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(57) ABSTRACT 

One aspect of the present invention is an isolated nucleic 
acid molecule encoding canine erythropoietin. The present 
invention also relates to an isolated canine erythropoietin 
protein or polypeptide. Another aspect of the present inven 
tion is a method for providing erythropoietin therapy to a 
dog or a cat including administering recombinant canine 
erythropoietin to a dog or a cat in need of erythropoietin 
therapy is an amount su?icient to increase production or 
reticulocytes and red blood cells in the dog or cat. 

16 Claims, 9 Drawing Sheets 
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CANINE ERYTHROPOIETIN GENE AND 
RECOMBINANT PROTEIN 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application claims the bene?t of US. Provisional 
Patent Application Ser. No. 60/082,669, ?led Apr. 22, 1998. 

FIELD OF THE INVENTION 

The present invention relates to recombinant canine eryth 
ropoietin and its use in methods for providing erythropoietin 
therapy to a dog or cat. 

BACKGROUND OF THE INVENTION 

Erythropoietin is a glycosylated protein that stimulates 
red blood cell production. It is produced by interstitial and 
capillary endotelial cells in the renal cortex and transported 
in the blood to the bone marrow. Koury et al., “Localization 
of Erythropoietin Synthesizing Cells in Murine Kidneys by 
in situ Hybridization,” Blood, 71:524*527 (1988); 
Eschbach, “The Anemia of Chronic Renal Failure: Patho 
physiology and the Effects of Recombinant Erythropoietin,” 
Kidneys Int., 35:134*148(1989). The hormone’s biological 
activity involves a direct receptor-mediated stimulation of 
the maturation and replication of late erythroid progenitor 
cells, proerythroblasts, and erythroblasts. Mufson et al., 
“Binding and Internalization of Recombinant Human Eryth 
ropoietin in Murine Erythroid Precursor Cells,” Blood, 
69:1485*1490 (1987); Krantz et al., “Speci?c Binding of 
Erythropoietin to Spleen Cells Infected with the Anemia 
Strain of Friend Virus,” Proc. Natl. Acad. Sci. USA, 
81:7574*7578 (1984). Synthesis of erythropoietin is stimu 
lated in response to tissue hypoxia mediated by intracellular 
aerobic metabolism. Erslev, “Physiologic Controls of Red 
Cell Production,” Blood, 10:954*959 (1955). The primary 
protein structure of human erythropoietin includes a 27 
amino acid signal peptide and a 166 amino acid mature pro 
tein. Lin et al., “Cloning and Expression of the Human 
Erythropoietin Gene,” Proc. Natl. Acad. Sci. USA, 
82:7580*7584 (1985). Predicted molecular weight of 18.4 
kDa is substantially less than the 32-kDa observed when 
erythropoietin is puri?ed directly from blood or urine. The 
difference is due to glycosylation, three N-linked sugar 
chains at Asn, 24, 38, and 83, and an O-linked mucin-like 
moiety at Ser 126. Lai et al., “Structural Characterization of 
Human Erythropoietin,” J. Biol. Chem., 261:3116*3121 
(1986). Compared to human, the amino acid sequences of 
mouse and monkey erythropoietin are 80 and 92% identical, 
respectively. McDonald et al., “Cloning, Sequencing, and 
Evolutionary Analysis of the Mouse Erythropoietin Gene,” 
Molecular and Cellular Biology, 6:842i848 (1986): Shoe 
maker et al., “Murine Erythropoietin Gene: Cloning, 
Expression, and Human Gene Homology,” Molecular and 
Cellular Biology, 6:849i858 (1986); Lin et al., “Monkey 
Erythropoietin Gene: Cloning, Expression and Comparison 
with the Human Erythropoietin Gene,” Gene, 44:201*209 
(1986). The basic erythropoietin gene structure, ?ve exons 
and four introns, is conserved. 

Recombinant human erythropoietin (rhEPO) synthesized 
in Chinese Hamster Ovary (CHO) cells is produced com 
mercially (Epogen®, Amgen, Inc. Thousand Oaks, Calif.) 
and widely used to support red blood cell production in 
people suffering from anemia secondary to chronic renal 

20 

25 

30 

35 

40 

45 

55 

60 

65 

2 
disease. Eschbach, “The Anemia of Chronic Renal Failure: 
Pathophysiology and the Effects of Recombinant Erythropo 
etin.” Kidney Int., 35:134*148 (1989); Eschbach et al., 
“Treatment of the Anemia of Progressive Renal Failure with 
Recombinant Human Erythropoietin,” N. Engl. J. Med., 
321:158*163 (1989). Although the pathogenosis of the ane 
mia is multifactorial, compensatory failure by the bone mar 
row to replace red blood cells largely involves a loss of func 
tional renal tissue and a drop in endogenous erythropoietin 
production. Eschbach, “The Anemia of Chronic Renal Fail 
ure: Pathophysiology and the Effects of Recombinant 
Erythropoietin,” Kidney Int., 35:134*148 (1989); King et 
al., “Anemia of Chronic Renal Failure in Dogs,” J. Vet. Int. 
Med., 6:264*270 (1992). Synthesis of rhEPO for clinical use 
in restricted to eukaryotic cells due to the requirement of 
post-translational glycosylation for in vivo stability and bio 
activity of the hormone. Takeuchi et al., “Structures and 
Functional Roles of the Sugar Chains of Human 
Erythropoietins,” Glycobiology, 1:337*346 (1991). Devoid 
of sugars or even the terminal sialic acid residues, erythro 
poietin is rapidly cleared and metabolized by the liver. Spi 
vak et al., “The in vivo Metabolism of Recombinant Human 
Erythropoietin in the Rat,” Blood, 73:9(k99 (1989). 

Nonregenerative anemia, characterized by an inadequate 
production of new red blood cells, is a frequent and serious 
complication of kidney failure, certain types of cancer, and 
other chronic diseases in companion animals. 

Chronic renal failure is a progressive and irreversible 
deterioration of kidney function that is a common and frus 
trating clinical problem in veterinary medicine. Although 
usually considered a disease of older animals, chronic renal 
failure is also encountered congenitally as familial renal dis 
ease (e.g., in the Norwegian elkhoud, Cocker spaniel, 
Samoyed, Doberman pinscher, Lhasa apso, Shih Tzu, golden 
retriever) (Finco, “Congenital, Inherited and Familial Renal 
Diseases,” In: Canine and Feline Nephrology and Urology. 
Osborne et al., (eds.), Baltimore: Williams & Wilkins, pages 
4714483 (1995)) and in other young animals through neph 
rotoxic or infection mechanisms. Polzin et al., “Diseases of 
the Kidneys and Ureters,” In: Textbook of Veterinary Inter 
nal Medicine, Ettinger (ed), Philadelphia: WB Saunders 
Company. pp. 196242046 (1989): Krawiec. “Renal Failure 
in Immature Dogs.” J. Amer. Anim. Hosp. Assoc. 
23:101*107 (1987). Despite a poor long-term prognosis, 
many dogs and cats with chronic renal failure are medically 
managed for years with special diets, phosphate binders, and 
antacids. Eventually, however, this conventional therapy 
fails to control the clinical signs of renal failure. Cowgill et 
al., “Veterinary Applications of Hemodialysis,” In: Kirk’s 
Current Veterinary Therapy, 12th ed., Bonagura et al., (eds.), 
Philadelphia: W B Saunders, pages 9754977 (1995). For 
these animals, intermittent hemodialysis has improved sur 
vival by decreasing the uremic toxins that accumulate during 
renal failure. Operational dialysis units are already available 
in several veterinary centers across the country, and 
expanded use of hemodialysis in the management of renal 
failure in veterinary medicine is expected. 

Nevertheless, even though dialysis ameliorates the uremia 
in canine and feline patients, lethargy, weakness, and inap 
petence resulting from the anemia of chronic renal failure 
persist. In fact, the anemia may even be compounded by 
blood loss in the dialyzer. Eschbach et al., “Iron Balance in 
Hemodialysis Patients,” Ann. Int. Med., 87:71(¥713 (1977). 
Erythropoietin treatment has become an essential compo 
nent of the therapy for animals receiving hemodialysis. Even 
with the life-threatening risk of red cell aplasia, rhEPO is 
used because it represents the only erythropoietin 
replacement option currently available. 
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Lymphosarcoma (also known as lymphoma or malignant 
lymphoma) is a common cancer in dogs. Although the exact 
cause is unknown, certain breeds including Boxer, Basset 
hound, St. Bernard, Scottish terrier, Airedale terrier, English 
bulldog, and Labrador retriever have a predisposition for 
development of this cancer. Nelson et al., Essentials of Small 
Animal Internal Medicine. St. Louis: Mosby-Year Book, 
Inc., pages 8614870 (1992). Treatment of lymphosarcoma 
consists of various chemotherapy protocols (typically utiliZ 
ing vincristine, cyclophosphamide, doxorubicin, and 
prednosone) that result in high remission rates and alloW 
survival for approximately 6412 months. 

Nonregenerative anemia is a common hematologic ?nd 
ing in dogs With lymphosarcoma. Nelson et al., Essentials of 
Small Animal Internal Medicine, St. Louis: Mosby-Year 
Book, Inc, pages 8614870 (1992); Lucroy, et al., “Anaemia 
Associated With Canine Lymphoma,” Comp. Haematol. Int’l 
8:146 (1998). The anemia may be encountered during the 
initial diagnostic evaluation, or may develop during chemo 
therapy. Similarly, human cancer patients are often anemic, 
Miller et al., “Decreased Erythropoietin Response in 
Patients With the Anemia of Cancer.” N. Engl. J. Med., 
322:1689*1692 (1990); Moliterrio et al., “Anemia of 
Cancer,” Hematol. Oncol. Clin. of N. Am., 103454363, 
(1996). Although the pathogenesis of the anemia of cancer is 
multifactorial, three major variables identi?ed are: 1) the 
inhibition of erythropoietin production and bioactivity by 
in?ammatory cytokines and chemotherapeutic drugs; 2) 
direct inhibition of erythroid progenitors by cytokines; and 
3) impaired iron metabolism. Moliterrio et al., “Anemia of 
Cancer,” Hematol. Oncol. Clin. of N. Am., 103454363 
(1996); Schapira et al., “Serum Erythropoietin Levels in 
Patients Receiving Intensive Chemotherapy and 
Radiotherapy,” Blood, 76:2354i2359 (1990); Means et al., 
“Progress in Understanding the Patheo genesis of the Anemia 
of Chronic Disease,” Blood, 80: 1 63941 647 (1992); Lacome, 
“Resistance to Erythropoietin.” N. Eng. J. Med., 334: 
66(k662 (1996); Beguin, “Erythropoietin and the Anemia of 
Cancer,” Acta. Clinica. Belgica, 59:36i52 (1996); 
Mittelman, “Anemia of Cancer: Pathogenesis and Treatment 
With Recombinant Erythropoietin,” Isr. J. Med. Sci., 
32:1201*1206 (1996). Consistent With these etiologic vari 
ables is clinical data demonstrating that the anemia of cancer 
in 32*85% of human patients (depending on the cancer type) 
responds to pharmacologic doses of rhEPO. Mittelman, 
“Anemia of Cancer: Pathogenesis and Treatment With 
Recombinant Erythropoietin,” Isr. J. Med. Sci., 
32120141206 (1996); Spivak, “Recombinant Human Eryth 
ropoietin and the Anemia of Cancer,” Blood, 84:997*1004 
(1994); Henry, “Recombinant Human Erythropoietin Treat 
ment of Anemia Cancer Patients,” Cancer Practice, 
4:18(%184 (1996). Furthermore, in vitro studies demonstrate 
a reversal of cytokine-mediated inhibition of erythropoiesis 
With increased concentrations of rhEPO. Means et al., “Inhi 
bition of Human Erythroid Colony-Forming Units by 
Gamma Interferon can be Corrected by Recombinant 
Human Erythropoietin.” Blood, 78:2564i2567 (1991). 
HoWever, treatment With a safe “non-immunogenic” prepa 
ration of exogenous erythropoietin to alleviate the anemia 
associated With cancer and chemotherapy in dogs or cats has 
not been possible. 
As noted above, erythropoietin therapy is often indicated 

for the management of nonregenerative anemia. In cases of 
primary erythropoietin de?ciency, as in anemia secondary to 
chronic renal failure, erythropoietin therapy may become 
essential for life. The only opinion currently available to 
veterinarians is rhEPO, With its inherent risk of immunoge 
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4 
nicity. CoWgill, “Erythropoietin: Its Use in the Treatment of 
Chronic Renal Failure in Dogs and Cats,” Proceedings of the 
15th Annual Waltham/OSU Symposium for the Treatment of 
Small Animal Diseases. Ohio State University, pages 65471 
(1991): Giger, “Erythropoietin and Its Clinical Use,” Com 
pend. Contin. Ed. Pract. Vet., 14:25*34 (1992); CoWgill, 
“Medical Management of the Anemia of Chronic Renal Fail 
ure.” In: Canine and Feline Nephrology and Urology, 
Osborne, et al., (eds.), Baltimore: Williams and Wilkins, 
pages 5394554 (1995); CoWgill et al., “Use of Recombinant 
Human Erythropoietin for Management of Anemia in Dogs 
and Cats With Renal Failure. J. Am. Vet. Med. Assoc., 
212:521*528 (1998); Stokol et al., “Pure Red Cell Aplasia 
After Recombinant Human Erythropoietin Treatment in 
Normal Beagle Dogs,” Vet. Pathol., 34:474 (1997). When 
dogs develop red cell aplasia secondary to rhEPO, continued 
therapy is contraindicated for tWo reasons. First, the in vivo 
bioactivity of rhEPO is blocked, most likely because it no 
longer even reaches the erythroid progenitor target cells in 
the bone marroW. Second, the rhEPO therapy is casually 
associated With the red cell aplasia. Spontaneous recovery of 
the bone marroW is possible With cessation of the rhEPO 
treatments. Unfortunately, in many of the clinical cases 
Where either the production or bioactivity of endogenous 
erythropoietin is compromised by the patient’s primary 
disease, this spontaneous recovery of erythropoiesis never 
develops or is so inadequate that the red cell aplasia proves 
to be fatal. 

In dogs and cats, the progressive clinical syndrome asso 
ciated With chronic diseases, such as renal failure, also 
includes development of a nonregenerative anemia. In paral 
lel to the human literature, studies have documented loW 
serum concentrations of erythropoietin despite the anemia. 
King et al., “Anemia of Chronic Renal Failure in Dogs,” J. 
Vet. Int. Med., 6:264*270 (1992). Therapeutic use of rhEPO 
in dogs and cats With anemia secondary to chronic renal 
failure results in a rapid and signi?cant red blood cell 
response. CoWgill, “Erythropoietin: Its Use in the Treatment 
of Chronic Renal Failure in Dogs and Cats.” Proceedings of 
the 15th Annual Waltham/OSU Symposium for the Treat 
ment of Small Animal Diseases. Ohio State University, 
pages 65471 (1991); Giger, “Erythropoietin and Its Clinical 
use,” Compend. Cantin. Ed. Pract. Vet., 14:14 25434 (1992); 
CoWgill, “Medical Management of the Anemia of Chronic 
Renal Failure,” In: Canine and Feline Nephrology and Urol 
ogy. Osborne et al. (eds.). Baltimore: Williams and Wilkins, 
pages 5394554 (1995); CoWgill et al., “Use of Recombinant 
Human Erythropoietin for Management of Anemia in Dogs 
and Cats With Renal Failure.” J. Am. Vet. Med. Assoc., 
212:521*528 (1998). Depending on the dose administered, 
hematocrit and hemoglobin values can be restored to a nor 
mal range Within several Weeks and treated animals display 
increased alertness, physical strength, appetite, and overall 
attitude. These ?ndings strongly suggest that the persistent 
anemia contributes signi?cantly to some of the clinical 
manifestations of chronic renal failure. Unfortunately, the 
red blood cell status of both dogs and cats often declines in 1 
to 4 months despite continued rhEPO therapy. Therapeutic 
failure of rhEPO in companion animals, estimated With an 
incidence betWeen 20 and 50%, appears to result from inter 
species variation in erythropoietin structure and the appear 
ance of antibodies against the human protein. The ability of 
rhEPO to bind target receptors on erythroid progenitor cells 
is conserved, but the human protein is frequently recogniZed 
as foreign by the immune system of animals. CoWgill, 
“Erythropoietin: Its Use in the Treatment of Chronic Renal 
Failure in Dogs and Cats,” Proceedings of the 15th Annual 
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Waltham/OSU Symposium for the Treatment of Small Ani 
mal Diseases. Ohio State University, pages 65471 (1991); 
Giger, “Erythropoietin and Its Clinical Use,” Compend. 
Contin. Edg., Pract. Vet., 14:25*34 (1992); CoWgill, “Medi 
cal Management of the Anemia of Chronic Renal Failure,” 
In: Canine and Feline Nephrology and Urology. Osborne et 
al., (eds), Baltimore: Williams and Wilkins, pages 5394554 
(1995); CoWgill et al., “Use of Recombinant Human Eryth 
ropoietin for Management of Anemia in Dogs and Cats With 
Renal Failure,” J. Am. Vet. Med. Assoc., 212:521*528 
(1998). 

Anti-rhEPO antibodies are thought not only to effectively 
block rhEPO’s bioactivity, but also have the potential to 
cross react With residual endogenous erythropoietin and lead 
to a pure red cell aplasia. This problem of immunogenicity 
can be life threatening and has severely limited the therapeu 
tic potential of rhEPO for veterinary applications. The con 
cept of erythropoietin replacement is appropriate for com 
parison animals, the problem is the immunogenicity of 
rhEPO. 

The cDNA sequences for a number of mammalian eryth 
ropoietin genes are disclosed in Wen, et al., “Erythropoietin 
Structure-Function Relationships: High Degree of Sequence 
Homology Among Mammals,” Blood 82(5): 1507416 
(1993). Although the nucleotide sequence for dog is 
disclosed, that sequence is missing the coding information 
for the ?rst four codons of canine erythropoitin, Which is 
critical for recombinant production of this protein. 
The present invention is directed to overcoming the 

above-noted de?ciencies in the prior art. 

SUMMARY OF THE INVENTION 

One aspect of the present invention is an isolated nucleic 
acid molecule encoding canine erythropoietin. 

The present invention also relates to an isolated canine 
erythropoietin protein or polypeptide. 

Another aspect of the present invention is a method for 
providing erythropoietin therapy to a dog including adminis 
tering recombinant canine erythropoietin to a dog, in need of 
erythropoietin therapy in an amount su?icient to increase 
production of reticuloyctes and red blood cells in the dog. 

The present invention also relates to a method for provid 
ing erythropoietin therapy to a cat including administering 
recombinant canine erythropoietin to a cat in need of eryth 
ropoietin therapy in an amount su?icient to increase produc 
tion of reticuloyctes and red bloods cells in the cat. 

Recombinant canine erythropoietin (“rcEPO”) exhibits 
comparable biological activity of rhEPO. Further, through 
the absence (dog) or signi?cant reduction (cat) of the inter 
species variation in protein structure, rcEPO stimulates 
erythropoiesis While avoiding the immunogenicity problems 
that occur With rhEPO. Thus, the availability of rcEPO 
should provide veterinarians and pet oWners With a valuable 
therapeutic modality to improve the quality of life for dogs 
and cats suffering from the anemia of chronic renal failure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the construction of a canine EPO (“cEPO”) 
expression plasmid. The cEPO gene contained Within a 4.4 
kb Xba I fragment Was digested With the restriction enZyme 
Sgr A1 to remove an ATG located 66 bases upstream of the 
translational start site. Identity of the cEPO translational 
start and stop codons Were deduced by comparison to pub 
lished erythropoietin sequence data for mouse, monkey, and 
human. The Sgr Al-Xba I fragment Was then blunt ended 
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With S1 nuclease and ligated into the BamHI site of the 
eukaryotic expression vector pLEN that Was similarly blund 
ended. In this construct, constitutive transcription of cEPO is 
driven by SV40 enhancer and human metallothionein pro 
moter sequences. 

FIG. 2 shoWs a comparative analysis of steady state cEPO 
mRNA in chinese hamster ovary (“CHO”) cell clones. Total 
RNA Was isolated from 100 individual CHO cell clones by 
acid guanidinium thiocyaante-phenol-chloroform extraction 
folloWed by differential alcohol and salt precipitation. The 
RNA Was resolved electrophoretically (5 ug/lane), trans 
ferred to a nylon membrane, and hydridiZed sequentially 
With 32P-labeled cDNA probes for canine erythropoietin and 
the housekeeping gene EFTu. Clones With high levels of 
cEPO expression Were identi?ed by phosphor image quanti 
tation (Fujix Bio-imaging and MacBAS softWare, Fuji 
(Stamford, Conn.) of steady state cEPO mRNA levels nor 
maliZed to the expression of EFTu. 

FIG. 3 shoWs a Western Blot analysis of rcEPO and 
rhEPO structure. Conditioned medium (30 pm) from a high 
rcEPO expressing CHO cell clone Was compared to 15 units 
of rhEPO both Without (—) or With (+) pretreatment With 
N-glycosidase (PNGase F, NeW England Biolabs, Beverly, 
Mass.). The samples Were resolved electrophoretically under 
reducing conditions by SDS-PAGE and transferred to a 
nitrocellulose membrane. The membrane Was then incu 
bated With a primary antibody against erythropoictin and 
developed using a commercial enhanced chemilumines 
cence procedure (ECL Western Blotting detection system, 
Amersham, Arlington Heights, Ill.). Control samples Were 
tissue culture medium (30 pl) conditioned by CHO cells that 
Were not transfected With the pLEN-cEPO expression plas 
mid. 

FIGS. 4A and 4B shoW the stimulation of erythroid pro 
genitor cell division With rcEPO (FIG. 4Aiconditioned 
medium from either control or rcEPO-expressing CHO 
cells) and rhEPO (FIG. 4BirhEPO (Epogen®, Amgen, 
Thousand Oaks, Calif.). Extra-medullary hematopoiesis Was 
stimulated in a mouse by phenylhydraZine-induced intravas 
cular hemolysis. Erythroid progenitor cells Were then iso 
lated from the spleen and cultured for 22 hours in the pres 
ence of increasing concentrations of erythropoietin. The 
erythroid cell cultures Were pulsed With 0.2 uCi 
3H-thymidine during the last tWo hours of incubation. Cellu 
lar replication Was evaluated by 3H-thymidine incorporation 
into neWly synthesiZed DNA. Data points represent the 
mean (+/— standard deviation) of each concentration ana 
lyZed in triplicate. 

FIG. 5 shoWs the stimulation of reticulocytosis in mice 
With rcEPO and rhEPO. Normal C57BL/6J mice 
(approximately 8 Weeks of age) Were injected subcutane 
ously for three days in succession With rcEPO or rhEPO 
(Epogen®, Amgen, Thousand Oaks, Calif.) in a total volume 
of 200 pl PBS. Quantitative estimates of rcEPO units Were 
based on in vitro bioactivity and Western Blot analyses. 
Control mice received injections of culture medium condi 
tioned by nontransfected CHO cells. One day after the third 
injection, the mice Were sacri?ced and peripheral blood col 
lected into EDTA-containing tubes. The percent of reticu 
loyctes in each blood sample Was determined by How cyto 
metric analyses of 10,000 cells using the ?uorescent dye 
thiaZole orange (Retic-COUNT, Bectin-Dickinson). Each 
group represents the mean reticulocyte count (+/— standard 
deviation) of 4 mice. Different letters indicate p<0.05 
betWeen treatment groups. 

FIGS. 6A and 6B shoW the hematocrit and reticulocyte 
response to human or canine recombinant erythropoietin in 



US RE40,911 E 
7 

normal Beagles. In the ?rst four Weeks, both dogs Were 
treated With diluent. Starting With Week four, either rhEPO 
(FIG. 6A) or rcEPO (FIG. 6B) Was administered subcutane 
ously at a dose of 100 units/kg thrice Weekly. Changes in 
Weekly hematocrit (I) and reticulocyte (0) values are illus 
trated. 

FIGS. 7A and 7B shoW pooled data illustrating hematocrit 
(FIG. 7A) and reticulocyte (FIG. 7B) response to human or 
canine recombinant erythropoietin in normal Beagles. Dur 
ing the ?rst four Weeks, dogs in both groups Were treated 
With diluent. Starting With Week four, either rcEPO (I, n=7) 
or rhEPO (0, n=6) Was administered subcutaneously and 
thrice Weekly at a dose of 100 units/kg. Changes in the 
Weekly hematocrit and reticulocyte values are illustrated. 
Therapy Was halted in all rhEPO-traeted dogs during the 
experimental period due to development of red cell aplasia. 
Administration frequency of rcEPO Was reduced in some 
dogs due to hematocrit values that rose above 65%. 

FIG. 8 demonstrates that recombinant cEPO rescues a dog 
from rhEPO-Induced red cell aplasia. Hematocrit is plotted 
over time. For approximately 12 Weeks rhEPO Was adminis 

l0 

8 
tered to the dog three times per Week, folloWed by 12 Weeks 
of administrationn of rcEPO, again at three times per Week. 

DETAILED DESCRIPTION OF THE INVENTION 

One aspect of the present invention is an isolated nucleic 
acid molecule encoding canine erythropoietin. The present 
invention provides the full length genomic sequence of the 
canine erythropoietin gene. 

In a preferred embodiment, the isolated nucleic acid mol 
ecule is capable of being expressed in transfected cells and 
Which hybridize to a nucleic acid molecule having a nucle 
otide sequence of SEQ ID No. 1 under stringent conditions 
but not to a nucleic acid molecule encoding human erythro 
poietin under identical conditions. 

The DNA molecule Which encodes rcEPO comprises the 
nucleotide sequence corresponding to SEQ ID No. l as fol 
loWs (codons are given as triplicate nucleotides and noncod 
ing introls and ?anking regions are given as continuous 
nucleotides): 

TCTAGAACAAGTACTGGGATTGCGAGAAGGAAGGCAACTTGCCTCTGCCCGCACCTTCCC 

GGCTTCCAAGGCTAGTTGCCCCGCAGGCACCAGGCACCGGCGCTCCCAGCTCGATCCCCC 

GCCCAGGACTGGGACGCACCCCTCCCCCCGGGGGGAGGGGGGCGGGAGCCTCGGGGTCCC 

CGGCCTTTCCCAGAATGGCACCCCTCCCGCGGGTGCGCACCCAGCCGCGCCTCCCACAAC 

CCGGGGTCAGACTGGCGGACCCGCGTCCCGCTCCGCGCCTGCTGCCGCGCCTGCTGCCGC 

TCTGCTCCCGCCCCGGCGAGCCCCCGACCCAGGCGTCCTCCCCCGGTCTGACCCCTCTGG 

CCCTTACCTCTGGCGACCCCTCACGCACACAGCCTGCCCCCCACCCCCACACACGCACGC 

ACACATGCTGATAACAGCCCCGACCCCCGGCCGAGCCGCAGTCCCCGGGCCAACCCCGGC 

CGGTCGCCGCGCGCCTGTCCTCGCGGACCCTGGCCGAGAGCCCTGCGCTCGCTCTGCGCG 

ACCCCGGCTCGGCGGCCCCTGGACGGTGGCCCCCTCCTTCGGACCGTGGGGCCGGCCCTG 

CCCCGCCGCGCTTCCCGGGATGAGGGCTCCCGGCGAGGGCGCCGGCGGAGCCCCTGGTCG 

CTGAGCGGCCGACGGAGGCGCGGAG 

ATG GGG GCG TGC G 

GTGAGTACTCGCCGGCCGGAGGAGCCCCCGCCCGCTCGGGCCCCTGTTTGAGCAAGAATT 

TACCGCTGGGGCCCCGAGGTGGCTGGGTTCAAGGACCGACGACTTGCCAAGGACCCCGGA 

AGGGCAAGGGGGGTGGCCCAGCCCCCACGTGCCGGCAGGGCTTAGGGAGCCCCTAGGAAA 

GGTGAAATCTGACCTGGACACGGGGATGCCGTTTGGGGGTTCAGGGAGCCGAGGGGCTGC 

CACGTGCGTGGGGAGAAGGCTGATACCTGGGTCTTGGAGCAATCACCGGGATCTGCCAGA 

GGGGAAGCCTCAGTCACGCCGGGATTGAAGTTTGGCCGGGAGAAGTGGATGCCGGTAGTT 

TGGGGGGTGGGCTGTGCGCGCAGCAGCGGCCGGATTGAATGAAGGCAGGGCAGGCAGAAC 

CTGAACGCTGGGAAGGTGGGGGTCGGGCGCGACTAGTTGGGGGCAGAGGAGCGGGATGTG 

TGAACCTGCCCCTCCAAACCCACACAGTCAGCCTGGCACTCTTTTCCAG 

AA TGT CCT GCC CTG TTC CTT TTG CTG TCT TTG CTG CTG CTT CCT 

CTG GGC CTC CCA GTC CTG GGC GCC CCC CCT CGC CTC ATT TGT GAC 

AGC CGG GTC CTG GAG AGA TAC ATC CTG GAG GCC AGG GAG GCC GAA 

AAT GTC ACG 

GTGAGGGTCCCACCTCAGGACATTCTCAGTAGTCCAGGGGTGTCCTCCAAGATCTGGGAA 







US RE40,911 E 
13 

— continued 

Pro Arg Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr 

Leu Glu Ala Arg Glu Ala Glu Asn Val Thr Met Gly Cys 

Gln Gly Cys Ser Phe Ser Glu Asn Ile Thr Val Pro Asp 

Lys Val Asn Phe Tyr Thr Trp Lys Arg Met Asp Val Gly 

Gln Ala Leu Glu Val Trp Gln Gly Leu Ala Leu Leu Ser 

Ala Ile Leu Arg Gly Gln Ala Leu Leu Ala Asn Ala Ser 

Pro Ser Glu Thr Pro Gln Leu His Val Asp Lys Ala Val 

Ser Leu Arg Ser Leu Thr Ser Leu Leu Arg Ala Leu Gly 

Gln Lys Glu Ala Met Ser Leu Pro G111 G111 Ala Ser Pro 

Pro Leu Arg Thr Phe Thr Val Asp Thr Leu Cys Lys Leu 

Arg Ile Tyr Ser Asn Phe Leu Arg Gly Lys Leu Thr Leu 

Thr Gly Glu Ala Cys Arg Arg Gly Asp Arg 

Suitable nucleic acid molecules include those nucleic acid 
molecules encoding an amino acid of a protein or polypep 
tide suf?ciently to duplicative of canine erythropoietin and 
having a nucleotide sequence Which is at least 95% homolo 
gous and preferably 98% homologous to the nucleotide 
sequence of canine erythropoietin (“EPO”) (as shoWn in 
SEQ ID No. 1). 

While the nucleotide sequence is at least 95% homolo 
gous as determined by the TBLAST Program (Altschul. S. 
F., et al., “Basic Local Alignment Search Tool,” J. Mol. Biol. 
215:403e410 (1990), Which is hereby incorporated by 
reference) using the default parameters, nucleotide identity 
is not required. As should be readily apparent to those skilled 
in the art, various nucleotide substitutions are possible Which 
are silent mutations (i.e. the amino acid encoded by the par 
ticular codon does not change). It is also possible to substi 
tute a nucleotide Which alters the amino acid encoded by a 
particular codon, Where the amino acid substituted is a con 
servative substitution (i.e. amino acid “homology” is 
conserved). It is also possible to have minor nucleotide and/ 
or amino acid additions, deletions, and/or substitutions in the 
canine EPO nucleotide and/or amino acid sequences Which 
do not alter the function of the resulting canine EPO. 

Alternatively, suitable DNA sequences may be identi?ed 
by hybridization to SEQ ID No. 1 under stringent condi 
tions. Preferably, suitable sequences Would hybridize to 
SEQ ID Nos 1 under highly stringent conditions Where a 
nucleic acid encoding human EPO Would not hybridize. For 
example, sequences can be isolated that hybridize to a DNA 
molecule comprising a nucleotide sequence of 50 continu 
ous bases of SEQ ID No. 1 under stringent conditions char 
acterized by a hybridization buffer comprising 0.9M sodium 
citrate (“SSC”) buffer at a temperature of 65° C. and 
remaining) bound When subject to Washing With the SSC 
buffer at 650 C.; and preferably in a hybridization buffer 
comprising 20% formamide in 0.9M saline/0.09M SSC 
buffer at a temperature of 75° C., and remaining bound When 
subject to Washing at 420 C. With 0.2><SSC buffer at 750 C. 
The DNA molecule encoding the canine EPO protein or 

polypeptide of the present invention can be incorporated in 
cells using conventional recombinant DNA technology. 
Generally, this involves inserting the DNA molecule into an 
expression system to Which the DNA molecule is heterolo 
gous (i.e. not normally present). The heterologous DNA 
molecule is inserted into the expression system or vector in 
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proper sense orientation and correct reading frame. The vec 
tor contains the necessary elements for the transcription and 
translation of the inserted protein-coding sequences. 
US. Pat. No. 4,237,224 to Cohen and Boyer, Which is 

hereby incorporated by reference, describes the production 
of expression systems in the form of recombinant plasmids 
using restriction enzyme cleavage and ligation With DNA 
ligase. These recombinant plasmids are then introduced by 
means of transformation and replicated in unicellular cul 
tures including eukaryotic cells groWn in tissue culture. 

Recombinant genes may also be introduced into viruses, 
such as vaccinia virus. Recombinant viruses can be gener 
ated by transfection of plasmids into cells infected With 
virus. 

Suitable vectors include, but are not limited to pLEN, the 
pCDN series (lnvitrogen), pRc/CMV2 (lnvitrogen), and 
pNeoEGFP (Clontech), the folloWing viral vectors such as 
lambda vector system gt11, gt WES.tb, Charon 4, and plas 
mid vectors such as pBR322, pBR325, ACTCl77, 
pACY1084, pUC8, pUC9, pUC18, pUCl9, pLG339, 
pR290, pKC37, pKC101, SV 40, pBluescript 11 SK +/— or 
KS +/— (see “Statagene Cloning Systems” Catalog (1993) 
from statagene, La Jolla, Calif. Whic is hereby incorporated 
by reference), pQE, plH821, pGEx, pET series (see Studier 
et al., “Use of T7 RNA Polymerase to Direct Expression of 
Cloned Genes,” Gene Expression Technology, vol. 185 
(1990), Which is herein incorporated by reference), and any 
derivatives thereof. In a preferred embodiment, the vector is 
eukaryotic expression vector pLEN. Recombinant mol 
ecules can be introduced into cells via transformation, 
transduction, conjugation, mobilization, or electroporation. 
The DNA sequences are cloned into the vector using stan 
dard cloning procedures in the art, as described by Maniatis 
et al., Molecular Cloning: A Laboratory Manual, Cold 
Springs Laboratory, Cold Springs Harbor, N.Y. (1982), 
Which is hereby incorporated by reference. 
A variety of host-vector systems may be utilized to 

express the protein-encoding sequence(s). Primarily, the 
vector system must be compatible With the host cells used. 
Host-vector systems include but are not limited to the fol 
loWing: subcloning a eukaryotic expression vector into 
mammalian cell systems; microorganisms such as yeast con 
taining yeast vectors, mammalian cell systems infected With 
virus (e.g., vaccinia virus, adenovirus, etc.); and insect cell 
systems infected With virus (e.g., baculovirus). The expres 
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sion elements of these vectors vary in their strength and 
speci?cation. Depending upon the host-vector system 
utilized, any one of a number of suitable transcription and 
translation elements can be used. 

Different genetic signals and processing events control 
many levels of gene expression (e. g., DNA transcription and 
messenger RNA (“mRN ”) translation). 

Transcription of DNA is dependent upon the presence of a 
promoter Which is a DNA sequence that directs the binding 
of RNA polymerase and thereby promotes mRNA synthesis. 
The DNA sequences of eukaryotic promoters differ from 
those of procalyotic promoters. Furthermore, eukaryotic 
promoters and accompanying genetic signals may not be 
recogniZed in or may not function in a procaryotic system, 
and, further, procaryotic promoters are not recogniZed and 
do not function in eukaryotic cells. Similarly, translation of 
mRNA in prokaryotes depends upon the presence of the 
proper procaryotic signals Which differ from those of 
eukaryotes. For a revieW on maximizing gene expression, 
see Roberts and Lauer, Methods in EnZymology, 68:473 
(1979), Which is hereby incorporated by reference. 

Promoters vary in their “strength” (i.e. their ability to pro 
mote transcription). For the purposes of expressing a cloned 
gear, it is desirable to use strong promoters in order to obtain 
a high level of transcription and, hence, expression of the 
gene. Depending upon the host cell system utiliZed, any one 
of a number of suitable promoters may be used. For instance, 
When cloning in chinese hamster ovary cells, human metal 
lothionein IIA promoter the regulatory sequences from 
CMV, RSV or SV40, and the like, may be used to direct high 
levels of transcription of adjacent DNA segments. 
Additionally, promoters produced recombinant DNA or 
other synthetioc DNA techniques may be used to provide the 
transcription of the inserted gene. 

Speci?c initiation signals are also required for e?icient 
gene transcription and translation in procaryotic cells. These 
transcription and translation initiation signals may vary in 
“strength” as measured by the quantity of gene speci?c mes 
senger RNA and protein synthesiZed, respectively. The DNA 
expression vector, Which contains a promoter, may also con 
tain any combination of various “strong” transcription and/ 
or translation initiation signals. 

Once the isolated DNA molecules encoding the canine 
EPO proteins or polypeptides, as described above, have been 
cloned into an expression system, they are ready to be incor 
porated into a host cell. Such incorporation can be carried 
out by the various forms of transformation noted above, 
depending upon the vector/host cell system. Suitable host 
cells include, but are not limited to, mammalian cells 
(chinese hamster ovary cells, and the like), yeast cells, and 
insect cells. 

The present invention also relates to an isolated canine 
erythropoietin protein or polypeptide. 

In a preferred embodiment, the protein or polypeptide is 
suf?ciently duplicative of canine erythropoietin to have the 
biological property of causing bone marroW cells to increase 
production of reticuloyctes and red blood cells and to have 
the immunological property of not provoking an immune 
response in a dog. 

Preferably, the protein or polypeptide has an amino acid 
sequence of SEQ ID No. 3. 

Fragments of the above polypeptides or proteins are also 
encompassed by the present invention. 

Suitable fragments can be produced by several means. In 
the ?rst, subclones of the gene encoding the protein of the 
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16 
present invention are produced by conventional molecular 
genetic manipulation by subcloning gene fragments. The 
subclones then are expressed in vitro or in vivo in bacterial 
cells to yield a smaller protein or peptide that can be tested 
for activity according to the procedures described beloW. 
As an alternative, fragments of replication proteins can be 

produced by digestion of a full-length replication protein 
With proteolytic enZymes like chymotrypsin or Staphylococ 
cus proteinase A, or trypsin. Different proteolytic enZymes 
are likely to cleave replication proteins at different sites 
based on the amino acid sequence of the protein. Some of the 
fragments that result from proteolysis may be active. 

In another approach, based on knoWledge of the primary 
structure of the protein, fragments of a replication protein 
gene may be synthesiZed by using the PCR technique 
together With speci?c sets of primers chosen to represent 
particular portions of the protein. These then Would be 
cloned into an appropriate vector for increased expression of 
a truncated peptide or protein. 

Chemical synthesis can also be used to make suitable 
fragments. Such a synthesis is carried out using knoWn 
amino acid sequences of replication proteins being pro 
duced. Alternatively, subjecting a full length replication pro 
tein to high temperatures and pressures Will produce frag 
ments. These fragments can then be separated by 
conventional procedures (e.g., chromatography, SDS 
PAGE). 

Variants may also (or alternatively) by modi?ed by, for 
example, the deletion or addition of nucleotides that have 
minimal in?uence on the properties, secondary structure and 
hydropathic nature of the encoded polypeptide. For 
example, the nucleotides encoding a polypeptide may be 
conjugated to a signal (or leader) sequence at the N-terminal 
end of the protein Which co-translationally or post 
translationally directs transfer of the protein. The nucleotide 
sequence may also be altered so that the encoded polypep 
tide is conjugated to a linker or other sequence for ease of 
synthesis, puri?cation, or identi?cation of the polypeptide. 
The protein or polypeptide of the present invention is 

preferably produced in puri?ed form (preferably, at least 
about 80%, more preferably 90%, pure) by conventional 
techniques. Published methods that have been used to purify 
human erythropoietin from the urine or sickle cell anemia 
patients should be applicable to the puri?cation of rcEPO 
from conditioned tissue culture medium. (Miyake et al., 
“Puri?cation of Human Erythropoictin,” J. Biol. Chem., 
252z5558i5564 (1977); Krystal et al., “Puri?cation of 
Human Erythropoietin to Homogeneity by a Rapid Five 
Step Procedure,” Blood, 67z7li79 (1986), Which are hereby 
incorporated by reference). 

In a preferred embodiment, the protein or polypeptide of 
the present invention is administered in a pharmaceutical 
composition including an effective amount of the protein or 
polypeptide of the present invention and a pharmaceutically 
acceptable diluent, adjuvant, or carrier, as disclosed beloW. 

In a mo st preferred embodiment, the pharamceutical com 
position is administered in an effective amount to provide 
erythropoietin therapy to a dog or cat. 

Another aspect of the present invention is a method for 
providing erythropoietin therapy to a dog including adminis 
tering recombinant canine erythropoietin to a dog in need of 
erythropoietin therapy in an amount su?icient to increase 
production of reticuloyctes and red blood cells in the dog. 

In a preferred embodiment, the dog is suffering from 
anemia, chronic or acute renal failure. In a most preferred 
embodiment, the dog is suffering from chronic or acute renal 
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failure and the dog is one of the following breeds: NorWe 
gian elkhound, Cocker spaniel, Samoyed, Doberman 
pinsher, Lhasa apso, Shih Tsu or golden retriever. 

In another preferred embodiment, the dog is suffering 
from cancer. In a more preferred embodiment, the dog is 
suffering from lymphosarcoma and the dog is one of the 
folloWing breeds. Boxer, Basset hound, St. Bernard, Scottish 
terrier, Airedal terrier, English bulldog, and Labrador 
retriever. 

In another embodiment, the dog is suffering from rhEPO 
induced red cell aplasia. 

In another embodiment, the dog is administered recombi 
nant canine erythropoietin prior to undergoing surgery. 

Preferably, the recombinant canine erythropoietil 
(“rcEPO”) of the present invention is encoded by a nucleic 
acid molecule having a nucleotide sequence of SEQ ID No. 
l. 

Preferably, from about 50 units/kg to about 500 units/kg 
of rcEPO is administered to the dog to increase production 
of reticuloyctes and red blood cells in the dog. Most 
preferably, from about 100 units/kg to about 200 units/kg of 
rcEPO is administered to the dog. 

The rcEPO of the present invention can be administered 
orally, parenterally, subcutaneously, intravenously, 
intramuscularly, intraperitoneally, by intranasal instillation, 
by intracavitary or intravesical instillation, intraocularly, 
intraarterially, intralesionally, or by application to mucous 
membranes, such as, that of the nose, throat, and bronchial 
tubes. It may be administered alone or With pharmaceuti 
cally or physiologcially acceptable carriers excipients, or 
stabilizers, and can be in solid or liquid form such as, tablets, 
capsules, poWders, solutions, suspensions, or emulsions. 

The solid unit dosage forms can be of the conventional 
type. The solid form can be a capsule, such as an ordinary 
gelatin type containing the rcEPO of the present invention 
and a carrier, for example, lubricants and inert ?llers such as, 
lactose, sucrose, or cornstarch. In another embodiment, 
these compounds are tableted With conventional tablet bases 
such as lactose, sucrose, or cornstarch in combination With 
binders like acacia, cornstarch, or gelatin, disintegrating 
agents, such as cornstarch, potato starch, or alginic acid, and 
a lubricant, like stearic acid or magnesium stearate. 

The rcEPO of the present invention may also be adminis 
tered in inj ectable dosages by solution or suspension of these 
materials in a physiologically acceptable diluent With a phar 
maceutical carrier. Such carriers include sterile liquids, such 
as Water and oils, With or Without the addition of a surfactant 
and other pharrnaceutically and physiologically acceptable 
carrier, including adjuvants, excipients or stabiliZers. Illus 
trative oils are those of petroleum, animal, vegetable, or syn 
thetic origin, for example, peanut oil, soybean oil, or mineral 
oil. In general, Water, saline, aqueous dextrose and related 
sugar solution, and glycols, such as propylene glycol or 
polyethylene glycol, are preferred liquid carriers, 
particularly, for injection solutions. 

For use as aerosols, the rcEPO of the present invention in 
solution or suspension may be packaged in a pressuriZed 
aerosol container together With suitable propellants, for 
example, hydrocarbon propellants like propane, butane, or 
isobutane With conventional adjuvants. The materials of the 
present invention also may be administered in a non 
pressuriZed form such as in a nebuliZer or atomiZer. 

The present invention also relates to a method for provid 
ing erythropoietin therapy to a cat including administering 
recombinant canine erythropoietin to a cat in need of eryth 
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18 
ropoietin therapy in an amount su?icient to increase produc 
tion of reticuloyctes and red blood cells in the cat. 

In a preferred embodiment, the cat is suffering from ane 
mia secondary to chronic or acute renal failure, caiicer, or 
red cell aplasia. In a most preferred embodiment, the cat is 
suffering from lymphosarcoma. 

In another embodiment, the cat is administered recombi 
nant canine erythropoietin prior to undergoing surgery. 

Preferably, the rcEPO is administered to the cat in the 
same dosage as described above for dogs. 

EXAMPLES 

Example 1 

Isolation and Cloning of Canine Erythropoictin 
(rcEPO) 

The gene encoding canine erythropoietin (cEPO) Was iso 
lated from a Lambda DASH genomic library of canine DAN 
partially digested With Sau3A l (Stratagene, La Jolla, 
Calif.). Approximately one million bacteriophage plaques 
Were screened With a 180 base pair cDNA fragment from 
exon 4 of cEPO. The cDNA fragment Was generated by 
polymerase chain redaction (PCR) ampli?cation of canine 
(genomic DNA using 
5'-GTTGGGCAGCAGGCCTTGGAAGT (sense) (SEQ ID 
No. 4) and 5'-CTGGGCTCCCAGCGCCCGAA (antisense) 
(SEQ ID No. 5) as primers. The primers correspond to bases 
2324254 and 3924411 of the partial cEPO cDNA available 
through GenBank accession number Ll3027 and published 
by Wen et al., “Erythropoietin Structure-Function Relation 
ships: High Degree of Sequence Homology Among 
Mammals,” Blood, 82150741516 (1993), Which is hereby 
incorporated by reference) The exon 4 fragment Was then 
subcloned into pGEM-3Zf(+) (Promega, Madison, Wis.), 
ampli?ed in E. coli strain J M 109 (Promega, Madison, Wis.), 
re-isolated in large amounts by preparative restriction 
digests and agarose gel puri?cation, labeled With 32p-dCTP 
using random hexanucleotide primers (Prime-a-Gene, 
Promega, Madison, Wis.), and puri?ed by G-50 Sephadex 
spin column chromatography (Boehringer Mannheim, 
Indianapolis, Ind.). A total of 9 genomic clones that hybrid 
iZed speci?cally to the exon 4 probe Were isolated and 
plaque puri?ed. Southern blot analyses determined that 8 of 
these clones contained the entire cEPO coding region Within 
a 4.5 kb Xba I fragment. 

An expression plasmid Was constructed by subcloning the 
cEPO gene (extending from an Sgr Al site located 40 bases 
upstream of the translational start site to the 3' Xba I site 
located 2,060 bases doWnstream of the stop codon) into the 
Barn Hl site of the eukaryotic expression vector pLEN. 
Friedman et al., “High Expression in Mammalian Cells 
Without Ampli?cation,” Bio/Technology, 73594362 (1989), 
Which is hereby incorporated by reference. Identity of the 
start and stop codons in the cEPO gene Were deduced by 
comparison to published erythropoictin sequence data for 
mouse, monkey, and human. Lin et al., “Cloning and 
Expression of the Human Erythropoietin Gene,” Proc. Natl. 
Acad. Sci. USA, 82758047584 (1985); McDonald et al., 
“Cloning, Sequencing, and Evolutionary Analysis of the 
Mouse Erythropoietin Gene,” Molecular and Cellular 
Biology, 6:842i848 (1986); Shoemaker et al., “Murine 
Erythropoietin Gene: Cloning, Expressions and Human 
Gene Homology,” Molecular and Cellular Biology, 
6:849i858 (1986); Lin et al., “Monkey Erythropoietin Gene: 
Cloning, Expression and Comparison With the Human 
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Erythropoietin Gene,” Gene, 44:201*209 (1986), Which are 
hereby incorporated by reference. The cEPO aenomic insert 
and pLEN vector Were both blunt ended With S 1 nuclease 
prior to ligation. Orientation of recombinants Were deter 
mined by direct DNA sequence analysis. Constitutive high 
level transcription of cEPO in this construct Was driven by 
the SV40 enhancer and human metallothionein 11A pro 
moter of pLEN (FIG. 1). 

Example 2 

Expression of rcEPO and RNA Gel Analyses 

A cell culture system for the production of rcEPO Was 
established by cotransfection of the pLEN-cEPO construct 
With pRSVneo at a 10:1 molar ratio using calcium phosphate 
coprecipitation into Chinese Hamster Ovary cells (CHO-KI, 
American Type Culture Collection, Rockville, Md.). Gor 
man et al., “High E?iciency DNA Mediated Transformation 
of Primate Cells, Sceince, 2211551453 (1983); Graham et 
al., “A NeW Technique for the Assay of Infectivity of Human 
Adenovirus 5 DNA,” Virology, 524564467 (1973), Which 
are hereby incorporated by reference. The cells Were main 
tained at 3700 C., 5% CO2/95% air in Dulbecco’s modi?ed 
Eagle’s medium (Gibco BRL, Grand Island, N.Y., catalog 
no. 11,965) supplemented With 10% (v/v) fetal bovine 
serum. FolloWing transfection, G418 (400 ug/ml) Was added 
to the culture medium to eliminate nontransformants. A total 
of 122 transformed CHO cell clones Were individually iso 
lated and expanded. Relative expression of cEPO in each 
CHO clone Was compared in parallel on a transcriptional 
level by Nothern blot analyses. (Subsequently, CHO-rcEPO 
cell lines Were adapted to groW in serum free media, greatly 
simplifying the biochemical puri?cation procedures of 
rcEPO. This expression system routinely achieved media 
concentration of rcEPO that exceeded 100 U/ml. Using 
roller bottles, 20,000 units of rcEPO can be synthesiZed in a 
single culture vessel every 24 hours, an amount su?icient to 
treat a 10 kg dog for tWo months). Total RNA Was isolated 
by acid guanidinium thiocyanate-phenol-chloroform extrac 
tion folloWed by differential alcohol and salt precipitations 
and quanti?ed spectrophotometrically. ChomcZynski et al., 
“Single-Step Method of RNA Isolation by Acid Guani 
dinium Thiocyanate-Phenol-Chloroform Extraction,” Anal. 
Biochem., 162:156*159 (1987), Which is hereby incorpo 
rated by reference. Each RNA sample (5 ug) Was electro 
phoretically separated through 1.5% agarose, 6.5% 
formaldehyde, submersed stab gels in buffer (pH 7.0) con 
taining 40 mM MOPS, 10 mM sodium acetate, and 1 mM 
EDTA. The separated RNAs Were then transferred to nylon 
membranes (Magna Charge, Micron Separations, Inc., 
Westboro, Mass.) by standard capillary blotting techniques 
and probed With 32P labeled cEPO exon 4 cDNA fragment. 
Sambrook et al., “Molecular Cloning: A Laboratory Manual, 
2d ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, 
NY. (1989), Which is hereby incorporated by reference. 
Relative comparisons of steady state cEPO and mRNA 
betWeen individual CHO cell clones Were determined by 
direct quantitation of 32P decay events from the hybridiZa 
tion membrane (Phosphor Imager, Fuji Bio-Imaging, 
Stamford, Conn.). These data Were then normaliZed to 
expression of the housekeeping gene elongation factor Tu 
(EFTTu) to correct for any variation in RNA loading or 
transfer e?iciency betWeen samples. Levine et al., “Elona 
tion Factor Tu as a Control Gene for mRNA Analysis of 
Lung Development and Other Differentiation and GroWth 
Regulated Systems,” Nucl. Acids Res., 21:4426 (1993), 
Which is hereby incorporated by reference. 
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Example 3 

Protein Analyses by Immunoblotting 
Conditioned medium (30 ul) from a high cEPO express 

ing CHO cell clone Was resolved by SDS-15% polyacryla 
mide gel electrophoresis under reducing conditions in paral 
lel With an equal volume of conditioned medium from 
control CHO cells and t5 units of rhEPO. Laemmli, “Cleav 
age of Structural Proteins During the Assembly of the Head 
of the Bacteriophage T4,” Nature, 267z680i685 (1970), 
Which is hereby incorporated by reference. The three 
samples Were analyZed both With and Without peptide 
N-glycosidase F digestion (PNGase F, NeW England 
Biolabs, Beverly, Mass.). PNGase F reaction buffers and 
protocols Were supplied by the manufacturer. Following 
separation, the proteins Were transferred by electroblotting 
at 33 V and 40 C. overnight to a nitrocellulose membrane 
(Bio-Rad, Hercules, Calif.). The membrane Was blocked for 
1 hour at room temperature With 5% nonfat milk in 50 mM 
Tris, 150 mM NaCl buffer (pH 7.4) With 0.05% (v/v) TWeen 
20 (TBS-T buffer). After rinsing With TBS-T buffer, the 
membrane Was incubated With a monoclonal antibody to 
human erythropoietin (GenZyme, Cambridge, Mass.) at a 
dilution of 1:1000 for 1.5 hours at room temperature. The 
membrane Was then rinsed again With TBS-T and bound 
primary antibody detected With a horseradish peroxidase 
linked goat anti-mouse IgG (Sigma, St. Louis, Mo.) at a 
dilution of 1:8000. The secondary antibody incubation step 
Was 1.5 hours at room temperature. After a ?nal rinse With 
TBS-T, buffer, peroxidase activity Was detected by chemilu 
minescence (ECL Western blotting detection system. 
Amersham, Arlington Heights, Ill.) and autoradiography. 

Example 4 

Erythropoietin Bioassays 
The biological activity of rcEPO Was examined in vitro 

using splenic erythroid progenitor cells isolated from phe 
nylhydraZine treated mice. Krystal, “A Simple Microassay 
for Erythropoietin Based on 3H-thymidine Incorporation 
into Spleen Cells from PhenylhydraZine Treated Mice,” Exp. 
Hematol., JI: 6494660 (1983), Which is hereby incorporated 
by reference. For each assay, a single mouse Was treated 
With an introperitoneal injection of phenylhydraZine (60 
mg/kg body Weight) for 2 consecutive days to induce intra 
vascular hemolysis. The resulting anemia stimulated 
extramedullary red blood cell hematopoiesis in the spleen. 
The mouse Was sacri?ced 3 days after the second phenylhy 
draZine injection. The spleen Was removed by dissection, 
rinsed in sterile 0.01 M phosphate buffered saline (PBS, pH 
7.4) at 370 C., and placed in a petri dish containing 5 ml 
Dulbecco’s modi?ed Eagle’s medium supplemented With 
10% (v/v) fetal bovine serum (Gibco BRL, Grand Island, 
NY.) Splenic cells Were dissected from the capsule, and 
other consecutive tissues by extrusion through a Wire mesh 
and aspiration through a 21-gauge needle. The cellular sus 
pension Was then transferred to a polypropylene tube. 
Residual pieces of tissue debris Were alloWed to settle over 5 
minutes and the supernatant containing dispersed cells Was 
transferred to a neW tube. These spleen cells Were then pel 
leted by centrifugation at 1,000 g, resuspended in 25 ml of 
culture medium, counted, and viability assessed by trypan 
blue dye exclusion. Analysis by light microscopy indicated 
that at least 90% of the cells Were of the erythroid lineage. 
Aliquots of 4><106 cells Were transferred to individual micro 
centrifuge tubes, pelleted, and resuspended in 1 ml of culture 
medium containing 11 different dilutions of either rcEPO or 
rhEPO. 




















