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1. Introduction

Tuberculosis (TB) kills more than 1.3 million lives worldwide each year accord-
ing to the most recent World Health Organization (WHO) report [1]. It is be-
lieved that, roughly a third of the global population is latently infected with AZy-
cobacterium tuberculosis (Mtb); however, only 5 to 10 percent among them will
progress to clinical disease [2], regardless of the host immunocompetency. Ac-
tive TB infection has been associated with known identifiable factors such as
(but not limited to) smoking, alcohol consumption, diabetes, age, gender, and
HIV status [2]. While the mechanism of infection resulting from the association
between some of the risk factors (ie., smoking, alcoholism, diabetes, age, and
HIV) and tuberculosis have been extensively studied and well documented, the
same cannot be said for the relationship between gender status and TB risk as
the exact mechanisms behind the association between the two remain ambi-
guous broad and warrant further explorations.

Studies have demonstrated gender inequality in immune responses and sus-
ceptibility to infections [3]-[8]. Regarding tuberculosis, it has been shown that
host social behavioral and biological mechanisms may also contribute to gender
inequality of infection risks [4] [9]. There is two-way communication between
the immune and endocrine systems that facilitate and regulate the host res-
ponses during infections. Studies report different effects of estradiol (E2) and
progesterone (P4) on the immune responses. It has been reported that E2 sup-
presses stimulated mononuclear cells cytokines production, whereas progeste-
rone enhances it [10] [11]. The anti-inflammatory function of E2 and the proin-
flammatory action of P4 are documented [12] [13]. However, it has been re-
ported that E2 and P4 exhibit both proinflammatory and anti-inflammatory
responses in a dose- and context-dependent manner [14] [15] [16] [17]. In this
study for which a preliminary version has been released as a pre-print at Re-
search Square [18], we investigated the relationship between E2, P4 and cyto-

kines response to Mtb-antigens in women.

2. Methods

Study design and participants

From the Nkembo TB Specialized Hospital and the National Laboratory of
Public Health in Libreville (Gabon), we recruited forty-two (42) HIV-negative
females (17 LTB-infected and 25 LTB-negative) in a age-based case-control de-
signed study. The exclusion criteria included any suggestion of active TB, pre-
vious history of active TB and any other clinical sign of disease including fever,

weight loss, prolonged fatigue. All participants were screened with the Quanti-
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FERON-TB (QFT) Gold in-tube test, (QIAGEN-France), following the manu-
facturer’s guidelines. Participants with positive tests were considered to have a
latent TB infection (LTB).

Sample handling. Whole blood was collected from all study participants into
QFT test tubes including the Nil, and M¢b-antigen (ESAT-6/CFP-10/TB7.7) tubes.
The tubes were then incubated overnight in a humidified incubator at 37°C, with
5% COs.. The following day, supernatants were harvested into aliquots and stored
at —40°C.

Luminex analysis. Concentrations of 11 cytokines including Granulocyte-ma-
crophage colony-stimulating factor (GM-CSF), Interferon gamma (IFN-y), In-
terleukin 1 beta (IL-1/), IL-10, IL-12 (p70), IL-2, IL-4, IL-5, IL-6, IL-8, and Tu-
mor necrosis factor (TNF-a) were measured on the Bio-Plex 200 bead array sys-
tem (Bio-Rad Laboratories, USA) using the Procartaplex-11-plex kits (Life Tech-
nologies-Thermo Fisher Scientific-USA). Mtb-antigen induced cytokine concen-
trations were determined by subtracting baseline cytokines concentrations (from
non-stimulated samples) from the concentration of cytokines measured in the
TB-antigen stimulated samples.

Estradiol (E2) and progesterone (P4) analysis. The circulating levels of E2
and P4 were measured using Roche Diagnostics on the Cobas-e411 assay in-
strument (Roche Diagnostics Mannheim Germany).

Statistical analysis. The statistical analysis was performed using GraphPad
Prism software version 6. The comparisons of the level of E2, P4, and cytokines
between the groups of women were analyzed using the unpaired non-parametric
test (Mann Whitney test). For all tests, the threshold of significance was a p-
value below 0.05.

Ethics approval and consent to participate. The research was done following
Gabonese ethical guidelines and regulations, and approval was obtained from
the Gabonese National Laboratory of Public Health ethics committee. The Insti-
tute Pasteur Center for Translational Research open desk also approved the

study.

3. Results

Age distribution

Participants were between the age of 21 and 62 (24 below 40 years of age
(43%) and 18 above 40 years of age (57%)). In both LTB infected and LTB
non-infected women groups, the age of participants were normally distributed
(D’Agostino & Pearson omnibus normality test passed) and the Mann-Whiney
test showed no significant differences in age between LTB infected and LTB non-
infected women (Figure 1).

Levels of estradiol (E2) and progesterone (P4) in LTB-infected and non-
infected women

Both E2 and P4 levels were similar in LTB infected and LTB non-infected
women (Figure 2(a) and Figure 2(b)).
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Figure 1. Age distribution of latent tuberculosis (LTB) infected and non-infected women.
In the figures, bars indicate a median with ranges and ns means no significant differences
between the groups.
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Figure 2. Estradiol (a) and progesterone (b) concentrations in latent tuberculosis (LTB)
infected and non-infected women. The bars in the graphs indicate median with range and
ns means no significant differences between the groups.

Age-based levels of estradiol (E2) and progesterone (P4)

Both E2 and P4 levels were significantly higher in younger women (less than
40 years old) than in older women (above 40 years old) irrespective of their LTB
status (p < [0.0001 - 0.05]) (Figure 3(a) and Figure 3(b)).

Age-based cytokines response to Mtb antigens stimuli

Of the 11 cytokines analyzed, Mtb antigens-induced IL-8 response was signif-
icantly higher in women above 40 years old than in younger women (Figure 4).
No other significant differences in Mtb specific cytokines responses were ob-
served (Figure 5). Also, no significant differences were observed between age

groups in women non-infected by Mtb.

4. Discussion

The present study showed women aged above 40 years had a significantly lower
level of E2 and P4, an observation that may be age-related to their premeno-
pausal statuses as sex hormones levels such as estradiol decline with advancing
age.

In women under 40 years old, we observed a negative correlation between

IL-8 response to Mtb antigens stimulation and both E2 and P4. Furthermore, the
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Figure 3. Age-based concentration estradiol (a) and progesterone (b). Women aged 40
and above had lower estradiol (E2) and progesterone (P4) than younger women. The dif-
ference between women aged below 40 years old and women aged 40 and above was ana-
lyzed using the Mann-Whitney U-test. The differences were considered significant for a
p-value < 0.05. In the figures, bars indicate medians and ranges.
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Figure 4. Age-based IL-8 response to Mrb-antigen stimuli. Women aged 40 and above
had higher IL-8 responses to Mtb-antigen stimuli as compared to younger women. The
differences were considered significant for a p-value < 0.05.

higher IL-8 responses to M. tuberculosis antigens stimulation in women with
lower levels of E2 and P4 (women above 40 years old) suggest that the reduced
secretion of ovarian sex steroid hormones at a premenopausal age enhances
proinflammatory response [19]. Menopause associated with high levels of proin-
flammatory cytokines (including IL-8) have been previously reported in the lite-
rature [20]. Relevant to tuberculosis, published data suggest that IL-8 not only
increases the ability of neutrophils and macrophages to phagocyte and kill A4
tuberculosisbut also recruits T-lymphocytes [21] [22] [23].

The high IL-8 responses to M. tuberculosis antigens stimulation in women
above 40 years with lower levels of E2 and P4 may explain why pre-and post-
menopausal women are less susceptible to tuberculosis than women in their ear-
ly reproductive age [24] [25]. However, the enhanced proinflammatory response
of women aged above 40 years old may make them more prone to inflammatory
disorders or chronic diseases [26] [27] [28].

The absence of data on participants’ menstrual cycles would be the principal
limit of this study. Indeed, the luteal phase of menstrual cycle is accompanied by
hormonal changes (increased production of E2 and P4). Analysis based on the
menstrual cycle of participants would have given more insight on women

hormonal variation and immune response to tuberculosis. However, this does
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Figure 5. Age-based cytokines (GM-CSF, IFN-y, IL-1p, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12 (p70), and TNEF-
a) response to Mtb-antigen stimuli. The differences were considered significant for a p-value < 0.05; ns

means no significant differences between the groups.
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not affect the intrinsic link between hormone levels and cytokine responses. Al-
so, the study can hardly establish if a spurious relationship or independent asso-
ciation drives the observed correlations between hormones and cytokines secre-
tion. The complexity of the endocrine and immune system crosstalk put us in a
relatively grey area when it comes to E2 and P4 influence on the immune system

and its response to infections or immune disorders.

5. Conclusion

In premenopausal women, there is an increase in the pro-inflammatory cytokine
IL-8 secretion in response to Mtb-antigen, suggesting a link between the pro-in-

flammatory cytokine and age associated hormonal changes.
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