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Abstract

Brain derived neurotropic factor (BDNF) is emerging as an important player in airway
inflammation, remodeling, and hyperreactivity. Separately, there is increasing evidence that sex
hormones contribute to pathophysiology in the lung. BDNF and sex steroid signaling are thought
to be intricately linked in the brain. There is currently little information on BDNF and sex steroid
interactions in the airway, but is relevant to understanding growth factor signaling in the context of
asthma in men vs. women. In this study, we assessed the effect of sex steroids on BDNF
expression and secretion in human airway smooth muscle (ASM). Human ASM was treated with
estrogen (E,) or testosterone (T, 10nM each) and intracellular BDNF and secreted BDNF
measured. E, and T significantly reduced secretion of BDNF; effects prevented by estrogen and
androgen receptor inhibitor, 1CI 182,780 (LuM) and flutamide (10uM), respectively. Interestingly,
no significant changes were observed in intracellular BDNF mRNA or protein expression. High
affinity BDNF receptor, TrkB, was not altered by E, or T. E5 (but not T) significantly increased
intracellular cyclic AMP levels. Notably, Epacl and Epac? expression were significantly reduced
by E; and T. Furthermore, SNARE complex protein SNAP25 was decreased. Overall, these novel
data suggest that physiologically relevant concentrations of E; or T inhibit BDNF secretion in
human ASM, suggesting a potential interaction of sex steroids with BDNF in the airway that is
different from brain. The relevance of sex steroid-BDNF interactions may lie in their overall
contribution to airway diseases such as asthma.
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Introduction

Exaggerated airway narrowing in diseases such as asthma and chronic bronchitis (Chapman
and Irvin, 2015, Jha et al., 2015y regt from airway hyperreactivity as well “remodeling”
that involved increased hypertrophy and hyperplasia of airway smooth muscle (ASM)
maSS(EIIiot etal., 2015; Fayon et al., 2015; Linetal., 2015; Prakash, 2013)_ In addition to
pro-inflammatory mediators such as cytokines, structural and functional changes to the
airway involve the effects of growth factors (Aravamudan etal., 2012b; Doherty and Broide,
2007, Prakash, 2013. Thompson et al., 2015) ' accordingly, understanding mechanisms that
regulate growth factor production in the airway is a relevant but underexplored area.

Nerve growth factor, brain-derived neurotrophic factor (BDNF), neurotrophin 3 (NT3) and
neurotrophin 4 (NT4) are all members of the neurotrophin family of growth factors (Prakash
and Martin, 2014y There is now increased interest in the role of neurotrophins in non-
neuronal tissues including the lung. In asthma, allergy, and even lung cancer there is an
observed alteration in BDNF and receptor (H0Y!€, 2003. Prakash et al., 2010, Watanabe et
al., 2015). A role for BDNF in enhancing airway inflammation effects in ASM has been
reported (Aravamudan etal., 2012a. Braun et al., 2004. Sathish et al., 2013a. Scuri et al.,
2010; Thompson et al., 2015; \ohra et al., 2013). In the lung, BDNF can be produced by
multiple cell types including epithelium, sensory neurons, immune cells and most notably by
ASM (Meuchel etal., 2011 Prakash et al., 2010 Prakash and Martin, 2014 Scurietal.,
2010, Thompson et al., 2015) Specifically, we and others have also shown that BDNF is

actively released by ASM and can have autocrine effects of increasing ASM proliferation
and [Ca2*]; mechanisms (Abcejo etal., 2012; Aravamudan et al., 2012a; Prakash et al.,

2010, Scuri et al., 2010, Vohra et al., 2013y \what is less understood are the mechanisms
regulating BDNF secretion.

Consistent with the greater understanding of BDNF regulation in the neuronal system, many
studies have explored on the protective effects of estrogen in increasing BDNF production
and thereby potentiating neuronal growth in the central nervous system (Aguirre and Baudry,
2009; Chakrabarti et al., 2014; Sato et al., 2007; Spence and Voskuhl, 2012)_ Testosterone

has been shown to have a complementary role in regulating BDNF in the CNS to enhance
neuronal health (Li etal., 2012. Spence and Voskuhl, 2012. Yang et al., 2004)_ In neurons,
the secretory mechanisms for BDNF have also been explored and are thought to involve
formation of synaptic vesicles, SNARE complexes, and cCAMP/Ca%*-dependent release
(Angleson etal., 1999. Greenberg et al., 2009. Schoch et al., 2001. Shimojo et al., 2015)_
However, the mechanisms underlying BDNF secretion induced by steroid hormones in non-
neuronal cells are not clear.

The relevance of sex steroids, or their regulation of BDNF in the lung lies in the increasing
acknowledgment that sex differences in asthma exist, and that sex steroids (particularly
estrogen) can influence airway structure and function (Melgert etal., 2007. Townsend et al.,
2012""). However, it remains unclear whether sex steroids are detrimental or beneficial in the
airway. For example, we have demonstrated an acute bronchodilatory role for estrogen via
effects on epithelial cells as well as ASM (Sathish et al., 2015a. Townsend et al., 2011.

Townsend et al., 2013y However, progesterone has been shown to increase airway
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hyperreactivity in sensitized male mice (Hellings et al., 2003y \yhereas testosterone exhibits
bronchodilator effects similar to estrogen (Bordallo et al., 2008, Kouloumenta et al., 2006y

Yet, clinical data show increased asthma in women (which may also reflect complex effects
on the immune system) (Melgert etal., 2007; Townsend et al., 2012a)_ Regardless of
whether sex steroids are protective or detrimental, the mechanisms by which they produce
effects in the airway are still being explored.

Given that BDNF enhances ASM [Ca2*]; and other aspects of asthma pathophysiology, and
that some sex steroids (particularly estrogens) are bronchodilatory, we hypothesized that sex
steroids decrease BDNF in the airway (i.e. different from what occurs in the CNS). Negative
regulation of BDNF via sex steroids could provide a novel, potentially targetable pathway
for blunting the effect of growth factors in airway diseases.

Materials and methods

Human ASM Cells and Tissue

The techniques for isolating human ASM cells and tissue have been previously described
(Abcejo etal., 2012. Sathish et al., 2015a. Vohra et al., 2013)_ Briefly, 3-6t" generation
human bronchi were obtained from lung specimens incidental to patient thoracic surgery at
Mayo Clinic for focal, non-infectious causes (typically lobectomies for focal cancers).
Normal lung areas were identified with the help of the pathologist (approved by Mayo Clinic
Institutional Review Board). Samples were immersed in ice cold Hanks’ Balanced Salt
Solution (HBSS, Invitrogen, Carlsbad, CA) and epithelium-denuded ASM tissue or
enzymatically-dissociated cells from such tissues were used for experiments. For cells,
cultures (<3 passage) were maintained under standard conditions of 37°C (5% CO,, 95%
air), while tissues were used fresh. Prior to experimentation, cells were serum starved for
48h. The presence of smooth muscle markers was used to ensure lack of phenotypic change.

Sex Steroid Treatements

ASM cells or tissue were treated with estrogen or testosterone (E,, 10nM final
concentration, Sigma-Aldrich, St. Louis, MO, USA) or testosterone (T, 10nM final
concentration, Sigma) in serum deficient media for 48h. Conditioned media from cell lysates
and tissue homogenates were collected for BDNF expression and secretion. To determine
the mechanisms by which estrogen and testosterone may affect BDNF, ASM cells were first
incubated for 30 min to plasma membrane receptor inhibitors for estrogen (IC1 182,780
(ICI); 1uM, Tocris, New Orleans, LA) or testosterone (flutamide (FLU); 10uM, Tocris),
prior to E; or T administration.

In pilot studies, we explored a range of progesterone concentrations on BDNF expression
and secretion and found no effect. Accordingly, progesterone-based experiments were not
pursued further.

RNA isolation and q-PCR

Human ASM cells were harvested after 24h of E; or T treatment and total RNA extracted
using RNeasy micro kit (Qiagen, Valencia, CA). Complementary DNA (cDNA) was
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synthesized using Transcription kit (Roche, Indianapolis, IN), and was amplified using an
LC480 LightCycler (ABI; Carlsbad, CA). Standard gPCR techniques (optimized for the
Roche LC480 Light Cycler) were used. BDNF forward primer is
5’CATTCACGCTCTCCAG?Z, reverse primer is 5’ AACCACGATGTGACTCC3'. GAPDH
forward primer is Y AAGGTGAAGGTCGGAGTCAACGGATTZ, reverse primer is
5'CCATGGAATTTGCCATGGGAGGAATC3Z' . Data are presented as fold change in
comparison to an endogenous control (GAPDH) and relative to untreated control.

BDNF and cyclic AMP (cAMP) ELISA

Conditioned medium from ASM cells and tissue treated with E; or T were concentrated by
centrifugal filtration using an Amicon Ultra-15 (3K) filter (Millipore, Billerica, USA) at
3,724 gfor 1h. Concentrated supernatants and cell lysates were measured for BDNF and
cAMP, respectively by Quantikine ELISA kits (R&D, Minneapolis, MN) according to the
manufacturer’s instructions and using a FlexStation 3 microplate reader (Molecular Device,
Sunnyvale, CA) set to 450 nm (wavelength correction set to 540 nm). Absorbance readings
from test samples were compared to the manufacturer-provided standards. cAMP and BDNF
concentrations were normalized to protein concentration of lysate or homogenate, and
adjusted for centrifugation concentration.

Western blot analysis

Standard western blot techniques were used (Criterion Gel System, Bio-Rad, Hercules, CA,
4-15% or 15% gradient gels). Equal volume of conditioned medium or cell lysate as
appropriate was tested and normalized to homogenate protein concentration (for medium) or
GAPDH (for lysate). Primary antibodies used include: rabbit polyclonal antibody for BDNF
(sc20981; Santa Cruz Biotechnology, Santa Cruz, CA, USA), rabbit polyclonal antibody for
TrkB (ab33655; Abcam, Cambridge, MA, USA), rabbit monoclonal antibody for Epacl
(ab109415; Abcam), rabbit polyclonal antibody for Epac2 (ab124189; Abcam), rabbit
polyclonal antibody for SNAP25 (ab5666; Abcam), rabbit monoclonal antibody for SNAP47
(ab172609; Abcam), rabbit monoclonal antibody for GAPDH (14C10;Cell Signaling
Technology, MA, USA), and monoclonal antibody for B-actin (ab5316; Abcam).
Fluorescent secondary antibodies were used from Li-Cor Biosciences (Lincoln, Nebraska,
USA). Concentration of primary and secondary antibody was used per manufacture’s
recommendation. Protein expression was determined as relative fluorescence compared to
housekeeping protein.

Statistical analysis

Differences between groups were analyzed using Student’s #test or one way ANOVA with
Dunnet’s post hoc analysis. Densitometric data are presented as bar graphs depicting Mean
+ SEM, using SigmaPlot software version 12.3 (Systat Software Inc, London, UK).
Statistical significance was set at p < 0.05. Samples from a minimum of four patients were
used for all experiments, with three repeats per sample.
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Estrogen and Testosterone Inhibit BDNF Secretion (But Not Expression)

Steroidal treatment significantly reduced BDNF secretion in human ASM cells (Figure 1A,
p<0.05). To ensure these effects were not unique to the cultured cell environment, fresh
human ASM tissue was similarly treated with E, or T. ELISA and western blot analysis
confirmed significant decreases in BDNF secretion as a result of E, or T treatment (Figure
1B, and C, p<0.05). No significance difference was noted between E, vs. T effects.

To explore the impact of E; and T treatment on BDNF expression, mRNA and intracellular
protein levels were measured. In human ASM cells, there was no significant change in
BDNF gene expression after 24h exposure to E; or T (Figure 2A). Protein expression of
both pro-BDNF, and mature BDNF in cell lysates also did not significantly change (Figure
2B).

Estrogen and Testosterone Do Not Alter TrkB expression

Human ASM cells were exposed to E, or T for 48h. There was no significant change in the
full length TrkB receptor expression (Figure 3A, and B). Although there was a significant
increase in the truncated TrkB receptor isoform, TrkB-T4 (Figure 3A, and C, p<0.05), the
ratio of TrkB-FL to TrkB-T; was not significantly changed with E, or T treatment (Figure
3D).

Role of Estrogen and Testosterone Receptors

Human ASM cells or tissue were pretreated with the estrogen receptor (ER) antagonist ICI
(1uM) or androgen receptor (AR) antagonist FLU (10uM) followed by 48h E; or T
treatment in the continued presence of the antagonist. In human ASM, the blunting of BDNF
secretion by E, or T was significantly reversed (almost to vehicle control) by inhibition of
ER or AR (Figure 4A, p<0.05). Measurement of BDNF in conditioned media from tissue
exposed to ICI or FLU prior to E; and T treatment also demonstrated a trend towards return
towards vehicle control but was not statistically significant (Figure 4B).

Effect of Estrogen and Testosterone on cAMP pathway

cAMP levels and cAMP-regulated guanine nucleotide exchange factor (Epac) expression
were measured via ELISA and western blot analysis. Exposure to E; significantly increased
intracellular cAMP levels in ASM compared to vehicle, whereas T exposure had no effect
(Figure 5A, p<0.05). Interestingly, expression of the regulatory proteins Epacl and Epac2
were significantly reduced in human ASM cells exposed to either E; or T (Figure 5B and C,
p<0.05).

Effect of Estrogen and Testosterone on SNARE Proteins

Based on data in neurons (Shimojo etal., 2015y \ye explored the role of secretory vesicle
regulatory proteins in E, and T effects on BDNF, focusing on the secretory vesicular
proteins SNAP25 and SNAP47. SNAP25 expression was significantly decreased in cells
exposed to E, or T (Figure 6A, p<0.05). In contrast, there was no effect of either sex steroid
on SNAP47 expression (Figure 6B).
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Discussion

Studies in the brain have linked BDNF and sex steroids in the context of sex differences in
incidence/severity of stress, depression, schizophrenia, and responses to pain (Greenberg et
al., 2014. Nishinaka et al., 2015. Zhang et al., 2014). Furthermore, BDNF and estrogen
signaling are thought to be intricately linked in the brain (Numakawa et al., 2014y ‘oever,
there is currently no information on whether and how BDNF and sex hormones interact in
the context of non-neuronal tissues including the lung, where both BDNF and sex steroids
are emerging topics in terms of airway function and dysfunction. As a first step in
deciphering interactions between sex steroids and BDNF, the present study demonstrates
that in human ASM, physiologically relevant concentrations of estrogen or testosterone act
through ERs and ARs respectively to decrease basal BDNF secretion, potentially via the
cAMP-Epac pathway and inhibition of vesicular release. In this regard, the current study
provides novel insights into the mechanisms by which sex steroids affect BDNF in the
airway (Figure 7), and importantly highlights differences in such interactions between the
CNS and the lung.

BDNF is a member of the neurotrophin growth factor family and is extensively distributed in
the non-neuronal, peripheral system (Prakash etal., 2010y Recent studies, including our

own, clearly indicate the importance of BDNF in human airway in the context of asthma and
other airway diseases (Aravamudan etal., 2012a; Britt et al., 2015; Dagnell et al., 2007; Pan

etal.,, 2010; Prakash and Martin, 2014; Prakash et al., 2009; Sathish et al., 2013a; Thompson
etal., 2015; \ohra et al., 2013; Watanabe et al., 2015). Initially, in the endoplasmic
reticulum BDNF is synthesized as a precursor protein (L€sSmann and Brigadski, 2009.
McDonald and Chao, 1995. Robinson et al., 1995) that is cleaved to produce pro-BDNF
which is further sorted into either secretory vesicle. Such vesicular pro-BDNF can be
converted intracellularly into mature BDNF (by endoproteases or convertases (Mowla etal.,
2001)) or more commonly gets released into the extracellular space as pro-BDNF where it is
cleaved by factors such as plasmin and matrix metalloproteinases into mature BDNF (Pang
etal., 2004. Yamamori et al., 2013y ce|jylar action of BDNF involves high-affinity
tropomyosin related kinase receptor TrkB, where the full-length TrkB-FL isoform is
required for activity, and the truncated isoform TrkB-T; is of unclear relevance, but may
play a dominant negative role by sequestration of BDNF (Aven etal., 2014. Prakash and
Martin, 2014). We have previously shown that both TrkB receptor isoforms are expressed in
human ASM (Prakash and Martin, 2014. Prakash et al., 2009). Thus, multiple levels exist for
the regulation of BDNF expression, secretion and autocrine/paracrine action. Accordingly,
understanding the underlying mechanisms is key to determining how BDNF may influence
the airway structure and function.

Recent advancement in sex steroid biology indicates that sex steroids (estrogen and
testosterone) play important roles in many pathophysiological processes of non-reproductive
organs, including the lung (Townsend etal., 20122y gey steroid signaling is complex and
involves multiple signaling pathways with both genomic and/or non-genomic mechanisms
(Sathish etal., 2015b; Townsend et al., 2012a). Previously, we have shown rapid, non-
genomic effects of physiologically-relevant concentrations of E, on reduction of [CaZ*]; in
human AsM (Townsend et al., 2010y w;ith bronchodilatory effects via increasing CAMP
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production (Townsend et al., 2012by 1, this regard, the findings of our current study support
the idea that that estrogen increases cAMP in ASM. We now further show that both Epacl
and Epac? expression are reduced in the presence of estrogen, suggesting an additional
pathway for estrogens to blunt [Ca2*]; or other aspects of ASM signaling. Similar to
estrogen, testosterone non-genomically relaxes pre-constricted rabbit tracheal smooth
muscle (Kouloumenta et al., 2008y \yhjch may involve inhibition of voltage-dependent
calcium channels (Bordallo et al., 2008, Montano et al., 2014y | contrast to non-genomic
effects, very limited data is available in regards to genomic effects of sex steroids on human
ASM. The current study suggests one possible genomic effect of either sex steroid may be
modulation of BDNF.

Previously we have shown short term treatment of estrogen can induce an increase in CAMP
levels in human ASM (Townsend et al., 2012by cAMP signaling has also been shown to be
involved in multiple cellular mechanisms including smooth muscle contraction,
proliferation, trafficking and exocytosis processes (Billington et al., 2013. Sathish et al.,
2015a, Thompson et al., 2015y Regulation of exocytosis through cAMP had been shown to
be dependent on Epacl and Epac2 expression (Schmidt etal., 2013. Shibasaki et al., 2007.
Ulucan et al., 2007y 'y, support, our recently published study on developing ASM cells also
suggested a significant role of Epac2 in BDNF secretion (1hompson etal., 2015y ‘Here we
demonstrate that expression of Epacl and Epac? are decreased upon estrogen or testosterone
treatment. Inhibition of critical mechanisms for vesicular release of BDNF via reduction of
Epacs could be one pathway for estrogen and testosterone action in terms of BDNF. In line
with our findings, previous studies’ using dorsal root ganglions also suggested the inhibitory
effect of estrogen downstream of Epac in attenuation of PKC-epsilon translocation (HUChO
etal, 2006). The regulatory role of testosterone on Epacs in vesicular release has not been
explored.

Recent studies from our group propose that there is indeed endogenous production of BDNF
from human ASM in both adult (Sathish et al., 2013b. Vohra et al., 2013y 4nq developing
ASM (Thompson et al., 2015) anq that BDNF can be secreted by ASM. Our current study
demonstrates an inhibitory effect of estrogen and testosterone on BDNF release in human
ASM via Epacs. Furthermore, it appears that neither estrogens nor testosterone affect BDNF
mRNA or protein expression. In addition, there is no significant effect of these sex steroids
on high affinity receptor TrkB receptors. This finding is novel, and interestingly is contrary
to what would be expected in the CNS where estrogens stimulate BDNF (C€rsosimo and
Benarroch, 2015; Chakrabarti et al., 2014; Pietranera et al., 2015; Spence and Voskubhl,
2012). The reasons for this difference are not clear, but may reflect cell-dependent
heterogeneity of BDNF regulation.

Previous studies have suggested neuronal regulation of vesicular release through presynaptic
modulation in expression of Syb2 and SNAP25 (Shimojo etal., 2015y yere vesicular
traffic/fusion with the plasma membrane, and consequently exocytosis of the vesicular cargo
i.e. BDNF, is regulated by the formation of these key proteins contribution to the SNARE
complex (Shimojo et al., 2015y sNAP47, another SNARE complex protein, plays a unique
regulatory role in the SNARE complex exocytosis process. SNAP47 interacts with SNAP25
and promotes exocytosis of BDNF in a cell-autonomous manner in the CNS (Shimojo etal.,
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2015). The role of such vesicular proteins thought to be involved in BDNF secretion has not
been explored in the lung. Estrogen and testosterone significantly reduced SNAP25
expression in human ASM, while SNAP47 expression was not affected. These results
suggest that reduction in SNAP25 expression may contribute to decreasing vesicular release
of BDNF in human ASM. What would be interesting to determine is whether release of
other factors by ASM, including cytokines, are also regulated via these mechanisms.

In conclusion, our results demonstrate that estrogen and testosterone inhibit BDNF secretion
via two possible inhibitory mechanisms, cAMP-Epac and/or SNAP25 in human ASM.
Given the increasing recognition of both sex steroids and BDNF in airway disease, and their
modulation by inflammation (e.g. in the context of disease), their interaction may be
important in the regulation of airway structure and function.
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Figure 1. Effect of estrogen (E») and Testosterone (T) on secretion of brain-derived neurotrophic
factor (BDNF) in human airway smooth muscle (ASM)

A) BDNF secretion by human ASM cells was significantly decreased following E; or T
treatment. B) Similarly, 48h exposure of E; or T significantly reduced BDNF secretion from
fresh human ASM tissue. C) BDNF release was significantly decreased in tissue treated
conditioned media. Released BNDF was normalized to GAPDH from matching tissue
homogenate. Data are presented as mean = SE, n = minimum of 4 patients, p < 0.05.
*indicates significant effect of E, or T from vehicle.

J Cell Physiol. Author manuscript; available in PMC 2017 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Wang et al. Page 13

11}

Vehicle E,

= =
o h

BDNF mRNA
o
n

(Fold Change)

=
o

B

pro-BDNF
(28kDa)

BDNF
(14kDa)

B-actin

i

m

Vehicle

—y
=)
=]

BDNF/B-actin (AU)
/]
(=

Figure 2. Effect of E; and T on BDNF expression in human ASM
A) Exposure of E; or T (24 h) did not alter BDNF mRNA expression in human ASM cells

(measured by gPCR). B) No significant difference in BDNF expression was observed via

western blot analysis of cell lysates following exposure to E; or T (48 h). Bar graph is total
pro-BDNF and BDNF expression normalized to B-actin. Data are presented as mean + SE,
no = minimum of 4 patients, p < 0.05. *indicates significant effect of E, or T from vehicle.
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Figure 3. Effect of E; and T on TrkB expression in human ASM
A) Western blot analysis of TrkB-FL and TrkB-T4 in human ASM cells exposed to E; or T

for 48h. B) There was no significant change in TrkB-FL expression between experimental
groups, C) Conversely, both E2 and T treatment significantly increased TrkB-Tq expression.
D) However, the ratio of TrkB-FL to TrkB-T; was found not to be significantly different.
Data are presented as mean £ SE, n = minimum of 4 patients, p < 0.05. *indicates significant
effect of E, or T from vehicle.
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Figure 4. Effect of estrogen or androgen receptor inhibition on BDNF secretion in human ASM
Human ASM cells were treated for 30 min with 1 uM estrogen receptor (ER) antagonist ICI

182,780 (ICI) or androgen receptor (AR) antagonist 10 pM Flutamide (FLU) prior to 48h
exposure of E, or T, respectively. A) BDNF secretion was restored to vehicle control in the
presence of ICI and FLU. B) Western blot analysis of human ASM tissue conditioned media
showed the same trend, but was not statistically significant. GAPDH from matching tissue
homogenate was used to normalize the conditioned media. The experimental data are
presented as mean + SE, n = minimum of 4 patients, p < 0.05. *indicates significant effect of
E, and T from vehicle. #indicates significant effect of inhibitors from E, or T.

J Cell Physiol. Author manuscript; available in PMC 2017 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Wang et al.

Page 16

A . 4 -
£;]
g
&2
a
= 11
<
[P
0 o
Vehicle
L Epacl -
(104kDa)
B-actin
(42kDa)
DIOO
=
£
& 50 -
<=1
-
g
0 p
= Vehicle
C
(116kDa)
B-actin
(42kDa)
~ 100 -
-
<
£
S 50
T
=%
N
[5]
(] 0 o
=3
= Vehicle E, T

Figure5. Effect of E; and T on cAMP levels and Epac expression in human ASM
A) Exposure of E; significantly increased intracellular cAMP compared to vehicle. There

was no significant effect with T exposure. B and C) Expression of the regulatory proteins
Epacl and Epac2 was significantly reduced in the presence of E; or T. Data are presented as
mean + SE, n = minimum of 5 patients, p < 0.05. *indicates significant effect of E; and T
from vehicle.
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Figure 6. Effect of E2 and T on secretory vesicular proteins (SNAP25 and SNAP 47) in human
ASM

A) Exposure of E; or T significantly decreased SNAP25 expression compared to vehicle. B)
There was no significant difference in SNAPA47 expression between experimental groups.
Data are presented as mean + SE, n = minimum of 5 patients, p < 0.05. *indicates significant
effect of E; and T from vehicle.
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Figure 7. Potential mechanisms by which Ep and T affect BDNF secretion in human ASM
Inhibition of BDNF secretion (but not BDNF expression) in human ASM by sex steroids

may be mediated via cAMP-Epac pathway and/or reduced SNAP25 vesicular protein
expression.
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