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Abstract The purpose of the present work was to deter-
mine differences between young men (M), and women in the
follicular phase (W) and women taking oral contraceptives
containing ethinylestradiol (CW) in the phagocytic process
of neutrophils (chemotaxis, phagocytosis and microbicide
capacity), in the serum concentrations of cytokines both pro-
inflammatory (IFNy, TNFa, IL-12, IL-6, IL-8) and anti-
inflammatory ones (IL-10 and IL-13), and in neuroendocrine
factors with immunomodulatory capacity (estradiol, pro-
lactin, cortisol, catecolamines and 72 kDa heat shock
proteins, Hsp72). Men showed a lower phagocytosis and
microbicide capacity than women, and less serum concen-
trations of the pro-inflammatory cytokines IL-6 and IL-8.
CW neutrophils also showed a lower phagocytic capacity
than W neutrophils, together with less serum IL-8 concen-
tration. CW showed the highest serum concentration of
IL-13. However, no statistical changes were observed in the
pro-inflammatory cytokines: INF-y, TNF-o, IL-12 and in the
anti-inflammatory cytokine IL-10. The greater anti-inflam-
matory status in CW than in W was parallel with lower
concentrations of oestrogens. Cortisol, prolactin, and the
extracellular Hsp72 seem to be involved in the gender- and
contraceptives-induced differences in the inflammatory
response. While cortisol (in general an immunosuppressive
hormone) showed the highest values in CW, prolactin and
Hsp72 (an immunopermissive factors) showed the lowest
values in CW and M. Less clear is the participation of cate-
cholamines in the gender-inflammatory differences.
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Introduction

In addition to their effects on sexual differentiation and
reproduction, sex hormones appear to influence the immune
system, that results in a sexual dimorphism in the immune
response in humans: for instance, females produce more
vigorous cellular and more vigorous humoral immune
reactions, they are more resistant to certain infections, and
they suffer a higher incidence of autoimmune diseases.
Disease expression is also affected by the reproductive status
of the females. As sex steroids (oestrogens, progesterone and
testosterone) differ between genders and within different
reproductive stages, and a lot of research has focussed on the
effects of sex hormones on immune responses [1]. Oestro-
gens increase humoral immunity and androgens and
progesterone are natural immunosuppressors. Several
physiological, pathological and therapeutic conditions, such
as the menstrual cycle, chronic stress, inflammatory cyto-
kines and the use of corticosteroids, oral contraceptives and
steroid hormonal replacements may change the serum
oestrogen milieu [2] and in turn, oestrogen affects immunity.
However, sexual dimorphism is not only dependent of sexual
hormones. The immune system is linked to the neuroendo-
crine system and both systems are connected bidirectionally
and share signalling pathways. The neuroimmunoendocrine
interactions are also dimorphic [3, 4], and many neuroim-
munoendocrine interactions are mediated by stress
hormones and factors, which are potent modulators of the
immune system. In general, stress hormones such as cortisol
[5] and catecholamines [6, 7] are immunesuppressors, while
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others, such as prolactin [6] and even the 72 kDa heat shock
protein (Hsp72) [8] are immunestimulatory.

Neutrophils are key cells in the inflammatory responses
and infectious process, and they act killing pathogens or
dead tissues. In addition to sexual hormones [6, 9, 10]
studies in our lab have shown that cortisol [11], catechol-
amines and Hsp72 at physiological concentrations
modulate the phagocytic process of neutrophils [8]. How-
ever, whereas inflammation plays an important role in host
defence, uncontrolled inflammatory reactions are respon-
sible of the initiation and progression of autoimmune and
inflammatory diseases. Local response to infection also
implies cytokine production, which are released in the
inflammation site. Cytokines are generally divided into
pro-inflammatory and anti-inflammatory. The balance
between pro- and anti-inflammatory cytokines is crucial in
the inflammatory response and moreover in the develop-
ment of autoimmune diseases [12]. Pharmacological
manipulation of gonadal hormones levels also influences
susceptibility to several autoimmune diseases [13] and
affects the clinical course of these pathologies [14].

The present work analyzes and compares the inflam-
matory basal response on men, women in the follicular
phase of their menstrual cycle and women who take oral
contraceptives. For this, all stages of neutrophils phago-
cytic process were studied and serum concentration of
several pro- and anti-inflammatory cytokines as well as
neuroendocrine factors with immunomodulatory capacity
(Hsp72, catecholamines, estradiol, cortisol and prolactin)
were also evaluated.

Materials and methods
Subjects

Men (n = 10) and women (n = 20) volunteers aged
between 20 and 24 years participated in the study. They
had to be healthy, non-smokers, and not heavy consumer of
alcohol. The volunteers were divided in three experimental
groups: women in the follicular phase (W), women taking
oral contraceptives (ethinylestradiol) (SCHERING) (CW)
and men (M).

Isolation of neutrophils

Peripheral venous blood samples were drawn by antecu-
bital vein puncture. The blood was centrifuged in a density
gradient (Histopaque, Sigma), and the neutrophils were
harvested, washed twice in Hanks medium (Sigma),
counted, and adjusted to 10° cells ml~" of medium. Cell
viability was checked by the Trypan blue exclusion test,
which gave 98% viable cells.
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Chemotaxis assay

Chemotaxis was evaluated using a modification of the
original technique described by Boyden. Briefly, 300 pl
aliquots of neutrophils suspension (1 x 10° cells ml™"
medium) were deposited in the upper compartment of a
Boyden chamber. The filter used (isopore, polycarbonate)
had a pore diametre of 3 um (Millipore). fMLP peptide
(107 M; Sigma) was put into the lower compartment to
induce chemotaxis. After 90 min of incubation at 37°C and
5% CO,, the filter was fixed and stained. A chemotactic
index, representing the total number of neutrophils counted
at random (under microscope, x 100) in 16 fields of the
lower face of the filters, was calculated [15].

Serum

Serum was obtained from venous blood from volunteers by
centrifugation at 700g for 10 min. For phagocytosis and
microbicide capacity tests, serum was used as opsonin
source and serum was obtained from venous blood taken
from the volunteers at their basal state as described. Hor-
mones and cytokines determinations were performed on
serum obtained from the volunteers at basal state, imme-
diately after exercise and 24 h. later as described. These
samples were stored at —20°C until assay.

Phagocytosis assay

Phagocytosis of C. albicans by neutrophils was evaluated
ex vivo using a technique previously described for isolated
neutrophils [11]. Briefly, 0.5 ml C. albicans suspension
(10° cells ml™") and 50 pl of serum were added to 0.5 ml
of the neutrophil suspension (10° neutrophils ml™"), fol-
lowed by incubation in a thermostatic bath at 37°C for
60 min with shaking. The samples were then centrifuged at
300g for 10 min, discarding two-thirds of the supernatant.
The remainder of the supernatant was shaken, and an ali-
quot was taken for counting the number of C. albicans
ingested by 100 neutrophils (phagocytic index) in a Neu-
bauer haemocytometer under a phase contrast microscope.

Phagocytosis of latex beads was studied incubating
200 pl of neutrophil suspension (10° cells/ml) on MIF plates
at37°C and 5% CO, for 30 min and then 20 pl of latex beads
(1.09 pl diameter diluted to 1% in PBS, SIGMA) were
added. After 30 min of incubation, the plates were washed,
fixed, and stained, and the number of particles ingested by
100 macrophages was determined under microscope x 100.

Microbicide capacity of neutrophils

Microbicidal capacity of neutrophils has been studied by
using both direct (killing of phagocytosed Candida
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albicans) and indirect (superoxide anion production after
phagocytosis of inert particles) techniques.

Killing of phagocytosed C. albicans (living cells) was
evaluated ex vivo using a technique previously described
for isolated neutrophils [11]. Briefly, the technique is
similar to phagocytosis but 1.5 ml of methylene blue
(0.01%), (that stained the dead C. albicans), was added
at 50 min of incubation. The samples were then centri-
fuged at 300 g for 10 min, and the number of
phagocytosed and dead C. albicans counted. Results are
expressed as the percentage of dead C. albicans of the
total phagocytosed by 100 neutrophils (Candidicide
index).

The oxygen-dependent microbicide capacity of neutro-
phils was evaluated by means of the superoxide anion
production. The assay was performed by the nitroblue
tetrazolium (NBT; SIGMA) reduction test. 250 pl of neu-
trophil suspension (1 x 10° cells mlI™") were incubated
with 250 pl of NBT (1 mg ml~" in PBS) and 25 pl of latex
beads (1% in PBS) (stimulated samples), or 25 pul of PBS
(non-stimulated samples). After 30 min of incubation, the
reaction was stopped with HCl (0.5 N) and the samples
centrifuged (30 min, 700g). The intracellular reduced NBT
(intracellular concentration of superoxide anion) was
extracted with dioxan (SIGMA). The absorbances were
deterinated using the same amounts of Hank’s solution,
NBT, and HCI or dioxan, respectively as blank.

Cytokine determinations

Serum concentration of pro- (INFy, TNFw, IL-6, IL-8 and
IL-12) and anti-inflammatory cytokines (IL-10 and IL-13)
were evaluated by ELISA (IZASA and Sankin).

Determination of Hsp72, cortisol, prolactin, estradiol,
epinephrine and norepinephrine concentrations

For the Hsp72, cortisol, prolactin and estradiol, serum was
obtained by centrifuging (700g for 10 min) 1 ml of blood
from each volunteer. Cortisol, prolactin and 17-f estradiol
were measured by electrochemiluminiscence immunoassay
(ECLIA) by using a automatic analyzer (ROCHE ELEC-
SYS). Hsp72 concentration was measured by ELISA
(Stressgen). For the catecholamine assay, 40 ml stabilizing
solution (900 mg of EGTA and 700 mg of glutathione in
10 ml of 0.1 M NaOH) was added to 2 ml of each blood
sample before separation of the plasma. The plasma was
then isolated by centrifugation as before. Catecholamines
were measured by HPLC (Electrochemical detection, Co-
ulochem) through a commercial kit (Cromosystems
Instruments and Chemicals GMBH). All plasma samples
were stored at —20°C until assay.

Statistical analysis

The variables were normally distributed. The Student #-test
among the pair of groups (non-paired samples) was used
for comparisons, taking P < 0.05 as the minimum signifi-
cance level. Values are given as means (SEM).

Results

Chemotaxis, phagocytosis of latex beads and the produc-
tion of O, did not seem to be influenced by sex or by oral
contraceptives intake, because no statistical differences
were found between the three experimental groups
(W, CW, M) (Table 1).

Men showed a lower phagocytosis (P < 0.001) and
microbicide (P < 0.01) capacity against C. albicans than
women (Fig. 1), and less serum concentrations (P < 0.05) of
the pro-inflammatory cytokines IL-6 and IL-8. CW neutro-
phils also showed lower phagocytic (P < 0.01)
and microbicide (P < 0.05) capacity than W neutrophils
(Fig. 1), together with less serum IL-8 concentration
(a cytokine that activates neutrophils) (Table 2). Nevertheless,

Table 1 Influence of gender and oral contraceptives on the phago-
cytic process of neutrophils

w CcwW M
Chemotaxis index 128 £ 4 122+ 16 111 £22
Phagocytosis of latex index 146 &+ 13 110 £ 11 152 £ 25
Production O, (absorbance NE 0.043 NE 0.045 NE 0.048
at 525 nm) E0056  E0058  E0.054

Each value represents the mean £+ S.E.M. of 10 assays performed in
duplicate
W = Women; CW = Oral contraceptives users; M = Men

NE = Non-stimulated samples; E = Stimulated samples

250
i [l Phagocytosis Index
i B Microbicide Capacity
200

W Ccw M W CW M

Fig. 1 Phagocytosis and microbicide capacity of neutrophils against
C. albicans. Each bar represents the mean £ S.E.M. of 10 assays
performed in duplicate. ** P < 0.01, *** P < 0.001 compared to W.
* P < 0.05 compared to CW. W = Women; CW = Oral contracep-
tives users; M = Men
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Table 2 Influence of gender and oral contraceptives on the serum
citokine concentration

w Ccw M
INF-y (<10 pg/ml)  1.01 &+ 0.34 1.85 £043 1.54 £0.52
TNF-o (<10 pg/ml) 3.2 + 0.48 375 £ 081 377 £0.85
IL-12 (10-89 pg/ml) 76.1 + 14.06 86.62 £ 1458 97 £ 17
IL-8 (047 pg/ml) 385+ 1.14  0.88 £0.51* 1.97 £ 0.96*
IL-6 (<10 pg/ml) 284 +£022 251 £0.19 226 £ 0.14*
IL-10 (0-112 pg/ml) 4.59 +0.62  5.28 £ 0.68 58+ 09
IL-13 (0-87 pg/ml) 9.39 & 1.36  13.43 £ 2.48* 7.6 £ 1.22%%

Each value represents the mean + S.E.M. of 10 assays performed in
duplicate

* P<0.05, compared to W, ** P < (.05, compared to CW
W = Women; CW = Oral contraceptives users; M = Men

phagocytic and microbicide capacity of neutrophils were
still higher (P < 0.05) in CW than in M. Serum IL-13 con-
centration (an anti-inflammatory cytokine) showed the
highest values in CW (P < 0.05) (Table 2).

Serum concentrations of all evaluated cytokines were in
the average range of healthy people. Nevertheless,
although without statistical differences, W showed slightly
lower values than men in the serum concentrations of pro-
inflammatory cytokines INFy, TNF«, IL-12 as well as in
the serum concentrations of the IL-10.

Estradiol, cortisol, prolactin, catecholamines and the
extracellular Hsp72 seems to be involved in the gender and
contraceptives-induced differences in the inflammatory
response (Table 3). M and CW showed the lowest levels of
estradiol whereas cortisol (in general an immunosuppressive
hormone) showed the highest values in CW with significant

Table 3 Influence of gender and oral contraceptives on several
neuroendocrine parameters

W CcwW M

Hsp72 (ng/ml)  6.76 £ 0.74  5.11 £ 0.80*  5.12 + 0.52*

Norepinephrine 503 £ 59 553 &£ 117 400 =+ 80"
(pg/ml)

Epinephine 2511+ 6 37+ 13 70 4 12%
(pg/ml)

Cortisol 22+ 4 43 4 7% 20 + 4°
(ng/dl)

Prolactin 29 £ 15 12 4 1% 10 & 1%
(ng/ml)

Estradiol 58.42 4 1027 16.79 & 2.11%*% 33,07 £ 0.54%*

(pg/ml)

Each value represents the mean + S.E.M. of 10 assays performed in
duplicate

* P <0.05, ¥ P <0.01, #** P < 0.001 compared to W
Tp< 0.05, P <0.001 compared to CW

W = Women; CW = Oral contraceptives users; M = Men
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differences with respect to W (P < 0.05) and M (P < 0.05).
Furthermore, prolactin in CW and M showed lower
(P < 0.01) values than in W. Hsp72 also presented the
lowest (P < 0.05 with respect to W) serum concentration in
both M and CW (Table 3). With respect to catecholamines,
men showed higher values of epinephrine (P < 0.001 with
respect to both W and P < 0.001 CW) and lower values of
norepinephrine (P < 0.05 only with respect to CW).

Discussion

Women are more susceptible to suffer autoimmune diseases
and moreover these diseases have been linked to abnormal-
ities of the systemic anti-inflammatory factors [16].
Although nowadays there are evidences which show that
autoimmune diseases are more prevalent in women than in
men [17-21], there are not many studies which have analyse
the influence of gender on the inflammatory response, which
is frequently in relation with these pathologies. In addition to
sex hormones, immune system, especially the innate or
inflammatory response, is also modulated by stress hor-
mones. The aim of this research was to study if there were
differences in the inflammatory response between men (M),
women who did not take oral contraceptives (W) and women
who take oral contraceptives (CW).

In order to study the inflammatory response it was
evaluated neutrophil function (chemotaxis, phagocytic and
microbicidal capacity against C. albicans, phagocytic
capacity of latex beads and O, production) as well as the
systemic release of pro- and anti-inflammatory cytokines.
Moreover possible differences in estradiol, prolactin, cor-
tisol, catecholamine and Hsp72 were also evaluated.

Chemotaxis, the first stage of the phagocytic process of
neutrophils, is not different between men and women.
Neither, it was not found statistical differences between
men and women in the phagocytosis of inert particles and
in the oxygen-dependent microbicide capacity (O, pro-
duction after phagocytosing latex beads) of neutrophils.
However, neutrophils from M showed lower phagocytic
and microbicide capacity against C. albicans than both
groups of women (W, CW), but neutrophils from CW
showed lower capacity than W, which could be a subjacent
mechanism involved in the higher incidence of candidiasis
reported in general in women taking contraceptives [22].
The lower neutrophil function in the neutrophils of M and
CW was in parallel with a lower serum concentration of IL-
8. IL-8 is a pro-inflammatory cytokine generated by
monocytes and endothelial cells that activate neutrophils.
For this reason, a systemic higher concentration of IL-8,
may be responsible of the higher neutrophils function
found in W with respect to M and CW. It has been recently
reported that IL-8 concentration does not change during the
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menstrual cycle [23] but however, it seems that the use of
oral contraceptives containing ethynilestradiol may reduce
IL-8 concentration and, in turn, this fact could decrease
phagocytic and microbicide function of neutrophils.
Although no previous studies have evaluated the effect of
this synthetic estrogenic hormone on phagocytosis and
microbicide capacity of neutrophils, there are studies that
have reported ethynilestradiol as an anti-inflammatory
hormone, and it has been used in the treatment of auto-
immune/inflammatory diseases [24, 25]. These anti-
inflammatory effects results in the inhibition of TNFa and
IL-1p [25] and in the recruitment of inflammatory cells
[24]. However, we have not detected significant differences
induced by oral contraceptives containing ethynilestradiol
between W and CW neither in chemotaxis nor in the serum
concentration of INFy, TNFa, IL-12, IL-6.

The equilibrium between pro- and anti-inflammatory
cytokines is crucial in several infections, allergic and
inflammatory/autoimmune diseases [12]. Our results did not
show significant differences in the concentrations of the pro-
inflammatory cytokines INF-y, TNF- « and IL-12, and in the
anti-inflammatory cytokine IL-10 between the three groups.
On the contrary, CW showed a lower concentration of IL-8
and a higher concentration of IL-13. Moreover, M also
showed lower concentration of IL-6 than W. Sexual differ-
ences in the concentration of IL-6 can be involved in the
higher incidence of autoimmune diseases in women, such as
systemic lupus erythematosus (SLE) [26], in fact, women with
SLE have higher concentration of IL-6 and also showed
greater IL-6 response during stress than men [27], and stress is
closely associated with autoimmune/inflammatory diseases.

Stress hormones, such as glucocorticoids and catechola-
mines can decrease the systemic concentrations of pro-
inflammatory cytokines but stimulate the anti-inflammatory
ones [12]. In our study, CW showed the highest cortisol and
norepinephrine concentrations that correlated with a less
systemic IL-8 concentration, and with the highest values of
IL-13. This indicates a lower inflammatory systemic status in
women taking contraceptives. In addition, high levels of
oestrogens and prolactin (pro-inflammatory hormones) and
low levels of glucocorticoids (an anti-inflammatory hor-
mone), have been described in the active phase of
autoimmune/inflammatory diseases [28]. Nevertheless,
although oestrogens have been clearly involved in the gender
differences and severity of inflammatory diseases, anti-
inflammatory as well as pro-inflammatory responses to
oestrogens have been reported [29]. In our study, the greater
anti-inflammatory status in CW than in W was parallel with
lower concentrations of oestrogens and prolactin and, greater
concentration of cortisol.

Stress hormones are also strong modulators of the neu-
trophils function. The lower neutrophils function in CW
seems to be in agreement with a higher cortisol concentration

and a lower prolactin concentration. This suggests that CW
women could be better protected from an inflammatory
overstimulation. In fact, cortisol has showed beneficial
effects in patients with inflammatory diseases. The higher
concentration of epinephrine in men than in women corre-
lated with a lower phagocytic and microbicide capacity of
neutrophils. In this way, previous studies in our lab found
that physiological basal concentrations of epinephrine inhi-
bit phagocytosis and killing of C. albicans by neutrophils in
men [30]. On the contrary, epinephrine can stimulate the
phagocytic activity of neutrophils in women [31], which
suggests a role for epinephrine in the sexually dimorphic
phagocytic function of neutrophils. In addition, men showed
the lowest concentration in norepinephrine concentration,
supporting a role for norepinephrine in the lower phagocytic
function of neutrophils. Recent studies in our lab support this
hypothesis since physiological concentrations of norepi-
nephrine stimulates phagocytosis of C. albicans by
neutrophils with the participation of f-adrenoreceptors
[8, 31, 32]. It seems clear that catecholamines (perhaps with
different functions for epinephrine and norepinephrine)
participate in the gender immune differences. In fact, it has
been reported that f,-adrenergic receptors regulation of
human neutrophils function is also sexually dimorphic [21].

Heat shock protein of 72 kDa (Hsp72) is upregulated
intracellularly in response to different stressors, enhancing
cellular survival following stress [33—35]. These proteins
may also be released into the blood during several stressors
and they may be involved in the modulation of innate/
inflammatory response during stress [36, 37]. Recently, it
has been also reported a sexual dimorphism in the intra-
cellular Hsp72 concentration in several tissues in response
to stress. Thus, although no differences were found in the
Hsp72 concentration at basal state, female rats showed an
attenuated Hsp72 response after stress than male [35].

Up to our knowledge this is the first study to evaluate
differences between men and women (taking or not oral
contraceptives) in the extracellular concentration of Hsp72.
W group presented higher concentration of Hsp72 than CW
and M. The higher Hsp72 concentration in W may be
involved in the greater activation of neutrophils for
phagocytosing and killing C. albicans. In fact, Hsp72
stimulates the microbicide capacity of neutrophils against
C. albicans [8]. Several studies have linked oestrogen and
Hsp72 [38] involving oestrogen also in protecting cells
from damage [35, 39]. Nickerson et al. [35] have suggested
that when oestrogen levels are the lowest, stress-induced
intracellular Hsp72 would be at its highest. However, we
found that W group presented higher serum concentration
of extracellular Hsp72 in parallel with the highest con-
centration of estradiol. A possible explanation for our
results may be that high levels of oestrogens allow the
release of Hsp72 into the blood from cells from different
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tissues, explaining the high serum concentration of the
extracellular protein. In fact, M and CW, who have
the lowest serum concentration of oestrogens, also present
the lowest extracellular Hsp72 concentration in blood. The
lower oestrogen concentration in the bloodstream in CW
and in M could avoid the release of Hsp72 from cells to
blood, avoiding its stimulatory effects on the phagocytic
and microbicide capacity of human neutrophils, which
explain the lower neutrophil function in these groups.

In conclusion, there is a clear gender dimorphism in
phagocytic and microbicide capacity of neutrophils against
C. albicans. Neutrophils function is higher in women than
in men and women taking contraceptives. In these differ-
ences in neutrophil function seems to be involved the
concentration of IL-8 and the difference in “stress factors”,
both immunostimulatories and immunoinhibitories.

The higher phagocytic and microbicide capacity of neu-
trophils could increase resistance to infection in women
compared to men. Nevertheless, the higher “inflammatory
status” (greater neutrophil activation and IL-8 and IL-6
concentrations) could also contribute to the higher incidence
of inflammatory diseases in women. The intake of oral
contraceptives containing etynilestradiol can reduce the
resistance to infection of C. albicans. Nevertheless, these
contraceptives improve the “inflammatory status” (lower
neutrophils activation, and IL-8 concentration, together with
higher IL-13 concentration) and they could decrease the
prevalence of inflammatory diseases in women.
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