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Background: The chronic nature of tuberculosis and the protracted immuno-inflammatory reactions are
implied in a series of metabolic and immune-endocrine changes accompanying the disease. We explored
components from the hypothalamous-pituitary-gonadal axis and their relationship with cytokines
involved in disease immunopathology, in male TB patients.
Methods: Plasma samples from 36 active untreated pulmonary TB male patients were used to determine
TNF-a, IFN-g, TGF-b, IL-6, cortisol, dehydroepiandrosterone, testosterone, progesterone, estradiol, lutei-
nizing hormone (LH) and follicle-stimulating hormone (FSH) by ELISA. Healthy controls corresponded to
21 volunteers without contact with TB patients and similar age (40 ± 16,8 years). Testicular histological
samples from necropsies of patients dying from TB were immune-stained for IL-1b, TNF-a, IL-6 and IFN-
g. The TM3 mouse Leydig cell line was incubated with recombinants TNF-a, IFN-g and TGF-b, super-
natants were collected and used to measure testosterone by ELISA.
Results: Patients showed decreased levels of testosterone in presence of high amounts of LH, together
with augmented IFN-g, IL-6 and TGF-b levels. Testicular histological sections showed abundant presence
of IL-1b, TNF-a, IL-6 and IFN-g in interstitial macrophages, Sertoli cells and some spermatogonia. In vitro
treatment of Leydig cells with these cytokines led to a remarkable reduction of testosterone production.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

One-third of the human population is infected by
M. tuberculosis, the causative agent of tuberculosis (TB). The
development of clinical TB occurs in 5%e10% of them at some point
in their lives, for reasons that are not completely understood [1]. As
yet, the development of TB seems to depend on a relatively inability
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of the host to mount an effective response [2]. In individuals
wherein the immune response fails to clear the pathogen, a sort of
kind of trade-off between the host and microbe takes place, in
many cases resulting in a misdirected response which contributes
to the development of different levels of tissue damage, as is the
case of TB [3,4]. Earlier studies by our group indicate that dysre-
gulated immune responses during human TB translate in an
excessive production of pro-inflammatory cytokines which are
known to stimulate the endocrine system promoting an unfavor-
able environment, either for the development of a protective im-
mune response, or the clinical status of patients [5,6]. This bears
some relationship with the view that chronic stressful conditions
may lead to protracted responses not always beneficial [7], i.e.;
mmatory cytokines in the impaired production of gonadal androgens
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endocrine abnormalities involving disturbances of the HP Adrenal
(HPA) and Gonadal (HPG) axes, among others.

In this regard, we have shown that patients with newly diag-
nosed pulmonary TB present augmented systemic concentrations
of interferon gamma (IFN-g), interleukin 10 (IL-10), interleukin 6
(IL-6), and Cortisol, in presence of decreased amounts of adrenal
and gonadal androgens [5], as seen in other reports documenting
decreased levels of DHEA in serum [8] or urine [9] from TB patients.

As well as modulating each other production, adrenal and sex
steroids have important effects on immune cell development and
function, mainly because immune cells express diverse hormone
receptors [10]. It follows that interactions between the HPG and
HPA axes with the immune system are to a great extent involved in
the ultimate effects of the anti-infectious response.

In expanding our knowledge into this kind of immune-
endocrine communication, the present study was initially
addressed to explore the eventual relationship between compo-
nents mainly from the HPG axis with cytokines involved in the
immune and inflammatory response, of male TB patients. One
finding to remark was the detection of decreased levels of testos-
terone in presence of higher amounts of luteinizing hormone (LH),
suggesting that testosterone secretion may be modulated by in situ
influences arisen because of the infectious process, i.e., cytokines.
According to this assumption, testicular histological samples from
necropsies of patients dying from TB were immune-stained for
several pro-inflammatory cytokines which revealed an abundant
presence of interleukin 1 beta (IL-1b), tumor necrosis factor alpha
(TNF-a), IL-6 and IFN-g in interstitial macrophages, Sertoli cells and
some spermatogonia.

With this evidence in hand, a mouse-derived Leydig cell line
was then cultured and exposed to different concentrations of cy-
tokines relevant in TB immunopathology, those were TNF-a, IFN-g
and transforming growth factor beta (TGF-b). It was found that
in vitro treatment with the three cytokines led to a remarkable
reduction of testosterone production.

Taken together, present results point out to a novel and inter-
esting implication of the inflammatory response during tubercu-
losis in the disturbed production of gonadal steroids.
2. Materials and methods

2.1. Sample population

Thirty six newly diagnosed active pulmonary TB patients were
enrolled in this study. All individuals were HIV negative and were
untreated at the time of blood collection. All patients were males,
and aged 42 (26e55) years (median, 25e75 percentiles), and their
sputum was positive for acid-fast bacilli. Disease severity was
determined through the X-ray pattern and classified into three
categories: mild (a single lobe involved, and without visible cav-
ities, n ¼ 12) moderate (unilateral involvement of 2 or more lobes
with cavities, if present, reaching a total diameter no greater than
4 cm, 12 cases) and severe (bilateral disease and multiple cavities,
12 cases). Twenty one volunteers, age-matched [44 (35e55) years]
males with no clinical or serological evidence of an associated
disease and the antecedent of contact with TB patients (healthy
contacts eHCo-) were also included. All individuals gave informed
consent for participating in the study and the protocol was
approved by the ethical committee at the Medical Sciences School,
University of Rosario, Argentina. Exclusion criteria comprised: pa-
thologies affecting the hypothalamus-pituitary-adrenal axis (i.e.,
tumor, vascular), direct compromise of the adrenal gland, age under
18, or any disorder requiring treatment with corticosteroids,
immunosuppressors or immunomodulators.
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2.2. Plasma measurements

Blood samples were collected from patients and healthy vol-
unteers at 8:00 am. Plasmawas obtained from EDTA-treated blood.
Following addition of aprotinin (100 U/ml plasma; Trasylol, Bayer,
Germany), samples were preserved at �20 �C. TNF-a, IFN-g, TGF-b
(Pharmingen, Germany), IL-6 (Amersham, UK), cortisol, DHEA,
testosterone, progesterone, estradiol, Luteinizing Hormone (LH)
and Follicle-Stimulating Hormone (FSH) (DRG Systems, Germany,
in all cases) concentrations were determined using commercially
available ELISA kits. The detection limits and the Coefficient Vari-
ation % (CV) were, respectively: IFN-g: 4.7 pg/ml; TGF-b: 2 pg/ml,
CV: 1; TNF-a: 7.8 pg/ml; IL-6 0.1 pg/ml, cortisol: 2.5 ng/ml, CV:
8.1e5.6; DHEA: 0.1 ng/ml, CV: 3.52e2.64; progesterone 2 ng/ml,
CV: 5.4e6.86; testosterone: 0.07 ng/ml, CV: 4.16e3.34; estradiol:
4.6 pg/ml, CV: 6.81e4.13; LH: 0.2 ng/ml (range assay:
0.86e100mIU/mL), CV: 7.62e4.57; and FSH: 0.4 mg/dl (range assay:
1.27e200 mIU/mL), CV: 7.91e4.18. Results were expressed as the
average of two determinations (pg/ml) in an ELISA microplate
reader at 450 nm. Cytokines were quantified using reference
standard curves generated with human recombinant cytokines.
Recent parallel studies by measuring cortisol or DHEAS in plasma
(by ELISA with aprotinin) or serum (by electrochemoluminiscence
without aprotinin) in the same blood samples, yielded quite similar
results (the correlation coefficient was nearly to 1 in both cases).

2.3. Cytokine detection by immunohistochemistry in testicular
samples

In order to determine the local cytokine production by immu-
nohistochemistry, paraffin-embedded testicles from three nec-
ropsies of patients dying from TB with extensive cavitary bilateral
disease and three from non-infective illness as controls (extensive
kidney cortical necrosis and two cases of leukemia) were studied.
Samples were obtained from files of the Pathology Department at
the National Institute of Medical Sciences and Nutrition Salvador
Zubir�an, M�exico. Tissue samples were obtained during legally
authorized autopsies with signed permission by a relative, who
agreed to the donation of tissue samples for the present study.

Tissue sections were desparaffinized and maintained in PBS
Tween 20, the endogenous peroxidase activity was blocked with
peroxidase blocker reagent (BioSB, USA) during 30 min. After
blocking with the background sniper (BIOCARE Medical, USA), tis-
sue sections were incubated with primary antibodies overnight at
4 �C at optimal dilutions. The used primary antibodies were to
detect: TNF-a (mouse monoclonal antibody; Santa Cruz Biotech-
nology, USA), IFN-g (goat polyclonal antibody; Santa Cruz
Biotechnology, USA), TGF-b (rabbit polyclonal antibody; Santa Cruz
Biotechnology, USA), IL-6 (rat polyclonal IgG; BD, Pharmingen,
USA), IL-1b (goat polyclonal antibody; Santa Cruz Biotechnology,
USA), and Mtb polyclonal antibody against diverse mycobacterial
antigens (BIOCARE Medical, USA). Mouse-rabbit immunodetector
HRP/DAB (BioSB, USA) detection system and goat on rodent HRP
polymer (BIOCARE Medical, USA) were used to develop the reac-
tion. Tissue sections were counterstained with hematoxylin and
eosin.

2.4. In vitro production of testosterone by Leydig cells incubated
with cytokines

The TM3 cell line, derived from mouse Leydig cells, was pur-
chased from ATCC (ATCC® CRL1714™). Cells were cultured in 1:1
vol of Ham's F12medium and Dulbecco's modified Eagle's medium,
with 2.5 mM L-glutamine, 0.5 mM sodium pyruvate, 1.2 g/L sodium
bicarbonate, and 15 mM HEPES (all from Corning Life Technology,
mmatory cytokines in the impaired production of gonadal androgens
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USA), 92.5%; Horse serum, 5%; Fetal bovine serum (both from
Thermo Scientific, USA) 2.5%; and 1% of Penicillin-Streptomycin
(GYBCO, USA). Cells were maintained at 37 �C in a humidified at-
mosphere (95%) at 5% CO2. For assessing testosterone production,
TM3 cells were plated in 96-well plates. After 48 h, medium was
replaced with medium containing 2.5 UI/ml hCG (Sigma, USA)
kindly provided by Dra Lorenza Díaz, Reproductive Biology
Department, INCMNSZ, and recombinants TNF-a, IFN-g and TGF-b
kindly provided by Dr F Lopez Casillas form the Cellular Physiology
Institute, National University of M�exico; (TNF-a 5 ng/ml, IFN-g
4000 pM, and TGF-b at 1 ng/ml). Different conditions were settled
by triplicate. Leydig cell culture media from each treatment were
collected 24 h later and used to assess testosterone by a commercial
ELISA kit (DRG systems, USA), according to the manufacturer
indications.

2.5. Statistical analysis

Unpaired statistical comparisons were performed by the Man-
neWhitney U test or the KruskalleWallis followed by post-hoc
tests, if applicable. Correlations between hormone and cytokine
levels were analyzed by non parametric methods. Statistical sig-
nificance was inferred for p values < 0.05.

3. Results

Assessment on hormones from the HPG axis showed that TB
patients had respectively decreased and increased amounts of
testosterone and LH respect to healthy controls (HCo); with a sta-
tistically insignificant trend of FSH levels to be a little increased in
TB patients (Figure 1, panels aec). Levels of estradiol and proges-
terone in TB patients practically overlappedwith those seen in HCo,
with progesterone showing the lowest amounts in both subject
groups (data not shown). In relation to cytokines, there were no
gross between-group differences in TNF-a values (data not shown),
whereas IFN-g, IL-6 and TGF-b levels were found augmented in TB,
significantly different from HCo (Figure 2, panels aec). Tested
compounds were unrelated to age. Further comparisons within the
Figure 1. Circulating levels of hormones in patients with active pulmonary TB and healthy
maximum and minimum values. The line represents the median values. Comparisons betwe
test).

Please cite this article in press as: Bini EI, et al., The implication of pro-infla
by patients with pulmonary tuberculosis, Tuberculosis (2015), http://dx.d
TB group according to disease severity showed that patients with
more progressive forms of TB had a further increase, statistically
insignificant, of IFN-g and IL-6 levels respect cases with mild dis-
ease (data not shown).

In line with former findings TB patients continued to showed
decreased DHEA levels (3.70 ± 0.57) and augmented cortisol con-
centrations (186.61 ± 32.48) when compared with values fromHCo
(DHEA: 6.51 ± 1.56, p < 0.04; cortisol: 126.03 ± 10.36, p < 0.05).

Pair correlation analysis between hormones and cytokines
revealed that levels of TGF-b correlated inversely with DHEA
(r ¼ �0.47; p < 0.04), as did testosterone with either Cortisol
(r ¼ �0.58; p < 0.003) or IFN-g (r ¼ �0.32; p < 0.035).

3.1. Histological and immunohistochemistry findings

Tissue sections from all TB autopsy cases showedmild testicular
atrophy, manifested by interstitial fibrosis with focal chronic in-
flammatory infiltrate and detention of spermatogenesis. There was
no evidence of local TB infection such as necrosis or granuloma
formation. Immunohistochemistry detection of IL-6, IL-1b and TNF-
a showed strong positive staining in interstitial macrophages,
Sertoli cells and some spermatogonia. Interstitial macrophages
showed very strong TNF-a immunostaining, while spermatogonia
exhibited intense positivity to IL-6 and Sertoli cells to IL-1b
(Figure 3). Some lymphocytes and occasional macrophages from
the testicular interstitium showed mild IFN-g positivity (Figure 3).
Occasional macrophages showed immune staining to mycobacte-
rial antigens and non immunoreactivity was seen to TGF-b. Testicle
sections from control autopsies showed slight detention of sper-
matogenesis without infiltration of inflammatory of leukemic cells;
all cases were completely negative to all cytokines detection by
immunohistochemistry (Figure 3).

3.2. Testosterone production by Leydig cells exposed to different
cytokines

In a further experiment, the TM3 cell line, derived from mouse
Leydig cells, was cultured in triplicate and exposed to different
controls (HCo). Box plots show 25e75 percentiles of data values in each group with
en groups (TB vs HCo) were performed by non-parametric methods (ManneWhitney U

mmatory cytokines in the impaired production of gonadal androgens
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Figure 2. Circulating levels of cytokines in patients with active pulmonary TB and healthy controls. Box plots show 25e75 percentiles of data values in each group with maximum
and minimum values. The line represents the median values. Comparisons between groups (TB vs HCo) were performed by non-parametric methods (ManneWhitney U test).
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mouse recombinant cytokines (TNF-a, IFN-g and TGF-b). Assess-
ment on the levels of testosterone in culture media collected 24 h
later revealed that cytokine-treated cultures produced much lesser
amounts of testosterone when compared with cultures without
cytokines (overall difference, p < 0.015, Table 1).

4. Discussion

TB is a disease in which tissue pathology has an immune-
mediated component encompassing an excessive and/or pro-
tracted cytokine production liable to affect the immune-endocrine
communication. In this sense, a variety of factors exogenous to the
immune system itself, are likely to play a functional role in regu-
lating the level of immune cell activity by modifying the micro-
environment in which the immune cells reside and function. As
part of this bi-directional communication, products of the immune
response can in turn alter the balance of hormone production and
hence affecting different physiological processes.

An interesting finding of present study was the demonstration
that active TB patients have decreased levels of testosterone in
presence of increased amounts of LH. Production of testosterone by
Leydig cells is under the control of LH, which is secreted by the
anterior pituitary and reaches the testes via the blood stream. At
the gonadal level, LH binds to receptors on the surface of the Leydig
cells to stimulate testosterone production by activating an intra-
cellular second messenger system [11]. The present LH/testos-
terone dissociation implies some degree of testicular resistance to
LH and/or suppression of Leydig cells steroidogenesis. Among fac-
tors implied in this regard, cytokines were reported to interfere
with Leydig cell steroidogenesis and testosterone production [12].
This phenomenon may be linked to infectious stimuli, since LPS-
induced inflammation was shown to affect testicular function,
including decreased steroidogenesis and impaired spermatogen-
esis [13,14].

To the best of our knowledge, the present study is the first report
documenting the presence of pro-inflammatory cytokines in testes
from TB patients. The intimate association between Leydig cells and
accessory cells expressing such mediators suggests that they may
be functionally linked.
Please cite this article in press as: Bini EI, et al., The implication of pro-infla
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Our findings are in line with experimental studies in testes
revealing the presence of pro-inflammatory cytokines like IL-1b
and IL-6 from interstitial macrophages [15,16], Leydig cells [17],
Sertoli cells [18] and TNF-a from macrophages and spermatocytes
[19,20]. Importantly, all these mediators were found to inhibit
testosterone production by Leydig cells [21]. At the clinical level,
patients with rheumatoid arthritis, a chronic disease exhibiting a
protracted inflammatory response are also known for their
impairment in gonodal steroid production [22,23]. In the same
sense, human volunteers challenged with subcutaneous IL-6 in-
jections (leading to acute elevations in circulating IL-6 levels as
seen in severe inflammation), showed decreased testosterone
levels without apparent changes in gonadotropin levels [24]. It is
worth commenting that pro-inflammatory cytokines were found
increased in this series of TB patients, as well as in our former
studies in patients with this disease [5,6,25].

Since testes from TB patients contained increased amounts of
pro-inflammatory cytokines, an attempt at experimentally repro-
ducing the influence of such situation on testosterone production
was carried out. Confirming reports from other laboratories, pro-
inflammatory cytokines significantly inhibited testosterone pro-
duction by Leydig cells (12,21). In analyzing cytokine effects, we
also wished to ascertain the effect of TGF-b since this cytokine was
also found increased in TB patients [26] being quite relevant in
several aspects of TB immunopathogenesis [27]. Our findings
revealed that Leydig cells exposed to TGF-b produced lesser
amounts of testosterone. Beyond its pro- and anti-inflammatory
effects [28], TGF-b was also shown to influence male gonadal
function. In the testis, TGF-b regulates the secretor function of
Leydig and Sertoli cells, as well as testis development and sper-
matogenesis [29,30]. TGF-b1 represses testosterone production in
Leydig cells through decreasing LH/hCG receptor expression and
the expression of steroidogenic genes such as StAR and P450c17
[31]. As well as reducing testosterone production, our former
studies also showed that TGF-b was also able to inhibit DHEA by
adrenal cells [32], which bears relation with the present demon-
stration of the inverse association between TGF-b and DHEA.
Collectively, it implies a broader range of inhibition of androgen
production by this cytokine and the adverse consequences
mmatory cytokines in the impaired production of gonadal androgens
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Figure 3. Representative immunohistochemistry for cytokine detection in testicular tissue. Sections from TB autopsy cases (left row) and control cases from subjects dying from
causes other than TB (right row), were incubated with specific antibodies to detect the indicated cytokines. Sertoli cells showed strong positivity in their cellular base for IL-1b
(arrows), spermatogonia exhibited strong immunostaining to IL-6 (arrows) and mild reactivity in interstitial macrophages (asterisk), while strong TNFa immunostaining was seen in
interstitial macrophages (arrow). Occasional macrophages and lymphocytes in the testicular interstitium showed positivity to IFNg. Control tissues were negative to all tested
cytokines (TB tissues magnification 200x, control tissue magnification 100x).
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resulting from it; mainly because of the anabolic and anti-
inflammatory effects of testosterone [33]. Within this context,
diminished amounts of testosterone would not be sufficient to
counteract the synthesis of mediators dealing with accompanying
inflammatory reaction. Since testosterone and Cortisol display anti-
inflammatory effects, the negative correlation between both ste-
roids perhaps may reflect a compensatory interaction between the
HPG and HPA axes, to assure some form of a counterbalancing effect
for the accompanying inflammation. Also, the inverse correlation
between testosterone and IFN-g levels may be explained in view of
the inhibitory effects of the gonadal steroid on Th1 cell differenti-
ation [34]. Another reason for the inhibition of testosterone
Please cite this article in press as: Bini EI, et al., The implication of pro-infla
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production may have to do with energy conservation necessary to
sustain the immune response. Alternatively, it may represent an
adaptive mechanism attempting to avoid the reproduction of the
more susceptible people to illness and hence preventing the
propagation of this defect.

Whatever the case, it is clear that when the pathogen cannot be
contained by defensive mechanisms, as occurs in TB, a systemic
response characterized by multiple metabolic and neuroendocrine
changes develops. This will affect essential biological functions, like
the development of protective responses, control of tissue damage
and physiological functions, which in essence are implied in a
poorer disease course.
mmatory cytokines in the impaired production of gonadal androgens
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Table 1
Testosterone concentration in culture supernatants from TM3 cells
cultured under different conditions.

Treatments Testosterone levels (ng/ml)y

TNF-a 0.119 ± 0.012
TGF-b 0.102 ± 0.042
IFN-g 0.130 ± 0.026
Control 5.740 ± 0.026*

Recombinant cytokines TNF-a 5 ng/ml, or IFN-g 4000 pM, or TGF-b 1 ng/
ml were added to TM3 cells after 2 hours with hCG to stimulate basal
testosterone production. Control cultures were stimulated with hCG.
Testosterone concentration in the media in which Leydig cells were
cultured was assessed 24 h later in duplicate.
*Significantly different from the remaining groups p < 0.001.

y Data represent the mean of triplicate determinations ± SEM of a
representative experiment from two independent experiments per-
formed under similar conditions.
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5. Conclusions

Present results point out to a novel and interesting implication
of the inflammatory response during tuberculosis in the disturbed
production of gonadal steroids. Patients with severe TB suffer a
significant decrease of testosterone production, which is appar-
ently the consequence of testicular production of proinflammatory
cytokines produced by diverse cells in absence of local infection.
Testosterone is a significant anabolic hormone and its low pro-
duction could contribute to affect the patient condition worsening
the course of the disease.
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