 
0.124 pHybE-hCg4 is based on the pHybE vector (thus 
contains all of the elements described above for pHybE). This 
vector also comprises the human immunoglobulin coding 
sequence for the gamma4 heavy chain constant region. Thus, 
in one embodiment, the pHybE-hCg4 vector may be used to 
express an antibody heavy chain comprising an immunoglo 
bulin variable heavy chain region and a human gamma4 
heavy chain constant region. Alternatively, pHybE-hCg4 may 
be used to express a gene of interest fused to a gamma4 heavy 
chain constant region, e.g., an Fc fusion protein. A vector map 
of pHybE-hCg4 is provided in FIG. 20. The nucleic acid 
sequence of pHybE-hCg4 V1 is set forth in SEQID NO:25 
and the nucleic acid sequence of pHybE-hCg4 V2 is set forth 
in SEQID NO:26. 
0.125 Sequences of the vectors of the invention are pro 
vided in SEQID NOs: 1-32. In one embodiment, the vector of 
the invention comprises a sequence set forth in any one of 
SEQID NOs: 1-32 or sequences that are at least 80%, at least 
85%, at least 90%, at least 95%, at least 96%, at least 97%, at 
least 98% or at least 99% identical thereto. 
0.126 The invention can be used in the production of 
human and/or humanized antibodies that immunospecifically 
recognize specific cellular targets, e.g., any of the aforemen 
tioned proteins, the human EGF receptor, the her-2/neu anti 
gen, the CEA antigen, Prostate Specific Membrane Antigen 
(PSMA), CDS, CD11a, CD18, NGF, CD20, CD45, CD52, 
Ep-cam, other cancer cell surface molecules, TNF-alpha, 
TGF-b1, VEGF, other cytokines, alpha 4 beta7 integrin, IgEs, 
viral proteins (for example, cytomegalovirus). Examples of 
antibodies that can be produced using the compositions and 
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methods of the invention include, but are not limited to, an 
anti-TNFC. antibody, an anti-IL-12 antibody, an anti-IL-18 
antibody, and an anti-EPO receptor (EPO-R) antibody. In one 
embodiment, the anti-TNFC. antibody is a fully human anti 
TNFC. antibody, e.g., adalimumab/D2E7 (see U.S. Pat. No. 
6,090,382, incorporated by reference herein; Humira R; 
Abbott Laboratories). In one embodiment, the anti-IL-12 
antibody is a fully human, anti-IL-12 antibody, e.g., ABT-874 
(Abbott Laboratories; see U.S. Pat. No. 6,914,128, incorpo 
rated by reference herein). In one embodiment, the anti-IL-18 
antibody is a fully human IL-18 antibody (e.g., ABT-325), 
e.g. see also antibodies described in US200501.47610 A1, 
incorporated by reference herein. In one embodiment, the 
anti-EPO/R (also referred to as ABT-007) antibody is a fully 
human antibody, like that described in US Patent Publication 
No. US 20060018902 A1, hereby incorporated by reference. 
0127. In addition, the constant regions encoded in the vec 
tor may also be used to operably linka constant region, e.g., an 
Fc domain, to a protein to form a fusion protein, e.g., an 
Fc-fusion protein. Thus, another example of the type of pro 
tein that may be produced using the methods and composi 
tions of the invention include fusion proteins. Examples of 
Such fusion proteins include proteins expressed as a fusion 
with a portion of an immunoglobulin molecule, proteins 
expressed as fusion proteins with a Zipper moiety, and novel 
polyfunctional proteins such as a fusion proteins of a cytokine 
and a growth factor (i.e., GM-CSF and IL-3, MGF and IL-3). 
WO 93/08207 and WO 96/40918 describe the preparation of 
various soluble oligomeric forms of a molecule referred to as 
CD40L, including an immunoglobulin fusion protein and a 
Zipper fusion protein, respectively; the techniques discussed 
therein are applicable to other proteins. Another fusion pro 
tein is a recombinant TNFR:Fc, also known as entanercept. 
Entanercept (or Enbrel(R: Amgen/Wyeth) is a dimer of two 
molecules of the extracellular portion of the p75 TNF alpha 
receptor, each molecule consisting of a 235 amino acid 
TNFR-derived polypeptide that is fused to a 232 amino acid 
Fc portion of human IgG1. In fact, any molecule can be 
expressed as a fusion protein including, but not limited to, the 
extracellular domain of a cellular receptor molecule, an 
enzyme, a hormone, a cytokine, a portion of an immunoglo 
bulin molecule, a Zipper domain, and an epitope. 
0128 Techniques for determining nucleic acid and amino 
acid 'sequence identity also are known in the art. Typically, 
Such techniques include determining the nucleotide sequence 
of the mRNA for a gene and/or determining the amino acid 
sequence encoded thereby, and comparing these sequences to 
a second nucleotide or amino acid sequence. In general, 
“identity” refers to an exact nucleotide-to-nucleotide or 
amino acid-to-amino acid correspondence of two polynucle 
otides or polypeptide sequences, respectively. Two or more 
sequences (polynucleotide or amino acid) can be compared 
by determining their “percent identity.” The percent identity 
of two sequences, whether nucleic acid or amino acid 
sequences, is the number of exact matches between two 
aligned sequences divided by the length of the shorter 
sequences and multiplied by 100. An approximate alignment 
for nucleic acid sequences is provided by the local homology 
algorithm of Smith and Waterman, Advances in Applied 
Mathematics 2:482-489 (1981). This algorithm can be 
applied to amino acid sequences by using the scoring matrix 
developed by Dayhoff, Atlas of Protein Sequences and Struc 
ture, M. O. Dayhoff ed., 5 suppl. 3:353-358, National Bio 
medical Research Foundation, Washington, D.C., USA, and 
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normalized by Gribskov, Nucl. Acids Res. 14(6):6745-6763 
(1986). An exemplary implementation of this algorithm to 
determine percent identity of a sequence is provided by the 
Genetics Computer Group (Madison, Wis.) in the “BestFit' 
utility application. The default parameters for this method are 
described in the Wisconsin Sequence Analysis Package Pro 
gram Manual, Version 8 (1995) (available from Genetics 
Computer Group, Madison, Wis.). A preferred method of 
establishing percent identity in the context of the present 
invention is to use the MPSRCH package of programs copy 
righted by the University of Edinburgh, developed by John F. 
Collins and Shane S. Sturrok, and distributed by IntelliGe 
netics, Inc. (Mountain View, Calif.). From this suite of pack 
ages the Smith-Waternan algorithm can be employed where 
default parameters are used for the scoring table (for example, 
gap open penalty of 12, gap extension penalty of one, and a 
gap of six). From the data generated the “Match value 
reflects “sequence identity.” Other suitable programs for cal 
culating the percent identity or similarity between sequences 
are generally known in the art. 
I0129. Two nucleic acid fragments are considered to 
“selectively hybridize' as described herein. The degree of 
sequence identity between two nucleic acid molecules affects 
the efficiency and strength of hybridization events between 
Such molecules. A partially identical nucleic acid sequence 
will at least partially inhibit a completely identical sequence 
from hybridizing to a target molecule. Inhibition of hybrid 
ization of the completely identical sequence can be assessed 
using hybridization assays that are well known in the art (e.g., 
Southern blot, Northern blot, solution hybridization, or the 
like, see Sambrook et al., 1989, Molecular Cloning: A Labo 
ratory Manual, Cold Spring Harbor Laboratories, New York; 
or Ausubel et al. (Eds.), Current Protocols In Molecular Biol 
ogy, John Wiley & Sons, Inc., New York (1997)). Such assays 
can be conducted using varying degrees of selectivity, for 
example, using conditions varying from low to high Strin 
gency. If conditions of low stringency are employed, the 
absence of non-specific binding can be assessed using a sec 
ondary probe that lacks even a partial degree of sequence 
identity (for example, a probe having less than about 30% 
sequence identity with the target molecule). Such that, in the 
absence of non-specific binding events, the secondary probe 
will not hybridize to the target. 
0.130. When utilizing a hybridization-based detection sys 
tem, a nucleic acid probe is chosen that is complementary to 
a target nucleic acid sequence, and then by selection of appro 
priate conditions the probe and the target sequence “selec 
tively hybridize.” or bind, to each other to form a hybrid 
molecule. A nucleic acid molecule that is capable of hybrid 
izing selectively to a target sequence under“moderately strin 
gent' typically hybridizes under conditions that allow detec 
tion of a target nucleic acid sequence of at least about 10-14 
nucleotides in length having at least approximately 70% 
sequence identity with the sequence of the selected nucleic 
acid probe. Stringent hybridization conditions typically allow 
detection of target nucleic acid sequences of at least about 
10-14 nucleotides in length having a sequence identity of 
greater than about 90-95% with the sequence of the selected 
nucleic acid probe. Hybridization conditions useful for 
probe/target hybridization where the probe and target have a 
specific degree of sequence identity, can be determined as is 
known in the art (see, for example, Nucleic Acid Hybridiza 
tion: A Practical Approach, editors B. D. Hames and S. J. 
Higgins, (1985) Oxford; Washington, D.C.; IRL Press). 
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0131 With respect to stringency conditions for hybridiza 
tion, it is well known in the art that numerous equivalent 
conditions can be employed to establish a particular strin 
gency by varying, for example, the following factors: the 
length and nature of probe and target sequences, base com 
position of the various sequences, concentrations of salts and 
other hybridization Solution components, the presence or 
absence of blocking agents or detergents in the hybridization 
Solutions (e.g., formamide, dextran Sulfate, and polyethylene 
glycol, and Sodium dodecyl Sulphate), hybridization reaction 
temperature and time parameters, as well as, varying wash 
conditions. The selection of a particular set of hybridization 
conditions is selected following standard methods in the art 
(see, for example, see Sambrook, et al., Supra or Ausubel et 
al., supra). A first polynucleotide is "derived from second 
polynucleotide if it has the same or Substantially the same 
base pair sequence as a region of the second polynucleotide, 
its cDNA, complements thereof, or if it displays sequence 
identity as described above. A first polypeptide is "derived 
from a second polypeptide if it is (i) encoded by a first 
polynucleotide derived from a second polynucleotide, or (ii) 
displays sequence identity to the second polypeptides as 
described above. 
0132) The invention also provides a kit containing one or 
more vectors of the invention in a suitable vessel Such as a 
vial. The expression vectors can contain at least one cloning 
site for insertion of a selected sequence of interest, or can have 
a specific gene of interest already present in the vector. The 
vectoran be provided in a dehydrated or lyophilized form, or 
in an aqueous solution. The kit can include a buffer for recon 
stituting the dehydrated polynucleotide. Other reagents can 
be included in the kit, e.g., reaction buffers, positive and 
negative control vectors for comparison. Generally, the kit 
will also include instructions for use of the reagents therein. 

III. Uses of Vectors of Invention 

0133. The invention includes methods of expressing pro 
teins using the vectors described herein. Thus, the invention 
includes a method of producing a recombinant protein com 
prising introducing the expression vector of the invention into 
a mammalian host cell, culturing the mammalian host cell 
under Suitable conditions so as to express the protein, and 
recovering the protein. An advantage of the vector of the 
invention is that it provides high protein production using 
mammalian cell culture systems. 
0134) Any cell type capable of gene expression via a 
nucleic acid or expression vector of the present invention can 
be used in the present invention as a host cell. The term “host 
cells' refers to cells that have been transformed with a vector 
constructed using recombinant DNA techniques. 
0135 Those having ordinary skill in the art can select a 
particular host cell line that is best suited for expressing the 
GOI and selectable marker gene via a vector of the present 
invention. Cells that can be employed in this invention 
include mammalian cells and cell lines and cell cultures 
derived therefrom. Mammalian cells, e.g., germ cells or 
Somatic cells, can be derived from mammals, such as mice, 
rats, or other rodents, or from primates, such as humans or 
monkeys. It shall be understood that primary cell cultures or 
immortalized cells can be employed in carrying out the tech 
niques of this invention. 
0136. In particular embodiments, the cell type is mamma 
lian in origin including, but not limited to Chinese hamster 
ovary (CHO) (e.g., DG44 and DUXB11; Urlaub et al., Som. 
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Cell Molec. Genet. 12:555, 1986; Haynes et al., Nuc. Acid. 
Res. 11:687-706, 1983; Lau et al., Mol. Cell. Biol. 4:1469 
1475, 1984; Methods in Enzymology, 1991, vol. 185, pp 
537-566. Academic Press, Inc., San Diego, Calif.), Chinese 
hamster fibroblast (e.g., R1610), human cervical carcinoma 
(e.g., HELA), monkey kidney line (e.g., CVI and COS), 
murine fibroblast (e.g., BALBc/3T3), murine myeloma (P3. 
times.63-Ag3.653; NS0, SP2/O), hamster kidney line (e.g., 
HAK), murine L cell (e.g., L-929), human lymphocyte (e.g., 
RAM, human kidney (e.g., 293 and 293T). Host cell lines are 
typically commercially available (e.g., from BDBiosciences, 
Lexington, Ky., Promega, Madison, Wis.; Life Technologies, 
Gaithersburg, Md.) or from the American Type Culture Col 
lection (ATCC, Manassas, Va.). 
0.137 In a preferred embodiment, the host cell used in the 
invention provides in trans the replication initiation factor 
corresponding to at least one origin of replication included in 
the vector of the invention. For example, if the vector com 
prises two origins of replication corresponding the SV40 
origin and the OriP origin, any cell line, preferably mamma 
lian, that expresses either the large T-antigen or the EBNA 
protein can be used. In one embodiment, the vector is trans 
formed into a COS cell or a human embryonic kidney (HEK) 
cell. For example, COST cells are derived from CV-1 simian 
cells transformed by an origin-defective mutant of SV40 
(Sigma-Aldrich). EBNA may be provided, for example, by 
using the HEK-293-6E cell. 
0.138 Cell lines that have stably integrated replication ini 
tiation factors within the genome have the advantage of stable 
long-term expression of the replication initiation factor and 
durable Support of replication and maintenance of the origin 
of replication containing plasmids. Examples of commer 
cially available cell lines expressing EBNA-1 are ATCC: 
293HEK-EBNA1 and CV1-EBNA1. Specific cell lines over 
expressing at least one replication initiation factor, preferably 
the EBNA1 protein or the SV40 large T-antigen, can be gen 
erated by transfection and selection of stable cell clones. 
0.139. Nucleic acids and expression vectors can be intro 
duced or transformed into an appropriate host cell by various 
techniques well known in the art (see, e.g., Ridgway, 1973, 
Vectors: Mammalian Expression Vectors, Chapter 24.2, pp. 
470-472, Rodriguez, and Denhardt eds. Butterworths, Bos 
ton, Mass.; Graham et al., 1973, Virology 52:456; Sambrook 
et al., 1989, Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratories, New York; Davis et al., 1986, 
Basic Methods in Molecular Biology, Elsevier; and Chu et al., 
1981, Gene 13:197). The terms “transformation” and “trans 
fection', and their grammatical variations, are used inter 
changeably herein and refer to the uptake of foreign DNA by 
a cell by any means practicable. A cell has been “trans 
formed when an exogenous nucleic acid has been introduced 
inside the cell membrane. The uptake of the nucleic acid 
results in a stable transfectant, regardless of the means by 
which the uptake is accomplished, which may include trans 
fection (including electroporation), protoplast fusion, cal 
cium phosphate precipitation, cell fusion with enveloped 
DNA, microinjection, and infection with intact virus. Even 
transient expression at higher than normal levels is useful for 
functional studies or for the production and recovery of pro 
teins of interest. Transformed cells are grown under condi 
tions appropriate for the production of the protein of interest 
(e.g., antibody heavy and/or light chains in one embodiment), 
and assays are performed to identify the encoded polypeptide 
of interest. Exemplary assay techniques for identifying and 
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quantifying gene products include enzyme-linked immun 
osorbent assay (ELISA), radioimmunoassay (RIA), or fluo 
rescence-activated cell sorter analysis (FACS), immunohis 
tochemistry, and the like. 
0140 Cells used in the present invention can be cultured 
according to standard cell culture techniques, e.g., they can be 
fixed to a Solid Surface or grown in Suspension in appropriate 
nutrient media. 
0141. Also encompassed by the invention is a mammalian 
host cell comprising the vectors described herein. 
0142. The practice of the present invention will employ, 
unless otherwise indicated, conventional techniques of 
molecular biology and the like, which are within the skill of 
the art. Such techniques are explained fully in the literature. 
See, e.g., Molecular Cloning: A Laboratory Manual, (J. Sam 
brook et al., Cold Spring Harbor Laboratory, Cold Spring 
Harbor, N.Y., 1989); Current Protocols in Molecular Biology 
(F. Ausubel et al., eds., 1987 updated); Essential Molecular 
Biology (T. Brown ed., IRL Press 1991); Gene Expression 
Technology (Goeddel ed., Academic Press 1991); Methods 
for Cloning and Analysis of Eukaryotic Genes (A. Bothwell 
etal. eds., Bartlett Publ. 1990); Gene Transfer and Expression 
(M. Kriegler, Stockton Press 1990); Recombinant DNA 
Methodology (R. Wu et al. eds., Academic Press 1989); PCR: 
A Practical Approach (M. McPherson et al., IRL Press at 
Oxford University Press 1991); Oligonucleotide Synthesis 
(M. Gait ed., 1984); Cell Culture for Biochemists (R. Adams 
ed., Elsevier Science Publishers 1990); Gene Transfer Vec 
tors for Mammalian Cells (J. Miller & M. Calos eds., 1987); 
Mammalian Cell Biotechnology (M. Butler ed., 1991); Ani 
mal Cell Culture (J. Pollard et al. eds., Humana Press 1990); 
Culture of Animal Cells, 2.sup.nd Ed. (R. Freshney et al. eds., 
Alan R. Liss 1987); Flow Cytometry and Sorting (M. 
Melamed et al. eds., Wiley-Liss 1990); the series Methods in 
Enzymology (Academic Press, Inc.); and Animal Cell Cul 
ture (R. Freshney ed., IRL Press 1987); and Wirth M. and 
Hauser H. (1993) Genetic Engineering of Animal Cells, In: 
Biotechnology Vol. 2 Puhler A (ed.) VCH, Weinhcim 663 
744. 

EXEMPLIFICATION 

0143. The following examples illustrate an innovative 
Solution to eliminate the need to construct separate vectors for 
different mammalian host cells, e.g., COS7 and HEK-293-6E 
cells. The following examples also provide vectors contain 
ing nucleic acids encoding constant regions of antibodies, for 
use in the expression of complete light or heavy chains of an 
antibody or in the expression of Fc fusion proteins. 
0144. Two new vector backbones, termed pHyb-C and 
pHyb-E, were constructed by combining selected features 
from various other vectors, i.e., the p3OS and pTT3 vectors 
(see U.S. Provisional Applin. No. 60/878,165, International 
Applin. No. PCT/US2007/26482, filed on Dec. 28, 2007 
entitled “DUAL-SPECIFIC IL-1A/IL-1b ANTIBODIES' 
and U.S. Ser. No. 12/006,068, all of which are hereby incor 
porated by reference herein). Control vector pBOS contains 
the EF-1C. promoter operably linked to the insertion site for 
the gene of interest, and carries the SV40 replication origin. 
Control vector pTT3 contains the CMV promoter operably 
linked to the insertion site for the gene of interest, and an 
EBNA replication origin (OriP). 
0145 The vectors of the invention were tested by evaluat 
ing protein expression of both a mouse BR3-Fc fusion and a 
human antibody (adalimumab) in both COS7 and HEK-293 
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6E cells. The successful protein expression in COS7 and 
HEK-293-6E cells demonstrates a unifying vector system for 
recombinant expression in both cell types. 

Example 1 

Construction of Vectors pHybC and pHybE 
0146 FIGS. 1 and 2 provide maps of the new vectors, 
which each contain two origins of replication. FIGS. 1 and 2 
represent “empty' versions of the vectors, i.e., do not contain 
the nucleic acid of the gene of interest or the antibody con 
stant regions (described in more detail below in Example 4). 
pHybC contains the CMV promoter operably linked to the 
insertion site for the gene of interest, while pHybE contains 
the EF-1a promoter. 
0147 For pHybC-mBR3-Fc construction (“mBR3” refers 
to the murine version of the third BLyS receptor, and as used 
herein refers specifically to the coding sequence for the extra 
cellular domain (ECD) portion of the mBR3 protein), the 
SV40 origin of replication region from the pEF-BOS vector 
was PCR amplified with primers that introduced PspX I 
restriction sites at both 5' and 3' ends of the amplified DNA 
fragment. This insertion fragment was then digested by PspX 
I. A pTT3-mBR3-Fc construct, having a Sal I restriction site 
upstream of the CMV promoter, was digested with Sal I. Then 
the Psp XI-digested insertion fragment was ligated into the 
Sal I site of pTT3-mBR3-Fc to create the pHybC-mBR3-Fc 
Vector. 

0148. The pHybE-mBR3-Fc construct was created by first 
amplifying by PCR a 5'-end PspX I modified DNA frag 
mented containing the SV40 origin of replication region 
through the mBR3 extracellular domain. This product was 
then digested at 5' by PspX 1 and 3' by Bsp68 I, which has a 
site in the leader sequence upstream of the mBR3 extracellu 
lar domain sequence. This digested fragment was Subse 
quently subcloned into a Sal I and Bsp68 I-digested pTT3 
mBR3-Fc construct to produce the pHybE-mBR3-Fc 
COnStruct. 

0149 Maps of pHybC-mBR3-Fc and pHybE-mBR3-Fc, 
which each express the receptor-Fc fusion protein mBR3-Fc. 
can be found in FIGS. 8 and 9. 
0150. The pHybC-E7 vector expressing the light chain 
protein of D2E7 antibody (adalimumab) was similarly con 
structed as the pHybC-mBR3-Fc, i.e. by ligating the same 
PspX I digestedSV40 Ori region that was isolated and 
digested during the creation of pHybC-mBR3-Fc (described 
above) into a previously constructed pTT3-E7 vector predi 
gested by Sal I. 
0151. For pHybE-E7 vector construction, an insert frag 
ment was generated by digestion of a pre-existing p3OS-E7 
vector with Hind III and BsiW I restriction enzymes. This 
insert fragment was then ligated into a pHybC-E7 vector 
predigested with the same enzymes to generate pHybE-E7 for 
the expression of the D2E7 light chain protein. 
0152 For pHybC-D2 and pHybE-D2 vector construction, 
an insert fragment consisting of the heavy chain variable and 
constant coding regions of the D2E7 antibody (Adalimumab) 
(i.e. the D2 heavy chain coding sequence) was generated by 
digesting a pre-existing pTT3-D2 vector with Bsp68 I and 
Not I restriction enzymes. This insert fragment was ligated 
into pHybC-mBR3-Fc and pHybE-mBR3-Fc vectors predi 
gested with the same enzymes to generate pHybC-D2 and 
pHybE-D2, respectively, for the expression of the heavy 
chain protein of D2E7 antibody (Adalimumab). 
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Example 2 

Comparison of Protein Yield 
0153. To determine whether the increase in vector size 
with the addition of two origins of replication impacted pro 
tein production by the vectors, the pHyb-E and pHyb-C vec 
tors described above were compared to control vectors pBOS 
and pTT3, which each only contained one origin of replica 
tion. To compare expression from pBOS, pTT3, pHyb-C and 
pHyb-E, a mouse BAFF receptor-human Fc fusion protein 
construct (mBR3-Fc) was subcloned into the four vector 
backbones and prepared in parallel by endo-free DNA prep 
kit. 
0154 The four vectors containing the mBR3-Fc sequence 
were electroporated into COS cells or transfected into HEK 
293-6E cells (protocols described below). The cells were 
incubated for a period of five or seven days. Media samples 
were taken and the concentration of the mBR3-Fc secreted 
protein in the media was measured. Titers were determined by 
IgG ELISA and adjusted by difference in molecular weight 
between IgG protein standard and the mBR3-Fc protein from 
the conditioned media after 5 days for COST cells and 7 days 
for HEK-293-6E cells. The titer adjustment is required to 
prevent overestimation of mBR3-Fc protein titer due to the 
use of a much larger human IgG protein as standards in the 
ELISA. 

293 Transfection 

0155 The 293 transient transfection procedure used in the 
experiment was a modification of the methods published in 
Durocher et al. (2002); Nucleic Acids Research 30(2):E9 and 
Pham et al. (2005); Biotechnology Bioengineering 90(3): 
332-44. Reagents that were used in the transfection included: 

0156 HEK293-6E cells (human embryonic kidney cell 
line stably expressing EBNA1; obtained from National 
Research Council Canada) cultured in disposable Erlen 
meyer flasks in a humidified incubator set at 130 rpm, 
37° C. and 5% CO. 

(O157 Culture medium: FreeStyle 293 Expression 
Medium (Invitrogen 12338-018) plus 25 ug/mL Gene 
ticin (G418) (Invitrogen 10131-027) and 0.1% Pluronic 
F-68 (Invitrogen 24040-032). 

0158 Transfection medium: FreeStyle 293 Expression 
Medium plus 10 mM HEPES (Invitrogen 15630-080). 

0159 Polyethylenimine (PEI) stock: 1 mg/mL sterile 
stock solution, pH 7.0, prepared with linear 25 kDa PEI 
(Polysciences) and stored at less than -15°C. 

(0160 Tryptone Feed Medium: 5% w/v sterile stock of 
Tryptone N1 (Organotechnie, 19554) in FreeStyle 293 
Expression Medium. 

0161 Cell preparation for transfection: Approximately 
2-4 hours prior to transfection, HEK 293-6E cells were har 
Vested by centrifugation and resuspended in culture medium 
at a cell density of approximately 1 million viable cells per 
mL. For each transfection, 40 mL of the cell suspension was 
transferred into a disposable 250-mL Erlenmeyer flask and 
incubated for 2-4 hours. 

0162 Transfection: The transfection medium and PEI 
stock were prewarmed to room temperature (RT). For each 
transfection, 25 ug of plasmid DNA and 50 ug of polyethyl 
enimine (PEI) were combined in 5 mL of transfection 
medium and incubated for 15-20 minutes at RT to allow the 
DNA:PEI complexes to form. For the BR3-Ig transfections, 
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25 ug of BR3-Ig plasmid was used per transfection. Each 
5-mL DNA:PEI complex mixture was added to a 40-mL 
culture prepared previously and returned to the humidified 
incubator set at 130 rpm, 37° C. and 5% CO. After 20-28 
hours, 5 mL of Tryptone Feed Medium was added to each 
transfection and the cultures were continued for six days. 

COS7 Cell Transfection 

0163 Two COS7 150 mm plates per construct were trans 
fected using standard electroporation conditions as follows. 
For COS7 transfection experiments, COS cells were cultured 
in DMEM-10% FBS+1x glutamine. Cells from one conflu 
ent T-150 flask were used for electroporation. The cells were 
trypsinized, and spun down in media plus serum to inactivate 
serum. Cells were then washed in 1xRBS. 

0164. For each T-150, the pellet was resuspended in 0.8 
mls electroporation buffer. The COS electroporation buffer 
included 20 mM Hepes (or P3 buffer), 137 mM NaCl, 5 mM 
KC1, 0.7 mMNa2HPO4, and 6 mM Dextrose. The electropo 
ration buffer was adjusted to a pH of 7.0 and filter sterilized. 
Sixty micrograms of DNA (30 ug of each heavy and light 
chain plasmid DNA or 60 ug DNA in the case of an Fc fusion 
protein) was used for each electroporation. 0.8 mls of cell/ 
buffer/DNA was mixed to each cuvette. (0.4 cm cuvette— 
Biorad). In addition, one cuvette was set up with buffer only 
to use as a blank. Cuvettes were put on ice. Cells were elec 
troporated at 250V and 950 uF for 15 to 25 milliseconds. 
Cuvettes were then returned to ice. The contents of 2 cuvettes 
were transferred into one 50 ml conical containing 20 mls 
Hybridoma SFM. A 10 ml pipette was used to break up 
clumps and transfer to two 150 mm tissue culture dishes, each 
containing another 20 ml media. Total media Volume in each 
dish was then 30 ml. The dishes were then incubated at 37°C., 
5% CO, for three days. 
0.165. The COS cell conditioned media (supernatant) was 
collected into 50 ml conical tubes and spun down. Following 
the spin, the Supernatant was filtered using 2 micron (um) 
filter. A sample was removed for ELISA analysis. Superna 
tants were collected after 5 days and analyzed in a standard 
IgG ELISA to determine their respective protein yields. 
(0166 pBOS, pTT3, pHybC and pHybE versions of vec 
tors were tested separately in the mBR3 and adalimumab 
(D2E7) experiments. 

Protein Testing 

0167. The mBR3-Fc fusion protein concentrations in cul 
ture supernatants were tested 5 days (for COS7 cells) or 7 
days post-transfection (for 293-6E cells) using ELISA and/or 
Poros A. 

Results 

0168 Data showing protein expression levels from the 
control and experimental transfections are shown in FIG. 3 
(COS cells) and FIG. 4 (HEK-293 cells). The data in FIG.3 
shows that pHybC and pHybE were both effective at produc 
ing the fusion protein in COS cells, where both vectors 
expressed higher levels than control vector pTT3. The data 
presented in FIG. 4 shows that the expression levels from 
HEK cells transfected with the pHyb-E exceeded the expres 
sion seen with the other three vectors, while pHyb-C protein 
production levels were comparable with the controls. Thus, 
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both pHyb-C and pHyb-E were able to express the mBr3-Fc 
fusion protein as well as, if not better than, control vectors 
pTT3 and pBOS. 

Example 3 

Comparison of Protein Yield That Requires 
Co-transfection of Two DNA Constructs 

0169. A human IgG1/K monoclonal antibody to TNFC. 
(adalimumab)/D2E7 was subcloned into the four vector 
backbones and prepared in parallel by endo-free DNA prep 
kit. 
0170 The four vectors containing sequences for expres 
sion of adalimumab were electroporated into COS cells; 
HEK-293-6E cells were transfected using poly(ethylen 
imine) (PEI). 
0171 The 293 transient transfection procedure used was 
the same as that described in Example 3, except for the 
adalimumab transfections, in which 10 ug of the D2E7 heavy 
chain (referred to as “D2) plasmid and 15 lug of the D2E7 
light chain (referred to as “E7') plasmid were used per trans 
fection. 
(0172. The COS7 transfection experiments were per 
formed as described above, except 30 lug of each heavy and 
light chain vector was used per plate transfection. 
0173 The adalimumab antibody concentrations in culture 
Supernatants were tested 7 days post-transfection using 
ELISA and/or Poros A. Titers were determined by IgG 
ELISA from the conditioned media after 5 days for COS7 
cells and 7 days for HEK-293-6E cells. 
0.174 Data showing protein expression levels from the 
control and experimental transfections are shown in FIG. 5 
(HEK-293 cells) and FIG. 6 (COS cells). Data in FIG. 5 
shows that both pHybC and pHybE backbone vectors were 
able to produce more adalimumab than control vector pBOS, 
and comparable (pHybC) or greater (pHybE) quantities than 
control vector pTT3 (Durocher. Y. et al. Nucleic Acids Res. 
30:E9 (2002)). Similarly, the data in FIG. 6 shows that both 
pHybC and pHybE backbone vectors were able to produce 
more protein than control vectorpTT3 and comparable levels 
to control vector pBOS. 

Example 4 

Construction of the pHyb-E Antibody Constant 
Region Vector 

(0175 To facilitate the creation of vectors that could be 
used for antibody production using the new pHyb-E vector 
backbone, a panel of twelve different heavy and light chain 
vectors was generated (overview provided in Tables 2 and 3). 
Twelve master template pHybE vectors that allow for both 
human and mouse IgG expression were constructed. 
(0176 To create the vectors described in FIGS. 14-25, a 
6123 bp Srf I/Not I fragment was isolated from pHybE 
stuffer-hCg1.Z.a (pP167) and ligated with SrfI/Not I restric 
tion fragments from the pBOS vectors consisting of the signal 
peptide coding region, lambda Stuffer, and constant region 
coding region. To create the SrfI/NotI restriction fragments, 
SrfI/NotI restriction digests were performed, in order to gen 
erate insertion fragments consisting of the signal peptide 
coding region, lambda stuffer, and constant region coding 
region (for constant region sequences, see Table 1). These 
fragments were derived from p3OS master templates that had 
been constructed into the pEF-BOS plasmid DNA (see 
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Mizushima, S, and Nagata, S. Nucleic Acids Res. 18:5322 
(1990); also described in U.S. Provisional Application No. 
60/878,165, International Application No. PCT/US2007/ 
026482, filed on Dec. 28, 2007 entitled “DUAL-SPECIFIC 
IL-1A/IL-1b ANTIBODIES”) and U.S. Ser. No. 12/006,068, 
incorporated by reference herein). The insertion fragment for 
the pHybE-hC1 construct was first modified by overlapping 
PCR to create an Afe restriction site at the 3' end of the J 
region to facilitate cloning into this vector. All inserts were 
ligated into a previously sequence validated pHyBE construct 
predigested with SrfI and NotI to generate the following 
VectOrS. 

0177. The new constant region-containing vectors were 
then sequence-verified for mouse and human antibody con 
stant regions (see SEQID NOs: 3-32). 
0.178 The vectors described in Tables 2 and 3 all have a 
~1-kb stuffer sequence (of w phage DNA) that can be 
Swapped out by the variable region sequences. These new 
master vectors also contain a new Swa I restriction site 
directly upstream of the Srf I site. This novel Swal site is 
useful for transferring the antibody open reading frame from 
pHyb-E to other expression vectors that also utilize a Swa I 
site for cloning purposes, such as CHO expression vectors. In 
addition to the flexibility of alternative cloning sites, these 
vectors are also backward compatible with existing pBOS, 
pTT3, and CHO vectors. 
0179. As seen in FIG. 7, preliminary transfection data in 
COST cells showed that this additional Swa I site (v1 vectors) 
had no significant effect on the levels of adalimumab expres 
sion when compared with the constructs without the addi 
tional Swa I site (v2 vectors). 

TABLE 1 

Constant region sequences 

constant region location of sequence 

mCK 2285 to 2605 of SEQID NO:3 
mCY1 2277 to 3251 of SEQID NO: 5 
mCy2a 2277 to 3269 of SEQID NO: 7 
hCK 2287 to 2610 of SEQID NO: 9 
hC. 2269 to 2588 of SEQID NO: 11 
hCY1, Z, a 2277 to 3269 of SEQID NO: 13 
hCY1, Z. non-a 
hCY1, Z, non-a, mut(234, 235) 
hCY1, Z, non-a, mut(234, 237) 

2277 to 3269 of SEQID NO: 15 
2277 to 3269 of SEQID NO: 17 
2277 to 3269 of SEQID NO: 19 

hCy2 (n-) 2277 to 3257 of SEQID NO: 21 
hCy2 (n+) 2277 to 3257 of SEQID NO: 23 
hCY4 2277 to 3260 of SEQID NO:25 

TABLE 2 

Exemplary Master Set of pHybEVectors Made for 
Human and Mouse IgG Expression 

Heavy Chain Vectors Light Chain Vectors 

Human pHybE-, h0g1, Z, a 
pHybE-, h0g1, Z, non-a 
pHybE-, h0g1, Z, non-a, (mut 234, 235) 
pHybE-, h0g1, Z, non-a, (mut 234, 237) 
pHybE-, h0g2, n+ 
pHybE-, h0g2, n 

pHybE-mCg1 
pHybE-mCg2a 

pHybE-hCk 
pHybE-hCl 

Mouse pHybE-mCk 
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Summary: 

0180. The preceding experiments described in Examples 
1-4 show that the pHyb-C and pHyb-E vectors are functional 
in more than one cell line while provide ample protein expres 
sion that often exceeded the expression levels seen with the 
original pHOS and pTT3 vectors. This heightened expression 
was particularly pronounced when the pHyb-E vector was 
used to express the low yielding mBR3-Fc fusion protein in 
HEK-293-6E cells. As shown by this data, the pHyb-C and 
pHyb-E Vectors represent a significant advancement in vector 
technology over previously used vectors. 

TABLE 3 

Overview of vectors of invention 
pHyb vectors described as version 1 have an additional 

Swa I site upstream of the Srf I restriction site. 
pHyb vectors described as version 2. do not have additional Swa I site. 

SEQ ID NO DESCRIPTION OF NUCLEICACID 

1 pHybC-empty 
2 pHybE-empty 
3 pJP180; pHybE-mCk V1 
4 pJP193; pHybE-mCk V2 
5 pJP176; pHybE-mCg1 V1 
6 pJP189; pHybE-mCg1 V2 
7 pJP177; pHybE-mCg2a V1 
8 pJP190; pHybE-mCg2a V2 
9 pJP178; pHybE-hCk V1 
10 pJP191; pHybE-hCk V2 
11 plP179; pHybE-hC1V1 
12 plP192; pHybE-hCIV2 
13 pJP170; pHybE-hCg1, Z, a V1 
14 pJP182; pHybE-hCg1, Z, a V2 
15 pP171; pHybE-hCg1, Z, non-aV1 
16 pP183; pHybE-hCg1, Z, non-aV2 
17 pP172; pHybE-hCg1, Z, non-a, mut(234,235) V1 
18 pP184; pHybE-hCg1, Z, non-a, mut(234,235) V2 
19 pP173; pHybE-hCg1, Z, non-a, mut (234,237) V1 
2O pP185; pHybE-hCg1, Z, non-a, mut (234,237) V2 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 32 

<21 Os SEQ ID NO 1 
&211s LENGTH: 6381 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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TABLE 3-continued 

Overview of vectors of invention 
pHyb vectors described as version 1 have an additional 

Swa I site upstream of the Srf I restriction site. 
pHyb vectors described as version 2. do not have additional Swa I site. 

SEQ ID NO DESCRIPTION OF NUCLEICACID 

21 pIP174; pHybE-hCg2, n-V1 
22 plP187; pHybE-hCg2, n-V2 
23 pIP181; pHybE-hCg2, n+V1 
24 pIP186; pHybE-hCg2, n+V2 
25 plP175; pHybE-hCg4 V1 
26 plP188; pHybE-hCg4 V2 
27 pHybC-mBR3-mCg2a 
28 pHybE-mBR3-mCg2a 
29 pHybC-E7-hCk 
30 pHybC-D2-hCg1, Z, a 
31 pHybE-D2-hCg1, Z, a 
32 pHybE-E7-hCk 

EQUIVALENTS 
0181. Those skilled in the art will recognize, or be able to 
ascertain using no more than routine experimentation, many 
equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encom 
passed by the following claims. 

INCORPORATION BY REFERENCE 

0182. The contents of all cited references (including lit 
erature references, patents, patent applications, and websites) 
that maybe cited throughout this application are hereby 
expressly incorporated by reference in their entirety for any 
purpose, as are the references cited therein. The practice of 
the present invention will employ, unless otherwise indicated, 
conventional techniques of immunology, molecular biology, 
cell biology, and drug manufacturing and delivery, which are 
well known in the art. These techniques include, but are not 
limited to, techniques described in the following publica 
tions: 

<223> OTHER INFORMATION: Synthetic construct: pHybC-empty 
22 Os. FEATURE: 

<221s NAMEAKEY: misc feature 
<222s. LOCATION: (1143) . . (1242) 
<223> OTHER INFORMATION: n is a, c, g, or t 

<4 OOs SEQUENCE: 1 

ttgacattga ttattgact a gttattaata gtaatcaatt acgggg.tcat tagttcatag 60 

cc catatatg gagttcc.gcg ttacataact tacggtaaat gg.ccc.gc.ctg gCtgaccgc.c 12O 

caacgacccc cqcccattga cqtcaataat gacg tatgtt cocatagitaa cqccaatagg 18O 

gactitt C cat tacgtcaat gggtggagta tttacggitaa actgcc cact tdgcagtaca 24 O 

tdaagtgitat catatgccaa gtc.cgcc.ccc tattgacgt.c aatgacggta aatggc.ccgc 3 OO 

ctggcattat gcc.cagtaca tdaccittacg ggactitt cot acttggcagt acat citacgt. 360 




































































































































































































































