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Abstract

Objective—To investigate the time dependent changes in expression of cytokines that
characterizes the spontaneous recovery of reflex voiding after spinal cord injury (SCI). SCI is
known to reorganize the neural circuitry of micturition reflex after injury.

Methods—Under isoflurane anesthesia, spinal cord of 18 adult female Sprague-Dawley rats was
completely transected at the Th9/10 level. Awake cystometry was performed on controls and 6
SCI animals at each time point of 4, 8 and 12 weeks and bladder was then harvested for analysis
of 29 proteins Millipore kit or ELISA. Prophylactic dose of ampicillin 200mg/kg was
administered periodically to all SCI animals.

Results—Spontaneous recovery of voiding after SCI at 12 weeks was evident from increased
intercontractile interval and voiding efficiency during cystometry. Expression of pro-inflammatory
interleukins (IL-1a and IL-1f, IL-2 IL-5, IL-6, IL-18, TNF-a) and CXC chemokines (CXCL1,
CXCL2, CXCL10), CX3CL1 and CCL2 showed significant elevation at 4 and 8 weeks with slight
decrease at 12 weeks. In contrast, expression of anti-inflammatory interleukin 1L-10 and
neuroprotective factors, BDNF,CXCL-5 and Leptin was elevated at 8 and 12 weeks (p<0.05). In
contrast, expression of CCL3, CCL5 and growth factors VEGF, NGF, EGF, G-CSF, GM-CSF did
not show any significant temporal change after SCI.

Conclusions—Spontaneous recovery of reflex voiding at 12 weeks was marked by increased
endogenous expression of anti-inflammatory cytokine IL-10 and neuroprotective factors BDNF,
CXCL-5 and leptin, which suggests that pharmacological suppression of inflammation, can hasten
the emergence of reflex voiding after SCI.
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Introduction

The micturition reflex in spinal intact condition is triggered by the small myelinated (Ad)
bladder afferent nerves responding to bladder distension and bladder contraction for voiding
is evoked by stimulation of efferent nerves®. Voluntary control over micturition reflex is
coordinated at the spinal cord level by the spinobulbospinal reflex pathway passing through
the coordination centers (periaqueductal gray and pontine micturition center) located in the
rostral brain stem. This spinobulbospinal reflex pathway to the brainstem is therefore
directly interrupted by spinal cord injury (SCI), and as a consequence voiding behavior is
characterized by bladder areflexia with complete urinary retention.

However, sometime after injury, the bladder function becomes hyperreflexic due to the
emergence of a spinal micturition reflex pathway, which is characterized by dyssynergic
bladder and sphincter function?. Basic research have demonstrated that SCI induced
reorganization of micturition reflex is dependent in part on the plasticity of bladder afferent
pathways? and the unmasking of reflexes triggered by unmyelinated, capsaicin-sensitive, C-
fiber bladder afferent neuronss.

Subsequent investigations revealed that plasticity of bladder afferent neurons? is associated
with morphologic, chemical, and electrical changes, which appears to be mediated in part by
neurotrophic factors released at the level of bladder and spinal cord. Earlier studies have
reported that bladder expression of neurotrophic factor, nerve growth factor (NGF)* is
involved in sprouting of primary afferent neurons® and in mediating the paracrine signaling
responsible for the plasticity of bladder afferent pathways. Neurotrophic action of classic
neurotrophic factors like NGF is apparently based, to a significant extent, on their co-
operativity with other cytokines/chemokines that participate as a paracrine messengers in
bladder®’. Application of the chemokine, monocyte chemoattractant protein-1 (MCP-1/
CCL2) was recently shown to increase the excitability of mechanosensitive unmyelinated
peripheral afferents8. Increased expression of chemokine CXCL-5/LIX by the
oligodendrocytes was shown to increase the survival of neurons®. In contrast, CX3CL1 (also
known as fractalkine) expressed in bladder is considered a key to the neuron-microglia
interactions and the increased expression of CX3CL1 and CXCL-10 is associated with
apoptosisi® and demyelination of neurons, respectivelyll. We surmise that complex
biological responses involved in SCI induced plasticity of bladder afferent neurons are
therefore likely to require additional trans-signaling mechanisms mediated by multiple
mediators, which are yet to be investigated.

Here, we investigated the time dependent changes in the expression of neurotrophins, pro-
inflammatory and anti-inflammatory cytokines in bladder after SCI in order to identify the
molecular phenotype associated with spontaneous recovery of voiding function. The
biological role of proteins investigated here has been previously studied in voiding
dysfunction and inflammation. Regular antibiotic treatment of experimental animals
excluded the confounding effect of infection in the experimental outcomes.
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Animal Preparation

Experiments were performed on 24 adult female Sprague-Dawley rats (Hilltop, Pittsburgh,
PA). All animal experiments were in accordance with institutional guidelines approved by
the Institutional Animal Care and Use Committee (IACUC) at the University of Pittsburgh.
Six animals were left spinal intact to serve as controls and rest of the 18 animals received
complete spinal cord transection at the level of Th9-10 under isoflurane anesthesia. After
Th9-10 laminectomy, the dura and spinal cord were cut with scissors and a sterile Gelform
sponge was placed between the cut ends of the spinal cord. The overlying muscle and skin
were then sutured back. The bladder of spinalized rats was manually emptied twice daily
after spinalization until the experiments. Prophylactic dose of ampicillin 100mg/kg was
given daily for first two weeks and then biweekly for remaining 10 weeks to all SCI animals
to ward off urinary tract infection.

Awake Cystometry

Awake cystometry was conducted at all-time points, as previously described3. Under 0.4%
halothane anesthesia, a midline abdominal incision was made and a PE50 catheter with fire-
flared ends was passed through the bladder dome to access the bladder. The catheter tip was
secured via ligation at the bladder entrance. The abdominal wall and overlying skin was
separately closed with suture. Following surgery, animals were immediately positioned and
secured in a Ball-man-type restraining device. The bladder catheter was connected to a
Statham pressure transducers via a 3-way stopcock. The bladder infusion line connected to a
saline filled syringe and mounted upon a Harvard Micron pump was also connected to the 3-
way stopcock. The first two hours of CMG were considered as the recovery and
acclimatization period. Thereafter, intercontraction interval ( ICI) , maximum voiding
pressure and voiding efficiency, were evaluated. Animal was euthanized at the end of
cystometry by pentobarbital for harvesting the bladder tissue for cytokine/chemokine
analysis.

Measurement of Cytokines/Chemokines/Growth Factors

Bladder tissues harvested from spinal cord intact control animals and SCI animals sacrificed
at each time point were homogenized using cold CelLytic™ MT Mammalian Tissue Lysis/
Extraction Reagent (sigma) containing 2mM sodium orthovanadate, 1mM PMSF and
protein cocktail inhibitor (1X, Sigma). The homogenate was centrifuged at 10,000 rpm for
10 min and the resulting supernatants were stored at —80°C until assayed. 29 proteins
including interleukins IL-1a, IL-1, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12p70, IL-13, IL-17A
and IL-18; CXC chemokines( CXCL1, CXCL2, CXCL5 and CXCL10), CC chemokines
(CCL2, CCL3, CCL5); CX3CL1; Growth factors NGF, BDNF, VEGF and G-CSF, GM-
CSF and other inflammatory mediators such as eotaxin, leptin, IFN-y and TNFa levels were
determined on a Luminex 100 using a MILLIPLEX MAP Rat Cytokine/Chemokine Panel
(Millipore, Billerica, MA). Levels of NGF and BDNF were determined using individual
ELISA kits procured from Promega, USA. Protein estimation was done by BCA Protein
Assay Kit (Pierce, Rockford, Illinois) to standardize the chemokine concentrations relative
to tissue protein levels, which are expressed as pg/mg of total proteinl2.
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Statistical Analysis

Results

Cystometric data was analyzed for significance by one-way ANOVA followed by Tukey’s
post-test for multiple comparison. Since the expression of inflammatory mediators followed
non-normal distribution, differences between bladder tissues harvested at different time
points were analyzed by Kruskal-Wallis followed by Dunn’s test using GraphPad Prism 5.0.

Effect of SCI on Cystometry

Awake CMG of spinal intact and SCI animals at various time points revealed time
dependent changes in the voiding function induced by SCI. Representative CMG tracings
from controls and SCI animals each time point is shown in Fig.1A. Relative to spinal intact
control animals, the ICI between two voiding events in SCI animals progressively increased
from 4 to 12 weeks, with maximum at the time point of 12 weeks. Significantly increased
ICI of SCI animals was recorded at 12 weeks relative to ICI recorded at 4 weeks (p<0.05;
ANOVA followed by Tukey’s test). ICI of SCI animals is generally higher than spinal intact
animals due to urinary retention and increased bladder capacity. Maximum voiding pressure
in SCI animals was highest at 4 weeks and then gradually decreased at the 8 and at 12 week
time point.

Effect of SCI on the expression of Pro-inflammatory Cytokines

SCI caused significant alterations in the expression of pro-inflammatory interleukins IL-1a,
IL-1p IL-2, IL-5, IL-6, and IL-18 (Fig.1B), which showed a gradual elevation from 4 to 8
weeks followed by a slight decrease at 12 week time point. Relative to spinal intact animals,
IL-2 (Fig. 2B) was significantly elevated at the time points of 4 and 8 weeks, whereas IL-1a
(Fig. 2C), IL-1p (Fig. 2D) and IL-6 (Fig. 2G) reached significance at the time point of 12
weeks (*p<0.05, Kruskal-Wallis followed by Dunn’s test). Tissue levels of IL-15 and IL-6
also reached significance at the 8 week time point and the bladder tissue levels of IL-6 (Fig.
2G) were quantitatively higher than any of other 28 cytokines or chemokines measured at
any point after SCI, which indicates the predominant role of IL-6 in mediating the paracrine
signaling responsible for voiding dysfunction.

Highest expression of TNF-a (Fig. 2A), IL-5 (Fig. 2E) and IL-18 (Fig. 2H) was detected at
4 weeks point after SCI with significance (*p<0.05, Kruskal-Wallis followed by Dunn’s
test), whereas the apparent decrease in tissue levels of all three cytokines at 8 and 12 weeks
did not reach significance. IL-18 is considered a downstream mediator of signaling initiated
by CX3CL1 (Fig. 2F), and expression of CX3CL1 was found to be significant at the 8 and
12 week time point. The expression of other inflammatory cytokines, IL-12p70 and IL-17
was very low and inconsistent at all-time points after SCI (data not shown).

Effect of SCI on the expression of Anti-inflammatory Cytokines

In contrast to the consistent elevation of pro-inflammatory cytokines, there was a divergence
in the expression for the old triad of anti-inflammatory cytokines (IL-4, IL-10, and 1L-13)13,
The expression of IL-4 (Fig.3A) and IL-13(Fig.3B) was down -regulated after SCI and
relatively constant levels were detected from 4-12 weeks with statistical significance.
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Relative to spinal intact controls, the levels of IL-13 were significantly lower in SCI animals
at the 4 week time point (*p<0.05, Kruskal-Wallis followed by Dunn’s test; Fig.3). The
levels of IL-4 were significantly lowered after SCI, but there was no significance with
respect to individual time points on Dunn’s test performed after ANOVA. In contrast, the
expression of IL-10(Fig.3C) showed a gradual elevation with maximum expression at 12
weeks (*p<0.05; Kruskal-Wallis followed by Dunn’s test). IL-10 levels were nearly double
of the IL-4 or IL-13 tissue levels at all-time points and significance was reached for the time
point of 8 and 12 weeks.

Effect of SCI on the expression of neurotrophins, adipokines and growth factors

The expression of brain derived neurotrophic factor (BDNF) was significantly upregulated
and remained high at all points after SCI (Fig.3D). Likewise, the expression of adipokine,
leptin which is an adipocyte-derived hormone known to regulate food intake and energy
expenditure also remained significantly high after SCI (Fig.3E). The highest tissue levels of
leptin were recorded at the 12 week time point. In agreement with previous reports4, we
noted that compared to spinal intact control animals, the expression of NGF was
significantly lower in SCI animals at the 4 week time point (*p<0.05; Fig.3F) and it
remained low also at 8 and 12 week time point. However, the expression of EGF, VEGF, G-
CSF and GM-CSF in post-SCI animals showed insignificant changes relative to control
spinal intact animals (data not shown).

Effect of SCI on the expression of CXC chemokines

Although the expression of IFN-y was sustained at slightly higher levels in all SCI animals,
it did not reach significance. However, chemokines induced by IFN-y were measured at
significantly higher levels in bladder tissue harvested from SCI animals relative to spinal
intact controls. Expression of CXCL-1 (Fig. 4A), CXCL-2(Fig. 4B), CXCL-5(Fig. 4C) and
CXCL-10(Fig. 4D) were measured significant at the 8 and 12 week time point in post-SCI
animals (*p<0.05; Kruskal-Wallis followed by Dunn’s test; Fig.4). The expression of
CXCL-5 was quantitatively higher than other members of CXC chemokine family, which is
likely to facilitate sprouting of afferents after SCI.

Effect of SCI on the expression of CC chemokines

The expression of CCL2(Fig. 4E) was significantly elevated in post-SCI animals, which
reached a maximum at 8 week and then dropped slightly at the 12 week time point.CCL2
levels were significantly elevated at both time points of 8 and 12 weeks. In contrast, the
slightly elevated levels of CCL3 and CCL5 in post-SCI animals did not reach significance,
whereas eotaxin (CCL11) was not detectable in any of the bladder specimens (data not
shown). The overall type 1 error during multiple comparisons was not controlled due to
exploratory nature of the study.

Discussion

Inflammatory mediators have been shown to play an important role in the pathological and
physiological consequences secondary to SCI1>-17, The main findings from this study are
that inflammation plays a key role in the time dependent changes in voiding function after

Urology. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tyagi et al.

Page 6

SCI. Upregulation of anti-inflammatory mediators and neuroprotective molecules is likely to
play an important role in the plasticity of bladder afferent pathways as well as reorganization
of synaptic connections in the spinal cord. Poor voiding efficiency at the time point of 4 and
8 weeks after SCI was coincident with upregulation of pro-inflammatory cytokines (IL-1a,
IL-1B, IL-2 IL-5, IL-6, IL-18 and TNF-a), chemokines (CX3CL-1, CCL2, CXCL-1,
CXCL2, CXCL-10) and downregulation of anti-inflammatory cytokines IL-4 and IL-13. In
contrast, spontaneous recovery of voiding function at the 12 week time point was associated
with maximum expression of anti-inflammatory cytokine 1L-1018, neurotrophin BDNF and
CXCL-5 as well as the neuroprotective leptin1? in bladder.

SCI at cervical and high thoracic levels is known to trigger a severe systemic inflammatory
response20, but the role of inflammation in complete spinal transection at the mid-thoracic-
level and the secondary voiding dysfunction was not investigated so far. An earlier study on
SCI patients'8 identified 1L-6, CXCL-1, and CCL2 as potential serum biomarkers for SCI.
Here, we found that, the expression of IL-6 and CCL2 in bladder tissue remained
quantitatively higher than other mediators after SCI and the expression decreased slightly at
12 weeks, which coincided with plasticity-dependent recovery of voiding. We have
previously published time dependent changes in expression of these and other chemokines
in acute rat model of overactive bladder induced by cyclophosphamidel2. Therefore, we
focused on proteins, which have been previously studied in voiding dysfunction or
inflammation.

SCI is known to elicit an inflammatory response that recruits macrophages to the injured
spinal cord and bladder, as indicated by reports of increased spinal cord levels of CCL2
chemokine that is chemotactic for macrophages, at 6 hours and also at 4 weeks?! after SCI .
Here, we report that pro-inflammatory CCL2 was also upregulated in bladder of SCI
animals together with CX3CL1, CXCL-1, CXCL2 and CXCL-10 at 4, 8 and 12 weeks.
Upregulation of CCL2 in bladder at 4 and 8 weeks was associated with significantly reduced
ICI between two voiding events recorded during awake (conscious) cystometry. Studies
from other groups have reported that pharmacological down regulation of CCL2 leads to
reduced inflammation and increased neuronal survival after SCI22 . Interestingly, slight
lowering of bladder tissue CCL2 levels at 12 weeks accompanied the recovery of voiding
function, which led us to suggest that blockade of inflammation locally in bladder can be a
potential approach for the future treatment of SCI induced voiding dysfunction.

Time dependent changes in the expression of pro and anti-inflammatory cytokines following
SCI suggests that a right mix of paracrine signaling constituted by IL-10, CXCL-5, leptin
and BDNF creates an appropriate micro-environment in the bladder for the sprouting of
afferents that contribute to the emergence of bladder function after SCI. IL-10 is known to
block four different inflammatory cells implicated in SCI, including neutrophils, infiltrating
macrophages, and resident microglia. Anti-inflammatory cytokine, 1L-10 and IL-4 can both
reduce macrophage activation by reducing the NO production?3. A previous study found
increased levels of 1L-4 within 24 after SCI, but levels were decreased at time points
thereafter 24 as observed here at 4, 8 and 12 weeks.
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The apoptotic action of CX3CL1 and CXCL10 on bladder afferent neurons after SCI
appears to be countered by the upregulation of CXCL-5 and BDNF as a homeostatic
response? for ensuring the survival of bladder innervation after SCI. CXCL-5° promotes
sprouting of afferents and its levels were higher than other members of CXC chemokine
family (CXCL10) and CX3CL1, which promote neuronal apoptosis1011,

Poor voiding outcomes at 4 and 8 weeks in SCI animals were associated with upregulation
of CX3CL1 (also known as fractalkine) in bladder. Levels of CX3CL1 measured here are
biologically relevant and much higher than levels reported after chemically induced bladder
inflammation25. CX3CL1 is expressed in neurons and astrocytes and is known to promote
production of reactive oxygen species (ROS) which induce hyperexcitability of C-fibers by
activating TRPAL receptor. IL-18 expressed in epithelium and astrocytes is considered a
potential downstream factor of CX3CL1/CX3CR1 signaling®. The IL-18 was earlier known
as IFN-y -inducing factor and is known to induce gene expression of TNF-a, IL-1(a and f3),
and several chemokines, which may explain the coincident maximum expression of IL-18
with TNF-a, IL-5 and IL-6 at the 4 week time point after SCI.

The concept of reduced inflammation being conducive to the recovery of voiding after SCI
is supported by the highest temporal increase in the endogenous expression of anti-
inflammatory cytokine I1L-10 at 12 weeks. The homeostatic elevation of IL-10 and slightly
diminished bladder tissue levels of IL-18 and IL-2 at 12 week time point indicates a
suppression of type 1 T-helper cell (Th1) immune response and enhancement of the Th2
response at the 12 week time point after SCI. Taken together, time dependent changes in
cytokine expression shown in Fig. 2-4, Supplementary Fig. 1 suggest SCI causes initial
upregulation of the Thl response, which is subsequently suppressed at 12 weeks and the Th2
response gets upregulated. The suppression of Th1l immune response is also supported by
inconsistent measurement of IFN-y, and IL-12 levels in bladder tissue after SCI.

The anti-inflammatory effects of IL-10 are well established and exogenous delivery of IL-10
by replication deficient virus was shown to help in the functional recovery of SCI animals18.
IL-10 appears to be a more potent inhibitor of pro-inflammatory IL-1p, interferons, TNF-a
and ROS than IL-4 26, |L-10 receptor is present on astrocytes, oligodendrocytes, microglia,
and neurons and the indirect STAT3 pathway is involved in the decreased pro-inflammatory
cytokine release and the direct STAT3 pathway is neuroprotective against glutamate
excitotoxicity and also initiates an anti-apoptotic cascade and prevents the release of
cytochrome ¢ and activation of caspasel8.

The neuroprotective action of IL-10 appears to act in concert with upregulated levels of
leptin, BDNF and CXCL-5 in mediating the voiding changes seen on 12 weeks. In a recent
study, exogenous overexpression of leptin was associated with increased expression of
neuroprotective genes, reduced caspase-3 activity and decreased the expression of pro-
inflammatory molecules in SCI animal®®. Leptin is known to reduce microglial reactivity
and increase the myelin preservation!® and significant elevation of leptin at 12 week time
point in our study was associated with upregulation of CXCL-5 and reduced bladder tissue
levels of CCL2, IL-5 and IL-18. Earlier studies from our group showed that NGF is
increased initially at the 2 week time point after SCI27, but report of Vizzard et al showed
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that bladder NGF levels at 4 week time point after SCI were lower than in controls'4. Our
results obtained at 4-12 weeks after SCI corroborate with the NGF expression of previous
reportsl4. BDNF expression was maximum at 12 weeks, and studies from other groups
demonstrated that upregulation of BDNF and I1L-4 mediates the axonal regeneration and
functional recovery following administration of fibroblast growth factor?® in SCI animals. In
a recent study, Spinal BDNF expression increased in a time-dependent manner together with
emergence of reflex voiding?°.

A recent study was unable to quantitate the levels of CXCL2 ( MIP2), CXCL-5 ( LIX),
TNF-a, CCL5( RANTES), G-CSF and GM-CSF at 6h time point after SCI in spinal cord
tissue and plasma3®. On the contrary, the quantitative measurement of the bladder tissue
levels of CXCL2 ( MIP2), CXCL-5 ( LIX), TNF-a, CCL5( RANTES), G-CSF and GM-CSF
in bladder tissue at the time point of 4, 8 and 12 weeks after SCI indicates a role temporal
differences in paracrine signaling from spinal cord to bladder. Only the tissue levels of
eotaxin were undetectable in control and SCI animals at all-time points.

Overall, these findings identify the paracrine messengers involved in voiding dysfunction
after SCI and the corresponding time dependent homeostatic changes in cytokine expression
mediating the recovery of voiding. Regular antibiotic treatment of experimental animals
excluded the confounding effect of infection in these results.

The inflammatory mediators identified here may have potential utility as biomarkers and
surrogate outcome measures for evaluating biological response to therapeutic interventions.
Several existing pharmacological agents can be repositioned to enhance plasticity for
improved voiding function after SCI.

Conclusions

SCI induced voiding dysfunction and the spontaneous recovery at 12 weeks is associated
with time dependent changes in expression of pro-inflammatory and anti-inflammatory
mediators. Investigations at the molecular level are crucial to advance the understanding of
SCI induced voiding dysfunction and develop new treatments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig.1A. Effect of SCI on Cystometry
SCI progressively increased the intercontractile interval from 4 to 12 weeks. ICI in SCI

animals was maximum at the time point of 12 weeks. Generally, spinal intact animals have
lower ICI than SCI animals due to the urinary retention and increased bladder capacity of
SCI animals. Voiding in SCI animals is marked by * in each representative trace. Fig.1B:
Schematic illustration of the SCI induced voiding changes and the respective expression of
inflammatory mediators. Acute SCI induced bladder distension at 4 and 8 weeks evokes
upregulation of IL-18 from injured urothelium which induces expression of chemokines
CXCL-1, CXCL-10, CCL2 promoting adhesion and transmigration of neutrophils,
infiltrating macrophages, which cause secondary inflammatory damage and neuronal
apoptosis through the release of pro-inflammatory mediators such as TNFa, interleukinsl a,
B, 2, 5,6, CX3CL1 at 4-8 weeks. Impaired voiding coincides with initial upregulation of the
Th1 response along with reduced expression of anti-inflammatory mediators (IL-4, IL-10
and IL-13). Chemokines (CCL2, CX3CL1, CXCL-10) act on receptors expressed on
adjacent nociceptor nerve terminals to cause peripheral nociceptor sensitization by
activating TRPV1 receptor. By 12 weeks there is spontaneous recovery of voiding, Thl
response is suppressed and the Th2 response is upregulated with time dependent increased
expression of IL-10 and neuroprotective factors, leptin, BDNF and CXCLS5 to attenuate the
inflammation and neuronal apoptosis in SCI bladder.
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Fig.2. Effect of SCI on the expression of pro-inflammatory cytokines
Relative to spinal intact animals, SCI caused significant alterations in the expression of pro-

inflammatory cytokines in bladder tissue (*p<0.05, Kruskal-Wallis followed by Dunn’s test
in Panel A-G). Highest expression of TNF-a (Panel A), IL-18 (Panel H), IL-5(Panel E) and
IL-6 (Panel G) was noted at 4 weeks, when subsequently dropped gradually till 12 weeks
without significance. In contrast, the expression of pro-inflammatory interleukins IL-1a
(Panel C), IL-1f (Panel D),(Panel B) and Fractalkine ( CX3CL1(Panel F) showed a gradual
elevation from 4 to 8 weeks followed by a slight decrease at 12 week time point. Regular
antibiotic treatment of experimental animals excluded the confounding effect of infection in
the results. Bladder tissue levels of cytokine levels measured as pg/ml were normalized to
the protein concentration and expressed as pg/mg. Notice the drastic change in the scale of
y-axis for IL-6 and IL-18 compared to other cytokines, which indicates their relatively
increased expression.
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Fig.3. Effect of SCI on the expression of anti-inflammatory & Neuroprotective Factors
Relative to spinal intact animals, SCI caused divergence in the expression for old triad of

anti-inflammatory cytokines IL-4 (Panel A), IL-13 (Panel B), IL-10 (Panel C), brain derived
neurotrophic factor (BDNF) (Panel D), leptin (Panel E) and NGF (Panel F). The expression
of IL-10 showed a gradual elevation from 4-12 weeks with highest expression noted at 12
weeks, which was significant relative to spinal intact animals (*p<0.05, Kruskal-Wallis
followed by Dunn’s test). In contrast, levels of IL-4 and IL-13 were consistently lower in
SCI animals and reached significance only for IL-13 at 41 week time point, but were not
significant for IL-4. Relative to spinal intact animals, expression of BDNF and leptin was
upregulated in SCI animals and was significant at 12 weeks points. In contrast, expression of
NGF was lower at all time points after SCI and reached significance at 4 and 12 week time
point. NGF was always expressed at lower levels than BDNF. Notice the change in the scale
of y-axis for IL-10, which indicates near doubling of the expression noted for IL-4 and
IL-13. Notice that expression of leptin and neurotrophin was higher compared to anti-
inflammatory cytokines.
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Fig.4. Effect of SCI on the expression of CXC & CC chemokines

Relative to spinal intact animals and CC chemokines, the expression of all four CXC
chemokines showed gradual elevation, which reached significance at 8 and 12 weeks
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(*p<0.05, Kruskal-Wallis followed by Dunn’s test). Notice that expression of CXCL-5

(Panel C) was quantitatively higher than other members of CXC chemokine family.

Expression of CCL2 (Panel E) was also significant at 8t and 12 week. Notice the y-axis
scale of panel E to indicate that that expression of CCL2 was higher than all other members

of CXC chemokine family.
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