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7�-Estradiol and progesterone do not
nfluence the production of cytokines from
ipopolysaccharide-stimulated monocytes
n humans

nnechien Bouman, M.D.,a Martin Schipper,b Maas Jan Heineman, M.D., Ph.D.,a and
arijke Faas, Ph.D.b

niversity of Groningen, The Netherlands

bjective: To test whether 17�-estradiol or progesterone influence the cytokine productive capacity of
ipopolysaccharide (LPS)-stimulated monocytes in humans.

esign: Prospective study.

etting: Academic research institution.

atient(s): Seven women in the luteal phase of a normal ovarian cycle, 13 oral contraceptive users, 10 men,
nd 10 postmenopausal women.

ntervention(s): Blood samples collected from women in the luteal phase and from oral contraceptive users
ere used to study the in vivo effect of 17�-estradiol and progesterone on monocyte cytokine production.
lood samples collected from men and postmenopausal women were used for in vitro incubation with
7�-estradiol and progesterone.

ain Outcome Measure(s): The percentage of monocytes producing tumor necrosis factor-� (TNF-�) and
nterleukin-1� (IL-1�) after in vitro LPS-stimulation was determined.

esult(s): No in vivo relation in the productive capacities of LPS-stimulated monocytes in the luteal phase
f the ovarian cycle was found between progesterone and TNF-� or IL-1�; or between 17�-estradiol and
NF-� or IL-1�. Moreover, the production of TNF-� and IL-1� by LPS-stimulated monocytes did not vary
etween periods of oral contraceptive use and nonuse. The production of TNF-� and IL-1� by LPS-stimulated
onocytes in the blood of men and postmenopausal women in vitro was not influenced by incubation with

ifferent concentrations of 17�-estradiol or progesterone.

onclusion(s): We could not find evidence for a causal relationship between 17�-estradiol or progesterone
nd TNF-�- or IL-1�-production. We conclude that 17�-estradiol and progesterone do not influence the
ytokine-production capacity of LPS-stimulated monocytes in humans. (Fertil Steril� 2004;82(Suppl 3):
212–1219. ©2004 by American Society for Reproductive Medicine.)

ey Words: Oral contraceptives, men, postmenopausal women, 17�-estradiol, progesterone, immune re-
c
a
t

Although the interaction between the immune
ystem and the reproductive system has long been a
atter of interest, the precise correlation between

ex hormone levels and immune function has yet to
e identified. In previous research, we demonstrated
hat immune responses vary with the ovarian cycle
n humans (1, 2). The specific immune response
hifts toward a TH2 response in the luteal phase as
ompared with the follicular phase (1). Moreover,
e also found an increase in monocytes producing

nterleukin 1� (IL-1�) and tumor necrosis factor
lpha (TNF-�) after in vitro activation by lipopoly-

accharide (LPS) in the luteal phase as compared
ith the follicular phase (2). This deviation of the
mmune response during the luteal phase may be
ecessary for the preparation of the maternal im-
une system for potential implantation of the semi-

llogenic blastocyst (2). Therefore, it is necessary to
tudy the regulation of this variation in immune
esponse during the ovarian cycle.

The changes in immune responses during
he luteal phase can result from increased con-
entrations of the sex hormones 17�-estradiol
nd progesterone because the hormone concen-
ration increases concomitantly with the devi-
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tion of the immune response in the luteal phase (2). On the
ther hand, differences in immune responses between the
ollicular and luteal phases may be a result of factors pro-
uced during the follicular phase—that is, one or more
actors capable of suppressing the immune system during the
ollicular phase. Once the factor in question disappears (i.e.,
n the luteal phase), the nonspecific immune system is not
uppressed anymore and thus appears to be “activated and
ore sensitive”; the specific immune system then shifts

oward a TH2 response (2).

In the present study, we focus on the nonspecific immune
ystem; our experiments were designed to study the effect of
7�-estradiol and progesterone on the monocyte TNF-� and
L-1� cytokine production in humans. In vivo, the effect of
ynthetic hormones on cytokine-production capacity of stim-
lated monocytes was measured in oral contraceptive (OC)
sers; also, the relation between 17�-estradiol and proges-
erone concentrations and the LPS-induced production of
NF-� and IL-1� by monocytes was evaluated in women
uring the luteal phase. The in vitro effect of 17�-estradiol
nd progesterone on cytokine production was studied in the
hole blood of two groups of healthy individuals: men and
ostmenopausal women.

Monocytes are the first cellular components of the non-
pecific immune system to be activated by LPS; on activa-
ion, they produce various cytokines such as TNF-� and
L-1� (3). Therefore, as in our previous study (2), cytokine
roduction of monocytes after in vitro LPS stimulation was
sed as a parameter for the state of activity and sensitivity of
he nonspecific immune response. The intracellular produc-
ive capacity of the peripheral blood monocytes of TNF-�
nd IL-1� was measured by flow cytometry.

MATERIALS AND METHODS

eagents for Cell Activation and Cell Staining
The reagents for cell activation and staining were monensin

Sigma Chemical, St. Louis, MO); FACS lysing solution (Bec-
on Dickinson, Immunocytometry Systems, San Jose, CA);
ACS permeabilizing solution (Becton Dickinson); complete
PMI 1640 (GIBCO BRL, Breda, The Netherlands) supple-
ented with 60 �g/mL gentamicin; washing buffer (phosphate

uffered saline with 0.5% bovine serum albumin and 0.1%
aN3); and fixation buffer (0.5% paraformaldehyde in phos-
hate buffered saline).

ntibodies
The following monoclonal antibodies were used: fluores-

ein isothiocyanate (FITC)-labeled mouse anti-human CD14
clone UCHM1; IQ Products, Groningen, The Netherlands);
hycoerythrin (PE)-labeled mouse anti-human TNF-� (clone
ab11; Pharmingen, San Diego, CA); PE-labeled mouse

nti-human IL-1� (clone AS10; Becton Dickinson); and
E-labeled mouse isotype control IgG1 (clone MCG1; IQ

roducts). T

ERTILITY & STERILITY�
articipants
After we had obtained institutional review board approval

nd signed, written informed consent forms from partici-
ants, we took blood samples from seven healthy women
ho had regular menstrual cycles of lengths between 26 and
2 days (experiment 1), 13 healthy women who were using
hird-generation OCs (experiment 2), 10 healthy postmeno-
ausal women, who were at least 1 year postmenopause
experiment 3), and 10 healthy men (experiment 4). The
xclusion criteria for all experiments were evidence of treat-
ent with antibiotics or flu-like symptoms within 14 days of

he blood sample as well as the presence of any known
iseases.

ample Processing and Incubation
All blood samples (20 mL) were obtained in two Vacu-

ainer tubes, one tube containing sodium heparin, the other
thylenediaminetetraacetate (EDTA). For all experiments
he EDTA plasma was isolated after centrifugation of the
ample at 3000 rpm. The plasma was frozen at �20°C until
ater hormone analysis (17�-estradiol, and progesterone) ac-
ording to the method of Jurjens et al. (4) and de Jong et al.
5). Heparinized blood was used to evaluate intracellular
ytokine productive capacity.

xperiment 1: Luteal Phase Blood Samples of Women
ith Normal Menstrual Cycles

In the women who had normal menstrual cycles, two
lood samples were obtained during the luteal phase: the first
ample was taken 3 days after a positive urinary leuteinizing
ormone (LH) test (Clindia; Benelux b.v., Leusden, The
etherlands), and the second was taken 6 days after a pos-

tive urinary LH test. These days of the ovarian cycle were
hosen because hormone concentrations increase from day 3
o day 6 of the luteal phase. Thus, we could study the effect
f high and low hormone concentrations on LPS-stimulated
onocyte cytokine production in the absence of a putative

ollicular factor.

Immediately after sampling, 0.5 mL of heparinized whole
lood was mixed with 0.5 mL of RPMI and stimulated with
�g/mL of LPS (E. coli, 0.55:B5, Whittaker) (stimulated

ample). We used 0.5 mL of heparinized blood as an un-
timulated control mixed only with 0.5 mL of RPMI. In both
he stimulated and unstimulated samples, monensin (3 �M)
as added to enable accumulation of the cytokines in the
olgi complex by interrupting intracellular transport pro-

esses. Stimulated and unstimulated samples were incubated
or 4 hours at 37°C and 5% CO2. The 4-hour time period has
een used in all our studies for a variety of reasons, including
ell viability being 100% during this period, making it op-
imal for measurement of cells positive for IL-1� and

NF-�.
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xperiment 2: Blood Samples of Oral Contraceptive
sers

In OC users, the first blood sample was obtained on the
orning of the first day before starting OC (the pill-free

eriod). The second and third samples were obtained on
ays 10 and 17, respectively, after starting a new OC
ycle. Third-generation pills were used, composed of 30
r 35 �g of ethinylestradiol and a synthetic progestogen
ith low androgenicity (i.e., norgestimate, gestodene, or
esogestrel). Immediately after sampling, the stimulation
nd the incubation processes took place, as already de-
cribed for experiment 1.

xperiment 3 and 4: In Vitro Incubation of Whole Blood
rom Postmenopausal Women and Men for Progesterone
nd 17�-Estadiol

To study the in vitro effects of 17�-estradiol and proges-
erone on monocyte cytokine production, we used the whole
lood of men and postmenopausal women. In vivo, these
roups lack follicular growth and high concentrations of
7�-estradiol and progesterone. One blood sample each was
btained from 10 postmenopausal women and 10 men. Of
ach group, five of the blood samples were used for the
xperiment with incubation of 17�-estradiol, and the other
ve blood samples were used for the experiment with incu-
ation of progesterone.

Stock solutions were made with a concentration of 10.61
g of progesterone/mL ethanol or with a concentration of

.392 mg of 17�-estradiol/mL ethanol. Dilution series were
ade using saline and an albumin replacement (Cealb; San-

uin, CLB, Amsterdam, The Netherlands) in a 1:1 ratio.

Immediately after sampling, a series of tubes were filled
ith 0.3 mL of heparinized whole blood and mixed with 0.3
L of RPMI and stimulated with 2 �g/mL of LPS (stimu-

ated samples). To one tube containing this mix no hormones
ere added (untreated sample); in the other tubes, 6 �L each
f progesterone dilution or 17�-estradiol dilution was added.
he final concentrations in the tubes ranged from 1 � 10�5

o 1 � 10�9 mol/L (310 ng/mL to 31 pg/mL) progesterone,
r 1 � 10�6 to 1 � 10�11 mol/L (270 ng/mL � 2.9 pg/mL)
7�-estradiol.

To study the effect of ethanol per se, a dilution series was
ade for ethanol: 0.3 mL of heparinized blood was used as

nstimulated control and only mixed with 0.3 mL of RPMI.
n all samples, monensin (3 �M) was added to enable
ccumulation of the cytokines in the Golgi complex by
nterrupting intracellular transport processes. Stimulated and
nstimulated samples were incubated for 4 hours at 37°C
nd 5% CO2.

ample Labeling for All Experiments
After incubation, both stimulated and unstimulated sam-

les were aliquoted (0.2 mL per tube) and 5 �L anti-CD14

as added to each tube. Tubes were incubated at room c

214 Bouman et al. Sex hormones and the nonspecific immune s
emperature in the dark for 30 minutes. Following incubation
ith 1 mL of lysing buffer for 5 minutes at room temperature

n the dark, tubes were centrifuged and aspirated. The re-
aining pellets were resuspended in 0.5 mL of permeabiliz-

ng buffer and incubated in the dark for 10 minutes. The cells
hen were washed with 2 mL of ice-cold washing buffer.
fter centrifugation and aspiration, stimulated and unstimu-

ated aliquots were incubated for 30 minutes in the dark at
oom temperature with either anti-TNF-�, anti-IL-1� or
sotype control (5 �L) at saturating dilutions. After washing
ith washing buffer, cells were fixed with fixation buffer and
ept at 4°C in the dark until measured (within 24 hours).

low Cytometry
Cells were analyzed using the Coulter Epcis flow cy-

ometer (argon ion 488-nm laser). A thousand monocytes
ere acquired while life-gating monocytes (CD14 posi-

ive cells) and were saved for later analysis. The analysis
as performed using Winlist32 (Verity Software House,

nc., Topsham, ME).

ata Analysis of Intracellular Cytokines
During analysis, a gate was set on CD14� monocytes

Fig. 1). A single parameter fluorescence histogram for the
onocytes was defined for evaluation of intracellular cyto-

ine production. For evaluation of cytokine production fol-
owing in vitro LPS stimulation, unstimulated and stimulated
liquots were used. Using the unstimulated aliquot, we set a
inear gate in the histogram so that at least 99% of the cells
n this aliquot were negative for cytokine production (see
ig. 1). This gate was then copied to the histogram of the
timulated cells; results are expressed as percentage positive
ells in the stimulated aliquots.

tatistics
Results in experiment 1 are expressed as the percentage

ositive monocytes per individual. To evaluate the relation
etween 17� -estradiol- and progesterone-concentrations
nd the percentage of monocytes producing TNF-�- and
L-1� in the luteal phase, we used a linear regression anal-
sis (least sum of squares method). We calculated R2 and the
lope, and tested whether the slope was statistically signifi-
antly different from zero.

In experiment 2, the results are expressed as the mean
ercentage of positive monocytes � standard error of the
ean (SEM). To evaluate differences between OC-free pe-

iod and OC-use period, Wilcoxon’s signed rank test was
sed. In experiment 3 and 4, to evaluate the effect of hor-
one incubations, the stimulated sample without hormone

ncubation was set at 100%. Samples with hormone incuba-
ions were related to this sample. Wilcoxon’s signed rank
est was used to evaluate differences in cytokine productive
apacity of monocytes after incubation with different con-
entrations of 17�-estradiol or progesterone. P �.05. was

onsidered statistically significant.

ystem Vol. 82, Suppl 3, October 2004
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RESULTS

articipant Characteristics
The mean age of the women with a normal ovarian cycle

as 31 years (range: 29 to 34 years). Their mean cycle
ength was 28 days (range: 26 to 32 days). Blood samples
ere taken at day 18 (range: 15 to 24 days) and day 21

range: 18 to 27 days) of luteal phase. The mean age of the
C users was 28 years (range: 22 to 35 years), and all blood

amples were taken at day 0, day 10, and day 17 of OC use.
he mean age of the men was 34 years (range: 24 to 45). The
ean age of the postmenopausal women was 56 years

range: 51 to 62).

xperiment 1: Women with Normal Menstrual Cycles

This study was set up to evaluate a possible relationship
etween plasma 17�-estradiol and progesterone concentra-
ions and LPS-induced monocyte cytokine production. To
xclude a possible influence of a follicular factor, blood
amples were taken only during the luteal phase. Figure 2
hows the individual percentages of monocytes producing
L-1� (panels A and B) or TNF-� (panels C and D) in
elation to the individual 17�-estradiol and progesterone
oncentration of that same sample in the luteal phase of the
ormal ovarian cycle. The line represents the linear regres-
ion curve. As can be seen from the figures, progesterone or
7�-estradiol concentrations had no effect on endotoxin-

F I G U R E 1

D14� monocyte production of TNF-�. (A) After whole-bloo
nd lymphocytes are demonstrated separately in a forward
roduction by monocytes (CD14� cells), monocytes were se
otplot. A single parameter fluorescence histogram was use
onocyte R1 region. (C) Using the unstimulated control samp

f the unstimulated cells were negative for cytokine producti
ells. Results are expressed as the percentage of positive ce

ine, stimulated sample).

ouman. Sex hormones and the nonspecific immune system. Fertil Steril 2004.
nduced monocyte TNF-� or IL-1� production. r

ERTILITY & STERILITY�
xperiment 2: Oral Contraceptive Users

The 17�-estradiol concentration in the OC-free period
as statistically significantly higher compared with day 17
f OC use (0.49 nmol/L vs. 0.24 nmol/L, P �.05), but not
ompared with day 10 of OC use. No difference could be
emonstrated in progesterone concentrations. Figure 3
hows the percentages of monocytes producing IL-1� and
NF-� in the OC-free period and on days 10 and 17 of OC
se. As can be seen from this figure, there is no statistically
ignificant difference between the monocytes’ capacity to
roduce IL-1� and TNF-� in the OC free period when
ompared with days 10 or 17 of OC use.

xperiment 3: Postmenopausal Women

Figure 4 shows the percentage of monocytes producing
L-1�- and TNF-� after incubation of whole blood of post-
enopausal women with different concentrations of 17�-

stradiol and progesterone. Only at the concentration of 10�5

ol/L (310 ng/mL) of progesterone was any tendency to-
ard decrease seen in the percentage of monocytes produc-

ng IL-1� and TNF-�. This difference, however, was not
tatistically significant. As also can be seen, no effect of
7�-estradiol concentrations could be found on the percent-
ge of monocytes producing IL-1� and TNF-� after LPS
timulation. Because no effect was seen from the ethanol
ilution series on stimulated samples, we did not show these

imulation with endotoxin (lipopolysaccharide), granulocytes
tergram and sideward scattergram. (B) To analyze cytokine
d in a region R1 on a sideward scattergram and CD14-FITC
evaluate the number of phycoerythrin-positive cells in the

ear gates were set in the histogram (M1) so that at least 99%
his gate was then copied to the histogram of the stimulated
the stimulated blood sample (gray line, unstimulated; black
d st
scat
lecte
d to

le, lin
on. T
lls in
esults in the figure.
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xperiment 4: Men

Figure 5 shows the percentage of monocytes producing
L-1� and TNF-� after incubating the whole blood of men
ith different concentrations of 17�-estradiol and progester-
ne. As can be seen, no effect of progesterone or 17�-
stradiol was found on the cytokine-production capacity of
ctivated monocytes in men for either IL-1� or TNF-�.
ecause no effect was seen from the ethanol dilution series
n stimulated samples, we did not show these results in the
gure.

DISCUSSION
In a previous study, we demonstrated an increased percent-

ge of monocytes producing TNF-� and IL-1� in the luteal
hase as compared with the follicular phase (2). We suggested
hat this increase might be induced by the increase of 17�-
stradiol and progesterone in the luteal phase or by the absence
f an inhibiting factor in the follicular phase. The present study

F I G U R E 2

A, B) Individual percentages of monocytes producing IL-1�
rogesterone concentrations in the same blood sample of wo
ercentages monocytes producing TNF-� in relation to (C
oncentrations in the same blood sample of women in the lute

individual sample. Slopes of regression lines do not differ

ouman. Sex hormones and the nonspecific immune system. Fertil Steril 2004.
in relation to (A) individual 17�-estradiol concentrations and (B)
men in the luteal phase of a normal ovarian cycle. (C, D) Individual
) individual 17�-estradiol concentrations and (D) progesterone
al phase of a normal ovarian cycle. (Lines � regression. Squares
from 0.)
as designed to study the effect of 17�-estradiol and proges- B

216 Bouman et al. Sex hormones and the nonspecific immune s
F I G U R E 3

ean (� SEM) percentage of monocytes producing IL-1�
nd TNF-� during the period free of oral contraceptives and
n days 10 and 17 of OC use.
ouman. Sex hormones and the nonspecific immune system. Fertil Steril 2004.

ystem Vol. 82, Suppl 3, October 2004
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erone in vitro and in vivo on the ability of monocytes to
roduce the cytokines TNF-� and IL-1� in humans.

To evaluate the effect of 17�-estradiol and progesterone
n monocyte cytokine production in vitro, we used whole
lood of men and postmenopausal women because, in both
f these groups, there is no interaction with endogenous
rogesterone or 17�-estradiol or a follicular factor. We
ound no effect of 17�-estradiol or progesterone on the
PS-stimulated percentage of monocytes producing TNF-�.

n the literature, conflicting data have been described about
he influence of sex hormones in vitro on TNF-� production
y stimulated monocytes.

In line with our results, Rogers and Eastell (6) and Ral-
ton et al. (7) could not demonstrate any effect of 17�-
stradiol on TNF-� production of LPS-stimulated periph-
ral blood mononuclear cells (PBMC) in postmenopausal
omen. On the other hand, Asai et al. (8) demonstrated

F I G U R E 4

A, B) Percentage of monocytes producing IL-1� after in vitro in
oncentrations of (A) 17�-estradiol and (B) progesterone. The s
ormone-incubated samples are related to this sample. (C, D)
f whole blood of postmenopausal women, with different conce
ample not incubated with hormones was set to 100%. Hormo

ouman. Sex hormones and the nonspecific immune system. Fertil Steril 2004.
ecreased LPS-induced TNF-� production after incubation d

ERTILITY & STERILITY�
f PBMC with 17�-estradiol at both physiologic and supra-
hysiologic levels; Loy et al. (9) demonstrated that physio-
ogic levels of both 17�-estradiol and progesterone de-
reased TNF-� mRNA from peripheral blood monocytes.

Also, the ability of LPS-stimulated monocytes to produce
L-1� was not influenced by 17�-estradiol or progesterone.
his is consistent with Stock et al. (10) and Rogers and
astell (6) who described no statistically significant changes

n IL-1� production by postmenopausal stimulated mono-
ytes after incubation with 17�-estradiol (10, 6). In contrast,
thers have described an effect of 17�-estradiol or proges-
erone on IL-1� production of stimulated monocytes. Both
he inhibition (11) and the stimulation (12, 13) by 17�-
stradiol or progesterone of stimulated monocytes that pro-
uce IL-1� have been described.

Our in vivo studies were set up to investigate the effect of
7�-estradiol and progesterone on monocyte cytokine pro-

tion of whole blood of postmenopausal women, with different
lated sample not incubated with hormones was set to 100%.
ntage of monocytes producing TNF-� after in vitro incubation

tions of (C) 17�-estradiol and (D) progesterone. The stimulated
cubated samples are related to this sample.
cuba
timu

Perce
ntra
ne-in
uction in vivo. In our study with OC users, we investigated
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he effect of synthetic hormones on monocyte production of
ytokines. Therefore, pills were selected with low androge-
icity. As expected, 17�-estradiol concentrations were sta-
istically significantly higher in the OC-free period as com-
ared with day 17 of the OC period, indicating the effect of
ynthetic estrogens and progestogens on ovarian activity.
lthough, we cannot totally exclude follicular growth, dom-

nant growth (�10 mm) was prevented as our patients used
Cs with 30 or 35 �g ethinylestradiol (14, 15).

Consistent with the results of Rogers and Eastell (16),
n our study no difference in the percentage of monocytes
roducing TNF-� and IL-1� was found between the OC-
se and OC-free periods. Thus, we conclude that neither
7�-estradiol nor synthetic hormones like ethinylestra-
iol, desogestrel, norgestimate, or gestodene influence the
ytokine-productive capacity of LPS-stimulated mono-
ytes in vivo. This is in line with our other in vivo study
experiment 1) in which we could not find any relation
etween 17�-estradiol or progesterone and monocytes
roducing IL-1� or TNF-�. The results from this in vivo
tudy are in contrast with the results of Schwarz et al.,

F I G U R E 5

A, B) Percentage of monocytes producing IL-1� after in vitro
f (A) 17�-estradiol and (B) progesterone. (C, D) Percentage
lood of men, with different concentrations of (C) 17�-estrad

ouman. Sex hormones and the nonspecific immune system. Fertil Steril 2004.
ho demonstrated a statistically significant, positive cor- p

218 Bouman et al. Sex hormones and the nonspecific immune s
elation between the concentration of 17�-estradiol in
lasma and the release of TNF-� by LPS-stimulated
onocytes in the luteal phase (17).

The discrepancies between our described results of in vitro
nd in vivo studies in humans could be due to the different
ethods we employed; for instance, varying results might have

een produced by our use of different culture techniques (whole
lood vs. peripheral blood mononuclear cells), isolation tech-
iques, and stimuli, and monocytes from different types of
ubjects (women in various reproductive phases or men). Thus,
t is difficult to compare the results from our studies. In the
resent study, to rule out as many confounding factors as
ossible, we measured intracellular cytokine production by in
itro activated monocytes in whole-blood preparations in both
ur in vitro and in vivo experiments.

Whole blood was used to avoid any activation of
onocytes caused by isolation of these cells, and flow

ytometry was used for analysis so that production of
ntracellular cytokines could be measured at a single-cell
evel (18, 19). Measurement of the percentage cytokine-

bation of whole blood of men, with different concentrations
onocytes producing TNF-� after in vitro incubation of whole
nd (D) progesterone.
incu
of m
iol a
ositive monocytes correlates well with measurement of

ystem Vol. 82, Suppl 3, October 2004
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ytokine levels in supernatant, such as used in the studies
e have described (20).

In this way, we have tried to simulate the in vivo situation
s best as possible, and we conclude from both our in vivo
nd vitro studies that there is no effect of 17�-estradiol and
rogesterone on the ability of monocytes to produce TNF-�
nd IL-1�. Therefore, it is questionable whether the demon-
trated increase in the percentage of monocytes producing
NF-� and IL-1� during the luteal phase as compared with

he follicular phase of our previous study was an effect of
rogesterone or 17�-estradiol (2). The concept of a follicular
actor modulating the immune response during the follicular
hase, therefore, becomes more credible.

Other studies have shown differences in TNF-� and
L-1� production that are independent of 17�-estradiol and
rogesterone. Increased TNF-� production by LPS-
timulated monocytes in men as compared with women has
een described (8, 17, Bouman et al., in press). Moreover, in
ats, LPS-induced glomerular monocytes infiltration was in-
ibited only during the follicular phase, not in the luteal
hase or after ovariectomy, with or without hormone sup-
lementation (21, 22). This clearly suggests an inhibition of
PS-induced monocyte activity in the follicular phase. At
resent, we are working on the concept of monocyte inhibi-
ion during the follicular phase.

We conclude that we could not demonstrate any statisti-
ally significant effect of 17�-estradiol or progesterone in
itro or in vivo on the cytokine-productive capacity of LPS-
timulated monocytes. Together with data from rat experi-
ents (21, 22), this argues for the suppression of monocyte

unction during the follicular phase rather than an increase in
onocyte function during the luteal phase. Such a suppres-

ion of the nonspecific immune response during the follicu-
ar phase may be necessary to prevent premature ovulation
ecause ovulation is considered an inflammatory response.
his, however, needs further investigation. Whether the vari-
tion in this nonspecific immune response within the ovarian
ycle might be necessary for the physiologic preparation of
he maternal immune system for potential implantation of
he semiallogenic blastocyst also needs further investigation.

eferences
1. Faas M, Bouman A, Moesa H, Heineman MJ, de Leij L, Schuiling G.

The immune response during the luteal phase of the ovarian cycle: a
Th2-type response? Fertil Steril 2000;74:1008–13.

2. Bouman A, Moes H, Heineman MJ, de Leij LF, Faas MM. The immune
response during the luteal phase of the ovarian cycle: increasing sen-
sitivity of human monocytes to endotoxin. Fertil Steril 2001;76:555–9.
ERTILITY & STERILITY�
3. van der PT, van Deventer SJ, Hack CE, Wolbink GJ, Aarden LA, Buller
HR, ten Cate JW. Effects on leukocytes after injection of tumor necro-
sis factor into healthy humans. Blood 1992;79:693–8.

4. Jurjens H, Pratt JJ, Woldring MG. Radioimmunoassay of plasma es-
tradiol without extraction and chromatography. J Clin Endocrinol
Metab 1975;40:19–25.

5. de Jong FH, Baird DT, van der Molen HJ. Ovarian secretion rates of
oestrogens, androgens and progesterone in normal women and in
women with persistent ovarian follicles. Acta Endocrinol (Copenh)
1974;77:575–87.

6. Rogers A, Eastell R. The effect of 17beta-estradiol on production of
cytokines in cultures of peripheral blood. Bone 2001;29:30–4.

7. Ralston SH, Russell RG, Gowen M. Estrogen inhibits release of tumor
necrosis factor from peripheral blood mononuclear cells in postmeno-
pausal women. J Bone Miner Res 1990;5:983–8.

8. Asai K, Hiki N, Mimura Y, Ogawa T, Unou K, Kaminishi M. Gender
differences in cytokine secretion by human peripheral blood mononu-
clear cells: role of estrogen in modulating LPS-induced cytokine secre-
tion in an ex vivo septic model. Shock 2001;16:340–3.

9. Loy RA, Loukides JA, Polan ML. Ovarian steroids modulate human
monocyte tumor necrosis factor alpha messenger ribonucleic acid levels
in cultured human peripheral monocytes. Fertil Steril 1992;58:733–9.

0. Stock JL, Coderre JA, McDonald B, Rosenwasser LJ. Effects of estro-
gen in vivo and in vitro on spontaneous interleukin-1 release by
monocytes from postmenopausal women. J Clin Endocrinol Metab
1989;68:364–8.

1. Morishita M, Miyagi M, Iwamoto Y. Effects of sex hormones on
production of interleukin-1 by human peripheral monocytes. J Peri-
odontol 1999;70:757–60.

2. Polan ML, Loukides J, Nelson P, Carding S, Diamond M, Walsh A,
Bottomly K. Progesterone and estradiol modulate interleukin-1 beta
messenger ribonucleic acid levels in cultured human peripheral mono-
cytes. J Clin Endocrinol Metab 1989;69:1200–6.

3. Polan ML, Daniele A, Kuo A. Gonadal steroids modulate human
monocyte interleukin-1 (IL-1) activity. Fertil Steril 1988;49:964–8.

4. van Heusden AM, Coelingh Bennink HJ, Fauser BC. FSH and ovarian
response: spontaneous recovery of pituitary-ovarian activity during the
pill-free period vs. exogenous recombinant FSH during high-dose com-
bined oral contraceptives. Clin Endocrinol (Oxf) 2002;56:509–17.

5. van Heusden AM, Fauser BC. Activity of the pituitary-ovarian axis in
the pill-free interval during use of low-dose combined oral contracep-
tives. Contraception 1999;59:237–43.

6. Rogers A, Eastell R. Effects of estrogen therapy of postmenopausal
women on cytokines measured in peripheral blood. J Bone Miner Res
1998;13:1577–86.

7. Schwarz E, Schafer C, Bode JC, Bode C. Influence of the menstrual
cycle on the LPS-induced cytokine response of monocytes. Cytokine
2000;12:413–6.

8. Macey MG, McCarthy DA, Vordermeier S, Newland AC, Brown KA.
Effects of cell purification methods on CD11b and L-selectin expres-
sion as well as the adherence and activation of leucocytes. J Immunol
Methods 1995;181:211–9.

9. Sacks GP, Studena K, Sargent IL, Redman CW. CD11b expression on
circulating neutrophils in pre-eclampsia. Clin Sci (Lond) 1997;93:
187–9.

0. Schuerwegh AJ, De Clerck LS, Bridts CH, Stevens WJ. Comparison of
intracellular cytokine production with extracellular cytokine levels us-
ing two flow cytometric techniques. Cytometry 2003;55B:52–8.

1. Faas MM, Bakker WW, Valkhof N, van der Horst MC, Schuiling GA.
Reproductive condition and the low-dose endotoxin-induced inflamma-
tory response in rats. Glomerular influx of inflammatory cells and
expression of adhesion molecules. Biol Reprod 1997;56:1400–6.

2. Faas MM, Bakker WW, Valkhof N, Schuiling GA. Effect of estradiol
and progesterone on the low-dose endotoxin-induced glomerular in-
flammatory response of the female rat. Am J Reprod Immunol 1999;
41:224–31.
1219


	17-Estradiol and progesterone do not influence the production of cytokines from lipopolysaccharide-stimulated monocytes in humans
	MATERIALS AND METHODS
	Reagents for Cell Activation and Cell Staining
	Antibodies
	Participants
	Sample Processing and Incubation
	Experiment 1: Luteal Phase Blood Samples of Women with Normal Menstrual Cycles
	Experiment 2: Blood Samples of Oral Contraceptive Users
	Experiment 3 and 4: In Vitro Incubation of Whole Blood from Postmenopausal Women and Men for Progesterone and 17-Estadiol

	Sample Labeling for All Experiments
	Flow Cytometry
	Data Analysis of Intracellular Cytokines
	Statistics

	RESULTS
	Participant Characteristics
	Experiment 1: Women with Normal Menstrual Cycles
	Experiment 2: Oral Contraceptive Users
	Experiment 3: Postmenopausal Women
	Experiment 4: Men


	DISCUSSION
	References


