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Reliable assessment of IL']. production by human monocytes is critically dependent on the methods for
Isolation and culture of these cells. In the present study, the quality of pipettes and the preparation of
Ficoll-lsopaque appear to be crucial for IL']. production from both LPS-stimulated and unstimulated
monocytes. Different brands and lots of polystyrene culture wells give rise to great variation In IL'].
production. When carefully prepared, hydrophobic teflon membranes, to which mononuclear phagocytes
poorly adhere, are used as the culture substrate, stimulation of IL']. production Is observed.

The HLA DR3 haplotype of the monocyte donors did not influence IL']. production. The addition of
normal human AB serum to the cultures usually Increases IL']. production, although strong inhibition of
both unstimulated and LPS-stimulated IL']. production was also observed after addition of a diet-induced
hyperlipemic AB serum. This inhibition was not due to cholesterol, chylomicrons, high- or low-density
lipoproteins.

When monocytes were cultured at different temperatures, the only abnormality found was a decrease of
cell-associated IL']. at 41°C.

Keywords: Interleukin-1; In vitro culture; Monocyte; Lipoprotein; HLA-DR

Introduction

Interleukin']. (IL-].), a group of closely related
proteins with a molecular weight of 17000 IS
considered the major endogenous pyrogen (Di-
narello, 1984) Apart from Its pyrogenic proper-
ties, IL']. has a variety of other effects (Dinarello,
1984 1986a). IL']. IS mainly produced and secreted
by mononuclear phagocytes after these cells are
triggered by a large variety of stimuli.

Correspondence to: J.W.M. Van der Meer, Department of
Infectious Diseases, University Hospital Leiden, Leiden, The
Netherlands.

When we tried to develop a reliable assay to
measure the production of IL']. by human mono-
cytes under normal and pathologic conditions, we
encountered a number of methodological prob-
lems. In this paper we report the strict precautions
that need to be taken for both the isolation and In
vitro culture of these cells to measure IL']. Pro-
duction in a reliable fashion.

Materials and methods
Preparation and culture of cells

Venous Dblood samples from volunteers were
collected In a sterile fashion In 50 ml polypro-
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pylene tubes (Falcon Plastics, Cockeysville, MD)
containing 3 ml of preservative-free heparifi (20
U/ml). In one series of experiments, healthy
donors typed for HLA were used. The blood
samples were transported on ice, immediately sub-
mitted to Ficoll-lIsopaque density centrifugation
as described elsewhere (Van der Meer et al., 1982)
The cells In the monocyte-lymphocyte-rich inter-
phase were washed with saline and counted, and,
unless stated otherwise, incubated at a concentra-
tion of 25 X 10f]/ml In RPMI (Flow Laboratories,
Irvine. Scotland) either with or without serum (see
below) at 37°C In a water-saturated atmosphere
of 5% CO: In air. Cultures were incubated without
any addition, with D ng/m1 E. coli 0111 : B4 lipo-
polysaccharide (LPS, Difco Laboratories, Detroit,
MI) or with 125 jug/ml polymyxin B (Pfizer,
Rotterdam, The Netherlands).

After 24 h of iIncubation, the culture super-
natants were harvested and the cells were lysed by
repeated freezing and thawing In order to measure
cell-associated IL- 1 The samples were stored at
—20 °C until they were assayed for IL'_ activity.
Since we did not find differences In IL'_ produc-
tion whether or not the non-adherent cells were
removed after 2 h of Incubation, the latter cells

were not removed In the experiments reported
here.

In some experiments, resident peritoneal mac-
rophages from male Swiss mice (20'30 g. Central
Institute for the Breeding of Laboratory Animals,
TNO, Bilthoven, The Netherlands), Isolated as
described elsewhere (Van Furth and Cohn, 1968)
were used.

Pipettes and culture substrates

For the handling of media, reagents and cells,
either glass pipettes that were sterilized by heating
at 120°C for 12 h or disposable plastic pipettes
(Greiner NIlirtingen, F.R.G.) were used. The fol-
lowing culture plates were used: Nunclon and
Nunc U well (Nunc, Kamstrup Roskilde, Den-
mark), Falcon U well and Falcon petri dish 35
mm (Falcon Plastics, Cockeysville, MD), Costar
flat bottom and Costar U well (Costar Hamden,
CT), Sterilin multiwell (Sterilin, Feltham, U.K.),
Petriperm 55 mm dish (Heraeus Christ, Osterode,
F.R.G.). Also, teflon culture bags were prepared
as described elsewhere (Van der Meer et al., 1981)

using hydrophobic teflon film (Jansens M &L, St.
Niklaas, Belgium); before usage the teflon film
was cleansed with water and absolute ethanol and
heated at 180°C for 4 h to destroy endotoxin.

Sera and lipoproteins

To study the effect of serum on the production
of IL-1 by monocytes, 1% heat-inactivated (56°C,
30 min) AB serum from normal donors was added
to the cultures. Furthermore heat-inactivated sera
rich in either cholesterol, triglycerides or chylomi-
crons were tested. High density lipoproteins and
low density lipoproteins were isolated by ultra-
centrifugation as described by Redgrave et al.
(1975) and added to the cell cultures In various

concentrations In the presence of \% human serum
albumin.

Assay for 1L-1 activity

IL']. activity in the samples was measured using
the D].OG41 cell line, an IL-I-sensitive T cell
line, maintained as described by Kaye et al. (1984)
The cells were used between 7 and 14 days after
each subculture and plated on 96 well flat bottom
culture plates (Nunc). The supernatants and lysates
to be tested for IL']. activity were diluted 10 and
100-fold and assayed iIn triplicate In the presence
of 1/tig/m| phytohemagglutinin. Incubation of the
D].OG41 cells with 1/ig/m| phytohemagglutinin
(Burroughs Wellcome Research, Triangle Park,
NC) served as a control on all culture plates; as a
positive control, 1 U/mIl of highly purified human
IL']. (Dinarello et al., 1977) was Included. The
D].OG 41 cells were iIncubated with the samples
for 48 h at 37°C at 5% CO: In air. [BH]thymidine
was added 24 h Dbefore the cultures were
terminated; at the end of the culture period DNA
was trapped on glassfilter paper and radioactivity
determined by liquid scintillation. To prove that
the lymphocyte-activating activity was due to IL-].,
neutralization with an absorbed rabbit antibody
against human IL']. (Dinarello et al., 1977) was
performed by incubating the cell supernatants with
\% of either the antiserum or normal rabbit serum
before addition to the D 10 641 cells iIn a number
of experiments.




Results

Isolation of cells

In our Initial experiments, a highly variable
IL-1 activity was found when monocytes were
iIncubated without addition of LPS. Often the
[3H]thymidine uptake of the D 10.641 cells in-
cubated with a 1 in 10 or 1 in 100 dilution of such
a monocyte supernatant was greater than 50000
cpm, and would sometimes not iIncrease signifi-
cantly by the addition of LPS. Therefore, stimula-
tion, for instance by microbial products (LPS,
bacterial cellwalls, etc.) during the isolation and In
vitro culture of the monocytes was suspected.

The Ficoll-lIsopagque gradients appeared to con-
tribute to the high IL': activity. Ficoll-lIsopaque
as prepared In large quantities by the hospital
pharmacy appeared to stimulate the monocytes,
whereas Ficoll-lsopaque, carefully prepared using
pyrogen-free media, glassware and plastics, does
not cause stimulation of monocytes (Fig. 1). We
found that these carefully prepared batches of
Ficoll-lsopaque still had some stimulatory capac-
Ity, when we used mouse resident peritoneal mac-
rophages, which were centrifuged on Ficoll-Iso-
paque (Fig. 2). The cells respond well to an LPS
stimulus. The experiments with polymyxin B (Fig.
2) suggest the stimulatory effect i1s not solely due
to traces of endotoxin.
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Fig. 1 The effect of different preparations of Ficoll-lsopaque

on IL-1 production by non-stimulated and LPS-stimulated

monocytes. One batch of Ficoll-Hypaque (hatched2 Was care-

fully prepared In the laboratory using pyrogen-free media,

glassware and plastics, the other (stippled? was made In large

quantity by the hospital pharmacy. The supernatants were
tested on D10.G4.1 cells ina 11in 10 dilution,
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Fig. 2. The effect of carefully prepared Ficoll-Isopague on
mouse resident peritoneal macrophages. The cells were In-
cubated at a concentration of 5x 104 either directly
(cross-hatched) after a single wash (open), or after Ficoll-Iso-
pague centrifugation (stippled). After 24 h of culture without
any addition, with LPS, or with polymyxin B. the supernatants
were harvested and tested on D10.G4.1 cells in-a 1 in 10
dilution; PHA background (solid) 1s 630 cpm.

A second crucial problem appeared to be the
usage of reusable heat-sterilized glass pipettes,
which were also used In experiments with bacteria
performed In our laboratory. These glass pipettes
gave very high basal IL']. concentrations whereas
use of disposable plastic ones resulted In low
unstimulated IL']. activity and a high activity after
Incubation with LPS. |

Culture substrates

Next, the effect of different culture substrates
was Investigated. Considerable variation In stimu-
lation of monocytes between the various brands of
culture plates were found (Fig. 3). Different lot
numbers also appear to produce marked dif-
ferences. Although we have Investigated several
culture substrates, our investigations have not been
so exhaustive that we are able to give strong
recommendations. For that reason, In the repre-
sentative experiment depicted In Fig. 3 the differ-
ent brands of culture substrate are not iIndicated
as such.

To Investigate the role of adherence In the
production and secretion of IL-]., cultures on teflon
membranes, to which mononuclear phagocytes
only loosely adhere (Van der Meer et al., 1981)
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Fi%. 3. The role of five different brands (A through E% of

polystyrene culture substrates on basal IL-1 production. There

s considerable variability of different lots (Al through 4; Cl,

C2 and El, E2) of one brand. The supernatants were tested In
a 11in 10 ailution.

were compared with those on polystyrene (Fig. 4).
Contrary to our expectations, more cell-associated
IL']. was found In the teflon culture systems (espe-
cially the commercially available Petriperm dish-
es) than In plastic dishes. To rule out that these
findings were due to adherence of IL-] to plastic
or to Inactivation of IL-]. by this material, 01

10000 -

POLYSTYRENE PETRIPERM TEHLON BAG

CULTURE SUBSTRATE

Fig. 4. Comparison of cell-associated (upper panel) and secreted
(lower panel) IL-1 on polystyrene and hydrophobic teflon
culture substrates. Monocytes are incubated without (hatchea)

natants were tested in-a 1n 10 dilution.

or with (stippled) LPS. Results of both cell lysates and super-
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Fig. 5. Cell-associated and secreted IL-1 In monocyte cultures

from five HLA DR3-positive (stippled) and five HLA non-DR3

(hatched# donors. Bars represent standard errors of the mean.

The differences between the two groups of donors are not
significant.

U/ml of purified IL']. was Iincubated In poly-
styrene culture wells for 24 h; no loss of activity
was found.

HLA-DR type of monocytes

Next, we Investigated whether the DR locus of
the blood donor had an important influence on
either unstimulated or stimulated IL']. production
by monocytes. Since HLA DR3—positive donors
are considered to be iImmunological high-re-
sponders (Lawley et al., 1981) monocyte prepara-
tions of D HLA DR J-positive and 9 HLA DRJ-
negative donors were cultured. To minimize ex-
perimental variation, the monocytes of five donors
(three DR-positive and two DR-negative) were
cultured on one day and the cultures of the re-
maining five were performed on another day. All
assays for IL']. were performed on ]. day. The
results of these experiments (Fig. 5) do not show
significant differences between these monocytes,
neither for cell-associated nor for secreted IL'].
(Wilcoxon test).

Effects of normal and hyperlipemic serum

Addition of normal AB serum, Inactivated at
56°C for 30 min, to the monocyte cultures led to
a slight increase of 1L-1 activity compared to
serum-free culture; In contrast, addition of diet-in-
duced turbid (Mipemic’) heat-inactivated serum of



one of our donors with blood group AB, contain-
INg 785 mmol/l cholesterol (normal < 73
mmol/].) and 427 mmol/l of triglycerides (normal
< _94) did profoundly inhibit IL]. production
and secretion In a reproducible fashion. The In-
hibition was dose-dependent, ranging from a 93%
Inhibition of IL-]. secretion at a serum concentra-
tion of 1% to a 68% Iinhibition at a serum con-
centration of 001% Not only IL-]. production by
non-stimulated monocytes, but that of LPS-
stimulated cells was inhibited to a similar degree
(data not shown).

The Inhibition appeared to be an effect on the
monocyte, since incubation of purified IL']. with
this serum did not lead to an inhibition of activity.
Likewise, no effect of this serum on the DIO cells
was found. These findings led us to Investigate the
effect of different classes of lipoproteins. Sera of
five patients with greatly elevated serum
cholesterol concentrations (ranging between 874
and 1982 mmol/].) and normal to greatly elevated
serum triglyceride concentrations (ranging Dbe-
tween 085 and 601 mmol/].) were Investigated.
No iInhibitory effect of any of these sera was
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FIg. 6. The effect of low density and |(?h density lipoproteins

on IL-1 production of LPS stimulated monocytes. The cell

lysates (upper panel) and the supernatants (lower panel) were
tested ina 1 in 10 dilution.
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found on IL']. production or secretion of normal
monocytes. Similarly no effect was seen of various
concentrations serum taken before and during
chylomicronemia, induced by the ingestion of 250
ml of fresh cream by a volunteer (data not shown).
When isolated low-density lipoproteins and high-
density lipoproteins were added to monocytes In
the presence of LPS, no inhibitory effect of low
density lipoproteins was found (Fig. 6). High-den-
sity lipoproteins had a slightly inhibitory effect,
which did not reach statistical significance (Stu-
dent’s /-test). This inhibitory effect iIs minor com-
pared to that of lipemic serum, which contained a
ten-fold lower concentration of HDL.

Role of temperature

Cell-associated IL']. was significantly lower at
41°C than at 31 and 36°C (P < 001 Student’s
t-test), whereas IL']. secretion was not signifi-
cantly influenced when monocytes were incubated

CPM

100000
80000
60000

8880

20000

0

100000

80000

60000

40000
20000

31 36 47

TEMPERATURE 1°C]

Fig. 7. The effect of Incubation temPerature on IL-1 produc-

tion by human monocytes of four different donors. Cell-assocl-

ated (upper panel) ana secreted IL-1 (lower panel) are shown.

The bars represent standard errors of the mean. Cell-associated

IL-1 at 41°C s significantly (P c 0.01) lower than that at
36°C and 31°C.
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either Iin the presence or In the absence of LPS

(Fig. ).

DIscussIon

IL-1 production by monocytes In vitro appears
to be critically dependent on culture conditions,
since picograms of endotoxin (Duff and Atkins,
1982) as well as other microbial products (Op-
penheim et al., 1980 Dinarello, 1981 Ilkejema et
al., 1984) are strong inducers of IL-].. Therefore, If
one wants to estimate the state of IL']. production
by monocytes under normal or pathological condi-
tions, strict precautions for the isolation and cul-
ture of the cells are necessary. High quality of
each of the iIngredients Is needed In these experi-
ments, as we demonstrated for pipettes, Ficoll-Iso-
pague preparations, sera and culture substrates.
Since we did not encounter problems with culture
media as such, we have not investigated these In

detail. However, if such problems are encoun-
tered. ultrafiltration devices as described by Di-
narello et al. (1987) can be used to reject Inter-
leukin-I-inducing substances.

Our findings concerning culture conditions
probably not only apply to studies on IL—]., but
also to cultures of monocytes for other purposes,
and to systems, In which monocytes serve as

tered, e.g., In lymphocyte proliferation assays may
well be due to highly variable IL']. production due
to culture conditions alone.

Reading the literature on IL-]., only rarely the
precautions that are necessary are mentioned with
a few exceptions (e.g., Dinarello, 1981) he meth-
odology for IL']. production by monocytes and
macrophages has not been scrutinized, probably,
because mouse thymocytes were used for the inter-
leukin-1 assay, and like others, we have found that
these cells are more than ten-fold less sensitive for
IL-1 than the cells of the D 10.G4.1 cell line. when
the latter cells are used between day 7 and day 10
after subculture the response of these cells to IL-].
IS remarkably constant (unpublished observations).

Apart from these methodological considera-
tions, our findings Iindicate that testing for IL']. IS
probably the most sensitive way to detect stimula-
tion of these cells In vitro. Although we have a

relatively long experience with the culture of
mononuclear phagocytes (Van der Meer, 1980
Van der Meer et al., 1982) not until we performed
the experiments described here did we recognize
the extent that culture methods have on cell stimu-
lation. For instance, using hydrophobic teflon film
as a culture substrate to prevent adherence of
mononuclear phagocytes in culture (Van der Meer
et al., 1981) we would simply autoclave the teflon
membrane and use it. This report demonstrates
that large amounts of IL-]. are produced If these
membranes are used without meticulous prepara-
tion. Despite these precautions, more IL']. IS Pro-
duced when cells are cultured In either of both
types of teflon culture system used than In poly-
styrene culture dishes. Since adherence to a surface
IS considered one of the stimuli for IL']. MRNA
synthesis and translation (Auron et al., 1984
Lepe-Zuniga et al., 1985) these findings are some-
what unexpected. More studies are needed to
establish which mechanisms are responsible for
the stimulation of IL']. production. In this respect
It iIs of Iinterest that hemodialysis membranes, such
as cuprophane, to which monocytes also poorly
adhere (Van Ginkel et al., 1977) are considered to
play a role In the elevation of plasma IL']. IN
patients undergoing hemodialysis (Lonnemann et
al., 1987

We have Investigated whether the DR3 haplo-
type of the major histocompatibility complex,
which Is considered to represent the high immuno-
logical responder state In the human (Lawley et
al., 1981) IS assoclated with an intrinsic capacity
to produce more IL-].. In a limited number of
carefully controlled experiments we could not
demonstrate a significant difference. In view of
the sample size, we cannot exclude that there Is a
difference, but If so the difference between HLA
DR3 and non-DR3 IS small and unlikely to be
responsible for the immunological differences re-
ported. These observations are In agreement with
those In mice, In which the amount of IL-1 release
IN the presence of LPS did not appear to be linked
to the MHC haplotype (Abehsira-Amar et al.,
1985).

We were iIntrigued by the inhibitory effect of
the hyperlipemic serum of one of our serum
donors. However, we could not reproduce the
findings either with other sera with high con-



centrations of the various lipoproteins or with
Isolated lipoproteins. Quite a number of reports
have dealt with both i1nhibitory and stimulatory
effects of lipoproteins on lymphocyte proliferation
(e.g., Curtiss and Edgington, 1978 Cuthbert and
Lipsky, 1986) Most of these studies point to the
lymphocyte as the target. The serum of our donor,
however, did not interfere with the lymphocytes
(D].O.G4.1 cells), used for detection of IL—].. Al-
though we were not yet able to reproduce the
phenomenon with other sera, the lesson from these
experiments iIs that the serum used In these culture
systems should be checked for either stimulatory
or inhibitory activities.

The results of the experiments in which mono-
cytes were incubated at different temperatures are
somewhat divergent from those of Dinarello et al.
(1986b), who published decreasing IL']. secretion
when Incubation temperature was raised from
34°C to 37°C to 39°C. The differences became
especially apparent when the cells were Incubated
with indomethacin. In our experiments secretion
of IL']. was unaffected by temperature, whereas
decreased cell-associated IL']. was found at 41°C.
One explanation for these different observations
may be the temperatures chosen (31°C, 36°C and
41°C IN our experiments). It is also possible that,
apart from the addition of a prostaglandin inhibi-
tor, slightly different culture conditions account
for differences In the relative amounts of IL']. that
are cell-associated or secreted.

From the foregoing it will be clear that a num-
ber of precautions are extremely important v/hen
IL-]. production by human monocytes under nor-
mal, as well as under pathological conditions, has
to be measured. Only when these measures are
taken, it Is possible to measure IL']. production In
a reliable fashion.
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