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An EGF has been demonstrated (1-13).
Erythrogenin, the renal erythropoietic factor
(REF), seemed to be an enzyme that acted
on a serum substrate to produce an erythro-
poiesis stimulating factor (ESF) (6). Al-
though EGF and REF appeared to perform
the same function, the exact identity of the
two factors has not been established.

Recently the optimum pH for EGF activi-
ty was determined on a fraction isolated from
the urine of a female patient with an anemia
secondary to multiple myeloma (MM)
(12). An unsuccessful attempt was made to
demonstrate a pH activity dependence on a
fraction isolated in the same way from the
urine of a male patient with paroxysmal noc-
turnal hemoglobinuria (PNH). This report
describes an additional step in the fractiona-
tion of the urine from the PNH patient,
which was necessary to obtain a similar EGF.

Materials and Methods. The urine was
from a male PNH and a female MM patient.
The urinary ESF concentrate, fraction IT +
111, was prepared by column chromatography
on DEAE-cellulose (14). An ESF was re-
moved from fraction IT - IIT by selective
membrane permeability (9-13). The reten-
tates, after exhaustive dialysis and lyophiliza-
tion, were dissolved in 0.02 M phosphate
buffer at pH 7.4 and 0.5 M NaCl and frac-
tionated by selective membrane filtration
with Amicon XM-50 centriflo membranes
supported in 50-ml conical centrifuge tubes.
These membranes were designed to retain
molecules at a molecular weight of about
50,000 or greater. (The membranes were pur-
chased from the Amicon Corporation, Lexing-

1Supported in part by Grants HE-10591-07
(HEM), FR-0061, FR-5365, and HE-12958 from the
National Institutes of Health.

ton, Mass.). Centrifugation was continued at
1100g and 4° until all the solution passed
through the membrane. The filtrate was col-
lected, and the residue on the membrane was
dissolved in the same phosphate buffer. The
volumes of the solutions were adjusted so as
to contain the extract from 0.05 or 0.20 mg
of the fractions/ml, respectively, from the
urines of the MM and PNH patients. ESF
and generated ESF activity were determined
on all fractions (9-12, 15). The posthypox-
ic—polycythemic mouse was used as an assay
animal for ESF activity (15). The results of
ESF and generated ESF activity are ex-
pressed as percentage RBC-5°FE incorpora-
tion and also as international standard® B
units. The generation of ESF activity by in-
cubation of ESF with rabbit and mouse
serum, in vitro as well as in vivo, has been
demonstrated (9-12). The EGF activity was
pH dependent, whereas the ESF activity was
not, The pH-ESF activity data were obtained
on the fractions as reported (10-12). The
EGF was inactivated with 10 pM of dithi-
othreitol (DTT), whereas the ESF was not
(13). Nitrogen was determined by a micro-
Kjeldahl method.

Results. After centrifugation of the reten-
tate as described from the urine of the MM
patient, the EGF activity (equivalent to 0.26
*+ 0.01 IU of ESF/ml) was in the filtrate,
and no ESF or EGF activity was found in
the residue (Table I). After similar treat-
ment of the comparable retentate from the
urine of the PNH patient, the EGF activity
(equiv to 0.19 == 0.00 IU of ESF/ml) was in

2 ESF standard B was obtained through the cour-
tesy of Drs. D. R. Bangham and Mary Cotes,
Medical Research Council, National Institute for
Medical Research, London, England.
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the filtrate; but ESF activity (0.20 %= 0.01
1U of ESF/ml after dissolving the residue as
described in Methods) was only in the res-
idue.

The optimum pH for the activity of the
EGF in both filtrates was about 7.4. The
EGF f{ractions from the urines of the MM
and PNH patients were about 39.4 and 62.0%
protein, respectively, whereas the residue

(PNH) ESF fraction was 61.39% protein,

The EGF solution, when stored frozen, re-
tained its activity indefinitely.

Discussion. It was of interest to find that
the optimum pH for activity of the EGF
fraction obtained from the urine of the pa-
tient with PNH was about 7.4, the same as
that previously found for the EGF from the
urine of the patient with MM (10-12). It
was not possible to demonstrate the pH effect
on the EGF from either urine without first
separating ESF from EGF; the response to
ESF flattened out the pH activity curve of
EGF as previously demonstrated.

It was also of interest that there was an
ESF in the urine of the PNH (but not the
MM) patient that appeared to be larger than
the EGF, or attached to a carrier protein
larger than the EGF. An ESF smaller than
EGF, or also attached to a carrier protein
smaller than EGF, was demonstrated previ-
ously in the urines of the PNH and MM
patients, and the fraction was about 119 pro-
tein (9-12). The difference in the percentage
protein of the two EGF fractions was pos-
sibly due to a relative degree of purity. These
observations help to explain the variable re-
sults reported for the molecular weight of
ESF (16-21).

In a previous report EGF was indicated to
be stable for more than 3 years, after lyophil-
ization and during storage at —12° in a desic-
cator over calcium chloride and under nitro-
gen (12). Upon dissolving the dried fraction
in 0.02 M phosphate buffer at pH 7.4 and
freezing, however, the activity disappeared
entirely during 3 weeks. In the current work,
the buffer solutions were also 0.5 M NaCl,
which improved the stability of EGF indefin-
itely, possibly by maintaining EGF in its
natural conformation.

Summary. A mixture of an erythropoiesis

TABLE I. The Selective Membrane Filtration of an ESF-Generating Factor (EGF).

Filtrate® ESF activity

Residue® ESF activity

Retentate® ESF activity

(mean + SEM)

(mean + SEM)

(mean + SEM)

IU/ml

RBC-*Fe (%)

IU/ml

RBC-®Fe (%)

RBC-*Fe (%) U Wt (mg/mouse)

Disease®

0.26 = 0.01 (10)
0.19 = 0.00 (25)

12.3 +- 0.6

0.00 =+ 0.00 (10)

0101
9.9 0.5

0.05 (20)4
0.20 (20)

0.28 =+ 0.01
0.33 + 0.01

12.9 + 0.6

15.0 + 0.6

MM
PNH

9.1+0.3

0.20 = 0.01 (15)

; PNH, male patient with paroxysmal noeturnal hemoglobinuria.

e MM, female preterminal patient with an anemia secondary to multiple myeloma

ility) of fraction II + III, a concentrate of human urinary

b:

» The retentate was obtained after exhaustive dialysis (using selective membrane permea

erythropoietin.

the extract from 0.05 or 0.20 mg of the retentate fractions/ml, re-

GF activity w.
th retentates, but not the ESF in the PNH retentate, as previously de-

of the activity in the retentate (PNH), whereas the EGT activity in the filtrate (PNH) was 48.6% of the total

¢ The volumes of the residue and filtrate solutions were adjusted so as to contain

as demonstrated only with the filtrate in each case, and ESF

from the urines of the MM and PNH patients. The pH dependent E

spectively,

residue. DTT inactivated the EGF in bo

activity was found only in the PNH

seribed (13). DTT inactivated 47.2%

50-ml conical centrifuge tubes.

activity recovered. The Amicon XM-50 centriflo membranes were supported in

323

¢ Number of mice is given in parentheses.
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stimulating factor (ESF) and an ESF-
generating factor (EGF), isolated from the
urine of a patient with paroxysmal nocturnal
hemoglobinuria (PNH), was separated by se-
lective membrane filtration. The optimum
pH for activity of the EGF fraction from the
urine of the PNH patient was about 7.4, the
same as that previously found for the EGF
from the urine of a patient with an anemia
secondary to multiple myeloma (MM). The
urine from the PNH patient contained an
ESF that appeared larger than EGF, whereas
the urine from the MM patient did not; the
urine from both patients, however, contained
an ESF that appeared smaller than EGF as
previously noted.

1. Kuratowska, Z., Lewartowski, B., and Lipifski,
B., J. Lab. Clin. Med. 64, 226 (1964).

2. Contrera, J. F., and Gordon, A. S., Science
152, 653 (1966).

3. Zanjani, E. D., Contrera, J. F., Gordon, A. S.,
Cooper, G. W,, Wong, K. K,, and Katz, R,, Proc.
Soc. Exp. Biol. Med. 125, 505 (1967).

4. Zanjani, E. D., Cooper, G. W., Gordon, A. S,
Wong, K. K., and Scribner, V. A, Proc. Soc. Exp.
Biol. Med. 126, 540 (1967).

5. Gordon, A. S., Cooper, G. W., and Zanjani, E.
D., Semin. Hematol. 4, 337 (1967).

6. Gordon, A. S., Zanjani, E. D., and McLaurin,
W. D, Proc. Soc. Exp. Biol. Med. 129, 871 (1968).

7. Contrera, J. F.,, and Gordon, A. S, Ann, N.
Y. Acad. Sci. 149, 114 (1968).

8. Contrera, J. F., Gordon, A. S., and Weintraub,
A. H., Blood 28, 330 (1966).

9. Lewis, J. P, Alford, D. A, Moores, R. R,
Gardner, E., Jr., Wright, C.-S, Smith, L. L.,
Scharnitzky, W. A., and Neal, W. A, J. Lab. Clin.

EGF AND ESF

Med. 73, 154 (1969).

10. Lewis, J. P., Moores, R. R., Gardner, E., Jr.,
Alford, D. A, Neal, W. A,, Welch, E. T.,, Wright,
C.-S,, and Smith, L. L., Proc. Int. Congr. Clin.
Chem., 7th, Geneva 3, 384 (1970).

11. Lewis, J. P., Alford, D. A, Neal, W. A,
Moores, R. R, Gardner, E., Jr, Welch, E. T,
Wright, C.-S,, and Smith, L. L., Proc. Sym. Erythro-
poieticum, Prague, Aug. 1970, 30.

12. Lewis, J. P., Alford, D. A, Neal, W. A,
Moores, R. R.,, Welch, E. T, Gardner, E., Jr.,
Wright, C.-S, and Smith, L. L. Scand. J.
Haematol. 8, 200 (1971).

13. Lewis, J. P.,, Welch, E. T, Neal, W. A,
Moores, R. R., Lewis, W. G.,, III, Wright, C.-S,,
Smith, L. L., and DuBose, C. M., Jr., Proc. Soc.
Exp. Biol. Med. 137, 783 (1971).

14, Lewis, J. P., Alford, D. A, Rathjen, J. H,, Jr,,
and Lange, R. R, J. Lab. Clin. Med. 66, 987
(1965).

15. Lewis, J. P, Neal, W. A, Alford, D. A,
Moores, R. R., Gardner, E, Jr, Welch, E. T,
Wright, C.-S., and McWhirter, J. D., Amer. J. Vet.
Res. 31, 891 (1970).

16. Rambach, W. A., Cooper, J. A. D, and Alt,
H. L., Proc. Soc. Exp. Biol. Med. 48, 602 (1958).

17. Rosse, W. F., Berry, R. J., and Waldman, T.
A., J. Clin. Invest. 42, 124 (1963).

18. Hansen, P., Scand. J. Clin. Lab. Invest. 15, 622
(1963).

19. White, W. F., Gurney, C. W., Goldwasser, E.,
and Jacobson, L. D., Recent Progr. Horm. Res. 16,
219 (1960).

20. Olesen, M., and Fogh, J., Scand. J. Haematol.
5,211 (1968).

21. O’Sullivan, M. B., Chiba, Y., Gleich, G. J,,
and Linman, J. W., J. Lab. Clin. Med. 75, 771
(1970).

Received April 19, 1971. P.SE.B.M,, 1971, Vol. 138.






