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Abstract
Introduction—Previously we reported that paracrine actions likely mediated the therapeutic
effects of adipose tissue-derived stem cells (ADSC) on a rat model of cavernous nerve (CN)
injury.

Aim—To identify potential neurotrophic factors in ADSC’s secretion, test the most promising
one, and identify the molecular mechanism of its neurotrophic action.

Methods—Rat major pelvic ganglia (MPG) were cultured in conditioned media of ADSC and
penile smooth muscle cells (PSMC). Cytokine expression in these two media was probed with a
cytokine antibody array. CXCL5 cytokine was quantified in these two media by enzyme-linked
immunosorbent assay (ELISA). Activation of JAK/STAT by CXCL5 was tested in neuroblastoma
cell lines BE(2)C and SH-SY5Y as well as in Schwann cell line RT4-D6P2T by western blot.
Involvement of CXCL5 and JAK/STAT in ADSC-conditioned medium’s neurotrophic effects was
confirmed with anti-CXCL5 antibody and JAK inhibitor AG490, respectively.

Main Outcome Measures—Neurotrophic effects of ADSC and PSMC-conditioned media were
quantified by measuring neurite length in MPG cultures. Secretion of CXCL5 in these two media
was quantified by ELISA. Activation of JAK/STAT by CXCL5 was quantified by densitometry
on western blots for STAT1 and STAT3 phosphorylation.

Results—MPG neurite length was significantly longer in ADSC than in PSMC-conditioned
medium. CXCL5 was secreted 8 times higher in ADSC than in PSMC-conditioned medium. Anti-
CXCL5 antibody blocked the neurotrophic effects of ADSC-conditioned medium. CXCL5
activated JAK/STAT concentration-dependently from 0 to 50 ng/ml in RT4-D6P2T Schwann
cells. At 50 ng/ml, CXCL5 activated JAK/STAT time-dependently, peaking at 45 min. AG490
blocked these activities as well as the neurotrophic effects of ADSC-conditioned medium.

Conclusions—CXCL5 was secreted by ADSC at a high level, promoted MPG neurite growth,
and activated JAK/STAT in Schwann cells. CXCL5 may contribute to ADSC’s therapeutic
efficacy on CN injury-induced ED.
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INTRODUCTION
Postoperative erectile dysfunction (ED) frequently occurs in patients who received surgical
or radiation therapy for their prostate, bladder, or rectal cancers [1-3]. The cause for this
medical condition is inadvertent injury to the nearby cavernous nerves (CN) that innervate
the erectile tissue in the penis. While several management options exist to address this
medical problem, they are not intended to and do not help CN recovery [4]. To explore
potential treatment options that involve CN regeneration, we have developed a tissue culture
system in which promising neurotrophic agents were tested for their ability to stimulate
neurite growth from the CN region in the rat major pelvic ganglion (MPG) [5-10]. In
addition, we have tested several gene and stem cell therapy strategies in various CN injury
animal models [11-15]. In regard to stem cell therapy, our research with adipose tissue-
derived stem cells (ADSC) led us to speculate that its therapeutic efficacy is likely through
paracrine actions [16]. To test this hypothesis, we initiated the present study in which ADSC
were found to outperform penile smooth muscle cells (PSMC) in our MPG culture system.
We then compared these two cell systems for their secreted cytokine profile, and found that,
among the 19 different cytokines examined, CXC ligand 5 (CXCL5) was secreted 8 times
more abundantly by ADSC than by PSMC.

CXCL5 is known as epithelial neutrophil-activating peptide-78 (ENA-78) in humans and as
lipopolysaccharide-induced chemokine (LIX) in rodents. As these names indicate, CXCL5
expression by epithelial cells has been frequently observed in conjunction with
inflammatory responses [17]. For example, it has been shown that CXCL5 expression in
prostate epithelial cells was associated with the presence of granulocytic inflammatory cells
in the prostate coincident with benign prostatic enlargement [18]. Furthermore, CXCL5 has
been shown to activate the JAK/STAT pathway in prostate epithelial cells in a
concentration-dependent manner [18].

The JAK/STAT pathway is of special interest to us because we have previously shown that
it mediates the neurotrophic effects of brain-derived neurotrophic factor (BDNF) in our
MPG cultures [6-8]. However, we recognize that JAK/STAT is a cytokine signaling
pathway [19] and therefore its activation by BDNF is probably indirect. To test this
hypothesis, we have performed a series of experiments, one of which showed that BDNF
activated JAK/STAT in Schwann cells but not in neuroblastoma cells. However, in other
experiments aiming at the identification of the candidate cytokines, we have obtained only
partially satisfactory results. As such, these data have remained unpublished. In contrast, in
the present study we obtained consistent and reproducible results showing the activation of
JAK/STAT in Schwann cells by CXCL5. These results, together with the MPG data, led us
to conclude that CXCL5 is a neurotrophic cytokine which contributes to ADSC’s
therapeutic effects in our CN injury ED models.

MATERIALS AND METHODS
Cell Culture

Rat ADSC and PSMC were isolated and cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM, Cell Culture Facility, University of California San Francisco) supplemented with
10% fetal bovine serum (FBS) as previously described [20,21]. These cells at passage 6
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were used throughout this study. Human neuroblastoma cell lines BE(2)C and SH-SY5Y as
well as rat Schwann cell line RT4-D6P2T were purchased from American Type Culture
Collection (ATCC, Manassas, VA). They were cultured in RPMI-1640 (Cell Culture
Facility, University of California San Francisco) supplemented with 10% FBS.

MPG Culture
Fifteen 8-weeks-old male Sprague-Dawley rats were used in this study. All animal care,
treatments and procedures were approved by our University’s Institutional Animal Care and
Use Committee. The rats were killed with an i.p. injection of sodium pentobarbital (200 mg/
kg) followed by bi-lateral thoracotomy. The dissection and MPG culture were as previously
described [5-10]. Briefly, bilateral MPG from each rat were isolated and excised intact.
After a rinse in PBS, each isolated MPG was further dissected to isolate the dorsocaudal
region (DCR, from which the cavernous nerve originates) of the MPG. Each DCR was cut
into three pieces of similar size; this yielded a total of 90 specimens. Each specimen was
then embedded in a 40-μL drop of growth factor reduced Matrigel (01730, BD Biosciences,
Bedford, MA) and treated with 3 ml of one of the following five different media: (1) control
medium (DMEM without FBS), (2) ADSC-conditioned DMEM, (3) PSMC-conditioned
DMEM, (4) ADSC-conditioned DMEM+4.0μg/ml anti-CXCL5 antibody (DY543, R&D
Systems, Inc., Minneapolis, MN), and (5) ADSC-conditioned DMEM+100μM AG490
(PHZ1204, Biosource international, Inc., Camarillo, CA). The culture was maintained at
37°C in a humidified atmosphere with 5% CO2 for 48 h. Neurite growth from the MPG
fragments was photographed at ×100 with a Nikon DXM1200 digital still camera attached to
a Zeiss Axiovert microscope, using ACT-1 software (Nikon Instruments Inc., Melville, NY).
The digitized images were then analyzed with ChemiImager 4000 (Alpha Innotech
Corporation, San Leandro, CA) and Image-Plus 5.1 (Media Cybernetics, Bethesda, MD).
Neurite growth was determined by averaging the lengths of the five longest neurites from
each MPG fragment. Alternatively neurite growth was determined by averaging the growth
areas in each MPG fragment. The growth areas on the digital images were traced as shown
in Fig. 1; their dimensions were then quantified by Image-Plus 5.1.

Cytokine Antibody Array
An antibody-based cytokine array system (RayBio Rat Cytokine Antibody Array 1,
RayBiotech, Norcross, GA) was used to detect the levels of cytokines and growth factors in
ADSC or PSMC-conditioned medium. Briefly, cells were cultured in 10% FBS-
supplemented DMEM in 6-well dish to 80% confluence. The culture medium was then
changed to serum-free DMEM medium. Twenty-four h later, the medium was collected and
centrifuged at 13,000×g for 10 s. The supernatant was recovered and used in the array
experiment as follows. The array membrane was placed in an eight-well tray and incubated
in 4 ml of 1X blocking buffer for 45 min at room temperature (RT). Each test sample (2 ml
of cell culture medium) was added to the membrane, which was then shaken for 2 h at RT.
After washing the membrane three times, primary antibody cocktail was added and the
reaction was allowed to proceed for 1 h at RT on shaker. After washing the membrane three
times, secondary antibody was added and the reaction was allowed to proceed for 1 h at RT
on shaker. Finally, the membrane was washed as above, incubated in ECL detection regents
(Amersham Life Sciences Inc., Arlington Heights, IL) for 5 min, and exposed to Kodak
autoradiography film for 1–15 min. The resulting images were analyzed with ChemiImager
4000 to determine the integrated density value of each protein spot.

Quantification of CXCL5 Secretion
ADSC and PSMC were seeded in DMEM with 10% FBS at 1 × 105 cells per well in 6-well
culture plates. When 90% confluence was reached, the culture medium was removed and
replaced with 1ml of DMEM without FBS. Twenty-four h later, the medium was harvested
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and centrifuged at 1200 rpm for 10 min. The supernatant was recovered and stored at −80
°C until use. To ensure unbiased assessment, all of the processed culture media
(supernatants) were simultaneously subjected to ELISA for CXCL5 with a commercial kit
(R&D Systems, Minneapolis, MN). To generate statistically relevant data, each cell medium
was subjected to three independent ELISA experiments and each ELISA experiment
included triplicates of each cell medium.

CXCL5 Treatment of Neuroblastoma and Schwann Cells
BE(2)C, SH-SY5Y, and RT4-D6P2T cells were seeded in RPMI-1640 with 10% FBS at 3 ×
106 cells per well in 10-cm culture dishes in a 5% CO2 atmosphere at 37°C. When 90%
confluence was reached, the medium was replaced by RPMI-1640 without FBS for 8 h. To
assay the dosage effects of CXCL5 on the activation of JAK/STAT pathway, rat CXCL5
(543-RL, R&D Systems, Inc., Minneapolis, MN) was added to a final concentration of 0, 5,
or 50 ng/ml for 45 minutes. To determine the time response, RT4-D6P2T cells were treated
with 50 ng/ml rat CXCL5 for 0, 10, 30, 45, and 60 minutes. To demonstrate the specific
involvement of the JAK/STAT pathway, 100 nM of specific inhibitor AG490 (PHZ1204,
Biosource international, Inc., Camarillo, CA) was added to the RT4-D6P2T cell culture for 1
h before prior to the addition of rat CXCL5.

Western Blot
Cells were lysed in a PBS buffer containing 1% IGEPAL, 0.5% sodium deoxycholate, 0.1%
SDS, aprotinin (10 μg/ml), leupeptin (10 μg/ml), 0.1 mM Na3VO4 and 0.1mM NaF. The
homogenate was centrifuged at 3000 rpm for 15 min, and the supernatant was recovered as
protein sample, which was measured for protein concentration by the BCA method (Pierce
Chemical Company, Rockford, IL, USA). Cell lysates containing 20 μg of protein were
electrophoresed in SDS-PAGE and then transferred onto PVDF membrane (Millipore Corp.,
Bedford, MA, USA). The membrane was incubated for 1 h with either anti-STAT1 (610115,
BD Biosciences, San Diego, CA) or anti-STAT3 (610189, BD Bioscience). Detection of the
reactive protein on the membrane was performed with the ECL kit (Amersham Life
Sciences Inc., Arlington Heights, IL), followed by exposure to X-ray films. Thereafter, the
STAT1-probed membrane was re-probed with anti-phospho-STAT1 (612232, BD
Bioscience), and the STAT3-probed membrane with anti-phospho-STAT3 (612356, BD
Bioscience). Finally, all membranes were re-probed with anti-β-Actin for internal control.
The resulting images were analyzed with ChemiImager 4000 to determine the integrated
density value of each protein band. Before each re-probing, the membrane was stripped in
62.5 mmol/l TRIS HCl (pH 6.7), 2% SDS, 10 mmol/L 2-mercaptoethanol at 55°C for 30
min, and then washed four times in 1XTBS.

Statistical Analysis
Data was analyzed with Prism 4 (GraphPad Software, Inc., San Diego, CA, USA) and
expressed as mean ± standard error of the mean for continuous variables. The continuous
data was compared among the groups using one-way analysis of variance. The Tukey-
Kramer test was used for post-hoc comparisons. Statistical significance was set at p < 0.05.

RESULTS
ADSC-Secreted Factors Promote Neurite Growth in Cultured MPG

To determine whether ADSC secrete neurotrophic factors, we tested ADSC-conditioned
medium in a MPG culture system that has been used in several of our previous studies
[5-10]. As controls and for comparison, we also tested plain culture medium and PSMC-
conditioned medium, respectively. The results show that ADSC-conditioned medium was
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significantly more potent than control medium or PSMC-conditioned medium in promoting
neurite growth from MPG (Fig. 1A-C, F, &G). As we later identified the involvement of
CXCL5 and the JAK/STAT pathway (see below), we also tested and confirmed the
inhibitory effects of anti-CXCL5 antibody and JAK inhibitor AG490 (Fig. 1D-G).

ADSC Secrete CXCL5 at a High Level
To determine which secreted factors were responsible for ADSC’s neurotrophic effects, we
probed ADSC-conditioned medium with a cytokine antibody array, using PSMC-
conditioned medium as control. The results show that, compared to PSMC, ADSC secreted
higher levels of LIX (CXCL5), TNF-α, CINC-2, CINC-3, TIMP-1, and MCP-1 (Fig. 2A).
Since CXCL5 appeared to be the most differently expressed cytokine between ADSC and
PSMC, we further determined the concentration of CXCL5 in these two conditioned media.
The results show that ADSC secreted approximately 8 times more CXCL5 than PSMC (Fig.
2B). Furthermore, the addition of an anti-CXCL5 antibody to ADSC-conditioned medium
effectively abolished this medium’s neurotrophic effects (Fig. 1D, F, &G).

CXCL5 Promotes MPG Neurite Growth through the JAK/STAT Pathway
CXCL5 has been shown to signal through the JAK/STAT pathway in prostate epithelial
cells [18], and previously we have shown that brain-derived neurotrophic factor (BDNF)
promotes MPG neurite growth through this pathway [6]. As such, in the present study we
examined the involvement of this pathway by using JAK inhibitor AG490 in ADSC-
conditioned medium. Because the MPG fragment is much larger than cells, a relatively high
concentration of AG490 (100 μM) was used. The results show that AG490 effectively
abolished ADSC-conditioned medium’s neurotrophic effects (Fig. 1E-G).

CXCL5 Activates the JAK/STAT Pathway in Schwann Cells
To examine CXCL5’s neurotrophic effects at the cellular and molecular levels, we tested
whether it can activate the JAK/STAT pathway in neuroblastoma cells and Schwann cells.
The results show that, while having no effect on neuroblastoma cells BE(2)C or SH-SY5Y,
CXCL5 dose-dependently activated the JAK/STAT pathway (phosphorylation of STAT-1
and STAT-3) in Schwann cells RT4-D6P2T (Fig. 3). At the optimal dosage of 50 ng/ml,
CXCL5 activated the JAK/STAT pathway in RT4-D6P2T cells in a time-dependent manner,
increasingly from 0 to 45 min and dipping at 60 min (Fig. 4). Importantly, these activities
were effectively suppressed by AG490.

DISCUSSION
Postoperative, particularly postprostatectomy ED is currently an active research area in
sexual medicine, and like many other medical problems, is being investigated as a potential
target for stem cell therapy. In 2004 we first reported that injection of embryonic stem cells
transfected with BDNF into the MPG or corpora cavernosa significantly improved erectile
function in a rat CN injury model [22]. In 2008 Fall et al [23] reported the therapeutic
efficacy of intracavernous injection of bone marrow stem cells. Recently we reported that
intracavernous injection of either ADSC or ADSC lysate improved erectile function [16].
While this latest study was interpreted as evidence for the paracrine action of ADSC, we
recognized that cell lysate cannot be equated with cell secretion. As such, we designed the
present study to address this deficiency. In the first experiment using the MPG culture we
confirmed our hypothesis that ADSC could secret neurotrophic factors for the potential
regeneration of CN. In the next experiment using the cytokine array we, based on
quantitative differences between ADSC and PSMC secreted cytokines, identified CXCL5 as
a promising candidate. While there were several other cytokines that were also differentially
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secreted by these two cell cultures, CXCL5’s importance was affirmed by the blocking
effect of anti-CXCL5 antibody on the MPG culture.

CXCL5 has been well characterized as a pro-angiogenic cytokine [24]; however, to our
knowledge, it has not been shown to have neurotrophic effects. To relate CXCL5 as being
neurotrophic, we first recognized that it has been shown to signal through JAK/STAT
pathway in prostate epithelial cells [18]. We then connected this pathway with our previous
study in which BDNF was shown to enhance MPG neurite growth by activating JAK/STAT
[7]. In actual experimentation we chose two neuroblastoma cell lines and one Schwann cell
line, knowing that cytokines can promote axonal regeneration through Schwann cells [25].
Indeed, activation of JAK/STAT was observed in Schwann cells but not the neuroblastoma
cells, and the activation of JAK/STAT in Schwann cells was effectively blocked by JAK
inhibitor AG490. Furthermore, AG490 also effectively blocked the neurite-enhancing
property of ADSC’s secretion. Thus, together with anti-CXCL5 antibody’s blocking effect,
these results all point to CXCL5 as being neurotrophic and which was mediated by the JAK/
STAT pathway in Schwann cells.

To further confirm CXCL5’s importance in ADSC’s therapeutic potential, we have been
conducting two lines of research. One is the characterization of CXCL5 and its receptor
(CXCR2) in ADSC and in adipose tissue, the other is testing the possibility of suppressing
CXCL5 expression or action and correlating this with a possible reduction of ADSC’s
therapeutic efficacy. While the study of the CXCL5/CXCR2 system in ADSC and in
adipose tissue has been submitted to a stem cell journal, that of downregulating CXCL5 is
only at the beginning. Inasmuch as the present study is concerned, we provide the first
demonstration of CXCL5’s neurotrophic property and an explanation for ADSC’s
therapeutic effects on CN injury-related ED. However, it should be once more pointed out
that our cytokine array data have identified additional candidate cytokines (e.g., MCP-1 and
CINC-3), which, while not as drastically upregulated in ADSC as CXCL5, may also
contribute to ADSC’s therapeutic effects. In addition, we recognize that a larger cytokine
array with 34 cytokines has recently been offered, and it may thus permit the identification
of other candidate cytokines as well.

CONCLUSIONS
ADSC secrete CXCL5, which promoted MPG neurite growth and activated JAK/STAT in
Schwann cells. CXCL5 may contribute to ADSC’s therapeutic efficacy on CN injury-
induced ED.
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Figure 1.
ADSC secretion promotes MPG neurite growth.
Rat MPG dorsocaudal region was cultured in plain DMEM (A, Control Medium) or PSMC-
conditioned DMEM (B), or in ADSC-conditioned DMEM (C) plus anti-CXCL5 antibody
(D) or AG490 (E). For clarity, outgrowth of neurites was outlined by dashed lines. For
quantification, the lengths of the 5 longest neurites in each of 18 specimens per treatment
group were measured and their average shown on the Y-axis in Panel F. Alternatively
quantification was done by measuring the neurite growth areas in each of 18 specimens per
treatment group, the averages of which are shown on the Y-axis in Panel G.

Zhang et al. Page 9

J Sex Med. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
ADSC secrete CXCL5 at a high level.
(A) Cytokine expression in the conditioned media of ADSC and PSMC was detected by the
RayBio Rat Cytokine Antibody Array, whose key is shown at the bottom. Cytokine LIX
(CXCL5) is circled in the arrays and in the key. (B) CXCL5 secretion in the conditioned
media of ADSC and PSMC was quantified by ELISA. Each bar represents the average of 3
independent experiments and each measurement was done in triplicates.

Zhang et al. Page 10

J Sex Med. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
CXCL5 activates JAK/STAT in Schwann cells.
(A-C) Neuroblastoma cell lines BE(2)C (A) and SH-SY5Y (B) and Schwann cell line RT4-
D6P2T (C) were treated with CXCL5 at 0, 5, and 50 ng/ml for 45 min and then analyzed by
western blot for the expression of STAT1, phosphorylated STAT1 (pSTAT1), STAT3, and
phosphorylated STAT3 (pSTAT3). β-actin served as control. (D) The ratio (in percentile) of
pSTAT1 versus STAT1 expression for each treatment was determined by dividing the
densitometric values of these two protein bands obtained from the western blots. Each bar
represents the average of 3 independent experiments. (E) Same as in (D) except that the
proteins are pSTAT3 versus STAT3.
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Figure 4.
CXCL5 activates JAK/STAT time-dependently and with specificity.
(A) Schwann cell line RT4-D6P2T was treated with CXCL5 at 50 ng/ml for the indicate
time and then analyzed by western blot for the expression of STAT1, phosphorylated
STAT1 (pSTAT1), STAT3, and phosphorylated STAT3 (pSTAT3). β-actin served as
control. (B) Same as in (A) except that AG490 was added to a final concentration of 100 nM
prior to the addition of CXCL5. (C) The ratio (in percentile) of pSTAT1 versus STAT1
expression for each treatment was determined by dividing the densitometric values of these
two protein bands obtained from the western blots. Each bar represents the average of 3
independent experiments. (E) Same as in (C) except that the proteins are pSTAT3 versus
STAT3.
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