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Granulocyte-macrophage precursor cells of fetal liver are characterized by high proliferative
capacity. Being administered to children with Gaucher’s disease, these cells provide a short-
term maintenance of the monocyte/macrophage pool with normal level of glucocerebrosidase.
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Gaucher’s disease is a genetic disorder caused by in-
sufficiency of lysosomal enzyme glucocerebrosidase.
Intravenous administration of a freshly prepared sus-
pension of fetal liver cells containing monocytes and
macrophages with maximum activity of lysosomal
glucocerebrosidase is used for the therapy of this disease
[2]}. Granulocyte-macrophage precursor cells (GMPC)
from fetal liver are suggested to proliferate in the body
and maintain the population of healthy monocytes [4].

Here we studied GMPC of fetal liver tissues and
analyzed the effects of various growth factors on he-
mopoietic activity of fetal liver cells.

MATERIALS AND METHODS

Livers of 11 fetuses (16-22 weeks of gestation) weig-
hing 200-500 g that were obtained from 16-40-year-
old healthy women. All tests for viral infections (hepa-
titis B, cytomegalovirus, herpes virus, and human im-
munodeficiency virus) and toxoplasmosis and Wasser-
mann test were negative. The period from liver sampling
to the analysis did not exceed 4 h.

The colony-forming potency of fetal liver GMPC
was studied in Petri dishes by Pike and Robinson’s
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double layer agar technique with modifications [1]. A
total of 138 cultures were analyzed.

The liver was aseptically homogenized in RPMI-
1640 medium; it usually consisted of 3.5-10.5x10°
cells. Cell viability assayed by 0.2% trypan blue ex-
clusion was 75%.

Human recombinant granulocyte-macrophage co-
lony-stimulating factor (GM-CSF), human recombi-
nant interleukin-3 (IL-3), their combination, peripheral
blood leukocytes pooled from hematologically healthy
donors (feeder), umbilical cord-conditioned medium
obtained by the method of A. Muller (1989), and non-
inactivated serum of patients with chronic glomerulo-
nephritis were used as GMPC growth stimulators.

The number of colonies and clusters per 2x10°
cells was calculated on day 7 in culture, and cloning
efficiency (total number of colonies and clusters) was
determined.

Morphological analysis of colonies and clusters
was performed on a microscope slide. Myeloperoxi-
dase was assayed by the method of Gram—Kunoll fol-
lowed by Romanovsky—Giemsa staining.

RESULTS

Standard liver culture (on the feeder) of a 16-22-week
fetus contained 31.8+4.0 (20-49) GMPC. This level
was 2 times lower (p<0.01) than in the bone marrow
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of a child with normal hemopoiesis (Fig. 1). In all
liver cultures, colony growth 2-fold surpassed cluster
growth. The ratio of colony-forming to cluster-for-
ming capacity of the bone marrow cultures was 0.8+
0.1. Similar results were obtained in experiments with
various growth factors.

Granulocyte-macrophage colonies from the liver
contained more cells (100-500) than bone marrow
colonies (below 100).

These indexes (the prevalence of colonies in cul-
tures and their greater size) indicate higher prolifera-
tive capacity of liver precursor cells in comparison
with bone marrow precursor cells.

The ratio of compact (granulocytic) to diffuse
(macrophageal) colonies in the standard culture (on the
feeder) was 1.3. Morphocytochemical study showed that
practically all colonies (independently on their shape)
were mixed and contained monocytes and granulocytes
at various maturation stages. Macrophage colonies were
also found. The majority of clusters and small colonies
were presented by eosinophils and macrophages.

Various growth stimulators induced similar ef-
fects on liver GMPC. The most pronounced response
was induced by GM-CSF (cloning efficiency 20-59
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Fig. 1. Colony-forming capacity of bone marrow and fetal liver cells.
(CIFC, 3) per 2x105 cells; b) bone marrow (1) and fetal liver (2).
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Fig. 2. Colony-forming capacity of fetal liver cells:
spontaneous (7) and stimulated with feeder (2),
umbilical cord-conditioned medium (3}, granulocyte-
macrophage colony-stimulating factor (GM-CSF, 4),
GM-CSF and interleukin-3 (IL-3, 5), IL-3 (6), and
blood serum (7). Cloning efficiency (/) and numbers
of colonies (/f) and clusters (/lf) per 2x10° celis.
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per 2x10? cells) and the combination of GM-CSF and
IL-3 (22-54/2x10° cells).

Stimulation of cloning by IL-3 (a universal growth
factor for all types of hemopoietic precursors) was
unexpectedly low (Fig. 2), while the combination of
IL-3 and GM-CSF produced considerable effects. The
data suggest that fetal liver GMPC are more sensitive
to GM-CSF than to IL-3.This is consistent with the
idea that receptors of granulocyte precursors and ma-
ture granulocytes display high affinity to GM-CSF but
not to IL-3. Receptors on monocytes can selectively
bind GM-CSF and IL-3. However, only high concen-
trations of IL-3 stimulate their proliferation {3].

An individual analysis showed differences in the
sensitivity to various growth factors in fetal liver GMPC
obtained from various fetuses. The colony-forming
potency of the liver from fetus 68 was characterized
by high spontaneous growth activity (cloning effi-
ciency 18.8 per 2x10° cells). Liver cells from fetus 65
were the most sensitive to the presence of growth
factors in umbilical cord-conditioned medium. Liver
cells from fetus 69 displayed the highest sensitivity to
IL-3: the colony-forming potency and the efficiency of
cloning were 128, cluster growth was absent, and the
number of cells in colonies was more than 200. In the
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Fig. 3. Effects of growth factors on the humber and ratio of granulocytic
(dark bars) and macrophageal (light bars) colonies in the liver.
Stimulation with feeder (7), granulocyte-macrophage colony-stimulating
factor (GM-CSF, 2), and GM-CSF+interleukin-3 (3).

presence of both GM-CSF and IL-3, the maximum
cloning efficiency was found in liver cells from fetus 75.

The analysis of the size and composition of co-
lonies showed that the largest colonies containing 100-
500 cells appeared under the effects of GM-CSF, while
IL-3 induced the formation of colonies containing less
than 100 cells. Blood serum from patients with glo-
merulonephritis induced the formation of normoblast
clusters in cultures.
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Effects of growth factors on the ratio of granulocy-
tic to macrophageal colonies in cultures were studied.
Morphological and cytochemical analyses showed in-
dividual variations in the composition of colonies in
the presence of different growth factors (Fig. 3). Cul-
tures consisting of mainly granulocytic or macropha-
geal colonies or containing nearly similar number of
these colonies were obtained under standard condi-
tions (on the feeder). GM-CSF increased the num-
ber of colonies of both types and, therefore, the ef-
ficiency of cloning. In some cases, macrophageal
colonies prevailed. However, the combination of
GM-CSF and IL-3 increased the number of macro-
phageal colonies.
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