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Fiyure
(estimated M.wW. = 18,399). Also revealed in the ¥ebie is
the DNA sequence coding for a 27 residue leader sequence
along with 5' and 3’ ONA sequences which may be signifi-
cant to promoter/operator functions of the human gene
operon. Sites for potential glycosylation ﬂg Eci.mature
human EPO palypeptide are designated In the ,#&bie by
asterisks. It is Yoa&pybof note that the specific amlno
acid sequence of likely constitutes that of a
naturally occurring allelic form of human erythropoietin.
Support for this position is found In the results of con-
tinued efforts at sequencing of urinary isolates of human
erythropoietin which provided the finding that a signifi-
cant number of ervthropoietin molecules therln have a
methionzziii} residue 126 as opposed to a serine as snown
in the €.
A" Frguce §

JFegte—¥Tis-belewy lllustrates the extent of

polypeptide sequence homology between human;and monkey

ure
EPO. In the upper continuous line of they e, single

letter designations are employed to represent the deduced
translated polypeptide sequences of human EPD commencing
with resiguz -2 and the lower continuous l1ine shows the
decduced polypeptide sequence of monkey EPO commencing at
assignes residue number .27. Asterisks are employed to
highlight the sequence homologies. It should be noted
that the deduced human and monkey EPO sequences reveal an
"agditional® lysine (K) residue at (human) position 11s.
Cross-reference to L"""'b indicates that this residue
is at the margin of a putative mRNA splice junction in
the genomic sequence. Presence of the lysine residue in
the human polypeptide sequence was further verified by
sequencing of a cDNA human sequence clone prepared from
mRNA isolated from COS-1 cells transformed with the human
genomic ONA in Example 7, infra.
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Ui EXAMPLE &

f’ The expression system selected for initial
attempts at microbial synthesis of isclatable quantities
of EPO polypeptide material coded for by the monkey CDNA

provided by the procedures of Example 3 was one invaolving
mammalian host cells (i.e., COS-1 cells, A.T.C.C. No.
CRL-1650). The cells were transfected with a “shuttle®
vector capable of autonomous replication in E.coli host
mammalian hosts (by virtue of the presence of SV40 virus-
derived DNA).

More specifically, an expression vector was
constructed according to the following procedures. The
plasmid clone 83 provided in Example 3 was amplified in
E.coli and the approximately l.4kb monkey EPO-encoding
ONA was isolated by ECoRI and HindIIl digestion.

‘Separately isolatec was an approximately 4.0 kb,

HindIII/Sal! fragment from pBR322. An approximately 30
bo, EcoRI/Sall "linker" fragment was obtained from
M13mplO RF DNA (P and L Laboratories). This linker
included, in series, an EcoRI sticky end, followed by
SstI, Smal, BamHI ano Xxbal recognition sites and a Sall
sticky end, Tﬁgnébove three fragments were ligated to
provide an aporoximately 5.4 kb intermediate plasmid
(“pERS") wherein the EPO DNA was flanked on one side by a
"bank® of useful restriction endonuclease recognition
sites. PpERS was then digested with HindIIl and Sall to
yield the £P0 DNA and the EcoRI to Sall (M13mplO) linker.
The 1.4 kb fragment was ligated with an approximately 4.0
kb BamMI/Sall of pBR322 and another M13mplO HindIII/BamHI
RF fragment linker alsc having approximately 30 bp. The
M13 linker fragment was characterized by a HindIII sticky
end, followed by Pstl, Sall, Xbal recognition sites and a
8amHI sticky end. The ligation product was, again, a
useful intermegiste plasmic (“pBR-EPO%) including the EPO
DNA flankec on both siges by banks of restriction site.
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The vector chosen for expression of the EPO DNA
in C0S-1 cells ("pDSVL1™) had previcusly been constructed
to allow for selectlon and autonomous replication in
E.coli. These characteristics are provided by the origin
of replication and Ampicillin resistance gene DNA sequen-
ces present in the regien spanning nucleotides 2448
through &362 of pBR322. This sequence was structurally
modified by the addition of a linker providing a HindIII

‘recognition immediately adjacent nucleotide 2448 prior to

incorporation into the vector. Among the selected vec-
tor's other useful properties was the capacity to autono-
mously replicate in COS-1 cells and the presence of a
viral promoter seguence functional in mammalian cells.
These characteristics are provided by the origin of
replication DNA sequence ana “late gene® viral promoter
DNA sequence present in tre 342 bp sequence spanning
nucleatige numbers 5171 tnrough 270 of the Sv40 genome.
a unigue restriction site (BamHI) was provided in the
vector ancd immediately adjacent the viral promoter
seguence through use of a commercially available linker
sequence (Collaborative Research). Also incorporated in
the vector was a 237 oase palr sequence (derived as
nucleotice numbers 2553 tnhrough 2770 of Sva0) containing
tne "late gene" viral mRNA dolyacenylation signal
(commonly referred to as a transcription terminator).
This fragment was positionec in tne vecter in the proper
orientation vis-a-vis tne "“late gene" viral promoter via
the unique BamHl site. Also present in the vector was
another mammalian gene at a lecation not material to
potential transcription of a gene inserted at the uniaue
B8amHl site, between the viral promoter and terminator
sequences. [the mammalian gene comprised an approxima-
tely 2,50C Do mouse ginyargfalate reductlase (DHEB)‘mini-
gene isolated from plasmid pMG-1 as in Gasser, et al.,

b .N.A.S. {U.S.3.), 79, op. 6522-6526, (1982).] Again,
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the major operative components of plasmid pOSVL1 comprise
nucleotides 2448 through 4362 of pBR322 alang with
nucleotides 5171 through 270 (3a2bp) and 2553 through
2770 (237bp) of SV40 DNA.

Following procedures described, €.9., in
Maniatis, et al., supra, the EPO-encoding DNA was iso-
lated from plasmid pBR-EPO as a BamHl fragment and
ligated into plasmid pDSVL1 cut with BamHI. Restriction
e;;;ag analysis was employed to confirm insertion of the
gPO gene in the correct orientation in two of the
resulting cloned vectors (duplicate vectors H and L).
see Figure 2, illustrating plasmid pDSVL-MKE. vectors
with EPO genes in the wrong orientaufgacggggﬁgéved for
use as nepative controls in transfection experiments
designed to determine EPO expression levels in hosts
transformed with vectors having EPO DNA in the correct
orientation.

vectors H, L, F, X and ¢ were combined with
carrier DNA (mouse 1iver and spleen DNAR) were employed to
-ransfect duplicate 60mm plates by calcium phosphate
microprecipitate methods. Duplicate 60 mm plates were
also transfected with carrier DNA as a “mock®™ transfor-
mation nepative control. After five days all culture
media were tested for the presence of polypeptldes
possessing the immunological nroperties of naturally-
pccurring EPQ.

EXAMPLE 7

A, 1Initial EPO Expression System
Involving £CS-1 Cells
The system selected for initial attempts at
microbial syntnesis of isolatasle quantities of nhuman EPO
polypeptige material coded for by the human genomic DNA
€PO clone, also i-volved expression in mammalian host
cells (i.e., C0S-1 cells, A.T.C.C. No. CRL-1650). The
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human EPD gene was first sub-cloned Into a “shuttle™ vec-
tor which is capable of autonomous replication in both
£.coli hosts (by virtue of the presence of pBR322 derived
DNA) and in the mammalian cell 1ine C0S- (by virtue of

5 tne presence of SVa0 virus derived DNA). The shuttle
vector, containing the EPO gene, was then transfected
into C0S-1 cells. EPO polypeptide material was produced
in the transfected cells and secreted into the cell
culture medisz.

0 More specifically, an expression vector wac
constructed according to the following procedures. DNA
isplated from lambda clone AhEl, containing the human
genomic EPO gene, was digested with BamHI and HindIII
restriction endonucleases, and a 5.6 Kb ONA fragment

15 known to contain the entire EPO gene was isolated. This
fragment was mixed and ligated with the bacterial plasmid
puC8 (Betnesda Research Laboratories, Inc.) which had
been similaclv digestea, creating the intermegiate
blasmid B OUCB-HUE™, reovaeva y 3 convenient source of this

20 restriction fragment.

The vectar chosen for expression of the EPO ONA
in C0S-1 cells (p3va32t) had previously been constructed.
Plasmic pSV4SEt contained DNA sequences allowing selec-
tion and autonomous replication in £.coli. These charac-

25 teristics are provided by the origin of replication and
Ampicillin resistance gene DNA sequences present in the
region spanning nucleotides 2448 through 4362 of the bac-
terial plasmid p8R322. This sequence was structurally
modified by the adcition of a linker proviging a HindIII

30 recognition site immediately adjacent to nucleotice 2448.
Plasmid pSV4SE: was also capable of autonomous replica-
tion in COS5-1 zells. This characteristic was provided by
a 342 bp fragment containing the SV40 virus origin of
replication {nucleotige numbers 5171 through 270). This

35 fragment haa been modified Dy the addition of a linker
croviding an EcoRl recognition site adjacent to
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nucleotide 270 and a linker providing a Sall recognition
site adjacent nucleotide 5171. A 1061 bp fragment of
Sv40 was alse present In this veotor (nucleotide numbers
1711 through 2772 plus a linker providing a Sall recogni-
tion site next to nuclestide number 2772). Within this
fragment was an unique BamHI recognition sequence. In
summary, plasmid pSv4SEt contained unique BamH1 and
HindIII recognition sites, allowing insertion of the
human EPO gene, sequences allowing replication and selec-
tion in E.coli, and sequences allowing replication in
cos-1 ceils.

In order to .insert the EPO gene into pSV4SEt,
plasmid pUC8-HUE was digested with BamHl and HindIII
restriction endonucleases and the 5.6 kb EPO encoding ONA
fragment isolated. pSV4SEt was also digested with BamHl
and HindIIl and the major 2513 bp fragment isolated
(preserving all necessary functions). These fragments
were mixed and ligated, creating tne final vector
"pSVQHUEPC". (See, Figure 3.) This vector was propa-
gatec in E.coli anc vector DNA isclated. Restriction
enzyme analysis was employed to confirm insertion of the
ZPO gene?“

Plasmic DSVQHUEPD DNA was used tc express human
£P0 polypeptice material in COS-1 cells. More specifi-
cally, DSVQHUEPO ONA was combined with carrier DNA and
transfected into triplicate 60 mm plates of COS-l cells.
As a control, carrier DNA alone was also transfected into
C0S-1 cells. Cell culture media were sampled five and
seven days later and tested for the presence of polypep~
tides possessing tne immunological properties of
naturally occurring human EPQ.

B. Second £€P0 Expression System
Involving C0S-1 Cells
Still ancther system was designed to provide
improved oroduction of numan £P0 pclypeptide material
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coded by the human genomic DNA EPO clone in COS-1 cells
(A.T.C.C. No. CRL-1650).

In the immediately preceding systenm, EPO was

expressed in COS-1 cells using its own promoter which is

5 within the 5.6 Kb BamHI to HindIII restriction fragment.
In the following constructlion, the EPO gene 1s altered so
that it is expressed using the SV40 late promoter.

more specifically, the cloned 5.6 Kb BamHI to
HindII1 genomic human EPO restriction fragment was

10 modified by the following procedures. Plasmid pUCB-HUE,
as described above, was cleaved with BamHI and with
BstEIIl restriction endonucleases. BstEII cleaves within
the 5.6 Kb EPD gene at a position which is 44 base pairs
s’ to the initiating ATG coding for the pre-peptide and

|s approximately 680 base pairs 3' to the HindIII restric-
tTon <ite. 'The approximately 4900 base pair fragment was
isolated. A synthetic linker DNA fragment, contalning
sall ano BstEID sticky ends and an internal BamHI
recognition site was synthesized a~2 pezifio.. The two

20 fragments were mixed and ligateg with plasmid pBR322
«hich had been cut witr Sal™ and BamHI to produce the
intarmediate plasmid pBRgHE. The genomic human EPQO gene
can be isolatec tnerefrom as a 4900 base pair BamHI
digestion fragment carrying the complete structural gene

- 25 with a single ATG 44 base pairs 3’ to BamHl site adjacent
the amino terminal coding reogion.

This fragment was isolated and inserted as a
8amRrl fragment into BamHI cleaved expression vector
plasmid pDSVL1 (described in Example 6). The resulting

30 plasmid, pSVLQHUEPO, as illustrated in Figure &4, was used
to express ZPO polypeptice material from C0S-1 cells, as
gescriped in Examples 6 and 7A.

EXAMPLE B
35

Culture megia from growth of the six transfected
£0S-1 cultures of Sxample 6 were analyzed by radioim-
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munoassay according to the procedures set forth in
Example 2, Part 8. Each sample was assayed at 250, 125,
50, and 25 microliter aliquot levels. Supernatants from
growth of cells mock transfected or transfected with vec-
tors having incorrect EPO gene orientation were unam-
biguously negative for EPO immunoreactivity. For each
sample of the two supernatants derived from growth of
C0S-1 cells transfected with vectors (H and L) having the
EPO DNA in the correct orientation, the % inhibition of
lzsI-EPO binding to antibody ranged from 72 to 88%, which

"places all values at the top of the standard curve. The

exact concentration of EPO in the culture supernatant
could not then reliably be estimated. A quite conser-
vative estimate of 300 mU/ml was made, however, from the
value calculation of the largest aliquot size (250
microliter).

& representative culture fluid according to

Exzmple € and five anc seven cay culture fluios obtained

according to Example 7R were tested in the RIAR in order
to compare activity of recombinant monkey and human EPO
materials to a naturally-occurring human EPQ standard anc
the results are set out in graohic form in Figure 1.
Briefly, the results expectedly revealed that the recom-
tinant monkev EPQ significantly competed for anti-human
EPO0 antibody although it was not able to completely inhi-
tit binding under the test conditions. The maximum per-
cent inhibition values for recombinant human EPO,
however, closel, approximated those of the human EPO
standard. The parallel nature of the cose response
curves suggests immunological identity of the sequences
{epitopes) in common. Prior estimates of monkey EPO in
culture fluids were re-evaluated at these higher dilution
levels anc were found to range from 2.91 to 3.12 U/ml.
Estimated human EPO production levels were correspon-
dingly set at 392 mU/ml for tne five-day growth sample
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and 567 mU/ml for the seven day growth sample. Estimated
monkey EPO production levels in the gExample 78 expression
system were on the same order or better.

S EXAMPLE 9
- Culture “.uids prepared according to Examples 6

and 7 were subjectec to an in vitro assay for EPO acti-
vity according to the procedure of Goldwasser, et al.,
Endocrinoleay, 97, 2, npp. 315-323 (1975). Estlimated
monkey EPO values for culture fluids tested ranged from
3.2 to 4.3 U/ml. Human EPO culture fluics were also
active in this in vitro assay and, further, this activity
could be neutralized by anti-€PO antibody. The recom-
binant monkey EPO culture fluids according to Example 6
were also subjected to an assay for in vivo biological
activity according to the general procedures of Cotes, et
al., Nature, 191, oc. 1065-1367 (1961) and Hammonc, et

_al., Ann.N.Y.Acad.Sci., 149, oo. 516-327 (1968) and acti-

vity levels ranged from 0.94 to 1.24 u/ml.

ExAMPLE 10
In the prsvious examcles, recombinant monkey oOr
numan EPC material was produced from vectors used to
transfect COS-1 cells. These vectors replicate in COS-1
cells due to the oresence of 5va0 T antigen within the
cell and an Sva0 origin of replication on the vectors.
Though these vecters produce useful quantities of EPO in
C05-1 cells, expression is only transient (7 to l4 days)
due to the eventual loss of the vector. agditionally,
only a small percentage of COS-1 became productively
transfectec with the vectcrs. The present example
describes expression systems employing Chinese hamster
ovary (Cﬁg}_DHFR‘ cells and the selectable marker, DHFR.
[fFor discussizn of related expression systems, see
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