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Phagocytosis of neutrophil polymorphonuclears
by macrophages in human bone marrow: importance
in granulopoiesis
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SUMMARY The cytological and electron-microscopic appearance of neutrophil phagocytosis by
macrophages in normal human bone marrow is described. This feature can be observed in every
normal bone marrow and is especially frequent in autoimmune disease. Bone marrow phagocytosis
of polymorphonuclear neutrophils seems to be a physiological process resulting from the random
egress of neutrophils from bone marrow to blood.

Erythrophagocytosis by macrophages in human bone
marrow has been known for a long time and is well
described. Quantitatively, its effect on erythropoiesis
is not important, due to the long intravascular life-
time of red cells compared to the intramedullary
sojourn of reticulocytes. To our knowledge, phago-
cytosis of neutrophil polymorphonuclears has been
studied only in vitro and with guinea-pig cells by
Brewer,' and its significance has not been evaluated.
Several recent reports have questioned the notion
of a pipe-line maturation and release of neutrophils
from bone marrow to blood, that is, a strict age-
dependent process, which is the orthodox model of
granulopoiesis.23 The presence of band cells in
normal blood (3% to 15 % of neutrophils according
to the criteria used) and the simultaneous emergence
of labelled band cells and polymorphonuclears in
blood after 3H-thymidine injection4 5 are arguments
against this 'first in, first out' neutrophil maturation
principle. Meuret6 proposed a model in which the
emigration potential of neutrophils gradually
develops with maturation. Walle7 proposed a model
in which one subpopulation of granulocytes leaves
the bone marrow at random and another subpopu-
lation goes through the storage and maturation pool.
All these models depend upon the absence of intra-
medullary mortality of polymorphonuclears in bone
marrow and are consistent with a half-time of dis-
appearance from blood of 6-8 hours, that is, a blood
granulocyte turnover rate of 50-60 x 106kg'hl-1.3
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We have shown8 that the half-time of disappearance
of granulocytes in blood is 18 ± 2-2 h, that is, the
granulocyte turnover rate is 27 * 5 x 106 kg-1 h-'.
These data were recently confirmed by Steinbach et
al.,9 who used continuous 3H-thymidine labelling
and found a half-life of neutrophils of 17-3 ± 1-4 h.
Since most authors agree, with small variations, on
the value of the cell influx in the non-proliferating
pool of granulopoiesis, a halving of the granulocyte
turnover rate implies intramedullary death in this
non-proliferative pool. We attempted to determine if
phagocytosis of polymorphonuclears was a general
or exceptional phenomenon and could be the cyto-
logical expression of this 'ineffective' granulopoiesis.

Methods

Normal bone marrow taken by iliac or sternal
puncture was stained with May-Grunwald Giemsa
stain for cytological studies. A cytochemical peroxi-
dase reaction was performed in some cases. For
ultrastructural studies, the cytochemical reaction
with diaminobenzidine for myeloperoxidase activity
was used10 after prefixation by glutaraldehyde
according to our standard technique.1

Results

Figures 1 to 3 show normal macrophages with
polymorphonuclear neutrophils in their cytoplasm
in various stages of pyknosis. In Fig. 1, a poly-
morphonuclear is nearly intact within a vacuole;
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appearance still seems quite specific for polymorpho-
nuclear ingestion, as could be confirmed by the
peroxidase cytochemical reaction. It was found in all
normal bone marrow examined, and was more
frequent in inflammatory and autoimmune disease,
although the phenomenon could not be quantitated.
Figure 4 shows a phagosome in a macrophage
containing the remains of a polymorphonuclear
neutrophil. The pyknotic nucleus (corresponding to
Fig. 2 in cytology) is easily recognisable. The dense
material, indicating the positivity of the diamino-
benzidine reactions, indicates myeloperoxidase
activity.

Discussion1

4*8

Figs 1, 2, and 3 Normal bone marrow cyto
Grunwald Giemsa staining, x 800.

in Fig. 2, a shrunken, mummified polyi
clear is still recognisable by the shape of i
and in Fig. 3, only fragments of nuclea
remain. This appearance is not necessariF3
of neutrophil ingestion. At the stage of

Phagocytosis of polyinorphonuclear neutrophils by
macrophages was observed in normal bone marrow
when sought and seems to be a physiological pheno-
menon. The appearance of the two last stages of
phagocytosis seen in cytological studies corresponds
to the two ultrastructural stages described by
Brewer' after incubation in vitro. It is noteworthy
that these incubations lasted for 15-20 minutes,
showing that the phagocytosis and pyknosis process
is very rapid. This explains why it is not often seen
and cannot be quantitated.
An approximation of the importance of this

phenomenon can be assessed from bone marrow and
blood kinetics. The discrepancy between the cellular
outflow of the proliferative pool of granulopoiesis
(59 x 106 kg-1 h'- according to the data of Dancey12
or Donohue13 for the entire bone marrow cell pool,
to 53 x 106kg71f'- according to Harrison14) and
blood granulocyte turnover (27 x 106 kg-1 If-1)8
would yield an estimated 50% death in the non-
proliferative pool. A mathematical simulation of
granulopoiesis with a random egress of polymor-
phonuclears from the bone marrow to blood after a
minimum 20 h sojourn for band polymorphonuclears
in bone marrow furnished 20% death in the poly-
morphonuclear pool (manuscript in preparation),
corresponding with the 15 to 20% 'ineffective
granulopoiesis' found in dogs by Deubelbeiss.15
Bone marrow to blood neutrophil release could,
however, be more complex than a pure random
process, either dependent on maturation, as sug-
gested by Meuret,6 or both random and age-depen-

?logy- May- dent, as suggested by Walle.7 Whatever the mech-
anism, the constancy of neutrophil phagocytosis
implies mortality in the storage or maturation pool,

morphonu- that is, an 'ineffective' granulopoiesis. Ineffective
its nucleus; granulopoiesis has been suggested by Boll16 in
tr pyknosis human granulopoiesis, but only in the proliferative
y indicative pool. We did not find any evidence of cell death at
Fig. 2, the the promyelocyte stage, but cell death at the poly-
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Fig. 4 Electron-microscopic appearance ofpolymorphonuclear leucocutephagocytosed by a macl ophage.
Diaminobenzidine reaction - osmium tetroxide x 12 000.
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morphonuclear stage would be the normal conse-
quence of random egress. Kimball17 found, with
etiocholanolone mobilisation, normal or increased
granulocyte bone marrow reserve in rheumatoid
arthritis, Sjogren's disease, and lupus erythematosus.
We also found much leucocyte phagocytosis in
cases of Sjogren's disease. Neutrophil phagocytosis
thus appears to be a physiological process, a conse-
quence of the random egress of polymorphonuclears
from the bone marrow to blood, constituting a short-
term means of increasing granulocyte production.
Neutrophil phagocytosis would decrease when the
egress rate into blood is enhanced (or production
increased), as shown by an increase in circulating
band cells in bacterial infections18 or after etio-
cholanolone injection.19 Neutrophil phagocytosis
would be increased when maturation time is long,
as in autoimmune disease, in certain bone marrow
intoxications, or in carcinomas17-20 where neutro-
penia seems to result primarily from maturation
abnormalities.
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