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CONTINUOUS CELL LINES WITH PROPERTIES OF MONONUCLEAR PHAGOCYTES 

Peter Ralph 

GENERAL INTRODUCTION 

The creation of the murine IC-21 macrophage line 10 years 
ago, reviewed by Defendi (1), ushered in a new era in the study 
of mononuclear phagocytes. Many other lines have since been 
discovered including immature myeloblast lines, such as Ml, in 
which some mature macrophage characteristics can be induced (2). 
This resource has now been introduced into most areas of re-
search in the field. Many of the lines were derived from his-
tiocytic tumors and maintain tumorigenicity. However, their 
popularity lies in their convenience as sources of pure popula-
tions of macrophages and in the great range of macrophage-
specific properties manifested. 

The cell lines can be easily maintained by laboratory per-
sonnel familiar with tissue culture methods. The lines differ 
in degree of maturity and functional properties, but almost all 
macrophage characteristics have been found in one or more of 
the lines. Most of the lines available are from the mouse, but 
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TABLE I . Characterized monocyte - macrophage cell lines 

Name Strain3- Etiology** 

Biochemical properties 
Lysozyme Neutral Endogenous 

enzyme proteases pyrogen 

Murine, immature 
Ml 
R453 
RAW8 

Murine, mature 
IC-21 

- M2 
* WEHI-3 

J774 
P338D1 
FC-1 
PU5-1.8 
RAW264 
SK2.2 
426C 
427 E 

Human, immature 
U937 

SL 
B 
C 

B 
B/10 
C 
C 
DBA/2 
C 
C 
BAB/14 
CBA/J 
DBA/2 
BDF 

S 
R-MuLV 
A-MuLV 

SV40C 

SV40C 

S 
Oil 
S? 
Fusion0 

S? 
A-MuLV 
Sc 

OS virus0 

F-MuLV° 

DHL 

■f 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 



a B, C57BL/6; C, BALB/c; B/10 = C57BL/10; D, DBA/2. 
Tumors, except as noted. S, spontaneous; R-MuLV, Rauscher murine leukemia virus; A, Abelson; 

OS, osteogenic sarcoma; F, Friend; DHL, diffus histiocytic lymphoma. 
Experimental infections or spontaneous outgrowth in culture. 
Lysosomal enzymes ($-glucuronidase, arylsulfatase, acid phosphatase), neutral proteases, 

(plasminogen activator, collagenase, elastase), endogenous pyrogen; 0~, Superoxide anion; PGE, 
prostaglandin E; CSF, granulocyte/macrophage colony-stimulating factor; LAF, thymus lymphocyte-
activating factor. Lines may require stimulation with LPS, phorhol myristate, etc., for mea-
surable activity. 

Antibody-dependent phagocytosis or lysis of chicken or sheep red blood cells (RBC). i , 
Requires activation by lymphokine for activity. 

Blank, not tested. -, No activity under basal conditions or with some stimulating agents 
effective with other lines, q 

hSee, in addition, references 12, 16 - 28. 
See, in addition, references 10, 13, 14, 15, 29, 30. 
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rabbit (3), hamster (4), and human (Table I) monocyte-related 
lines have also been described. Their potential goes far be-
yond being a convenient source of macrophages. The cell lines 
are unique for biochemical, immunological, development, and 
regulation studies in which the absence of other cell types is 
essential. The continuous growth of the cell lines allows se-
lection of variants with altered macrophage properties for 
physiological studies during different stages of the cell cycle. 
Functions of macrophage cell lines have been recently reviewed 
(5, 5a) . 

II. FUNCTIONAL TYPES OF MACROPHAGE CELL LINES 

A. Constitutive Properties of Macrophage Cell Lines 

Extensively characterized cell lines are listed in Table I. 
Generally all lines express receptors for complement and for 
the Fc domain of IgG immunoglobulin (6), phagocytose latex 
beads and zymosan particles (7), and synthesize and secrete ly-
sozyme (8). Lines designated immature usually express these 
functions only after incubation with colony-stimulating factor/ 
macrophage growth factor (CSF/MGF) or a variety of other agents 
presumably acting via induction of CSF/MGF (2, 9 - 11). Other 
macrophage-type characteristics found in most of the mature 
lines tested include several lysosomal enzymes and neutral 
proteases, endogenous pyrogen, nitroblue tetrazoleum reduction 
and O2 production. Prostaglandins, lymphocyte comitogen, and 
separate granulocyte and macrophage colony-stimulating factors 
(31) are also produced. Some of the cell lines (Table II) are 
positive for peroxidase, lipogenic enzymes, migration in re-
sponse to chemotactic factors, spontaneous migration sensitive 
to MIF, and regulation by and receptors for corticosteroids and 
insulin. The lines have variable amounts of ectoenzymes and 
adenosine deaminase reported to be correlated with macrophage 
maturation or activation and display macrophage-specific anti-
gen recognized by a hybridoma antibody and an antigen present 
only on activated macrophages. PU5-1.8 produces interferon in 
response to pI:C (41). Most of the mature lines mediate anti-
body-dependent phagocytosis and, by a different mechanism (42), 
exocytolysis of erythrocytes (Table I). 

B. Tumor Cytotoxicity and Activation of Macrophage Cell Lines 

The activity of the mature lines appears to be intermediate 
between that of resident peritoneal cells and stimulated exudate 



TABLE II. Specialized properties studied in macrophage cell lines 

Line 

R453 
Ml 
IC-21 
WEHI-3 
J774 
P388D2 
FC-1 
PU5-1.8 
RAW264 
U937 

Peroxidase Lipogenic 
(9,18,32) enzymes (33) 

+ 
+ 

+ 

+ 

aNumbers in parenthesis are 
~M<J>, macrophage. 

Chemotaxis 
(17) 

+ 
— 

references 

MIF 
Sensitive 

(34) 

-

+ 

Ity 

Corticosteroid 
regulation 
(13,20,21, 
35,36) 

+ 

+ 
•f 

•f 

•f 

+ 

insulin 
regulation 

(37,68) 

+ 
+ 

Ectoenzymes (38) 
Adenosine deaminase (17) 
M$h antigen (19,39) 
Act. Μφ antigen (40) 
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macrophages, having a moderate basal level of secretion of ly-
sosomal enzymes and neutral proteases. The expression of 
these products and also of prostaglandin E, myeloid-CSF, mega-
karyocyte-CSF and - potentiation factors (19, 43), and LAF can 
be greatly augmented by incubation with LPS, phorbol myristate, 
and other stimulators. Production of myeloid CSF by the 
PU5-1.8 line with LPS, and probably by several other lines with 
a variety of stimulators (26), is a true induction since CSF is 
normally undetectable, requires new protein and RNA synthesis, 
and takes several days for full expression (44). Latex bead 
phagocytosis and antibody-dependent lysis of RBC by line PU5-1.8 
is stimulated twofold by LPS and tuberculin PPD (13, 45). J774 
phagocytosis via C3 receptors is stimulated by LPS (46). 

Cytotoxic activity against tumor targets is summarized in 
Table III. Some lines, such as WEHI-3, show no activity for a 
number of assays and targets tested. Spontaneous cytotoxicity 
in apparent absence of activating agents is manifested by 
several lines against some T and B lymphoid tumors, a myeloblast 
leukemia, and transformed fibroblasts. Soluble factors released 
by several lines are toxic to lymphoid RBL-5 and fibroblast 7943 
targets (48, 49). Most tumor targets tested were not sensitive 
to this spontaneous lytic mechanism, including the NK-sensitive 
K562 line (19). Antibody-dependent killing occurs in several 
macrophage lines against mouse and human lymphoid tumors 
(Table III). 

Lymphokine stimulation of cytotoxicity is expressed against 
hemic and fibroblast targets, as well as killing induced or aug-
mented by microbial, polysaccharide, and polynucleotide agents. 
Generally, the same macrophage lines, particularly PU5-1.8 and 
RAW264, are active in all systems. However, for certain pairs 
of effector lines and tumor targets, an unexpected lack of cy-
totoxic effect suggests that macrophage lines have different 
lytic mechanisms, depending on the tumor target and method of 
activation (75). Among biochemical mechanisms proposed for 
macrophage toxicity, 02 and H202 are unlikely to be responsible 
for line J774 killing of tumor and RBC targets, since two variant 
clones selected for undetectable extracellular production of 
these oxygen metabolites (52) have full lytic activity (51). 

C. Macrophage Cell Lines—Regulation of Lymphocyte Immune 
Responses 

Several murine macrophage lines replace normal adherent 
cells in induction of spleen cells to allogeneic T killers or 
antibody to sheep RBC. Both of these effects are largely a 
mercaptoethanol-replacing function. Soluble factors produced 
by macrophage lines, for which mercaptoethanol will not sub-
stitute, induce spontaneous induction of T killers (53), 



TABLE III. Cytotoxic activity of macrophage cell lines toward tumor targets 

Line 

IC21 
WEHI-3 
J774 
P388D2 

PU5-1.8 
RAW264 
U837 

Target 

typec 

Ref. 

Spc 

-
+ 

(+) 
(+) 
-

Ml 
18-8 
m, I 

75 

mtaneous J 

+ 
-

(+) 
(+) 

+ 
+ 

RBL-5 
RBL-2 

£ 
47 
48 

-
+ 
+ 
+ 

7943 
f 
49 

\ntibo 

i 

i d 

10 

dy de 

-
-
-
+ 
+ 
-

CEM 
EL4 

£ 
13 
50 

pendent 

-
-

+ 
+ 
-

18-8 
I 
75 

Lymphok 

+ 

+ 

RBL-5 
CEM 

I 
5 

47 

ine depe 

-
+ 

(+) 
•f 

+ 
-

SV-3T3 

f 
51 

ndent 

-f 

+ 

SL2 
P815+ 
£ , m 

35 
48 

Microbial/other stimulus 

(+) 
+ 
+ 

Ml 

m 
75 

+ 
— 

RBL-5 
CEM 

I 
13 
47 

+ 

P815 
m 
48 

Con A or secondary antigen stimulation of spleen cellsf or leukocyte-Interferon preparation. 
Blank = Not tested. 

^LPS, PPD, Muramyl dipeptide, poly (I:C) , zymosan, dextran sulfate, C. parvum or BCG stimulation 
in vitro. 

c m, myeloid (tranulocyte/monocyte) ; %, lymphocyte; f, fibroblast. 
d i , activity induced by lymphokine, targets: TNP~modified H SB, EL4, RL 6 1, MOLT 4. 
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replace T cells and macrophages in induction of antibody (54), 
and stimulate human IgG production (55). In some cases the 
cell lines themselves need to be incubated with inducing agents, 
such as LPS or Mycobacterium BCG, to produce factors stimulating 
the immune responses. No macrophage line has been found to dis-
play la surface antigens, which is the phenotype for accessory 
cells that present antigen to B and T lymphocytes. Five lines 
tested failed to present antigen for proliferation of primed T 
cells (5, 56). 

III. DERIVATION AND REPOSITORY OF CULTURE-ADAPTED MACROPHAGE 
LINES 

A. Adaptation of Murine Macrophage Tumors to Culture 

Most of the lines listed in Table I arose as tumors in 
mice. The first step for adaptation to growth in culture is 
usually to obtain passage of the tumor as ascites cells upon 
intraperitoneal (ip) injection. This is favorable to culture 
growth for hemic tumor lines in general, simplifies handling, 
and allows facile comparison with peritoneal macrophages (57). 
Ascites cells collected sterilely are washed twice with a 
balanced salt solution (BSS) and cultured at 1 - 2 x 106/ml in 
a rich medium (see Section IV). Five to 10 vessels, e.g., 
petri dishes, are preferable to a single large one in case 
some become contaminated. Large numbers of RBC in the ascites 
can be removed by several low-speed centrifugations that leave 
most of the RBC in the supernatant. Alternatively, the cell 
pellet can be suspended in 1 - 2 ml H20 and then 10 ml BSS 
added after 30 sec. This lyses the RBC leaving the macrophage 
cells viable and still functional, e.g., in antibody-dependent 
lysis and phagocytosis of RBC. Up to 10 RBC per tumor cell can 
be tolerated. Usually 90% of tumor cells will die during the 
next few days in culture. Half the culture supernate should be 
replaced with fresh medium twice a week, or more often if there 
is extensive metabolism seen by change in the phenol red indi-
cator to acid yellow. If considerable death occurs, cells 
should be harvested, centrifuged, and recuitured at higher cell 
densities between 3 and 10 x 105/ml. 

If cells appear to be dying rapidly, or if a microbial con-
tamination occurs that cannot be eliminated with antibiotics, 
the cells can be transplanted back into a mouse of original 
strain. Priming mice with 1 ml mineral oil or pristane ip on, 
or up to 1 month before, the day of tumor cell inoculation, ap-
pears to aid macrophage as well as myeloma and AbeIson lymphoma 
tumor growth (58). Several cycles of cell culture/in vivo 
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growth may be necessary before obtaining growth in vitro. As 
lines adapt to culture, viable cells will increase in number 
with population doubling times of 1 - 7 days. This will allow 
periodic splitting, making two cultures from one. Culturing 
on a sparse feeder layer of normal fibroblasts may be bene-
ficial. Ascitic forms of cell lines already adapted to cul-
ture will begin rapid growth within several days of in vitro 
culture. 

B. Human Macrophagelike Cell Lines 

The human line U937 came from pleural effusion of a patient 
with diffuse histiocytic lymphoma. It was adapted to culture 
using special techniques, including feeder layers of normal hu-
man glial cells (32). Most tumors typed morphologically as 
histiocytic are actually of lymphoid origin, and no generaliza-
tion can be made about the possibility of obtaining more human 
macrophage-related lines. Cell lines from histiocytic lympho-
ma (59), myeloid and monocytic leukemia (18, 60-64), and 
Hodgkin's disease (23, 65) have been obtained with some 
macrophagelike characteristics. However, each of these lines 
has characteristics either incompatible with the monocyte 
lineage or else more akin to granulocytes. The myeloblast line 
HL-60 can be induced for phagocytosis and macrophagelike enzyme 
activities (66), and may be a model for the common precursor of 
granulocytes and monocytes similar to the murine Ml line (2). 

C. In Vitro Derivation of Macrophage Cell Lines 

The first macrophage lines to be described were obtained 
by SV40 virus transformation in vitro (1). The key to this 
method is the use of a growth factor to induce cell division 
prior to viral infection (1, 12). In principle, macrophage 
lines could be obtained from any species using similar methods 
and suitable transforming viruses. Another murine line is FC-1 
developed during an experimental fusion of a myeloma with 
spleen cells, which has many of the properties of macrophages 
(12, 15, 34). Long-term cultures of peritoneal or spleen cells 
have occasionally yielded permanent macrophage lines (30). The 
introduction of conditions for maintaining pluripotent bone 
marrow stem cell replication and differentiation into myeloid 
and monocyte lineages (67) has led to a number of macrophage 
lines as spontaneous outgrowths or during RNA viral infec-
tions (30) . 
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D. Repository of Murine Macrophage Lines 

Cell lines WEM-3, J774, P388D1, PU5-1.8, and RAW264, 
covering a variety of macrophage properties, are maintained 
under a contract from the National Cancer Institute by Cell 
Distribution Center, The Salk Institute for Biological Studies, 
San Diego, California. 

IV. CULTURE GROWTH CONDITIONS FOR MACROPHAGE CELL LINES 

A. Introduction 

Lines have been maintained in culture in a variety of ways 
depending on the preference of the investigator and beliefs 
about how to maintain strong expression of the macrophage 
property being studied. I will describe methods used in our 
laboratory that allow cell doubling times from 16 to 24 hr 
(20 - 30 hr for human U937), maximum cell numbers of 
1 - 2 x 10°/ml, and relatively constant expression of lysozyme, 
Fc, and C receptors, phagocytosis of latex beads cind RBC, and 
tumor toxicity. 

B. Reagents 

1. Fetal Calf Serum 

Fetal calf serum is available from Associated Biomedic 
Systems, Buffalo, New York; Flow Laboratories, Rockville, 
Maryland; GIBCO, Grand Island, New York; Microbiological Asso-
ciates, Bethesda, Maryland; and Sterile Systems, Logan, Utah. 
All these sources have been suitable, but each serum lot has 
to be tested for good cell growth. Heat inactivation is un-
necessary. Screening or irradiation for mycoplasma is prudent, 
but has not been necessary for mouse lines. 

2. Media 

Media used are MEM alpha (GIBCO, without nucleosides), 
RPMI 1640, or McCoy's 5A (available from several vendors, also 
as powdered formulations). The lines will grow in other media, 
such as Dulbecco's MEM, but seem to grow faster in a richer 
medium. 
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C. Procedure 

Mature macrophage lines, in contrast to lymphoid cell 
lines, will remain viable for a week or more at saturating den-
sities (1 - 2 x lO^/ml). However, for most studies cultures 
should be kept at lower concentrations, allowing logarithmic 
growth, or else fed three times a week. Lines can be sub-
cultured by diluting the cells 1 : 10 or 1 : 100 into fresh 
media. Population doubling times should be 16 - 24 hr. At 
dilution to low cell concentrations, there may be a lag before 
initiation of rapid growth. The all-purpose medium is RPMI 
1640, 10% fetal calf serum, with 20 mg L-glutamine per 100 ml 
added within 2 weeks of use. Penicillin (50 U/ml) and strepto-
mycin (50 ug/ml) are useful in preventing microbial contamina-
tions; 50 yg/ml Gentamicin (Schering Corp.) may be substituted 
as a more stable antibiotic with a broader spectrum of activity. 
In cases of fungal contamination, Fungizone (E. R. Squibb & 
Sons) at 2 - 5 yg/ml is suitable. Cells are grown in plastic 
petri dishes in volumes of 2 ml (e.g., Falcon Plastics No. 
1008), 5 ml (No. 1007), 20 ml (No. 1005), or 100 ml (No. 1013). 
Petri dishes must be kept in a humidified 37°C incubator with 
5 - 10% C02 - air. Closed flasks with cells maintained above 
5 x lO^/ml will generate enough CO2 to maintain proper pH con-
ditions without external CO2· If cultured in glass or plastic 
tissue culture dishes (Falcon 3000 series), or flasks, cells of 
some lines will bind tightly to the substrate, spread out, grow 
slowly, and yield less than 30% of petri dish saturation densi-
ties. This may be an advantage for certain studies on macro-
phage physiology (68). Large volume spinner cultures have been 
used with macrophage cell lines (40). 

D. Harvesting Macrophage Cell Lines 

With plastic petri dishes, or flasks in most cases, the ma-
jority of cells can be harvested by vigorous pipetting. For 
complete single cell recovery without compromising viability or 
other functions, the petri dishes or flasks are scraped with a 
rubber policeman. Other methods of harvesting which may be 
necessary in special situations include the use of 0.125% tryp-
sin (47) or 12 mM lidocaine (69). 

E. Critical Comments 

1. Mycoplasma Contamination 

This contaminant may coexist with cell lines for years and 
be a scientific problem only in certain kinds of experiments. 
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However, since this represents an unknown variable, it is im-
portant to assay cultures for mycoplasma and replace contami-
nated cultures with axenic ones whenever possible. See (70) 
for further details. 

2. Stability of Cell Line Characteristics 

Long-term transplantable tumors and cell lines frequently 
drift away from a parental or normal phenotype over a period 
of years. Drift or selection of variants due to different 
culture conditions employed by each laboratory is a common 
problem and emphasizes the need to keep early freezings for 
reference and the desirability for frequent exchanges with 
other investigators. The occasional contamination of a cell 
line with another line that outgrows the first points out the 
need for caution, especially if a new morphology or other 
property appears in a culture. It cannot be assumed that a 
cell line obtained from laboratory A will be identical in all 
properties to that described in publications from laboratory B. 

V. UNIQUE USES OF MACROPHAGE CELL LINES 

Macrophage cell lines offer several unique contributions 
to the .science of mononuclear phagocytes. They are not con-
taminated by any other cell types. They are engaged in rapid 
cell division and can be cloned. Each line represents a sub-
type of normal macrophages ranging from very immature to well 
differentiated. Table IV lists results obtained using cell 
lines, which could not be derived from normal macrophage 
sources with the present technology. These studies include 
findings that macrophage subsets have separate, specific re-
ceptors for a number of immunostimulatory agents; they differ 
in sensitivity to the inhibitory effects of corticosteroidsf 
and they differ in a number of other properties including anti-
body-dependent lysis and phagocytosis of targets. Heteroanti-
serum made against a cell line has been reported to be specific 
for tumoricidal, activated macrophages after suitable absorption 
with resident peritoneal cells or nontumoricidalf stimulated 
macrophages. Most of these experiments would be very difficult 
with normal sources of macrophages due to extensive heteroge-
neity in cell types. 

Due to the fact that the lines are growing rapidly, it is 
possible to select for a loss or alteration in a physiological 
trait. Thus, variants for phagocytosis [and correction of the 
defect by cyclic AMP elevating agents (68)], for immunoglobulin 
receptors, and for NBT reduction have been described (Table IV). 
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TABLE IV. Special uses of macrophage cell lines 

Property Reference 

Differential sensitivity to growth inhibition 
and CSA induction by LPS, PPD, zymosan, and 
dextran sulfate 26 

Differences in immune effector functions See Table III 
Differences in expression and inducibility of 

neutral proteases 20, 21 
Differences in sensitivity to corticosteroids 13, 20, 21 
Separate receptors for immunoglobulin sub-

classes 69, 71, 72, 76 
Variants defective in receptors for immuno-

globulins 15, 73, 76 
Phagocytosis and lysis of BBC directed by 

antibodies of all 4 mouse IgG classes 77 
Variants defective in phagocytosis 15, 68 
Variants defective in NBT reduction and 0 

production 52 
Cell cycle analysis of endocytosis 74 

Variants lacking Superoxide anion production can kill tumor 
targets as well as the parental cell line (51). There is also 
the possibility, due to their rapid growth, of selecting syn-
chronized populations of cell lines for study of the effect of 
position in the cell cycle on macrophage functions. 
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