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Effect of pregnancy hormone
mixtures on cytokine production
and surface marker expression in
naı̈ve and LPS-activated THP-1
differentiated monocytes/macrophages
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Ciro Estrada-Chávez5

Abstract

In pregnancy, maternal monocytes and macrophages acquire a specific phenotype that enables them to maintain immune

tolerance and facilitate hormone–immune cell interactions, which are necessary for gestational progression. The aim of

this study was to determine the effect of pregnancy hormone mixtures of the first and third trimesters on both resting

and activated monocytes and macrophages. Pregnancy hormone levels (cortisol, estradiol, progesterone, and prolactin)

were quantified at the first and third trimesters. The average of the levels obtained was used to prepare two mixtures of

synthetic hormones: low and high. These mixtures were then used to stimulate THP-1 monocytes and macrophages,

resting or activated with LPS. Cytokine production in the culture supernatants and surface marker expression (CD14,

CD86, and CD163) were evaluated by ELISA and flow cytometry, respectively. We found that the hormones modulated

the pro-inflammatory response of THP-1 cells, LPS-activated monocytes, and macrophages, inducing high levels of IL-10

and low levels of IL-8, IL-1-b, and IL-6. All hormone stimulation increased the CD163 receptor in both resting and LPS-

activated monocytes and macrophages in a dose-independent manner, unlike CD14 and CD86. Pregnancy hormones

promote the expression of the markers associated with the M2-like phenotype, modulating their pro-inflammatory

response. This phenotype regulation by hormones could be a determinant in pregnancy.
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Introduction

Human pregnancy is characterized by the production
of placental, maternal, and fetal hormones that allow
the development of a new individual by regulating
implantation and uterine quiescence, culminating in
the onset of labor. During gestational progression, hor-
mone interactions with immune cells are necessary to
avoid the rejection of paternal fetal Ags, achieve proper
trophoblast invasion, decrease myometrial contractili-
ty, and permit the action of inflammatory mediators
at delivery.1

As the pregnancy develops, monocytes acquire a
specific phenotype that enables them to maintain

1Departamento de Fisiolog�ıa, Universidad de Guadalajara, Centro

Universitario de Ciencias de la Salud, Mexico
2Universidad de Guadalajara, Centro Universitario de Ciencias de la

Salud, Instituto de Investigaci�on en Reumatolog�ıa y Sistema M�usculo-
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immune maternal tolerance. In the first trimester of

normal pregnancy, monocytes possess higher mem-

brane expression of CD200, enabling the transmission

of inhibitory signals to hematopoietic cells.2 The

phagocytic function also decreases, suggesting an

important immunomodulatory role in the maternal–

fetal interface.3

Hence, monocyte and macrophage plasticity in

response to this microenvironment provides these

cells with the ability to display inflammatory functions

for defense against pathogens, as well as immunomod-

ulatory and angiogenic activities during the resolution

of inflammation and tissue-damage repair.4 Their func-

tion and phenotype regulation may be modulated by

changes in the endocrine system during pregnancy,

since they possess receptors for prolactin and steroid

hormones.5–8

In pregnancy, cortisol, estradiol, progesterone, and

prolactin serum levels progressively increase,1 while

human chorionic gonadotropin (hGC) gradually

decreases.9 Since the effects of hormones on immune

response are concentration-dependent, increased estro-

gen levels suppress inflammation, while low levels have

been associated with pro-inflammatory effects post

menopause.10 In addition, cortisol at a diurnal concen-

tration (5–10 mg/dl) exerts inflammatory effects; on the

other hand, under stress concentrations (35–45mg/dl)
and pharmacologic concentrations (70–80mg/dl), it

achieves its maximal anti-inflammatory effect.11

Previous reports have shown that during pregnancy,

the loss of normal function of monocytes and macro-

phages is associated with different pathologies. For

example, the monocytes of patients with pre-eclampsia

polarize toward the M1 phenotype because they possess

high expression of TLR4, CD64, and inflammatory

cytokines, in addition decreasing the synthesis of IL-10

as well as D206 and CD163 surface markers, compared

to normotensive pregnant women.12

Similarly, in the basal decidua of pregnant women

with pre-eclampsia and preterm delivery, the number of

M2 macrophages and the CD163:CD14 ratio decreased
compared to normotensive and preterm pregnancies.

This suggests that a smaller amount of M2 macro-

phages may contribute to the development of pre-
eclampsia.13

Therefore, alterations in the pregnancy hormone

mixture, as well as in monocyte and macrophage
phenotypes, could give rise to pathologies such as

pre-eclampsia and premature labor,12,14–16 suggesting

that phenotype regulation of monocytes and macro-

phages by hormones could be a determinant in preg-
nancy. The aim of this study was to determine the effect

of pregnancy hormone mixture in the first and third

trimesters on both resting and activated monocytes
and macrophages.

Material and methods

Experimental design

In order to evaluate the effect of hormones associated

with pregnancy on the phenotype of monocytes and

macrophages either resting or activated by the inflam-

matory stimulus (LPS), we performed treatments on
cultures of monocytes and macrophages derived from

THP-1 cells, with hormone mixtures mimicking low

and high concentrations present during the first and
third trimesters. The hormonal treatment was applied

to both resting and activated cells.
First, for hormonal stimulation, we determined the

concentration levels of cortisol, estradiol, progesterone,

and prolactin taken from the sera of pregnant women

during the first and third trimesters of their second

pregnancy. According to the confidence interval, we
designed low and high doses for the two stages

(Table 1). Second, we differentiated THP-1 cells

toward a macrophage phenotype and also obtained

Table 1. Serum hormone levels in women in the first and third trimesters.

Hormones

Levels in first trimester Levels in third trimester

Pregnancy

Representative valuesa

Pregnancy

Representative valuesa

Low High Low High

Cortisol* (nmol/l) 129 (65–194) 60 200 276 (205–348) 200 350

Estradiol* (pg/ml) 1.3 (1.1–1.6) 1.0 1.5 18.6 (16.8–20.5) 17.0 20.0

Progesterone* (ng/ml) 26.8 (10.6–42.9) 10.0 40.0 107.4 (44.3–170.4) 40.0 170.0

Prolactin* (mIU/ml) 41.7 (28.8–54.6) 30.0 55.0 223.8 (110.5–337.0) 100.0 300.0

Data shown are the mean (95% confidence interval).

*Difference between pregnancy group in the first trimester and the third trimester; Bonferroni test, P< 0.0001.
aRepresentative levels designed to stimulate THP-1 cells in vitro. The hormone levels were determined in sera from pregnant women during two stages

of their second pregnancy.
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activated monocytes and macrophages with LPS stim-
ulation. Third, we analyzed cell membrane receptors,
cytokine profile, and nitrite and polyamine production
from cells and supernatants in each of the conditioned
cell cultures, performed with or without hormonal
stimulation.

Serum samples from pregnant women

Thirty healthy pregnant women in the first and third
trimesters of their second pregnancy (age range
20–35 yr; body mass index � 27 kg/m2) from the
Hospital Materno-Infantil, Secretar�ıa de Salud Jalisco
in Guadalajara, Mexico, were included. We screened
each participant with routine laboratory tests. All par-
ticipants abstained from taking medication and signed
an informed consent. The study was approved by a
local ethics committee (office no. 7282. 18/UG-JAL/
2008) and was conducted according to the
Declaration of Helsinki guidelines.

Pregnancy hormone assessment and profile design

To establish hormone reference ranges, blood samples
were taken in the middle of the trimester between
8:00 am and 9:00 am following a 12 h fasting period.
The blood was allowed to clot at room temperature
and was centrifuged at 1509 RCF (Rotanta 460R;
Andreas Hettich GmbH & Co. KG, Tuttlingen,
Germany) for 10 min at 20�C. Serum was collected
and stored at –80�C until further analysis.

The serum concentration of cortisol, estradiol, pro-
gesterone, and prolactin was performed with Elecsys
Enzyme Immunoassay II Roche kits, with a detection
limit of 415 nmol/l, 5 pmol/l, 0.03 ng/ml, and 1.00 mIU/
m, respectively, using Roche Modular Analytics 917
(Roche Diagnostics, Indianapolis, IN), following the
manufacturer’s instructions.

For preparation of the hormone mixtures, the man-
ufacturer’s recommendations were followed (Sigma–
Aldrich, St. Louis, MO): 200mg/ml hydrocortisone in
4ml chloroform:ethanol (1:1) solution, 50mg/ml
b-estradiol in ethanol, 50mg/ml of progesterone in
chloroform, and 100 mg/ml of PRL in sterile 4mM
HCl. Taking these solutions into account, the corre-
sponding concentrations were prepared for each treat-
ment in accordance with the levels of the hormones
determined in the sera of the pregnant women in this
study (Table 1).

THP-1 cell line culture and stimulation

As a model for monocytes, the THP-1 cell line (number
TIB-202l; American Type Culture Collection,
Manassas, VA) was used, realizing the cell culture
within RPMI 1640 culture media, which was

supplemented with 10% inactivated FBS and 1%
antibiotic-antimycotic (Life Technologies, Grand
Island, NY).

In order to obtain activated monocytes, THP-1 cells
were exposed to 1 mg/ml LPS from Escherichia
coli serotype 0111:B4 (Sigma–Aldrich) for 48 h. The
THP-1 cells (resting monocytes) and the activated
monocytes that were obtained were seeded at a density
of 7� 105 cells/ml on a six-well plate, either without
hormonal stimulus (W/S) or with hormonal stimulus
(i.e. LLH (low) and HLH (high) hormone concentra-
tions in the first trimester or third trimester). To the
obtain macrophages, 3� 106 THP-1 cells were differ-
entiated with 200 nM phorbol myristate acetate for 3 d,
followed by resting culture with fresh RPMI for 5 d.17

Thereafter, the macrophages that were obtained were
exposed to the same treatments as previously described
for monocytes. All cell cultures were carried out in a
humidified atmosphere at 37�C and CO2 5%, in tripli-
cate for each condition.

Next, we evaluated the effect of the pregnancy hor-
mone mixture on cytokine production and surface
marker expression in resting and activated monocytes
and macrophages derived from THP-1 cells with meas-
urements detailed below.

Flow cytometry: surface marker expression of CD14,
CD86, and CD163

The following reagents and mAbs were used:

• Fixable Near-IR Dead Cell Staining Kit (Life
Technologies) subsequently excluding dead cells
from the analysis;

• Fc receptors blocked with 5ml human TruStain
FcXTM (BioLegend, San Diego, CA) to block Fc
receptors and avoid nonspecific binding of Abs to
these membrane receptors; and

• anti-human primary Abs (BioLegend; PE anti-
human CD86 Ab (305406) clone IT2.2, PerCP/
Cyanine5.5 anti-human CD14 Ab (325622) clone
HCD14 and PE anti-human CD163 Ab (333606)
clone GHI/61) and the respective isotype (PE
Mouse IgG2bj Isotype Ctrl Ab (400314) clone
MPC-11, PerCP/Cy5.5 Mouse IgG1, j Isotype Ctrl
Ab (400149) clone MOCP-21 and PEMouse IgG1, j
Isotype Ctrl Ab (400111) clone MOPC-21) was
employed in each test to adjust for background fluo-
rescence, and we performed fluorescence minus one
(FMO) and staining controls to establish
the parameters.

Three panels were made: the first with the Fixable
Near Kit plus CD163-PE, the second with the
Fixable Near Kit plus CD86-PE, and the third with
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the Fixable Near Kit plus CD14-PerCP-Cy5.5. Isotype

control was used in each test to adjust the background

fluorescence. A FMO was also performed to define the

positive and negative for each marker. The cells of the

different experimental groups were harvested, washed

twice with PBS, re-suspended in 100 ml Fixable Near,

and incubated at room temperature for 30 min.

Subsequently, two washes were performed with 2 ml

PBS, the cells were re-suspended in 100 ml PBS, and
5 ml human TruStain FcXTM (BioLegend) was added

and incubated for 5 min. Then, 10 ml of each of the

Abs were added, as previously mentioned. The cells

were incubated at room temperature in the dark for

30 min. Then, they were washed with PBS and centri-

fuged at 560 g for 7 min. The supernatant was deca-

nted, and the cells were re-suspended in 500 ml PBS and

then analyzed in a FACSAria ITM cell sorter (BD

Biosciences, San Jose, CA). In a first dot plot (FSC-A

vs. FSC-H), doublets were discarded. Later, in a

second dot plot (SSC-A vs. Live/Dead), a gate was

made in the live cells (negative for the staining of the

Live/Dead dye), and finally, in a histogram, the expres-

sion of CD14-PerCP-Cy5 was analyzed. In the expres-

sion of CD86-PE or CD163-PE or each sample, at least

20,000 viable cell region events were acquired (negative

for Live/Dead). Data were processed with FlowJo

vX.0.7 (Tree Star, Inc., Ashland, OR), and the results

are reported as geometric mean fluorescence intensity

and represent the mean�SD of three independent

experiments carried out in triplicate.
Gating controls were utilized to adjust for back-

ground fluorescence, and the results are reported as %

of expression and geometric mean fluorescence intensity.

For each sample, at least 10,000 events were acquired in

a FACSAria ITM cell sorter (BD Biosciences). Data were

processed with FlowJo vX.0.7 (Tree Star, Inc.).

Quantitation of cytokine production

Cytokine assays were also conducted on supernatants

of the cell cultures, which were harvested and stored at

–80�C until analysis. Levels of cytokines were measured

according to the manufacturer’s instructions using a

quantitative ELISA kit. Sensitivity and range (pg/ml)

of IL-8 (0.4, 1.0–64) and IL-10 (0.17, 0.8–50; R&D

Systems, Minneapolis, MN) and high sensitivity TNF-

a (7.8–500), IL-1b (2.0–125), IL-6 (7.8–500), and IL-12/

IL-23 (p40; 62.5–4000; BioLegend) were determined.

Measurement of NO concentration

Analysis of nitrite production by the Griess reaction

was performed on a 96-well plate, to which 100 ml cul-
ture supernatants was added and mixed with 100 ml
Griess reagent, and a series of solutions with known

concentrations of sodium nitrite (Sigma–Aldrich, Inc.,

Merck KGaA, Darmstadt, Germany) prepared in the

same media were employed to construct a standard

curve. Then, these were incubated for 15 min in the

dark and measured for optical density at 540 nm

using an xMarkTM Microplate Spectrophotometer.

Data were analyzed with Microplate Manager v6.1

(Bio-Rad Laboratories, Inc., Hercules, CA).

Measurement of polyamine synthesis

The analysis of the polyamine concentration of the

cultured cells was performed by HPLC analysis, the

ion-exchange principle was applied, and post-column

derivatization employing ortho-phthaldialdehyde

(Sigma–Aldrich, Inc.) and fluorescence detection

(Shimadzu RF-530 Fluorescence Detector; Shimadzu,

Kyoto, Japan) was utilized. In order to deproteinize

the sample, the cells were treated with a solution con-

taining 5% trichloroacetic acid (Merck) and 0.05 N

hydrochloric acid (Mallinckrodt Baker, Edo. de

México, México) at a ratio of 1:2 v/v, which was

then vortexed and allowed to stand at room temper-

ature for 20 min. The mix was centrifuged at 9200 g

for 20 min (Spectrofuge 24D; Labnet International,

Edison, NJ), and the supernatant was filtered using

syringe-driven 0.20 mm filters (Millex-LG; Millipore

Corp., Bedford, MA). As an internal standard,

25 nmol/100 ml 1,7-diaminoheptane (Sigma–Aldrich,

Inc.) was employed. An autosampler (model

AS3000; Spectra-Physics Analytical, Darmstadt,

Germany) equipped with a 20 ml injection loop was

utilized to inject the samples into the HPLC system,

which consisted of a Waters pump (515; Waters,

Milford, MA) and a reverse phase C18 column

(150mm� 4.6mm; InertsilVR ODS-2, with a 5 mm par-

ticle diameter; Varian GL Sciences, Inc., Walnut

Creek, CA). The mobile phase consisted of a gradient

of four aqueous buffers containing 1-octane sulfonate

sodium salt (Caledon Laboratories Ltd., Georgetown,

Canada), sodium acetate (Merck), and acetonitrile

(Mallinckrodt Baker), as described by Farkas and

Haj�os,18 with a few modifications in the gradient elu-

tion program. The flow rate was set at 0.5ml/min.

The compounds were identified according to their

retention times and quantified by comparing them to

the peak areas of two known commercially available

standards – spermidine and spermine (Sigma–Aldrich)

– using the Varian Galaxy Chromatography Data

Acquisition System v1.9 SP2b (Varian GL Sciences,

Inc.). The retention times of spermidine and spermine

were 43 and 45 min, respectively. Each sample was

analyzed in triplicate.

Mendoza-Cabrera et al. 87



Statistical analysis

Data were analyzed with GraphPad Prism v6.01
(GraphPad Software, Inc., La Jolla, CA). Two-way
ANOVA followed by the Bonferroni post hoc test
was performed. All data were plotted in graphs as the
mean�SEM. Significance was defined as P� 0.05.

Results

The immune phenotype of monocytes and macrophages
derived from THP-1 cells stimulated with low and high
levels of pregnancy hormones possessed increased
amounts of membrane-expressed markers, namely:

1. The levels of CD14, CD86, and CD163 membrane
expression on cells with stimulation of pregnancy
hormones were higher than those without (Figure 1).

2. We detected higher CD86 and lower CD163 mem-
brane expression on resting THP-1 monocytes with-
out pregnancy hormone stimulation than membrane
expression of resting THP-1 monocytes with preg-
nancy hormone stimulation (Figure 1a). On the
other hand, activated THP-1 monocytes showed a
decrease in CD14 and CD86 and an increase in
CD163 membrane expression on cells with pregnancy
hormone stimulation than those without (Figure 1b).

3. Increased CD163 membrane expression was identi-
fied in resting and activated macrophages with preg-
nancy hormone stimulation compared to those
without (Figure 1c and d).

4. Higher CD163 membrane expression was found in
resting and activated monocytes with a high level of
pregnancy hormone stimulation in the third trimes-
ter compared to low-level pregnancy hormone stim-
ulation in the first trimester (Figure 1a and b). In
addition, higher CD163 and CD14 expression was
determined in resting monocytes with low-level preg-
nancy hormone stimulation in the third trimester
than in the first trimester with low-level pregnancy
hormone stimulation, as shown in Figure 1a.

The production of TNF-a, IL-1b, IL-6, IL-12, IL-8,
and IL-10 released by LPS-activated monocytes and
macrophages derived from THP-1 cells and from acti-
vated monocytes and macrophages were evaluated.

The following differences were observed. With preg-
nancy hormone stimulation, both activated monocytes
and macrophages showed opposing levels of pro-
inflammatory and anti-inflammatory cytokines. The
amounts of pro-inflammatory cytokines were reduced
when the cells were cultured with pregnancy hormones
(Figure 2a–e), with the exception TNF-a in the activat-
ed monocytes, which was increased (Figure 2a).
Meanwhile, the anti-inflammatory cytokine IL-10 was

increased in activated macrophages and decreased in
activated monocytes (Figure 2f).

In activated macrophages, with or without pregnan-
cy hormone stimulation, the levels of TNF-a were
around 100 times higher, and the levels of IL-1b and
IL-10 were almost 10 times higher than in activated
monocytes (Figure 2a, b, and f, respectively). In IL-6,
IL-12, and IL-8 levels, an inverse range was observed
that was nearly 10 times lower in activated monocytes
than in activated macrophages (Figure 2c, d, and e,
respectively).

In addition to other important differences shown in
Figure 2, interestingly we noted two scenarios: in both
activated THP-1 monocytes stimulated with low levels
of pregnancy hormones in the third trimester and high
levels of pregnancy hormones in the first and third tri-
mesters and activated THP-1 macrophages stimulated
with a high level of pregnancy hormones in the third
trimester, decreased levels of TNF-a, IL-6, and IL-12
were identified (Figure 2a, c, and d, respectively).
However, IL-1b levels remained constant in activated
THP-1 monocytes and increased in activated THP-1
macrophages (Figure 2b).

IL-8 and IL-10 production of resting monocytes and
macrophages showed an opposite profile after pregnan-
cy hormone stimulation.

When cells were exposed to pregnancy hormones,
only stimulation of IL-8 and IL-10 was detected in
the resting monocytes and macrophages (Figure 3).
As shown in Figure 2e, activated monocytes and mac-
rophages produced just about 100 times more IL-8
than resting monocytes, with or without pregnancy
hormone stimulation.

Simultaneously, the production of IL-8 after stimu-
lation with high amounts of pregnancy hormones in the
third trimester was different in activated monocytes
(lower) and resting macrophages (higher; Figures 2e
and 3a, respectively).

Compared to cells without pregnancy hormone
stimulation, the production of IL-8 in resting mono-
cytes and macrophages only decreased when these
were cultured with low and high levels of pregnancy
hormones in the first trimester (Figure 3a).

In particular, the production of IL-10 by resting and
activated monocytes gave the same profile, while in
activated macrophages, it was 10 times more than
in resting macrophages. On the other hand, IL-10
decreased when resting monocytes were stimulated
with the pregnancy hormone mixtures, while it
increased in the resting macrophages (Figure 3b).

The production of IL-8 in resting macrophages
(Figure 3a) and of IL-10 in activated macrophages
(Figure 2f) after pregnancy hormone stimulation in
the third trimester contrasted with the first trimester.
Moreover, with low levels in the third trimester,
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stimulation was higher than the high levels in the first

and third trimesters.

Effect of low and high levels of pregnancy hormones

on nitrite and polyamine production in resting and

activated monocytes and macrophages

Figure 4 summarizes the results of two different experi-

ments. First, we found that nitrite production was

increased when resting monocytes were stimulated

with high levels of pregnancy hormones in the first

and third trimesters. In addition, activated monocytes

show reduced nitrite production after stimulation with

high levels of pregnancy hormones in the first versus the

third trimesters and after stimulation with a low level of

pregnancy hormones in the first trimester (Figure 4a).
Second, the determination of cellular polyamine

concentrations by HPLC revealed that in activated

monocytes, the production of spermine tended to

increase with low and high levels of pregnancy hor-

mones in the third trimester, but tended to decrease

with low and high levels of pregnancy hormone stimu-

lation in the first trimester (Figure 4b).

Discussion

Identifying the factors that modify the phenotype of

monocytes and macrophages in pregnancy is important
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Figure 1. CD14, CD86, and CD163 surface expression on resting and activated monocytes and macrophages derived from THP-1
cells after pregnancy hormone stimulation. (a) Resting THP-1 monocytes, (b) activated THP-1 monocytes, (c) resting THP-1 mac-
rophages, and (d) activated THP-1 macrophages. CD14, CD86, and CD163 flow cytometry analysis of cells stimulated with low and
high levels of pregnancy hormones in the first and third trimesters. Bars represent the mean� SEM fluorescence intensity. *P< 0.05,
W/S versus all pregnancy hormone mixture stimulation; þHLH in the first and third trimesters and LLH in the third trimester, and
HLH in the first and third trimesters, and LLH in the first trimester. All results were confirmed in triplicate in three independent
experiments under the same experimental conditions. W/S: without pregnancy hormone stimulation; LLH: low levels of pregnancy
hormone stimulation; HLH: high levels of pregnancy hormone stimulation.
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LLH in the first trimester, and LLH in the third trimester; þHLH in the first and third trimesters and LLH in the third trimester. All
results were confirmed in triplicate in three independent experiments under the same experimental conditions.
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Figure 2. Continued
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because macrophages can be hyper-responsive and can

induce a dys-regulated release of inflammatory media-

tors. This could exacerbate tissue damage or could pro-

mote the development of chronic diseases, such as

pulmonary fibrosis, by releasing cytotoxic, pro- and

anti-inflammatory, angiogenic, mitogenic, and fibro-

genic factors.19

In this study, we showed the modulatory effect of

pregnancy hormones on the regulation of CD163, as

well as on pro-inflammatory cytokine synthesis in both

resting and activated monocytes and macrophages.
Previously, modulation of the function of mono-

cytes and macrophages was reported, mainly due to a

single effect of steroid hormones, but little is known

about the effect obtained by the combination of these

hormones in different concentrations. The hormone

combination in pregnancy must regulate the

macrophage phenotype differently from that of indi-

vidual hormones.20

In this study, all the hormonal profiles reduced the

pro-inflammatory cytokines in activated monocytes and

macrophages. However, in the absence of LPS, the syn-

thesis of IL-8 and IL-10 was increased in resting macro-

phages, including a higher production of IL-8 with doses

in the third trimester. On the contrary, IL-10 synthesis

decreased in monocytes.
IL-8 is implicated in the recruitment of leukocytes in

pregnancy. It is significantly synthesized by placental

cell-type macrophages and trophoblast cells from the

first trimester, and its synthesis increases during the

second and third trimesters,21 while IL-10 plays an

anti-inflammatory role in pregnancy.22

In this regard, it has been found that in THP-1

monocytes stimulated with LPS from E. coli or
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Figure 3. Unsteadiness between IL-8 and IL10 production in resting monocytes and macrophages derived from THP-1 cells after
pregnancy hormone stimulation. (a) IL-8 levels and (b) IL-10 levels. Cytokine concentrations by ELISA in cell culture supernatants.
Bars represent the mean� SEM. *P< 0.05 W/S versus all pregnancy hormone mixture stimulation; cLLH in the first trimester. All
results were confirmed in triplicate in three independent experiments under the same experimental conditions.
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Ureaplasma urealyticum and to which was added high

concentrations of progesterone (10,000 ng/ml), an

increased production of IL-1b and IL-8 occurred,

while TNF-a synthesis was inhibited. Furthermore, at

baseline, progesterone stimulated the synthesis of

IL-8,23 which might indicate a specific regulation of

cytokine production due to the effect of this hormone

in resting and activated monocytes.
Similarly, prolactin, pretreated or in combination

with LPS, induced IL-8 secretion in THP-1 monocytes

through cumulative activation of the MEK1–MEK2/

MAPK, p38, and JAK/STAT pathways.24

On the other hand, other studies reported that estra-

diol treatment did not affect the constitutive produc-

tion of IL-8, but in LPS-activated monocytes, it

decreased IL-8 synthesis in a dose-dependent manner.

Estradiol regulated IL-8 through its receptor at the

transcriptional level, probably by interfering with acti-

vation of transcription factors C/EBP and/or NF-jB.25

Glucocorticoids inhibit the expression of the IL-8 gene,

which contains glucocorticoid response elements in the

50-flanking region.26,27 In addition, glucocorticoids may

suppress the transcription of the IL-8 gene by interfer-

ing with the activation of NF-jB.28 However, estradiol

treatment did not affect the constitutive expression

of IL-1b but did enhance IL-1b production in LPS-

activated THP-1 monocytes.29

In this study, estradiol, progesterone, and prolactin

were able to regulate the synthesis of cytokines differ-

entially, and they could be responsible for the increased

synthesis of IL-8 and IL-1b in monocytes and macro-

phages, whether resting or activated.
Regarding the expression of surface receptors,

up-regulation of CD14 and CD86 by LPS has been
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Figure 4. Effect of low and high pregnancy hormone mixture on nitrite and polyamine production in resting and activated monocytes
and macrophages derived from THP-1 cells. (a) Nitrite levels and (b) polyamine levels. Bars represent the mean� SEM. P< 0.05 W/S
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confirmed in triplicate in three independent experiments under the same experimental conditions.
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reported,30,31 while CD163 was induced by IL-4, IL-13,

IL-10, and glucocorticoids32 as a phenotypical charac-

teristic of the M2 macrophage.33

Based on the results observed in this study, we sug-

gest that the induction of CD163 in monocytes and

macrophages could be regulated by the stimulation of

cortisol levels, which is in agreement with two previous

reports where it was shown that monocytes exposed to

glucocorticoids (dexamethasone 2.5� 10–7) were differ-

entiated in the M2 phenotype, showing higher expres-

sion of CD163 and an improved iron recycling

capacity, because the expression of the transferrin

receptor is suppressed, while the ferroportin expression

of the iron exporter is improved.34 Similarly, in an ex

vivo culture of fetal macrophages (Hofbauer cells),

CD163 and mRNA levels increased in response to cor-

tisol or dexamethasone and to increased uptake of

hemoglobin.32

This can be explained because decidua macrophages

have an M2 phenotype that expresses low levels of

CD80 and CD86 co-stimulatory molecules, and high

levels of CD163, CD206, CD209, NRP-1, and ICAM-

3, and synthesizes indoleamine 2,3-di-oxygenase.35–37

This immunosuppressive phenotype enables the release

of pro-angiogenic factors and remodeling of the uterine

wall. However, in late pregnancy and during delivery,

macrophages acquire the inflammatory phenotype M1

to drive cervical ripening.38

Thus, pregnancy hormones might promote an anti-

inflammatory M2 phenotype, negatively affecting the

monocyte and macrophage pro-inflammatory pheno-

type induced by LPS in vitro, without being completely

inhibited. As well, this modulation could allow activa-

tion of monocytes and macrophages that are useful in

parturition and for maternal protection against infec-

tions, avoiding the excessive inflammatory response

that may affect the viability of the fetus.
It is known that through their nuclear receptors,

steroidal hormones interact with NF-jB, thus prevent-
ing the transcription of inflammatory factors.39–42

However, it is also known that neither estradiol nor

progesterone change the phosphorylation of p38 in

LPS-stimulated monocytes,43 while prolactin produces

a greater MEK1–MEK2/MAPKs activation response

in THP-1 cells stimulated with LPS, resulting in an

increase in IL-8 release. This effect is reduced in cells

treated with inhibitors for the MEK1 and the p38 or

JAK/STAT pathway.24 Further, cortisol through its

glucocorticoid receptor could be able to activate differ-

ent signal pathways. It has been reported that the

glucocorticoid receptor attenuates pro-inflammatory

responses in mouse macrophages activated with LPS

by impairing selectively p38 MAPK, but not PI3K/

Akt, ERK, or JNK.44 Thus, the response of monocytes

with hormonal treatment to LPS could be independent

of NF-jB induction.

Conclusions

We found that stimulation with sera hormone mixtures

containing cortisol, estradiol, progesterone, and pro-

lactin, mimicking concentrations in the first and third

trimesters, modulate the pro-inflammatory phenotype

and function of monocyte THP-1 cells and macro-

phages differentiated from THP-1 monocytes in vitro

because they were able to modify pro-inflammatory

cytokine secretion, and CD163 expression in resting

and LPS-activated THP-1 cells. Our results suggest

that the hormonal environment in pregnancy may be

able to modulate both the monocyte and macrophage

phenotype toward the M2-like phenotype under resting

or inflammatory conditions.

Authors’ note
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