PROPERTIES OF ERYTHROPOIETIN-INDEPENDENT
PRECURSOR CELLS OF THE ERYTHROID SERIES
OF MOUSE BONE MARROW

T. E. Manakova and S. Yu. Shekhter UDC 612.419

KEY WORDS: bone marrow; precursor cells,

The development of methods of cloning hematopoietic cells in vitro has led to the discovery of morpho-
logically unidentifiable erythroid precursor cells, capable of forming erythroid colonies in the presence of
erythropoietin preparations in the culture medium [5, 6, 12]. By the use of syngeneic serum as stimulator
during culture of mouse bone marrow [1, 2], two types of erythroid precursors have been discovered: the
colony-forming unit (CFUep) and the burst~forming mit (BFUep), yielding colonies and bursts without the ad-
dition of erythropoietin, According to some properties (times of discovery, absence of erythropoietin require-
ment, dimensions of the colonies) these precursors differ from those described in the literature.

The object of this investigation was to study the response of erythroid precursors during stimulation of
erythropoiesis in vivo and to investigate proliferative activity of new erythroid precursors.

EXPERIMENTAL METHOD

Bone marrow of (CBA X C57BL)Fy mice was cultured in a plasma clot in the presence of 10% mouse
serum without the addition of erythropoietin [2]. Post~transfusion polycythemia was induced in mice by two
intraperitoneal injections of an 80% suspension of washed mouse erythrocytes in a dose of 1 ml per mouse,

TABLE 1, Detection of Erythroid Precursors
during Bone Marrow Culture in the Presence
of Polycythemic Mouse Serum

| Number of precursors/10° cells

Mouse serum CFUen BFUgp
Mxm n Mzxm I n
Normal 57+9,3 6 18+1,7 6
Polycythemia 567,0 i} 22-+4,2 6

TABLE 2. Changes in Number of Erythroid
Precursors during Stimulation of Erythro-
poiesis In Vivo

Number of precursors/10°
Treatment of bone cells

marrow donors CFUgp BFUep
M+tm n M+m n
Contrél 11,64-2,79 1 91 80+41,78 | 9
Blood loss . 15,0+4,2 4 7.2+2,5 4
Polycythemia 25,042,60 | 9| 87+1,56 |9
Polyczthenug +21iu, . 9

erythropeietin - 21,04+5,7 | 9| 9.0+1,91
Polycythemia + blood R 5

1oss 15,0450 | 5} 12,5424
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Erythropoiesis was stimulated in vivo either by blood loss (2% of body weight) or by injection of erythro-
poietin (2 units per mouse). Bone marrow was obtained 24 h after stimulation.

In order to study the radiosensitivity of the erythroid precursors, a suspension of bone-marrow cells
was irradiated with ¥'Cs vy~rays on the IPK apparatus with a dose rate of 100 rads/min.

The proliferative activity of the erythroid precursors was determined by the "thymidime suicide"
method [7]. After incubation of 4x 10° cells/ml with 3H-thymidine (100 uCi/ml) for 25 min at 37°C the cells
were washed twice with medium containing 100 ug/ml of nonradioactive thymidine. Proliferative activity was
assessed from the number of surviving colony-forming cells.

EXPERIMENTAL RESULTS

Serum of polycythemic mice with suppressed production of endogenous erythropoietin, in a concentra-
tion of 10%, did not lower the cloning efficiency of the erythroid precursors (Table 1).

During culture of bone marrow from mice with posttransfusion polycythemia (i.e., with inhibited ery-
thropoiesis) a significant increase was obgerved in the number of CFUgp , Whereas the number of BFUgy was
indistinguishable from the control (Table 2). Injection of erythropoietin (2 units per mouse) did not change
the number of CFUgp and BFU,, in the bone marrow of the polycythemic mice. In mice subjected to acute
blood loss against the background of polycythemia, the number of CFUgy, in the bone marrow decreased a
little (but not significantly) compared with that in polycythemic mice, but the number of BFUg, increased
(also not significantly). Acute blood loss in normal mice had virtually no effect on the number of CFUepn and
BFUen (Table 2),

Determination of proliferative activity showed that the proportion of precursors in the S-period of the
cell cycle (killed by *H-thymidine) was under 50% for CFUg, and BFUey (Table 3). The system used re-
vealed two precursors: CFUep, forming colonies on the 2nd-3rd days of culture, and BFUep, giving bursts on
the 5th day of culture. It was suggested previously [1, 2] that CFUep and BFUgp detectable on bone marrow
culture in the presence of syngeneic serum without the addition of an erythropoietin preparation are erythro-
poietin-independent in nature. The facts described in this paper confirm this hypothesis. In particular, poly-
cythemic serum, with no endogenous erythropoietin, stimulated both precursors just as effectively as the
erythropoietin-enriched serum of animals subjected to blood loss.

Experimental polycythemia in mice causes a marked decrease in the number of CFUgy in the bone
marrow, which is completely restored after injection of 1 i.u. of an erythropoietin preparation into the mice,
The number of BFUgp in these situations remains unchanged [3, 4, 10, 11, 13]. The behavior of the precur-
sors now discovered was different. Not only did the number of CFUen not decrease in posttransfusion poly-
cythemia but, on the contrary, it increased statistically significantly; injection of erythropoietin into poly-
cythemic mice, and likewise blood loss, did not lead to an increase in the number of CFUg,. The number of
BFUgp in the bone marrow of mice in all forms of stimulation studied remained virtually unchanged.

Furthermore, erythroid precursors discovered during culture under the above conditions differed from
erythropoietin-dependent precursors described previously in other properties also, For instance, they are
more radio-resistant: for CFUep, D, = 206 rads, n (extrapolation number) = 1.3; for BFUgp, Dy = 118 rads,
n = 1.4 (the appropriate data will be published in more detail separately), The CFUep also have lower pro-
liferative activity.,

Taken as awhole, these results confirm that the two precursors are capable of clonal proliferation ir-
respective of the presence or absence of the hormone erythropoietin, This agrees with data in previous pub-
lications on the existence of erythroid precursors detectable with the aid of factors other than erythropoietin:
splenic factor {9], myeloproliferative factor [14], and '"burst-promotor activity'' [8]. Perhaps in this system

TABLE 3. Effect of *H-Thymidine on Ery-
throid Precursors In Vitro

Number or precursors killed
Treatment of bone | by *H-thymidine, %
marrow donors CFUep BFUcp
Mtm n Mtm n
Control 424125 | 5| 46+45 |3
Polycythemia 44480 |3 -



mouse serum is the source of the non-erythropoietin stimulator of erythroid colony formation. The essential
difference of this system is ability to form clones without erythropoietin, whereas in all other cases described
above its presence is essential.
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Adrenocortical hormones and, in particular, hydrocortisone have a marked effect on the state of the
skeletal system and the organ of vision, in which they give rise to metabolic changes [1, 8, 12, 14]. Cortico-
steroids change the activity of lysosomal enzymes of bone tissue and of the tissues of the eye; activity of gly-
cosidases in different types of connective tissue is variously changed [10]. Investigations [3, 4, 6] have
shown that corticosteroids can affect lysosomal enzyme activity in the tissues of the eye, and on that basis it
has been postulated that enzyme systems of connective tissue are especially sensitive tothe action of hor-
mones, It has also been shown that these tissues are target tissues for the action of cortisol [7]. No investi-
gations into incorporation of steroid hormones into hone and cartilage could be found in the accessible liter-
ature. Meanwhile, the possibility of biochemical parallels in the tissue metabolism of the eyes and of bone and
cartilage tissues can be deduced from observations showing that lesions of the skeletal system (osteogenesis
imperfecta, Paget's disease, osteolathyrism, mucopolysaccharidoses, etc.) are accompanied by disturbances
in the organ of vision [2, 5, 13, 15],

The object of this investigation was to study the distribution, dynamics of accumulation, and excretion
of cortisol-%H in the cortical and cancellous bones, costal cartilage, and also in the sclera and cornea, in or-
der to examine the specificity of the link between these tissues and the hormone,
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