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a b s t r a c t

The aims of this study were, first, to explore the differences in the expression of Th1/Th2 cytokines
and of steroid receptors in spleen of intact and gonadectomized mice of both sexes; second, to evaluate
the effect of estradiol (E2), progesterone (P4) and testosterone (T) on cytokine production and lympho-
cyte proliferation, and third, to determine the percentage of spleen cell subpopulations in both sexes.
Results indicated dimorphic expression of IFN-� and IL-4, which was affected by gonadectomy. CD4+
T lymphocytes were the most frequent type of cell in the spleen, followed by B lymphocytes (CD19+).
Interestingly, there was no dimorphic pattern of cell subtypes, and gonadectomy had no effect. Regarding
lymphocyte proliferation, E2 inhibited both cells of male (19.51%) and female (24.62%). P4 diminished
lymphocyte proliferation by 22% in cells of female and had no effect on cells of male. It is very inter-
esting to note that the sex steroid receptors mRNA was highly expressed in all splenocytes, and that
this expression was dimorphic. However, flow cytometry analysis confirmed that only expression of
Th1/Th2 progesterone receptor was dimorphic. This dimorphic pattern was, however, only seen in lymphocytes.
Present evidence indicates that sex steroids are capable of affecting crucial immune system functions
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. Introduction

It has been repeatedly shown that sex, and its associated
teroids, significantly influence various aspects of the immune
ystem. A number of reports on immune and neuroendocrine sys-
em interactions indicate that hormones are capable of affecting
mmune functions [1].

The importance of the interaction between the immune and
ndocrine systems becomes evident in circumstances such as preg-
ancy, autoimmune diseases and some infectious diseases. In all
ases, the available evidence underscores the importance of sex
teroids as immunoregulators [2,3].

Although much information remains to be elucidated, these hor-
ones are able to regulate processes implicated in the immune

esponse, including the maturation and selection of thymocytes,

ellular transit expression of the major histocompatibility complex
lass II molecules, lymphocyte proliferation and cytokine pro-
uction [4]. These functions involve a large repertoire of highly
pecialized cells that perform different functions with precision
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and efficacy. Molecules secreted by components of the immune
system delicately regulate these cells, but they are also susceptible
to regulation by hormones, neurohormones and/or neurotransmit-
ters apparently distant from the immune system. Thus, the system
was originally thought to be largely autoregulated, however, it has
become increasingly clear that, together with the neuroendocrine
system, both systems are directly and bidirectionally intercon-
nected [5]. In this way, physiological systems that integrate complex
organisms interact forming networks of mutual control, which
favor the correct achievement of their specific functions and of
the more general requirements of the complete organism [6]. This
interaction plays a relevant role for evolution of vertebrates.

Sex hormones apparently play an important role in the differ-
ences in susceptibility associated to sex in certain infectious and
autoimmune diseases [7]. Females of different species are known to
produce higher levels of circulating immunoglobulins than males,
and display a more pronounced humoral immune response against
infection. The production of a variety of autoreactive antibodies is
also more frequent in females [8]. Estrogens have been found to

increase the B cell response both in vivo and in vitro, while andro-
gens and progesterone diminish antibody production. However, the
mechanisms of action of these hormones remain largely unknown.
According with these observations, it has been suggested that estro-
gens potentiate immunity mediated by B cells and suppress some
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Table 1
Sequences of the primers used for PCR amplification of total spleen RNA reverse
transcribed.

Gene Sense primer Antisense primer

IL-2 5′-tgatggacctacaggagctcctgag 5′-gagtcaaatccagaacatgccgcag
IL-4 5′-cgaagaacaccacagagagtgagct 5′-gactcattcatggtgcgacttatcg
IL-6 5′-atgaagttcctctctgcaagag 5′-cactaggtttgccgagtagat
IFN-� 5′-agcggctgactgaactcagattgtag 5′-gtcacagttttcagctgtataggg
PR-A 5′-cagtggtggatttcatccatg 5′-cttccagagggtaggtgcga
PR-B 5′-ggaggcagaaattccagacc 5′-gacaacaaccctttggtagc
ER-� 5′-agactgtccagcagtaacgag 5′-tcgtaacacttgcgcagccg
ER-� 5′-catctgggtatcattacggtg 5′-ggcacttctctgtcttcg
AR 5′-gaatgtcagcctatctttctta 5′-tgcctcatcctcacacactggc
�-Actin 5′-gggtcagaaggattcctatg 5′-ggttctaaacatgatctggg
8 M.A. De León-Nava et al. / Journal of Steroid B

echanisms dependent on T cells [9]. Testosterone seems to sup-
ress both the T and the B cell mediated response [10,11]. In addition
o the different immune factors implicated in the regulation of the
omplex cytokine network, evidence has been found that gender
s an important factor in the determination of the secretion pat-
ern of these proteins [12], which suggests that sex steroids may be
esponsible for these differences. For these hormones to have an
ffect on immune system cells, the presence of hormone recep-
ors in these cells is necessary. Although steroid hormones also
xert effects by non-genomic mechanisms by acting on cell surface
eceptors and triggering signaling cascades [13,14], it is currently
ccepted that the main route of biological activity occurs by means
f specific nuclear receptors (NR) that function as transcription fac-
ors, and coordinate, after binding to their ligand, the expression of
arget genes [15,16]. The following NR are mediators of these effects:
strogen receptors (ER), ER-�, ER-�, each coded for by an individ-
al gene, whose predominating ligand is E2; progesterone receptor
PR), which has variants A and B generated from the same gene
y alternative splicing, whose main ligand being P4, and androgen
eceptors (AR), coded for by a single gene, its ligands being estos-
erone (T) and dehydrotestosterone (DHT). One effect of steroids,
rucial in the regulator and effector functions of the immune sys-
em, and which has not been fully explored yet, is its action on
ytokine production and lymphocyte proliferation. According with
xperimental evidence that supports that host sex is relevant, the
bject of the present study was to explore the sexual dimorphism of
hese important aspects of the immune response in vivo andin vitro.

. Materials and methods

.1. Mice and surgical processes

Six week-old BALB/c AnN mice of the two sexes were used in
his study. They were fed ad libitum with Purina Diet 5015 and
ater, and kept in light/dark cycle (14 h light:10 h dark). When mice
ere four weeks old, they were castrated under pentobarbital anes-

hesia, as reported previously [17] other group received control
urgeries (sham) and intact animals were used as controls. Mice
ere allowed a two-week recovery period before tissue extraction.
fter this period, mice were sacrificed by cervical dislocation after
eep pentobarbital anesthesia and spleen, lymph nodes and gonads
ere obtained.

Animal care and experimentation practices at the Biomedical
esearch Institute are frequently evaluated by the University Ani-
al Care and Use Committee and by governmental agencies to

nsure compliance with established international regulations and
uidelines.

.2. RNA extraction

Total RNA was isolated from mouse testes, uterus, ovary (pos-
tive expression control tissues for sex steroid receptors), spleen
nd splenocytes by the extraction method using TRIzol reagent
Gibco-BRL, USA). Briefly, each tissue was removed and immedi-
tely disrupted in TRIzol reagent (1 mL/0.1 g tissue), and 0.2 mL
f chloroform were added per mL of TRIzol. The aqueous phase
as recovered after 10-min centrifugation at 15,000 × g. RNA was
recipitated with isopropyl alcohol, washed with 75% ethanol,
nd re-dissolved in RNase-free water. RNA concentration was
etermined by absorbance at 260 nm and its purity was verified
fter electrophoresis in 1% denaturing agarose gel in the pres-

nce of 2.2 M formaldehyde. Total RNA from all extracted tissues
as reverse-transcribed, followed by specific PCR amplification of

ytokines (IFN-�, IL-2, IL-4, IL-6) and sex steroid receptors (ER-�,
R-�, PR-A, PR-B, AR) as well as the constitutively expressed gene
-actin.
Primers were designed based on these mouse sequenced genes (Gene databank,
NCBI, NIH).

2.3. Retrotranscription-polymerase chain reaction (RT-PCR)

Nucleotide sequences of primers used for amplification are
shown in Table 1. Briefly, 4 �g of total RNA from each tissue
were incubated at 37 ◦C for 1 h with 400 units of M-MLV reverse
transcriptase (Applied Biosystems, Boston, MA, USA) in 15 �L of
reaction volume containing 10 mM of each dNTP and 0.01 �g oligo
(dt) primer (Gibco, long Island, NY). Five �L of the cDNA reaction
were injected to PCR to amplify specific sequences of the specified
genes. The 50 �L PCR reaction included 5 �L of previously synthe-
sized cDNA, 5 �L of 10× PCR-buffer (Biotecnologías Universitarias,
UNAM, México City) 30 mM MgCl2, 10 mM of each dNTP, 15 �M of
each primer, and 0.5 units of Taq DNA polymerase (Biotecnologías
Universitarias, UNAM, Mexico City). Twenty-five �L of the total
PCR reaction products of each sample were electrophoresed on 2%
agarose gel. PCR products were visualized by staining with ethid-
ium bromide. A single band was detected in all cases, as expected. In
order to determine that progesterone receptor (A and B), estrogen
receptor (� and �), androgen receptor and each cytokine (IFN-�,
IL-2, IL-4, IL-6) as well as �-actin were in the exponential phase of
amplification, and to be assured that changes in these molecules
are not artifactual (such as �-actin being in the stationary phase),
we performed RNA, cycling and temperature curves for each treat-
ment and tissue studied. The expression of �-actin was used as an
internal control at all times and in all tissues studied. In all sam-
ples, a single product corresponding to the amplification fragment
expected for PR-A (197 nt), PR-B (198 nt), ER-� (251 nt), ER-� (239
nt), AR (365 nt), IFN-� (247 nt), IL-2 (168 nt), IL-4 (181 nt) and
IL-6 (638 nt) and �-actin (238 nt) expression was obtained. After
an initial denaturation step at 95 ◦C for 5 min, temperature cycling
was initiated as follows: 95 ◦C for 1 min, 58 ◦C for 1 min and 72 ◦C
for 1 min during 25 cycles for PR-A, PR-B and �-actin, 95 ◦C for
1 min, 60 ◦C for 1 min and 72 ◦C for 1 min during 30 cycles for ER-�
and ER-�, 95 ◦C for 1 min, 55 ◦C for 1 min and 72 ◦C for 1 min dur-
ing 25 cycles for AR, 95 ◦C for 1 min, 50 ◦C for 1 min and 72 ◦C for
1 min during 30 cycles for IFN-�, 95 ◦C for 1 min, 60 ◦C for 1 min
and 72 ◦C for 1 min during 25 cycles for IL-2, and 95 ◦C for 1 min,
50 ◦C for 1 min and 72 ◦C for 1 min during 30 cycles for IL-4 and
IL-6. An extra extension at 72 ◦C was done during 10 min for every
gene.

2.4. Densitometric analysis

Hybridization signals were quantified by densitometric scan-

ning of multiple autoradiograms of various exposures, and were
represented as the ratio of the signal from the problem gene, rela-
tive to the expression of �-actin, a constitutively expressed gene
used as internal control (relative expression). The expression of
all genes is numerically presented as the ratio of the optical den-
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ity (OD) of each studied gene relative to the expression in the
ame preparation of the �-actin gene, a constitutively expressed
ene used as an internal control for differences in the amplifica-
ion procedure between experiments and in the staining of the
ifferent gels. Each fragment was purified and sequenced in order
o assure that each band in actual fact belonged to the specified
ene.

.5. DNA sequencing

The DNA sequence was determined by using a Thermo Seque-
ase cycle sequencing kit (Biorad) and an automatic sequencer
Model LIC-4200, Aloka Co., Japan). The sequence data were ana-
yzed using DNASIS Software (Hitachi Software Engineering, Tokyo,
apan). Homology searching of the nucleotide and protein database
as carried out with the Blast program at the National Cen-

er for Biotechnology Information (Bethesda, Maryland). Pairwase
equence alignment and protein identities were performed using
LUSTLAW 1.6 software.

.6. Cell culture and activation

Splenocytes and lymph nodes cells were cultured in serum-free
IM-V media (Gibco-BRL). Splenocytes were cultured, and treated
ith pharmacological concentrations of E2, P4 and T, in 96-well
lates and incubated at 37 ◦C in humidified 5% CO2 atmosphere for
6 h. After this time, relative expression of IFN-� and IL-4 was mea-
ured by RT-PCR. Culture grade E2, P4 and T were obtained from
igma (St. Louis, Misouri). Hormones were dissolved to the desired
tock concentration and sterilized by passage through a 0.2 mm Mil-
ipore filter. Our concentrations were calculated to resemble those
bserved in vivo, going from lower to higher levels (reaching phar-
acological doses). The hormone concentrations used in this study
ere based upon our previous protocols [17,18] both in mice. Also,

tudies of serum levels found in mice and other species were cho-
en to approximate these levels in vivo, and to resemble different
hysiological conditions, such as pregnancy.

For proliferation assays, lymph node cells were isolated, cultured
n 96-well plates and incubated at 37 ◦C in humidified 5% CO2 atmo-
phere for 76 h. Cells were activated with anti-CD3 and anti-CD28
ntibodies (Pharmingen) and treated with E2, P4 y T. To measure cell
roliferation, AlamarBlue dye (Biosource International) was used
s reported previously [19]. Briefly, 20 �L/well of AlamarBlue were
dded to each plate of cultured cells, 24 h prior to the measurement.
bsorbance at 600 and 570 nm were measured using a microplate
eader.

.7. Flow cytometry analysis of splenic subpopulations and sex
teroid receptor expression

Percentage of subpopulations and steroid receptor expression
ere detected according to Phosphoflow protocols (BD Biosciences)

or intracellular proteins with slight modifications. Briefly, spleeno-
ytes from BALB/c mice were purified and stained with the
ollowing antibodies: anti-mCD4-APC, mCD8-PECy5, mCD19-PE,

CD56-PE, mCD11b-bn plus Streptavidin PE (from BD Biosciences).
ells were fixed with 500 �L of Lyse/Fix buffer and then perme-
bilized with 200 �L of Perm Buffer II. After washing, cells were
ncubated with Fc blocking reagent (CD16/CD32-FcgammaIII/II

eceptor) and incubated with purified anti-ER (estrogen receptor),
nti-AR (androgen receptor) or anti-PR (progesterone receptor).
rimary antibodies were detected with FITC-coupled secondary
ntibodies (Zymed). Samples were analyzed by flow cytometry
sing a FACSCalibur (BD Biosciences). Data were analyzed with the
lowJo software.
istry & Molecular Biology 113 (2009) 57–64 59

2.8. Experimental design and statistical analysis

For the in vivo experiments, the experimental design is a three
factorial experiment. The independent variables are: (1) sex of
which samples were taken (two levels: male or female); (2) Castra-
tion (two levels: yes, no) and (3) cell populations (five levels: CD4,
CD8, CD19, NK and Mac). The dependent variable is the expression
of ER-�, ER-�, PR-A, PR-B, AR, IFN-�, IL-2, IL-4, IL-6 in the tissue
sample, as expressed by the ratio: OD density of the corresponding
gel divided by OD density of �-actin in the same tissue sample in
the same gel, percentage of cells and mean fluorescence intensity.
The �-actin gene is used as control gene for amplification technol-
ogy. When performed, post hoc individual contrasts of group means
by Fisher tests used the sum of Residual and Three Factor Interac-
tions variance to test for significant differences. Differences were
considered significant at P < 0.05.

In vitro data were analyzed using analysis de variance (ANOVA)
with sex (two levels), gonadectomy (two levels) and hormone used
in culture (four levels) as independent variables and the depen-
dent variable was proliferation index. If ANOVA revealed significant
differences between treatments, the student’s t-test of differences
between groups means was applied to each experiment using the
residual variance estimated by ANOVA to test for significance. Data
are shown as mean + standard deviation (S.D.), differences were
considered significant for P < 0.05.

3. Results

3.1. Sexual dimorphism of cytokine expression in spleen

Cytokine expression in the spleen of gonadectomized con-
trol mice of both sexes was determined by RT-PCR. For Th1-type
cytokines, IFN-� showed dimorphic expression in both control and
gonadectomized animals. In control mice, females expressed more
IFN-� than males, while in gonadectomized mice the pattern of
expression was inverted, males showing higher levels than females.
IL-2 expression did not differ between control male and female
mice; however, in gonadectomized mice, expression was inhibited
in males and showed no alterations in females (Fig. 1A). For Th2-
type cytokines, IL-4 showed higher levels in males than in females
control mice, while gonadectomized mice showed no variations,
but expression was inhibited in both sexes compared to control
mice. IL-6 expression did not differ between sexes in any of the
groups but was decreased in both (Fig. 1B).

3.2. Effect of sex steroids on cytokine expression in spleen cells in
vitro

To determine the expression of characteristic Th1/Th2 cytokines
in vitro, we obtained and cultured splenocytes from male and
female mice in serum-free culture medium and evaluated the effect
of sex steroids E2, P4 and T on IFN-� and IL-4 expression. In the first
case, we found that, in controls, IFN-� is more strongly expressed
in cells of female than in male and that E2 can inhibit this expres-
sion only in cells of female. Treatment with P4 and T had no effect
on the basal expression of this cytokine (Fig. 2A). On the other
hand, IL-4 expression was also correlated with sex, since females
showed higher expression levels than males. In contrast to the
effect observed for IFN-�, in this case, both E2 and P4 can increase
the expression level in cells of both sexes. T had no effect on IL-4
expression either (Fig. 2B).
3.3. Effect of sex steroids on lymphocyte proliferation

Lymph node cells were isolated, cultured and activated with
anti-CD3 and anti-CD28 antibodies. Then, the effect of the sex
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Fig. 1. Sexual dimorphism of cytokine Th1 and Th2 expression in spleen of mice
of the two sexes, control and gonadectomized. The results of gene expression are
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Fig. 2. Effect of sex steroids treatment on the expression of IFN-� (A) and IL-4 (B)
in splenocytes of mice of both sexes. Data are represented as the mean + S.D. of two
different experiments (n = 5). Each splenocyte culture was done in triplicate. *P < 0.05
compared with control cells. Estradiol (E2), progesterone (P4) and testosterone (T).
eported as densitometric data of autoradiographic signal. The relative expression
as obtained by correcting the expression of each cytokine to that of �-actin. (A) Th1

ytokines, and (B) Th2 cytokines. Data represent the result of 5 mice, and each exper-
ment was done in triplicate. Values are mean + S.D. *P < 0.05 compared between
exes. Gonadectomized (GX).

teroids E2, P4 and T in supraphysiological and pharmaceutical con-
entrations on lymphocyte proliferation was evaluated. We found
hat lymphocytes of female always showed more proliferation than
ells of male. Treatment with E2 at a concentration of 50 nM inhib-
ted proliferation in both cells of, male (19.51%) and female (24.62%)
Fig. 3A); P4 at 62.5 nM concentration diminished proliferation

ore than 22% in cells of female and had no effect on cells of male
Fig. 3B), and finally, T had no effect on either cells of male or female
not shown).

.4. Sexual dimorphism of immune cell subpopulations in spleen

In order to show which subpopulations of the different immune
ell subtypes are present in the spleen, we decided to determine
he percent of each cell type present in this organ, and to analyze
f their pattern was dimorphic. In Fig. 4, as expected, the higher
ercentage of cells present in the spleen are T lymphocytes, mostly
D4+ and B cells (CD19+). Interestingly, only there was a dimor-
hism in the percentage of macrophages, and they were present

n males in numbers almost three times higher than in normal
emales. Gonadectomy decreased the number of macrophages only
n males, compared to intact animals. Our flow cytometry analy-
is showed that there is no sex-associated pattern of the different
ell subtypes, and that gonadectomy did not affect the pattern of
ifferent subpopulations, except for the macrophages (Fig. 4).
.5. mRNA expression of sex steroid receptors in spleen

To determine if the classical mediators of sex steroid effects are
xpressed in spleen, we searched for the expression of sex steroid

Fig. 3. Effect of estradiol (A), progesterone (B) and testosterone (not shown) on lym-
phocyte proliferation. Results are shown as proliferation index. Data are represented
as the mean + S.D. of two different experiments (n = 5). Each cell culture was done in
triplicate. *P < 0.05 compared with control cells (no steroid added).
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Fig. 4. Percentage of immune cell populations in spleen of mice of both sexes, intact
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Fig. 5. Sex-steroid receptor expression in total splenocytes of mice of the two sexes,
control and gonadectomized. The results of gene expression are reported as den-
sitometric data of autoradiographic signal. The relative expression was obtained by
correcting the expression of each steroid receptor to that of �-actin. (A) Estrogen
nd gonadectomized, detected by flow cytometry. T lymphocytes (CD4+ and CD8 + ),
lymphocytes (CD19 + ), natural killer cells (NK) and macrophages (Mac) were

etected in spleen. Data are represented as the mean + S.D. (n = 5). Gonadectomized
GX).

eceptors in lymphoid tissue of mice of both sexes. The expression
f ER-� and � (Fig. 5A), of PR A and B (Fig. 5B) was determined. Find-
ngs were that the spleen expresses the two forms of ER and of PR.

e also discovered that all receptors are dimorphically expressed,
ince, with the exception of PR-A, males express more receptors
han females. When the expression of these receptors was mea-
ured in gonadectomized animals, we found decreased expression
f both ER isoforms just in males; ER-� maintained its dimorphic
haracter. PR-A expression, on the other hand, was inhibited by 50%
nly in spleen of female, while it remained unchanged in males,
nd PR-B was inhibited in the two sexes. AR mRNA expression was
nhibited by more than 50% only in spleen of male; in spleen of
emale, gonadectomy had no effects (Fig. 5C).

.6. Analysis of sex steroid receptors by flow cytometry in splenic
ubpopulations

The translated functional proteins of ER-�, ER-�, AR and PR
ere investigated by flow cytometry analysis in different cell sub-

ypes. It is interesting to note that, both ER-� and androgen receptor
howed no sex-associated expression (not shown). We found that
here are not differences in ER-� expression in different cell types.
or PR expression, results showed that its protein levels are clearly
imorphic only in lymphocytes, control males expressing higher
two-fold) PR levels than control females confirming the RT-PCR
ata. Gonadectomy in males decreased PR expression in T and B

ymphocytes by 50% compared to intact animals (Fig. 6).

. Discussion

The present work explored sexual dimorphism in the expres-

ion of Th1/Th2 cytokines in control and gonadectomized mice
ith interesting results. Firstly, cytokines that are important in the

egulation of the immune response, such as IFN-� and IL-4, show
ender-associated differences in control mice. Cytokines secretion
s a brief, self-limited event. Cytokines are not usually stored as
receptors, (B) progesterone receptors and (C) androgen receptor. Data represent the
result of five mice, and each experiment was done in triplicate. Values are mean + S.D.
*P < 0.05 compared between sexes. Gonadectomized (GX), estrogen receptor (ER),
progesterone receptor (PR) and androgen receptor (AR).

preformed molecules, and their synthesis is initiated by new gene
transcription as a result of cellular activation. Such transcriptional
activation is transient, and the messengers RNAs encoding most
cytokines are unstable, so cytokine synthesis is also transient. The
production of some cytokines may additionally be controlled by
RNA processing and by post-transcriptional mechanisms [20], such
as proteolityc release of an active product from an active precur-
sor. Once synthesized, cytokines are rapidly secreted, resulting in a
burst of release as needed. Thus, it is widely accepted to determine

cytokine pattern by studying the mRNA expression only, if no pro-
tein data are available. To determine if sex steroids play a role in
the expression of these cytokines, we surgically removed the pri-
mary source of these hormones, the gonads. We found that, with
the exception of IL-2 in females, IFN-�, IL-4 and IL-6 show signif-
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Fig. 6. Sex steroid receptors in spleen cell populations of mice of the two sexes, intact and gonadectomized, detected by flow cytometry. Estrogen receptor alpha and
progesterone recptor were detected in T lymphocytes (CD4+ and CD8 + ), B lymphocytes (CD19 + ), natural killer cells (NK) and macrophages (Mac). Data are represented as
the mean + S.D. (n = 5). Gonadectomized (GX).
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cant changes, indicating that sex hormones have an effect on the
egulation of these cytokines. This is relevant if we consider that
hese proteins determine the polarization of the immune response
owards the effective elimination of pathogens. Our data indicate
hat the response of male to a particular antigen can be different
rom the response of female, and thus, the elimination of the anti-
en will depend, in part, on the sex of the host. It also shows that
ex steroids, as modulators of cytokine expression, indirectly affect
he combat and elimination of invading organisms.

The effect of sex steroids on cytokine expression was confirmed
n vitro by isolation and culture of spleen cells to which sex hor-

ones were added. IFN-� and IL-4 expression was used as markers
f the Th1 and Th2 immune response, respectively. Firstly, we con-
rmed that gender is relevant in the expression of these cytokines,
ince untreated spleen cells showed sex-associated differences in
xpression. For both cytokines, females expressed higher levels
han males. When cells were treated with sex steroids we found
hat E2 inhibits the expression of IFN-� in both, cells of male and
emale. This agrees with previous work in which E2 is reported to
egulate the promoter gene of this cytokine [21]. Contrary to its
ffect on IFN-�, E2 induced an increment in IL-4 expression in cells
f female and male. The sex-associated difference persisted in cells
ith and without treatment. In general, estrogens seem to have
dual action on the polarization of the immune response, which
epends on steroid concentration. Some studies suggest that estra-
iol potentiates the production of cytokines Th1 (IFN-�) and Th2
IL-10). High estradiol concentrations (>5000 pg mL−1) were found
o stimulate IL-10 secretion by T cell clones, while low concen-
rations stimulate IFN-� secretion [22,23]. Progesterone also had
he effect of increasing IL-4 expression. This agrees with previ-
us work in which the important action of P4 during pregnancy
as evaluated [24,25]. Another study indicates that P4 influences
olarization of the immune response during the luteal phase of
he menstrual cycle. In women with a regular cycle, the immune
esponse during this phase tends towards a Th2-type response,
eflected as an increment in IL-4 production [26]. This suggests
hat the increased P4 and E2 concentrations during the luteal phase
lay a role in the deviation of the immune response towards a Th2-
ype response. Testosterone, on the other hand, had no effect on the
xpression level of these cytokines.

This steroid hormone pattern of action was also observed in
he lymphocyte proliferation experiments. Lymph node cells were
btained from mice of the two sexes, then cultured, activated with
nti-CD3 and anti-CD28 and treated with E2, P4 and T. Once more,
s in the cytokine expression experiments, T had no effect while
2 and P4 inhibited lymphocyte proliferation. Cells of Female pro-
iferated more than cells of male; however, paradoxically, precisely
he steroids associated to female physiology were those to inhibit
ymphocyte proliferation. A possible explanation to this apparent
ontradiction is to be found in the age of mice. Six-week old mice
ere used in all experiments. At this period, mice are not sexu-

lly mature yet and, therefore, the hormone changes characteristic
f the reproductive phase have not appeared yet. It will thus be
nteresting to explore the effect of these hormones on lympho-
yte proliferation during the reproductive phase. It should also be
entioned that E2 and P4 had different effects on lymphocytes,
hich depended on the gender of the animal. E2 inhibited cell
roliferation in both males and females, while P4 only diminished
roliferation in females. If we consider that lymphocyte prolifera-
ion can affect the magnitude of the immune response which may
ubsequently eliminate a pathogen, or not, it follows that proges-

erone and estradiol have an effect on the eradication of pathogens.
herefore, estradiol is apparently a molecule of great importance
ot only for the endocrine but also for the immune system.

Considering the effects that steroids exert on the diverse com-
onents of the immune system, and that no previous reports are
istry & Molecular Biology 113 (2009) 57–64 63

available on the different receptors present in a peripheral organ
such as the spleen, we herein aimed to detect the expression of
these receptors in the spleen of control and gonadectomized mice.
Ample distribution of ER-� and ER-� has been found in thymus,
bone marrow and spleen [27–29], however, published reports on
the presence of estrogen receptors in lymphoid tissue contrast with
the few publications on progesterone receptors. In the present work
we found the expression of both types of ER (� and �) and PR (A and
B) in the spleen of mice of the two sexes. Gonadectomy, in turn, had
significant sex-associated effect on the expression of these recep-
tors. Although the expression level in spleen is much lower than
in endocrine tissue, the presence of these ligand-dependent tran-
scription factors is relevant in a secondary lymphatic organ, since it
draws attention to the fact that sex steroids may act not only during
the maturation and development of immune cells (in thymus) but
also during the effector mechanisms of these cells. The question
about the population of immune cells that expresses receptors and
their regulation was also addressed by flow cytometry analysis.

The possible mechanisms of action of steroids on immune sys-
tem cells include, as in any classic endocrine tissue, the genomic
and non-genomic pathways. According with the genomic action
theory, steroids bind to specific receptors present in the cytoplasm,
and function as transcription factors. Beside their genomic action,
steroids can also act by rapid non-genomic pathways, and the
transmission of these effects occurs by specific membrane recep-
tors. Thus, the non-genomic effects on cell function implicate the
conventional cascades of second messengers [13]. Although these
mechanisms of action have been described in endocrine system
organs, evidence has accumulated that they can also operate in
the immune system. According to the work by Benten et al. [30],
the effects of testosterone on T cells are mediated not only by the
intracellular androgen receptor, but also by a membrane andro-
gen receptor on the cell surface. Steroid hormones may act through
intracellular and membrane receptors of immune system cells by
the non-genomic pathway, whenever the regulation of an immune
response against a particular pathogen requires their immediate
action, and by the genomic pathway, when the response needs to
be delayed. Speculation ensues on the possibility that the non-
genomic pathway predominantly regulates the innate immune
response, while the genomic pathway does the same with the adap-
tive immune response.

In addition to the question of which cell population responds
to the sex steroids, it would also be interesting to determine the
point in time at which the immune system acquires its dimorphic
character [31].

The evidence presented above illustrates the importance of
immunoendocrine interactions in an immunocompetent host. It
strongly suggests an important role for sex steroids in the cytokine
network. In practical matters, the complexity of the immunoen-
docrine interactions suggests that all physiological factors (i.e., sex,
age, developmental stage) should be taken into account in the
design of vaccines and new drugs. Interventions aimed at the hor-
monal network appear as a possible new therapeutic approach to
control several immune confrontations, such as infections.
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