radiation in these doses the viable fraction, equal on average to 5% of the control, formed
an ectopic focus containing fewer than 0.5¢10° cells, which is close to the sensitivity of
the method. This objection applies to some extent to results obtained with AD also. Mean-
while it was found unexpectedly that AD itself, if injected into intact bone marrow donors,
increases the size of the foci of ectopic hematopoiesis formed by their bone marrow, possibly
due to the lower sensitivity of precursors treated with AD to the transfer procedure.

For this reason direct proof that mechanisms of DNA repair participate in postradiation
recovery of precursor cells of the hematopoietic stroma, observed in this investigation, ne-
cessitates approaches of a different kind.
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PROLIFERATION OF HEMATOPOIETIC MICROENVIRONMENT PRECURSORS IN LONG-TERM
MOUSE BONE MARROW CULTURES

0. A. Gurevich, N. I. Drize, UDC 612.419.014.2:612.6:612.119/-085.23
and I. L. Chertkov

KEY WORDS: stromal precursors; long-term bone marrow culture; proliferation; hy-
droxyurea.

The hematopoietic microenvironment is stromal in nature [6] and is created by precursor
cells capable of transferring it during implantation of hematopoietic tissues. These precurs-
ors have been called "hematopoietic microenvironment transferring units" (#M1U) [1]. During
equilibrium hematopoiesis the HMTU are in a resting state and their proliferation cannot be
revealed by "suicide" methods. However, the transfer procedure mobilizes HMTU into the cycle,
and after 48 h (but not after 24 h) their high sensitivity to cytostatics, which lasts about
2 weeks, can be easily demonstrated [5]. This short-term proliferation is sufficient for the
formation of the necessary number of new HMTU to enable comstruction of a focus of ectopic
hematopoiesis, corresponding in size to the initial hematopoietic territory.

A method of long-term bone marrow culture has recently been devised [9]. Maintenance of
hematopoiesis in culture depends critically on the construction of a layer of adherent cells,
mainly stromal in origin [3], which plays the role of hematopoietic microenvironment. HMIU
are contained in the sublayer of long-term bone marrow cultures [2]. Their proliferative
state is unknown. Meanwhile the process of sublayer comstruction is analogous in many re-
spects to the formation of a focus of ectopic hematopoiesis.
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In connection with the facts described above it was interesting te study mitotic activ-
ity of HMIU after explantation of bone marrow into long-term culture, and the investigation
described below was carried out for this purpose.

EXPERIMENTAL METHOD

Experiments were carried out on male C57BL/6 (B6) and (CBA x C57BL/6)F, (CBF;) mice aged
8-16 weeks at the beginning of the investigation. Long-term bone marrow culture was conducted
as described previously [2]. Femoral bone marrow of the mice was flushed out with 10 ml of
complete nutrient medium into a 25-cm® plastic flask and cultured at 33°C with daily change of
half of the medium. The composition of the complete medium was: Fisher's medium with 20%
horse serum, enriched with 1% L-glutamine, 107° M hydrocortisone hemisuccinate, and antibio-
tics. For "suicide" hydroxyurea (HU) was used, and was added to the culture in a concentra-
tion of 13 mM (1 mg/ml) for a period of between 2 h and 7 days. To stop the action of HU the
sublayer of the culture was washed three times in medium 199 with 2% embryonic calf serum, 5
ml each time. HMTU in the culture were determined by counting cells in the focus of ectopic
hematopoiesis formed in the course of 1-1.5 months after implantation of the sublayer of the
culture beneath the renal capsule of syngeneic normal mice or of mice previously irradiated
in a dose of 11-13 Gy and restored with syngeneic bone marrow [1].

EXPERIMENTAL RESULTS

On implantation of the sublayer of control cultures into unirradiated recipients the size
of the foci formed was 0.3+10° to 1.3+10° nucleated cells. The same sublayer, in irradiated
mice, formed substantially larger foci: 17¢10° to 22210° cells (Table 1). Intermittent treat-
ment (2 h) with HU had no effect on BHMTU in the 2~week cultures, in which formation of the
sublayer was close to completion. 1In one-week cultures, in which the sublayer was in a stage
of active growth [8], HU damaged 60-807 of the HMTU.

The results agreed for testing on both intact and irradiated recipients (Table 1, I-III).
Hence it can be concluded that in the process of sublayer .construction stromal precursors
functioning during transfer in the unirradiated recipient, and. their more mature progeny,
which participate in the formation of the focus of ectopic hematopoiesis in irradiated recip-
ients [7], proliferate actively. However, it must be recalled that intermittent treatment
with HU revealed proliferation only of cells with a short mitotic cycle. To discover any pos-
sible proliferation of stromal precursors with a long generation time, HU was kept in the cul-
ture until the time of change of the medium. HU is known to be relatively stable in culture
and to block entry of the cells into the synthetic period only temporarily [4]. When kept in
the medium for 3-6 days, HU destroyed the stromal precursors of cultures aged from 2 to 11
days virtually completely (Table 1, III).

On addition to a one-day culture the effect was weaker, Consequently, the results con-
firm that stromal precursors proliferate in culture during sublayer construction. Moreover,
it can be tentatively suggested that their transition into the state of active proliferation
does not take place immediately, but requires at least 1 day. However, the absence of full
data on the pharmacokinetics of HU in culture makes a more definite conclusion impossible, for
it is uncertain which fraction of the precursors is destroyed by HU in the course of 2 days
and more after its addition. Accordingly, the time of action of HU was restricted to 1 day.
Even with this exposure, HU did not act on HMIU of two~four-week cultures, confirming absence
of proliferation of these cells in the formed sublayer (Table 1, IV, V). Sensitivity of HMIU
to HU was sharply increased after only 2-3 days in culture. On the lst day the stromal pre-
cursors still remained in the resting state, as shown by their insensitivity at this time to
the action of HU (Table 1, V).

Implantation of bone marrow im vivo, leading to construction of a new hematopoietic mi-
croenviromment and to the appearance of a focus of ectopic hematopoiesis [5], or its explan-
ation in vitro, leading to the construction of a hematopoietic microenvironment in the form
of a sublayer of adherent cells, are thus accompanied by absolutely identical changes in the
proliferative state of the stromal precursors: During the first 24 h after transfer they re-
main in a state of mitotic rest, during the second day the precursors are mobilized into the
cycle, largely synchronously.  Their high proliferative activity is manifested for only 2
weeks. Later, despite continued growth of the focus of ectopic hematopoiesis and the unceas-
ing morphological and functional changes in the sublayer of the cultures, the stromal precur-
sors donot proliferate, at least to a degree which exceeds sensitivity of "suicide" methods.
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TABLE 1. Sensitivity of Stromal Bone Marrow Precursors to Hydroxyurea Depending
on Dutration of Culture and of Exposure to Cytostatic

. ; g Unirradiated recipients Irradiated recipients
. Duratjon | T1iIe of |5 D | om S vl o
Ex- |Line of |of expo- | 2ddition |3 [BEE | & BEEl 8
peri- mice sure to to cul- :_), HU 5 5% :: Mgy i ot Ap st by g 3 : no11i A et
ment HU ture Sg E g0 x'c: suicide _gi g« 8 suicide
- fgs| 8 2
<= ae% | 4% x 22%| @ x
I B6 2h 2weeks| 2| — 22} 0,7 | 0% (stimulation 2/2 22,5 09 i i
=3 | 1 ( ) o5 %0 % (stimulation)
1! B6 2h lweeks| 3| — | 6/6 | 03 83% — — —
+ ) 4/4 ] 0,05
2weeks{ 3| -~ | 3/4 | 03 0% — — -
1 | B6 Bdays | lday (4| — | — | — - 4/4 | 174
' + — — — 4/4 9,5 61 %
3days | ddaysl4| 4+ | — | — — 0/2 100%
7days | 7days|4| 4 — — — 0/4 100%
2h 7days | 4] - | — | — — 3/4 8,9 64%
3days | 1ldays | 4| -+ — — — 3/4 0,3 98%
v CBF, 1 days 2weeks| 2| — 2,2 1,3 | 0% (stimulation) 2/2 21,8 0% (stimulation)
L 2/4 114,56 2/2 51,3
4weeks| 41 — | 2/2 | 1,1 | 0% (stimulation) 1/1 16,7 7%
1 days + |y | 2.4 2/2 | 15,6 —
v CBF, i days 30— ] 2.2 ) 04 — — — —
tday {3| 4+ | 272 ] 28 | 0% (stimulation) — — —
2days | 3| 4 1/1 | 0,05 88% — — —
3days [ 3| + 2,2 | 0,13 31% — — —
15 days | 3| + 1/1 1,9 | 0% (stimulation) — — —

This agrees completely with the absence of increase in the number of stromal precursors both
in vivo and in vitro after the first 3 weeks of construction of the microenvironment [5, 7].

It is difficult to judge the intensity of proliferation of the stromal precursors in
culture not only because the number of cultures studied was too small for quantitative evalua-
tion, but also because, as was unexpectedly discovered, the action of HU on a nonproliferating
population of stromal precursors gives rise to an "absurd effect" [10], and the experimental
foci are larger than the controls (in Table 1 results of this kind are qualified as "stimula-
tion"). Regardless of the cause (increased efficiency of HMIU transfer under the influence
of HU, their easier detachment from the substrate under the influence of the cytostatic, which
may make the transfer procedure less traumatic, and so on), this effect of HU makes the quan-
titative evaluation of its action on cells in the synthetic period of the cycle more diffi-
cult.

The results show.that Dexter bone marrow cultures are an adequate model with which to
study not only hematopoietic, but also stromal precursor cells.
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