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Pregnancy can exert suppressive effects on chronic inflammatory conditions. We have previously demon-
strated a depression in polymorphonuclear leukocyte (PMN) respiratory burst during pregnancy which could
explain this amelioration. To elucidate the biochemical mechanism, we have examined PMN phospholipase A,
(PLA,) activity and its relationship to cellular and circulating fatty acids in pregnant women (30 to 34 weeks)
and nonpregnant controls. PMN PLA, activity was determined by arachidonic acid (AA) and leukotriene B,
(LTB,) release, respiratory burst activity was determined by lucigenin-enhanced chemiluminescence, and total
serum and PMN fatty acid levels were determined by gas-liquid chromatography. AA release was significantly
reduced for pregnancy PMNs in response to N-formyl-met-leu-phe (fMLP) under unprimed and tumor
necrosis factor alpha (TNF-a)- or interleukin 8-primed conditions. Similarly, LTB, liberation was significantly
reduced in response to fMLP and phorbol myristate acetate in unprimed and TNF-a-primed pregnancy PMNs.
All major fatty acid classes were altered in the pregnant state. Of these differences in PMNs, oleic acid and
a-linolenic acid showed a significant increase (13 and 26%, respectively) and stearic acid and AA showed a
significant decrease (8 and 30%, respectively). The stearic acid, oleic acid, and AA compositions of all cells
analyzed correlated with their corresponding changes in serum fatty acid levels. Crossover serum incubations
modified both fatty acid profiles and the PMN respiratory burst accordingly, while individual fatty acid
incorporation studies highlighted the importance of polyunsaturated fatty acids for NADPH oxidase efficiency.
These findings indicate that the attenuation of PMN function in pregnancy may originate from a reduction in
the available pool of cellular fatty acids. Furthermore, this reduction arises as a direct result of a pregnancy-

induced shift in circulating fatty acids from polyunsaturated to monounsaturated forms.

For more than a century, clinical observations have high-
lighted the ameliorating effect of pregnancy on certain inflam-
matory disorders. Since the first detailed account of this phe-
nomenon published by Hench in 1938 (21), the beneficial effect
of pregnancy on rheumatoid arthritis (RA) has been continu-
ally reaffirmed. Most authors agree that the activity of RA is
significantly altered during pregnancy, with approximately 70%
of patients experiencing a substantial resolution of pain, swell-
ing, and stiffness (for a review, see reference 39). This symp-
tomatic relief becomes apparent from the first trimester and
then progresses throughout gestation, often enabling patients
to reduce or completely interrupt the use of medication (13).
Unfortunately, this remission is short-lived; more than 90% of
the improved patients will relapse within 8 to 9 months post-
partum, and the majority will relapse within 6 weeks of delivery
(31).

A steadily increasing number of theories have been pro-
posed to explain this dramatic gestational improvement in RA.
The majority of these proposals invoke one or more mecha-
nisms of pregnancy-induced immunosuppression. Although
humoral immunity during pregnancy remains unchanged (7), a
marked depression in cell-mediated immunity is suggested by a
diminished skin reaction to tuberculin (17), by prolonged skin
graft survival (1), and by an increased susceptibility to specific
intracellular infections (27, 36). Polymorphonuclear leukocytes
(PMN) are thought to be of central importance in the eradi-
cation of invasive pathogens and in the tissue damage associ-
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ated with connective-tissue disorders. Previous studies of func-
tional differences during pregnancy have emphasized a
reduction in PMN chemotaxis (24), adherence (5), and micro-
bial killing (15). Pregnancy sera have been shown to suppress
bacterial killing (34) and to diminish PMN phagocytosis (33)
and enzyme release (20). Recently, we have reported a depres-
sion in PMN function in pregnancy characterized by a reduc-
tion in receptor-mediated respiratory burst activity (11). A
significant decline in NADPH oxidase activity, as measured by
superoxide anion release, was observed for pregnancy PMN in
response to formyl-peptide and to zymosan-activated serum. A
longitudinal study showed that this effect begins in the first
trimester and gradually progresses to term before returning to
preconception and control levels within 6 weeks of delivery (11).

According to the current knowledge of PMN regulation, a
conceivable and relevant mechanism explaining these varia-
tions in oxidative metabolism could be differences in cell mem-
brane composition. Modulating agents which can affect lipid
composition, order, and mobility, such as cholesterol, choles-
terol esters, and certain saturated and unsaturated fatty acids,
have been shown to modify the neutrophil superoxide anion
response (10, 16, 25, 35). In addition, certain unsaturated fatty
acids, most notably arachidonic acid (AA), can have a direct
effect on the assembly and activation of the NADPH oxidase
system (12). The mobilization and liberation of free AA from
membrane phospholipids by phospholipase A, (PLA,) is one
of the ecarliest events in PMN activation. Once liberated, AA
can be further metabolized by 5-lipoxygenase or by cyclooxy-
genase to yield the inflammatory metabolites leukotriene B,
(LTB,) and prostaglandin E,. To investigate the relationships
among PMN activity, cell lipid composition, and the oxidative
metabolic response in pregnancy, we have examined the PLA,
activity of PMN from pregnant and nonpregnant subjects.
PLA,was measured by the release of AA and the formation of
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LTB, following either direct stimulation or priming, an in-
duced condition of increased readiness which can enhance cell
activation upon stimulation. In addition, in response to the
suggestion that the levels of plasma free fatty acids are con-
siderably altered during pregnancy (37), we have examined
their relative amounts in the sera and isolated PMN of patients
from both study groups and have confirmed a relationship
between PMN fatty acid composition and cell function. Finally,
by incubating normal PMN in pregnancy serum, we have pro-
duced changes in both cellular fatty acids and cell responses
equivalent to those observed for pregnancy PMN.

MATERIALS AND METHODS

Reagents. Ficoll-Hypaque was purchased from Flow Laboratories, Hertford-
shire, United Kingdom. Gentran 70 (6% dextran 70 in 0.9% NaCl) was supplied
by Baxter Healthcare Ltd., Norfolk, United Kingdom. EDTA (analytical grade)
and 2,6-di-ter-p-cresol were obtained from BDH, Dorset, United Kingdom.
[PHJAA was purchased from Amersham Plc, Buckingham, United Kingdom.
Tumor necrosis factor alpha (TNF-a), interleukin 18 (IL-1B), and IL-8 were
obtained from Genzyme Corporation, Kent, United Kingdom. All other reagents
used were supplied by Sigma Chemical Company Ltd., Poole, United Kingdom.

Study subjects. Venous blood was obtained from healthy pregnant women
during the third trimester of pregnancy (30 to 34 weeks of gestation) and placed
into EDTA-dipotassium at a final concentration of 3 mM. Subjects with any
preexisting medical disorders or taking any medication apart from vitamin or
iron supplementation were excluded from the study. Blood was simultaneously
obtained from healthy nonpregnant women of comparable age and who were not
taking a contraceptive pill or any other form of medication. The age range of the
pregnancy group was 18 to 37 years, with a mean of 28 years; that of the control
group was 19 to 39 years, with a mean of 27 years. There were no demographic
differences between the two groups. Informed consent was obtained from all
subjects before inclusion in the study, which was approved by the local ethical
committee.

Preparation of human PMN. Human peripheral blood PMN were prepared by
standard methods (6). Erythrocytes were sedimented on dextran, and the leu-
kocyte-rich plasma was further purified by centrifugation over Histopaque 1077.
The contaminating erythrocytes were lysed with 0.2% (wt/vol) NaCl, and the
osmolality was restored with an equal volume of 1.6% (wt/vol) NaCl. Once
isolated, cells were washed twice in phosphate-buffered saline (pH 7.2) (PBS),
and their viability was assessed by trypan blue dye exclusion. PMN were regularly
obtained with a purity greater than 97% and a viability greater than 99%. Cells
were resuspended in PBS and used immediately.

Cytokine priming. Prior to stimulation, PMN were preincubated with priming
agents for the following times and concentrations: TNF-a 250 pg/ml, 30 min;
IL-1B, 1 ng/ml, 60 min; IL-8, 20 ng/ml, 30 min; and cytochalasin B, 5 wg/ml, 30
min. When necessary, initial dilutions were made with dimethyl sulfoxide. All
priming agents were further diluted in PBS containing 1 mM CaCl,, 0.7 mM
MgCl,, and 0.1% (wt/vol) endotoxin-free bovine serum albumin (BSA) (PBS/
Ca/Mg/BSA). Final concentrations of dimethyl sulfoxide did not exceed 0.01%,
and solvent controls were included for all experiments. Preincubations were
conducted at 37°C with end-over-end rotation.

Respiratory burst activity. Extracellular PMN superoxide anion production
was measured by lucigenin-enhanced chemiluminescence with a Labsystems
(Basingstoke, United Kingdom) Luminoskan plate-reading luminometer.
Briefly, 140 pl of PBS/Ca/Mg/BSA, 20 pl of 250 uM lucigenin (bis-N-methylac-
ridinium nitrate), and 20 pl of PMN suspension (107/ml) were added to triplicate
wells of a 96-well Immunofluor microtiter plate (Dynatech, Billinghurst, United
Kingdom). The plate was warmed in the luminometer to 37°C before the addi-
tion of 10 pM N-formyl-met-leu-phe (fMLP). Chemiluminescence light output
was monitored every 60 s for 30 min, and the integral over this period was
expressed as relative light units.

Measurement of PLA, activity. [FTH]AA release from PMN was determined by
a modification of a previous method (9). PMN at 107/ml were incubated with 1
wCi of [PH]JAA per ml at 37°C for 1 h in PBS containing 0.1% (wt/vol) fatty-
acid-free BSA. Cells were washed three times and resuspended in PBS contain-
ing 1 mM CaCl,, 0.7 mM MgCl,, and 0.1% (wt/vol) fatty acid-free BSA at a
concentration of 3 X 107/ml. Cell suspensions were primed as outlined above,
and 100-pl aliquots were stimulated with 1 pM fMLP at 37°C. The reactions
were stopped by the addition of 0.5 ml of ice-cold 0.9% (wt/vol) NaCl at time
zero, immediately after stimulation, and at 20 min. PMN were sedimented by
centrifugation, and the [’H]AA release in the supernatant and pellet was deter-
mined by liquid scintillation counting.

Determination of LTB, generation. The generation of LTB, was determined
with a commercially available enzyme-linked immunosorbent assay (R&D Sys-
tems, Oxon, United Kingdom). The reaction mixture, containing PBS/Ca/Mg/
BSA (250 ul) and primed or unprimed PMN (107/ml), was preincubated at 37°C
for 10 min before the addition of the stimulus. The final concentration of the
stimulus was 1 pM fMLP or 10 ng of phorbol myristate acetate (PMA) per ml.
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FIG. 1. Comparison of AA liberation from PMN of women in their third
trimester of pregnancy (n = 6) and nonpregnant age-matched women (n = 6).
The results represent the extracellular release of [PHJAA from radioisotope-
loaded, fMLP-stimulated PMN under primed (TNF-q, IL-1B, IL-8, and cytocha-
lasin B [cyto b]) and unprimed conditions. The data are expressed as mean *
SEM and are significantly different (P values) at the following levels: *, <0.05;
#«k, <(0.02. Significance was determined with the Mann-Whitney U test.

The reaction was terminated by the addition of 13 wl of ice-cold citric acid (0.035
M) to reduce the pH to 5.5. PMN were sedimented by centrifugation, and the
supernatants were removed and stored at —80°C before being assayed.

Fatty acid composition determination. Analysis of fatty acids was performed
with serum samples (200 pl) and aliquots of PMN preparations (3 X 107 cells)
by extraction of total lipids with methanol-benzene (4:1 [vol/vol]) plus 0.5 mM
2,6-di-ter-p-cresol as an antioxidant. Fatty acids were methylated by a direct
transesterification technique (26), and the resulting fatty acid methyl esters were
separated by a gas-liquid chromatographic method (40) with a Cpsil 88 50-m
capillary column (Chrompak; Millharbour, London, United Kingdom) on a 5890
Series II gas chromatograph (Hewlett-Packard, Amsterdam, The Netherlands).
Peak identifications were made with commercially available reference fatty acids,
and heptanoic acid (C17:0) was used as an internal standard. Fatty acid compo-
sition data were expressed as relative molar percentages of fatty acid methyl
esters based on peak areas.

Fatty acid incorporation. Individual fatty acids were complexed with fatty-
acid-free BSA in 1:1 molar ratios according to the method of Mahoney et al. (28).
The resulting fatty acid-BSA solutions were added to isolated PMN (107/ml) in
PBS to give a final fatty acid concentration of 33 uM. Cells were incubated for
5 h at 37°C with continuous end-over-end rotation, washed three times with PBS,
and then resuspended in PBS to their original concentration.

Statistical analysis. Statistical significance of differences was determined by
use of the nonparametric Mann-Whitney U test for independent samples and the
Wilcoxon rank sum test for paired samples. The relationship between different
parameters was investigated with the nonparametric Spearman’s rho correlation
coefficient test. The results are presented as the means * the standard errors of
the means (SEM); data were considered significant at a P value of <0.05 (two
tailed).

RESULTS

PMN PLA, activity. PLA, catalyzes the hydrolysis of the
ester bond between a fatty acid and the hydroxyl group at the
sn-2 position of the glycerol backbone of a phospholipid to
generate a lysophospholipid and a fatty acid (usually AA). By
labelling the phospholipid pool with [PHJAA and measuring its
subsequent stimulated release into the extracellular medium
(against total incorporation), we were able to determine the
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general activity of cellular PLA,. Figure 1 shows the contrast
between the release of AA from [*H]AA-loaded pregnancy
PMN and that from nonpregnancy PMN. In response to fMLP,
PLA, activation was significantly reduced in pregnancy PMN
compared to nonpregnancy PMN. Similarly, cells primed with
either TNF-a or IL-8 prior to activation showed a marked
reduction in responses. Both cytochalasin B, the most potent
priming agent used, and IL-1B, the least effective, gave the
same alterations in pregnancy PMN activation, although these
changes did not appear to reach significance over the experi-
mental time period.

LTB, production. Once AA has been liberated from mem-
brane phospholipids, it can be further metabolized by 5-lipoxy-
genase to yield LTB,. LTB, is recognized as a potent inflam-
matory mediator and is capable of priming PMN (38) and
further activating the NADPH oxidase system (14). Figure 2
illustrates LTB, production over a 15-min period from fMLP-
stimulated, TNF-a-primed and unprimed cells. No differences
were evident in resting-cell responses between the two study
groups. However, under both primed and unprimed condi-
tions, pregnancy PMN did show a marked reduction in LTB,
production following stimulation.

Serum and PMN fatty acids. The fatty acid compositions of
sera and PMN from pregnant and nonpregnant subjects were
determined by gas-liquid chromatography. The mean fatty acid
compositions of PMN from both study groups, expressed as
relative molar percentages, are given in Table 1. Almost all
major fatty acid classes, including saturated, monounsaturated,
and polyunsaturated species, were altered in pregnancy. Of
these differences in PMN, oleic acid and «-linolenic acid
showed significant increases of 13 and 26%, respectively, while
stearic acid and AA showed significant decreases of 8 and 30%),
respectively. Serum variations in total fatty acids included sig-
nificant increases for palmitic acid (13%) and oleic acid (11%)
and significant decreases for stearic acid (27%), linoleic acid
(9.9%), and AA (18%) in pregnancy. Interestingly, the stearic
acid, oleic acid, and AA compositions of all the PMN analyzed
correlated with corresponding changes in the serum levels of
these fatty acids. Figure 3 shows the ratios of unsaturated fatty
acids, monounsaturated fatty acids (MUFA), and polyunsatu-
rated fatty acids (PUFA) for the study groups. In pregnancy, a
more general pattern of fatty acid abnormalities emerges. For
serum and PMN, an increase in PUFA (11.4 and 11.2%, re-
spectively) and a decrease in MUFA (10.5 and 12.7%, respec-
tively) would indicate an overall shift in fatty acid species in
pregnancy.
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FIG. 2. Comparison of LTB, release by PMN of pregnant women (30 to 34
weeks of gestation) and nonpregnant women following fMLP and PMA activa-
tion under TNF-a-primed and unprimed conditions. The data are expressed as
mean = SEM and are significantly different at a P value of <0.05 (Mann-
Whitney U test) (asterisks).

Respiratory burst activity. Lucigenin is a cell-impermeable
probe that amplifies photoemissions from oxygenation events.
It is considered to be highly selective for the extracellular
generation of superoxide anions and thus provides a conve-
nient measure of PMN NADPH oxidase activity (19). In re-
sponse to fMLP, PMN isolated from pregnant subjects gener-
ated fewer superoxide anions than those from age-matched
controls (2,825 + 384 versus 1,379 * 225; P, <0.01, Mann-
Whitney U test). Taken together, the cellular concentrations of
AA from both groups correlated positively with the NADPH
oxidase activity (Fig. 4). In nonpregnancy cells, a more inti-
mate relationship was recorded. This observation may suggest
the influence of other cellular fatty acids or even additional

TABLE 1. Total fatty acid content of serum and PMN for pregnant women (30 to 34 weeks of gestation) and nonpregnant women

Relative molar % fatty acid content (mean = SEM)“ in:

PMN Serum PMN/serum
Fatty acid (C) Common name Spearman’s correlation
Nonpregnant Pregnant Nonpregnant Pregnant probability (n = 17)
women women women women
(n = 10) (n = 10) n=12) n =12)
22:4 (cis-7,10,13,16) 8.76 = 0.47 8.81 =£0.37
16:0 Palmitic 20.63 = 0.57 21.08 = 0.53 26.78 = 0.74 30.75 + 0.99° 0.070
18:0 Stearic 18.37 £ 0.24 16.95 £ 0.16° 8.53 = 0.23 6.21 = 0.20° 0.004
18:1 (cis-9) Oleic 26.29 = 0.59 30.10 = 0.38° 24.68 = 0.61 27.56 + 0.62° 0.001
18:2 (cis-9,12) Linoleic 9.52 = 0.43 10.73 £ 0.42 32.65 =091 29.41 = 0.81¢ 0.199
18:3 (cis-9,12,15) a-Linolenic 1.14 = 0.12 1.55 +0.11°
20:4 Arachidonic 14.06 £ 0.46 9.88 +(.23" 7.38 = 0.37 6.05 = 0.70° 0.050
22:6 (cis-4,7,10,13,16,19) Docasahexaenoic 1.28 = 0.15 0.92 = 0.07

“ Based on peak areas. Only data for the major fatty acids are included.

P, <0.01 (Mann-Whitney U test).
¢ P, <0.05 (Mann-Whitney U test).
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FIG. 3. Ratios of mean fatty acids in PMN and serum for pregnant women
(30 to 34 weeks of gestation) and nonpregnant women. SFA, saturated fatty
acids. The degree of statistical significance is indicated by asterisks (P, <0.05)
(Mann-Whitney U test).

regulatory factors in pregnancy, where AA concentrations are
limited.

Fatty acid incorporation. Individual fatty acids, incorpo-
rated as complexes with BSA, were successfully taken up by
isolated PMN over a 5-h incubation period. This procedure
produced a range of cells enriched in saturated fatty acids,
MUFA, and PUFA (Fig. 5). PMN with enhanced saturated
fatty acids and MUFA levels showed no difference in their
respiratory burst response to fMLP; however, cells with in-
creased PUFA levels all showed exaggerated responses (Fig.
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FIG. 4. Linear regression plot of AA content and fMLP-stimulated superox-
ide anion release for PMN of pregnant women (30 to 34 weeks of gestation) and
nonpregnant age-matched women. The relationship between parameters was
significant at a P value of <0.05 (r, Spearman’s rho correlation coefficient). RLU,
relative light units.
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5). Adhesion molecule markers of PMN, including CD18,
CD11b, and CD62L, indicated that prior activation or priming
of the cells did not occur as a result of the incubation proce-
dure (data not shown). Incubations were limited to 5 h, as
longer times were associated with a loss of cell viability and
responsiveness.

Serum incubations. To further investigate the relationship
between both cellular and circulating fatty acid levels and
PMN NADPH oxidase activity, PMN isolated from pregnant
or nonpregnant subjects were incubated (5 h, 37°C) in either
heat-inactivated (56°C, 30 min) autologous serum or heat-
inactivated pooled heterologous serum. Figure 6 demonstrates
how incubation with 50% (vol/vol) pregnancy serum modifies
the cellular fatty acid profile of normal nonpregnancy PMN to
one comparable to that of pregnancy PMN. Similarly, the
fMLP-stimulated NADPH oxidase activity of these cells is re-
duced to a level comparable to that of pregnancy PMN. Figure
7 shows the reverse experiment. Incubation with 50% (vol/vol)
nonpregnancy serum appears to redress the changes to the
cellular fatty acids of pregnancy PMN as well as to increase the
total respiratory burst output.

DISCUSSION

PMN play an important role in host defense against infec-
tious agents; paradoxically, however, their “unrestricted” acti-
vation has also been implicated in the pathology of a variety of
inflammatory conditions, such as RA. Activated PMN gener-
ate superoxide anions, an initial step leading to the formation
of a variety of reactive oxygen species that have both microbi-
cidal and proinflammatory properties. The formation of reac-
tive oxygen species requires the correct assembly of a mem-
brane-associated, multicomponent NADPH oxidase system.
We have previously investigated the activity of this enzyme
complex in PMN isolated from pregnant subjects and have
shown a reduction in its activity compared to that in nonpreg-
nant controls; furthermore, we have shown that this reduction
parallels the symptomatic relief seen in pregnant RA patients
(11). To further investigate the biochemical mechanisms un-
derlying this observation, we have examined the effect of preg-
nancy upon the activation of PLA, in human PMN.

PLA, catalyzes the hydrolysis of the ester bond between a
fatty acid and the hydroxyl group at the sn-2 position of the
glycerol backbone of a phospholipid. Although other pathways
have been suggested to cause the release of AA from intact
cells, PLA, is still considered to be the dominant, rate-limiting
step in the formation of AA from membrane phospholipids. In
human PMN, exogenously added AA has been shown to in-
duce Ca®" influx (23), degranulation (2), leukotriene synthesis
(29), and NADPH oxidase activation (12). AA formed as a
result of PLA, activation also serves as the substrate for both
lipoxygenase and cyclooxygenase enzymes, whose action leads
to the generation of a group of proinflammatory lipids termed
the eicosanoids. In PMN, the main products of this “AA cas-
cade” are LTB,, the 5-lipoxygenase product of AA, and plate-
let-activating factor (PAF), resulting from the liberation of AA
from phosphotidylcholine. Both PAF and LTB, can act in an
autocrine manner to activate or prime the PMN NADPH ox-
idase system (14).

We have demonstrated a reduction in the activity of PLA, in
PMN isolated from pregnant subjects. This attenuated re-
sponse is seen following direct stimulation of cells with fMLP
and in PMN that have first been primed with TNF-a or IL-8.
To support the concept of reduced AA liberation by these
cells, we have also measured their ability to generate LTB, and
have found that the production of this eicosanoid in pregnant
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subjects is likewise reduced. These two observations, which
coincided with a previously reported reduction in PMN PAF
production (3), may partially explain the parallel reduction in
NADPH oxidase activity in pregnancy cells. However, whether
this decrease in oxidase activity results from a reduction in
LTB, generation or more directly from an attenuation of AA
release is not known.

Several lines of investigation have suggested that changes in
the phospholipid and fatty acid compositions of PMN plasma
membranes can modulate the function of NADPH oxidase (10,
25). With this in mind, we have examined the relative amounts
of major fatty acids in the sera and PMN of both nonpregnant
and pregnant subjects. The variations in the amounts of all
forms of fatty acids between the groups would suggest that
profound changes in cellular phospholipid metabolism occur
during pregnancy. Of the observed differences, the most im-
portant with respect to NADPH oxidase activity appears to be
a decrease in the levels of PUFA, more specifically, AA (4).
Flesch and Ferber (18) have shown that the incorporation of
PUFA into the phospholipids of macrophages is accompanied
by an increase in PLA, activity and superoxide anion genera-
tion. Conversely, it can be envisaged that a reduction in PUFA
would reduce NADPH oxidase activity in PMN. Indeed, the
PMN in this study showed a strong relationship between mod-
ified PUFA levels and NADPH oxidase activity both through

stearic paimitic oleic linoleic AA
neutrophils + FA control 21.8% 25.2% 28.7% 7.4% 12.4%
neutrophils + stearic acid 34.5%* 18.4%* 27.2% 6.6% 13.3%
neutrophils + palmitic acid 22.3% 20.5%*  29.7% 7.4% 11.1%
neutrophils + oleic acid 24.3% 20.5% 386%™ 8.5% 8.0%"
neutrophils + linoleicacid = 23.9% 24.5% 30.7% 13.0%*  7.8%*
neutrophils + arachidonic acid 22.6% 24.9% 29.8% 8.4% 14.3%*
*
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FIG. 5. Incubation of PMN in environments enriched for saturated fatty acids (FA), MUFA, and PUFA. Isolated PMN were incubated for 5 h at 37°C in a 1:1 molar
ratio of individual fatty acids complexed with BSA. The final concentrations of fatty acids was 33 wM, and control samples were incubated in BSA alone. Cellular fatty

acid profiles and chemiluminescence responses to fMLP were recorded for the washed cells. The data are expressed as mean = SEM for six different PMN donors.
The results were significantly different (P values) at the following levels: *, <0.05; *+*, <0.01. Significance was determined with the Wilcoxon rank sum test.

individual fatty acid incorporations and through crossover se-
rum incubations.

Although there is little doubt as to the importance of PUFA
in both the activation and the maintenance of NADPH oxidase
in human PMN, the possibility that changes in the fatty acid
content may have more far-reaching effects upon PMN func-
tion cannot be disregarded. It has recently been established
that compounds that readily affect membrane fluidity in PMN
also affect oxidase activity (16, 25). Furthermore, since the
fluidity of membranes is known to be influenced by the degree
of saturation or unsaturation and/or hydrocarbon chain length
of fatty acids, it seems reasonable to assume that the pregnan-
cy-induced fatty acid changes that we have reported will alter
PMN membrane fluidity. The fluidity of the plasma membrane
may affect oxidase activity in a number of ways: (i) by the
manner in which the multicomponent NADPH oxidase is ar-
ranged within the lipid bilayer or (ii) by the extent of expres-
sion and affinity of membrane-bound receptors. This latter
explanation seems unlikely, since LTB, generation was re-
duced in PMN from pregnant subjects not only in response to
fMLP but also in response to PMA, an agent that bypasses
receptor-mediated signalling events by directly activating pro-
tein kinase C.

The results of this study indicate a strong relationship be-
tween serum fatty acid levels and cellular fatty acid content. To
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FIG. 6. Serum incubation study for nonpregnancy PMN. The effect of pregnancy serum (50% [vol/vol]) on the fatty acid content and fMLP-stimulated superoxide
anion release of normal nonpregnancy PMN was examined. Isolated peripheral blood PMN from nonpregnant subjects were incubated (5 h, 37°C) in either
heat-inactivated (56°C, 30 min) autologous serum or heat-inactivated pooled pregnancy sera (n = 6). The data are expressed as mean *+ SEM for eight different PMN
donors. The results were significantly different (P values) at the following levels: *, <0.05; *+, <0.01. Significance was determined with the Wilcoxon rank sum test.

RLU, relative light units.

put these observations into perspective and to establish a ra-
tionale for changes in pregnancy, a closer examination of the
biosynthetic pathways of fatty acids is necessary. In human
PMN, a deficiency exists in the stepwise elongation of short-
chain fatty acids. In vivo and in vitro studies suggest that
although elongase activity in PMN is normal, the cells specif-
ically lack the AS-desaturase enzyme necessary for long-chain

PUFA biosynthesis (8). Given this information, serum levels of
fatty acids may have a direct influence on cellular fatty acids
which lie upstream of those involved in this reaction. The
findings of this study, showing an association between serum
and cellular AA, would support this proposal, while further
changes in pregnancy would cause an exaggeration of this
effect. For AA, a deficiency in AS-desaturase would promote
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FIG. 7. Serum incubation study for pregnancy PMN. The effect of nonpregnancy serum (50% [vol/vol]) on the fatty acid content and fMLP-stimulated superoxide
anion release of pregnancy PMN was examined. Isolated peripheral blood PMN from pregnant subjects were incubated (5 h, 37°C) in either heat-inactivated (56°C,
30 min) autologous serum or heat-inactivated pooled nonpregnancy sera (n = 6). The data are expressed as mean * SEM for seven different PMN donors. The results
were significantly different (P values) at the following levels: *, <0.05; #*, <0.03. Significance was determined with the Wilcoxon rank sum test. RLU, relative light units.
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the cellular accumulation of its precursor, linoleic acid. This
suggestion directly corresponds with our observations for cel-
lular fatty acid content in pregnancy and accounts for the
discrepancy between PMN increases and serum decreases in
linoleic acid.

The correlation between the relative amounts of the indi-
vidual essential fatty acids (EFA) in maternal and umbilical
plasma phospholipids highlights a dependence of the growing
fetus on maternal sources of EFA (22). This relationship is
particularly true with respect to AA and docasahexanoic acid,
the major structural and functional fatty acids involved in the
development of the human brain and vascular and central
nervous systems. In this study we have demonstrated a decline
in serum maternal EFA (linoleic acid, AA) levels in the latter
stages of pregnancy. Others have shown a progressive loss of
these particular fatty acids throughout pregnancy, with a more
pronounced reduction in the third trimester, when fetal brain
development is maximal (37). This pattern of increased burden
on the essential PUFA from maternal sources would fit with
our progressive reduction in PMN activity in pregnancy and
would also parallel the progressive improvement in the symp-
toms of pregnant RA patients.

Extensive studies in the late 1970s and 1980s have strongly
suggested the presence in the circulation of pregnant women of
an immunomodulating factor(s) which is capable of modifying
PMN function. Pregnancy PMN have been shown to exhibit
reduced chemotaxis (24), microbial killing (15), and adherence
to nylon wool (5), while pregnancy serum has been demon-
strated to suppress PMN phagocytosis and killing of Staphylo-
coccus aureus (34) and Escherichia coli (33). A number of
factors produced by both the placenta and maternal tissues,
including cortisol (32), progesterone, and pregnancy-associ-
ated a,-glycoprotein (30), have been suggested to explain these
effects. However, to date no single factor can satisfactorily
explain the pattern of improvement and relapse in inflamma-
tory diseases during pregnancy. We believe that while efforts in
the past have concentrated on the identification of a particular
factor during pregnancy, one important mechanism of cell
modulation has been neglected. This study has fostered the
idea that an alteration in the fatty acid metabolism of PMN
and perhaps other cells of the immune system allows pregnan-
cy-induced changes in the circulating levels of fatty acids to
have a direct bearing on their inflammatory responsiveness.
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