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I. INTRODUCTION 

Mononuclear phagocytes cultured in vitro on a glass or 
plastic surface adhere and attach to the surface, and under 
these conditions the morphology, cytochemistry, and functions 
of the cells can be easily studied. It is, however, difficult 
to recover the cells into suspension when required for certain 
experiments. This chapter presents two methods in which a 
hydrophobic Teflon membrane is used as the culture substrate. 
Mononuclear phagocytes adhere poorly to Teflon membranes and 
can easily be recovered intact for subculture or for experi-
ments in which the cells must be in suspension (e.g., transfer 
experiments, chemotactic studies, and assessment of intracel-
lular killing of bacteria). These culture systems are suitable 
for human and murine mononuclear phagocytes; those of other 
species have not as yet been studied by us to any appreciable 
extent. 
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II. MATERIALS 

A. Teflon Film 

Disposable hydrophobic Teflon FEP film (fluorinated 
ethylene propylene resin, DuPont de Nemours and Company; gauge 
25 ym) * supplied by Janssens' M & L (St. Niklaas, Belgium) is 
used as the culture substrate. This film is completely trans-
lucent and, since it is nontoxic, can be used without prior 
cleaning procedures. It resists autoclaving without any change 
in size, shape, or clarity. Since the film is permeable for 
oxygen, carbon dioxide, and water vapor (1/ 2), closed bags 
(see below) can be used for culture of cells. The film is im-
permeable for water in the liquid phase, as well as for elec-
trolytes and microorganisms. 

B. The Teflon Film Dish (TFD) 

The TFD is a tissue culture chamber consisting of a re-
usable aluminum holder with a Teflon ring (inner diameter 
40 mm) on which a piece of hydrophobic Teflon-FEP film is 
mounted (3) (Fig. 1). The cover consists of a metal ring in 
which a transparent glass disk is fixed. This tissue culture 
chamber has also been used for slightly different purposes 
(4-6) and can be obtained from Tecnomara AG, Zürich, CH 
8059, Switzerland. The assembled chamber can be sterilized 
by autoclaving. 

C. The Teflon Culture Bag (TCB) 

Sheets of Teflon FEP film are sealed with a diathermic 
sealing apparatus (Super Sealboy 235; 210 W, Audion Electron, 
Amsterdam, The Netherlands) to form a triangular bag (2) (Figs. 
2 and 3a and b). Usually bags measuring 4 x 15 x 15 cm are 
made in our laboratory, but, of course, either larger or 
smaller bags can be produced. A glass bead (diameter 4 mm) 
is sealed in to allow easy introduction of the needle (19 
gauge) through which the bag is filled with a cell suspension 
(Fig. 3c). Before the cell suspensions are brought into the 
bags, the bags are sterilized by autoclaving for 20 min at 
120°C and 3 atm. After a bag has been filled with medium and 

*Teflon FEP film, Type 100-gauge, from E. J. DuPont de 
Nemours and Co., Wilmington, Delaware 19805, may be an ac-
ceptable substitute. 
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Fig. 1. Schematic drawing of the Teflon film dish. 
(a) Dish in unassembled state. (b) Dish in cross section. 
(Reproduced with permission of the J. Exp. Med. 147: 271-276, 
1978. ) 
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Fig. 2. The Teflon culture bag (TCB). (Reproduced with 
permission of Cell. Immunol. 42: 208-212, 1979.) 
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Fig. 3. (a) Teflon membranes are sealed with a diathermic 
sealing apparatus. (b) The seals (arrow) are made such that a 
triangular bag is formed, a glass bead (double-tailed arrow) is 
sealed in, to facilitate introduction of a needle. (c) and (d) 
Via the needle, the bag is filled with a cell suspension. (e) 
and (f) The opening in the bag is sealed diathermically (seal, 
arrow). (g) After incubation, the bags are gently rubbed and 
kneaded to detach loosely adherent cells. (h) A needle is in-
troduced into the culture bag and the culture fluid is aspirated 
to harvest the cells. 
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cells (Fig. 3d), the opening is sealed diathermically (Fig. 3e 
and f). During incubation substances (e.g., drugs, nutrients, 
[3H]-thymidine) or particles (latex spheres, opsonized bac-
teria, etc.) can be added or samples taken by perforating the 
Teflon film near this seal with the needle of the syringe and 
resealing the hole afterward. 

III. PROCEDURE 

A. Preparation of Cell Suspensions 

Mononuclear phagocytes from various sources can be sus-
pended in one of the currently available culture media supple-
mented with serum. The culture media and sera in use in our 
laboratory for the culture of mononuclear phagocytes of various 
kinds are given in Table I. The cells are usually seeded at a 
density of approximately 10^ - 10° cells/ml. 

B. Incubation 

The cultures are placed in an incubator with a humidified 
atmosphere at 37°C and 10% CO2 added to the air. 

C. Recovery of the Cells 

Cells are recovered from the TFD by aspirating the culture 
fluid and by gently rinsing the Teflon surface with culture 
medium to remove loosely adhering cells as well. For recovery 
from a TCB, the bag is gently kneaded (Fig. 3g), a needle (19 
gauge) attached to a syringe is introduced, and the culture 
fluid is aspirated (Fig. 3h), this fluid is gently reinjected 
and aspirated several times to remove all loosely adherent 
cells. 

The cells recovered from a TFD, a TCB, or from glass or 
plastic are counted in a hemocytometer and viability is deter-
mined by (0.1%) trypan blue exclusion. 

Light and Phase-Contrast Microscopy 

During incubation, the cells in both the TFD and the TCB 
can be studied in an unfixed state with an inverted phase-
contrast microscope. Cells recovered from the TFD or the TCB 
are studied light microscopically in cytocentrifuge prépara-



TABLE J . Media and Sera for Liquid Culture of Mononuclear Phagocytes 

Kind of mononuclear phagocyte 

Murine bone marrow cells 

Culture medium 

Dulbecco's MEMa + 
conditioned mediunP 

Murine peritoneal macrophages 

Murine pulmonary macrophages 

Murine liver macrophages 

Murine macrophage tumor cell lines RPMI 1640 

Human bone marrow cells Alpha MEM° 

Medium 199a 

Medium 199a 

Medium 199a 

c 

Human blood monocytes Medium 199a 

Serum 

Horse serumc 20% 

Newborn calf seruma' 20% 

Newborn calf serum ' 20% 

Newborn calf seruma'd 20% 

Fetal calf serum 10% 
c d Horse serum ' 35% + fetal 

Reference 

7, 8 

9 

10 

11 

2, 3 

12 
calf serum ' 15% 

Newborn calf serum 
a,d 

20% 13 

GIBCO, Grand Island, New York. 
"Prepared from supernatants of cultures of embryonic mouse fibroblasts. 
cFlow Laboratories, Irvine, Scotland. 
^Inactivated by incubation at 56°C for 30 min. 
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tions (6) or in cultures of these cells on a flying glass 
coverslip in a Leighton tube· The cells on glass or plastic 
surfaces are rapidly air-dried and fixed (e.g.f in methanol) 
and stained (e.g·, with Giemsa stain). 

E. Electron Microscopy 

Electron microscopic studies can be done by fixing the 
cells in the TFD according to van Ewijk and Hö'sli (4) . With 
this method, cells can be selected and marked under the in-
verted microscope; the cells are then fixed and dehydrated 
semiautomatically, while they are still in situ in the dish 
and without disturbance of their geographical relationship. 
Since the Teflon film does not stick to polymerized Epon, it 
can be easily peeled off. Ultrathin sections of the selected 
cells can be made according to any predetermined plan. 
Alternatively, the cells can be recovered from the TFD or TCB 
and the cell suspension processed for electron microscopy in 
the conventional way (14). 

F. Replating of Cultures 

After a certain incubation period, the cells can be har-
vested from the TFD or TCB to be subcultured. For this pur-
pose the cells are centrifuged (110 g for 10 min) , washed, 
resuspended in fresh medium, and incubated in a new TFD or 
TCB. 

IV. CRITICAL COMMENTS 

Methods are described for the culture of mononuclear pha-
gocytes in suspension by incubation on a hydrophobic Teflon 
film to which the cells do not adhere. Such cells can be 
easily harvested from the culture without damage and used for 
further experiments or for subculture. Under these conditions 
more than 75% of the resident peritoneal macrophages can be 
harvested undamaged after 24 hr of culture. 

Of the two methods, we now prefer the one using the Teflon 
culture bag because the bag is cheap, disposable, easily made 
in the laboratory, and its size can be varied; moreover the 
use of closed bags minimizes the risk of infection of the cul-
ture. However, the Teflon film dish with its flat bottom, des-
pite its disadvantages (expensive aluminum holder, laborious 
cleaning and assembly of the device, greater likelihood of in-
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fection in the incubator), is more suitable for (time-lapse) 
photography and cinematography as well as for electron micro-
scopic examination of individual cells (5, 6). Both systems 
are suitable for the culture of virtually all kinds of mono-
nuclear phagocytes. We have shown that the characteristics of 
mononuclear phagocytes cultured on Teflon are similar to those 
seen after culture on a glass or plastic surface. Prolifera-
tion of murine bone marrow mononuclear phagocytes in the 
presence of colony-stimulating factor is the same on Teflon 
and on glass (2, 3, 8), and macrophage tumor cell lines also 
proliferate to the same degree on Teflon and on plastic (2, 3). 
Peroxidase activity, a-naphthyl butyrate esterase activity, 
Fc receptors, complement receptors, phagocytosis, and pinocy-
tosis of both murine long-term resident peritoneal macrophages 
and of (long-term) proliferating bone marrow mononuclear 
phagocytes are the same on Teflon and on glass (3). Further-
more, peroxidatic activity patterns of mononuclear phagocytes, 
as studied under the electron microscope in these adherent and 
nonadherent cultures, are also the same (14). With replating 
at regular intervals, cultures of proliferating bone marrow 
mononuclear phagocytes have been maintained in our laboratory 
for more than 180 days. Several investigators, including the 
authors, have found the Teflon systems to be very convenient 
for short-term as well as long-term cultures of human blood 
monocytes (14, 15). Recently, we attempted to culture human 
marrow in the Teflon culture bag; the human monoblast could be 
recognized in these cultures, and cultures could be maintained 
for at least 3 - 4 weeks (12). 

What are the disadvantages of these culture systems? 
First, they do not provide separation of mononuclear phagocytes 
from less adherent cells (lymphocytes and granulocytes). This 
poses no problem for the culture of mouse bone marrow mono-
nuclear phagocytes, but in cultures of human blood monocytes 
and human bone marrow relatively large numbers of lymphocytes 
and granulocytes persist throughout the culture period. To 
obtain pure cultures of human monocytes, a separation step to 
eliminate lymphocytes must be included (15). 

Second, since the cells do not adhere and spread as they 
do on a glass surface, the morphology is different. Conse-
quently with cultures on glass or plastic, the stage of de-
velopment (monoblast, promonocyte, monocyte, and macrophage) 
(7) cannot be determined at the light microscopic level. 

Third, cells that adhere very strongly to glass, as thio-
glycollate-induced peritoneal macrophages, are also able to ad-
here to the Teflon membrane, but after 24 hr of culture the 
percentage of cells that can be harvested from the TCB equals 
that of resident peritoneal macrophages. 

Last, the proliferation of thioglycollate-induced peri-
toneal macrophages in the presence of L cell conditioned 
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medium is lower on Teflon than on glass (C. Stewart, personal 
communication;. Fibroblasts (as well as mouse L cells) also 
tend to proliferate better on glass or plastic than on Teflon. 

How do these Teflon culture systems compare with methods 
used to avoid adherence of mononuclear phagocytes or to detach 
these cells from a surface? Münder et al. (1) employed a hy-
drophilic Teflon membrane for cell support; however, mono-
nuclear phagocytes adhere to these chemically etched membranes. 
Plastic petri dishes with a Teflon bottom (either hydrophilic 
Teflon for adherent cultures or hydrophobic for nonadherent 
cultures) are now commercially available (Petriperm, Heraeus, 
Hanau, West Germany). Our experience with these dishes is 
limited, but we have found that cells do adhere more firmly to 
the hydrophobic dish than to the Teflon film we use. 

The Cuprophane sheet (a cellulose membrane for hemodialy-
sis; Akzo, Wuppertal, West Germany) described by van Ginkel et 
al. (17) has the disadvantage of permeability for water and 
electrolytes. Mononuclear phagocytes are said to adhere poorly 
to polypropylene tubes (Corning Glass Works, Corning, New 
York). These tubes have the disadvantage of not being translu-
cent, which prevents observation of cell cultures with the in-
verted microscope. Plastic petri dishes can be coated with 
Teflon from a spray (No. 6075, Crown Industrial Products Co., 
Hebron Illinois), but are then no longer translucent (18). 

Methods to recover adherent cells from other surfaces, 
such as scraping with a rubber policeman at 4°C and treatment 
with trypsin, chelating agents, or cationic anesthetics (19), 
give either very incomplete recovery or damage the cells. 
Cultures in tumbler tubes or in siliconized glassware do not 
completely eliminate surface attachment of mononuclear phago-
cytes. The culture of mononuclear phagocytes on a surface 
coated with collagen or in a plasma clot and recovery of the 
cells by enzymatic digestion of the coating has several disad-
vantages, such as activation of the cells by material on the 
surface, ingestion of the coating substance by the cells, 
damage to the cell membrane by the enzymes used, and inter-
ference with direct microscopical observation of the attached 
cells during incubation. Furthermore, study of the morphology 
of fixed, cultured cells may be hampered by nontranslucent 
coating material. Even cells that normally do not attach 
easily to glass or plastic (e.g., lymphocytes) may attach to 
the coated surface. 
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