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DECLARATION OF STUART H. ORKIN. M.D.

I, Stuart H. Orkin, do hereby declare as follows:

1. I make this declaration in support of EP 148 605 to Kirin-Amgen, Inc.
entitled "Production of Erythropoietin.” I have reviewed this patent
and am familiar with its contents.

2. I currently hold the position of Leland Fikes Professor of Pediatric
Medicine at Harvard Medical School in Boston, Massachusetts, USA.
I have been on the faculty at Harvard Medical School since 1978.
Attached as Exhibit A is my curriculum vitae which describes my
educational and professional qualifications, awards and honors
received, membership in professional societies and positions on
editorial boards of professional Journals. I am a member of both the
National Academy of Sciences and the American Academy of Arts
and Sciences. For the past twenty years, [ have been involved in

[ research in the area of molecular genetics and hematology. As
shown by my curriculum vitae, I have authored or co-authored over
{ 200 publications in these and related areas. For several years, [

worked on research related to erythropoietin, and as part of that

’ ' work, I had a research project in which I attempted to clone the gene
that encodes human erythropoietin ("EPO gene”). Accordingly, I
have first-hand knowledge of the difficulties of this project.

il

3. I have read the declaration of Arthur J . Sytkowski dated May 28, 1993
and submitted on behalf of Elanex Pharmaceuticals in these
Proceedings. I am the same Stuart H. Orkin mentioned in
paragraphs 6 through 11 of Dr. Sytkowski's declaration, and I am
submitting this declaration to respond to some of the statements
made therein concerning my research efforts to clone the EPO gene.
In sum, since I tried for over two years and was unsuccessful in

i cloning the EPO gene, I do not agree with Dr. Sytkowski's argument

that as of 1983 it was expected that "the human gene coding for

1

I .
R

AM-ITC 01040832
AM670256216

R

1




| §

i

L§

AM670256217

erythropoietin would be cloned and that recombinant DNA
technology would be the route of choice for erythropoietin
production.” If the cloning of the EPO gene was really as easy or
expected as Dr. Sytkowski suggests, we should have been able to
accomplish it. The facts are that it was a very difficult project, and I
believe that my efforts exemplified the practical difficulties
encountered in attempting to clone the EPO gene in 1983.

As described by Dr. Sytkowski in his declaration, I was the project
leader on a research project entitled "Molecular Aspects of Globin
Gene Switching and Cloning of Erythropoietin Sequence” which was
funded under a grant to Dr. David G. Nathan from the National
Institute of Health. As the title indicates, this project involved two
major research efforts: (1) an investigation into the expression levels
of the two alpha globin genes, and (2) cloning the cDNA sequences for
erythropoietin. The proposals for this project are outlined on pages
8-10 of the draft Project Site Visit Report attached to Dr. Sytkowski's
declaration. The project was originally designated for funding for
five years, beginning in 1981.

We were successful in accomplishing the work relating to expression
levels of the alpha globin genes within the first few months of
beginning our study, and we published the results in late 1981, I
believe this is an example of the level of competency of our research.
As for the EPO project, we worked on this for over two years, and by
the end of 1983, we had tried several approaches all of which proved
unsuccessful. Since we had encountered obstacles that we could not
overcome, the project was essentially abandoned.

Attached hereto as Exhibits B and C are the relevant sections of the
yearly progress reports for the first two years of the EPO gene cloning
project, 1981-82 and 1982-83, respectively. These reports document
the work conducted during those years and the progress made
toward achieving the goals established for those years. During the
first year of the study, as indicated on pages 10 and 11 of Exhibit B, we
pursued two approaches to cloning the DNA sequence that encodes

[
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EPO. As a prelude to both approaches, we looked for a tissue sample
most likely to provide a suitable source for EPO mRNA. By keeping
baboons under severe chronic hypoxemic stress (or anemic
conditions) to augment EPO production, we isolated tissue and
serum samples having EPO levels more than a 1000 times normal
levels. We thus believed that hypoxic baboon kidney tissue was a good
source of enriched message for EPO.

i 7. We then prepared undegraded mRNA from the baboon kidney tissue
which was translated in vitro and we attempted to
l‘ immunoprecipitate EPO protein using antibodies provided to us by
Dr. Joseph Garcia who had developed EPO antibodies at Lawrence
, Laboratories in Berkeley, California. However, these
immunoprecipitation experiments failed because the antibodies
precipitated numerous other proteins produced in the baboon
kidneys. Samples of translation mixtures which we believed
v om , contained mRNA for EPO were subjected to radioimmunoassay by
| ' ' Dr. Garcia but no EPO could be detected above background. Thus, the
lack of specificity of the antibody preparation precluded identification
[ of translated EPO mRNA. One of the difficulties of the EPO project
was that naturally occurring EPO is produced in very small
' [ quantities by unknown cells in the kidney, thus classifying it as a
. ‘rare” protein. Since there is only a low level of protein produced,
| = ' this means that only a small amount of mRNA is present in the
| _ ' source tissue. This difficulty was in contrast to many of the other
more abundant proteins for which genes were cloned in the early
1980's, e.g., alpha interferons, because the mRNA for those proteins
was present in more abundant and detectable quantities.

8. During the second year of the study, as indicated on page 9 of Exhibit
f’ C, we continued our efforts to clone the EPO gene sequences. We
prepared cDNA libraries from the hypoxic baboon kidney mRNA
described above and also from human fetal liver which was believed
to be an enriched source of EPO-mRNA. These cDNA libraries were
then screened with mixtures of probes which were designed based on
the N-terminal amino acid sequence of EPO as reported by
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- Goldwasser. This was the same sequence published by Dr. Sytkowski
in his 1983 Sue et al. publication.

- 9, In our initial cloning attempts, we employed two pools of fully

l degenerate 17-mer oligonucleotide probes that corresponded to the

N-terminal amino acids 21-26 (pool 1) and 18-23 (pool 2) from the

Goldwasser sequence. Clones from the baboon kidney library were

1solated that specifically hybridized to each of the pools under

I maximum stringency. Selected plasmid clones were then subjected
to DNA sequencing to identify the region that hybridized with the

1 oligonucleotide probes. After screening more than 250,000
independent baboon ¢cDNA clones with both sets of probes, we

, obtained more than two dozen putative EPO clones that were then
separated into classes by cross-hybridization of inserts. DNA
sequencing revealed that we had, in fact, isolated clones with perfect

! matches for the oligonucleotide probes employed, however, the
sequences were incompatible with the surrounding N-terminal EPO

! protein sequence. No clones hybridized with both oligonucleotide
pools 1 and 2. We interpreted this to mean that either no clones

[ contained EPO sequences or that the peptide sequences used for
synthesis of one (or both) oligonucleotide pools were incorrect.
}' Similar attempts to identify EPO DNA by screening the fetal liver

cDNA library gave similar negative results.

} 10.  We then used oligonucleotides directed to amino acids 6-11 (pool 3)
and 11-16 (pool 4) of the Goldwasser sequence. Because these
I oligonuclectide pools were considerably more degenerate (greater
than 512 individual sequences) we elected to determine whether any
clones that hybridized with pools 3 or ¢ also hybridized specifically
with pools 1 or 2, based on the logic that a clone that hybridized to both
degenerate pools would likely contain true EPO sequences. However,
no such double-hybridizing clones were observed. Further, when Dr.
Sytkowski had isolated his initial N-terminal peptide antibody, we
examined its potential for antibody screening of the plasmid library.
In preliminary experiments, we decided that the affinity of the
antibody was probably insufﬁcie\'xt for detection of bacterial produects.
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In designing our study, we adopted a cDNA cloning approach
because that seemed to be the most workable methodology based on
what was known in the art. Our experience, however, shows the
practical difficulties commonly encountered in 1983 in gene cloning
experiments. These difficulties were compounded for the EPO
project because so little was known about EPO. The amino acid
sequence information which we used to design our oligonucleotide
probes proved to be unreliable. In addition, concerning the baboon
¢DNA screening, nothing was known concerning baboon EPO, and
we did not know the similarity of the baboon EPO sequence to the
human EPO amino acid sequence. Another difficulty was in
identifying a good source for cDNA cloning because the specific
EPO-producing cell type within the liver or kidney was not known.
Also, we did not know whether the human fetal liver was an
appropriate source for EPO-mRNA. Further, immunoprecipitation
of EPQ using antibodies believed to be EPO specific failed because of
the rarity of EPO mRNA and because the antibodies proved to be non-
EPO specific. These were among the difficulties or obstacles which
caused us eventually to abandon our project. I also know that we
were not the only ones to encounter such obstacles in cloning the EPO
gene. On several occasions, I had discussions with researchers at
Biogen who were also attempting to clone the EPO gene, and they
indicated that they had encountered similar problems and obstacles
as we had and were equally unsuccessful.

From my knowledge of Dr. Lin's success in cloning the EPO gene
and as disclosed in the patent EP 148 605, [ understand that Dr. Lin
used mixtures of fully degenerate probes to screen a human genomic
library instead of a cDNA library. To my recollection, this was the
first successful use of this mixed probe approach in a genomic
library. If I had been asked to evaluate this approach in 1983, I
would have considered it not likely to succeed because of the high
degree of degeneracy of the limited amino acid sequence available for
EPO and the inherent difficulties in probing a genomic library, e.g.,

AM670256220

AM-ITC 01040836



AM670256221

purification studies and apparentl

to collect large amounts of human
the purification studies.”

¥ [has] a we]] organized program
urine which would be required for
I certainly do not blame Dr. Goldwasser for
EPO gene was Just a difficult and

experiments, but in thijg case, availability of EPO was not the only

problem and even if we had had more EPO, there was ng certainty
that we would have been successful.
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Finally, I do not understand Dr. Sytkowski's argument that simply
because the NTH study group deemed it reasonable to fund our EPO
project that that decision somehow affects the validity of the patent
rights on Dr. Lin's invention. While I am not well versed in the legal

requirements to obtain a patent, as a research scientist, I would hope
that patent rights to an important invention are not preempted before
the research is even conducted because of a decision by the NIH that
the prospects of success are reasonable enough to fund the project.
Also, I know that many factors are considered by the NIH in
approving grant proposals that are unrelated to the merits of the
particular proposal. For example, with respect to the grant
discussed herein relating to EPO, this was a "bundled" proposal that
was part of a much larger overall project under the direction of Dr.
Nathan. My own project consisted of two parts relating to alpha
globin and EPO as explained above. Our group had demonstrated
proficiency in the past and had received various grants and awards
as a result of that demonstrated record of success. For example, I
received the NIH Young Investigator Award for the years 1976-79
and the NIH Research Career Development Award for the years
1979-84. I believe the confidence of the NIH study group in our grant
proposal was based more on our past successes rather than strictly
on the prospect of success for the EPO project.

I would further add that once the EPO gene was cloned and the
sequence made available, it was straightforward for someone to clone
and express the gene. In our own research, we did Just that.
Beginning in about the Summer of 1985, we commenced a project to
(1) clone the human EPO gene from a genomic library, (2) clone an
EPO cDNA, and (3) express the cDNA in insect cells in order to study
the N-linked oligosaccharide on recombinant EPO. This work was
published in Wojchowski et al, Biochim. Biophvs. Acta, 910, (1887,
pp. 224-32, (attached as Exhibit D hereto), and Dr. Sytkowski and I
were co-authors on this paper. The genomic cloning of the EPO gene
and its characterization was performed by Don Wojchowski, who was
a post-doctoral Fellow working in Dr. Sytkowski's laboratory, using
information from the EPO gene sequence published by Jacobs et al,

~1
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Nature, 313 (1985), pp. 806-810. As described in the Wojchowski
article, we were successful in cloning the EPQ gene from a human
genomic library similar to the Lawn library using an oligonucleotide
probe corresponding to the first 30 nucleotides of protein coding exon
IV from the Jacobs sequence. This sequence is identical to the
sequence of exon IV in Table VI of EP 148 605. The genomic cloning
was completed and the gene characterized within a few months.
Next, we generated EPO mRNA through the transient expression of
the human genomic clone in COS cells. We then cloned EPO ¢DNA
as described in the Wojchowski article and expressed recombinant
EPO in COS cells and later in insect cells. The cloning of EPO ¢cDNA
and expression in COS cells was completed within the first part of
1986, and timewise, I would comment that this project was one of
several we were working on at the time, and we did not pursue it at a
furious pace. Thus, with the EPO gene sequence available, it was
straightforward and only required a few months to clone the gene
and to express the recombinant protein.
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Stuart H. Orkin

Executed this
Boston, Massachusetts.
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CURRICULUM VITAE

Name: Stuart H, oOrkin, M.D.
Home Address: 16 Winnetaska Rd., Waban, MA 02168
Date of Birth: April 23, 19458

Place of Birth: New York, N.Y.

Education:

1967 B3 Massachusetts Instityte of Technology, Cambridge,

1972 MD g:évard Medical School, Boston, MA.

Postdoctoral Training:

Internshib and Residency:

1972-73 Intern in Pediatrics, Children’s Hospital Medical
Center, Beoston, MA

1975-76 Resident in Pediatrics, children‘s Hospital

Clinical Fellowships:

1972-73 Clinical fellow in Pediatrics, Harvard Medical

School
i 1975-76  Clinical fellow in Pediatrics, Harvard Medical
: School
l . 1 1976-78 Fellow in Medicine (Hematology and Oncoloqy),
Children’s Hospital Medical Center and the Dana

Farber Cancer Institute, Boston, MA

i Research Fellowships:

i 1973-75 Research Associate, Laboratory of Molecular
Genetics, National Institute of child Health and
Human Development, NIH, Bethesda, MD

1976-78 Research Fellow in Pediatrics, Harvard Medical
School

Licensure and Certification:

l 1978 Massachusetts License
1978 American Board of Pediatrics
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Academic Appointments:

1978-81 Assistant Professor of Pediatrics, Harvard Medica)

School
1981-87 Associate Professor of Pediatrics, Harvard Medica)
School
1986~ Investigator, Howard Hughes Medica} Institute
1987- Leland Fikes Professor of Pediatric Medicine,

Harvard Medical School

Hospital Appointment:

1978~ Associate in Medicine (Hematology and Oncology),
Children’s Hospital Medical Center
1578~ Associate Physician, Dana Farber Cancer Institute

Awards and Honors:

1976-78 Basil 0’Connor Starter Research Award of the
National Foundation-March of Dimes

1976-79 NIH Young Investigator Award

1979-84 NIH Research Career Development Award (NHLBI)

1984 AFCR Clinical Research Award

1986~ Investigator, Howard Hughes Medical Institute

198s Dameshek Award, American Society of Hematology

1987 Chairman, Gordon Conference on Molecular Genetics

1987 Mead Johnson Award, American Academy of Pediatrics

1988 Ben Abelson Visiting Professor, Department of
Pediatrics, Washington University

1988 Karl Meyer Lectureship, University of California
Medical Center

1388 Harvey lecture

1988 Councillor, american Society of Hematology

1989~90 President, american Society of Clinieal
Investigation

1589 Robert anag Courtney steel Visiting Professorship
in Pediatrics at Memorial Ssloan Kettering Cancer
Center

1991~ Member, National Academy of Sciences

1992~ Member, Institute of Medicine

1992 The Stratton Lecture, 24th Congress of the
International Society of Haematology

1992~ Menber, American Academy of Arts and Sciences

Major Committee Assignments:

National and Regional
1992 Member, External Advisory Review Committee on Gene
Therapy, Department of Internal Medicine, Thae
University of Michigan Medical Center

1992~ Awards Committee, E. Mead Johnson Award for
Research in Pediatrics
1993 Scientific Advisor, Lindsley F, Kimball Research

Institute of the New York Bloed Center
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1993 External Advisory Committee for Research, The
University of Texas, MD Anderson Cancer Center

1993 External Advisory Committee, Indiana University
Schooul of Medicine, Herman B. Wells Center for
Pediatric Research

Hespital
1990~ The Research Faculty Council
1992~ Awards and Review Committee

Professional Societies:

1979~ American Society of Hematology

1580~ Society for Pediatric Research

1982~ American Society for Clinical Investigation
1983= American Society of Human Genetics

1989~ Association of American Physicians

Editorial Boards:

1983~1986 Blood
1983-1986 American Journal of Human Genetics
1987-1989 Genomics

1990-1991 New England Journal of Medicine
1992~ Annual Review of Genetics

Major Research Interests:

1. Molecular genetics and biology of human disease
2. Thalassemia syndromes and hemoglobin synthesis
3. Prenatal diagnosis of genetic disease
4. Molecular biology of coagulation
] 5. Molecular genetics and biochemistry of the
phagocytic cell
6. Gene transfer and expression in hematopoietic

F cells

Teaching Experience:

1979= Lectures in hematology section of the Harvard
Medical School pathophysiclogy course
1979- Attending physician, Division of Hematology
. Oncology, Children’s Hospital and Sidney Farber
'. l Cancer Institute
. 1980~ Attending physician, Department of Medicine,
1 Children’s Hospital Medical Center
1979- Lecturer in Harvard Medical Postgraduate Internal

Medicine and Pediatric Courses
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Administrative Roles:

1985~ Member, MD-PhD Salection Committee (Harvard
Medical)

1987-1988 Member, Nationsl Research Council Committee on
Mapping and Sequencing the Human Genome

1987-1991 Mammalian Genetics Study Section, NIH

Principal Clinical and Hospital Service Responsibilities:

1978=~ Attending physician, Division of Hematology
Oncology, Children’s Hospital and Sidney Farber
Cancer Institute

1980- Attending physician, Department of Medicine,
Children’s Hospital

Publications
A. Original Reports

1. Dowben, R.M., Orkin, S.H.: Extrinsic cotton effects in
dye-bovine plasma albumin adducts. Proc. Natl. Acad. Sci.
USA 58: 2051-2054, 1967.

2. Orkin, s.H., Littlefield, J.W.: Nitrosoquanidine
mutagenesis in synchronized hamster cells. Exp. Cell Res.
66: 69~74, 1971,

3. Orkin, §.H., Littlefield, J.W.: Mutagenesis to
aminopterin resistance in cultured hamster cells. Exp. Cell
Res. 69: 174-180, 1971.

4. Orkin, s.H., Buchanan, P.D., Yount, Ww.J., Reisner, H.,
Littlefield, J. W.: Lambda-chain production in human
lymphoblast-mouse fibroblast hybrids. Proc. Natl. Acad.
Sci. Usa 70: 2401-2405, 1973.

5. o©rkin, s.H., Harosi, F.I., Leder, P.: Differentiation of
erythroleukemic cells and their somatic hybrids. Proec. Natl.
Acad. Sci. usa 72: 98-102, 1975.

6. Leder, A., Orkin, S.H., Leder, P.: Differentiation of
erythroleukemic cells in the presence of inhibitors of DNA
synthesis. Science 99: 893-894, 1975.

7. Orkin, S.H., Swan, D., Leder, P.: Differential
expression of alpha- and beta-globin genes during
differentiation of cultured erythroleukemic cells. J. Biel.
Chem. 250: 8753-8760, 197S.

8. Orkin, S.H., Swerdlow, P.S.: Globin RNA synthesis in
vitro by isolated erythroleukemic cell nuclei: Direct
evidence of increased transcription during erythroid
differentiation. Proc. Natl. Acad. Sci. USA 74: 2475-2479,
1877.
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9. Orkin, S.H.: In vitro synthesis of a DNA probe for
antisense globin sequences. . Biol. Chem. 252: sS606-
5608, 1977.

10. Orkin, S.H.: Fidelity of globin ribonucieic acid
synthesis by isolated nucleij: Asymmetric gene expression.
Biochem. 17: 487-492, 1978.

11. Orkin, S.H.: Selective restriction endeonuclease
Cleavage of human globin genes. J. Biol. Chem. 253: 12-15,
1978.

12. orkin, s.4H., Alter, B.P., Altay, c., Mahoney, M.J.,
Lazarus, H., Hobbins, J.C., Nathan, D.G.: Application of
endonuclease mapping to the analysis and prenatal diagnosis
of thalassemias caused by globin gene-deletion. N. Engl. T,
Med. 299: 166-172, 1978.

13. Orkin, S.H.: The duplicated human alpha glebin genes
lie close together in the cellular DNA. Proc. Natl. Acad.
Sci. uUsa 7s: 5950-5954, 1978.

14. oOrkin, s.H., o1d, J., Weatherall, D.J., Nathan, D.G.:
Partial deletion of beta globin gene DNA in certain patients
with beta-thalassemia. Proc. Natl. Acad. Sci. USA 76: 2400-
2404, 1979.

15. orkin, s.H., 0ld, J. Lazarus, H., Altay, c., Gurgey,
A., Weatherall, D.J.: The molecular basis of alpha
thalassemias: frequent occurrence of dysfunctional alpha
loci among non-Asians with HbH disease. Cell 17: 33-42,
1979.

16. Orkin, S.H., Alter, B.P., Altay, C.: Deletion of A-
gamma-globin gene sequences in G-gamma-delta/beta~-
thalassemia. J. Clin. Invest. 64: 866-869, 1979.

17. Gusella, J., Varsanyi-sreiner, A., Kao, F-T, Jones, ¢C.,
Puck, T., Keys, c., Orkin, S.H., Housman, D.: Precise
localization of the human beta-globin gene complex in
chromosome 11. Proc. Natl. Acad. Sci. Usa 7s: 5239-5243,
1979.

18. oOrkin, s.H., Kolodner, R., Michelson, A., Husson, R.:
Cloning and direct examination of a structurally abnormal
human beta-thalassemia globin gene. Proc. Natl. Acad. Sci.
usa 77: 3558-3562, 19%80.

1%. orkin, s.H., Michelson, A.: Partial deletion of the
alpha-globin structural gene in human alpha-thalassemia.
Nature 28s: 538-540, 1980,
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20. HMichelson, A., crkin, S.H.: The 3’-untransiated regions
of the duplicated human alpha-globin genes are unexpectedly
divergent. Cell 22: 371-377, 1780.

21. orkin, S.4. Goff, S.C., Nathan, b.g.: Heterogeneityv of
the DNA deletijon in gamma/delta/beta~-thalassenmia. J. Clin.
Invest. 67: 878-884, 1581.

22. Orkin, S.H., Goff, 5.C.: The duplicated human alpha-
globin genes: Their relative exrression as measured by RNA
analysis. Cell 24: 345-351, 19831.

23. Orkin, 35.H., Goff, s.cC., Hechtman, R.L.: A nutation in
an intervening sequence splice junction in man. Proc. Natl.
Acad. Sci. USA 73: 5041-5045, 1981,

24. Orkin, S.H., Goff, S.C.: Nonsense and frameshift
mutations in beta-thalassemia detected in cloned beta-
globin genes. J. Biol. Chem. 256: 9782-9784, 1981.

25. Distesche, C., Kunkel, L.M., Lojewshi, A., Orkin, S.H.,
Eisenhard, M., Sahar, E., Travis, D., Latt, S.A.: Isolation
of mouse X-chromoscme specific DNA from an X-enriched
lambda-phage library derived from flow sorted chromosomes.
Cytometry 2: 282-286, 1982.

26. Orkin, S.H., Kazazian, H.H. Jr., Antonarakis, S.E.,
Goff, s.cC., Boehm, c.D., Sexton, J.P., Waber, P.G.,
Giardina, P.J.V.: Linkage of beta-thalassaemia mutations,
and beta-globin gene polymorphisms with DNA Polymorphisms in
the human beta-globin gene cluster. Nature 296: 627-631,
1982,

27. Orkin, S.H., Little, P.F.R., Kazazian, H.H.Jr., Boehn,

C.D.: Improved detection of the sickle mutation by DNA

analysis and its application to prenatal diagnesis. N. Engl.
- Med. 307; 32-36, 1982,

28. Felber, B., Orkin, S.H., Hamer, D.H.: Abnormal RNA
splicing causes one form of alpha-thalassemia. Cell 29: 895~
902, 1582,

29, Antonarakis, S§.E., Orkin, S.H., Kazazian, H.H. Jr.,
Goff, s.c., Boehm, C.D., Waber, P.G., Sexton, J.P., Ostrer,
H., Fairbanks, V.F., Chakravarti, A.: Evidence for multiple
origins of the beta E-globin gene in Southeast Asia. Proc.
Natl. Acad. sci. USA 79: €608-6611, 1982,

30. spritz, R.A., Orkin, S.H.: Duplication followed by
deletion accounts for the structure of an Indian deletion
beta-thalassenmia gene. Nucl., Acids Res. 20: 8025-8029, 1982.

3l. Michelson, A.M., orkin, S.H.: Characteriz;ticn of the
homopolymer tailing reaction catalyzed by terminal
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deoxynucleotidyl transferase: implications for the cloning
of cDNA. J. Bioj. Chem. 257: 14773-14782, 1982.

32, oOrkin, S.H., Xazazian, H.H. Jr., Antonarakis, S.E.,
Ostrer,H., Goff, s.c., Sexton, J.P.: Abnormal RNA processing
due to the exon mutation of the beta-globin gene. Nature
300: 768-769, 1982,

33. Michelson, A.M., Markham, A.F., Orkin, s.H.: Isolation
and DNA sequence of a full-length cONA Clone for human x-
chromosome encoded pPhosphoglycerate kinase. Proc. Natl.
Acad. sci. USa, s8o: 472-47s, 1983.

34. Orkin, S.H., Markham, A.F., Kazazian, H.H. Jr.: Direct
detection of the common Mediterranean beta-thalassemia gene
with synthetic DNA Probes: an alternate approach for
Prenatal diagnosis. J. Clin. Invest, 71: 775-779, 1983,

35. Prochownik, E.V., Markham, A.F., Orkin, S.H.: Isolation
of a cDNA clone for human antithrombin III, J. Biol. Chen.
258: 8369-8394, 1983,

36, Prochownik, E.V., Antonarakis, S.E., Bauer, X.,
Rosenberg, R., Fearon, E.R., Orkin, S.H.: Molecular
heterogeneity of inheriteq antithrombin IIT deficiency,
N. Engl. g. Med, 308: 1549-1552, 1983.

37. Michelson, A.M., Orkin, s.H.: Boundaries of gene
conversion within the duplicated human alpha-globin genes:
concerted evolution by segmental recombination, J, Biol.
Chem., 258:; 15245-15254, 1983.

38. Fearon, E.R., Kazazian, H.H. Jr., Waber, P.G., Lee,
J.I., Antonarakis, S.E., Orkin, S.H., vanin, E.F., Henthorn,
P.s., Grosveld, F.G., Scott, A.F., Buchanan, G.R.: The
entire beta-globin gene cluster is deleted in one form of
gamma/delta/beta-thalassemia. Blood, s61:; 1273-1278, 1983.

39. Treisman, R., Orkin, S.H., Maniatis, 7,: Specific
transcription and RNA splicing defects in five cloned beta-
thalassaemia genes. Nature, 302: $91-596, 1983.

40. schwaber, J., Molgaard, H.,Orkin, S.H., Gould, H.J.,
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. : i 1l oToces

1l rrocesd wigy fusion and hybridoma generation as de.

¥ is ongoing we STSpose o explore the biochemica) .
ffinity columns directed againse erythropoietin, I

in antiserum made available to us as vell as ap

i
91is we will surify the IgG fraction and covalent.
ot Y-%., Serharose beads. we shall then explore @ethods of
oPoiezin presarations 0 such antibody columns peraitting the ep.

dies and, thereafter, devise zethods of ejy.
Spoietin so as g achisve maxima] vield and similtane-
ly preserve biological activity, We believe that it s nNecessary to explore these
hods well in advance of the availabijicty of i Tythropeietin,
n these monoclona] antibodies ars on hand we ® Tapidly toward zp
inity purification of the hormone.

v Brpiece rrr. Moleculaz Veomeee o2 Zlobin Cemm SwitsNine and Cloning of Ervihrovej-
2552 Zeayerces
Projec: leader: Stuare H, Crkin, '
A, Publicotions Quring ke n) Year

1. GCrkin SH, Gofs SC: The duplicazed auzan 2-glohin genes: Their relative ex.
22:345-331, 1981

J 8iol Chesm (submitted, 1982)

A |

in ra

<. Michelson AM, Orkin SH.
3. Personnal

L. Addisions: pavig Glasbury, sare-time Tesear
Ann Cyrso, FaTI-lize secretary
<. Jelecions: Edward Prochowni

C. Changee in SEfers

ch 2associate

X, 'ID, researsh associate

i. Uneil our morIspecific antibodies to 2rythropoietin (to be PTepared by A,
vt cleming studies, we ¥ill concentrate on further develop.
of <DNA cloning and eXPression of the clened 2clecules in E. gali. When the anti.
¥ can be quickly used for isolation of the appropriate clones.
<. Similarly, until purified *TvThroid pepulations are available (from D.G.

corcentrate on tTying to examine and 2 gene expression in

0. Pragress R .
Nyt
1' - " T-, N -5:-‘.:
1) Study'offbiprossibuffroa the 2 gene complex in early erythroid developoent.
) Investigation of pessible appToaches to cloning of eTythropoistin RNA
sequences. S

¢! Establishoens of ;DNR cloning pethodologies and expression of ¢DNAs in
£ osolf.

= Pragrasc g Mhieing Gosle fap the 0] Yesw
(3) Zxpression faam =ug 4 iene complex
D . R . N :
Cur initigl studies (res, i) established the techniques for distinguish.
® IRNA5 iranseribed feam the duplicate human 3-globin genes. These showed thap
o7 the more 3° fene

<) into stable mava exceeds that of the
<2 s whether the selatiy

early feral or enbryenic life

3' gene (a1).
¢ *XDpTression of these genes is fixed, especially

when switching Seem S to 3 gene expression occurs.

Ne have attempr.
for tschnical TEISONS, 0 analvze earlier Samples provided
10

v® studied samples as faTly as onlv 10 weeks fetal life,
far Lnsuciessfully

/1 fj = T
|

AM670256250

AM-ITC 01040866



ditionz} Simples shou 14
Xe cell, the K362 eryth-
e 21 =oNA. Ahether
study of earlv feray

per=is e
roleykzm
this ig

samples,

(2) izmriqcnas s2 algnis

Yo hgve mirsyed TWO artraoaches =g this croblem. First, ve have asked whae
the most faveranie SISSUR jample =i ke - We have investipaced hyvpoxie rat and primaes
kKidney 5amoles as well g hur 7. Rat lidnevs “eTe prepared by M, Miller g¢
8rookhaven Laboracoriasg ind Taborn k. BTN DeSimene at Chicaga. [n the laczey in-
Stance, animals were kept usdar spveve threnic hypoxemic StTess 1o augment eTythropoie.
tin production gTeacly, Raé:oin:unoass:y 9% tissye and SeTuR sanples by g, Gareiz 3¢
Lawrence Latorateries in derkeley, Ca, thewed that gyr baboon serum and tissue speci-
mens are 3107 ~jong basa! STUIhTIRoietia love)s, Rat kidney and human feta) liver zre
Somewhat increased but not to the saze extcne, Therefare, we believe that the hypoxeuic
baboon tissue that we have tonstitutes 3 £TPatly erriched source of eTythropoieein @RNA
in al} likelihoed, Sezznd, wa hawva FrEtared undegraded mRVA frem the baboon tissue ys-
ing 2 guanidine HCL wxtraction ana traaslated o 12 vizro ia the rabbie teticulocyre ly-
sate system. Translation procducts were izmunoprecipi:::ed vith heterospecific anti-Epo
antibedy (ign U/al) provided t0 Us by J. Gareis, Unfortuna:ely. numerous kidney pro-

, teins were Frecicitated at YATICUs cosconirazions ¢f antibedy and after varioys pre-
' adsorptions. Therefore, the lack of STecificity of this antibody Preparation Precluded
ldentificacion of Irinzlared *TYTATSCCiztin mRNA, In addicion, Samples of varioys
translation mixturas “ontaining putasivae ZPo-RNA werse subjected tc radiolmnunoassay by
« Garzia. yo E20 asove backsround “as detected, However, the sensitivity of the as-
33ays wag insusficiang 0 assure detecsion of the levels of 7rotein likely to be syn-
thesized in vigeo, .

l' ' () Cloninz o€ cnvae A0¢ sheir etoemesion o I.coli
Cloning of 2rythraceiscin =gva Senuences requires ¢€ficient methods of cDNA

cloning. Ouring the g veir we hgve adapted previgus methods of cONA cloning, Using
conventionally Frepared cONA, ittention zo complete copying ince 3 second strand with
ONA Polymerase (K]enow fragmenz), znd 2odificd termingy transferase tailing of cONA,
¥€ now generice ibout |p3 clones/uy of ARNA.  This :g sufficient o generace complete
libraries of ANy tissus mpps Population. ife have constructed initigl liver libraries

’ from human adult and feey) Sarples in the Flasmid prkrz1s and are investigating expres.
sion of SPecific cODNAs ip £ soli.

‘ Iv. Broje-- [} The Jeveloomene 2f Rad cary isnbrine Proreins
‘ Projec: eader: Samuel] g, Lux, o
A. Publicarions Duripz <he OI'*IEQ v
I 1. Spiegel gk, Beards ey 0%, * L SE: ldentification of 4 PTOtein in nonerythroid

”ihRi!.lﬁ‘glmalliIIEEIESFIBaaqnzu-n-w~—-~

13

human celrs which Crosg~reacts -ithfbrythrocyie Protein 4.1, Fed proe 41:657, 1982 (abser)
2. Becker PS, sﬁcgeL_JE:‘ Litx SE: A new procedure forp higheyield purification
of protein 4, tTom htman vet cedl membraves. Fed Proc 23:657, 1982 (abser)

t
’ B. Personne

‘ 1. a¢dicions: Sndisy Spiegrl, researech fellow
rFame

, Ann Durso. JecTetary (23

f 2. Qg;g;igns: Clinton Joiner, "D, researzh associate ’
" C. Changes i- SifeTs: None
D. Proprecs lencr-

L. Qoale tor e 21 Yeax

QT work in ehe 01 vear was focused on the dzvelopment of specific antibodies -
"3 red gej) nembrane proteins, Particularly mezbrane skeleta] Protains, and the 3pplication
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3tions of ervthroooierin and ¥

ies 2 which thev give g
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i
T2 and is not a functisn s¢

1eTivity on feugr ienoglobin synchesis descriled %{

FIUITeAT s the onlv gre. which has to cur know-. él
cglobin simuhesis “ithcut less of hemoglobin Produc £
desrrmine whether tyig finding has therapeusie E

feza] henoglobin symthesis? To approach this,
Cebus Tonkevs or qITTOSCTS now avaiiable to ys
Universicy, [r *rvinroid progeritors of these
1 the CIBACLLY %9 sraduce feral hemoglobin in cul.
Nt in fegnl hezczicbin when burst promoting ze-
shon begin an TlepT L0 treat such 2onkeys with
safficient bleeding 1o induce BFU.g terninal diffe-.
TTeriunicy o IFETIach the oroblem in vive, and £i.

<37 I fact wedylace ¥ <¢hain rroduczion in a poten-

in

ture and 4.
tivizy is a4
burst sromeein
entiation, T
nally desarming
tiallv theraveutiz mg-

o

IT. Pygings 17. Suihrommiasin

g !:14-='wfhr~'~i*:in Ansitadine

9tojecs leader: Archur . Svikowsk:, '

Av Putticarions 2uTinE she M va-w

None
3. P:*sc':c.c',
LooAdditiens: Veran . Siekmarr, research tackmician
\ema lacan, Tesnerch associste schedyled to stare Jamwary, 1983.

An Puree, Tart-time secretary
<. Leiezions: John NooD'Alnis, TuSearch tecanmician

C. Chanpes in Fide e Arihar g, Svikowsk i Teduced o 330

o, Frogress lencre
i. Goals fae e D5 Ve

Cur wourk in the 06 »ior nqs phasized the development of Jonoclonal antibody
technology, Thig effors is direvs ¢ isward the ulti=gte sTeparation of monoclonal an-
tibodins ¢q human urinary eI 1TIpoietin, Specific scientifie objectives included:

a) the acquisition of mousa 3¥:loma cell lines and the cultivation of these cells in
YILI0; b) she derivation ofrtwchniques to pernit fusion of these nyeloma lines with in.
mune lymphoid cells from tNespleens of Tice (allogeneic h

geneic hybridi:zttou)i ¢} the dovelcpnent of 2 solid phase en:yme linked i-nunosorbent
assay (ELISA) for.soloble Protein antigens

eTythTopoisein mtibodies,

<. 2rocroes in_3¢hjewvine Goals Snr <he Nl Yesy

¥e have obtaipes S¥O Zouse aveloma lines deficient in hypoxanthine-guanine-
phosphoribyl:r:nsf:rase THGPRT).

1 3eth are nonirmunoglobulin producing. They are line
SP2/0 and ine P3X63Ag3653 which were obtained from the Yuman Genevie Mutant Cell Ra-
Besitory 12 :he [astizuze for Hediesl Ressarch in Canden, \J. se lines have been
demonstrareq s, exhibic 2 Aigh fusing ITTACITY ia other laboratories. The cells are

§Town ia gp- dMilbecca's Medifiag Eagie rriips enTiched wis glucose, pyryvie acid, ox.
alacetic jcid. inzuiin, =g 1n- fe2al :ay; ser™ua in 3 hunidified itoosphere of 90% air/

- ?
10% C0;.  soth lines demonst-aze

§Tater than §5% viability in our laboratory and both
have pzen cTYenTeserved,
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- (2} The St=:an System L

ring the 02 year ve camplete: stuilss of the feval nemoglabin

] Prograe n sialan Progenitars and showes ciesrly that the F-gregram '3 a funcceion

T ef progenitor [aturity. In 343itlen we fauns trat ‘n the 0osSt mature Frogenitors,
. termed s HERCs, the Fepregram s completely 2XTLINgUlishes, Comparisen ssudies of
L. huRan erythropolesis were also compleres 3uring ine 02 year ang 3howed substan-
) tlally different results, In humans the F-prograz s canstant through the CFy.g
and heaoglobin F Synthes's s not extingulsned untll the level or the proery.
throblast, In other dtudies we founil tnat there was no apparent nfluence ot
dzacytiiine on this Program :n vitrs.

.
4

N
f

[T %

Studles of erythropelesis In the sia‘an fetus were cantinueq
during the 02 year, The evijence te z3te 3uUggests that two Progenitors are present
~ Ohe fetal ang one adult,

3. Ceals fsr the 03 Year

(a) We plas to develop 2 sizlan mosel tnat will allow us ta Lavestigate the
effects of chemotherapeut’e ANty on hezogilotin 7 Synthesis,

—BINDING MARGIN.

(b) We alse slam te investizate tne F-program ¢n thalassemia and
slekle cell disease using patients with g nign level af hemoglovin F (thal
interzedla or SS withn Righ F) ta detercine whether the hizh sancentration of
hemogledbin F {3 due to seleetion er to an increase in the F-prsgram,

.

,,.‘A\‘ s,

II. Erythropoietin and Anti-Ervemropstersn ARLIBOYlas

—
RN YA
'
.

Praject Leader: Arthur J. Sytkowskl, M.5.

—
‘

A. Publicat’ans during the 02 v.:r

Sytkowski AJ, Richte JP, Blekrsll Z2, A n.a «man renal carcinems cell lipe
e3tadlished frem 3 patient with eryL.reeyissis,  Conaer Research 19#3;
43:1815-1419,

DO NOT TYPE IN THIS SPACE

Sytxawakt &), Perrine SP, 2::.nell RA, Kessler CJ. Zrythrapoletin-induced
differentiazian of Tauscher erythrsisukents cells, Proceerings of the Third
Conference an Hemsglabin Swltening {In Press),

Sue J?rv"i.a'sf;Sytknulc Ad. Sit:-speelflc antilciles L2 human erytnropeletin
ireated toward the X.‘lz-um:ml reglzn. Fri~. Xatl. Acad, Sei. USA (In Press),

RR LA

B. Persanrel
—r3sncel

-t

: 1. Additlens: None
‘ 2. Deletions: Nsne

/
C. Dlanzes 2n Effape: Or. Sera 2a0za, ieeaaron sgzselate, lncrease
e e o
to 100% effsrt.
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D. Progress Repart

1. Goals for the D2 Year Luring <<2.32 vear =~¢ slanrey cz:

(a) prepare monoeclonal an: polyclensl MLl to erythrapatetin
-~ hatd ]

(b) continue our efforts to purify e yTnrogatetin
- 1

f3cusing
particularly on lmmmunoaffinity, ehrematograzny, b

{¢) develop an LZ3UNCastay fsr the norzone,

2. Progress in Achleving Goals far tre 22 Year

{3) Preparation of antidogles t» grythraceterin

Considerable success was dchlevel on tnegy :

during the 02 year. This was aceemplished using 3 new a::::::naéat:;ep;:£e::at‘
of erythropoletin antibodies. A Synthetic peptide was prepared conca'n'n;p;ng =en
firat 26 anine acils of the N-terminal sequence ar nuzan ery:nrupo'et:n-recengz
reported by Coldwasser., This peptllde was attaches o aldbuain ang ;he.eanplcx vz
uled to Immunlize radbits, The resultling polyclsnal 3NTibodles were puriffieq on 3
albualn-affinity column, This antibody preciziiates pyer 90% of b:ologZ;;lly .
active erytaropoletin (assesseq uaiqssz rabblii bone marroy 333ay). In agditlon,

the antidbody precipitated purifiea «=<rythropcletin (20talne
- ~ne? froa Gare?
Clemons). SDS gels of the lzmunoprecipitite 1l3closes 3 39,000 jaltoncr::‘:a::?v'

band, which corresponds to the publishes molecular weignt of erythropoletin, In
other studles we show that either unlabeles 3YTnThetic reprile or unla e;"
‘ologlcally active crude erythrapaletin coulsd ceopete With purifieq ?ng-'
erythropoletin far the aat:body;a The X, '3 Ior Z3th tne Feptlle and bdlelagicall
active erythropsietin were 3xi0°C M. - : cToTes y

(b) Purification of Erythracr. e

R Y N
No progress was zade on :ats 83l turing whe 92 ;
! et Ye3r; however, with
the avallability of the antibody ta> the Jyniretic erYLAr3potettn ;e;:::e we ﬂepo to
Bake substantlal progress towars tnls shreztilve uring che 33 year,

- -
& (ed I-uugu far Erytnrogcziezia
- .. B * -

-» - The anxibedy ta the Syntrelle erythrogoieten PEPLile was usel to

estab%é the ridzc:i-unaassay. Che =f tne greatesy alvantages of whis 333ay 3
That I-synthets agry:arupo:et:n peptiie (lirge azczunts dValiable; can te used in
pPlace of purified l-arythrepasetin( rare an: Precisus). e azsay wac

dtandardizes againse bislogically active erytoropoletin ans agasnse tre
International Reference Stansars.

3. Coals for ke 03 Year

!
(a) T3 23a23: the eryzmropoieiin 3li rar siinlzal use.
(d) To =make z=poeclezal antoisiler, eazennzily s,
BoDgclonals to the SymtRetic erytaropoisiin zess

L

-t

MW MM T PNV

. e

AM670256254

AM-ITC 01040870



- ¥ N
Narme of P1/PD/Progrem Coorinarar or Ca.—ioate (Last. Sru .aues) $0c10l SeCuitty Numper
Nathan, David G. | 022-22-5319

(¢) To use the polyclanzl and asnaclanal erythrapoletin
antibedlies to purify husan urinary «rythragolatin,

N (d) To begin studles, ucing these antitolies, to ‘solate the
K erythropaietin gene (in collaboratisn <itn Or, Siuar:
Crxin) .,

. , III. Project IIT: Molecular Aspects of Slshin Gene Switchine and
?, a < . . Iy

Cloning of erythrapcletin Sequences

Project Leater: Stuart H, Orkin, MU0,

A. Publications Suring the 92 Vear

Michelssn AM, Crkin SH: Chiracserizaticsn of the homopolymer talling
reactisn catalyzel dy ter=inal feoxynucl:ctiilyl transferase: wmplicatians ror the
cloning of eDNA. J Blal Chem 1G8Z: 257: 1:5773-14732,

B. Personnel
R llils

A3iitions: lane
Deletions: David Ginsburg

C. Changes in Erffart: Sadbra Cof!f, >:searen ASSdClate, effort lecreased from
608 ta 2%

D. Progress Repere

1. Goals for the C2 Year

To continue efforts to clune erytrrcpoletin gene isewquences.

2, Progress 'n jchleving sc. o iTr ne LD Veur

‘L.( o
Dur.n( the’ Q yv' "'wl eoR-inue: S elIIrts o 2l2ne erythepoletin gene

uqucncu. Attention was d.roctcd %3 LW Cilssue fources [or cloning* human leval

iver az3 hypoxic dadoon «liney RNA. clliA iibrarles were constructed In a pBR122
derivative and were screened with oligsnicleotise zrode sixtures 4rected to the k-
Terninal peptidE Sequence Of erytRrisoicetin reportel by Goldwasser, e found fetal
Sver clcpes Thafg Aybridized to these dlijcnuclestides but DA sequencing showes
Chat tWm3e were OT erythropoletin., Stuzies af cdki coloniss “solated from babeon
Kimey.gave ainllar results. The cast ligely explanatisn i3 that the portien of
the miing acil sequence use: =3 e2nsirust the ol:z.n.a-clear.-ae probes (the C-
teralinal cct'ef the 28 resiiue segusnce) L3 1nCOrrect.

DO NOT TYPE IN THIS SPACE—BINDING MARGIN

3. Coals far the 03 Year

b Bork Juring the 03 year alll fscus snotne use of aziitisnal oligenu-
‘. cleotile prode Sixtures prepares s tne SeterTinal 7::: 37 ne Goliwasser sequennew
bl on ex;ressiss of clonel sequencss L E. esil.

3 - P - orvuey e

AM670256255 AM-ITC 01040871




