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Effects of Leukotrienes on Neutrophil Migration,
and on Production and Action of Lymphokines
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The leukotrienes are derived from arachidonic
acid via the lipoxygenase pathway (14), and are
released by human lung tissue (9) and periph-
eral leukocytes (8) stimulated by Ca®* iono-
phore. The leukotrienes LTC,, LTD, and
LTE, have been shown to be the bioactive

components of slow-reacting substance of ana-
phylaxis (10), and the leukotriene LTB, is a
potent chemo-attractant and proaggregant for
neutrophils (6, 11). A general regulatory role
of the leukotrienes on the inflammatory reac-
tions is indicated by recent studies showing an
inhibitory effect of LTB,, LTD, and LTE, on
mitogen-induced lymphocyte transformation
(12, 18, 17) and antigen-induced plaque-form-
ing cell formation in vivo (17).

In the present study, the influence of LTB,,
LTC, and LTD; on the G, to G, effector stage
of the immune response was measured by test-
ing the elaboration of the lymphokine, leuko-
cyte migration inhibitory factor (LIF) (1).

MATERIAL AND METHODS

Effects of leukotrienes on LIF production

PHA-pulse and antigen-induced production of
LIF by human blood mononuclear cells (MNC)
ed out as previously detailed (1, 3).
The antigen used was purified protein deri
tive of tuberculin (PPD; Statens Serum Insti-
tute, Copenhagen, Denmark) at a concentra-
tion of 50 pg/ml. Parallel cultures in medium

alone were used as controls. The leukotrienes
were added at the beginning of the culture
period, and, in the case of PHA-pulse treat-
ment, the cell suspensions were reconstituted
with the leukotrienes after the 1 h pulse period.
Appropriate controls without leukotrienes were
always cultured in parallel. After 22 h at 37°C
the supernatants were collected by centrifuga-
tion. Before assay, the leukotrienes were re-
moved by dialysis for 48 h with at least two
changes of dialysates.
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Bioassay of LIF activity

An indirect leukocyte migration agarose techni-
que, using purified, human polymorphonuclear
cells (PMNL) as indicators, was used as pre-
viously described (1). The migration index (MI)
was determined by the formula: MI = mean
PMNL migration area in antigen or lectin-
stimulated cell supernatant/mean PMNL migra-
tion area in control supernatant. Generally,
values of MI < 0.85 indicate the presence of
LIF. All assays were done in triplicate, and the
per cent error was less than 5 %.

Effect of leukotrienes on PMNL migration

and the expression of LIF activity

These experiments were performed as earlier
described (3). The direct effect of leukotrienes
on PMNL migration under agarose was de-

termined as a migration index (MI) calculated
as follows: M1 = mean migration area of leuko-
trienc-treated PMNL/mean migration area of
PMNL in medium alone. The effect of leuko-
triene on LIF expression was measured by ad-
ding Sephadex G-100-purified LIF, and its
control counterpart, to PMNL in the presence
or absence of leukotriene. After 60 min at 37°C,
the cells were allowed to migrate under agaros
(I, 3). The MI's were calculated using the
formula: M1 = mean PMNL. migration a

a in
LIF-rich supernatants/mean PMNL migration
area in the control counterpart.

Quantitation of cAMP

The same medium and cell density as for the
elaboration of LIF were used. The MNC cyclic
adenosine monophosphate (cAMP) content was
assayed in duplicate on duplicate samples as
previously described (15, 16). The data shown
represent mean values of these four determina-
tions (the SD values were below 10%).

RESU

I'S AND DISCUSSION

Effect of lewkotrienes on PMNL migration
and the expression of LIF activity

Table 1 shows the effects of LTB,, LTC, and
LTD, on the migration of PMNL in the pre-
sence or absence of preformed LIF. LTB,, at
concentration 1076 M, caused a significant en-

hancement of migration. Furthermore, al-
though the effect is slight, LTB, scems 1o

reduce, directly, the function of LIF.

Effect of lewkotrienes on the elaboration of LIF

As shown in Table 2, LTC, and LTD; failed to
fluence LIF production by MNC, whether
stimulated by recall antigen or the polyclonal T
lymphocyte activator, PHA (last data not
shown). In contrast, LTB,, at concentrations at

and above 1077 M, induced a significant inhibi
tion of LIF production by MNC stimulated by

Table 1

Effects of L'TBy, 1TCq and L'TDy on PMNL migration and the function of preformed L1

Cone. of Migration index

leukotrienes

lcakouienes 0 1078m 10°7m 106

LB, 1.00 0.96£0.10 106015 LIE0.190 ()
LTBy + LIF 0.660.05 - 0.68£0.05 083003 (6)
L1Cy 100 1.02£0.03 1.00£0.03 - o)
LTCy + LIF 0.61+0.07 0.60+0.06 - )
LTDy 1.00 L04£0.06 1L03£0.04 - *
LDy + LIF 0.61£0.07 0.60£0. 0.65%0.04 - )

Migration indices were calculated as described in Methods. The leukotr

combing

* P < 0.05 calculated by the Mann-Whitney rank sum test.

ion 1o the PMNL. The results are given as means £ 1 SD, based on the number of experiments shown in the br

and preformed LIF were

ided alone or in
cets.
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antigen (Fig. 1); however, it failed to influence
the elaboration of LIF from PHA-stimulated
cells (Table 2). These results are only in partial
agreement with those recently reported by
Payan & Goetzl (12), who found that of the
leukotrienes B,, C,, D, and E,, only LTB,
prevented the elaboration of LIF from PHA-
stimulated human MNC rather than the ex-
pression of LIF activity. The latter assumption
was based on the finding that LIF activities in
supernatants of LTB,-treated T lymphocytes
were similarly diminished before and after

molecular sieve chromatography. However,
this does not rule out an additional inhibitory
function of LTB, on the expression of LIF
activity, as we found.

ble:

Effects of LBy, LTCq and LTD; on LIF production

Cone, of Migration index

%1077 M

leukotrienes ry

PHA + LTBy
PPD o+ LTHy
PPD + LTC
PP+ LTI

0.63£0.01 (3)
0.88£0.05*  (5)
0742008 ()
0T1E006 ()

.65+ 0.02
0.72£0.03
0.75 £ 0.05
0.72£0.05

stimulated by PHA-pulse (5 pg/ml of PHA for |
47°C) or PPD (50 pg/ml) with or without added lewko-
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Fig. 1. Effect of LTB4 on LIF production by PPD-stimulated
hum;

1 MNC. Resulis are means of five different experi-
D. *P < 0.0
igration index. Abscissa: concen-

ments; vertical bars show the Mann-Whitney

The reason for the discrepancy between our
results and those of Payan & Goetzl (12) on the
effect of LTB, on the LIF production by PHA-
stimulated human MNC is at present unknown.
However, in contrast to their study, we used a
pulse-stimulation with PHA and a shorter in-
d for the elaboration of LIF.

cubation pes
These differences may explain the results.

Effect of LTB, on MNC cAMP

nes at time zero. The resulis are given as means £ 18D, - L
The numbers of experiments are shown in brackets. Some arachidonic acid derivatives with im-
* P <0.05 (M y rank sum test). munosuppressive properties are known to in-

Table 3

Effects of LTB and isoprotrenol on MNC cAMP levels

CAMP levels (pmol/107 cells)

Time
from Basal T8, Tsoprouenol
latio r— —

muladon ~theo Fiheo ~theo ~theo +theo

2 min 90 5a o84 88 15 90 66 s
10 min 85 46 15 90 8.4 00 noosa 507
30 min 90 44 15 08 56 15 98 1262 M
60 min 84 50 498 88 15 0 0 50 o2

MNC were incubated for 90 min at 37°C, or for 60 ¢
before stimulation. 2.5 x 1077 LTB4 and 4 x 107
experiments.

followed by incubation with 4 mM theophylline (theo) for 30 min
M isoprotrenol were used. The

able shows results from two such
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crease the cellular levels of cAMP (7). Since
cAMP effectively inhibits the elaboration of LIF
(2), the inhibitory effect of LTB, might be me-
diated by leukotriene-induced elevated cAMP
levels in MNC. We therefore tested the effect of
LTB, on cAMP metabolism with and without

4. Bont, L L. & Parnham, H. J.: Immunomodulatory-
antiinflammatory function of E-type  prostaglandins,
Minireview with emphasis on macrophage-mediated cf-
fects. Int. J. Immunopharmacol. 4, 103-109, 1982,
Claesson, H. E.: Leukotrienes Ay and By simulate the
formation of cyclic AMP in human leukocytes. FEBS
Lett. 139, 305-308, 1982,

Ford A. W.: Neutrophil aggregating prop-

the phosphodi inhibitor, theophyl
(18). Although strong potentiation of isopro-
trenol-induced ¢cAMP generation was obtained
by treatment with theophylline, no effect on the
MNC levels of cAMP was seen following addi-
tion of LTB, (Table 3). Qualitatively, the same
results were obtained with purified human T
lymphacytes (results not shown).

In granulocytes, LTB, seems to affect the
levels of cyclic nucleotides. Thus, under certain
conditions, L'TB, increases cAMP (5) as well as.
¢GMP levels (4) within these cells. Therefore,
one has to consider the possibility that LTB,
increases the ¢cGMP content also in MNC. Al-
though this seems unlikely (¢cGMP and ¢cGMP-
elevating agents do not reduce the elaboration
of LIF and, in fact, reverse the effect of cAMP
(2)), one cannot at present exclude the possibili-
ty that L'TB, influences the cAMP and/or cGMP
metabolism in certain MNC i

erties of PAF-acether and leukotriene By. Int. J. Im-
munopharmacol. 5, 17-21, 1983,

. Goodwin, [. ., Bromberg, S. & Messner, R, P.i Studies
on the cyclic AMP response to prostaglandin in human
Iymphocytes, Cell. Immunol. 60, 298-307, 1981

. Hansson, G. & Ridmark, O.: Leukoniene Gy Isolation
{rom humin polymorphonuclear leukocytes. FEBS Lett

22,

“

=

+ Austen, V. T, Drazen, J. H., Clark, D. A,
Marfat, A, & Corey, L. J.: Slow reacting subs
anaphylaxis: Identification of leukotrienes C-1 and D
from human and rat sourees. Proc. Natl. Acad. Sci,
(USA) 71, 3710-5715, 1980,

10. Morris, H. R., Taylor, G. W., Piper, P. J. & Tippins, J.
R.: Structure of slow-reacting substance of anaphylaxis
(rom guinea-pig lung. Nature 285, 104-106, 1980.

11, Palmblad, J., Malmsten, C. L., Uden, A. M., Ridmark, 0.,

ingstedt, L. & Leukotriene By

potent stereospecific stimulator of neutrophil chemotaxis

and adherence. Blood 58, 658-661, 198

12, Payan, D, & Goetl, E.
human T lymphocyte function by leukotriene By. J
Immunol. 131, 551-558, 1983,

ce of

Isson:

ACKNOWLEDGEMENTS

We appreciate the fi
Medical Research Council and the Danish Icagu
Rheumatisin, wk Ms. Marianna Thoms
Susanne Meldgaard for expert technical assistance. We are
indebted to Dr. A, W. Ford-Hutchinson, Merck 08st
(Quebee) Canada, for the kind gift of LTy, 1TC; and
LDy

ial support obained from the Danish
against
n and Ms,

d we th:

REFERENCES
Benduzen, K., Mahoney, R. & Rocklin, R.
of human leukocyte migration inhibitory factor

stimulated with phy i
fect-of various metabolic inhibitors, Cli
munopathol. 18, 212-220, 1981

. Bendtzen, K., Mahoney, R. & Rocklin, R. E.: Production
of human leukocyte migration inhibitory factor (LIF) by
Iymphocytes stimulated with phytohemagglutinin: 11, Ef-
fect of cyclic nucleotides. Clin. Immunol. Immuno-
pathol. 18, 221-229, 1981,

3. Bendwen, K. & Palit, .: Modulation of human leukocyte
migration inhibitory factor (LIF) by 3'5cyclic AMP,
#.5 cyclic GMP and agents known (o influence intr
cellular cyclic nucleotide metabolism. Acta

ind. (C) 85, 317

Production
LIF) by

Immunol. Im-

©

athol. Micro-

13, Rola-P
wiene By induces human suppressa
chem, Biophys. Res. Commun, 108, 15311537

14. Radmark, O., Ma son: Leukotrienc

¢ Enzymatic conversion of leukotricne Cy. Biochem,
Biophys. Res. Commun, 96, 1679-1687, 1980.

15, Svenson, M., Lerche, A. & Wiik, A.: Use of protein
A-positive staphylococdi as adsorbent in a radioimmuno-
assay for cyclic AMP and eyclic GMP. Scand. J. Clin. Lab,
tvest. 43, 67-72, 1983,

M., Permin, H. & Wiik, A.: B

n blood mononudlear cel

P.: Leuko-
. Bio-
L1982,

venson,

I cyclic AMP
ur. ). Clin

levels in hum

Invest. (In press)
17. Webb, D. R., Nowowicjski, I.. Healy, C. & Rogers, J.:
Immunosuppressive properties of leukotriene Dy and Ly

in vitro. Biochem. Biophys. Res. Commun. 104, 1617~
1622, 1982,

18, Wedner, H. J., Chan, B. Y., Parker, C. S, & Pa
W.: Cyclic nucleotide phosphodics
peripheral blood lymphocytes
munol. 123, 725-732, 1979,

ker, C.
erase activity in human

hd monocytes. ). Im-

Addre
Morten Svenson

Universi for Infectious Diseases

DK-2200 Copenhagen N
Denmark



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



