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SYNOPSIS

Effect of 1,25(OH).,D; and glucocorticoids on production of TNF-& by human
peripheral blood adherent cells (HPBAC) was investigated. TNF-a was measured by ELISA
method using monoclonal antibody against human recombinant THF-a¢. Maximal TNF- a
production by HPBAC was observed in 4 to 8 hr after incubation when these cells were
cultured for 24 hr with 10 zg/ml lipopolysaccharide (LPS), 10ng/ml 12-o-tetradecanoyl-
phorbol-13-acetate (TPA) and 10" °M indomethacin (INDM). When graded concentration of
1,25(OH),D; was added to HPBAC in the presence of above stated dose of LPS, TPA and
INDM, a significant suppression of TNF-a production was first observed at the concentration
of 10°M (P<0.05). Similar significant suppressive effect was also observed by adding
hydrocortisone and dexamethasone at the concentration of 10*M (P<0.05) and 10"M (P<0.05),
respectively. These results may suggest that 1,25(OH),D; has the same inhibitory effect on

monocyte/macrophage function as glucocorticids.

Received for publication: June 27, 1991
Author’s name in Japanese: K LE 2, PEEE, BHH B

179



N. KATAKAM], ET AL.

INTRODUCTION

Tumor necrosis factor (TNF), which was found originally in mouse serum after
intravenous injection of bacterial endotoxin into mice primed with viable Mycobacterium
bovis, is one of the monokines produced by macrophages and monocytes.””® TNF has a
characteristic property that induces hemorrhagic necrosis in certain animal tumors and in some
heterotransplanted human tumors, but it seems to be innocuous to normal cells in vitro.
Recently, human TNF has been purified, sequenced and cloned by recombinant DNA

1223)

methods. Accordingly, a number of studies have been undertaken to investigate the

mechanism of action, other roles besides causing hemorrhagic necrosis in tumors and
interactions with important substances such as interleukin 2 and interferons.*”**

In addition to acting as a hormone in calcium and bone homeostasis, 1,25(OH)D; is
well known to have immunoregulatory functions and plays an important role in cell replication
and differentiation."’*'"*" At present relatively little is known about interactions between TNF
and this active vitamin.” In the present study, effect of 1,25(OH),D; on the production of TNF
by human peripheral blood adherent cells was evaluated and compared with that of

glucocorticoids.
MATERIALS AND METHODS

Culture medium and reagents.

RPMI 1640 medium (M.A. Bioproducts) was supplemented with 5% heat inactivated
fetal calf serum, L-glutamine (2 mM), Hepes (0.025 M), and kanamycin (0.12 mg/ml).
Lipopolysaccharide (LPS) was purchased from Difco. 12-o-tetradecanoyl-phorbol-13-acetate
(TPA) was obtained from Sigma Chemical Co. (St. Louis, MO). 1,25(OH),D; was a gift of

Teijin Institute for Biomedical Research (Tokyo, Japan).

Peripheral blood adherent cells and culture.

Peripheral venous blood from healthy adult voluntecers was sedimented on
Ficoll-Hypaque (Pharmacia Fine Chemicals, Piscataway, NJ) gradients. Mononuclear cell
layer was removed and washed three times with RPMI 1640 medium containing 5% heat
inactivated FCS. Mononuclear cells were resuspended in RPMI 1640 medium, 5% FCS at a
final concentration of 1X10 cells/ml, then redistributed at 1X10 cells/well in polystyrene
24-well culture plates (Corning, New York) and incubated for 1 hr at 37°C in 5% CO,-95% air.
Nonadherent cells were removed by washing vigorously 3 times with cooled (4 °C ) RPMI
1640 medium. The cells were incubated for various hours for the first 24 hr at 37°C in 5% CO,
-95% air with 1 ml of RPMI 1640 medium containing 5% heat inactivated FCS in the presence
of LPS (10ug/ml), TPA (10ng/ml) and INDM (10 °M). This experiment was done to
deterimne optimal incubation time for TNF-a production by adherent cells. The maximal
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TNF production was measured between 4 to 8 hr after the initial exposure to LPS, TPA and
INDM (data not shown). After this preliminary experiment the cells were incubated for 6 hr
with various concentration of 1,25(0OH),D;, dexamethasone or hydrocortisone in the presence
of LPS (10 g/ml), TPA (10ng/ml) and INDM (10°M). After incubation, the cell suspensions
were centrifuged and cell free supernatants were harvested and stored at -20 °C until assayed.

INF assay.

Human adherent cell supernatants were assayed for their TNF-a content by using
enzyme-linked immunosorbent assay (ELISA). Briefly, one monoclonal antibody (the first
antibody) was immobilized in the wells of 96-well microplates. After washing to remove
excess antibody, the standard and test samples were reacted with the immobilized first
antibody. After washing to remove excess test sample, the second monoclonal antibody
conjugated with peroxidase (the second antibody) was reacted. After washing to remove
excess second antibody, substrate (O-phenylenediamine) was added and the absorbance of the
product was measured to determine the concentration of TNF-a in the test samples. Standard
human recombinant TNF-a and anti-TNF-a monoclonal antibody were kindly supplied by
Asahi Chemical Industry (Tokyo, Japan).

Statistical analysis.
Statistical significance of differences between groups of experiments was assessed by
Student’s t test. Confidence level was at P<0.05.

RESULT

Effect of 1,25(0OH),D; on TNF production. Fig. 1 represents the results of an
experiment examining the effect of 1,25(OH).D; on TNF production when graded
concentration of 1,25(OH),D; was added to adherent cells in the presence of LPS, TPA and
INDM. A significant suppression of TNF production was first observed at the concentration of _
10°M (P<0.05). This suppressive effect seems to be dose-dependent, whereas physiological
concentrations of 1,25(OH),D; (10'°-10"'M) did not suppress TNF production.

Effects of Hydrocortisone and Dexamethasone on TNF production. A meaningful
suppression of TNF production by hydrocortisone was first observed at 10°M (P<0.05). This
effect also followed in a dose-dependent fashion. More importantly, TNF production was
suppressed at a physiological concentration of hydrocortisone (10’M) (Fig. 2). Similar
inhibitory effect was also noted with dexamethasone, although it occurred at a higher
concentration (10"M) and was reproducible (Fig. 3).
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DISCUSSION

It is currently noted that there are two kinds of TNFs, TNF-a and TNF-8, which
display cytolytic and/or cytotoxic activities against a wide range of tumor cell.** In our study,
TNF production by adherent cells is assayed by ELISA method using specific monoclonal

antibody against human recombinant TNF-a. Consequently supernatent TNF detected in our

assay system represents TNF-«.
It is clear that TNF production by adherent cell is augmented by various stimulants
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Fig.1. Effect of 1,25(CH),D, on TNF-a production by human peripheral blood adherent cells. When graded
concentration of 1,25(OH),D, was added to adherent cells from four normal human volunteers in the presence of
LPS (104g/ml), TPA (10ng/ml) and INDM (10°M), a significant suppression of TNF-a@ production was first
observed at the concentration of 10°M. Each value represents the mean & SD of triplicate cultures. Statistical
sifnificance of a difference from 1,25(OH).D; absent medium is indicated as (*) P<0.05 and (**) P<0.01. All

standard deviations were less than 5% of the mean values.
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such as LPS and TPA’*® On the other hand, prostaglandin E, is reported to inhibit TNF
production by macrophages,'® and is synthesized by monacyte/macrophages when the cells are
cultured with various stimulants.” Therefore we added indomethacin to each culture medium
to counteract the effect of prostaglandin E; on adherent cells.

TNF activity appeared in adherent cell supernatants after 2 hr and peaked after 4 to 8 hr
and longer incubation led to a loss of activity. This result accords with the experiment carried
out by Chen et al” demonstrating that LPS stimulated cytolytic monokine production by
human peripheral monocytes peaked after 4 to 7 hr incubation and then declined despite the

continued presence of LPS.
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Fig.2. Effect of hydrocortisone on TNF-a production by human peripheral blood adherent cells. When graded
concentration of hydrocortisone was added to adherent cells from two normal human volunteers in the presence
of LPS (102g/mi}, TPA (10ng/ml) and INDM (10*M), a significant suppression of TNF-c production was first
observed at the concentration of 10™M. Each value represents the mean % SD of triplicate cultures. Statistical

significance of a difference from hydrocortisone absent medium is indicated as (*) P<0.05 and (**} P<0.01.

183



N. KATAKAMI, ET AL.

There was considerable variation in baseline TNF production by adherent cells among
donors. Invariable, however, addition of 1,25(OH),D;, dexamethasone or hydrocortisone to
adherent cell culture resulted in a significant suppression of TNF synthesis. Recent evidence
demonstrated that glucocorticoids inhibit interleukin 1 and interleukin 2 production which is a

11,13.25)

function of macrophages and T lymphocytes, respectively. Furthermore, glucocorticoids

has been reported to inhibit the LPS-induced production of TNF not only by murine

10,28)

macrophages” but also by human peripheral monocytes. Our data also confirmed this

suppressive effect of glucocorticoids. While the immunoregulatory role of glucocorticoids has

been recognized since their discovery in 1948, but their mechanism of action is still not clear
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Fig.3. Effect of dexamethasone on TNF-@ production by human peripheral blood adherent cells. When graded
concentrations of dexamethasone were added to adherent cells from three normal human volunteers in the
presence of LPS (10 g/ml), TPA (10ng/ml) and INDM (10°M), a significant suppression of TNF-& production
was first observed at the concentration of 10°M. Each value represents the mean £ SD of triplicate cultures.
Statistical significance of a difference from dexamethasone absent medium is indicated as (*) P<0.05 and (**)

P<0.01.
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and is now actively under investigation.

Recent studies have demonstrated that the hormonal form of vitamin D;, 1,25(0OH).D;,
has immunoregulatory properties besides its classical function as a regulator of calcium
metabolism.  1,25(OH)D; inhibits interleukin 2 production by human peripheral T
lymphocytes activated by the phytohem-agglutinin (PHA) and is a potent inhibitor of
PHA-induced lymphocyte blast transformation.”” On the other hand, there are conflicting
experimental results as to the effect of 1,25(OH)D; on interleukin 1 (IL-1) production by
peripheral human monocyte/macrophages: inhibition of IL-1 production'” and augumentation
of IL-1 production.” As far as TNF production by human peripheral adherent cells is
concerned, its enhanced release has been described following 3-5 days incubation of
monocytes with 10'M 1,25(0H).D; in the presence of LPS for the last 16 hr in the fresh
medium by Rook et al? Their data seems to be against our result. However, their
experimental condition is quite different from ours. Firstly, they incubated adherent cells
overnight before adding 1,25(OH),D; in the medium. Secondary, and more importantly, they
preincubated adherent cells with 1,25(OH),D; more than 2 days before exposure to LPS for 16
hr in fresh medium. Therefore adherent cells might get more matured and differentiated. In
contrast to this, we did not incubate adherent cells after removing non-adherent cells and
incubated adherent cells thgether with LPS, TPA, INDM and 1,25(OH),D; for much shorter
period (5.5hr).

Physiological concentration of 1,25(OH),D; (10'-10"M) does not suppress TNF
production. Actually, TNF production seems to be enhanced at the concentration of 10"°M in
one out of 4 experiments. Although the exact mechanism of this phenomenon is not clear,
1,25(OH),D; might maturate and differentiate adherent cells and more mature cells could
produce significant amount of TNF. Anyway in our assay system we have clearly
demonstrated that TNF-o is suppressed by 1,25(OH),D; at the con- centration of 10°M and
higher. Several possibilities can account for the inhibition of TNF production: 1) 1,25(OH),D;
may exert its effect directly on TNF by inhibiting its production or secretion, or both; 2)
1,25(0H),D; may suppress monocyte proliferation or differentiation through its receptors on
these cell, which would result in turn in decreased production of TNF; 3) 1,25(0OH),D; may,
induce the monocyte to release a factor with direct inhibitory effects on TNF activity. We
have presented evidence that TNF production by adherent cells is suppressed not only by
glucocorticoids but also by 1,25(OH)D; and this result is appreciable to understand
immunopharmacological basis for clinical use of the hormones. Precise mechanisms of
actions of these hormones against immunocompetent cells are under investigation in our

laboratory.
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