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Mono-Mac-6 cells, but not U937 cells, can be Induced to rapidly express tumor necrosis

factor (TNF) mRNA and protein when triggered with Ilpopolysaccharlde (LPS) at 1 pg/mI.
Preincubatlon of the cells for 3 d with low amounts of LPS (10 ng/mI) results In nearly

complete suppression of TNF secretion. This downreguiatlon appears to occur at the
pretranslational level since specIfIc mRNA is virtually undetectable under these condi-
tions. By contrast, the same prelncubatlon with 10 ng/mI LPS results in enhanced phago-
cytosls (28.6-67.2% for Staphylococcus aureus), demonstrating that not all monocyte

functions are suppressed. While these results show that only stringent exclusion of LPS
from culture media allows for Induction of TNF In the Mono-Mac-6 cell line, the pro-
nounced effect of LPS preincubatlon may also provide a suitable model with which to
study the mechanisms of LPS-lnduced desensitizatIon.
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Downregulation of Tumor Necrosis Factor Expression
in the Human Mono-Mac-6 Cell Line

by Lipopolysaccharide

INTRODUCTION

We have recently established the Mono-Mac-6 human

monocytic cell line, which has many of the phenotypic

and functional characteristics of peripheral blood mono-
cytes [17]. When studying expression of tumor necrosis

factor (TNF) in this cell line we noted that this cytokine

could not be induced in every experiment. Only after

stringent exclusion of LPS from the culture media repro-
ducible stimulation of TNF was observed. Hence, we

initiated experiments to investigate the impact of low

amounts of LPS in a preculture period on subsequent
TNF response to high amounts of LPS. As we will dem-

onstrate in the present study, LPS can in fact downreg-
ulate TNF expression and this appears to occur at the
mRNA level.

MATERIALS AND METHODS
Cell Culture

The cell lines Mono-Mac-6 [17] and U937 [12]

(kindly provided by K. Nilsson) were maintained in

LPS-free (<10 pg/ml as determined by Limulus amebo-
cyte lysate (LAL) assay) RPMI 1640 culture medium

(Gibco, Grand Island, NY) supplemented with 10% FCS
(Interchem, Munich, F. R .G.), penicillin-streptomycin
(Gibco), nonessential amino acids (Gibco), insulin (Sig-
ma, St. Louis, MO), oxalacetate (Sigma), pyruvate

(Fluka, Buchs, Switzerland) and L-glutamine (Gibco).

To ensure freedom of LPS the complete culture medium

was ultrafiltrated [2] through a Gambro 2000 column

(Gambro, Hechingen, F.R.G.) followed by addition of
FCS. In this medium, cells were cultured for 3 d either
with or without 10 ng/ml LPS from Salmonella minne-
sota (# L 6261, Sigma) at a cell density of 2 x i05 cells!
ml. After this preculture cells were stimulated with 1

�.tg/ml LPS for 3-6 h at 2 x 106 cells/ml in 24-well
plates. Supernatants were transferred into centrifugation
tubes, spun twice at 800g in order to eliminate cells, and
the supernatant was tested for TNF bioactivity.

TNF Bioassay

TNF in the supernatants was determined in a
51Cr-release assay with actinomycin D-pretreated WEHI
164 as target cells exactly as described earlier [15,16].

Specific release from WEHI 164 cells as a measure of

TNF in the supernatants was calculated from

Experimental release - Spontaneous release < 100

Maximal release - Spontaneous release

Abbreviations used: Act D, actinomycin D; FCS, fetal calf serum;

LPS, lipopolysaccharide; SRBC, sheep red blood cells.
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Neutralization experiments were done with 195/8 mono-

cional antibody (kindly provided by Dr. A. M#{246}ller)

against TNF in saturating amounts as described [18].

Northern Blot Analysis

RNA was prepared according to standard protocols

[3]. In brief, 20-30x 106 cells were lysed with 4 M

guanidine-isothiocyanate (Fluka), 0.5% laurylsarcosine

(Sigma), 25 mM sodium citrate, and 0.1 M �3-mercap-
toethanol (Merck, Darmstadt, F.R.G.) and subjected to

CsCI (BRL, Bethesda) density gradient centrifugation.
The RNA was dissolved in H2O, extracted once with
phenol/chloroformlisoamylalcohol (Merck) and 20 �g/

slot was applied to a 1% agarose gel containing 17.8%
formaldehyde (Merck). After electrophoresis RNA was

blotted overnight on a nylon membrane (Amersham,
Braunschweig, F.R.G.) and hybridized overnight at
65#{176}Cin 3x SSC, lOx Denhardt’s solution, 0.1% so-

dium pyrophosphate (Merck), 10% dextrane sulfate
(Serva, Heidelberg, F.R.G.), and 100 �g/ml salmon

sperm (Sigma). Hybridization for TNF was done with a

0.6 kb XhoIIHindIII fragment derived from exon 4 of the
human TNF gene according to Nedwin et al. [9]. This

probe was labeled by random priming [4] with a32P-
dATP (Amersham). Finally, blots were washed to 0.3 x
SSC/0. 1 %SDS at 65#{176}Cfor 30 mm and autoradiographed

overnight with one intensifying screen. Control hybrid-

izations were done after washing the blots in 0.1% SDS
(Sigma) at 75#{176}Cfor 30 mm with a 1 .7 kb Pst 1 fragment
derived from the human actin gene [14].

Phagocytosis

Sheep red blood cells (SRBCs) (Behring, Marburg,
F.R.G.) were diluted to 1 x l0� cells/mi, stained for en-

dogenous peroxidase with 60 p.g/mi carbazole (Sigma)

and 1.5 x 102% H202 (Merck) for 15 mm at room tem-
perature, washed twice with warm PBS, incubated 15

mm at 37#{176}Cwith rabbit-aSRBC antiserum 1:100 (Am-

boceptor, Behring), and finally washed another two
times. Mono-Mac-6 cells, which had been precultured
with or without LPS at 10 ng!ml for 3 d were diluted to

1 x 106 cells/mi, and 1 x 108 SRBC were added. Cells
were incubated at 37#{176}Cfor 4 h; nonphagocytosed SRBCs
were lysed with ammonium chloride buffer; and cytospin

preparations with 5 x l0� Mono-Mac-6 cells were pre-

pared. After staining according to Pappenheim the num-
ber of cells with one or more phagocytosed SRBC, was

determined. For evaluation of bacterial phagocytosis
1 x 106 Mono-Mac-6 cells were incubated with 1 x 108

Staphylococcus aureus (Pansorbin, Calbiochem, La

Jolla, CA) in 1 ml of culture medium containing 2%
human serum for 1 h at 37#{176}C,and cells containing one or

more intracellular bacteria were enumerated in Pappen-
heim stains.

Fig. 1. TNF production in the human Mono-Mac-6 cell line is
suppressed by preculture with low amounts of LPS. Cell lines
were precultured for 3 d with or wIthout 10 ng/ml LPS followed
by washing and triggering with 1 �ag/ml LPS for 3 h, and TNF
activity was assayed In the WEIII 164/Act D assay. Open sym-
bols without, closed symbols with, LPS in preculture.

RESULTS

When Mono-Mac-6 cells are cultured for 3 d without

exogenous LPS a subsequent trigger with 1 p.g/ml LPS
results in rapid secretion of TNF into the supernatant

(Fig. lB). Dose-response studies show that LPS amounts

of 100 pg!ml to 1 ng!ml are already able to induce TNF
expression. Neutralization experiments with a TNF-spe-
cific antibody demonstrate a complete ablation of cyto-

toxicity (control antibody 51.5%; anti-TNF monoclonal
antibody 4%). These experiments demonstrate that the
WEHI 164/Act D assay specifically detects TNF activity
in Mono-Mac-6 supernatants. Similar triggering of U937
with LPS did not result in any detectable TNF secretion

(Fig. lA).
When low amounts of LPS were present during the 3

d preculture period the TNF response in Mono-Mac-6

cells was almost completely suppressed (Fig. 1, Table
1). Hence, we asked at which level of gene expression

this downregulation occurs. For this purpose total RNA
was isolated from these cells preincubated with or with-

out 100 ng!ml of LPS and triggered with 1 p�g/ml LPS for
3 h. Hybridization of the RNA blot with a TNF-specific
probe demonstrated that LPS preincubation resulted in a

strongly decreased expression of specific mRNA (Fig.

2), while for U937 there was no TNF mRNA detectable
under any circumstances.

These data indicate that the LPS-induced downregu-

lation of TNF expression apparently operates at the pre-
translational level. In order to exclude that other mono-

cyte-specific functions are impaired by such treatment
we investigated phagocytic activity. As is evident from
Table 2, the same preincubation with LPS results in in-



U 937 MonoMac 6

LPSpre -

LPS trigger -

TNF

-++ --#{247}#{247}
+-+ -+ -#{247}

creased phagocytic activity for both Staphylococcus au-

reus and antibody-coated erythrocytes.
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TABLE 1. Effect of Preincubation With
on LPS-Trlggered TNF Productiona

Low Amounts of LP S

U 937 Mono-Mac-6

Exp - + - +

-0.5 -1.0

2 2.3 3.3
3 -0.5 -0.2

42.6
50.1

39.5

7.6
8.5

10.0

aCells were preincubated for 3 d without (-) or with (+) 10 ng

LPS/ml followed by washing and triggering with 1 p.g LPS/ml for 4-6
h. TNF activity in supernatants is expressed as % specific release from

WEHI 164/Act D target cells.

TABLE 2. Effect of LPS Prelncubatlon on Phagocytic Activity

on Mono-Mac-6

Particle

Positive cells (%)

- LPS + LPS�

Staphylococcus aureus (n = 4) 28.6

Antibody-coated erythrocytes (n = 5) 21.2

± 9.3

± 8.1
67.2 ±

60.6 ±

18.9

11.2

aCells were cultured for 3 d with LPS at 10 ng/ml and then incubated

for I h with the respective particle. Results were read by light micros-

copy on Pappenheim-stained cytospins.

Actin

FIg. 2. TNF mRNA expression in the human Mono-Mac-6 cell
lIne is suppressed by preculture with low amounts of LPS. Cell
lines were precultured for 3d with or without 10 ng/mI LPS (LPS
pre) followed by washing and triggering with 1 �g/ml LPS (LPS
trigger) for 3 h as Indicated. RNA blots were hybridized with a
0.6 kb genomlc TNF probe.

DISCUSSION

The Mono-Mac-6 cell line was established from a pa-

tient with acute monoblastic leukemia, and by using
early cloning and selection of slowly growing cells, we
were able to isolate a line with almost all features of

human blood monocytes, i.e. phagocytosis, reactive ox-

ygen production, enzyme production, and expression of
typical cell-surface markers, including the CD14 antigen

as defined by the antibodies My4 and Mo2. Consistent
with the mature phenotype, we can show herein that LPS

can rapidly induce TNF in the Mono-Mac-6 cell line,
while in the immature monoblastic cell line U937 no

such response was detected. The mRNA is first detect-
able at 30 mm, peaks between 1 and 3 h, and rapidly

decreases at 6 h, a feature found for many cytokines and

oncogenes [11].
Efficient stimulation of the TNF production in Mono-

Mac-6 was, however, only possible when stringent con-
ditions were applied in order to exclude LPS [13]. In our
studies we used either LPS-free plasticware or baked
glassware. Medium was filtrated through a LPS-

retaining column, and the fetal calf serum added con-
tained less than 100 pg/mi of LPS. As shown herein, low

amounts of LPS (1-10 ng/ml) added to the culture media

can effectively prevent subsequent stimulation by LPS.

Such low amounts can be inadvertently introduced into
culture media by glassware or by medium ingredients. It

is very possible that such low amounts of LPS that re-
main unnoticed interfere with the analysis of monocyte

function in many instances. The downregulation of the
TNF response appeared to occur at the mRNA level since

little or no mRNA was detected after stimulation of LPS-
preincubated Mono-Mac-6 cells (Fig. 2). The molecular

mechanisms leading to the reduced levels of mRNA un-

der these conditions are currently unknown. Whether the
preculture with LPS reduces receptor-ligand interaction

or whether it interferes with postreceptor events is un-
known at present. Furthermore, a possible contribution
of autocrine activity of TNF or other cytokines to the
downreguiation of TNF expression needs to be evalu-

ated. The involvement of cytokines in an autocrine

mechanism which leads to a reduction of cell growth in
the U937 cell line has been demonstrated [8], and Mono-
Mac-6, in fact, exhibits a reduced proliferation when

cultured in the presence of LPS (data not shown).
The refractoriness of monocytes to a secondary LPS

trigger itself is a phenomenon that has long been known
in the experimental animal [1,5-7,10], but the molecular
mechanisms underlying this process are ill defined, and
valid in vitro models do not appear to exist. The present

system using LPS-pretreated Mono-Mac-6 cells offers a

suitable in vitro model and we are currently analyzing the

mechanisms involved in this “in vitro desensitization”
process.
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