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Organ-Associated Macrophage Precursor Cells 
as Effector Cells Against Tumor Targets and Microorganisms 
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A. Introduction 

In the past 10 years much attention has been 
paid to the phenomenon of natural resis­
tance as a first line of defense against tumors 
and microorganisms. Such natural resis­
tance can be attributed to a certain degree to 
resting and activated macrophages [1, 2]. 
The most widely discussed natural effector 
cell has, however, been the so-called natural 
killer (NK) cell. Based on their morphologi­
cal features, NK cells could be classified ei­
ther as medium-sized lymphocytes [3] or as 
immature macrophage precursor cells. 
These two cell types are, in fact, morpholog­
ically indistinguishable. We previously pre­
sented evidence [4-9] that the NK compart­
ment consists, at least in part, of cells in the 
early differentiation stages of macrophages. 
N on adherent and nonphagocytic macro­
phage precursor cells can be obtained from 
in vitro liquid cultures of mouse bone mar­
row. These cells exert NK-like activity 
against YAC-l cells, but leave P815 cells to­
tally unaffected [4,5]. The same cells behave 
as potent effector cells in ADCC against tu­
mor targets [4]. Along this line the same cell 
type was isolated from human peripheral 
blood of healthy donors [10], indicating for 
the first time that such immature cells of the 
macrophage lineage reside also outside the 
bone marrow. In the present short review we 
summarize our recent data indicating that 
the same cell type can be isolated from the 
spleen of normal mice and that it can easily 
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and efficiently be induced into organs like 
the spleen and liver under recruitment or in­
flammatory conditions [7-9]. As an exten­
sion of the previously described NK-like 
anti-YAC activity, we were able to attribute 
to this same cell type strong microbicidal ac­
tivity against Candida albicans and Leish­
mania enriettii [6--9]. Since macrophages as a 
lineage are represented early in phylogenesis 
and successfully mediated natural resistance 
and protection long before the specific im­
mune system evolved, their influence on the 
evolution and development of the specific 
immune system could be much more pro­
nounced than evidenced at the present mo­
ment. 

B. Materials and Methods 

All materials and methods have been de­
scribed in detail [6-9]. 

c. Results 

Macrophage precursors were isolated either 
from erythrocyte-depleted splenocytes or 
from liver nonparenchymal cells, after de­
struction of the hepatocytes by enzymatic 
treatment. Spleen cells and liver nonparen­
chymal cells were filtered through nylon­
wool columns in order to eliminate all ad­
herent cells. The eluted cells were then ap­
plied to a discontinuous Percoll gradient (a 
slight modification of the gradient described 
by Timonen and Saksela [11]). By means of 
this gradient a cell fraction highly enriched 
for NK activity, and essentially free of small 
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Table 1. Effect of separation by means of specific antimacrophage antibody-mediated rosetting on the 
candidacidal and tumoricidal activity of Percoll fraction 40.8--45.3 derived from normal nonadherent 
splenocytes as compared to its proliferating ability in the presence or absence of CSF-l 

Effector Candidacidal Natural killer [3H]dThd uptake (mean cpm) C 

cells activity a activityb 
Without CSF -1 d With CSF-1 

Fr. 40.8--45.3 42.6 40.2 3328 19730 
F4/80- 26.1 * 26.4 474 5905 
F4/80+ 59.4* 42.3 2333 27543.7 

a Candidacidal activity was determined in a 12-h colony forming unit inhibition assay at the effector: 
target ratio 10: 1. 
b Natural killer activity is expressed as % specific 51Cr release from radiolabeled Y AC-l target cells at 
the e:t ratio 25:1 in a 12-h assay. 
C [3H]dthd (1 ~Ci/well) was added, after 3 days of cultivation, 18 h before terminating the assay. 
d L-929 fibroblast-conditioned medium was added at the concentration of 20% as a source of CSF-1. 
Data are the means of triplicate samples. Standard errors, usually < 3%, have for clarity been omitted. 
* P < 0.01, according to Student's t-test. 

Table 2. Effect of separation by means of specific antimacrophage antibody-mediated rosetting on the 
candidacidal, tumoricidal and CSF-1 dependent proliferating ability of Percoll fraction 40.8--45.3 
derived from nonadeherent splenocytes from cyclophosphamide pretreated mice (Cy 150 mg/kg, 12 days 
before the assay) 

Effector Candidacidal Natural killer [3H] dThd uptake (mean cpm) C 

cells activity a activityb 
Without CSF -1 d With CSF-1 

Fr. 40.8--45.3 36.64 38.4 763 61250 
F4/80- 15.8* 22.2* 819 15650 
F4/80+ 52* 40.9 1003 77234 

a Candidacidal activity was determined in a 12-h colony forming unit inhibition assay at the effector: 
target ratio 5:1. 
b Natural killer activity is expressed as % specific 51Cr release from radio labeled Y AC-l target cells at 
the e:t ratio 12.5:1 in a 12-h assay. 
C [3H]dthd (1 ~Ci/well) was added, after 3 days of cultivation, 18 h before terminating the assay. 
d L-929 fibroblast-conditioned medium was added at the concentration of 20% as a source of CSF -1. 
Data are the means of triplicate samples. Standard errors, usually < 3%, have for clarity been omitted. 
* P < 0.01, according to Student's I-test. 

lymphocytes and granulocytes was gathered 
[6, 7]. These cells were further separated by 
an indirect rosetting technique [7-9] on the 
basis of the expression of the macrophage 
specific surface marker F4/80 [12]. The cells 
sorted by this procedure are further referred 
to as F4/80 negative and F4/80 positive 
cells. 

Data obtained with normal spleen cells 
separated as described are summarized in 
Table 1. Data obtained with cells from 
spleen under recruitment conditions (mice 
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treated with cyclophosphamide 12 days be­
fore the assay [7]) are presented in Table 2, 
and data concerning inflammatory liver cells 
(mice treated with MVE-2 3 days before the 
assay [8]) are documented in Table 3. All 
tables show NK activity and candidacidal 
activity of the cells as well as their ability to 
incorporate 3H-thymidin ([3H]dThd) in re­
sponse to the macrophage-specific growth 
factor CSF-1. All F4/80 positive fractions 
gave rise to large macrophage colonies in 
soft agar. This fraction obviously consisted 



Table 3. Effect of separation by means of specific antimacrophage anti-body-mediated rosetting on the 
candidacidal, tumoricidal, and CSF-1 dependent proliferating ability of Percoll fraction 40.8-45.3 
derived from liver non-parenchimal cells obtained from MVE-2 pretreated mice (MVE-2 25 mg/kg, 
3 days before the assay) 

Effector Candidacidal Natural killer [3H]dThd uptake (mean cpm)C 
cells activity 8 activityb 

Without CSF-1 d With CSF-1 

Fr.40.8-45.3 29.44 30.3 2994 219143 
F4j80- 6.1 * 39.9* 1499 4304 
F4/80+ 44.2* 24.0 3741 33499 

a Candidacidal activity was determined in a 12-h colony forming unit inhibition assay at the effector: 
target ratio 2.5:1. 
b Natural killer activity is expressed as % specific 51Cr release from radiolabeled Y AC-l target cells at 
the e:t ratio 12.5:1 in a 12-h assay. 
C [3H]dthd (1 JlCi/well) was added, after 3 days of cultivation, 18 h before terminating the assay. 
d L-929 fibroblast-conditioned medium was added at the concentration of 20% as a source of CSF-1. 
Data are the means of triplicate samples. Standard errors, usually < 3%, have for clarity been omitted. 
* P < 0.01, according to Student's t-test. 

of cells of the macrophage lineage in various 
differentiation stages, since the response to 
CSF-l was heterogeneous. Some cells ma­
tured within 24--48 h to typical macrophages 
without forming colonies whereas others de­
veloped small clusters and soon matured to 
macrophages. Some of the cells also gave 
rise to large macrophage colonies in re­
sponse to CSF-1. No cell death was ob­
served in the F4/80 positive fraction under 
these culture conditions. When the F4/80 
negative fraction was cultivated the same 
way, no early maturation to macrophages 
could be scored. Colonies developed with a 
lag phase of about 3-5 days compared to the 
F4/80 positive fraction. Thus, precursor 
cells committed to the macrophage lineage 
are apparently present in the F4j80 negative 
fraction. These cells are, however, too im­
mature at the time of separation to be recog­
nized by F4/80. 

All three tables show that candidacidal ac­
tivity and NK-like activity as well as pro­
liferation in response to CSF -1 are attributes 
of the F4/80 positive fractions. Since the F4/ 
80 positive fraction represents a virtually 
homogeneous popUlation of cells of the 
macrophage lineage, these data prove the 
presence, in both organs, of functionally ac­
tive macrophage precursors. These cells 
were characterised as non adherent and non­
phagocytic, possessed (like NK cells) a low 
buoyant density, expressed macrophage-

specific surface antigens, and actively re­
spond to CSF-l with proliferation. In the 
spleen this cell type has been defined as a 
constituent of the normal, noninduced or­
gan. 

D. Discussion 

NK cells are potent tumoricidal effectors, 
whose lineage has been a matter of dis­
cussion for years. NK cells have been de­
scribed as lymphocytes, based on their mor­
phology and on their inability to phagocy­
tose and adhere. The surface antigens de­
scribed up to now did not help in assigning 
these cells to one or the other lineage, since 
NK cells share surface antigens with lym­
phocytes [13-15] as well as with cells of the 
monocyte/macrophage lineage [16-18] and 
with granulocytes [16, 17]. Evidence for a T­
cell nature ofNK cells came mostly from IL-
2 dependent cytotoxic T-cell clones which, 
after long in vitro culture, were found to be 
able to destroy NK targets [19]. These 
clones, however, have lost their specificity 
and most probably are not related to any of 
the in vivo occurring cell types. Freshly iso­
lated NK cells do not express aT-cell recep­
tor [20]. These data substantiate the view 
that NK cells and T cells are not closely re­
lated. A separate lineage has also been pro­
posed for NK cells [21]. 
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Our data demonstrate that a significant 
part of the the NK activity under normal as 
well as under inflammatory conditions is ex­
erted by cells belonging to the macrophage 
lineage. These cells were positively sorted on 
the basis of the highly lineage-specific mac­
rophage marker F4/80 and proved to be ca­
pable of exerting NK and candidacidal ac­
tivity and of responding to the lineage-spe­
cific factor CSF-l with proliferation and 
maturation. The nature of the effectors pres­
ent in the F4/80 negative fraction is an object 
of current investigation. Cells in the early 
stages of macrophage differentiation are 
present in this fraction, as demonstrated by 
response to CSF-l stimulation, but as yet it 
has not been possible to rule out the con­
tribution of another, unrelated cell type. 

Another major implication of our work is 
the possible in vivo role of macrophage pre­
cursors. The presence of this cell type in the 
spleen and liver of normal mice and its indu­
cibility in large amounts upon inflammation 
suggest that macrophage precursors can ac­
tively contribute in vivo to natural resis­
tance. Data describing the contribution of 
these cells to the resistance against a sys­
temic Candida albicans infection in immuno­
modulated mice have recently been pub­
lished [22, 7]. 

The cells belonging to the macrophage lin­
eage derive, according to a current theory 
[23], exclusively from the bone marrow com­
partment. Recent investigations performed 
in our lab, however, strongly point to the ex­
istence of an extramedullary generation of 
macrophage precursors taking place in the 
spleen and in the liver. In the light of the un­
expectedly widespread importance of these 
cells the advantage represented by several in­
dependent sources able to supply macro­
phage precursors upon induction is obvi­
ous. 

References 

1. Keller R (1978) Macrophage-mediated natu­
ral cytotoxicity against various target cells. 
In: Nelson D (ed) Immunobiology of the mac­
rophage. Academic, New York, p 487 

2. Lohmann-Matthes ML, Kolb B, Meerpohl 
HG (1978) Susceptibility of malignant and 
normal target cells to the cytotoxic action of 

358 

bone marrow macrophages activated in vitro 
with the macrophage cytotoxic factor (MCF). 
Cell Immunol41 :231 

3. Kumagai K, Itoh K, Suzuki R, Hinuma S, 
Saitoh F (1982) Studies on murine large gra­
nular lymphocytes. I. Identification as effec­
tor cells in NK and K cytotoxicities. J Immu­
nol129:2788 

4. Domzig W, Lohmann-Matthes ML (1979) 
Antibody-dependent cellular cytotoxicity 
against tumor cells II. The promonocyte iden­
tified as effector cell. Eur J Immunol 9:267 

5. Lohmann-Matthes ML, Domzig W, Roder J 
(1979) Promonocytes have the characteristics 
of natural killer cells. J Immuno1123:1883 

6. Baccarini M, Bistoni F, Lohmann-Matthes 
ML (1985) In vitro natural cell-mediated cy­
totoxicity against C. albieans: macrophage 
precursors as effector cells. J Immunol 
134:2658 

7. Baccarini M, Bistoni F, Lohmann-Matthes 
ML (1986) Organ-associated macrophage 
precursor activity: isolation of candidacidal 
and tumoricidal effectors from the spleen of 
cyclophosphamide-treated mice. J Immunol 
136:837 

8. Decker T, Baccarini M, Lohmann-Matthes 
ML (1986) Liver-associated macrophage pre­
cursors as natural cytotoxic effectors against 
Candida a/bieans and Y AC-1 cells. Eur J Im­
muno116:693 

9. Baccarini M, Kiderlen AF, Decker T, 
Lohmann-Matthes ML (1986) Functional 
heterogeneity of murine macrophage precur­
sors from spleen and bone marrow. Cell Im­
munol101:339 

10. Lohmann-Matthes ML, Ziihringer M (1981) 
Zerstorung von Tumorzellen durch Makro­
phagen-Vorstufen bei Maus und Mensch. 
BIut 42:283 

11. Timonen T, Saksela E (1980) Isolation ofhu­
man natural killer cells by density gradient 
centrifugation. J Immunol Methods 36:285 

12. Lee SH, Starkey PM, Gordon S (1985) Quan­
titative analysis of total macrophage content 
in adult mouse tissues: immunochemical stud­
ies with antibody F4/80. J Exp Med 161:475 

13. Herberman RE, Nunn ME, HOlden HT 
(1978) Low density of Thy 1 antigen on 
mouse effector cells mediating natural cyto­
toxicity against tumor cells. J Immunol 
121:304 

14. Koo GC, Jacobsen JB, Hiimmerling GJ, 
Hiimmerling U (1980) Antigenic profile of 
murine natural killer cells. J Immunol 
125:1003 

15. Beck BW, Gillis S, Henney CS (1982) Display 
of the neutral glycolipid ganglio-N-tetraosyl­
cerami de (asialo GM1) on cells of the natural 
killer and T lineages. Transplantation 33:118 



16. Holmberg LA, Springer TA, Ault KA (1981) 
Natural killer activity in peritoneal exudates 
of mice infected with Listeria monocytogenes: 
characterisation of natural killer cells by us­
ing monoclonal rat-anti murine macrophage 
antibody (M1/70). J Immunol121:1792 

17. Scheid MP, Triglia D (1979) Further descrip­
tion of the Ly 5 system. Immunogenetics 
9:423 

18. Sun D, Lohmann-Matthes ML (1982) Cells 
with natural killer activity are eliminated by 
treatment with monoclonal specific anti-mac­
rophage antibodies plus complement. In: 
Herberman RB (ed) NK and other natural ef­
fector cells. Academic, New York, p 243 

19. Brooks CG (1983) Reversible induction of 
natural killer cell activity in cloned murine cy­
totoxic cell lines. Nature 305:155 

20. Young H, Ortaldo JR, Herberman RB, Rey­
nolds CW (1986) Analysis ofT cell receptor in 
purified rat and human large granular lym­
phocytes (LGL): lack of a functional 1.3 Kb 
p-chain mRNA. J Immunol136:2701 

21. Hackett J Jr, Bennett M, Kumar V (1985) Or­
igin and differentiation of natural killer cells. 
I. Characteristics of a transplantable NK cell 
precursor. J Immunol134:3731 

22. Baccarini M, Bistoni F, Puccetti P, Garaci E 
(1983) Natural cell-mediated cytotoxicity 
against Candida albicans induced by cyclo­
phosphamide: nature of the in vitro cytotoxic 
effector. Infect Immun 42: 19 

23. Van Furth R, Cohn ZA (1968) The origin and 
kinetics of mononuclear phagocytes. J Exp 
Med 128:415 

359 


