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Mouse Peritoneal Macrophages Contain
Abundant w-6 Lipoxygenase Activity
That Is Independent of Interleukin-4

Joseph A. Comnicelli, Kathryn Welch, Bruce Auerbach, Steven J. Feinmark, Alan Daugherty

Abstract The action of an w-6 lipoxygenase (LO) has been
implicated in the development of atherosclerosis through a mech-
anism involving oxidation of LDL, and its regulation in macro-
phages may have important implications for the disease process.
Human monocyte—derived macrophages (HMDMs) showed no
demonstrable LO protein or activity unless they were incubated
with interleukin-4 (IL-4). In contrast, mouse peritoneal macro-
phages (MPMs) possessed significant basal levels of LO activity
and protein that were augmented by IL-4 treatment. Interferon
gamma prevented the induction of LO in both HMDMs and
MPMs. Whereas interferon gamma could completely block the
IL-4 induction of LO in human cells, it did not suppress basal
LO activity in MPMs. Both HMDMs and MPMs exhibited sim-
ilar concentration-response relationships for stimulation of LO
activity and protein, with maximal induction at 1 ng/mL IL-4.
The time course of IL-4 induction of LO activity was markedly
different in human and murine cells. IL-4 induced LO activity

and protein in human cells by 48 hours that were maximal by 72
hours; there was a decline to a new baseline by 96 hours. MPMs
have a significant amount of LO activity at baseline, which de-
clined with time by nearly 10-fold in the absence of IL-4. IL-4
blunted the decline of LO activity with time and restored activity
to that found at baseline by 48 hours. IL-4 was not responsible
for the LO activity present in freshly isolated MPMs since both
activity and protein content were similar in cells harvested from
IL-4** and IL-4~'~ mice. Therefore, whereas IL-4 may be an
important modulator of LO production in vitro, it is not essential
for the in vivo expression of this protein. Further, these studies
demonstrate that significant differences exist between monocyte-
derived macrophages matured in vitro and tissue macrophages
that have matured in vivo. (Arterioscler Thromb Vasc Biol.
1996;16:1488-1494.)
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enzymes that insert molecular oxygen into the

1,4-cis, cis pentadiene of polyunsaturated fatty
acids. Mammalian enzymes identified to date are capable
of performing this reaction at the 5, 12, or 15 carbon of
arachidonic acid, and hence have been named 5-, 12-, and
15-LO, respectively. 5-LO has been extensively studied
with regard to its role in generating the potent mediators
of inflammation, leukotrienes.! The biological functions
of 12- and 15-LO have not been as well characterized,
although there is some evidence for their involvement in
lipoxin synthesis.!

Among these enzymes, 15-LO is unique in its ability
to oxygenate polyenoic fatty acids esterified to various
membrane lipids2 and lipoproteins.34 The ability to oxi-
dize esterified fatty acid has led to the speculation that
the occurrence of 15-LO in reticulocytes is responsible
for the degradation of mitochondrial membranes and sub-
sequent red cell maturation.5-7 In addition to reticulocytes,
15-LO has been found in eosinophils,® airway epithe-

The LOs are a group of non-heme iron—containing
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lium, %12 pancreatic S3-cells,!3 and in intestinal cells de-
rived from subjects with inflammatory bowel disease. 4
The enzyme is absent from freshly isolated hum.an mono-
cytes and HMDMs.!s 15-LO mRNA and protein have
been detected in atherosclerotic lesions in humans and
rabbits in locations coincident with macrophages and ep-
itopes of oxidized LDL.16.17 These observations may have
particular significance for the pathogenesis of atheroscle-
rosis in that it is believed that oxidation of LDL is a key
feature in the generation of macrophage foam cells. !8

A related 12-LO exists in porcine, bovine, and murine
leukocytes. This LO, while distinct from the 12-LO of
human platelets, is highly homologous to the 15-LO
found in rabbit and human tissues at the molecular and
immunologic level. 1920 Presentation of arachidonic acid
to the leukocyte 12-LO gives the primary reaction prod-
uct of 12-hydroperoxyeicosatetraenoic acid (12-HPETE)
and small amounts of 15-HPETE. Conversely, human
and rabbit 15-LO yield predominantly 15-HPETE from
arachidonate and small amounts of the 12 positional
isomer. Both leukocyte 12-LO and human and rabbit
15-LO produce 13-hydroperoxyoctadecadienoic acid when
given linoleic acid as substrate.!® The molecular and im-
munologic characterization of the murine 12-LO have
been described,20 and the molecular basis for the differ-
ences in the positional specificities between the two
groups of enzymes has been defined.2!-24 In view of the
similarities of the human and homologous murine en-
zymes, these enzymes could be referred to collectively as
w-6 LOs.

The finding that 15-LO is not present in freshly isolated
human monocytes or HMDMs led Conrad and cowork-
ers!s to examine the regulation of expression of the en-
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DMEM = Dulbecco’s modified Eagle’s medium
FBS = fetal bovine serum
HMDM = human monocyte—derived macrophage
HODE = hydroxyoctadecadienoate
IFN-y = interferon gamma
IL-4 = interleukin-4
LO = lipoxygenase
MPM = mouse peritoneal macrophage
PAGE = polyacrylamide gel electrophoresis
PBS = phosphate-buffered saline
rh = recombinant human
rm = recombinant murine
RP-HPLC = reversed-phase high-performance liquid
chromatography
SDS = sodium dodecyl sulfate
SP-HPLC = straight-phase high-performance liquid
chromatography

zyme by various immune-response modulators. They
have demonstrated that IL-4 and IFN-y are potent regu-
lators of 15-LO mRNA and activity in HMDMs. Of all
the cytokines tested, IL-4 alone was capable of inducing
15-LO expression and activity. The effects of IL-4 were
blocked by coincubation with IFN-y. We compared the
regulation of w-6 LO expression in HMDMs and MPMs
to determine the importance of IL-4 in vitro. Studies with
cells obtained from IL-4—deficient mice 25 were performed
to address the contribution of IL-4 to the regulation of
LO expression in vivo.

Methods
Materials

DMEM, l-glutamine, penicillin, and streptomycin were pur-
chased from GIBCO. Cytokines, along with their respective neu-
tralizing antibodies, were obtained as rh and rm proteins from
R&D Systems and were used with their respective cell types. rh—
and rm-IFN-y were purchased from Bio Source International.
FBS and human AB serum were obtained from Hyclone Labo-
ratories and Sigma Chemical Co, respectively. SDS gels (4% to
12%) and nitrocellulose blotting membranes were obtained from
Schleicher and Schuell, radiolabeled and enhanced chemilumi-
nescence reagents were from Amersham, and fresh elutriated hu-
man monocytes were obtained from Advanced Biotechnologies.
IL-4 —/— and +/+ mice were a generous gift from Dr O. Kan-
agawa, Washington University, St Louis, Mo, and Dr M. Kopf,
Max-Planck-Institute for Inmunobiology, Freiburg, Germany.

Cells

Resident MPMs were isolated from male Swiss Webster and
IL-4—deficient mice by lavaging the peritoneal cavity with
DMEM. The cells were centrifuged, resuspended in DMEM con-
taining 10% FBS, and seeded into six-well tissue-culture plates
at a concentration of 1X10° cells/well. MPMs were allowed to
adhere to plastic overnight in a humidified incubator at 37°C with
an atmosphere of 5% CO, and 95% air before the wells were
extensively washed with DMEM, and fresh culture medium con-
taining 10% FBS was added in the presence or absence of rm—
IL-4 at a concentration of 10 ng/mL, unless stated otherwise.
After this the cells were placed in the incubator at 37°C for an
additional 96 hours; culture media and cytokines were replaced
after 48 hours.

Freshly elutriated human monocytes were resuspended in hu-
man culture media consisting of high-glucose DMEM, 20% FBS,
10% human AB serum, antibiotics, and 1-glutamine. More than
95% of the cells were determined to be monocytes as determined
by differential cell counts and positive staining for CD14 and
CD15. Cells were dispensed into polytetrafluoroethylene-coated
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culture beakers at a density of 3 to 5X107 cells in a volume of
30 mL media and placed in a tissue-culture incubator for 5 days
to allow the monocytes to mature to macrophages. Approxi-
mately 50% to 70% of the cells were recovered as viable. These
cells were collected by centrifugation, resuspended in fresh hu-
man culture medium, and seeded into six-well tissue-culture
plates at a density of 2X10° cells/well. Adherent HMDMs were
incubated for an additional 72 hours, after which the medium was
replaced with fresh human culture medium with or without rh—
IL-4 at a concentration of 10 ng/mL, unless otherwise noted.
HMDM:s were cultured in the presence of IL-4 for 96 hours, with
media and cytokines replaced after 48 hours, before the experi-
ments were initiated.

Cell viability was monitored in all cultures throughout the ex-
periment either by counting nuclei directly? or by photographing
random fields of several culture wells, counting the number of
cells per unit area, and then calculating the total number of cells
per culture. These methods gave results that were internally con-
sistent with one another. Human and murine macrophages cul-
tured in the presence or absence of IL-4 differed in number only
by ~10% at the end of the experiment and represented ~90% of
the cells originally plated.

15-LO and Anti-15-LO

15-LO was isolated from rabbit reticulocyte lysates.? Poly-
clonal antiserum directed against rabbit 15-LO was obtained by
inoculating sheep with the purified protein and isolating the IgG
fraction by affinity chromatography. This antiserum cross-reacts
with both human and mouse w-6 LO.

Cellular 15-LO Activity Assay

Macrophages (2X10°%) were scraped into PBS, placed in
15-mL conical tubes, and pelleted by gentle centrifugation. PBS
was removed, and 450 uL iced reaction buffer (PBS and 0.2%
sodium cholate, pH 7.4) was added to the cell pellets. Cell pel-
lets were sonicated on ice over 10 3-second cycles at a power
setting of 1.5 using a Branson sonifier to liberate the cytosolic
enzyme. 15-LO activity was determined under reaction condi-
tions.?” Briefly, 100-uL aliquots of the sonicated cell suspension
were incubated with 360 ymol/L linoleic acid that was dissolved
in a small volume of EtOH. The solution was incubated on ice
for 10 minutes, and the reaction was stopped by adding an equal
volume of mobile phase (acetonitrile/water/methanol/acetic acid,
350:250:150:1), followed by the addition of trimethylphosphite
to reduce the hydroperoxides to the corresponding hydroxy fatty
acids. Products were identified and quantified by using RP-HPLC
against known standards of 13(S)-HODE. To verify that the
RP-HPLC fraction accurately reflected the enzymatic oxidation
of linoleate, the purified 13(S)-HODE fraction was rechromato-
graphed by using SP-HPLC with a Nucleosil 100 Silica 5-x col-
umn (250X4.6 mm) eluted with hexane/isopropanol/acetic acid
(98:2:0.1), and the HODE fractions were isolated. Over 90% of
the hydroxy fatty acid was 13-HODE, with the remainder present
as 9-HODE. The 13-HODE peak was collected, converted to its
methyl ester by reaction with diazomethane, and fractionated on
a Chiracel OB column (250X4.6 mm) eluted with hexane/ethanol
(100:2) at 0.8 mL/min at 40°C. Chromatography was performed
by using authentic samples of 13(S)-HODE and a racemic mix-
ture of 13-HODE.

Western Blot Analyses

Individual wells of cultured macrophages were scraped into
SDS sample buffer, and lysates were subjected to SDS-PAGE on
4% to 12% gradient gels. Separated proteins were transferred to
nitrocellulose paper by using the method of Towbin et al.28 Blots
were blocked with 5% dried milk, incubated with anti-15-LO,
and then incubated with peroxidase-conjugated goat anti-sheep
antibody. Immunopositive bands were visualized by reaction
with diaminobenzidine to produce a colored product or by using
enhanced chemiluminescence. Authentic 15-LO was included as
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a positive control; nonimmune sheep IgG was used as a negative
control.

Results

The oxidation of linoleate by w-6 LO results in the for-
mation of a chiral product, 13-(S)-hydroperoxyoctadeca-
dienoic acid, as opposed to a racemic mixture that would
result from nonenzymatic oxidation. Chiral analysis of the
13-HODE fraction after RP- and SP-HPLC chromatogra-
phy (Fig 1A) demonstrated that the 13-HODE derived
from the cell lysate reaction and measured with the RP-
HPLC column was 13(S)-HODE and therefore accurately
reflects w-6 LO activity. Treatment of HMDMs or MPMs
with IL-4 resulted in upregulation of w-6 LO activity (Fig
1B and 1C). As reported by Conrad et al,'s 15-LO activity
in nonstimulated HMDM s was undetectable. Treatment of
these cells with IL-4 resulted in a dramatic increase in
activity that was completely blocked by preincubating th—
IL-4 with its neutralizing antibody. In contrast, MPMs cul-
tured for 96 hours in the absence of IL-4 displayed con-
siderable w-6 LO activity. LO activity was augmented in
MPMs by incubation with rm-IL-4 and blocked by prein-
cubation of the cytokine with a neutralizing antibody. In-
cubation of HMDMSs and MPMs with the appropriate neu-
tralizing antibody alone had no effect on enzyme activity
(data not shown). Increased enzyme activity was accom-
panied by an increase in cellular LO protein. Fig 2A shows
the absence of detectable LO protein in untreated HMDMs
(lane 2) and in cells incubated with neutralizing antibody
alone (lane 3). Extracts prepared from HMDM:s incubated
with IL-4 revealed a band of immunoreactivity in lane 4
that comigrated with authentic 15-LO (lane 1). The pres-
ence of immunodetectable LO was prevented by treating
cells with IL-4 that had been preincubated with neutral-
izing IL-4 antibody (lane 5). Similar results were obtained
when MPMs were used (Fig 2B and 2C). When increasing
amounts of cell extract from control (lanes 2 through 5) or
IL-4—treated (lanes 6 through 9) cells were subjected to
Western blot analyses, an enhanced signal was observed
from the IL-4—incubated cells. This observation held true
whether the blots were prepared from extracts containing
identical amounts of protein (Fig 2B) or from extracts of
equal cell numbers (Fig 2C). Densitometric scans of these
blots revealed that the signal intensity from IL-4—incu-
bated preparations was about twice that of control extracts
(bottom panels).

Treatment of HMDMSs or MPMs with IL-4 in the pres-
ence of IFN-vy did not result in any induction of LO activ-
ity or protein (Fig 3), and the suppression of induction of
LO activity was concentration dependent. Whereas the ef-
fects in human and murine cells were qualitatively similar,
they were quantitatively different. Human cells responded
to IFN-y over a concentration range of 1 to 50 U/mL. LO
activity was not detectable in HMDMs exposed to high
concentrations of th-IFN-v, as reflected by the absence of
immunoreactive protein on Western blots (data not
shown). Murine cells were much more sensitive (about
two orders of magnitude) to the effects of rm—IFN-vy. The
maximal suppression achieved in these cells resulted in
LO activity that was identical to the level of activity ob-
served in cells not treated with IL-4.

The experiments described above were performed with
IL-4 at a concentration of 10 ng/mL. Investigations were
conducted to determine the concentration-response rela-
tionship for IL-4 and the induction of LO activity (Fig 4).
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Fic 1. A, Macrophage w-6 LO activity was assayed from cells
treated with IL-4 as described in “Methods.” The hydroxy fatty
acid peak obtained from RP-HPLC was fractionated by SP-
HPLC, where >980% of the eluted product was 13-HODE. This
peak was methylated with diazomethane and analyzed by chiral-
phase HPLC on a Chiracel OB column. The retention times of
authentic (R) and (S) isomers are shown. This tracing reflects
activity in material obtained from HMDMs; essentially identical
results were obtained from MPMs. B and C, Bar graphs. IL-4
was preincubated in the presence or absence of specific neu-
tralizing antibodies for 1 hour at 37°C, added at a final concen-
tration of 10 ng/mL to HMDMs (B) or MPMs (C) and incubated
for 48 hours at 37°C. The medium was changed, preincubated
IL-4 was added, and cells were incubated for an additional 48
hours at 37°C. Cells were harvested and lysed in assay buffer,
and LO activity was determined. Values are the mean of duplicate
determinations and are representative of three separate experi-
ments. Concentrations of anti-IL-4 used were 20 pg/mL for ex-
periments using human cytokine, and 20 or 40 pg/mL for incu-
bations with murine reagents.

Human and murine cells responded in a similar manner to
the range of concentrations of IL-4 tested. Substantial
changes in enzyme activity could be detected with con-
centrations of IL-4 as low as 0.3 ng/mL, with maximal
activity occurring at ~1 ng/mL.

The time course of induction of LO activity was deter-
mined in HMDMs and MPMs. LO activity in human cells
was not detectable until after 48 hours of exposure to
IL-4 (Fig 5A); it rose significantly at 72 hours and declined
at 96 hours to a level that was still easily detectable and
well above baseline. The time course of enzyme induction
in MPMs was somewhat different (Fig 5B). At the time of
isolation (0 hour), MPMs produced 12 to 14 ug HODE/
10° cells in a 10-minute incubation. In our experiments,
this activity declined with time in the absence of IL-4 such



Fic. 2. A, IL-4 was preincubated in the
presence or absence of neutralizing anti-
body (20 pg/mL) for 1 hour at 37°C before
addition to HMDMs at a final concentration
of 10 ng/mL. Cells were then treated as
described in Fig 1. After a 96-hour incu-
bation, cells were harvested, lysed, sub-
jected to SDS-PAGE under reducing con-
ditions on 4% to 12% gradient gels, and
transferred to nitrocellulose membranes.
Filters were then probed with antibody to &
rabbit reticulocyte 15-LO. Lane 1, Rabbit -1
reticulocyte 15-LO; lane 2, control cells;

lane 3, cells incubated with anti-IL-4 alone (20 pg/mL); lane
4, cells incubated with IL-4 alone (10 ng/mL); and lane 5,
cells incubated with IL-4 preincubated with neutralizing IL-4
antibody. B and C, MPMs prepared as described in “Meth-
ods” were exposed to IL-4 or buffer for 96 hours at 37°C,
with a change to fresh medium and cytokine after 48 hours.
Cells were harvested, lysed, subjected to SDS-PAGE under
reducing conditions on 4% to 12% gradient gels, and trans-
ferred to nitrocellulose membranes. Filters were then probed
with an antibody to rabbit reticulocyte 15-LO. In both panels,
lane 1 contains rabbit reticulocyte 15-LO standard, lanes 2
through 5 lysates from control MPMs, and lanes 6 through
9 samples from cells cultured with IL-4. Samples in B were
normalized for protein, loading 12.5, 25, 50, and 100 ug total
cell protein in lanes 2 through 5 and 6 through 9, respectively.
The data in C reflect results obtained when lysates from equal
cell numbers were applied. Lysate from 0.125, 0.25, 0.5, and
1.0x10° cells were loaded in lanes 2 through 5 and 6 through
9, respectively. Bar graphs show densitometric quantification
of blots B and C.
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that by 72 to 96 hours, the time at which the previous
experiments were begun, there was nearly a 10-fold re-
duction in LO activity. The inclusion of rm-IL-4 in the
culture medium restored LO activity to a level somewhat
greater than that measured at O hour, and although it
seemed to decline with time throughout the course of the
experiment, it remained significantly elevated relative to
the level of LO activity in cells cultured in the absence of
IL-4. At 96 hours the differences in LO activity between
IL-4—treated and control cultures were essentially the same
as those observed in Fig 1.
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Fia 3. Plot shows IFN-y prevention of stimulation of LO activity
by IL-4 in HMDMs and MPMs, which were prepared as described
in Fig 1. Cell preparations were treated with rh— or rm-IL-4 (10
ng/mL) in the presence of the indicated concentrations of recom-
binant IFN-y from the appropriate species. Cultures were incu-
bated at 37°C for 48 hours, after which the medium was removed,
replaced with fresh medium and cytokines, and incubated for an
additional 48 hours. Cells were harvested and lysed in assay buf-
fer to determine LO activity. Values are presented as means of
duplicate determinations from three experiments and are given
as the percentage of LO activity observed in cells treated with IL-
4 in the absence of IFN-y.
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Our observations that IL-4 dramatically induces LO
protein and activity in vitro and that MPMs possess sub-
stantial LO protein and activity while HMDMs do not led
us to hypothesize that IL-4 regulates the synthesis of LO
in vivo. We reasoned that since mast cells are a rich source
of IL-4,% and since these cells are numerous in the peri-
toneal cavity, the peritoneal macrophages expressed LO in
response to local concentrations of IL-4. To test this hy-
pothesis, we harvested macrophages from the peritoneal
cavities of IL-4 —/— and +/+ mice.?s Freshly isolated
MPMs from animals that were homozygous for IL-4 de-
ficiency actually exhibited enhanced LO activity (Fig 6).
When extracts prepared from identical numbers of cells
from IL-4 —/— and +/+ mice were subjected to Western
blot analyses, a slight increase in the amount of LO protein
expressed in the cells from the deficient animals was also
observed.

Discussion

As reported by Conrad et al,!'s human IL-4 selectively
regulates expression of LO in HMDMs in culture. LO en-
zyme is absent from cultured HMDMs when assayed by a
variety of techniques. Treatment of the cells with IL-4 re-
sulted in time- and concentration-dependent expression of
both protein and enzymatic activity. MPMs, on the other
hand, possess considerable LO activity and protein in the
absence of exogenous IL-4, both of which quickly dimin-
ished with time in culture. The addition of exogenous IL-4
to these cultures permitted the cells to maintain LO protein
and activity at levels comparable to those in freshly iso-
lated cells. Therefore, both HMDMs and MPMs are ca-
pable of responding to IL-4 with respect to LO in vitro,
albeit starting from significantly different baseline values.

Interactions between signaling molecules of the immune
system provide a convenient method for homeostatic con-
trol. IL-4 modifies some of the effects of IL-2 and IFN-v,
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Fic 4. Graph shows concentration-response relationships be-
tween IL-4 and LO activity in HMDMs and MPMs, which were
prepared as described in the text. Each cell type was cultured in
the presence or absence of IL-4 at the indicated concentrations
for 48 hours at 37°C. Medium was changed, fresh IL-4 was
added, and cells were incubated for an additional 48 hours at
37°C. Each cell type was assayed for LO activity. LO activity was
undetectable in untreated HMDMs; that observed in untreated
MPMs is shown.

while IFN-y modulates many of the actions of IL-4.%° In
both MPMs and HMDMs, IFN-y suppresses the IL-4 in-
duction of LO. In human cells, <10 U/mL IFN-y can
block induction by >90%. At this concentration, LO ac-
tivity in murine cells, while significantly reduced, is still
comparable to that observed in non—IL-4-treated cells in
the absence of IFN-v, although it is possible that it might
be diminished at higher concentrations. These observa-
tions demonstrate that both MPMs and HMDMs can re-
spond similarly to the actions of IFN-y on LO in vitro, ie,
the level of LO achieved in the presence of the cytokine
is essentially that observed at baseline.

Preincubation of human and murine IL-4 with the ap-
propriate neutralizing antibody was performed to ensure
that the observed effects were not related to contaminants
of the recombinant proteins. In each case, the neutralizing
antibody was quite effective at preventing the induction of
LO. In the case of HMDM:, the antibody totally prevented
the induction of the enzyme. In the murine system, the
antibody prevented the IL-4 induction of LO above base-
line. It did not, however, suppress the preexisting enzyme,
even when the amount of neutralizing IL-4 antibody was
doubled. This suggests that the preexisting LO in MPMs
was derived from a signal generated in vivo.

An investigation into the regulation of LO expression
in vivo was performed with mice made deficient for IL-4
by targeted gene disruption. A potential source for IL-4
that may affect MPMs in vivo is mast cells, which are
widely distributed throughout the peritoneal cavity and
contain IL-4.2° If the induction of LO activity in MPMs
was absolutely dependent on IL-4 from mast cells or other
IL-4—producing cells of the peritoneal cavity, this enzyme
would not be found in freshly isolated MPMs from IL-4—
deficient mice. Our results demonstrated that the presence
of LO and its activity were not compromised by a defi-
ciency of IL-4. One must be careful, however, not to over-
interpret these negative results. IL-4 is known to affect the
development of various lymphoid cells in vitro,3! yet in
IL-4—deficient mice T and B cell development is normal.32
“Normal” lymphoid development and “normal” levels of

LO in these animals do not necessarily imply that IL-4
does not play a role in the generation of T and B cells or
in the regulation of LO expression. Rather, it means that
whereas IL-4 is an important determinant of LO induction
in vitro, its role in vivo may be fulfilled by other signal-
transducing molecules. It is quite possible that the related
cytokines IL-10 and/or I11.-1333.3¢ may substitute for IL-4
in the deficient mice. In fact, Nassar et al35 have shown
that IL-13 is capable of inducing LO activity in HMDMs
in vitro. Our work provides evidence that this observation
may be physiologically relevant in vivo.

The present study demonstrated a significant difference
between freshly harvested MPMs and HMDMs. Consid-
erable LO activity resides in freshly isolated MPMs,
whereas HMDM:s are devoid of the protein and its activity.
IL-4 is able to induce LO in both cell types with virtually
identical dose-response relationships, which suggests that
the differences in LO activity are due not to differences in
responsiveness to the cytokine, but rather to signal(s) gen-
erated in vivo. Macrophages derived from human periph-
eral blood are matured in culture from monocytes, whereas
tissue macrophages have emigrated from the circulation
into the various organs and spaces. The manifold differ-
entiation signals to which the cells are exposed in the latter
instance are likely to be quite different from those in the
former. This could account for the observed quantitative
differences. In support of this hypothesis, Levy and co-
workers36 have demonstrated basal LO protein and activity
in human alveolar macrophages that were enhanced by
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Fic 5. Line graphs show time course of IL-4 induction of LO
activity in HMDMs (A) and MPMs (B), which were prepared as
described in the text. One set of cultures was treated with recomy-
binant IL-4 (10 ng/mL) from the appropriate species, and cultures
were taken at the indicated times for the measurement of LO
activity. A second set of cultures that was not treated with IL-4
was also tested. No detectable LO activity was found in the
HMDMs that were not exposed to IL-4. i



0.25

0.15 |

01 [

LO Activity
p1g HPODE/10 min

o .
0.1 1 10
Log Cell Number (x10°°)

1234567809

Fic 6. A, Graph. MPMs were obtained from IL-4 —/— (M) or
+/+ (O) mice as described in the text. The cells were counted,
pelleted, divided into aliquots containing the indicated numbers
of cells, and lysed in assay buffer, and LO activity was determined
as indicated. B, An identical number of cells were prepared for
SDS-PAGE, electroblotted onto nitrocellulose, and subjected to
Western blot analysis by using an antibody to rabbit reticulocyte
LO. Lanes 1 through 4, cell extracts from control MPMs; lanes 5
through 8, cell extracts from IL-4-deficient mice; lane 9, rabbit
LO standard. Cell extracts are from 2x108, 1x108, 5x10°%, and
2x10° cells for each series.

IL-4. Furthermore, the quantitative aspects of their obser-
vations are in reasonable agreement with those we ob-
tained in MPMs.

A good deal of discussion has centered on the propo-
sition that LO may play a pivotal role in atherosclerosis
(for a review, see Reference 37). The control of 15-LO
expression could be important in determining the patho-
genesis of the disease. This takes on particular significance
in view of the growing appreciation of the participation of
lymphocytes in atherogenesis. 183843 Lymphocytes are im-
portant sources of the cytokines IL-4 and IFN-v, both of
which can modulate LO expression. In addition to its pu-
tative role in the oxidative modification of LDL, LO may
be important in regulating the expression of many activi-
ties in the arterial wall related to atherogenesis. For ex-
ample, Marui et al* have shown that the transcription and
expression of vascular cell adhesion molecule-1 are reg-
ulated in endothelial cells by an antioxidant-sensitive
mechanism. Given the ability of LO to “seed” nonenzy-
matic lipid peroxidation in biological systems,*s it is con-
ceivable that this enzyme might participate in nuclear sig-
naling. That this might occur in vivo is strongly supported
by results in a mouse model of atherosclerosis in which
atherosclerosis-susceptible mice have a greater oxidative
stress index than mice resistant to the disease process. 4
The hydroperoxide products of 15-LO can stimulate many
molecular events associated with smooth muscle cell pro-
liferation, such as stimulation of c-fos, c-myc, and c-jun
mRNA expression and mitogen-activated protein kinase
activity.4’ Taken together, these observations show that
within the arterial wall there exist the appropriate cell
types, molecular signals, and mechanisms for modulating
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atherosclerosis vis-a-vis LO. Definitive proof for these
speculations awaits the discovery of specific LO inhibitors
that lack significant antioxidant activity.
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