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FIG. 7

-1 1
Nethkla

CTAG AAACCATGAG GGTAATAALA TAATGGCTCC GCCOCETCTG
TTTEETACTIC CCATTATTTT ATTACCEAGE CGGCGCAGAC

TGATGAGACG

GEATQCTGCM

TATACTOSCG
ATATGACCGC

CGAGAGTTCY
GCTCTCAMGA

SCTEGCATATT
CGACGTACAM

ACGCACGAGA

- TCOTETATAC

AGCACATATG

GGAACOTTALC
CCTTGCAATG

GTACTGAACA
CACQACTTGT

GTTAACTTCT

CAATTGAAGA

AQTTTOGCAG
TCAAACCGETC

TATCTGACCY
ATAGACCGEA

CTAAMGANGC
GATITCTTCG

GATACCTTCC
CTATGAARMGG

Ball

GCGATTATCA
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FIG. 8

ACCAAGATTG
TGGTTICTAMC

ACGTATGGAR
TAGCATMACTT

ACRATAGACT

CARCCATGGA
GTTRATACCC

GAIATCTTTG

GATACCTTCA
CTATGIAMGTY

ATTGAAGTTIG
TAACTTCAAC

GACTGATRAC
CTQACTATTG

TTATCACATC
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FIG. 10
l. QMMWMMTL
2. CCATTATTTTATTACCCTCATGGTTICTAG
3. ATGGCTCCGCCGLETCTGATCTGCGAL
4. CTCGLBTCGCLGLTG!GLCGCGGCGGLG
3. TCGAGAGTTCTGGAACGTTACCTGCTG
6. CTTCCAGCAGCGTAACGTTCCAGAACT
7e GAAGCTAAAGAAGCTGAAAACATC
8. GTeCTGATATTTTCAGCTTCTTTAG
9. ACCACTGGTTGTGCTEAACACTGTTC
10. CAAAGAACAGTGTTCAGCACAACCA
11. TTTGAACGAAAACATTACGOTACCG

12. GATCCGGTACCGTAATGTTTTICGTYT
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FIG. 11

Ibal
EQORI P 3
MATTCTAG AAACCATGAG GETAATAAAA TAATGECTCC GCCCQCATCTG
GATC TTTGGTACTC CCATTATTITT ATTACCGAGE CGACACAGAC

AATGCCATGE CCTAG
12
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FIG. 12

1. AATTCGGTACCAGACACCAAGGT

2. GTTAACCTTGGTGTCTGETACCG

3. TAACTTCTACGCTTGGAAACGTAT

4. TTCCATACGTTTCCAAGCGTAGAM

s.  GGAAGTTGGTCAACAAGCAGTTGAAGT

6. - CCAARACTTCAACTGCTTGTTGACCAAC

7. TTGGCAGGGTCTGGCACTGCTGAGCG

8. GCCTCGCTCAGCAGCTGCCAGACCCTG

9. AGGCTGTACTGCGTGGCCAGGCA

10. GCAGTGCCTGGCCACGCAGTACA

11, CTGCTGGTAAACTCCTCTCAQGCCGT

12. TTYCCCACGGCTGAGAGGAGTTTACCA

13. GGAAACCGCTGCAGCTGCATGTTGAC

14. GCTTTGTCAACATGCAGCTGCAGCGG

15. AAAGCAGTATCTGGCCTGAGATCTG

16. GATCCAGATCTCAGGCCAGATACT



Page 29 of 64

Filed 06/11/2007

Case 1:05-cv-12237-WGY Document 481-3

Aug. 20, 1996 Sheet 19 of 27 5,547,933

U.S. Patent

OYIOOYDYIDID
pLOLYDYD
IHENY I1117THhE

OOONDPDOLD
8bbipOoDOND

SIDOEINEDIV
¥pOop¥HIIDL

3T
NDDOONDYLY
LOOPDLOIND
T

t 49
YOVYEENYDLLL
LOLODLONINY

T

[}
DLOOONYDYDD
NODPLOLED

I

¥

24 PO LLLDLD
Y IOYNNOYD

NDOYDOVDLD
LObIIBIOND

DIBIOYNNDL
pwobbIlioy

YOWIDONOD
LLOINODLOD

[ 1
DOLPPOONID
POYOODDIDD

g

JONVOLPOLL
YDLLOYODNY

4

T

IDOYDOPOLL

YODLODODVVY
[44

OVYDILNDYPOD
PILIVLDLIDD

$
DLIOEIOVYD
OVYOLDDLLD
H

LIDOVINODL LEDOYNPOPI ¥DYYDHLIIVYD DLIDDIOIOL DPDINIOD
YODILYIOOY ¥VDOLIIOOOY ILOLIOVEILD DYYOOWONUDHY DOVIOODLIY ¥
T TEdY 1udo¥

t

£1 "D



Case 1:05-cv-12237-WGY  Document 481-3  Filed 06/11/2007  Page 30 of 64

U.S. Patent

16.

11.

12.

13.

14.

15.

16.

Aug. 20, 1996 Sheet 20 of 27 5,547,933

FIG. 14

GATCCAGATCTCYGACTACTCTGC
ACGCAGCAGAGTAGTCAGAGATCTG
TAGCCTGCTCTGGGTGCACAGAAAGAGG
GATAGCCTCTTTCYGTGCACCCAGAGC
CTATCTCTCCGCCGGATGCTGCATCT
CAGCAGATGCAGCATCCGGCGGAGA
GCTGCACCGCTGCGTACCATCACTG
ATCAGCAGTGATGGTACGCAGCGGTG
CTGATACCTTCCGCAAACTGTTTCG
ATACACGAAACAGTTTGCGGAAGGT
TAGTATACTCTAACTTCCTGCGTGGTA
CAGTTTACCACGCAGGAAGTTAGAGT
AACTGAAACTGTATACTGGCGAAGC
GGCATGCTTCGCCAGTATACAGTTT
ATGCCGTACTGATGACCGCTAATAG

TCGACTATTAGCGGTCACCAGTAC
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FIG. 15
BamHY BglII
@A TCCAGATCTCTG
STCTAGAGAC
1 3 5

ACTACTCTGL TGCGTGCTCT GGATACACAG RAAMAGAGGCTA TCTCTCCGCC
TGATGAGACG ACGCACGAGA CCCACGTGIC TITCICCGAT AGAGASGCGG

|~
|-

COTACGACGT AGACGACGTG GCGACIGCATG STAGTGACGA CTATGGAAGG
L -]
11 13
GCAAACTGTT TCGIGTATAC TCTAACTICC TOCGTGETAA ACTIGAAACTG
CGTTTGACAMN AGCACATATG AGATTGAAGG ACGCACCATY TGACTTTGAC
10 i2
15 BalTl

TATACTGGCG AAGCATGCCA TACTGATGAC CGOTAATAG
ATATGACCGC TTCATACGAC ATGACCACTG GCGATTATC AGCT

1s is
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FIG. 16

1. AATTCAAGCTTGGATAAAAGAGCT
2. GTGGAGCTCTTTTATCCAAGCTTG
3. CCACCAAGATTGATCTGTGACTC
4. TCTCGAGTCACAGATCAATCTTG
5. GAGAGTTTTGGAAAGATACTTGTTG
6. CTTCCAACAAGTATCTTTCCANAAC
7. GAAGCTAAAGAAGCTGAAAACATC
8. GTGGTGATGTTTTCAGCTTCTTTAG
9. ACCACTGGTTGTGCTAAACACTGTTC
10. CAAAGAACAGTGTTCAGCACAACCA
11. TTTGAACGAAAACATTACGGTACCG

12. GATCCGETACCGTAATGTTTTCGYT



Case 1.05-cv-12237-WGY Document 481-3  Filed 06/11/2007 Page 33 of 64

U.S. Patent Aug. 20, 1996 Sheet 23 of 27 5,547,933

FIG. 17

BooRI EHindlIII 31
ARTTCA AGCYTGGEATA
g TTCGAACCTAT

2

3

AAAGAGCYCC ACCAAGATTG ATCTGTAGACT CGAGAGTTTT

TTTCTCGAGG TGGTTCTAAC TAGACACTGA GCTCTCAAAA
4

mmmmmmmm
CCTTICTATG AACRACCTTC GATTTCTTICG ACTITITATAL TGAGTAGACCAA

9 11 Kpni BamHI
@TSCTGAACA CTGTTCITTAE AACGAAAMACA TTACAATACC G

CACGALTTAY GACAAGARAC TTACTTTTIGAT AATGOCATGE CCTAG
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FIG. 18

l. AATTCGGTACCAGACACCAAGGET

2. GTTAACCTTGETGTCTGGTACCG

3. TAACTTCTACGCTTGGAMACGTATYT

4. TTCCATACGTTTCCAAGCGTAGAM

5. mmmmm

6. CCAAMACTTCAACTGCTTGTTGACCAAC

7. TTGGCAAGATTTIGGCCTTGTTATCIC

8. GCTTCAGATAACAAGGCCAAACCYTG

9. AAGCTGTTTTGAGAGGTGAAGCCT

10. AACAAGGCTTGACCTCTCAAAACA

il. - TGTTGGTTAACTCTTCTCAACCATGEGE

12. TGGTTCCCATGGTTGAGAAGAGTTAACC

13. AACCATTGCAATTGCACGTCGAT

14. CTTTATCGACGTUCAATTGCAA

15. AAAGCCGTCTCTGGTTTGAGATCTG

16. GATCCAGATCTCAAACCAGAGACGG



Case 1.05-cv-12237-WGY Document 481-3  Filed 06/11/2007 Page 35 of 64

U.S. Patent Aug. 20, 1996 Sheet 25 of 27

5,547,933

Fi1G. 19

Kool

BeoRT 3 '
A ATTCGAUTACC AGACACCAAG

GCCATGE TCTATAGTTC

[ 3]

o
[F ]

ACOTATGGAL GTTGGTCAAC AAGCTGTTGA
TGCATACCTT CAACCAGTTG TTCGACAACT

F 3
™

15

GATAMAGCCA
CTATTTCGGC

TCTCTGGTTT
AGAGACCAAA
i6
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10.
11.
l12.
13.
14.
15.
16.
17.
18.
19.

FI1G. 20

GATCCAGATCTTTGACTACTTTGTT
TCTCAACAAAGTAGTCAAAGATCTG

GAGAGCTTTGGGTGCTCAMAMAAGGANG

GCAGAAGCAGCGTCTGGTGGGGAA
CTGCCGCTCCATTGAGAACCATC
CAGTGATGGTTCTCAATGGAGCG
ACTGCTGATACCTTCAGAAAGTT
GAATAACTTTCTGAAGGTATCAG
ATTCAGAGTTTACTCCAACTTCT
CTCAAGAAGTTGGAGTARACTCT
TGAGAGGTAMTTGAAGTITGTACAC
ACCGGTATACAACTTCAATTTACCT
CGGTGAAGCCTATAGAACTGSET
CTGTCACCAGTTCTACAGGCTTC
GACAGATAAGCCCGACTGATAA
GTTGTTATCAGTCGGGCTTAT
CAACAGTGTAGATGTAACARAG

TCGACTTTGTTACATCTACACT
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FI1G. 21

BABRRI BglII 1
GATC CAGATCTTTG ACTACTTTGT TGAGAGCTTT
GTCTAGAAAC TGATGAAACA. ACTCTCGAAA

GOTACTCAM AMMAMASCCA TTTCCCCACC AGACACTACT TCTGOCACTC
COCCACGAGTT TTCCTTCGAT AMAGOGATGES TOTGCGACGA AGACGGCGAG

2 3 i1
CATTGAGRAC CATCACTGCT GATACCTTCA GAAAGTTATT CAGAGTTTAC
@TAACTCTTG GTAGTGACGAA CTATGGAAGT CTTTCAATAA GTCTCAAATC

8

8 i0 i2

13 15
TCCAACTTICT TGAGAGGTAA ATTGAMGTTG TACACCGETG AMAGCCTGTAG
ASGTTGAMGA ACTCTCCATT TAACTTCAAC ATGTGGCAMC TTCGGAAMCATC
14 16
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PRODUCTION OF ERY THROPOIETIN

This is a continuation of applicativn Ser. No, (8,202 874,
filed Feb. 28, 1994, and now gbandoned which was 2
continuation of T.8. application Ser. No. 07/113,178, filed
Ocr, 23, 1987, now abandoned, which was a continuation of
T.5. application Ser. Na. 068/h79.298, filed Nov. 30, 1984,
and issucd Ocl. 27, 1987 as ULS. Pal. No. 4,703,008 which
wais d vonbinualien-in-part of 1.5, Ser. No. 06:633,841, filed
Sep. 28, 1984, and now abandoned, which was & conliou-
ation-in-part of U 5. application Ser. Mo, 06582, 185, filed
Feb. 21, 1984, and now sbandongd, which was » contmu-
ation-in-part of U.5. application Ser. No. 06/561,024, filed
Dec. 13, 1683, and now abandoned.

BACKGROUND

The present inventinn reistes generally 10 the manipula-
thon of genetic matcoals and, more partfculariy, o reconl-
binant procedures making paossihle the productiom of
molypentides posscasing part or all of the primary strucrural
cunlonmalion andfor one er more of the hiningical propenies
of naturally-occurring erythropoictin.

A, Manipulation Of Genelic Materials

Generic materialz may be broadly defined as those chemi-
cal substances which program lor and guide the manufachire
ol vonstituents of cells and viruses and direct the responses
of celia and viruscs. A long chain polymeric substance
koown a: deexynbonucleic acld (DNA) comprises the
genctic material of all Hving cells and vimses cxcept tor
cetfain viruscs winch are programmed by ribonueleic acids
(RNA). The repeating units in DNA polymers are foor
different nucleotides, cach ol which consists of either 2
purine (adenine or puanine} or a pyrimidine (thymine or

cywosine) hound 10 a deaxyribose sugar 10 which a phosphate 3

group is attached. Attachment of nucleotides in linear paly-
menic fiptm 18 by means of fusion of the 5’ phosphate of one
nucleotde Lo the 3' hydroxy] group of another. Tunetionat
DNA occurs in the farm of stable double stranded associa-
tions of single siremds ol nuclestides (known as deoxvoli-
gomucleotides), which associations occur by means of
hydrogen bonding belween purine and pyrimidine hases
[i.e., “complemeniary” associations cxisting cither harwesn
atdenine {A) and thymine (T} or guanine (G) and cytosine

(C)]. By conveniion, nucleotides are referred wn by the -

names of their constituent parine or pynmndine bases, and
the complementary associalions of nucleotides in douhle
stranded DINA (e, A-T and G-C) are referreg) 10 gy “buasc
pairs”, Ribeoucleic acid is & polynuelevlide comprising

adenine, guanmio, cylosine and uracil rather than thymine, s

baund to fbose and a phosphate groap.

Most bricfly pui, the pregramming funciion of DNA is
generally effected through a process wherein specific DNA
mucleotide sequences (genes) are “trunseribed” into rela-

tively unstable messcoger RNA (mRNA) polymers. The as

mRNA, in m, serves as a template for the formation of
structural, segulaiory and calslylic proleins [um amine
acids. This mRNA “ranslation™ process involves the opera-
tions of small RNA strands (tRNA} which lransporl und
align individual aminn acids along the mRNA strand 1o
allow for formation of polypepiides in- proper aming acid
sequences The mRNA “message™ derived from DNA and
previding the hasis for the tRNA supply and onentation of
any given one of the twenty amino acids for polypeplide
“expression’, is in the form of triplet “codons” —sequential
groupings of three nuclcotide bases. [n one sense, the
formation of a prowin is the vltimate {orm of “expression”
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of the programmed genetic message provided by the nucle-
otide sequence of a genc,

“Promotar’” DNA sequences usually “preceds” a geae in
a4 DNA polymer and provide a site for initfation of the
lranscriplivn into mRNA. “Repuolator™ DN A sequences, also
usually “upstream™ ol (i.e., preceding) a gene in a piven
DNA polymer, bind proleins thal delermine e [reguency
(or rale) of anscriptional {nitiation. Collectively referred to
as “prumoterresulalor” er “conlrol” DNA sequence, these
sequences Which precede a selected gene {or serics of genes)
in a luncliomal DNA polymer cooperate o determine
whelber (he iruoseripdon {und evenlual expression} of 2
gene will occur. DNA segaences which “lollow™ a gene in
a DINA polymer and provide a signal for termination of the
trapspriptipn info MBNA are refemed o ay losedption
“ferminator’ seguences.

A focus of microbivlogical processing lor the last decade
has been the atlenmpl o manulaclure industriadly snd piar-
maceutically significant substances using argantsms witch
either do not inttially have genclically coded inlormalion
concerning the desired product included in their DNA, or (in
the ¢ast of mammaliun cells in culture) do not osdinariiy
express a chromoesomal gene at appreciable levels, Simply
put, & gene thal sperilies the sioueture of a desired polvpep-
tde product is either isolated from a “donot”™ organism or
chemically synthesized and then sigbly introduced ino
another organism which is preferably a self-replicating
umicellular organism such as bacterin, yeas! or mammaijan
cells i enliure, Onee this is done, the existing machinery for
penc expression in the “transformed” or “transfocted’”
miceobial host ¢ells operales o vonstiruet the desired prod-
uet, using the exogenous DNAas atemplate for trarscriprion
of mRNA which is then tanslated inte & conlinucus
sequence of aming acid residues,

The am is 1ich In patent and literawre publications reluing
to “recombinant DNAY methodologies for the isolation,
synthesls, purification and amplification of genelic maicrials
for nse in the transformation of selecied host organismes.
L5, Pal. No. 4,237,224 to Cohen, et 2l , for example, relales
to transtormation of wnicellular host organisms  with
“hybrid” vital or circular plasmid DNA which includes
selected exogenous DNA sequences. The procedures of the
Cohen, et al, patent first invelve manufacture of a transfor-
mation vector by enzymatically cleaving wival ar circulur
plasmid DNA to form lincar TINA strands, Selected Loreign
Cexopenous’” or “heterolopous™) DNA strands wsually
including sequences coding for desired produer are prepared
in linear Form thropgh use of similar enzymes. The linear
viral or plasmid DNA i incubated with the foreign DINA in
the presence of higating enzymes capable of effecling a
resloration process and “hybnd™ vectors are formed which
include the selected exogenous DNA segment “spliced” irtn
the viral or circular DNA plasmid.

Translurmation of compatible undcellular hast nrganisms
with the hybeid vector results in the fotmation ol multplc
copies of the cropenous DNA in e hosl cell populaton. In
sume instances, the desired result is simply the ampiificacion
of the foreign DMA and the “product” harvesied 1s DNA.
More [requently, Lhe goal of trunsformation is the expression
by the host cells of the exngenaus TINA in the form of large
scale synthegis of isolalabic quanliics o cummerciatly
signilicant protein or polypeptide fragments coded for by the
foreign DNA. See also, c.g., TLS. Pal Nos, 4,264,731 (lo
Shing), 4,273,873 (iv Munis), 4,203,652 (i Cohen), and
Furopean Putent Application 093,619, published Mov, 9,
TU¥3.

The develupment of specific DNA sequences for splicing
into DNA voelors is accomplished by u warety of tech-
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nigues, depeading to a grear deal on the degree of “forcign-
ness” of the “donor” to the projected host and the size of the
polypeptide to be expressed in the host. At the 1isk of
over-simplification, it can be sared that three alternative
prinecipal methods can be comployed: (1) the “isolation™ of
double-stranded DNA sequence from the penomic DNA of
the donor: (2 the chemical manufacture of a INA scquence
providing 4 cods for @ polypeptide ol interesl; and (3) he in
vitrg synihesis of 2 douhle-srranded DINA sequence by
enzymatic “roverae transcrption™ of mRNA isolated from
dvnwr cells. The lusl-menlioned methods which mvolve
formation of 2 DNA “comptement’” of mRNA are generally
refersed (0 as “cDNA™ methads.

Munulaciue of DNA sequences is frequently the method
of choice when the entire sequence of mmine acid reziducs
of the desired polypeptide product is knows. DNA manu-
facluring procedures of co-owned, co-pending U.S. patent
application Ser. No, 483,451, by Alton, et al., (filed Apr. 15,

1983 and corresponding W PCT U.S.83/006035, published

Nay, 24, 1983 gs WOZ3/04053), for example, provide a
supetior means for aceomplishing such bighly desirable
resulis as: providing for the presence of allernale codons
commonly found in genes which are kighly expressed in the
host orpanism selected for expression (e.g., providing yeast
or Eeoli “preference” codons); avaiding the pregence of
unlransluated “intron” sequences (commonly present in
mammalian genamic DNA sequences and mRENA transeripls
thercol} which arc not readily processed by procaryatic host
celis; avoiding exprassion of undesired “leader™ polypeptide
sequences commonly coded for by genomic DNA and
¢DNA sequences bul frequently not readily cleaved from the
polypepiide of intoresr by hacterial or yeast host cells:
providing [or ready inserlien of the DNA in cunvenienl
expression vectors in association with desired promoterf
regulator and terminator sequences; and providing [or ready
conslruclon of gemes coding [ur polypeplids itagmenls and
analogs of the desired polypeptides.

When the cotire sequence of 2mino aeid residucs of tie
desired polypeplide is ool known, direct muanufacture of
DNA sequences is pot possible and isolation of DNA
sequences coding for the polypepide by & ¢DNA muthed
ecomes the method of choice deypite the potential draw-
backs in ease of assembly of expression vectors capable of
providing high levels of microbial expression referred 1o

above. Among the standard procedures for isolating cDNA 43

sequences of interest is the Preparation ol plasmid-bornc
cDNA “Lbrares” derived [tom reverse tanscription of
miANA abundant in denor cells selected as respnnathle for
high level expression of gencg (c.g., lbrarics of cINA
derived [Tom plluilary cells which cxpress reladvely large
yuantilies of growth hormone peoducts). Where substaniial
portiens of the polypeptide’s amino acid sequencc arg
knowa, labelled, single-stranded DNA probe scquences
duplicating a seguence pulalively present in the “target”
¢lINA may bz employed in DNA/DMNA hybridization pro-
cedures caried oui on cloned copies of the cDNA which
have heen denatured 1o single sttanded form. [See, generally,
the disclosinre and discnssions of the ant provided in U5,
Pal. Noo 4,394,443 o Weissman, et al. and the tecemt
demonstratons of the use of long oligonucteotide hyhrid-
ization probes roporied in Wallave, ol 41, Muc Acids Res., 6,
pp- 35433597 (1979}, and Reves, et al.,, ANAS. (TT5A),
79, po. 3270-3274 (1982), and Jaye, ot al., Nur-Arids Res,,
11, pp. 23252335 [1983). Sce also, U5, Pul. Nu. 4,338,535
o Fulkow, el al., relating to DNA/DNA hybridization pro-
cedures in effecting disgnosis; published European Paicn
Applicalion Nos, 0070685 and 0070687 relating ta light-

1
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cmitting labels on single stranded polynucleotide prabes;
Davis, et al., A Mamnal for Genetie Enpinecring, Advanced
Bacterial Genetics”, Cold Spring Harnor Labumuinry, Cald
Spring Harbor, NUY. (1980) at pp. 55-58 and 174-176.
relating to coleny and plaque hybeidization techniques; and,
New England Wuclear (Boston, Mass) brochores for "Gene
Sercen” Hybridizarion Transfer Membrane materials pro-
viding instruction mamuals for the transfer and hybridization
of DNA and RMA, Calog No, NER-972)

Among (he more sigulicanl rweenl advances in bybridizs-
tion procedures for the screening of recombinant clones is
the us= of labelled mixed svnthetic aligomicleotide probes,
each ol which is polemially the complele complement ol 4
specific DNA sequence in the hybridization sample includ-
ing a heterogemous misture of single strunded DnAs oz
RNAs. These procedures are acknoewledged to be especially
useful in the detection of cDNA clones derived {rom sowrees
which provide calremely luw amounts of mBENA sequences
[or (he polypeptide of interest. Briefly pur, use of stringent
hybridization condidens directed toward avoidance of pon-
specific binding can alow, e.g., for the mutoradiographic
visnalization of a specific ¢DINA clane upon the cvent of
hybridization of the targel DNA W thai single probe within
ithe mixiure which is 118 complete complement. See gener-
ally, Wallase, et al., Nuc Acids Rex, 9, pp. 879-897 (1981;
Suggs, er al. PN AS (TF.5.A.), 78, pp. 6813-6617 (19817;
Choo, &1 al., Nanere, 229, p. 178-180 {1982}, Kurachi, et al.,
PNAS (HSADTY, pp. 6461 -6464 (1982) Ohkuho, clal.,
PNAS, (LL8A), BO, pp. 2196-2200 (1983 ); and Komblibet,
ctal. PHNAN (/854 B0, pp. 32183222 (1983). In gen-
eral, the mixed probe procedures of wallace, et al. (1981),
supra, have beon expanded upon by various workers to the
point where reliable resnlis have repariediy heen ohrained in
a cBNA clome isolation vsing a 32-member mixed “pool” of
16-base-lony {16-mer) oligonucleotide probes of uniformly,
varying DINA sequences tngether with a single 1i-mer o
cffert a two-site “positive” coolirmalion of the presence off
cbnA ol micresl. See, Singer-5am, et al., MAS. (L1854,
80, pp. 802-804 (1983).

The uge of genomic DMNA 1s0lales s the least common ol
lhe three gbove-noted methods for developing specific DMA
sequences for use in recombinant procedurcs, s is cape-
afally tc in the area of reovmbinanl procedures direcled Lo
secuning mictobiyl expression of mammalian polypeptides
and is due, poncipally to the complexity of mammatian
renomic DNA. Thus, while relisble procodurcs exist [ur
developing phage-bome libraries of genomic DNA of
human and othcr mammalian species odgins fsee, e.g2.,
Lawn, cl al. Cell, 15, pp. 1157-1174 (1878) relating to
procedures for generaring a human penamic library eom-
manly referred 1 as the “Munialis Library™; Karm, el ul.,
ENAS, (U5.A), 77, pp. S517T2-5176 (1980 relasing to 2
human yenomic library hased on alternative restrietion
endomuclease fragmeniation procedure; and Blatner, et al.,
Science, 196, pp. 161-169 (1977) describing construction of
a havine genomic library] there have been relarively fow
successtul attempts at use of hybridizulion procedurcs in
isolating genomic DNA in the sbsence of extensive fore-
kmowiedge of aming scid or DNA sequences. As one
cxample, Fiddes, et al., LMol and Apy Genetics, 1, pp. 3-18
(1981} report the spacessful isolarion off a gene coding for
the alpha subumil of human pituitary glycoprotein hormones
irom the Maniatis Library through use of a “full length”
probe imchuding a complete 621 hase pair fragment of a
previonsly-isolaled cDNA sequence lor Lhe alpha suburic.
Ay anvther example, Das, et al.,, ENAS (I7.5A), 80, pp.
F53 11533 (1983) repon 1soldiivon of human genomic clones
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for human MLA-DR osing 4 175 basc pair synthetic oligo-
nueleotide. Finully, Anderson, et al., PNAS. (T840, 80,
pp- 68386842 (1983) report the {solatien of genemic clone
Tor bovine pancreatic irypsin inhibitor (RPTT) using a single
probe 86 base pairs in lengib and construcred according 1o
the known amine acid sequence of BPTI, The authors note
2 dewermination of poor prospects for {solaling mRNA
suitable for svnthesis of a cDNA library due to apparent Iow
levels of mRNA in initially targeted parotid gland and lung
tissuc sources and then address the prospects of success in
probing a genemic library using 2 mixture of Iabelled
probes, statng: “More generally, mixed soquence oligode-
oxynucleotide probes have heen used 1o isolate protein
genes of unknown sequence from cDNA libranes, Such
probes are Lypically mixtores of B.32 oligonucleotides,
14-17 nuclentides in length, representing gvery pussible
coden combination For a small siretch (5-6 residues) of
amine acid sequence. Under stringent hybridization condi-
tions that discriminate apainst incorrcelly base-paired
probes, these mixtores are capable of Jocaling specific genc
seguences in clonc libraries of low-10-moderile complexity.
Mevertheless, becanse of their short length and beterogenc-
ity, mixed probes altco lack the specificity required [or
probiny seguences as complex 28 a mammalian penome.
This makes such 2 methad impractical for the isolation of
mammalian profein penes when the corresponding mRNAg
are unavailable.” (Citatinns nmitled).

There thus comlinucs to exist 2 need in the arl for
improved melbeds for effecting the rapid and eficient iso-
lation of £DNA clones in iostances where little is known of
the aming acid sequence af the polypeptide codad for and
where “enriched” tissuc sources of mRNA are nul readily
availablc lur use in constructing e¢DNA libraries. Suck
improved methnds would be especially nseful if they were
applicable 1o isvlaing mammalian penomic elomes where
sparse information ts available conceming amine acid
sequences of (he polypepide roded for by the gene sought.
B. Erythropoietin As A Polypepride Of Interest

Erythropiesia, the production of red hivod cells, ocours
conlinuoosly throughour the homan life span 10 offset cell
destmetion. Erylhropoicsis is 2 very precisely comrolled
physivtogical mechanism enabling sufficiant numbers of red
blood cells to be available in the Bood for prapet tissue
oxygenation, bul nol so many that the cells wounld impede
circulation. The formatinn of red blood cells occnrs in the
bone marrow and is under the control of the hormone,
erylhropuiciin.

Erythropoietin, an acidic glyeopmein vl approximately
34,000 dalion molecular weipht, may vceur in three forms:
e, Pand asialo. The o and P forms differ shightly in carbo-
hydrate components, but have the same potency. biological
activity and molecular weighl, The asialo form is an o or B
forrn witk the terminal carbohydraie (sialic acid) removed.
Erythropoietin is present in very low concentrations in

plasma when the body is in a healthy state wherein tssaes 55

receive sufficient oxygenation from the existing number of
erylbrocytes, This normal low cancentration is enough to
stimulaie repiscement of ted bloed cells which are Tnsc
normally through aying.

The amount of erythropoictin in Lhe circulaion is
increased under conditions of hypoxia when pxygen rans-
port by bleed cells in the circulation is reduced. Hypoxia
may be caused by loss of large amounts of blood through
hemarrhage, destruction of red bload cells by over-cxposurs
io radiation, reduction in oxvgen inlake due 1o high altiticdes
or prolonged unconsciousness, or various forms of ancrmia.
In response to tissoes ondergoing bypoxic sUess, erythro.
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paietin will inerease red blood cell productian hy stimulat-
inp the conversion of prithitive preaursar cells in the bone
marew inw proerytbroblasls which subsequently niature,
synthesize hemoglobin and are released into the circularion
as red blood cells. When the number of red biood cells in
citculation 1% grealer than needed for normal tissue oxygen
requirements, enthropelctin in civeelation s decreased

See gemerally, Tesia, et al, Eep Hematol, 8(Supp. B},
L44-152 (19803, Tong. et al. JRfol Chem., 256(24),
12666-12672  (19R1):  Goldwasser,  Jf.Call.Physiof,
0(Sepp 13, 133135 (1982). Finch, Blood, SU{6),
1241-1246 (1982); Sywowski, et al., Fxp. Hemao!, B(Supp
83, 52-64 {1930) Wanghton, Anre ClinlabSei, 135,
432438 (1983}, Weiss, el al. AmJVerRes, 44(10),
1832-1835 (1983); Lappin. et ab., Exp Hemawl, 11{7),
661606 (1933); Baciu, el al., AmeN.YAced Sci, 414,
6672 (1983 Murphy, et ul, Acia Heematologiva
Japonica, 46(7), 1380-1396 {1983); Dessypris, cf al., Bri-
S Hlaematol | 56, 295-306 {1984) ; and, Emmanouc], o at,,
Am L Physiol 247 {1 P 2), T1AR--76 (1684),

Berause crylhropoielin is essential in the process af ted
bloed cefl formation, the hormonc has potendal usefil
applicalion in bolh the diagnosis and the treatment of Blaod
disorders characterized by low or defective red Blood cell
production. See, peaerally, Penpathur-Das, et al., Blond,
G3(5). 116871 (1984) and TTaddy, Am.dour Ped Hematol./
Oncol, 4, 191196, (1982) relating o cryloropoielin io
possible therapies for sickle cell disease, and Rachbach, et al.
LChn dnvess, T4(2), pp. 434-441, (1984}, describing a
therapeltic regimen for uremic sheep based an in vivo
response lo erythropoietin-richt plasma infusions and pro-
pasing a dosage of 10 U EPO/ky per day for 15-40 days as
cormective of anemia of the tvpe agsocialed with chronic
renal failure See also, Kranc, Henry Ford llosp.Med T,
J1(3). 177-181 {1983).

It hias recentty heen cslimaled thal Lhe availability of
crylhropueiclin in guantily would allow for treatmens cach
year of anemias of 1,600.000 persons in Lhe United States
slone, S¢¢, ez, Momison, “Bioprocessing in Spacc—an
Overview™, pp. 557-571 in The World Biotech Report 1984,
Volume 2:USA, (Online Publicalions, New York, WY,
1084}, Recent studies have provided a basis for prujection of
efficacy of erythropoicio Lherupy in a variety of discasc
states, disorders and states of hematologic imegularity:
Yedovato, 2t al., Acta Haematal, 71, 211-213 {1984) (beta-
thalassemnia); Vichiosky, el al. SPediatr, 105(1), 15-21
(1984} {cystic fibrosis); Cotes, ct al., Brird.Obster.Cynea-
cof, B0{4), 304-311 [1883) (pregnuncy, menstrual disor-
ders); Haga, ctal.. Acta. PedigirnScand., 72, 827-831 (1983}
fearly anenmtin of prematurity); Claus-Walker, ¢l &l., Arch-
PhyvsMed Rehabel, 05, 370-374 (1984) (spinal caord
inforyl; Dunn, et al, EundAppl Phyvsiel, 32, 173-182
(984 (space fight); Mifler, ot al., BrcJ Haemmof., 52,
545390 (I982) (acute blood loss); ldupa, et al.. fLab-
Clin Med., 103{4), 574580 and 581-588 (1984 und Lip-
schite, el al., Blood 63(3), 302-508 (1983) (aging), and
Dainduk, cl al, Caoncer 5L(6), 1101-1106 (1983} and
Schwarlz, vt ul., Orelerngol,, 109, 269-272 (1983) {various
neoplastic disease states accompanied by abnommal ervih-
ropolesis).

Prior attempts ta obiain erythropoietin in good yield from
plasma or urine have proven relatively wunsuceessful. Com-
plicated and sephisticared laboratory techoiques are neees-
sary and generaily result in the collection of very smail
amounts of {mpure and unslable exiracls containiog eryth-
ropovietin.

.5 Fat. No. 3.033,753 describes a method for partially
purifying erythropoietin from sheep Dlood plusma which
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provides low wields of a crude solid extract coniaining
erythropodclin,

Inilial allempis o isolate erythropoietin [rom urine
yiclded unstable, biglogically inzctive peepargtions of the
hormone. U.S. Pat. No. 3,865,801 describes 4 method of
stabilizing the biological activity of a crude substance con-
laming crythropuiclin reeevered [tom unne. The resuliing
ctude preparation containing erythropoletin purportedly
retaing 90% of ervthropoletin aciivity, and is stable,

Anpther methad of parifying human erythvopoietin fram
urine of patients with aplastic anemia [s described in Miy-
ake, ei al., J.Biol Chem., Vol. 252, No. 15 {Aog. 10, 1977),
. 3558 5564, This seven-step procedure includes ion
exchange chromatopraphy, ethanol precipitation, pel filtra-
tion, and adsorption chromategraphy, and yiclds a puore
crylhropoiclin preparalion with a poteocy of 70,400 units/
mg of protein in Z1% vield.

115 Pat oo 4,397,840 o Thkerawsa, of 4l describes
methods [or proparing “an eryliwopoicie product” [um
heaslthy heman urine specimens with weakly basic ion
cxchangers and propases that the low malecular weight
products obtained "iave no inhibitory cllocts™ against cryth-
Topuielin, '

UK. Patent Application Ne. 2,085,887 by Supimoto, et
al., publishcd May 6, 1982, deseribes a process for the
production of hybrid human lymphohlastaid ceils, reporting
production levels ranging from 3 to 420 Units of erythro-
poietin per ml of suspension of cells (distributed i the
cultures affer mammalian host propagation) eortaining up to
17 eells por ml. At the highest production levels asserted to
have been obtained, the rate of erythropoietin producton
could he caiculated o be from 40 o aboo, 4,000 Cnitg/10%
cellsf48 howrs in i vitoe cullere following transler of cells
from in vivo propagation systems. (Sce also the cqoivalent
TS, Par No. 4377.313.) Nuwwerous propasals have buen
made lor 1solalon ol erylhropoieln from tissue sources,
inchiding neoplastic cells, but the yields have heen goit
low, See. c.g., Jelkman, o al., ExplHematol, 11(7),
581-588 {1983); Tumbourin, e al., £ANAS {US.A), 80,
02096273 (1983} Katsuoka, ct al., Guen, 74, 534-341
{1983); Hagiwara, cial., Plood, 53(4), 828835 {1984); and
Choppin, et al., Blood, 54(2), 341347 (1924).

Orther isolation techmiques wilized w oblain pudiied
eryliirupoiclin involve immunological procedures. A poly-
clonal, serum-derived antibody directed against arythropoi-
etin is developed by injecting an animal, preferably o rat or
tabbit, with human erythropoietin. The injected heman
crythropoictin is recognized as a foreign antipenic substance
by the immune system of the animat and elicits praduction
nf antihadies against the antigen. 1% Nerng cells responding
¢ siimuiwlion by the anliyenic substance produce and
release into circulation anribodies slightly differcnt from
those prodoced by other responding cclls, The antibody
gelivily remains in the serum of the animal when its bload
is extracted. While unporified serum or antibody prepara-
tgns purificd as a serun immunoglebulin G fraclion may
lhen be wsed 1o assays W delecl and complex with human
erythropoietin, the materials suffer from 2 major disadvaon-
tage. This serum antibody, composed of all the dilforenl
antibodies produced by imdividual cells, is polyclopal in
pature and will complex with components in crude extracts
other than erythropoietin alone.

Of interest to the background of the present invention are
recent advances in the art of developing continuous cultures
of cells capable of producing a single species of antihody
which is specifieally imnmnolngieally reactive with a single
antigenic delerminanl o a salected antigen. See, generaliy,
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Chishelm, High Technology Vol 3, No. 1, 57-03 (1983}
Atternpts have been made 1o employ ceil fusion and hyboid-
ization techmigques o develop “montaclonal” antibodics o
erythropoietin and to employ these antibodies in the isola-
tion and quantitiive detection of human erythrapoielin, As
ane cxample, & repart of the successful development of
mouse-mouse bybridoma cell lmes secreting manoclonal
amtibodies o hnman erythropoietin appeared in abstract
form in Lee-Iluang, Abstract No. 1463 of Fed. Proc., 41, 520
(1982). As another example. & detaited description of the
preparation and use of a monoclondl, anti-erythropoietin
anlibody appears in Welss, el al., PMAS (LL8A), 79,
34655460 (1932, See also, Sasaki, Siorted Diochin Acta.,
42(11412), 8202-5206 (1983) Yunapgawz, el ul., Blood,
0d(2y, 357362 (1984); Yanagawa, et al., LBivl Chem.,
2549(5), 2707-2710 {1984}, and U.5. Pal. No. 4,465,624,

Also of interest W Lhe background of the invention are
reporizs of the iImmuaological activity of synthetic peptides
which substamiatly duplicale the amino acid scguence
exlant in naturally-occurmiog proteins, glycoproteins and
nucleoproteing. More specifically, relatively low malecular
wiighl polypeplides huve buen shown (o parlicipae in
immune reartions which are similar In duraiion and exienl Lo
the mmmune reactions of physiologically significant proteins
such ag viral antigens, polypeptide hotmones, and the lilke,
Included among the immune reaclions of such pulypeplides
is the provoeation of the formation of specific anti bodies in
immunelogically active animals, Sec, c.g., Leroer, et al,
Cell, 23, 309-310{1981); Rosy, ¢ Lal., Nawre, 264, 654-056
(1981); Wealter, ot al, PANAN (USA), 77, S1U7-5200
(198(); Lerver, ey al., FN.AS ([J5.A), 78, 3403-3407
(1981); Waler, er al,, PV AL (SA), 78, 43824886
{1981): Wong, et al, FNAS (HL5A), 78, 7T412-T416
(1981); Green, et al. Cell, 28, 477487 (1982}, Nigg, et al,,
PNAS (LUSA), 7Y, 5322-5526 (1942); Baron, ct al., Cell,
28, 3850 (1982); Dreesman, et al., Manre, 2835, 158160
(1982): and Lerner, Scientific American, 248, No. 2, AR 274
(1983} S, also, Kaiscr, of al., Seience, 223, pp. 249235
(1984} relaling io biclogical and immunological sctvibes of
synthetic peptides which approximately share secondary
struclures ol peplide hormones buw may ool share their
primary strucroral conformatinn. The above sindies relate, of
course, (0 amioo aeid scquences of prowins other thun
eryihropoielin, a substance for which no substanidal amino
acid sequence Information has been published. In co-owned,
co-pending U.S. patent application Scr. No. 463,724, Gled
Feh. 4, 1983, by J. Bgre. published Aug. 23, 1984 as
European Patent Application Ne, 0 116 446, there i3
described 4 mouse mouse hybridoms vell line (A TC.C.
Mo, HB3209) which produces a highly specific monoclonal,
anti-erythropoletin antthody which {5 also specifically
immunoreactive with a palypeptide compriging the follow-
ing sequence of amine acids: MH_-Ala-Pro-Pro-Arg-Leu-
He-Cys-Asp-Ser-Are-Val-Len-CGlu-Arg-Tyr-Len-Len-Glu-
Ala-Tys-COOH. The polypeptide saquence 15 ong assipgned
to the first twenty amino acid residnes of matire human
erythropoietin isolated according to the method of Miyake,
eial.,fBiagl Chem, 252, 5558-5564 (1977} and upan which
aming acit aualysis was performed by e pas phase
sequencer (AApplied Biosystems, Inc.) according to the pro-
cedure of Hewick, M., ct al., J Bind. Chem., 236, 10007007
{1981 See, alvo, Sue, L al., Proc, Mar. Aoad Soi (125A), B,
pp. 3051-3655 (1983) relating Lo development of polyclonal
antihodies ngainst 4 synthetic 26-mmer based on a differing
aming acid sequence, and Sylowski, e al., Jimmsmol
Methods, 69, pp 181186 (1984).

While palyclonal and monoctonal amtibodies as desceibed
ahove provide highly useful materials for use in imimunoas-
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says for detection and guantilication ol erythropoictin and
can he useful in the affinity puriication of erythropoietin, it
appears unlikely that these matcrials can readily provide lor
the large scale solation of quantities of erythropaietin from
mammatian sources sufficient for farther analysis. clinwcal
lesling and potential wide-ranging therapeulic use of the
substance in realment of, c.g. chronic kidacy disease
wherein diseased tissues fail to sustain production of eryih-
ropaiciin, It is consequently projected in the art that the best

pragpects for fully characterizing mammalian erythropoietin -

and providing large quantiiies of 1t for potential diagnostic
and clinical nse involve successful application of recombi-
nant procedures to effect large scale microbial synthesis of
the: compourd.

While substantial efforts appear to have beep made in
aneropied isolation of DNA sequences coding for human
and oiher marmmalian species erythropaielin, none appear ta
have been successful, This is due principally to the scarcity
of tissue sourcas, especially human lissue sources, enriched
in mRNA such as would allow for consimaction of a cDNA
litwary from which a DNA sequence coding for erythropod-
etin might b isolaied by conventional wechnigues. Further,
so lintle is knawn of the continnous sequence of amino acid
residnes of crythropeictin that ir is not possible to constrict,
ez, long polynucteotide prubes readily capable of reliahle
usz in DNA/DNA hybridization screening of cDNA and
especially genomic DINA libracies. Dlusicatively, the twenty
aming acid sequence empiaved 1o generate the above-named
meneclonal antibody produced by A T.C.C. No. HO8209
does not admil to the constraction of an uwnambigaous, 60
hase oligonucleoltide proke m the manner described by
Anderson, ot al,, supra. 1tis catimated that the haman gene
[or erythropoiein may appear a8 a “single copy gene” within
the human genome and, in ahy cvent, the geneic material
coding for human erylthropolelin iy likely lo constiwie less
than 0.00005% of tatgl human genomic TPNA which would
he present in 3 genuvmic Hbrary.

To date, the most successful of known reported attemnpts
at recombinant-rclated methods o provide DNA sequences
suitable for use in microbial expression of isolatable guun-
Hties uf mummalian crvthropoictin bave fallen Lo shon ol
the goal. As an example. Farber, et al. Exp.Hematol, 11.
Supp. 14, Abstract 107 (1983} report the exraction of
mKRNA from kidoey tissucs of phenylhydrasine-trealed
baboons and the igjection of the mRMNA into Xenopus laevis
oocytes with the rather transitory result of in vitre produc-
lion vf a mixiure of “ranslation products™ which iociuded
among them displaying biological properties of erythropoi-
etin. More recently, Farber, ot al., Blood, 62, No. 5, Supp.

No. 1, Abstract 392, at page 122a (1983) reponted the in vitra

transiation of humao kidney mRNA by flog cocyies. The
resultant translation prodoct mixture was estimated to
include on the order of 220 mil of a translation produet
having the activity of erythropoietin per micropram of
injected mRMNA. While such levels of in viro translation of
exagenous MRNA coding for erythropoictin were aciaowl-
edged Lo be guite low (compared even 1o the prior reporied
levels of haboon mRNA translation into the sought-for
product) il was bold hal 1he resulls contirm the human
kidney as z sile of erythropoletin expression, allowing for
the construction of an coriched human kidney cIINA library
lrom which the desired gene mighi be isolaled. |See also,
Farher, Clin Res, 311(4), T69A (1983).]

Smce the fhng of LS. patent application Ser. Nos.
561,024 and 582,185, there has appeared a single report of
the cloming wnd capression ol what is wsseried W have been
human erythropoietin cDNA in E.coll. Hrefiy put, a numher
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ol ¢DNA clones were inseried into E.coli plasmids and
f-laciamase Tusion products were noted 1o be immunnreae-
fve witt 4 moneclonal antibody 1o an unspecified “epitope’”
of human erythropaietin. See, Lee-Tiuang, Proc, Nat. Acad.
Sei, (U3A4), 81, pp. 2T08-2712 (1984).

BRIEF SULMMARY

The presenl invenivn provides, [or sbhe lirst dme, novel
purified and isolated polypeptide products having part or all
ni the primary siructural conlormadon (e, comdnuous
seguence ol gmino wid residues) and one or mere of the
hinlngical propertics (c.2., immunological propertics and in
yive and 1n il blological aclivily) ol naturally-occurmiog
erythropoietin, including allolic variants thereol. Thesc
polyvpeplides wre also umguely characterizad by heing the
product of procaryotie nr encaryotic host cxpression (e,
by baclenial, yoasw and mammalian cells in cullure) of
exogenos DNA seonences oblamed by penomic or cDNA
cloming or by gene symihesis, Products of mictobial expres-
sion in vertehrale (c.g.. mammaliar and arfan} cells may he
futiher characludecd by fresdem fTom associabon with
human proteins or other contaminants which may be asso-
cialed with crvlhropoielin in ils natural marmmalian cellolar
environmenl or in extracellular fwids such as plasma or
urine. The products of typical weast (c.p., Sucoaromyces
cerevisize) OT procaryole (e.g., £.colf) host cells are {ree of
assoclation with any mammalian proteins. Depending upon
the host cmployed, polypeptides ol Lhe invenlon may be
glycosylated with mammalian or other cucaryotic carbaoby-
drates or may be non-glycosylated. Polypeptides of the
invention may also include an inihak methionine aming acid
residue (at position —17.

Nove! glycoprotein products of the invention include
those having 4 primary struclural conlurmalion sullcienly
duplicative of that of a namraliv-oocomring (oe., homan}
erythropoictio 1o allew possession of oo ur mowe ul the
biological properies thereof and having an average carbo-
bydrate composition which differs from that ol malurally-
veourmng (2.g., human) ervihropoistin

Vertchears (e.g., C05-1 and CHO) cells provided by the
presenl invention comprise the frst cells ever available
which can he propagated in vitro continuougly and which
upan growth i culiuee are eapable ol produciog in the
medium ol their growlh 1o excess of 100 U (preferably in
excess 07 500 U and most preferably n exeess of 1,000 o
3,000U) of cryvihropoictin per 109 cells in 4% hours as
delermined by radicimmunoassay.

Ajso provided by the present invendon are synthetic
palypepiides wholly or pariiully duplicalive of cuntinoous
sequences of erythrapoietin aminn acid residues which are
hevein for the Frst ime clucidated, These sequences, by
virtug ol sharing primary, secondary or terdary structural
and conformatinnal characteristics with naturally-peouring
crythropoictin may possess blulogival aclivily andfor immu-
nulogical propenies io common with the naturally-occurting
product snch that they may be cmployed s biologically
active or immueclogical substiutes for erythropoietin in
therapeutic and Immunological processes. Corrcspondingly
peovided are moneelonal and palyelonal anibodics yener-
aled by standuard means which are immunoreactive with such
polypeptides aad, preferably, also immunorcaclive with
nalurally-oceuming erylhropoietin,

Thuatrating the present invemtion arc cloned DRA
soyuences of monkey and human species origing and
polypepiide scquences suitably deduced theretrom whick

Page 42 of 64



Case 1:05-cv-12237-WGY Document 481-3

Filed 06/11/2007 Page 43 of 64

5,547,933

11
represent, respectively, the pimery structural conformation
of crylhrupuieling of monkey and homan species orging.

Also provided by the present invention are novel binlogi-
colly functional viral and circular plasmid DNA veclors
incorporating DNA seqnences of the invention and micro-
bial (e.g., hacterizl, yoast and mammalian cell) host organ-
isms atahly 1ransformed or iransfected with such veclors.
Correspandingly provided by the invention are novel meth-
wds for tke produciion of usefid polypeptides comprising
culwred growth of such transformed or transfected micro-
bial hests under conditions facilitgtive of lage scale expres-
sion of the cxogenous, vector-borme DNA scquences and
isvlaton of the desired polypeplides [Tam the growth
medium, cellular lysates or cellular membrane fractions,

Tsolation apd purificadon of microbially expressed
polypeptides provided by the invenlion may be by conven-
tional means including, e.g., preparative chromatographic
separations and immunoloyical separations invoiving mono-
¢lonal andfor polyclonal antibedy proparalions.

Having berein clucidared the sequenee of amino acid
residues of erythiropoictia, the present invention poovides {or
1oc Lowal and/or partial manfucmre of DNA sequences coding
for erythropodetin aad inelucing such advantageous chavac-
teristics as incorpuralion ol codons “preferred” for cxpres-
sion by sclecled non-mammalian kogts, provision of siles for
cleavage by rescriction endonueleass cngymes and provision
of additional inilizl, lermipal or imtermediate DNA
sequences which Facilitate construciion of readily cxprossed
vectors. Correspondingly, the present invention provides for
manufacture (und development by site specific ruuagonesis
ol ¢cDNA and genomic DNA) of DNA scquences coding lor
microhial expression of polypeptide anslogs or derdvatives
of erytiropoielin winch difier from naturally-nccorring
forms in terms of the identity or location of one or wore
aming acig tesiducs (ie., deletion analogs vonudning less
Lhan all of the residues spocified for EPO andfor substitution
analegs wherein onc or more residues specified are replaced
by ather Tesidues andfor additior analogs whercin one or
morc amint acid residues 15 added ta a terminal or medial
porion of the polypeptide); and which share some or all the
properties of naturally-occurning forms.

MNovel DN sequences of the invenlion include all
sequences useful in securing expression in procarwotic or
eucaryatic host calls of polypepride produects having at least
a parl of the primary structural conformation and enc or
mure of the biological properties of eryihropoiclin which are
egmprebended by: (a) the DNA scquences set out in FIGS.
§ and 6 herein or their complementary strands; (h) DNA
sequences which tiybridize (under hybridization condiiions
sicch as illustrated hersin or more sinpgenl conditions) to
DMNA sequences defined in (3) or fragmants thereof; and (&)
DNA sequences which, but for the degencracy of the wenetic
cade, wonld hybridize to DNA sequences defined in (a) and
(b) above. Specifically comprehended ie part (b) arc
genomic DNA sequences enceding, allelic varianl forms of
monkey and human ecythropeietin andfor encading other
mummalizn species of crythropaictin, Specifically compre-
bended by par (e} are manufacmred DN A scquenceas encod-
ing EPQ. EFO fragments and EPO analogs which DRA
SEqUENCES MAy ingorporals cudons [acilitadng translaton of
messenger RNA in non-veriebrate hosts.

Comprebended hy the present invention is that class of
polypentides caded for by pordons of the DNA cumplement
s 1he op strand human genomic NA sequence of FIG. 6
herein, i.e.. “complementary inverted proteins” as described
by Iramonlano, et al, Nuclefe Acids Research, 12, pp.
504595059 {1984,
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Alzo camprchended by the invenlion wre pharmacentical
compositions comprising effective amounis of polypepiide
products of the invention logether with sultable diluents,
adjuvants andfor carricrs which allow for provision of
erythropoistin therapy, esnecially in the treatment of anctnic
disease states and most cepecially such anemic states as
alend chronic renal faflure.

Polypeptide products of the invention may be “labelled”
by covalent associalion with a deteclable mudker substance
{c.g.. radiolabelled with '**1) to provide reagsenrs nseful in
detection and guantification ol eryikropoicin in solid lissue
and fluid samples such as blood or urine. DNA products of
the invention may also be labelled with detectable markers
(snch as radiolabels and non-isotopic labels such as biotin)
and employed in DNA hybrdization processes o logate tha
erylhrapoielin gen= position andfor the postion of ady
related gene family in the human, monkey and other mam-
malian species chromosomal map. They can also he ysed for
identifying the crythropoierin zene disorders at the DNA
fevel and used as gene markers for identifying neighhoring
genes and their dizorders.

As hereinafter described in detail, the prosent invention
further provides significant inprovermenis in methods for
detection of a specific single siranded polynuclectids of
unknawen sequenice in a heterogeneous cellulac or wiral
sample including mmltiple single-steanded polynucieatides
where

{a) a mixture of [sbelled single-stranded polvoucleulde
probes is prepared having uniformly varyicg sequences
of bases, each of said probes beieg potentially speeili-
cally complementary 10 & sequence of bases which is
putatively onigoe (o the patynucleotide to be detecred,

fh) the sample is fixed to a solid subsirate,

(2] the subisirate having the samphe Jxed therolo 1s treated
1o dimdnish [urlher binding of polynuclentides thereto
excepl by way of hybridization to pelynueteotices in
said sample,

{d) the trexied subsirate having the sanple fixed thereto is
lrunsilorily contacted with said mizmre of labelled
probes under conditions facilicative ol hybadizaiion
only beiween wially cumplementary polynacleotides,
and,

(e} the specific polynueleotide i3 detected by monitoring
for the presence of a hybridization reaclion berween it
and 3 ilally complementary probe within said mixture
of labeled probes, as evidenced by the presenee ol 4

. hipher deasity of labelled mlenial on Lhe substrate at
the focus of the specific polynuclectide in comparison
ta £ background density of Iabelled material resulling
frem non-specific binding of labelled probes to fha
sihsirate.

The pracedures are especially efeetive in situstions dic-
tating use of 64, 128, 256, 512, 1024 or more mixed
polynucleotide probes having a length of 17 to 20 bases in
DNADNA or BNARNA ar DNA/RNA hyhridizations.

As described infra, the above-noied irproved procedures
have {llustratively allowed for the identification of cDNA
chones coding lor erythropoietin of monkey species ongins
within a lihrary prepared from anermic monkoy kidoey cell
mRNA, More specilically, a mixtore of 128 uniformly
vurying 20-mer probes hased on aming acid sequence infor-
mation darived fram scquenving [Tactions ol human eryth-
Topoielin was employed in colony hybridization procedures
1o identify seven “positive™ ervthropoiciin ¢cDNA clones
witliier 5 total af 200,000 colonies. Even more remarkahly,
practice of the improved procedures of the invenlion have
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allowed for the rapid isolation of three positive clones from
within a screening of 1,500,000 phape plagues constituling
a human genemic lbrary, This was accomplished through
use of the above-noted mixture of 128 20-mer probes
logether with a second set of 128 |7-mer probes based on
amine acid analysis-of a different continuous sequence of
human erythropoietin.

The above-poled illustraiive procedures constitute the
first known instance of the use of multiple mixed ofigo-
nucleatide probes in DNA/DNA hybridization provesses
direeted wward isvlation of mammalian genomic clones and
the first known inatance of the use ol a mixture ol mure than
32 oligenucleoude probes in the isolation of cDNA clones.

Numerous aspects and advantages of the invenion will be
apparcnl U thosc skilled in the ant upon consideration of the
following detailed description which pravides illustralions
of the practice of the invendon in its presently preferred
embodiments.

Reference is made w FIGS. 1 through 21, wherein:

FIG. 1 is a graphic representation of a radioimmunosassay
analvsis of products of Lhe invention;

FIG. 2 shows vector pDSVL-MKL.

FIG. 3 shows veclor pSYeHuEPO,

FIG. 4 shows vector pDSYL-gFuEPS.

FIGS, 5A, 5B and 8C (collectively referred o as K3, 5)
show the seqoence of mankey EPO cDNA and Lhe encoded
EPO.

FIGS. 6A, 6B, C, 8D and 6E (volleclively relerred (o as
FIG. &) show Lhe sequence of human genomic KEQ DNA
ang the cncoded EFO.

FIG. 7 shows the sequence of the ECEPQ gene,

FIG. 8 shows the sequence ol the SCEPD gene.

FIG. ® shows a comparison of the human and monkcy
EPO polypeptides.

FIG. 19 shuws the ECEPO section L nligonucleotides.

F1G. 11 shows section 1 of the ECEPQ gene.

FIG. 12 shows the ECEPO section 2 oligonucleotides,

EIG. 13 shows scction 2 of the ECEPD gene.

FIG. M shows the ECEPO) section 3 oligonucleonides.

FIG. 15 shows scetion 3 of the ECEPD gene.

FIG. 16 shows the SCEPO sectinn 1 olignnuclzotdes,

FIG. 17 shows seetion 1 of the SCEPO gene.

FIG. 18 shows the SCEPD section 2 oligonuclentides.

FIG. 19 shows section 2 of the SCEM) pene,

FIG. 24 shows the SCEPD scouion 3 oligonucleotides.

FIG. 21 shows the section 3 of the SCEPQ pene.

DETATLED DESCERIPTION

According o the present invendon, DNA sequeters
encading part or all of the polypeptide sequence of human
and memkey species arythropoietin (hereafter, at Hmes
“EPOX) have been isolated and characterized. Further, the
monkey and human origin DNA has been mada the subject
of eucaryolic and procaryotic cxpression providing, isolat-
able quantitics vl polypeptides displaying hiological (e.g.,
immunological) properties of naturally-occuming EPO as
wll a8 both in vive and in vitro biclogical activities of EPQ.

The DNA of monkey species origing was isolated [rom a
cDNA library constructed with mRNA derived from kidney
tissue of a monkey in a chemically imduced premic stale und
whose serum was immunalegically determined to include
hiph lewels of EPQ compared to normna! monkey serum. The
isolation of the desired cDNA clones containing EPO encod-
ing DNA was accomplishcd through use of DNA/DNA
colony hybridizalion emplioving a poob of 128 mixed, adio-
lahelled, 2(}-mer oligonuclectide probes and involved the
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rapid screening of 200000 colonies. Design of the oligo-
nucieolide probes was hased an aminn acid sequence infor-
mation provided by cieymalic Fagmentation and sequenc-
ing a smull sample of human GPOL

The BDNA of humnan speeics vriging was isolaled Fom a
hurrtan genomic DNA library. The isclatin of clones con-
taining EPO-cneoding DNA wis accomplished Lhrough
DNA/MDN A plague hybridization employing the ahove-noted
pool of 128 mixed 20-mer oligonucledtide probes und a
second pool of 128 mdiolubelled 17 mer probes whase
Sequences were based on aming acids scquence inlormation
obtained from a dilferenl cnzymalic human PO fragment.

Positive colonies and nlaques were verified by means of
dideoxy sequencing ol clongd DNA using a subset of 16
sequences within the pool of 2-mer probes and aelected
clopes wore subjected i nucleotde sequence analysis
rasulting in deducrion of primary siuctural conformation of
the EPQ poiypeplides encoded thereby. The deduced
polypepride sequences displaved 2 bigh degree of homology
to cach atber and 0 & panial sequence generated by amino
acid analysis of human LPO fragments.

A selected positive mookey ¢DNA clone and a sclected
positive humae genumic clune were each inseried In a
“shuttle” DNA vector which was amplified in E eoli and
erployed to transfect mammalian cells in culture, Cullused
rrowth of iransfected host celis resulted in cullure medium
FUpcrhgianl prepardtions estimated to contain ag mugh as
3000 ml of EPC per ml of cultare fluid.

The following examples are prescnicd by way ol illus-
tration ol Lhe invention and are specifically divected ta
procedures carried out prior ( identitcation of EPO coced-
ing monkey eDNA dlones and human genomic clones, 10
procedures resulting in such idestifiation, and 1o the
sequencing, developmuenl of capression syslems and immu-
nulugical verificution of EPO exprassion in such systems.

More particularly, Example 1 i3 dircated 10 aming acid
scquencing ol haman EPO fragments and comstruction of
muxtuees of radiolabelled probes based on the results of this
sequeniny, Exumple 2 is generally directed to procedures
invalved in the idenlification ol pusiive monkey cDNA
clones und thus provides information concerning animal
treatment and preliminary radicimmongassay {RIA) analy-
sis of animal sera. Example 3 is diteeied e she preparalion
of the ¢DNA Ybrary, colony hybridization screeming and
verilication ol positive clones, DNA sequencing of a posi-
tve cDNA clone and the generajion of monkey EPO
polypepiide primary siructural conformation {amino acid
sequence) information. Example 4 is divected 10 procedures
involved iz the idenrification of posilive human penamic
clones and thas provides information conceruing the sourcea
oF the yenomic library, plague hybridization pracedures and
verification of positive clones. Example 8 1s direcicd to DNA
sequencing al g pusitive penomic clone and the generasion
ui human EPC polypeptide amino acid sequence mlorma-
ton including a comparison ercol o e monkey EPO
sequence informalivn. Example 6 is directed 0 procedures
for construction of a veetor incorporating EPG-cncoding
DNA derdved from a positive munkey cDNA clone, the use
ol the veelor [or lansfeciion of COS-! cells and cultnred
growth of the transfecled cells. Example 7 is direcied to
procedures for construction of a vector incorporating TPO-
encoding DNA derived fram a positive human yenomic
clone, the use ol the veclor Lor transfection of COS-1 cells
and the cullured prowth of the transfected eclls. Example 8
is directed to immunoyssay proccdures performed on media
supcrmalanls oblained from the cultured growlh ol (rans-
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fected cells according to Fxamples 6 and 7, Fxample 9 is
direeled to In viua and in vivo hiclogical activity of mucro-
bially expressed EPQ of Examples 6 and 7.

Example 18 is directed o a developmeni of mammalian
hast expression systems for monkey species EPO cDNA and
human species genomic DNA imvglving Chingae hamaicr
ovary {“CTHO™) cells and to the immunological and biologi-
cil activities of products of these cxpression sysiems as well
a8 characterizalion of such products. Example 11 is directed
Lo the preparation of manufactured gencs cncoding humar

16

analysis reveated that within Fragment No. T35 there existed
a seres of 7 amino acid residucs | Val-Asn-Phe-Tyr-Ala-Tep-
Lys) which could be uniguely charactenzed as encoded for
by one of 128 possible DNA sequences spamning 20 base
pairs, A Hrst st of 128-mor oligonuclentides was therefore
synthesized by standerd phosphowrodite methods (See, e.g.,
Beancage, ei al., Tetrahedron Lefters, 22, pp. 18591862
{1981} on a salid suppart accerding Lo the soquance act out
in Tahle 1T, helow,

TABLE II
Rasiduc - Vel Asa Phe T Ala Trp Ly
¥ LAl L E] MAG ATG CGA ACC 1 -5
T A A A T
o] G
Iy C
20

gpecies EPO and EPO analogs, which genes include g
gumber of preference cadons for capression in E.coli and
veast host cells, and Lo expression systems based thereon.
Example 12 relates to the immuonglogical and biglogical
activity profiles of expressivn products of the syslems of
Cxample 11,

EXAMPLE ]

A. Human EPQ Fragmen( Amiov Acid Sequencing

Humun EPO was isolated from urine and subjected to
tryptic digestion resulting in the developmant and svlalion
of 17 disczelc [rugmens in quantities approximating
100-150 picomoles.

Fragments were arbilrurily sssigned numbers and were
analyvzed Jur umine acid sequence by microsequence znaly-
sis using a gas phase sequoncer (Applicd Biosystems) to
provide the sequence informalion scl wul in Tuble I, below,
whercin single lelter codes are employed and 3" desig nates
& resldue which was oot unambiguously delermined.

TABLE [
Fragment No. Sequanes Analyss Hemlt
Tda A-F-PR
Tl G-ELK
TS A-L-G-A-0-K
T13 YV-L-ER
Tla A-V-S-0-1L-K
T1% LT-E
Tzl K-L-FR
TZ5 T-L-L-E-A-K
T26n LI-C-D-5-F
T26k L-Y-TGE-A-C-R
TZ7 TI-T-A-LMT-k-R
T28 E-A-L5-E-P-D-A-AM-A AP LR
T30 E-4-E-X-1-0- 10 K- A-H-H- X -5l
N1 K112
T3l V-¥-R-N-F1 R
T33 S LT AR
T35 V-NF Y- AWK
T3R8 (RO PIPLES S ST R A

E-P-L-Q-L-H- V- K

B. Tiesign and Construction of Oligonucleotide Probe Mix-
Lo

The amine ackl scanenees sel oul in Table 1 were
reviewed in the conwsl of the degensracy of the penetic
vode fur Lthe purpose of ascertaining whether mixed probe
procedures could bhe applivd w DNA/DNA hybridizalion
provedures on cDNA and/or genomic DNA liliraries. This

15

35

4l

Further anelysis rovealed tha within rayment No. T38
there exisled a senes of 6 amino acid residues (Gln-Pro-
Trp-Ciu-Pro-Len) on the basis of which ihere could be
prepated a pool of 128 moxed olignuclevtide 17-mer probes
as set out in Table IIT, below.

TABLE IIT
Remidug - Gln Fru Tep Glu P len
¥ GTT Gird AC OTr GGa GA -5
C 1 C T A
&) G
C c

Oligonuclectide probes were labelled at the 5 cnd with
gasruna- P-ATE, 75008000 Cifmmole (ICN) using T,
polynuclectide kinase (NEN).

EXAMPLE 2

A, Menkey Trearment Procedures

Female Cynomolgus monkeys Macara farcicularias
{2.5-3 kg, 1.53-2 wears old) were treated subcutancously
with a pH 7.0 solulion of phenylhydravine hydrochloride al
g dosuge level of 12.5 mgkg on days 1, 3 and 5. The
hemnatecrit was monitered prier to each infection. Qn day 7,
or wheneves the hematocrit level fell below 25 of the inidat
level, serum and kidneys were Rarvested after administration
af 235 mpfkg dosce of katamine hydrochloride. ITarvested
mulerdls were Immediately frozen in ligquid nitrogen and
stored at —70° C.

B. RTA for EPO

Rudivimmunosssyy procedres applied for gquontitative
deiection of EPO in samples were conducied according 1o
the following procedurcs:

An cryUrvpuielin skundard or unknown sample was ircu-
baled tagether with antiserum for two hours at 33" C. Afer
the two hour incubation, the sample tubes were cooled on
ice, and '™*1 labelled erythropuiclin was added, the tubes
were incubated at 0° O, for at least 15 more bours. Each
assay tube contained 500 pl of incubation mixture consisting
of 30 1 of diluted immune sera, 10,000 cpm of 2L
erythropoiclin, 5 pl trasviol and (-250 Wl of either EPO
slindurd or unknown sample, with PBS containing 0.1%:
BSA making up the remaining volume. The antiserum used
wag the sceond lest blewd ol 2 rubbil immunized with a 1%
pure preparation of human urinary erythropnietin. The final
antisgrum dikution on lthe assay was adjusted so that the
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antibody-bound "L-EPO did nol exceed 10-20% ol 1he

input total counts. In general, this corresponded to a final |

anfiacoum diluton of from 1:50,000 to 1: 100,000,

The antibody-bound ***I-erythropeietin was precipitated
by Lhe addinon of 150l Staph A. After a 43 min. incohation,
the samples were contrifoged and the pellets were washed
two times with 0.75 mI 10 mM Tris-HCT pH B.2 containing
0.15M NaCl, 2 mM EDTA, and 0.05% Trtonn X-100, The
washed pellels were counted in 2 pamma counter to deter-
mine the percent of '**I-erythropeietin hound. Counts beund
by pre-immune sera were subtracted from all final values to
correct for nonspecific precipitation. The ervthrepoierin con-
tent of the nnknown samphes was determined by cornparison
to the standard curve.

1be above procedure was applicd to mookey serum
obtained in Part A, above, 25 well as to the untreated monkey
serum, Normal serum levels weore assayed to contain
approximalely 36 mUfml while treatad monkey =sernm con-
tained from 1000 to 700 mi./ml.

EXAMPLE 2

A Mankey cDNA Library Construclion
Messenger RNA was isalated from normal and gnemic

monkey kidneys by the guanidinium tiocyanale procedure —

of Chirgwin, et al., Biochemistry. 18, p. 5294 {1979) and
paly {A)" mERNA was purificd by Lwo nuns of oligoddTh-
cellulose column chromatopraphy as described =t pp.
197=198 in Maniatis. ¢t al., “Molecular Cloning, A Labo-
ratory Manual” (Celd Sprning ilarbor Laberatory, Cold
Spring, Harbor, N.Y,, 1982), 'The ¢DNA libmary was con-
structed according to a modification of the peneral proce-
dures of Qkayama, ¢t al., Mol and Cell Riol., 2, pp. 161-174
(1982). The key features ol the presently preferred proce-
dures were as Tollaws: (1) pUCE was used as the sale veetor,
cul wilh Psll and then tailed with oligo dT of 80-80 bases
in length; (2] Ihncll digestion was used to remove the oligo
T tadl fromt onc cnd ol the veelor; (3) it strand synihesis
and oligno dG tailing was camied ont according tn the
published procedure; HamHI digestion was cmployed o
rermove the oligo dG il Iom voe end of the Vector; and (5)
replacemnent of the RNA strand by DNA was in the presences
of two linkers {GATCTAAAGACCGTCCCCCCCCC and
ACGGTCTTTA) in a three-fold mulur excess over Lhe oligo
dG tailed vector.
B. Colony Hybridization Preccdures For Screcning Monkey
DN A Library

Transformed E.coli were spread ol at a density of B
ealonics per 1010 om plaie on nutricn plates containing 5t
mocruprams/ml  Ampicilline  Genebcreen  fllers  (New
England Muclear Catalog No. NEF-%72) were pre-wet on a
BHI-CAM plawe (Baclo brain head irlusion 37 o/,
Casamino acids 2 g/ and apar 15 g/L, containing 504
micrograms/m! Chioramphenicnl} and were used to lift the
ectonics ofl the plate. The colonics were yrown in the sume
medium {or 12 hours or longer to amplify the plasmid copy
numbers, The amplified colonics {colony side up) wene
Ircated by sedally placing the fllers over 2 pieces of
Whatrman 3 MM paper saturated wilh cach of the Tollowing
solutions:

(1} 30 mM glocose—25 mM Tris-HC {(pH 8.0)—10mM

EQTA (pH 8.8) [or five minules;

(23 05M MNaOll for ten minates: and

(3 1.0M Tds-HC {pH 7.5) for three minuates.

The filters were then gir dried in a vacuum over at 30° C.
for two hoors.

18

The filters were then subjected to Proteinzse K digestion
throngh treatment with a solution comtaining S0 micrograms/
i of the proteass enzyme in Buffer K [0.1M Tris-EHCI (pil
BN—0.15M NaCl—10 mM BELA (pH 8.2)— 0.2 SD5]
Specificaily, 5 ml of the solution was added o eack filter and
the digestion was allowed to proceed at 557 C. for 30
minotes, after which the solution was removed.

The filters werc then treated with 4 ml of a peehybridiza-
tion huffer (3x58P0---0.5% SDS 100 micrograms/ml 88
K.eoli DNA—3=BEP), The prehybridization reatment was
cartiad cut at 55° ., penerally for 4 hours or longer, afier
which the prehybridizaiion buffer was removed,

The hybridization process was carmied out in the following
manner, To sach filter was added 5 ml of hybridization buffer
[(5%SS5PE—0.5% SDS5—100 micropramsim! yeast iRNA)
cortaining (0025 sticomoles of each of the 128 probe
sequences of Table IT (the total muxture being desigoated the
EPV mizmre) and the filters were maintained at 48° C, for
20 hours, This temperature was 2% (. lass than the lowest of
the calculated dissociation temperatures (Td) determined for
any of the probes.

Following hybrdization, the [illers were wushed three
tires for tep minutes oo a shaker with 6=538C—.1% 5DS
at room remperaiore and washed two 1o three times with
G880 1% SDS at the hybridization temperatre (28° ).

Autoradiography of the filters iavealed seven positive

~ clones among the 200,000 colonics sereened.

45
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58]

Initial sequence amalysiz of one of the putative monkey
cDNA clones (designated elone 83) was performed for
veritication purpeses by a modification of the procedure of
Wallace, et al., Geng, 16, pp. 21 26 (1981). Bricfly, plasmid
DMA from monkey cDXNA clone 33 was linpearized by
digestion with BgoRI and denaiured by heating in a boiting
witer hith, The nocleotide sequence was determined by the
didegxy methed of Sanger, et al,, PNAS. (DL8A.), 74, pp.
5463-5467 (1977} A subset of the EPYV mixture of probes
consisting of 16 sequences was used as a primer for the
segueneing reactions.

C. Monkey EPO cDNA Sequencing

Nucleotide sequence analysis of clone B3 was carried mat
by ihe procedures of Messing, Merhods in Enzymaelogy, 101,
pp. 2078 (1983) Set out m Table 1V is a preliminary
restriction map analysis of the approximaiely 1600 base pair
EcoRTHindITl cloned Tragment of clone 83. Approximate
localions ol resiriclion endonuclease enzyme recognition
sites are pravided in terms of number of hases 3w the
EcoRI sile al the 5" end of Lthe Fagmenl. Noelewide secuenc-
ing wus curmned oul by scyuencing individual restriction
fragments with the intent of malching overlupping [Tug-
ments, For example, an ovedap of sequence information
provided by analysis af mclectides in a testeiction fragment
designated C113 (SaudA at —111/8mal ar -324) and the
reverse ordel sequencing of a fragment desipnated C73
(AIUT ar ~424Ts1EIT at ~203).

TABLE IV

Rzcmiction Enryme

Razogmtion Sitc Approximate Locationgs)

LenRL 1
SaudAs mn
Smal 180
HuEIT 3
Smal 3
Kpnl m
Rsal 372
Alul 424
Pall 425

Page 46 of 64
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TABLE 1V-conlinued

Rasuiction Eieying

Recurnition Sie Approwimats lacationgz)

Al A4
Hael 460
Algl 548
Pstl 601
Bl anq
Aial als
Aiul el
Alod T2
Haal el
Pall R0?
Alut LAR
Alaf n1?
Mool 940
Sau3A 1014
Alad 1072
Alak I ]
Aluk 1273
Tall 1an:
Banl 1343
i) 1334
1indIll 1444
Alof 14404
LindliT 1535

Sequencing of approximarcly 1342 base pairs (within the
tegion spanning thi: SawdA sile 3 10 the EcoRl sile and Lhe
HindI1 sitc) and anulysis of all pussible reading frames has
allowed for the development of DNA and aming acid
sequence infermation sci oul in FIG. 5, comprising pottions
5A, 5B and 5C. In the Figure, the putative inital amine acid
residue of the aminp terminal of manire BPO (as verificd by
correlation to the previously mentioned seyuence analysis of
rwenty amino tcrminal residuss) is designated by the
numeral +1, The prescoce of & methionine-specifying ATG
coddon {designated —27) “upstream® of the fnitial amino
terminal alamine restdue as the st residuc desipnated for
the amdng acid seyuence of the maure protein is indicative
ol the [ikelihood thai GPOy is initially cxpressed in the
cytoplasm in a precursar [omm including ¢ 27 amino acid
“leader” ehdon which 1s excised prior to entry of mature
EPQ into circulation. Potential glveosylation siies within the
polypeptide are doesipnated by asierisks. The estimated
mivloenlar weight of the translated region was determine
be 21,117 daltons and the M W. of the 165 residucs of the
potypepiide constitwing malvre monkey EPO was deler-
mined (o be 18,236 dillons.

The polypeptide sequence of FIG. 5 may readily be
subjected 1o analysis [ur Lhe presence of highly hydrophilic
regions andéor secondary conformational characteristics
indicative of potentially highly immunopenic regiuns by,
&.g.. the methods of Hopp, et 1., AM.AS, (L05.A.), 78, pp.
AR24-3828 (1981) and Kwte et al, S MelBiol, 157, tn.
105-132 (1982) andfor Chou, et al., Binchem, 13, pp.
222-245 (1974) and Advances in Fnzymology, 47, pp. 4547
{1978}, Computcr-assisted analysis according to the ITopp,
el ul. method is avaflable by means of a program designated
FEF Reference Scction 6.7 madc available by Imelligenet-
ies, Tne., 124 Universily Avenue, Pale Alio, Calil.

GXAMPLE 4

A, Human Gengmic Library

A ChdA phage-borne homan fetal liver genomic library
nrepared recarding o the proceduses of Lawn, et al., Cell,
supra was obtained and mainiained for uge in a plaque
hybridizglion assay.

0

i5

0
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B. Plaguc Hybwidizmion Procedures For Screening Human
Genomie Library

Phape particles wore Ivsed and the DNAs were fixed on
[ilters (50,00 plagues per flter) according to the procedures
of Woa, Methads It Engpmnlegy, 08, pp. 389-3595 {1979)
excepd for the use of GeneScreen Plus [liers {New England
Nuclear Catalog Na, NEF-972) and NZYAM plates (NAC,
3 g MaCl-eH0, 2 g; NZ-Amine &, 10 p; yeasl extract, 5
g; casmnino aeids, 2 g; mallose; 2 g; and agarn, 13 g per titer).

The air-dried filters were balked ar 80" C. for 1 hour and
then digested with Prolcinasc K as described in Example 3,
Par1 B. Prchybridization was carried out with a 16 NaCl—
1% SDS buffer for 55° C. for 4 hows or more, aiter which
the buller was vemuved. Hybridization and post-nybridiza-
tien washings were carried out as described in Example 3,
Part B. Both the mixture of 128 J0-mer probes designated
BPY and (he mixlure of 128 L7-mer probes of Table IIT
(designated the EPQ mixture) were employed. Hybridiza-
tion was cartied out al 48° C. using the EPY probe mixiture.
LCPQ) probe mixtore hybridization was carried out at 467
C— degrees below e lowest calvslated Td (or members
of the mixiure. Removal of the hybridized probe far rehy-
hridization was accomplishod by boiling with 1x535C—
0.1% SDS [or iwo minues. Aworadiography of the filers
teveuled three positive clomes (reactive wilh both probe
mixtures) among the 1,500,000 phapge pligues screened.
Verification ol the positive clones as heing TPC-encading
wis obtuined through DNA sequencing and ¢leciron micro-
graphic visualization of helervduplex formalion with the
monkey ¢eDNA ol Example 3. This procedors also gave
evidence of multiple intrors n the genomic DNA scquenee.

EXAMPLLE 5

Mucleniide sequence analysis of one of the pogitive clones
(designated AhEL) was carticd out and rosalts obtained to
date arc got gut in FIG. 8, comprising portions 6A. 6B, 6C,
6D und 6E.

InTIG. f, the intlizl contimious DN A sequence desipnates
a top siremd ol 620 baszas in what is apparently an untrang-
lated sequence immediately preceding = translated portion of
the tuman BPO gene. More specifically, the sequence
appuars Lo comprise the 3' end of the genc which leads up 1o
i translated DA reginn ending (oc the first four amino acids
(=27 through —24} of a lcader sequence (“presequence’™).
Four basc pairs in the sequence prior to that encodiog the
beginning of the leader have nul yel been snambiguously
determingd and are therelure desipnated hy an “X. Thero
then [ollows an intron of ahout 639 hase pairs (439 base
pairs of which have been sequenuved und Lhe remaining 200
base pairs of which are desipnated *1.3.™) and immediaoely
preceding a coden for plutamic acid which has been desip-
nated as residue —23 of the trznsluted polypeptide. The exon
sequence immediately following is seen to cods for snizo
acid residues through an alarine residuc (designated as the
+1 residue of the amino acid sequence of mature humsn
L[PG o the codon specifying threonine at position 24,
whereupon there follows 2 second intron consisting of 256
buses a4 specifically designated, Following this intron is an
exon sequence for amino acid residues 27 through 55 and
therealter & third iniron comprising 12 hase pairs com-
mences. The subsequent exnn codes {or residucs 56 through
115 of human EPO aut Lhere Lhen commences a fourth
iniron of 134 bascs as specifiad. Following the fourth intran
is an cxon coding for residue Nos. 116 through 166 and &
“stop” cedon (TGA), Finally, FIG. 6 idenlilies 4 sequence of
568 buse pairs in what appears to he an ontranslated 3' repion
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of the human EPO gene, twn hase pairs of which (“X°) have
o ¥et been anambigucusly scquenced.

FIG. & thus serves to idently the primary slruclural
conformation {aming acid sequence) of mature human EPO
s Including 166 specified amino acid residues (eszimated
M.W=18,399). Also rvealed in the Figure s the DNA
sequence coding for a 27 residue leader sequence alonp with
5 and 3' DNA sequences which may bhe significant 1o
promotcr/operator (unctions of the human gene operon.
Sites for potentiat glycosylation of the mature human EPG
polvpeptide are designaled in the Figure by asierisks, It Is
warthy of note that the specific aminn acid sequence of FIG.
6 Likely constitutes that of a naturally cecurning allelic form
of human erythropoielin. Support for this position is Tounrd
in the results of continued efforts at sequeneing of urinary
isolates of human erythropoietin which provided the finding
that a significant number of eryibropoictin molceuwles thorin
have a methmomioe al residue 126 us vpposed Lo a serine as
shown in the Figure.

FIG. 9, illusirates the extent of polypeptide sequence
homology between human and menkey EPO. Tn the upper
continuous Hne of the Figure, single letter designations are
cmployed to represent the dedoced translated polvpeptide
sequences of human BPO cormmigncing with residue ~27 and
the lewer conlinuous line shows the deduced polypeptide
sequence of monkey EM) commenging al assigned residuc
number —27. Aswrisks are employed to highliphe the
scquence homologics. It should be noted that the deduced
tuman and monkey EPC sequences roveal an “additionat™”
lysine (K) residue al (human) pasition 116, Cross-refercnee
o FIG. 6 indicates thet this residoe is al the margin of o
pulative mEMA splice Junction in the genomic sequence.
Presence of the iysine tesidue in the human polypeptide
sequence was further verified by sequencing of 2 cDNA
human sequence clone predated Ivom mRNA isolated from
COS-1 cells lranslommed with the human genomic DNA in
Exumple 7, infra.

EXAMPLE ¢

The cxpression systcm selecled lor initial attempts at
micToblal synthesis of isolatable quantiiies of EPO polypep-
lide material coded for hy the monkey cDNA provided by

the provedures of Exarmple 3 was one invnlving mammalian |

host cells (e, COS-1 cells, A TC.C Nu. CRL-1650). The
cells were trunsfecled with a “shuttle’” vector capable of
autnnomous replication in E.coli host (hy wirmue of the
mresence of pBRIZ22-derived DNA) and the mammaliun

hosts (by wvirtue of the presence of SV40 virus-derived .

DNAY.

More specifically, an capressivn voelor was conslucted
accurdiog Lo the following procedures. The plasmid clane 83
provided in Example 3 was amplilicd I;nm £.c0ff 2nd Lhe

aprroximalcly 1.4 kb monkey EPO-encoding DNA was s

isnlated by EcoRJ and Hindill digestion. Separately isolated
was an approximately 4.0 kb, HindII/Sall fmgmenl from
pBR322. An approximately 30 bp, EcoRI/Sall “linket”
fragment was obtained from M13mpl0 RF DNA (P and L
Laboratories). This linker included, in sedes, an EcoRi
sticky end, (ollowed by Sstl, Smal, BamHI and Xbal roc-
ognition sites and a Sall sticky cod. The above ihree
fragments were ligated to provide an approximately 5.4 kb
intermediaie plasmid {pERS™} wherein the EPO DNA wag
flanked on one side by a “hank™ of useful restriction endo-
nuclease recogpition sites. pERS was then digested with
Hindlll and Sall w vield the BPO DNA and the eoRI 10 Sall

A

40

22

M 13mpl0) linker The 1.4 kb [ragmem was ligated with an
approximalely 4.0 kb BamHYSall of pBR322 and annther
M13mpld HindII/Bamtll RF fragment linkar also having
approximately 30 bp. The M13 linker fragment was char-
acterized by a Hind[I sticky end, followed by Pstl, Sall,
Xbal recognition sites and & BamH] sticky end. The ligation
prodnct was, again, a nsefol intermediaste plasmid (“pRR-
TPO™) dncluding the BPO TINA fianked on bowh sides by
hanks of restriction sic.

The weetnr chosen [for expression of the EPO DNA in
COS-1 velis (pDEY LI had previously been vonstrucied o
allow for selection and mtonomons replication in Feofe.
‘These characterisiics are provided by the ongin ol replica-
ue and Ampicillio resislance pene DNA sequences present
in the region spanning nueleolides 2449 through 4362 of
pBR322. This seguence was structurally modified by the
addition of a linker providing a HindI!] recognition imme-
dialely adjacent nueleotide 2448 prior io incorporation inio
the vector. Among the sclected veetor § other useful prop-
vrlics was the capacily to aulonomeusly replicate in COS-1
cells and the prerence of 2 vital promoter Sequenee [une-
lional in mammaliun cells, These charucterslics are pro-
vided Ty the origin of replication DNA seqeence and “Iate
gene” viral promoler. DN A sequence presenl in the 342 bp
stgueno spunning nuckeotide numbers 5171 through 270 of
the W40 genome. A unigue restriction site {Bambl) was
provided io the veclor and immediately adjacent the vital
promoter sequence throuph use of 8 cominerciatly available
finker sequence (Collaborative Research). Also incorporated
in (he veclor was a 237 base pair sequence {derived ag
ruclepide sumbers 2553 through 2770 of $V49) conluining
lhe “lale gene™ vird mRNA poiyadenylation signal {com-
monly teferred 10 35 a transedplion Lerminatory. This {rag-
menl was posilioned in the vector in the proper arientatinn
vig-g-vig the “latc gence' viral promoeler via the umigue
BumHI sile. Also present in (he vector was another mam-
malian gene at a location not material (o potential lcanscrip-
tion of 4 gene inserled al the unigoe BamH| site, between tha
viral promoter and fernenater sequencees, [The mammealian
gene comprised an approximutely 2,500 bp mouse dihydro-
folate reductase (DHFR) minigene isolated from piasinid
PMG-1 as in Gasser, of o, PNAS (IFSAY 79, pp
6522-6526, (1982).] Again, (be major operative Ccomponents
of plasmid pDEVLI comprise nucleotides 2448 through
4362 of pBR322 Wlomg with mucleotides 5171 throupgh 270
(342 bp) and 2553 through 2770 (237 bp) of SV40 DNA.

Following progedures deseribed, ¢y, i Manialis, et al.,
suy, ihe EPQ-encuding DNA was isolated from plasmid
pBR-EFO as a BamiIl fragment and ligated inlo plasinid
pDSVLI cut with BamHI Restdedon cozyme analysis wis
eroployed to confirm insertion of the EFL) pene inthe corregt.
orcntation in two of the resulling eloned veclors (duplicite
vectors H und L), See FIG. 2, Dluslrating plasmid pDSVL-
MEE. Vectors with EPO genes in the wrgng origmtation
(vectors F, X, and G} were saved [or use as negalive controls
in transfectinn expeciments designed 0 determine EPC
expression levels in hosts transformcd with veelrs having
EPO DNA in the correct orientatinn.

Vectors H, L, F X and G were comhined with carrier
DNA (mouse Hver and spleen DINA)Y were emploved o
transfect duplicate 60 mm plates by caleium phosphalce
micreprecipitate methads, Duplicate & mm plaics were wlse
transiected with carmier DNA as g “moeck”™ lmnsiormation
negatve control. After five days all culmre media were
tested lor the presence of polypuptides possessing Lhe imms-
nelopical properties of natorally-accurdng EPO.
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EXAMPLE 7

A Imitigl EPO Expression System lovolving CGS-1 Cells

The svsiem selected for initial attempts ar micrabial
synthesis of isulutable quantities of humas EPO polvpeptide
material coded for by the buman genomic DINA EPO clone.
also involved cxpression in rwammalive host cells (ie.,
COS-1 cells, ATC.C. No. CRL-1657), The buman EPO
gent was Hrsl sub-cloned inte a “'shutile’” vector which is
capable of antonomous repication in both E.coli hosis (by
virtog of the presence of pBR322 derived DMA) and in the
marmakbian cell ling COS-1 ¢hy vinue of the presence of
5V 40 vims derived DNA). The shuitle vector, coniaining the
FFQO gene, was then transfected inio C0S-1 cells. EPO
polypeptide material was produced in the wranslecled cells
and secreted inta the cell culture media.

hiore specifically, an expression vector was constructed
acenrding to the following procedurcs, DNA isalated from
jambda ¢lone ALE], containieg the human genomic EPC
gene, was digested with BamlIll and HindIT vestriction
endonucleases, and & 5.6 Kb DNA frapment koown to
conlain the entire EPO gene was isolated. This fragment wag
mixed and ligated with the bacierial plasmid pUCH
(Bethesda Rescarch Laboraterices, loc.) which had been
simidarly digested, creating the intecmedisie plasmid
“nUCK-HuL", praviding a convenicat soures of Lhis restrie-
hen [raymenl.

The wvector chosen for expression of the TRPO DNA I
COS-1 celts (pSV48EL bad proviowsly been constueled.
Plasmid pSY4SEL coatzined DNA sequences allowing
selection and antanomous teplieatinn in £ e, These char-
acteristics are provided by e orgin ol replicalion and
Ampivillin resistance gene DNA sequences present in the
region spanming nucleotides 2448 through 4362 of the
bacterial plasmid pBR322. This scyuenee was struclurally
modified by the addition of a linker providing a HindIIE
recognition site immedisiely odjacent to nucleotide 2443,
Masmid pSV48EL was also capable of autonomaus replica-
tion it {I05-1 eells. This characteristic was provided by a
342 bp fragmest containing the 540 vimus odigin of repli-
cauion {pucleolide numbers 5171 through 270). This frag-
mer had heen modified by the addition of a hinker providing
an FooRl recogoition sile adjacent by muclentide 270 and a
linker providing a 8all recognilion site adjacent nuclectide
53171, A 1061 bp fragment of SV40 was also preaant in this
veetor (nocteotide mimbers 1717 through 2772 plus a linker
providing a Sall weeognilion sile next o nucleolide nomber
2772). Within (bis fragment wBs an vnique BamHI teeog-
nition sequence. In summay. plasmid pSV4STL cunluined
unique BamHI and HindIT recognitiaon siles, allowing inser-
tion of the heman PO gene, sequences allowing replication
und seleclion in £.colf, and sequences 2llowing teplication
in CGS-[ cells.

In order to insert the EPQ penc into pSW45Et, plasmid
pUCRE-ITuE was dipested with Bamiil and HindllT restric-
tion endonneleases and the 3.6 kb BEPD cocoding DNA
fragmenl isolaled. pSYSSEL was alvo dipested with BamlIl
and FindI and the major 2513 hp fragment isolated (pro-
serving all nccessary funclions), These [rugments were
tnixed and ligatled, creating the final vecior “pSVelTBPO™.
{(See, FIG. 3.) This vecior was propagacd in Ecofi and
voclor DNAC isolabcd. Resinielion enzyme analysis was
cmployed Lo confirm insertion of the EPO gene.

Plasmid pSVgHuEPO DNA was used 10 ¢apross human
EPO poly peplide malerial in COS8-1 cells. More specificaliy,
pSVeHuEPO DNA was combined with carrier DNA and
trausfected in10 wiplicate 80 mm plalcs of COS8-1 cells. As
w control, carmer DINA alone weas alse transfected inlo
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CO5-1 cells. Cell culiure media were sampled five and
seven days Iater and tested for the presence of polypentides
possessing the Immunological properlies of malurally oceur-
ring human EPG.

B. Second EPC Expression System Tovolving COS-1 Cells

8111l another syslem was designed w provide improved
produoction of human EPG poiypeptide material coded hy the
human genormic DNA EPO elone in COS-1 cells (A TTCC.
Ko. CEL-1650).

In the immediately preceding system. EPQ wag expressed
in COS8-1 cells vsing ils own promoier which is within (he
5.6 Kb BamHI to HindWI restriction fragment. In the fol-
lowing constructicn, the EPQ geoe is allemed so that it is
expressed using the SV40 laie promoter.

Meare specifically, the ¢loned 5.0 Kb BamHI 10 HindHI
gimumic human EPO restriction [rugment was modified by
the following procedures. Plasmid pUC8-HuE, as described
above, was cleaved with BamHI and with BsiEN resirdction
endonucleases. BstEIT cleaves within the 5.6 Kb EPO gene
at a pogitipn which is 44 basc pairs 3' to the indliating ATG
coding for the pre-peptide and approximately 680 base pairs
3" 1o the HindlI restriction site. The approximatcly 4900
base pair fragment was isolaled. A synthetic linker DNA
fragment, containing Sall and BstEll sticky ends and an
internal Bamiil recopnition site was synthesized and puri-
fied. FThe two fragments were wixed and ligated with ptas-
mid pBR322 which had beer cut with Sall and BamlIl iq
produce the intermediate plasmid pBRgTME. The genomic
human EPO aene can e isolaled therekrom as a 44900 base
puir BamHI diyestion fagment carrving the complets struc-
tural gene with a single ATG 44 hase pairs ' o BamHI site
adjacent the aing Leriminal eoding remion.

This [ragmen! was Isplated znd inzerted as a Bamlll
frapment into BamHT cleaved expressinn vector plasmicd
pDSVL] [deacribed in Example 63 The resulling plasmid,
pSVLgHUEPO, as iltusiraled in FIG. 4, was used to express
EPO polypeptide material from COS-1 cells, as deseribed in
Examples & aud 74,

EXAMPLE B

Culture media from growth of the six transfected COS-1
cultares of Exmnple § were analyzed by radivdminunoassay
aceording to the procedures scl furth in Example 2, Part B.
Fuch sample was assayed at 230, [25, 30, and 25 microliter
diguot Ievels. Sopernatants from growth of cclls mock
transfecied or lrams[veled wilh veclurs huving incomecl EPO
gene oriertalion were unambiguovsly negative for EPO
immunoreactivity. For each sample of the two supernatants
derived from growth of COS-1 cells transfected with vectors
H and L having the FPO DINA in the carreet oricotation, the
% inhibilion i “**I-EPO binding io antibody ranped from
72 to BR%:, which placer alt valoes at the top of the standazd
cutve, The carcl concealralion ol EPO in the culture super-
nalanl could not Ltheo rebiably be estimated. A quite conset-
vative estimate of 300 mliimi was made, however, tom the
value calculation ol the largest aliguol size (250 microfiler).

A tepresentative culmre fluid accarding to Tixample 6 and
five and severt day cubture Huids obtained according to
Example VA ere iested in the RIA in order to compare
acivity of recombinan merkey and human materials to a
naturally-oceurming human EPO standard and he results are
set cut in graphic form in TIG. I. Bricfly, the resulis
expeetedly revealed 1hat the mecombinant meokey EPO
significanlly compeled fvr and-human EFQ  antibody
althaugh it was not ahle to completaly tnhibdc binding uoder
the test conditions. The maxitnum percent inhibiiion values
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[or evormbinant human EPC however, closely approximated
those of the human EPO standard. The parallel nawre of the
dose response curves suggests immuenological identity of the
sequences (epitopes) in comman. Prior estimates of monkey
EPOJ in cultore fluids were re-cvaluated al these higher
dilution levels and were found to range from 224 1o 3.12
U'ml. Estimated haman EPO produclion kevels were corre-
spondingly set al 392 mU/mi for the five-day growth sarnple
and 567 mUT/ml for the seven day growth sample. Bstimated
monkey EPOC) production levels in the Example 7B expres-
siom system were on the samg order Or berer,

EXAMPLE 9

Cullure fluids prepared according 1o Examples & and 7
were subjected Lo an o vitre assay for EPO activity accord-
ing to the procedure of Goldwasset, ¢t al., Endverinolupy,
97, pp. 315 323 {1975}, Estimaied monkey EMO values for
cullure Auids tested ranged from 3.2 10 4.3 [Tfmi. Human
EPO enlwure fuids were also active in this in vilro assay and,
[urther, this activiiy could be neutralized by anti-EPO anti-
body. The recombinant monkey EPO cullure fuids accord-
ing to Example & were also subjected to 2n assay for in vive
biological activity according w the gencral procedurcs of
Cotes, ! ul.. Nature, 191 pp. 1065-1067 (196]) and Ham-
mond, et al., Ann.N.¥Acad Sei, 149, pp. 516-527 (1968}
and activiry levels ranged Grom 094 w 1.24 T/ml

EXAMPLE 10

In the previous cxamples, recuombinant monkey or human
EPO material was produced from vectors used o transfecr
COS-1 cells, These veclors roplivale in C08-1 cells due 1o
Lhc presence of SY40 T antigen within the cel] and an SV
prigin of replicattan on the veelors. Though these veclons
proguee wsclul guantities of EPU in COS-1 cells, expression
is omly Llransient (7 o }4 days) due 1o the evenmal inss of the
veetor, Addidonally, only s small percemtage ol CUS-I
became productively transfected with the vectors. The
present example describes expression systems emplaying
Chinese hamster pvary (CHO) DHFR™ celis and the select-
able marker, DHFR. [For discussion of related pxpression
sysiems, sce LS. Pal Mo, 4,399 216 and Huropean Patent
Applications 117058, 117039 and 117060, all published
Aug. 29, 1984 ]

CHO DHFR™ cells (DuX-Bll) CHO K! cells, Utlaub, et
al., Proc. Nat. Acad. Sci. (U154, Vol. 77, 4461 (1980) iack
the enzyme dihydrofolate redoctase (DHFR) due 1o muta-
tiong in the structural gepes and therefore requise the pres-
ence of glycine, hypoxanthine, and thymidine in the cullure
media. Plagmids pDEYL-MKE (Example 6) or pDSVL-
eHuEPO (Example 78) wese transfected aloog with carrier
DKA into CHO DHFR  cells growing in media compining
hyporanthinc, thymidine, and glycine in 60 mm culfure
plates. Plasmid pSVgHuEPO (Example 7A) was mixed with
the plasmid pMG2 containing a mouwsc dihvdrofolate reduc-
lase gene cluned into the bacterial plasmid vector pBR322
{per Gasser, &t al., supra.) The plasmid miwture and carrer
DNA was translccled into CHO DHFR ™ cells. (Cells which
dcyuire one plasmid will generally also acgoire a second
plasmid). After three days, the cclls were dispersed by
trypeimzalion ole several 10 mm culture plates in media
lacking hypoxanthine and thyrudine, Ony those cells which
have been stably transfurmed with the DHFR pepe, and
Lhcreby the EPO gene, survive in this media. Afrer 7-21
days, colonies of surviving cells became apparent. These
lrans[ormant colonies, after dispersion by trypsinization can
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he contfmuously propagated in mediz lacking hypoxanthine
and thymzdine, creating zew cell sirains (e.g.. CHO pDSVL.
MKEPQ, CHO pSVgHUEPO, CHO-pDSVL-gHuEPG),

Culure fluids from the above cell sirains were Lesled in
the RIA [or the presence of recombinznt monkey or human
EP(. Media for steain CHO pDSVYI-KEPO contained EPO
with Immunological properties Tike that obtaincd from
COS-1 cells immpsleeled with plusmid pDSYL-KEPO. A
representative 63 hour culmre fuid contained mankey PG
wt 0.80 Clml.

Culwre [uids [rom CIIG pSVeluBPQ and RO
pDSVL-gHulEPO conlained recombinant heman EPO with
immunclogical properties like that ohtained with C08-3
cells transfected with plasmid pSYeHUEPG or pOSVL-
gHuEPO, A represeniative 3 day culiure Juid [rom CHO
pSVeHuFPO contained 2.99 U/m] of human PO and a 5.5
day sample froe CHO pDSVL-gHUEPQ had [8.2 Ufm! of
nan EPO as measured by the RIA.

The guantity of EPO produced by the ecll shmins
described above can be increased by gene amplification
giving new cell sirains of greuwer productivily, The enzyme
dibydrofolate reductase ((JHIFR) which is the product coded
[ur &y \be DHFR gene can be inhibiled by the drug meth-
omexate (MTX). More specifically, cclis propagaled in
media lacking hyvpoxanthine and thymidine arc inkibiled or
killed by MTX, Under the wpproprule conditions, (2.g..
minimal concentrations of MTX) cells resistant i and ahle
to grow in MTX can be obtgined. These cells ure [ound w
be resistent to NTX due (o an ampification of the number of
their OHFR pgenes, resulting in increased production of
OHFR enzyme. The surviving cedls can, in turn, he treated
with increasing coneentrations of NTX, resulting in cell
slrains conlaining grealer numbers of DITFR genes. Pas-
senger genes (e.g, EFO) caried on the cxpression veelur
along with the OHFR. gene or trans[ormed with the OHFR
gene are frequently found also to be increased in their gone
capy number.

As examples of practice of this amplification system, cell
steate CHO pOSYL-NEH was subjected to noreasing NTX
concentrations (0 nbi, 30 oM and 100 uM). Representalive
65-hour cultare media samples from cach amphificalion slep
were gssayed by R1A und determined to conain 0.60, 2.45
and 6.10 Ufml, respectively. Cell strain CHO pDSVL-
2l[uEPO was subjecled fo 4 series of increasing NTX
concentrations ot 30 oM, 50 nM. 100 oN, 200 oM, 1 oM,
and 5 M MTX. A represeaiative 3-day cullure media
sample from the 100 aM MTX step contained human EPO
al 30895129 ufml as judred by R1A. Reprasentative 48 hour
cullural medium samples from the 100 nM and T ph MTX
steps contained, respecrively, human FPO a0 466 and 1352
Uil s judged by BLA (average of triplicate assays). In
these procedures, 1x10° cells were plated in 5 mi of media
n 60 mu cuhwire dishes. Twenty-four hours later the media
were removed and replaced with 3 ml of semm-free media
thigh gluense DMEM supplemented with 0.1 mb non-
estential amino acids and L-givtamine). EPO was allowed o
accumulate for 48 hours in the serum-free media, 'l 'he media
was eollected for RIA assay and the cells were trypsinized
anid counted. The average RTA valucs of 467 Uiml and 1352
U¥ml for cells grown ai 100 aM and 1 W MTX, respec-
tively, provided wctual yields of 2335 Ufplate and 6750
U/plate. The average cell numbers per plate were 194107
and 3.12¢10% cells, respectively. The eliective production
rates fur these culwre conditions were thus 1264 and 2167
U107 cells/48 howrs.,

Thke cells in the cultures described immediately ahave are
a penctically heleropencous population. Stasdard scresning
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proceduves are heing employed in an amerapl o isolate
genetically homogenaous clanes with the highest production
capaciiy. See, Section A, Part 2, of “Pnints to Consider in the
Characlerizalion of Cell Lines Used to Produce Biologics™,
Tun. 1, 1984, Odfice of Binlagics Rercarch Review, Center
[or Drugs and Biologies, U.5. Food and Drup Administra-
tion.

The productivity of the EPC producing CHO cell lines
described above can be improved by appropriane ccll culterc
technigues. The propagatian of mammalian cells in culture
generally requires the prescnce of sgnum it the growth
media. A method [or producticn of ervthropoeistin from 10
cells in media hat does not contain serum greatly facilitates
Lhe purilication ol erylhropuielin from the culture medinm.
The method described below is capable of cvonemically
producing crylbropoislin in serum- free media in large quan-
tities gufficien: for production,

Strain CHO pDSYL-gHuEPD cells, mrown in standacd
cedl cultore conditions, are used to seed spiuier cell eultere
fasks. The cells are propagated as 3 suspension ccll line in
the spinmer cell culture flask in media consisting of a 30~50
mixture of high glocese (IMEM and Ham's F12 suppla-
menied wilh 3% fetal calf zerum, L-glutamine, Penieillin
and Streptomycin, (.05 mbd non-easential aming acids and
ihe appropriale voncenwation of methotrexate. Suspension
cell culure allews Lthe EPO-prudocing CHO cells to be
expanded casily o large volumes. CIIO cells, grown in
suspension, are used 0 scod roller bottles at an initial
seeding density of 1.5x107 visble cells per 850 co” moller
battlz in 200 ml of media, The cells are allowed to grow to
confluency as an adberent cell He over 2 thee-day period.
The media vsed for this phase of the growti is the same as
use for growth in sispension. Ad (he end of the three-day
growlh period, Lhe serum conlaiming media 15 removed and
replace with 100 ml of serum-free media; 30-50 avixtare of
high plucose DMEM and Ham's F12 supplemented wilh
005 m non-essenlial amino acids and L-glatamine. The
roller bottles are returned to the roller bottle incubator for &
period of 1-3 hours and the media agein is removed and
repluced with 100 mi of fresh semm-free media. The 1-3
bour incubation of the serum-free media reduces lbe con-
centration of contaminating serun proteins. The roller
hottles are setored o the incubator for seven days during
which coythropoictin accumolates in the serum-free cullure
media. Al the end of the seven-day praductinn phase, the
conditioned media s removed and replaced with fresh
scrum-fiee mediem lor 4 second producton cycle. As an
example ol the practice of this produciion system, a tepre-
senfative seven-day, serum-free media sample coniined
hunan erythropdiciin al 38922409 Wml us judged by the
RIA. Buscd on un eslimuted cell density of 0.9 to LE<IY
cells/em®, each 850 cm?® roller bottle contained from 0,75 L
1.5¢10% cells and thus the tale of produclion of EPO i the
T-day, 100 ml cullure was 730 to 1470 U/10° celis/48 hours.

Culture fluids from cell sirain CHO pDSVE-MKEPO
carried in 10 oM MTX were subjecled w RIA in viuo and
in vive LPO aclivily assays. The conditioned madia sample
contained 412414 Wml of MKEPO as measured by the
R1A, 41240064 U/ni a8 measured by the in vitro biological
activity assay and 42.5=5 1I/m] as measured by ihe in vivo
hinlogical activity astay. Amino acid sequencing of
polypeptide products revealed the presence of EPG prod-
ucts, a principle species having 3 residues of the “Jeader™
sequence adjacent Lbe pulative amino termizal afanine.
Whether this is the result of incorrec: membrane nrocessing
of the polypeptide in CHO) cells or meflects a difforcnee in
structure ol the amino erminus of monkey ERO vis-a-vis
human TP, 18 presentdy unknown,
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Cultere Nuids rom celt strain CHO pSYL-eHuk PO
were subjected to the three assays. A 55 day sample
contained recombingnt human EPO in the media av a level
of I18.2 Ufml by RI1A assay, 158346 U/m] by in vitro assay
and 16.8%3.0 Usml by in vivo assay.

Culture fTuid from CHO pDEVL.-GHuGRD cells prepared
ampliied by stepwise 100 oM TX were subjected to Lhe
threc assays. A 3.0 day sample conlgined recombinant
human EPO at a level of 30894129 Ufml by RIA, 25894713
U/ml by in vitro pgeay, and 20402160 Ufml by in vivp assay,
Amino acid sequencing of this product revesdds an anuno
terminal corresponding to that degignated in FIG. 6,

Cell conditioned media from CHO cells transfected with
plasmid pDSYL-MKE in 10 nb MTX were povled, and the
MTX dialyzed out over scveral days, rerulting in media with
un EPD aeliviky of 221+5.] Wml (EFQ-CCY). To determine
the in vivo efleet of the EPO-CCM upen hemaloert levels
in normal Bulbf/C mice, the following expenment was con-
ducted. Cell condilioned media from unlrunsfecled CHO
cells {£CM) and BI'C-CCM were adjusted with PBS. CCM
was used [or e contru] group (3 mice) and iwo dose levels
of EO-CChM—4 units per injection and 44 units per injec-
tion—ware employed for the experimantal groups (2 mice/
group), Over the gourse of 5 woecks, the seven mice were
injected inlraperitoneally, 3 times per week. After the eighth
injection, average hematocrit values for the contral group
wir delermined (o be 50.4%; [or the 4 U group, 55.19%; and,
for the 44 U group, 67.9%.

Mammialian cell expression producls may be readily
recovered in substantially purified form from culture media
using HPLC (C.) employing an cthano] gradicni, preferahly
ul pH7Y.

A preliminary attempt was made 10 characierize recorm-
binant plycopowin products rom condilioned medivm of
COS-1 and CITO cell expression of the human TPO gene in
comparisnn @ hsman urinary PO iselaics vsing hath
Westemn blol analysis and SDS-PAGE. These studies indi-
cated that the CHO-produced TPO mmaterial had 2 samewhat
higher malceular woighl Lhan the COS-1 expression product
which, in lure, was slightly larper than the paoled source
human urinary extract. All prodocts were somewhat heterg-
acncols, Neurarminidase cogyme lrestment Lo remove sialic
wcid resulled in COS-1 and CHO recombinant products of
approximately equal molecular weipht which were both
nonetheless larger lban the resulling asiylo humasn urinary
cxtract. Bndoglycosidase F enzyme (EC 3.2.1) treatment of
the recombinant CHO product and the urinary extract prod-
uel (o lotally semove carhohydrate from hoth) resulted in
substantially homogeneous products having essentiably
identical malecular weight characteristics.

Purified homan urinary TPO and a recombinant, CHO
cell-produced, TPO according 10 the invenlion were sub-
jected to carbohydrate analysis according to the procedure of
Ledeen, et al. Methods in Engymelogy, R3(Part T3), 130-101
{ E981) as madined throngh nse of the hydrolysis procedures
of Nezsor, ol ab., Anal. Biechem,, 142, 3867 (1984). Experi-
mentally delermined carbohydrate constimton waloes
{expressed as molar raitos of carhohydrate in the product)
for the urinary isolate were as [ollows: Hexoses, 1.73;
N-acelylplucosamioe, 1; N-acetylmeuraminic acid, 0.93,
Fucose, 0; and MN-acetylgalactnsamine, . Carresponding
values for the recembinant producl (dedved [rom CHO
pDSYL-gHuBFO 3-day culure media at 100 nM MTX)
wera 45 follows: Hexoses, [5.09; Ne-acetylglucogaming, 1;
N-acetylneuraminic acid, .998; Iucose, 0; und N-acelylga-
lactngarine, 0. These findings are consistent with the West-
em lLlot and SDS-PAGE analysis describued above,
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Glycopncin products provided by the present invention
are thus comprehensive of prodoces having a primary struc-
mral conformation sullicicoily duplicative of that of a natu-
rally-occurring erythropoiezin tn allow possession of omc or
more of the bioleyrical properties therenf and having an
averape carbohydrate compositien which ditfers from that of
namrally-occurring erythropoietin,

EXAMPLE 11

The present example relaies to the lotal manufacture by
assembly of nuclentide bases of two structural genes engiwd
ing the human species EPO sequence of FIG. & und incor-
porating, respectively “preferred” codens for expression in
E.coff and yeast (S.cerevisine} cells, Also described is the
construction of gencs encoding analegs of human EPO,
Briefly stated, the protocol employed was genemlly as saet
out in the previously noted disclosure of Alton, ot al, (WO
B3AM053). The genes were designed [or initial assembly of
companent aligongeleotides nlo muitiple duplexes which,
in tum, were assembled into thres dscrete sections. These
sections were designed for ready wmplification and, upoo
remaval fiom the amplification system, could be asserabled
sequentially or through & mulliple [ragment ligation in a
siitable expression vector,

FIGS. 10 through 15 and 7 illustcite the design and
assembly of 8 manufactured gene encoding a human EPQ
translatdon product lacking any leader or preseguence but
including an inilial methionine residue ar position —1. Matg.
over, the gene incorporated in subsianiial part E.cofi pret-
crcnce coduns und Lhe construction was therefore referred 1o
as the “ECEPO" gene,

More partivularly, FIG. 10 illustrates oligonoclectides
employed to generate the Section 1 of the BCEPO gene
eneading amino wrminal residues of the human species
polypeptide.  Oligonucleotides  woere  assembled  into
doplexcs (1 and 2, 3 and 4, elc.) and the duplexes were then
ligated to provide ECEPO Section 1 as in FIG. TH, Note thal
the assembled section includes rospective terminal EcoRT
and BamHI sticky ends, that “downstream™ of the Ecnll
sticky end is & Xbal restriction enzyme reeognilion sile; and
that “upstream” of the BamHI slicky end is a Kpnl recog-
nitior sile. Section I could readily be amplificd using the
M13 phage vector employed for verificalion of seguence of
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ECEPO Sectton 2 was constructed with EcoRI and BamHI
slicky ends and counld he isolated as a KpnlMByg ) Mragment.
Similarly, ECEP( Section 2 was propared with BamHi and
Sall sticky ends and could be isolated from phage RF DNA
as a BgllifSall feagmemt, The theee soctions thos prepared
can readily be assembled into a continuous DNA scquence
{FIG. 7 enanding the entire human specics EPQ polypep-
tide with an amino terminal methionine codon (ATG;) for
E.coff wanslation initation. Note also that “upsircam” of U
initial AT is a seties of hase nairg substantially duplicating
the ribosome hinding site seguence of the highly expressed
OMP-[ gene of E.cofi.

Any suitable expression vectar may e employed Lo coory
the ECEPC. T pasticular veelor chosen [or expression of
the ECEPQ pene as the “temperatute sensiive” plasmid
PCEME36—a derivaive of plasmid pCiM414 (AT.C.C.
40076)—as described ie co-pending U5, paienl appiication
Ser. Ne. 636,727, filed Aug. 6, 1984, (Poblished EPO
Application No. 136490 by Charles F. Momis, More spe-
cifically, pCFM336 was digested with Xbal und Hindll; Lhe
large fragment was isolged and emploved in a two-part
ligation with the ECEPQ gene. Sections | (Xbal/Keml), 2
{(Kpnl/Bglil) and 3 (Bglll'Sal had peevicusly becn
assembled in the correct order in W13 and the APD gene was
isolated therefrum us @ single Xbal/HindIIl fragment. This
fragnrent included & porlion of the polylinker from M1 3 mp@
phape spuoning the Sall te TindIlT sites thesein, Concrol of
expression i ihe resulling expressivn plasmid, pi36, was by
reans of a lambdu [; promoter, which itself may be under
cantrol of the Cpeer repressor gene {such as pruvided in
£ eofi strain K12AHuT}.

The manufactured ECEPO pgenc above may be variously
modified 10 eooode crvihropeielin analogs such as [Asn®,
des Peo® Lhrough TIe®ThEPO and [His"JHEPD. as deseribod
below.

A. [Asn?, dos-Pro? through IiefThEPO

Plasmid 536 carrying the RCEPO manufactered gene of
TG 7 as a Xbal va Hind!1 insert was digested with IRindDI
and xhol, The Jatler endonactease cuts the BCEPD gene at
&g unique, & hase pair recognition sile spanning the last base
of the codon cocoding Asp® through the second hase of the
Arg'® codon, A XhalfXhaoT “linker” sequence was manufac-
tured having the ollowing sequence:

Xhal +1 2 7 E3 9 Xl
Mt Ala Asn Cys Asp
T-UTAG ATG GCT AAT TGC Gal- 3
5- TAC CGa A AL I AGCTF

the section. Some difficnltics were encountérad in isolating
the seclivn as mm Xbal/Kpni frapmemt from RT TINA pen-
erated in Ecali, likely due to methylation of the KEql
recopmitun site bases within the host. Single-stranded phape
DNA was therelore isvlated snd rendered imn doubip-
stranded form in vitro by primer extension and ihe desired
double-stranded fragment was thercafler scadily isolated.
ECEPO gene Seclions 2 and 3 FIGS. 13 and 15 wors
censtructed in a similar manoer from the eliponuclesides of
FIGS. 12 and 14, respectively. Each section was amplified in
the Mi3 vector employed for sequence verificalivn and was
isolated from phapc DMNA. Ax is apparent from TTG, 13,

55

The Xbal/Xhol linker and the Xool/LindlI ECEPO gene
seiuenice frapment were inserted into the larse Imgmenl
resolting from Xhof and Hind(I digestion of piasmid
pCEMS526 —¢ desivative of plasmid pCFV414 (A TLC,
40070} —as described in co-pending U5, patanl applicarion
Ser, No, 030,727, [led Aug. 6, 1984, by Charles F Marris,
Lo generale A plasmid-borne DNA sequence cocoditty E.cofi
cxpression of the Met ' form of the desired analop.

B. [His[hFPO

Plasmid 530 was digested wilh HindilI and Xhel as in
part A ahove. A Xbal/Xhol linker was mamifactured having
the following scquence:
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Xhbal i 2 3 [ 5 6 7 ] b Xhol
Mer Aia Fro Fro Arp Lcu Ic His Agp
5-CTAL AL 40T CCis CCA CoT CT{ ATC CAT GALC 3
3. TAC coA GG 0T GCA aAc TAG GTA CTG AQCT-5

The linker and the Xbol/HindIl ECEPO sequence frag-
ment wede thea inserted {nto pCEMS26 10 geacrate a plas-
mid-borne DNA sequence encoding E.coli expression of the
Met~* form of the desired analos.

Cunstruction of a manulsetured gens (“SCEPC™) incor-
poraiing yeast preference codons is as described io the
following FIGS. 16 through 21 and B. As was the case with
the RCFPO gane, the entive consiruction involved formation
of three sets of oligonucleotides (FIGS. 16, 18 and 20 which
were formed into duptexes and assembled into seetions
{FIGS, 17, 1% and 21). Kaze thar synthesis was facilitated in
part by use of some sub-optimal codons in both the SCEPO
and TICDPO constroctiong, 1.c., ofiponucleotides 7-12 of
Section 1 of both genes were identical, as were oligonocle-
oudes 1-6 ol Section 2 in each gene.

The aszembled SCEPO sections were sequenced in M3
and Scetions 1, 2 amd 3 were iselaldble from the phage as
ind(UVKpal, Kpol/Bglll, and BelIl/Sall fragments.

The presently preferred expression system for SCEPCG
pene producis 18 & scerclion syslem buascd un S.ceravisias
Ci-Taclor secrelion, zs described in copending LS. patent

application Ser. No. 487,753, filed Apr. 22, 1983, by Graut -

A. Bitler, published Qct. 31, 1984 as European Halenl
Application 0 123,294, Briefly pur, the system invalves
censtrmctions wherein DMNA encoding the leader sequenee of
the yeast o-factor pene product {s positioned immediately 5

1o the coding region of the exogenous gene to be expressed. a4

As a result, the gene product transiared includes a leader or
signal sequence which is “processed off™ hy an endogenous
yeast cnryme in the coursc of scorction of the remainder of
lhe producl. Becanse the construciion makes use of the
ce-factor translatton initiation (ATG) codon, ithers was no
noed o provide such a codon al the —1 posilion of (he
SUCEPQ gene. As may be noted from FIG. B. the alanine (41}
encoding sequence is preceded by a linker sequenec allow-
ing for chireet inscrlion intu a plasmid including the DNA lor
the frst 80 residues oi the m-factor leader following the
a-factor promoter. The specific prefered eonsiruction [or
SCEPQ gene expressivn involved a [our-parl ligalico
ncluding the above-uoted SCEPO section fimgments and the
large tragment of Hind[11/8all digestion of plagmid pouC3,
From the resulling plasmid poCHSCEPQ, (he o-lactor
promoier and leader sequence and SCEPD pene were iso-
lated by digestion with BamITl and ligaied into BamHI
digested plasmid TXYE (0 form exprassion plasmid pYE/
SCEPO.

EXAMPLE 12

The presen: example relates to expression of recombinant
products of the manufacwred ECEPO amd SCEPO penes
vwikbin lhe expression syslems of Example 11,

In use of the expression svslem designed for use of E.cofi
host eclls. plasmid p536 of Example !l was ransiormed
ine AM7 £.colf cells previously transiormed with & suitable
plasmid, pMW, harboring a C,,., gene. Culteres ol cells in
B broth (Ampicillin 50 we/ml and kapamyein 5 pgiml,
preferably with 10 mbd MgS0,) were maintained ar 28° C,
und upon growih ol cells in coliure o0 0.0 4~0.1, EPO
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expression weas induced by raising the culture emperaturg 1o
42° C. Cells grown ta abowd 48 O.D. provided EPO pro-
duction (as estimated by gel) of ahout 5 megOD liter,

Cells were harvested, lysed, broken with Trench Press
(10,000 psi) and trealed with Iysozyme and NP-40) detergent.
The peller resulting from 24,000z centrifugation was soli-
bilized with guanidine IIC] and subjected io forther porifi-
cailon in a single siep by meuns of C, (Vydac) Reverse
Phase IIPLC (EtOl1l, 0-80%, 50 mM NIl Ac, pll 4.5).
Prowde seguencing tevealed the product e be greater than
85% pure and the products obiained revealed 1wo dilferent
arans lemminals, A-P-P-E .. aod F-P-B . . . 10 a relalive
guantitative ratio of about 3 to 1. This laticr observation of
HEPO and [des Ala'LEPO products indicales that amine
terrninal “processing” within (he host cells serves to remove
the terminal methionine and ic some instances the initial
glanine. Radieimmunoassay activity for the isolates was at
a level of 130,000 o 160,000 Utmg; it viteo assay activity
was 4t 2 level ol 30,000 Lo 62,000 Ufmp; and in vivo assay
act{vity ranged from abont 120 to TH) 1Hfmg, (CF, toman
urinary isolate standard of 70,000 Uty in cach assay.) The
dose 1esponse curve for Wke recombinant product in the in
vivo axsay differed markedly from that of the human urinary
EFO standard.

The EPO analog plasmids formed in parts A and B of
Exampie 11 were cach transformed into pMW -transformed
AMT E.coli vells and the cells were cullured as above.
Purified izolates were tested in hoch RTA and in vwitro assays
RTA and in viwo assey vaiues for [Asn®, des-Pro® throuysh
U™ hEPQ capression products were approximately 11,000
Ufmg and 6,000 Ufmg prokein, respectively, while the assay
values for [HisThEPD were about 41,003 Umg and 14,000
Tz protein, wespectively, indicaling thal the analog prod-
ucts were from one-fourih o onc-renth as “active” as the
“parcnt” cxpression product in the assuys,

In the expression system designed for use of 8.cerevivias
hast cells, plasmdd pYHISCEPO was transiormed imo two
dillerent sleaing, Y SDPY (genolype & pepd-3 tpl) and RKS[
{genotype pepd-3 trpl). Transiormed YSDP4 hoats were
grown in 8D medium (Methods in Yeast Genelics, Cold
Spring Harbor Laboratory, Cold Spring Hearbor, MY, p. 62
{1983} supplemented with casamino zcids at 0.5%, pH 6.5
at 30% C. Media harvested when the eclls bad been grown Lo
36 0.D. contained EPQ products at levels of about 244 Ufml
{97 pg/OD Liter by RIA). Transformed RK81 cellg provwin (o
gither 630 O.0. or 60 0.0, provided mediz with EPO
concentrations of aboul 80-90 Tym! C34 pg/OD liter by
ERLA). Preliminary analyses reveal significant heferogeneiiy
in products produced by the exprassion system, Tikely 10 be
due lo varations in plycosylation of proteins expressed, and
relaiively high mannose content of the associated carhohy-
drate.

Plasmids PoC3 and pYE in HBID1 E.coli cells were
deposited in accordance wiln the Rules of Practce of the
IL5. Patent Dffice on Sep. 27, 1584, wilh the American Type
Colture Collection, 12301 Farklawn Drive, Rockyilie, Md..
uzder deposit numbers A T.C.C. 39887 and A T.C.C. 39882,
respectively, Phassnids pCEMS26 in AMT cells, pCEM536 in
103 cells, and pMW1 in IMID3 cells were hikewise



Case 1:05-cv-12237-WGY Document 481-3

Filed 06/11/2007

5,547,933

3
deposited on Nov. 21, 1984 as A T.C.C, 39932, 319934, and
39933, vespectively, Saccharumyces cerweviviae  straing
YS5PD2 and RK81 were deposited on Nov, 21, 1984 ag
ATC.C 20734 and 20733, respectively.

It should be readily apparert from comsideration of the
above illustrative examples (hat numerous exceptionzlly
valuable products and processes are provided by the preseny
invention in its many aspects.

Paolypeptides provided by the invention are conspicoously
useful materials, whether they are microbially expressed
prodocts or syathelic products, the primary, secondary or
tertiary structural conformation of which was first made
known by the present iavention.

As previousty indicated, recombinanl-produced and syo-
thetic products of the inventicn share, Lo varving deumces,
the in vitrn hiolopical activity of EP(} isoiates from natural
sources and conscguently are projected o have wilily as
substitutes for EPQ isolates in culture media emploved for
growth of erylhrepoietic cells in culture. Similarly, Lo Lhe
extent tha polypeptide products of Lhe invention share the in
vivo aclivity of nalural EPO isolates they are conspicuously
suitable for use in erythropoietin therapy procedures prac-
ticed on mammals, including hmmans, o develop any or all
ol e eflecis herelore aunbuled 1o vive e EPO. ey,
stirmulation of reticalocyte response, development of ferro-
kinetic cHects {such as plasma iron turmaver cffucts and
marrow transit Ume elfecls), erylhrocyte mass changes,
stimaulation of hemoglobin C synthesis (sec, Eschbach, ctal.,
supra} and, as indicated in Example 1i), increasing hemat-
acrit levels in mammals, Included within the class ol
humans treatable with products of the invention are patienis
generally requiring biood transfusions and including trauma
viclims, surgical palicols, renal discase palicnts mcluding
dialysis patients, and patients with a variety of hiood com-
positivn allecting disorders, such @y hemophilbia, sickle celi
disease, physiologic anemias, and the like. The minmiza-
tign of the need for transfusion therapy Lhrough use of EFO
therapy can be expected to result in reduced transmission of
infectious agenis. Products of the invention, by virtue of
their production by revombinanl metheds, are expected w be
free of pyrogens, natural inhibitory substances, and the like,
and are thus likely to provide enhanced overall effectiveness
in therupeulic processes vis-a-vis nalurally derived products.
Erythropeietin therapy with products of the present imven-
tion is also expected to be useful in the enhancement of
oxypen carrving capacity of individnale encountering
bypozic environmental conditiens and possibly io providing
heneficial cardinvascular effects.

A preterred method For administration of poypepide
products of the invention is by parenteral {e.g., IV, IM, 5C,
or TP} roues and the campositions adminisicred would
ordinanly include therapeutically cllvclive amounts of prod-
uct in combination with acceptable dilnents, carriers and/or
adjuvants, Preliminary pharmacokinetic studics indicale 4
longer half-life in vive for monkey EPO products when
administered TM rather than TV, Effective dnsages are
eapecled W vary substantially depending upon the condilion
ireated mn therapeutic doses are presently expected o he in
the mnge of 0.1 =7 U 10 100 (~7000 U wky body weight
of the active material. Standard diluents such as human
scrum albumin are contemplated for pharmaceutical com-
pusitions of the inveolion, a5 arc slandand carriers such as
saline.

Adjuvanl materials suitable {or use in composilions of the
invention include compounds independently noted for eryth-
ropaieiic stimulaiory eflects, such as 1esloslerones, progeni-
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lor cell stimulators, insulin-like growilk factor, prosiaglan-
ding, serotonin, cyclic AMP. prolactin and riiodothyronine,
as well as apgents generallv employed in treatment of aplastic
anemia, such as methenolene, stanozolol and nandrolone
[see, e.8., Resegoui, et al, Panminerva Medica, 23,,
243-248 (19%1); MeGonigle, o1 4l., Kidrey Ini, 25(2),
437444 {1984); Pavievic-Kantera, ot al., Fxpi Hematel,
B{Supp. 8), 283291 (1980); and Kurtz, FEBSY Lefiern,
14ul}, 105-108 (19%82)]. Also conlemplaled as adjuvams
are substances reporied to enhance the effects of, or syner-
gize, erythropeietin or asialo-HPO, such as the adrencrgic
agonists, Lhyroid hgrmmones, androgens and BEA [see. Dunn,
"Current Concepts in Boythropolesis™, Joho Wiley and Sons
{Chichester, Hngland, 1983}, Welland, et al., Blu, 2403,
173175 (1982}, Kalmantl, Kidmey fns, 22, 383-30] ([081)
Shahidi, New Erg s Med., 289, 7T2-80 {1973); Fisber, et al,,
Sterpids, 3006), 833845 (1977); Urabc, o &l., LAxp Med.,
149, 1314=1223 (1979); and Bilkak, ¢l al., Exps Hemalol,
10¢1}, 135-140 {1%82}] as well as the classes of compounds
designated “hepatic crvihropoietic faclors” [see, Nanghton
et al, Acie Huemai, §9, 171-179 (1983}] 2od “crythrotro-
pins” fus deseribed by Congole, el al, in Abstrucl 364,
Procecdings Tth International Congress of Endocrinalngy
(Quecbee Cily, Quebce, Jul. 1 7, 1984); Congole, Biocken.
Biopdrys.Res Comme., 113(2), 447483 {1983) and Conpate,
Angl Bigehem,, 140, 428-433 (1984} and “erythrogemng”
{(as described in Rothman, et al. fSure.Oncol, 20,
105-108 (1982)]. Preliminary sevcenings designed w mea-
sure eryihropoieiic responses of ex-hypoxic polycyibemic
mice pre-treated with either 5-e-dihydrotestosterons or nan-
driloze and ihen piven erythropoietin of (he present inven-
tion have generated pquivoeal regnlts

Diagnosiic oses of polvpeptides of the invention are
similarly exiensive and inciude use in labellzd and unla-
belled forms in 4 variely ol immunoassay techmigues includ-
ing RIA's ELISA’s and the like, as well as a varlery of in
viro aod I vive actlvlly assays. See, e.g., Dunm, el al.,
Exptllemaiol, 11(7T), 390-600 (1983); Gihson, et al,
Pathology, 16, 155-156 (1984); Krystal, txprHemamol,
L1{7), 649660 (1983); Sz, et al., JapjMed, I3(1),
[6-21 (I084); Nathan, et &l., New EngtMed 30809),
520-322 (1983 }; and vardous relerences perlaining o aSsays
teferred W Lherein, Potypeplides of Lhe inveniion, including
synthetic peprides comprising sequences of residucs of EPOD
[irst revealed hereln, also provide highly uselul pure male-
nals for penerating polyclonal antibodies and “hanks™ of
moenoclonal anmibodies specfic for dillering contivuous and
discontinuons cpitopes of EPO. As one cxample. prolim-
nary analysis of 1te amino awid sequences ol FIG. 6 in the
comext of hydropathicicy according to Hopp, et at, EN.AS.
(LAY, 78, pp. 38243828 (1981) and ol secondary struc-
tures according te Chou, et al., Asn.Rev Bischem., 47, p.
251 (1978} roveaied that synthetic peprides duplicative af
conlinwous sequences ol residucs spanning positivas £1-57
inclusive, 116-128 inclusive and ld4—166 inclusive are
likely @ produce a highly antigenic response an geocmle
useful monoclenal and polyclonal antibodies immunoreac-
tive with both the synthetic peptide and the entire prowin,
Such antibodics are cxpected W be wselul in the delection
and affimity purification of EPO and EP(-related products.

litustratively, the tollowing three synthetic peptides were
prepared:

(L} hkEPQ 41-57, ¥P-D-T-K-V-N-F-Y-A-W-K-R-M-E-

V-G,
{2) hRETQ 116-128, K-E-A-1-5-P-P-D-A-A-5-A-4;
{3) hEPO 144166, V-Y-S-N-I-L-B-G-K-L-K-L-¥Y-1-G-
B-A-C-R-T-G-D-R. Preliminary immunizaton sdies
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emplaying the above-noled pulypeplides huve revealed
a relatively weak positive response to REPO 41-57, no
appreciable response to hEPO 116-128, and a strong
positive response to hGPO 144-166, as measured hy
eapacily of rabbit serom aniibodies to immuncprecipi-
tatc *I-1zbelled human urinary EPO isolates. Prelimi-
nary in vivo activity smdies on the three pepides
tevealed na significant activity cither alone or in com-
binativo.

While the deduced sequences of amino acid residues of
mammalian EPO provided by the fllusirative examples
essenlially define the primary stmchral conformation of
mature EPO), it will be nmderstoad that the specilic sequence
el 163 amine acid residues of monkey species EPO in TIG.
5 and the 166 residoes of uman apecics PO in FIG. & do
nol linil the seope ol uselul pulypeplides provided by the
invention. Comprehended hy the present invention are those
varioug naiuraily-oceurring alleliv lorms ol EPO which past
resvarch into biologically active mammalian polypeptides
such as lmman -y interferon indiczics are likely to cxisi
{Compare, ¢.g., e human immune interfetch specizs
reported to have an arginine residue at position e, 140 in
EFO published applicaden & 077 670 and the species
reporled o have glulamine at position No. 140 in Gray, et
al., Narure, 295, pp. 503508 [1982). Both speeics atc
characterized as counstiuliog “‘meture” hemun 4 Inlerieron
sequences.) Allelic forms of mature EPG polypeptides may
vary from each other and from the sequences o[ FIGS. 5 and
# in termg af length of sequance agd/or in terms of deletions,
subgtitidions, insertions or additions of amine acids in the
sequence, with consequent potentiy] vadatons in the capac-
ity for glvensylation. As noled previovsly, one puative
allelie form of homan species BPO is belisved to include a
methionine residue at posiiion 126. Expectedly, namrally-
ocourring ailelic forms of BPO-cneoding DNA genomic and
cDNA sequences are also likely 1o occur which code for the
abuve-noted bypes of aflelic polypepiides or simply emplay
differing codons for designation of the same polypeptides s
gpecified.

In addition Lo palurally-occurring allelic farms of manre
EPQ, the present invention algo crbraces ollier “EPQ prod-
ucts’" such as polypeplide analugs of EPO und [rgments of
“mature” FPQ. Pollowing the procedures of the above-noied
published application by Alton, et al. (WO/83/04053) onc
may readily desicn and manufacmre genes coding for miern-
bial expression of polypeprides having primary conforma-
tinns which dilter {rom that herein specified for mature EPQ
o lermus ol the idently or location of one or more residucs
(e.g., substimitions, terminal and atermediaie additions and
deietinns). Allernalely, modilications ol ¢DNA and genomic
EPD geues may be readily accomplished by well-known
site-direcled mutagenesis techniques and employedd 1w peo-
erate analogs and derivatives of EPOL Such EPO products
would share 4l leasl one of the biological propertics of EPO
buot may differ in others. As examples, projecled ERPO
products of the iuvention include those which are foreshort-
encd by e.g.. deletions LAsn®, des-Pro? through Tle®]REPQ,
Yetes-Thr'®* through Arp'™HEPQ and *A27-55hEPOF the
latter having the residues coded for by an entite exon
deleted; or which are more stable 1o hydrolysis (and, there-
forc, may have more prenounced or longer lusling ellecls
than namrally-occuring BPO) or which have been altered
(o dlclete one or more potential sites for glveosylation (which
may gfesult in higher acrivites for yeast-produce products);
or which havc onc or more cystein residues delelsd or
teplaced by, ez, Mstidine or serine residucs (such as the
analog [His”jhEPQ) and are potentizlly more easily {solated
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in active Torm from microbial systems; or which have one or
mare tyrozine residoes replaced by phenylalanine (such as
the analogs [Phe*JhEMO, [Phe*hEPO, and [Phe'**ThEP-
Mand may bind moere or less readily to EPO receptors on
target cells. Alag comprchended are polypeptide [rugments
duplicaiing only 2 parl of the contiouous amino acid
sequence or secondary conformations wittnn mgalure ERQ,
which fragments rpay pessess one aclivity of EPO (e.g.,
receptor binding) and oot others {e.g., erythropoietic activ-
ity}. Especially significant in this vegard are those polential
fragments of BEPO which are glucidated wpon consideration
ol the human penomic DNA sequence of FIG. &, ic.,
“Iragments” of the total continuons TPO sequence which are
delinessed by intron sequences and which may constinite
distincl “dormains” of biological activity. It is noleworthy
that the ahsenee of in vive activity for any one or more of
the “EPC products” of the inventian is not whally preclusive
of therapeutic utility {Roe, Welland, et ai., supta) or of utility
in other contexls, such as may be quite nsefil in weatment
ol polycylthemias or cases of overproduciion of EPO [see,
eg., Adamson, Hasp. Practice, 18(12), 49-57 (1983), and
Hellmann, et al., Clin Lab Jlasmat., 5, 335-342 (1983)].
According to another aspect of the present. invention, the
clorcd 1DNA sequences described herein which encode
fuman and menkey EPO polypeptides are conspicuomsly
vakuahle for the information which ticy provide concerning
the amino acid sequence of mammalian erythropoietin
which has heretofore heen unavaitable despite decades of
analytical processing ol isolales of nalurally-occurring prod-
ucls, The DN A sequences are also canspicuaualy valuable as
products nseful in effecting the large svale mivrobixl syn-
thesis of crthropoictin by a varely of recombinamt tech-
nigues. Pul anoiber way, DNA seguences peovided by the
invention are nzefd in gencrating new and useful vixal and
circular plasmid DNA vectors, new and usefn) wansfonned
and transfected microbial procaryotic and ewcaryotic host
cells (including bacterial and yeast cells and mammaliun
cells grovm in cuiture), and new and wseful methods for
cultured growth of such microbial host cells capable of
expression of EPO and EPO products. BNA saquences of
the invention are alsn ennspicucusiy suitable matedals for
use as lahelled preobes in isolating PO and related protein
encoding ¢NA and genomic DNA sequences of mamma-
Hun species other than human and monkay specics herein
specifically illustrated. The calent to which DNA sequencas
of the invention will have use In varous allernative methods
of prulcin synthesis {e.g., in {nsect cells) or in geneilc
therapy in humans and other mammals cannol yel be cal-
culated. DNA sequences ol lhe invention wre expected to be
nsefal it develaping (ransgenic mammalian species which
may scrve as cucaryotic “hosts” for production of erylhro-
poietin and erythropoietin prodocts in quantity, See, gener-
ally, Palmiter, et al., Science, 222(4625), 809814 {1983).
Viewed in this light, therefore, the specific disclosures of
the illustrative examples are clearly nol intended 10 be
lirniting upon the 3cops ul e present invention and numer-
aus mudilicalions and vanations are expected o occur to
those skilled in the an, As omc csamiple, while DNA
sequenees provided by the illusiralive examoles include
¢DNA and penomic DNA sequences, hecause this applica-
tion provides aming acid sequenve inlormation essential to
manuiaciure of DINA sequence, the invention slso compre-
hends such manufaciored DNA scquences ds may be con-
stmcted based on knuwledge of EPO amine acid sequences.
These may code for EPO {as in Example 12) 35 well as [or
EPO fragments and EFQ polypeplide analogs (Le., “EPO
Products™) which may share one or more biological prop-
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erties of naturaliy-occurting EPO bul not share others (or
possess others 1o different degrees).

DNA seqnences provided by the prescnt invenudon are
thus seen 10 comprehend all DINA sequences suitable for use
in scruring expression in a procaryotic or encaryotie host
cell of a polypeptide product having wi lcast  part of the
primary structurgl conformation and one or more ol Lhe
biclogical praperties of eryvthropoiclin, and sclecled [rom
among: (a) the DNA sequences set out in FIGS. 5 and & (1)
DA sequences which hybridize to the DA sequences defined
In (&} er fragments thercol; and {v) DNA sequences which,
bul fur Lhe degeneracy of the genetic code, would hyhridize
to the DNA sequences defined in (&) and (b). 11 is nole-
worthly in this regard, for example, that existing alielic
monkey and human EPO pene sequences and other mam-
malian specics yenc sequences are expected io hybridize to
the sequences of FIGS. § and 6 or w0 fragments thercol,
Further, bul fur the degenmeracy of the genetic code, the
SCEPO and ECEPO genes and the manufactured or
mutagenized ¢cDNA ov geovmic DMA sequences encoding
various EPO fragmenis and analogs would alsa hyhridize to
the above-mentioned DNA sequences. Such hybridizalions
could readily be carmied oul under the hybridization condi-
tions described herein with reapect 1o the initial 1selation of
the monkey and human EPO-encoding DNA or more strin-
genl eonditions, if desired to reduce background hybridiza-
tiom.

Tn 2 like manner, while the above examples ilustrate the
invention of microbial expression of EPC prudusts in the
contex! of mammalian cell expression of DNA insered in 2
hybrid vector of bacterial plasmid and viral genonic origins,
4 wide variety ol expressiom syslems are wilhin the contem-
plation of the invention. Conspicuously comprehended are
expressian systems involving veclors of hamogeneous ori-
givs applied to a vanety of bacterial, yeast and mammalian
cells in culture s well as 1o expressivn syslems not involyv-
ing vertors (such as calcium phosphate wransfection of colls).
In this regard, it will be undersivod thal expression of, e.g.,
mprkey origin DNA in monkey host cells in culmre and
hurnas host cells in culture, actually constituie instanees of
“excgenous’”’ DINA expression inasmuch as the EPC DNA
whose high level expressien is sought would noi have ils
arigins in the genome of the bost. Expression systems of the
inventinn further contemplate these practices resulting in
cytoplasmic formation of EPQ products and secumuistion of
glycosylated and non-glyeosylated FPO praducts in hosi cell
cytoplasm or membranes (o.g., accumulaiion in bacierial
periplasmic spaces) or in culture medium supematants as
ahove illustrated, or in rather uncormmon systems such as

Faerginosg cxpression systems (described in Gray, et al., s

Bivtechnology. 2, pp. 161 -165 (1984)).

Tmproved hybridization methodologies of the invention,
while: illustratively applied above 1o DNA/DNA hybridiza-
tion screenings are equatly applicable o ENA/RNA and

RENA/DNA sureening. Mixed probe techniques as herein s:

illusiraied generally constitute a mumber of improvemanis in
hybridization processes allowing [or more apid amd relizble
polynucleotide isolations. These many individual processing
improvements include: improved colony trans{er and main-
tenance procedutts; wie of nyloo-based flters such as Gene-
Screen and GeneScreen Plos o allow reprobing with samc
filters and repeated use of the liller, applicalion ol novel
protease lrealments [compared, e.g., to Tauh, er al. Angh
Bigchem., 126, pp. 222-230 (1982)): use ol very Jow
individoal concentrations (on the vrder of 0.025 picomole)
ol a larye number of mixed probes (.., numbers i excess
of 32); and, perfomming hybridizaiion and post-hybridization
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steps under stringent emperatures closcly approaching (ie.,
wilhin 4° C. and preferably within 27 C. away [ront) (he
Inwest ealculated dissocation temperature of any the mixed
nrohes employed. These improvemels combine Lo provide
results which could nol be expecled to aliend their use. This
is amply illustrated by be fact thul mixed prube procadures
nvolving 4 imes the number of probes ever hefore reported
to have been successlully used in even cDNA screens on
messenger RWA species of relatively low woundaney were
sucersgluily apphed o be isoladon of 3 unigue =equence
gene In a genomic libvary screcning of 1,500,000 phuye
plagues. This teat was accomplished pssentislly coneur-
rently with the publication of lhe considered opinion of
Anderson, et al., sepra, that mixed probe sereening methods
were ., impractical for isolation of mammalian protein
genes when corresponding RNAT: arc unavailable.

What is claimed is:

1. A non-naually oceurring crythropoistin glycoprotzin
product having ihe in vien hological activity ol causing
hone marrow cells 10 increase production of refoulocvies
and red blond cells and having glycosylation which ditfers
[rom (hat of bumen urinary erythropoietin,

2. The non-naturally accurring EPCr glycoprotein product
according to claim | wherein said produer has a higher
mwlecular weighl than buman urinary EFO as measured by
SD5-PAGE.

3. A non-naturally occurning, glycoprotein product of the
expression in a mammalian hast cell of ag cxogenous DNA
sequence comprising a DNA sequence encoding human
erythrupuictin said product pessessing the in viva biological
property of causing bone marmow cells o increase produc-
ton ol reticulocytes and red blood cells.

4, A non-paturally eeeurting human erylhropoietin glv-
coprotein possessing the in vivo Wological property of
causing booe marrow cells 1o increzse production of retick.
locyles and rod bleod cells which is ihe product of the
process comprising the steps of;

{a) growing, under suitahle nutrient conditions, mamrma-
lian host cells transformed or lrunslecied with an iso-
laled DNA seguence enceding the human ervthropoi-
ctin aming aeid seguence sel oulin FIG. 6 or 4 [Tagment
thereul, and

(M) isolating a glycosylaled eryihropeietn polypeptide
Lhercbrum.

5. A non-naturally occurring hman erychropaictin gly-
coprolcin posscssing Lhe in vivo biclogical propermy of
causing bome marmow cells o increase production of reticn-
locytes and red blond cells which is the product of the
process comprising the sleps ol

{a) growing, under suitable mtrient conditiong, mamma-
lian host eells ransformed or iransfected with an iso-
laled DINA sequence comprising a sequence encnding
the leader sequence of human erythropoietin set out in
FIG. &; and

(b} isclating a glycosylued crylhropeisic polypeplde
theralrom,

6. A non-namrally cccurring elycoprolein product ol the
expression in a non-hman engarvolic host of an exogenons
DNA sequence comprising a DNA seguence cacoding
human erythropoietin, safid prodoct possessing the in vivo
bintogical property of causing human bone marrow eclls to
increase production of reticulocyles and red blood cells and
having an average carbohydrate composition which differs
from that ol natrally occurring envthrapoietin,

7. The glycoprotein product according to claim 3, 4. 5 or
& wherein the host ccll is a noo-human mamematian cell,

8. The glycaprotein praduct acearding to ¢laim 7 wherein
the non-human mammalian cell is a CII0 cell.
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9. A pharmaceunlical composition comprising an effective
ammownl a glycopratein product effective for erythropoictin
therapy sccording to claim 1, Z, 3, 4, 5 or ¢ and a pharma-
certically arceptable diluenz, adjuvant or carrier

10. A methed for providing ervibropoistin therapy 0 2
maounal comprising administering an effective amount of a
pharmacenticnl composition of claim 9.

11. A method for treating a kidney dialysis paticat which
comprises administering a pharmaceutical compositon of
claim 9 in an amount cfioctive to increase the hematocrit
leveel ol said paticnl.

12, A pharmaceutical composition comprising an efeclive
amoant of a glvcoprotein prodoer effective for enythionod-

40

. etin therapy according to claim 7 and a pharmaceutically

o

acceptable diluoent, adjuvant or carrier.

13 A method for providing erythropoictin therapy to a
mermnmal cumprising adminisiering an clfcolive amount of 1
pharmacentical composition of claim 12.

14. A method [or irealing a kidoey dialysis patienl which
compriacs adminiztering a pharmacentical compnsition of
claim 12 in an amount effective to meorease the hematocrit
Tevil wf suid product.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of 7
PATENTNO. : 5,547,933

DATED : August 20, 1998
INVENTORIS) :  Fy.kuen Lin

Itis certficd that error appears in the above-idertified patent and that said Letters Patenl is hereby
corrected as shown below: -

In tha Refersnces, page 1, column 2, line 3
"012394" should be -- 0123294 --,

In Other Publications, page 2, column 1, line 64,
Chia Reference, "{1982]™ shauld -- {1982} --.

In Other Publications, page 5, column 2, line 38,
Konwalinka Reference, "Humlan™ should be -- Human --.

In Other Publications, page 6, column 1, ling 51,
Lee-Huang Referencs, "620, 522 and 624" should be -- 620-624 -

in Other Publications, page 7, column 1, lines 7-B,
Mirand Reference, "94, 96, 98, 106, 102, 104, 106" should be -- 94-106 --.

in Other Publications, page 7, column 1, lina 15,
Montgomery Reference, "67-680" shouid be -- §73-680 —-.

in Other Publications, page 9, column 1, ling 9,
Storring Reference, "453-483" should be — 459-484 -,

In Other Publications, page 3, column Z, line 53, Wallace Reference nsert
{1981} after 3647-3657 but hefore [DI.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Pape 2 aof 7
PATENT NQ. : 5,547,933

DATED Y August 20, 1996
INVENTOR(B} : £y Kyuen Lin

it is certifiad that eror appears in the above-identified patent and that said Letters Patent is herehy
correctad as shown below:

In the Figures, Figure 5C, line 13
G'I‘GfG‘I‘GGGGAAGCAGGGCGGJAGGGGTGGAGCTGGG&TGCGAGfGAGMCCGTGMGAC

should be
GTGTGTOGCEAACTAGH GCGOTAGGGO M GGAGCTRGEATECGAR TGACARACCGTGARGAD

In the Figures, Figure 13, line 4

GTTGGTCAAC ghould be GTTGGTCARC
CARCCACTTG CAACCAGTTG

In the Figures, Figura 17, line 2

RATTCA AGOTTEGEATA  should be AATTCA AGUTTGGATA
G TTCGAACCTAT GT TCGRACCTAT

In the Figures, Figure 18, ling @
AAGCTGTTTTGAGRGGTGAAGCOCT  should be ARGCTGTTTTGAGRGE TCARGCCT
In the Figures, Figure 21, line 6, 5th grouping

CAGRAGTTTAC should be CAGAGTTTRC
GTCTCARATC GTCTCALATE

In the Figures, Figures 21, Fine 8, 4th grouping

TACACCGBETE should be  TACACCGGTS
ATGTGGCAAC ATGTGECCAC

Im the Figures, Figure 21, line 10, 3rd grouping

GACTGATAL] should he GACTGATAAC
CTGACTATTC CTGACTATTG
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Fage 3 of 7
PATENT NOQ. : 5,547,933

DATED P August 20, 1998
INVENTOR(S) : £,.Kuen Lin

It is carified that error appears in the above-identified patant and that sald Letters Patent is hereby
corractad as shown below:

column 1, line 50, "uracil™ should be -- uracil {Uj -,
¢olumn, 1, line 62, "sequences™ should be -- sequences. -
cokumn 1, line 62, "'message’™ should be -- "message,”.
column 4, line 15, "DnAs" should be - DNAS --,
column 4, line 25, “Wallase” should be -- Wallace --.
column 4, line 25, "(1981;" should be - {1981}: --.
column 4, line 31, "waltace,* should be -- Wallage, --.
column 4, line 61, “off" should be — of --,

- eolumn 5, line 18, "amine” should be -- aming --.

. column 5, line 31, "amine” should be - amino --.
column 5, line 36, “amine” should ba -- aming --,
column §, line 50, "fand* should be - Aand -
column 8, line 27, "anti bodies" should bs -- antibodies --.
celumn 10, line 21, "arian™ should be - avian --,
column 10, line 46, "100 U" should be -- 100U --.

column 10, line 47, “S500 U" shauld be - 500U --.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 4 of 7
PATENTND. : --247.933
DATED : August 20, 1998
INVENTORI(S) :
) Fu-Kuen Lin
It Is certified that arrar appaars in the above-identified patent and that said Letters Patent |s hareby
cormected as shown below:

« column 11, line 41, "DN" should be -- DNA —.

- column 14, line 10, *17 mer* shouid be — 17-mar --.
column 16, line 5, "128-mer™ should be -- 128 20-mer —.
column 16, line 46, "25" should be -- 25% — .

column 16, fine 8, "'*[ labeited" should be -- '%[-labelled

column 16, line 68, after "added,” insert -- and —.
-eolumn 17, {ine 40, after "procedures:” insert - {4) --,
column 17, line 62, "EQTA" shoulid be -- EDTA, --.
column 18, line 16, "micomoles™ should be -- picomoles --.
caolumn 18, line 33, "EgoRI" should be -- EcoRI --.
colsmn 18, line 44, "EcoRI/HindI" should be -- EcoRI/Hindill --.
column 20, line 7, "{NACI,” should ba -- {Nall, -.
column 20, line 17, "EPY" should be — EPY --,
column 21, line 67, coRI should be -- EcoRI -,
column 22, line 19, "vector s™ should be -- vector's --.

column 22, line 49, "suu" should be -- supra —.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NQ. : 5,547,933 ceen et
DATED : August 20, 1996
INVENTOR(S) : Fu-Kuen Lin

It is certified that error appears In the above-identifisd patent and that said Letters Patent is hareby
comecied as shown batow:

cotumn 23, line 43, "Sall" should be -- Sall --.

column 23, line 46, "Sall” should be -- 5all --.

column 24, line 81, "H and L” should be -- {H and L} --.

column 24, line 62, "he” should be -- the --.

column 26, line 6, "pDSVL-KEPD™ should be -- pDSVL-MKEPQ --.
column 28, ling 8, "pDSVL-KEPD " shauld be -- pDSVL-MKEPO --.
colemn 26, ting 14, "pOSVL" shoutd be - pDSYL -,

column 26, line 22, “(DHFR}" should be --{DHFR) --.

column 25, line 29, "NTX" should be - MTX -

column 26, line 30, "OHFR" should be -- DHFR --.

column 26, line 31, "OHFR™ should be -- DHFR --,

column 26, line 32, "NTX" should be -- MTX --.

column 26, line 35, after "OHFR™ shouid be -- DHFR --,

colurnn 26, ling 3%, after "OHFR™ should be -- DHFR --.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 6 of 7
PATENT NO. 5,547,933

DATED s August 20, 1996
INVENTOR(S) : Fu-Kuen Lin

it is cartified thal ertor appears in the above-identified patent and that said Letters Patent ig hereby
corracted as shown balow:

column 2§, line 39, "pOSVL-NkE" should ba --"pDSVL-MEKE --,
column 28, ling 39, "NTX" should be - MTX -
column 286, line 44, "NTX" should be - MTX —.
column 26, line 45 "nN" should be -- nM --,
column 27, line 18, "pDSYL-gHUEPD" should be -- pDSYL-gHUEPQ --.
column 27, line 30, "lie” should he -- line —.
column 27, line 32, "use” should be -- used --.
calumn 27, line 34, "replace™ should be -- replaced --.
calumn 27, line 36, "m" should be — mM --.
column 28, line 6, "pDSVL-GHUEPO™ should be pDSVL-gHUEPD --.
column 28, line 7, "TX" should be -- MTX --.
column 29, line 56, "KEq!" should be - Kpnl --.
- column 31, line 9, "Xhol” shoutd be -- Xhal --.
- golumn 31, line 26, "indlI" should be -- Hindlli -,

- column 31, line 26, "Kpnl/Bgll" should be -- Kpnl/Bgll --.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

P 7 of 7
PATENTNQ. : 5,547,933 age

DATED . August 20, 1994

INVENTOR(S) ; 4 Kuen Lin

Itis certified that error appears in the above-idantified patent and that said LeMers Patent Is haraby
carractoer as shown below:'
column 31, line 53, "DYE" should be -- pYE --.

column 32, line 47, after "genotype” but before "pep4-3” ingert - @ -,
column 32, line 55, "C34™ should be — {34 —,

column 33, line 60, "7000 U) g/kg" should be -- 7000U) pgfeg -
column 34, line 5B, "an" should be - and -

column 35, line 217, "interfetch” should be - interferon -

colemin 36, line 19, after "such as” insert — in EPO assays or EPO
antagonism. Antagonists of erythropoietin --.

column 37, line 10, "DA" should be - DNA, --.
column 37, tine 10, second occurrence of "DA" shauld be - DNA -

column 37, line 50, "P.aergingsa” should be — P.aerugingsa --.

in the Ciatms, cofumn 39, line 2, after "amount™ insart - af -,

Signed and Sealed this
Twenty-fourth Day of March, 1998

BRLIE LEHMAN

ﬂ:fg?.l'.!il'?ls (_)fﬂt‘e??‘ Cammeisrienrer of Partents and Trademaris




