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Abstract: Neurosteroids are important regulators of numerous central nervous system (CNS) functions, playing
essential roles in protecting the brain from insults such as neurodegeneration or ischemia. The choroid plexus
(CP) epithelial cells establish an important physical interface between the peripheral blood and the cerebrospinal
fluid (CSF), the Blood-CSF barrier (BCSFB), contributing to CNS homeostasis. There is evidence that the BCSFB
is a target of sex steroid hormones, which regulate the expression of neuroprotective proteins. In contrast to
other brain regions, little is known regarding the production of neurosteroids in the CP. Previously, a cDNA
microarray analysis of the CP transcriptome showed the expression of several enzymes involved in
steroidogenesis. We, therefore, investigated whether the key steroidogenic enzymes P450scc, P450aro, 173HSD3,
17BHSDS, 5a-reductase 1, and 5a-reductase 2 are present in the rat and human CP. The present study
demonstrates mRNA and protein expression of these enzymes in rat and human CP. Collectively the present
data suggest that neurosteroids can be synthesised at the BCSFB and released into the CSF contributing to brain
neuroprotection.

Keywords: choroid plexus; blood-cerebrospinal fluid barrier; neurosteroidogenesis

1. Introduction

The choroid plexus (CP), located in the ventricles of the vertebrate brain, are branched and
highly vascularized structures, consisting of a secretory epithelial cell monolayer joined by
connective tissue [1]. These cuboidal epithelial cells are characterized by a large spherical central or
basal nucleus, abundant cytoplasm, and numerous mitochondria [2,3]. The apical membrane of the
choroid epithelial cells is in contact with the cerebrospinal fluid (CSF) and the basolateral membrane
located beneath the basal lamina.

CP are involved in various functions of the central nervous system (CNS) due to its unique
architecture and location, constituting the interface between blood and CSF [2,4]. Therefore, it allows
the transport of nutrients and other molecules from the blood into the CSF, and in contrast, CP is also
involved in the reabsorption and elimination of sub-products derived from cerebral catabolism and
toxic products, such as amyloid beta in the context of Alzheimer’s disease, from the CSF to the
bloodstream [5,6]. The best known role of CP is the production and secretion of 70-90% of the total
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CSF [7], highlighting the implication of CP in brain homeostasis [8]. In addition, the CP epithelial
cells have several transporters and receptors for molecules, such as neurotransmitters, cytokines, and
sex steroid hormones. Importantly, several of these receptors signal downstream cascades that
ultimately influence the CP transcriptome and secretome [9,10]. CP epithelium is not only a target
but is also a source of a wide variety of bioactive peptides [6,11], contributing to brain recovery
processes and neurogenesis [12]. These regenerative functions led to the recent idea that
transplanting CP epithelium into ectopic sites might minimize or prevent neural degeneration and
its functional consequences [13].

Steroid hormones play an important role in the development, growth, maturation, and
differentiation of the CNS [14]. It is now well documented that these actions are not only attributed
to the sex hormones synthesized in the steroidogenic glands, which reach the brain via the blood
circulation but also to the local synthesis of estrogens and androgens in the brain [15]. A wide variety
of steroids and steroidogenic enzymes have been found in various regions of the rodent brain; there
is no recognized single center that is steroidogenic so steroids appear to be widely produced for local
action [16]. The first step in the biosynthesis of steroid hormones is the conversion of cholesterol into
pregnenolone within the mitochondria by the cleavage of the cholesterol side chain catalyzed by the
CYP11A1 (P450scc) enzyme. In the subsequent steps, pregnenolone is metabolized into different
steroids, including progesterone (P4), testosterone, and estradiol (E2) [17]. For example, the mRNA
or protein expression of various key enzymes of the biosynthetic pathways of steroid hormones, such
as CYP11A1, CYP19A1 (or aromatase), hydroxysteroid 17- dehydrogenase (HSD17b) 3, and type 1
and 2 5a-reductases (SRD5A1 and SRD5A2), was shown in several brain loci like the hippocampus,
cerebellum, hypothalamus, and brain cortex [18-26]. However, certain less-studied enzymes also
involved in the metabolism of steroid hormones, such as HSD17b8, which can convert estradiol into
estrone [27], have not been identified as being expressed in the brain. The mentioned enzymes play
important roles in the synthesis of steroid hormones, where CYP19A1 is responsible for converting
androstenedione to estrone and testosterone to E2, HSD17b3 catalyzes the conversion of
androstenedione to testosterone, and 5a-reductase can convert testosterone to dihydrotestosterone
(DHT) [17,28].

One of the steroid pathways that occurs in the rodent brain leads to the synthesis of testosterone.
Androstenedione may be converted to testosterone by 17BHSD type 3 or 5 enzymes, which are found
throughout the rat brain [29]. Testosterone exerts analgesic and anxiolytic properties, affects mood
and cognition, and promotes synaptic plasticity in rats. Testosterone also prevents neuronal death,
and decreased levels in plasma may represent a risk factor for the development of neurodegenerative
diseases [30]. The brain is also a source of estrogens that, like androgens, can regulate and influence
several physiological properties of the nervous system. For example, estrogens modulate brain
functions such as neurotransmission and synaptic plasticity [31,32], can have neuroprotective
functions [33], and influence social behaviors like cognitive function and sexual behavior [34,35].

Previous analysis of rat CP transcriptome by cDNA microarrays performed by our group [36]
allowed the identification of several steroidogenic enzymes. A more recent report from another
laboratory also detected the gene expression of a few steroidogenic enzymes in rat CP, where
17BHSD1 was detected at the protein level by immunohistochemistry [37]. In addition, the gene
expression of 17BHSD3, 173HSD5, and 5a-Reductase 1 was also observed in human CP [38].

In this paper, we analyzed the presence of steroidogenic enzymes in rat and human CP,
providing a rationale for subsequent investigation to determine the functional significance of CP as
a local site of sex hormones synthesis and its contribution to brain neuroprotection.

2. Materials and Methods
2.1. Cell Culture

For in vitro studies, primary rat CP epithelial cells (CPEC) and human epithelial CP papilloma
(HIBCPP) cell line were used. Rat CPEC were prepared as previously described [39]. In brief, CP from
lateral ventricles were dissected from newborn rats (P3-P5), previously anesthetized on ice, and
digested in PBS containing 0.2% pronase (Fluka, Seelze, Germany) at 37°C for 5 min. Dissociated cells
were washed in Dulbecco’s modified Eagle medium (Sigma-Aldrich, Merck, Portugal) with 10%
foetal bovine serum (FBS, Biochrom AG, Berlin), and 100 units/ml of penicillin/ streptomycin (P/S)
(Sigma-Aldrich, Merck, Portugal). Cells were seeded into 12 mm culture wells, and cultured in a
humidified incubator in 95% air-5% CO2 at 37°C. Normal DMEM growth medium, supplemented
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with 100 units/mL P/S, 10% FBS, 10 ng/ml epidermal growth factor (Sigma-Aldrich, Merck, Portugal),
5 pg/ml insulin (Sigma-Aldrich, Merck, Portugal) and 20 uM cytosine arabinoside (Sigma-Aldrich,
Merck, Portugal) was replaced 1 day after the initial seeding. A confluent monolayer was obtained
within 4-5 days after seeding.

The HIBCPP cell line derived from a human malignant CP papilloma [40] was also used in this
work. HIBCPP cells were cultured in DMEM/F12 (Sigma-Aldrich, Merck, Portugal) supplemented
with 5 pg/mL insulin (Sigma-Aldrich, Merck, Portugal), 100 units/mL P/S and 10% FBS, and cultured
in a humidified incubator in 95% air-5% CO2 at 37°C.

2.2. In Vivo Assays

The present study used adult Wistar rats, aged 2 months+2 weeks old. All animals were housed
in appropriate cages at constant room temperature in a 12h light/12h dark photoperiod, and given
standard laboratory chow and water ad libitum. All animal experiments were performed in
compliance with the NIH guidelines, and the National and European Union rules for the care and
handling of laboratory animals (Directive 2010/63/EU). Animals were deeply anesthetized (i.p.
administration of ketamine/ xylazine) before decapitation and brain removal. CPs were obtained
from both the lateral ventricles.

2.3. Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted from CPs dissected from rat and HIBCPP cells, upon homogenization
in TRIzol Reagent (Ambion, Applied Biosystems, USA) according to the manufacturer’s instructions.
The purity and yield of the RNA were determined by a spectrophotometer (NanoPhotometer™,
Implen, Munich, Germany), and the integrity was assessed by agarose gel electrophoresis.

The RNA (500 ng of total RNA) was reverse transcribed using an M-MLV Reverse Transcriptase
(NZYTech, Ltd., Portugal) according to the protocol supplied by the manufacturer. For the RT-PCR,
cDNA was amplified by Taq polymerase (Invitrogen) in the presence of specific primers (Table 1) in
a final volume of 25uL. Every set of PCR included a control without cDNA. The PCR protocols
consisted of 40 cycles of a three-step reaction: 45 s denaturation at 95°C, a 30 s annealing at 58-60°C,
and a 45 s extension at 72°C. The annealing temperature for each gene tested is described in Table 1.
PCR products were separated by electrophoresis on 1.5% agarose gels, visualized by GreenSafe
(NZYTech, Ltd., Portugal) staining, and detected using UVITEC transilluminator (UVitec
Cambridge). The PCR products sequence was confirmed by DNA Sanger sequencing (Stabvida, Portugal).

Table 1. Primer sequences for RT-PCR.

Amplicon size Annealing

Gene Primer Fw (5'-3") Primer Rv (5'-3') (bp) temperature (‘C)
Rat

CYP11A1 CAAAACACCACGCACTTCC TCAATTCTGAAGTTTTCCAGCA 125 54
CYP19A1 CGTCATGTTGCTTCTCATCG TACCGCAGGCTCTCGTTAAT 150 60
HSD17b3 CCAACCTGCTCCCAAGTCAT AGGGGTCAGCACCTGGATAA 278 60
HSD17b8 TTTTTCGCCCGCCATCTGTCG TGCAGGTGCCAGGAGCTACCA 167 59
Srd5al TGCTCGACATGCTGGTCTAC GGCTGCAGGACGAATGTACT 194 60
Srd5a2 ATTTGTGTGGCAGAGAGAGG  TTGATTGACTGCCTGGATGG 192 59
Human

CYP11A1 CACGCTCAGTCCTGGTCAAA GGGGATCTCATTGAAGGGGC 134 58
CYP19A1 CGTCGCGACTCTAAATTGCC AAAAAGGCCAGTGAGGAGCA 149 58
HSD17b3 TTCTTGCGGTCAATGGGACA TTTTCCAGCGTCCGGCTAAT 125 58
HSD17b8 TTTTCTCGCCCACCATCTGT AAGGTGCCCTTGAGGTTGAC 119 58
SRD5A1 TACGGGCATCGGTGCTTAAT ACACTGCACAATGGCTCAAG 139 58
SRD5A2 CAGGTTCAGTGCCAGCAGAG TCTCCGTGTGCTTCCCGTAG 112 58

Fw-forward; Rv-reverse; P450scc (CYP11Al); aromatase (CYP19A1); type 3 and type 8 17B-hydroxysteroid
dehydrogenase (HSD17b3 and HSD17b8); 1 and 2 5a-reductase (Srd5al/SRD5al and Srd5a2/SRD5A2).

2.4. Immunocytochemistry

Protein expression and cellular localization of steroidogenic enzymes were analyzed in CPEC
and HIBCPP cells by immunocytochemistry. Rat CPEC and HIBCPP were cultured in 12 well plates
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with glass coverslips for 4-5 days. Then, rat CPEC and HIBCPP cells were washed with phosphate-
buffered saline (PBS) and fixed with 4% paraformaldehyde (PFA) at room temperature for 10 min.
Cells were washed with PBS, permeabilized and blocked for 1 h, at room temperature, with PBS
containing 0.2% Triton X-100 and 3% bovine serum albumin (BSA). Then, rat CPEC and HIBCPP cells
were incubated with the primary antibodies diluted in blocking solution, rabbit anti-rat 17(3-HSD
(1:50, Santa Cruz Biotechnology, Inc.), aromatase (1:50, Abcam), and 5a-redutase (1:50, Santa Cruz
Biotechnology, Inc.), overnight at 4°C. Cells were washed and incubated with Alexa Fluor 488 goat
anti-rabbit (1:1000, RRID AB_143165; A11008, Molecular Probes) in blocking solution at room
temperature for 1 h. After several washes, nuclei were stained with Hoechst 33342 (1:1000, 134406,
Molecular Probes) for 10 min at room temperature, washed once and then the coverslips were placed
on glass slides using fluorescence mounting medium (Dako). Cell preparations were examined on a
Axiolmager Z2 microscope (Carl Zeiss, Germany) or a LSM710 confocal laser scanning microscope
(Carl Zeiss, Germany) using a magnification of 40x or 63x.

2.5. Immunohistochemistry

Protein expression of 173-HSD, P450 aromatase, and 5a-reductase was analyzed in both rat and
human (men and women) CP paraffin-embedded slices. Human post-mortem CP tissue was obtained
from the Institute of Neuropathology Brain Bank (HUB-ICO-IDIBELL Biobank, Barcelona, Spain)
following the ethical guidelines of the Real Decreto de Biobancos 1716/2011 (BOE 2011/18919), and
the approval of the Ethics Committee of the Hospital Universitari de Bellvitge (HUB). Slices were
deparaffinized, rehydrated, and unmasked by pretreatment with Trilogy™ (Cell Marque™, Sigma-
Aldrich, Merck, Portugal) according to the manufacturer’s instructions. Endogenous peroxidase
activity was blocked with H202 (3%) for 10 min. Slices were washed twice with TBS-T and incubated
with the selected primary monoclonal antibody: rabbit 173-HSD (1:100, Santa Cruz Biotechnology,
Inc.), P450 aromatase (1:100, Abcam), or 5a-redutase (1:100, Santa Cruz Biotechnology, Inc.) for 1h at
RT. Then, slices were washed twice with TBS-T and treated with HiDef Detection™ HRP Polymer
System (Cell Marque™, Sigma-Aldrich, Merck, Portugal). After washing with TBS-T,
immunoreactivity was detected with diaminobenzidine peroxidase (DAB) for 10 min. Following
DARB reaction, slices were washed twice with TBS-T and counterstained with Hematoxylin for 3 min
to allow nuclei visualization. Negative control slices were treated under strictly similar conditions
without primary antibody. After dehydration slides were mounted and coverslipped and images
were acquired using a Axiolmager Z2 microscope (Carl Zeiss, Germany) using a magnification of
20x.

3. Results

3.1. Gene and Protein Expression of Key Enzymes Involved in the Androgenic Pathway Are Found in Rat
Choroid Plexus

The mRNA expression of enzymes involved in steroid hormones biosynthetic pathway in rat
CP: P450scc (CypllAl), aromatase (Cypl9A1), 17BHSD3 (HSD17B3), 17BHSD8 (HSD17B8), 5a-
Reductase 1 (Srd5al), and 5a-Reductase 2 (Srd5a2) was investigated by RT-PCR analyses using
specific primers. Transcripts of all the steroid hormones Cyp11A1 (125 bps), Cyp19A1 (150 bps),
HSD17B3 (278 bps), HSD17B8 (167 bps), Srd5al (194 bps), and Srd5a2 (192 bps) were obtained as
shown in Figure 1A. Sanger sequencing was used to confirm the transcripts’ identity.

The detection of protein is also reported in Figure 1B. The expression and localization of
17BHSD, Aromatase, and b5a-Reductase were evaluated in primary rat CPEC by
immunocytochemistry. 17BHSD showed a cytoplasmatic distribution (Figure 1B). The same pattern
of expression and localization was identified for 5a-Reductase (Figure 1B). For aromatase, a
perinuclear staining was observed.

The rat CP was positively immunostained for 17BHSD, Aromatase, and 5a-Reductase (Figure
1C). Aromatase was expressed in the cytoplasm and a very few nuclei of the CP epithelial cells (Figure
1C). Although we did not perform a quantitative analysis of Aromatase expression we observed a
very low cytoplasmic staining intensity compared with the other steroidogenic enzymes examined.
17BHSD and 5a-Reductase (Figure 1C) enzymes also showed a predominantly positive cytoplasmic
expression. In both enzymes, the staining was relatively consistent and of moderate intensity. There
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Figure 1. Analysis of the expression of steroidogenic enzymes required for androgen biosynthesis in rat CP.
A. RT-PCR analysis of mRNA expression of steroidogenic enzymes. Transcripts were found for steroidogenic
enzymes Cypl1A1, HSD17b3, HSD17b8, Srd5al, Srd5a2, and Cypl9A1. (-) sample without template DNA as
negative control. B. Immunofluorescence detection of 178-hydroxysteroid dehydrogenase (17BHSD), 5a-
Reductase (Srdal), and Aromatase in primary rat CP epithelial cells (green). Nuclei were stained with Hoechst
33423 (blue). Scale bar 20 um. C. Immunohistochemical localization of steroidogenic enzymes in rat CP. Tissue
sections showing immunopositive 17BHSD, 5a-Reductase (Srdal), and Aromatase. Immunohistochemistry was
performed using DAB and Hematoxylin. (-) negative control. Scale bar 26 um.

3.2. Gene and Protein Expression of Key Enzymes Involved in the Androgenic Pathway Are Found in the
Human CP

The expression of steroidogenic enzymes of the androgenic pathway was also analyzed in the
human CP cell line HIBCPP by RT-PCR. Figure 2A shows the mRNA transcripts corresponding to
HSD17B3 (125 bps), HSD17B8 (119 bps), and SRD5A1 (139 bps).

Evaluation of the protein expression and localization of steroidogenic enzymes were also
performed in HIBCPP cells. Expression of 173HSD, aromatase, and SRD5A1 was observed in the cells
cytoplasm and also on the cell membrane for aromatase and SRD5A1 (Figure 2B). Protein expression
of these three steroidogenic enzymes was also studied in human CP samples from both men and
women (Figure 2C). A positive immunostaining for 178HSD, Aromatase, and 5a-Reductase was
obtained in the CP samples from men and women with results showing a distribution of the
steroidogenic enzymes across the cytoplasm and nuclei of CPEC. For 173HSD more intense staining
is observed in comparison to aromatase and SRD5A1, with the latter showing the lower intensity
staining (Figure 2C).
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Figure 2. Analysis of the expression of steroidogenic enzymes required for androgen biosynthesis in human
CP. A. RT-PCR analysis of mRNAs from steroidogenic enzymes in HIBCPP cells. Representative RT-PCR
analysis for steroidogenic enzymes HSD17b3, HSD17b8, and SRD5A1. (-) sample without template DNA as
negative control. B. Immunofluorescence detection of steroidogenesis enzymes in HIBCPP cells. Microscopical
images obtained with an Axio Imager Z2 of the steroidogenesis enzymes 173-hydroxysteroid dehydrogenase
(17B-HSD), 5a-Reductase (SRD5A1), and Aromatase expression in HIBCPP cells (green). Nuclei were stained
with Hoechst 33423 (blue). Scale bar 20 um. C. Representative images showing the immunolocalization of
steroidogenesis enzymes in human CP slices of men and women. The enzymes 17B-hydroxysteroid
dehydrogenase (173-HSD), 5a-Reductase (SRD5A1), and Aromatase were detected in human CP.
Immunohistochemistry was performed using DAB and Hematoxylin. (-) negative control. Scale bar 50 um.

4. Discussion

At the interface between the periphery and the CNS, the CP is particularly well positioned to
monitor and respond to changes in the CNS extracellular fluid, and in the peripheral circulation,
controlling the biochemistry of the brain, under both normal and pathological conditions [6,9]. The
CP is also a source of polypeptides to the CNS [9], playing an integral role in autocrine/paracrine and
distal/endocrine effects on target cells in the brain [6]. The CP is a target organ for steroid hormones
that expresses androgen, estrogen and progesterone receptors [41,42] and we gathered evidences that
many peptides produced in the CP implicated in neuroprotection and neurodegeneration can be
altered in response to steroid hormones [43—45]. Brain sex steroids are derived from both peripheral
and local (neurosteroids) sources and are crucial for normal brain function [46]. The CP, being a
robust producer of compounds that are vital for CNS, the presence of key elements of the steroid
hormone biosynthetic pathway is an essential step to enhance our understanding of how CP controls
CNS changes. To our knowledge this study confirms and provides evidence of steroidogenic activity
in the CP, alike what is observed in several brain regions well-equipped with enzymes necessary for
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steroid hormone biosynthesis where extensive steroid metabolism occurs [15]. The expression of the
steroidogenic enzymes in rat brains is cell-type specific and developmentally regulated, indicating a
complex synthesis pathway [47]. For instance, P450scc gene is expressed at particularly high levels in
the cerebral cortex and, to a lesser extent, in the amygdala, hippocampus, and midbrain of both
female and male rats [14,48], whereas 173HSD is widely distributed in ependymocytes and astrocytes
of the hippocampus, cerebral cortex, thalamus, and hypothalamus [48]. In the rat brain, 5a-reductase
immunoreactivity has been observed in astrocytes, ependymocytes, and tanycytes within various
brain regions including the hypothalamus, thalamus, hippocampus, cerebral cortex, and
circumventricular organs [14,49], and significant levels of aromatase have been shown in amygdaloid
structures and supraoptic nucleus [50].

Previous works have shown the expression of P450scc, aromatase, 5a-reductase 1, 17HSD3 [37],
and 17B3HSDS8 [48] in rat CP. Additionally, the expression of P450c17(CYP17A1), 17BHSD3, and
3BHSD1 (HSD3B1) was also detected in the CP of rodents CP [37]. 17BHSD3 and 5a-Reductase 1
mRNA were identified in human CP samples where the researchers found that the gene expression
of 3BHSD2, aromatase, CYP11B1, and AKR1D1 were negligible or undetectable [38,51].

In the present study mRNAs encoding the key enzymes that are locally involved in the synthesis
of neurosteroids, namely P450scc (Cyp11A1), P450aro (Cypl19A1), 17BHSDS (HSD17B8), 17pHSD3
(HSD17B3), 5a-Reductase 1 (Srd5A1), and 5a-Reductase 2 (Srd5A2), were detected in rat CP,
supporting the hypothesis of the novo production of neurosteroids in a small and complex organ.

The localization of steroidogenic enzymes in rat CP has also been examined using
immunohistochemistry (IHC) and immunocytochemistry (ICC). Aromatase, which catalyzes the
conversion of the C19 androgens, androstenedione, and testosterone, to the C18 estrogens, estrone,
and estradiol, respectively, is localized in the endoplasmic reticulum [52]. Our data from rat CPEC
may corroborate the presence of P450aro in the endoplasmic reticulum, since we observed a
perinuclear localization, suggesting that CP might be able to convert estradiol from its precursors.
Many of the regions where P450aro is expressed are also areas in which ER isoforms are expressed;
for example, ERa and [ are expressed in the hypothalamus and hippocampus [53].
Immunohistochemical studies have demonstrated the presence of ER a and {3 in CP epithelial cells in
both cytosolic and nuclear compartments [41]. In steroid metabolism, 17betaHSD catalyzes the final
steps in androgen and estrogen biosynthesis and is bound to the endoplasmic reticulum [52]. Indeed,
our study demonstrated that in CPEC most of the immunoreactive material is present in the nucleus
and cytoplasm but, particularly in rat primary CP epithelial cells, a more intense staining in the
perinuclear region was observed in a few cells which may suggest an association with endoplasmic
reticulum. These observations are in agreement with the results from Pelletier et al, who
demonstrated the presence of the 17betaHSD in the cytoplasm of glial cells [54]. This non-P450
enzyme is also known to bind to the endoplasmic reticulum [47]. Moreover, it was also demonstrated
that in human placentas 17betaHSD immunoreactivity appears in both cytoplasm and nucleus,
making the staining more intense in nuclei [55]. Testosterone is converted to the more potent
androgen DHT by the enzyme 5a-reductase [52]. At the ultrastructural level, 5a-reductase appeared
to be diffusely distributed throughout the cytoplasm of the glial and ependymal cells [48]. Indeed,
our results also demonstrated a diffuse distribution of 5a-reductase in the cytoplasm of CPEC, with
a particular more intense staining around the nucleus in primary rat CPEC that may be consistent
with endoplasmic reticulum distribution. In addition, we also observed an expression in the nucleus
of these cells, both in IHC and ICC. The same distinct localization was recently reported in human
prostate cancer, showing a nuclear and cytoplasmic expression of 5a-reductase 1 [56]. These
observations are in agreement with subcellular fractionation studies which had shown that 5a-
reductase activity was mostly found in the microsomal fraction with some activity in the nuclear
fraction [57]. It thus appears that the enzyme activity in CP could be restricted to specific organelles,
such as endoplasmic reticulum, and that the neurosteroids synthesized in the CP might have free
access to the plasma membrane to be released into the CSF.

In summary, in the present study, we have shown the expression of steroidogenic enzymes
needed for the synthesis of neurosteroids in rat and human CP. These findings are important in the
way that they provide evidence that the CP is a possible site of sex hormone synthesis.
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5. Conclusions

A decrease in brain androgen availability has been associated with several senescent effects, as
demonstrated by disturbances in mood, cognition, and libido in aging males [58]. As androgens,
estrogens may regulate several functions affected by aging, like mood, sleep, and cognition [59].

Although the biosynthesis of neurosteroids had already been demonstrated in the brain, our
data confirms and corroborates the presence of local machinery for the synthesis of neurosteroids in
rat and human CP. Understanding the contribution of CP neurosteroid biosynthesis to brain
homeostasis may become a stimulus to develop new targets or drugs that act through the actions of
neurosteroids and could be implicated in brain neuroprotection.
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