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Objective: To test the hypothesis that during the luteal phase of the human ovarian cycle, as compared with
the follicular phase, the percentage of cytokines producing peripheral monocytes after in vitro stimulation with
endotoxin is increased.

Design: Prospective study.

Setting: Academic research institution.

Patient(s): Women with regular menstrual cycles.

Intervention(s): Blood samples were collected between days 6 and 9 of the menstrual cycle (follicular phase)
and between days 6 and 9 of the menstrual cycle following the LH surge (luteal phase).

Main Outcome Measure(s): Percentages of tumor necrosis factor (TNF)-a–, interleukin (IL)-1b–, and
IL-12–producing monocytes as well as total white blood cell (WBC) count, differential WBC counts, and
plasma 17b-estradiol and progesterone concentrations.

Result(s): Mean plasma 17b-estradiol and progesterone concentrations, percentage of TNF-a– and IL-1b–
producing monocytes, WBC counts, and granulocyte cell count were significantly increased in the luteal phase
as compared with the follicular phase of the ovarian cycle. The percentage of IL-12–producing monocytes,
monocyte count and lymphocyte count did not vary between the 2 phases of the ovarian cycle.

Conclusion(s): Together with an increase in progesterone and 17b-estradiol during the luteal phase, there is
an increase in percentage TNF-a– and IL-1b–producing peripheral monocytes after in vitro stimulation with
endotoxin as compared with the follicular phase of the ovarian cycle. Whether this increased sensitivity of
monocytes for proinflammatory stimuli during the luteal phase is due to increased plasma levels of proges-
terone or 17b-estradiol needs further investigation. (Fertil Sterilt 2001;76:555–9. ©2001 by American Society
for Reproductive Medicine.)
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The interaction between the immune and
reproductive systems has been a matter of in-
terest for a long time, although the precise
correlation between sex hormone levels and
immune function has not been identified. In
previous research with rats, we studied the
effect of the reproductive condition on the re-
sponse of the nonspecific immune system (in-
flammatory response). After infusion with low-
dose endotoxin, the inflammatory response in
pregnant rats is much more intense and persis-
tent than in rats in the follicular phase of the
ovarian cycle (1). It was demonstrated that this
persistent inflammatory reaction is not only
seen in pregnancy, but also exists in rats with
an induced luteal phase (pseudopregnancy) (2).

These results suggest that hormonal factors,
like progesterone or 17b-estradiol, may be in-
volved in the regulation of the endotoxin-in-
duced inflammatory response in rats.

These results also suggest that such a situ-
ation could exist in humans as well. Recently,
we demonstrated that the specific immune sys-
tem changes during the luteal phase of the
normal ovarian cycle, i.e., the immune re-
sponse shifts toward a type-2 response (3). It
was suggested that this deviation is hormonally
determined and that physiologically this phe-
nomenon might be the preparation of the ma-
ternal immune system for potential implanta-
tion of the semiallogenic blastocyst.

The present experiment was designed to
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study the effect of the reproductive condition on the nonspe-
cific immune response (inflammatory response) in humans.
Monocytes are the first cellular component of the nonspecific
immune system to be activated by endotoxin (lipopolysac-
charide [LPS]) to produce various cytokines such as tumor
necrosis factor-a (TNF-a), interleukin-1b (IL-1b), and
IL-12 (4). Therefore, cytokine production of monocytes after
in vitro endotoxin stimulation was used as a parameter for
the state of activity and sensitivity of the nonspecific im-
mune response. To study potential differences in response to
endotoxin between the follicular and the luteal phase, we
stimulated monocytes in vitro with endotoxin. The intracel-
lular productive capacity of the peripheral blood monocytes
TNF-a, IL-1b, and IL-12 was measured by flow cytometry.

MATERIAL AND METHODS

Reagents for Cell Activation and Cell Staining
We used the following reagents: monensin (Sigma, St.

Louis, MO), FACS™ lysing solution (Becton Dickinson
Immunocytometry Systems, San Jose, CA), FACS™ perme-
abilizing solution (Becton Dickinson), complete RPMI 1640
medium (GIBCO BRL, Breda, The Netherlands) supple-
mented with 60mg/mL gentamycin, washing buffer (phos-
phate-buffered saline [PBS] with 0.5% bovine serum albu-
min and 0.1% NaN3), and freezing buffer (10% DMSO in
phosphate-buffered saline).

Subjects
After obtaining institutional review board approval and

informed consent, 15 healthy women with a menstrual pe-
riod length between 26 and 32 days were studied in the
follicular and the luteal phase of a normal ovarian cycle.
Exclusion criteria were evidence of treatment with antibiot-
ics or flu-like symptoms (like fever, coughing, diarrhea, a
cold, or vomiting) within 14 days of the first blood sample or
during the sampling cycle, as well as the presence of any
known diseases or any use of medication.

All blood samples (20 mL) were obtained in two vacu-
tainer tubes, one tube containing sodium heparin, the other
ethylenediaminetetraacetate (EDTA). The first sample was
obtained in the follicular phase of the ovarian cycle, i.e., 6–9
days after the first day of menstruation; the second sample in
the luteal phase of the ovarian cycle, i.e., 6–9 days after a
positive urinary LH test (Clindia; Benelux b.v., Leusden,
The Netherlands). The EDTA blood sample was used for
total white blood cell counts using a microcellcounter (Mod-
el Sysmex F800; Toa Medical Electronics Co., Kobe, Japan).
EDTA plasma was subsequently isolated after centrifugation
of the sample at 3,000 rpm. The plasma was frozen at220°C
until later hormone analysis [17b-estradiol and progesterone
according to the method of Jurjens et al. (5) and de Jong et
al. (6), respectively]. Heparinized blood was used to evaluate
intracellular cytokine productive capacity.

Sample Processing

Antibodies

The following monoclonal antibodies were used: fluores-
cein isothiocyanate (FITC)-labeled mouse anti-human CD14
(clone UCHM1; IQ Products, Groningen, The Netherlands);
phycoerythrin (PE)-labeled mouse anti-human TNFa (clone
Mab11; Pharmingen); PE-labeled mouse anti-human IL-1b
(clone AS10; Becton Dickinson) and PE-labeled mouse anti-
human IL-12 (clone C11.5; Pharmingen); and PE-labeled
mouse isotype control IgG1 (clone MCG1; IQ Products).

Sample Incubation

Immediately after sampling, 1 mL of heparinized whole
blood was mixed with RPMI and stimulated with 2mg/mL
of LPS (E. coli, 0.55:B5, Whittaker; stimulated sample). One
milliliter of heparinized blood was used as unstimulated
control and only mixed with 1 mL of RPMI. In both the
stimulated and unstimulated samples, monensin (3mM) was
added to enable accumulation of the cytokines in the golgi-
complex by interrupting intracellular transport processes.
Stimulated and unstimulated samples were incubated for 4
hours at 37°C and 5% CO2.

Sample Labeling

After incubation, both stimulated and unstimulated sam-
ples were aliquoted (0.2 mL per tube) and 5mL of anti-CD14
was added to each tube. Tubes were incubated at RT in the
dark for 30 minutes. Following incubation with 1 mL of
lysing buffer for 5 minutes in the dark, tubes were centri-
fuged and aspirated. Cells were then washed with 2 mL of
washing buffer, after which 0.2 mL of freezing buffer was
added to each tube. Tubes were frozen at280°C. All tubes
(from follicular and luteal phase) from one subject were
thawed at the same day. After thawing and two washes, the
remaining pellets were resuspended in 0.5 mL of permeabi-
lizing buffer and incubated in the dark for 10 minutes. Then
the cells were washed with ice-cold washing buffer. After
centrifugation and aspiration, stimulated and unstimulated
aliquots were incubated for 30 minutes in the dark at RT with
either anti-TNFa, anti-IL-1b, anti-IL-12, or isotype control
(5 mL) at saturating dilutions. After washing with washing
buffer, cells were fixed with fixation buffer and kept at 4°C
in the dark until measured (within 24 h).

Flow Cytometry

Cells were analyzed using the Coulter Epcis flow cytom-
eter (Argon-ion 488 nm laser). One thousand monocytes
were acquired while life-gating on monocytes using the
CD141 cell signal and saved for later analysis. Analysis was
performed using Winlist32 (Verity Software House, Inc.,
Topsham, ME).
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Data Analysis of Intracellular Cytokines

During analysis, a gate was set on CD141 monocytes. A
single-parameter fluorescence histogram for the monocytes
was defined for evaluation of intracellular cytokine produc-
tion. For evaluation of cytokine production following in vitro
LPS stimulation, unstimulated and stimulated aliquots were
used. Using the unstimulated aliquot, a linear gate was set in
the histogram so that at least 99% of the cells in this aliquot
were negative for cytokine production (Fig. 1). This gate was
then copied to the histogram of the stimulated cells; results
are expressed as percentage of positive cells in the stimu-
lated aliquots.

Differential Blood Cell Counts

Total white blood cell (WBC) number was counted on a
microcellcounter (Model Sysmex F800; Toa Medical Elec-
tronics Co.). Differential WBC counts were made using flow
cytometry data; by taking advantage of the differences in
sidescatter characteristics between lymphocytes and mono-
cytes/neutrophils as well as the different CD14 expression of
monocytes and neutrophils, the percentages of different cell
populations were counted.

Statistics
Results are expressed as mean percentage of positive

monocytes6 SEM. To evaluate differences between the
follicular and luteal phase, Wilcoxon’s signed rank test was
used. Differences are considered to be significant ifP,.05.

RESULTS

The mean age of the women in this study was 30.7 years
(range, 27–36 years). Their mean cycle length was 27.9 days
(range, 26–32 days). Blood samples were taken at day 6.9
(range, 6–8 days) of the follicular phase and at 6.1 days after
a positive urinary LH surge (range, 6–8 days) in the luteal
phase.

Plasma Concentrations
The 17b-estradiol and progesterone concentrations were

significantly increased in the luteal phase as compared with
the follicular phase (17b-estradiol: follicular phase, 0.276
0.03 nM; luteal phase, 0.566 0.07 nM [Wilcoxon,P,.05].
Progesterone: follicular phase, 1.036 0.21 nM; luteal phase,
50.496 7.23 nM [Wilcoxon,P,.05]).

WBC Counts
Table 1 shows the mean total leukocyte counts in the

follicular and luteal phases of the ovarian cycle as well as the
percentages of granulocytes, monocytes, and lymphocytes.
There were no significant differences in total number of
monocytes and lymphocytes in the luteal phase as compared
with the follicular phase. However, WBC count and the
granulocyte count were significantly increased in the luteal
phase of the ovarian cycle as compared with the follicular
phase (Wilcoxon,P,.05). The percentages of the various
cell populations in the total WBC count did not differ be-
tween the two phases of the ovarian cycle.

F I G U R E 1

IL-1b production of CD141 monocytes. After whole blood stimulation with endotoxin (lipopolysaccharide), granulocytes and
lymphocytes can be demonstrated separately in a forward scatter (FSC) and sideward scatter (SSC) dotplot (left dotplot). To
analyze cytokine production by monocytes (CD141 cells), monocytes were first selected in a region R1 on an SSC and
CD14mAB-fluorescein isothiocyanate dotplot (middle dotplot). A single-parameter fluorescence histogram was then used to
evaluate the number of PE-positive cells in this monocyte R1 region. Using the unstimulated control sample, linear gates were
set in the histogram (M1) so that at least 99% of the unstimulated cells were negative for cytokine production. This gate was
then copied to the histogram of the stimulated cells; results are expressed as percentage of positive cells in the stimulated
blood sample (right histogram: gray line, unstimulated sample; black line, stimulated sample).
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Intracellular Cytokine Production
Figure 2 shows the percentages of IL-12–, TNF-a–, and

IL-1b–producing monocytes in the two phases of the ovarian
cycle after in vitro stimulation with endotoxin. As can be
seen from this figure, the percentage of IL-12–producing
monocytes does not vary between the two phases of the
ovarian cycle. However, the percentage of IL-1b– and TNF-
a–producing monocytes is significantly increased in the lu-
teal phase as compared with the follicular phase (Wilcoxon’s
signed rank test,P,.05).

DISCUSSION

We found a significant increase in both the percentage of
IL1-b-producing monocytes and percentage of TNF-a-pro-
ducing monocytes in the luteal phase as compared with the
follicular phase. However, we found no difference in the
percentage of Il-12–producing monocytes.

Other studies already demonstrated a relationship be-
tween reproductive condition and the nonspecific immune
system response. Cannon et al. described an increase in
plasma IL-b concentrations in the luteal phase as compared
with the follicular phase during the normal ovarian cycle (7),
while Brännström described a significant increase in plasma
TNF-a level during the late follicular and during the mid
luteal phase as compared with the early follicular phase of
the normal ovarian cycle (8). Polan found a 3-fold increase
in IL-1b mRNA in peripheral monocytes during the luteal
phase over that found in the follicular phase (9). All the
above mentioned studies were performed with resting pe-
ripheral blood mononuclear cells, i.e., without in vitro stim-
ulation with endotoxin, and demonstrated a higher produc-
tion of mRNA and a higher correlating bioactive peptide
secretion of IL-1b and TNF-a in the luteal phase as com-
pared with the follicular phase of the ovarian cycle in hu-
mans.

To our knowledge this is the first study showing that the
response of the monocytes to activation by in vitro stimula-
tion with endotoxin differs between the follicular and the
luteal phase of the ovarian cycle, indicating that monocytes
are more sensitive to proinflammatory stimuli (endotoxin) in
the luteal phase as compared with the follicular phase.
Therefore, we conclude that monocytes not only produce
higher amounts of TNF-a and IL-1b (7–9) but also appear to
be in a higher state of excitation in the luteal phase.

Because progesterone and 17b-estradiol plasma concen-
trations increase concomitantly with the increase in sensitiv-
ity of monocytes to proinflammatory stimuli in the luteal
phase, it may be suggested that sex hormones can modulate
the sensitivity of monocytes to proinflammatory stimuli. In
vitro studies have been performed to define the relationship
between monocyte cytokine production and sex hormones.
Polan et al. demonstrated that endotoxin-stimulated human
peripheral blood monocyte levels of both TNF-a mRNA and
IL-1b mRNA increased when incubated with physiologic
levels of progesterone and 17b-estradiol concentrations (10,
11). Also, without concomitant endotoxin stimulation, hu-

T A B L E 1

Total white blood cell (WBC) count and differential counts in the follicular and luteal phase of the ovarian cycle.

Variable

Follicular phase,
total no. of cells

(107/L) Percentage of WBCs

Luteal phase,
total no. of cells

(107/L) Percentage of WBCs

WBCs 5536 28 — 6396 35a —
Granulocytes 3286 27 58.96 2.3 3836 32a 60.06 2.9
Monocytes 276 3 5.06 0.5 336 4 5.56 0.6
Lymphocytes 1986 12 36.16 2.4 2236 23 34.56 3.0

Note: Values are mean6 SEM.
a Statistically significant difference vs. the follicular phase (Wilcoxon,P,.05).

Bouman. Monocyte response in the human ovarian cycle. Fertil Steril 2001.

F I G U R E 2

Percentage of cytokines producing (IL-1b, TNF-a, and IL-12)
monocytes in the follicular phase (open bars) and the luteal
phase (closed bars) of the normal ovarian cycle.

Bouman. Monocyte response in the human ovarian cycle. Fertil Steril 2001.
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man monocyte IL-1 activity was increased by physiologic
levels of sex hormones (12). However, it remains elusive
whether these results are caused by a direct effect of pro-
gesterone or estradiol on monocytes, because as yet we have
found no evidence of the presence of estrogen or progester-
one receptors on monocytes.

Maybe there are factors other than these hormones re-
sponsible for modulating the activity and sensitivity of
monocytes during the ovarian cycle. It may even be possible
that monocytes are not activated or are more sensitive in the
luteal phase and that monocytes are suppressed and less
sensitive in the follicular phase. We have previously dem-
onstrated that in pregnant rats part of the endotoxin-induced
glomerular inflammatory response can be inhibited by in-
duction of follicular growth during pregnancy. It was there-
fore suggested that a follicular ovarian factor exists, capable
of suppressing the nonspecific immune system during the
follicular phase (13, 14). Once this factor disappears (in the
luteal phase or during pregnancy), the nonspecific immune
system is not suppressed anymore and thus appears to be
“activated and more sensitive.”

In our study we investigated monocytes as a parameter for
the nonspecific immune response. The current observations
concerning an “increase in activity and sensitivity” of the
nonspecific immune response together with a previously
demonstrated deviation of a Th2 type response of the spe-
cific immune response in the luteal phase of the ovarian
cycle (3) not only raises the question of what factors are
involved in the control of the immune response, but also
raises the question of why the immune response varies so
strongly with the reproductive condition. A possible answer
might be that the physiologic meaning of this phenomenon
may be the preparation of the maternal immune system for
potential implantation of the semiallogenic blastocyst (3,
15).

In summary, we demonstrated an increase in IL-1b– and
TNF-a–producing monocytes after in vitro endotoxin stim-
ulation in the luteal phase as compared with the follicular

phase of the ovarian cycle, concomitant with an increase in
progesterone and 17b-estradiol. Whether this increase is
directly or indirectly due to the increase in plasma proges-
terone and plasma estradiol concentration, or to the absence
of a follicular factor in the luteal phase, needs further inves-
tigation.
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