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Abstract
• To enhance our understanding of the interstitial cystitis urine biomarker antiproliferative

factor (APF), as well as interstitial cystitis biology more generally at the systems level,
we reanalyzed recently published large-scale quantitative proteomics and in vivo
transcriptomics data sets using an integration analysis tool that we have developed.

• To identify more differentially expressed genes with a lower false discovery rate from a
previously published microarray data set, an integrative hypothesis-testing statistical
approach was applied.

• For validation experiments, expression and phosphorylation levels of select proteins were
evaluated by western blotting.

• Integration analysis of this transcriptomics data set with our own quantitative proteomics
data set identified 10 genes that are potentially regulated by APF in vivo from 4140
differentially expressed genes identified with a false discovery rate of 1%.
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• Of these, five (i.e. JUP, MAPKSP1, GSPT1, PTGS2/COX-2 and XPOT) were found to
be prominent after network modelling of the common genes identified in the proteomics
and microarray studies.

• This molecular signature reflects the biological processes of cell adhesion, cell
proliferation and inflammation, which is consistent with the known physiological effects
of APF.

• Lastly, we found the mammalian target of rapamycin pathway was down-regulated in
response to APF.

• This unbiased integration analysis of in vitro quantitative proteomics data with in vivo
quantitative transcriptomics data led to the identification of potential downstream
mediators of the APF signal transduction pathway.
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Introduction
Interstitial cystitis (IC) is a prevalent and debilitating pelvic disorder generally accompanied
by chronic pain [1,2]. This disease affects over one million Americans, especially middle-
aged women, yet its aetiology remains unknown [3]. Several urinary biomarker candidates
have been identified for IC [4]; among the most promising is antiproliferative factor (APF),
whose biological activity is detectable in urine specimens from > 94% of patients with both
ulcerative and non-ulcerative IC [5].

APF has been shown to be a nine-residue frizzled-8 protein-related sialoglycopeptide [6].
Subsequent research has gradually clarified the molecular mechanisms underlying the
profound antiproliferative effect of APF. A number of proteins such as cytoskeleton-
associated protein 4 [7], heparin-binding epidermal growth factor-like growth factor [8], p53
[9], E-cadherin [10] and Akt [11], as well as signal pathways, such as dual mitogen-
activated protein kinase signalling pathways [12], were found to be downstream of APF.
Very recently, by employing stable isotope labelling by amino acid in cell culture (SILAC)-
based quantitative proteomics, we identified over 100 APF-regulated proteins in T24 human
bladder cancer cells and showed that a β-catenin network containing prostaglandin G/H
synthase 2/cyclooxygenase-2 (PTGS2/COX-2) is a crucial element in APF signalling [13].

Despite this progress, it remains unclear which molecules are regulated by APF in vivo
because most of the findings have been established in cell culture models. Therefore, in the
present study, we hypothesized that integration analysis of the in vitro proteomics data with
available in vivo transcriptomics data may lead to the identification of potential APF-
regulated proteins, which may be critical for the pathogenesis of IC. Recently, Gamper et al.
[14] reported a quantitative transcriptomic analysis of bladder biopsies containing mucosa,
lamina propria and detrusor muscle cells (at varying relative ratios and biopsy depth) from
five patients with ulcerative IC and six healthy individuals as controls using Affymetrix
GeneChip expression arrays (Affymetrix Corp., Santa Clara, CA, USA), with over 54 000
probe sets on the chip [14]. The study by Gamper et al. [14] is the largest published in vivo
evaluation of tissues from human IC subjects without intervening cell culture steps. In an
attempt to identify the potential proteins and genes regulated by APF in vivo, and to
possibly expand the APF-regulated network identified by SILAC, we performed an
integration analysis of our own SILAC data and the microarray data of Gamper et al. [14].
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Materials and methods
Statistical analysis for the identification of differentially expressed genes (DEGs) between
patients with IC and healthy controls

The microarray data set (GSE11783) of Gamper et al. [14] was retrieved from the Gene
Expression Omnibus database repository (http://www.ncbi.nlm.nih.gov/geo/). To identify
DEGs, we employed an integrative statistical hypothesis-testing approach that combines the
adjusted P values from three methods: Student’s two-tailed t-test, the Wilcoxon rank-sum
test and the median ratio test. In each of the three hypothesis tests, an empirical null
probability density function was estimated for the corresponding statistic (t, rank sum and
median difference) computed from 1000 random permutations of samples. Notably, 1000 is
sufficiently larger than the number of all possible combinations of randomized sample
groups (i.e. 11C5 = 462). An adjusted P value for the observed statistic of each probe set was
then computed using the empirical probability density function [15]. The P values from the
individual hypothesis tests were combined to obtain the overall P values using a meta-
analysis (Stouffer’s method) as described previously [16]. Among the meta-analysis
methods described [16], Stouffer’s method tends to produce small overall P values when the
P values being combined are collectively small, whereas Fisher’s chi-squared method tends
to produce small overall P values when one of P values is small, regardless of the other P
values. In the present study, the meta-analysis was performed to select the DEGs
collectively detected by the three different statistical tests (t-test, rank sum and log2-median-
difference tests). Therefore, we used Stouffer’s method, rather than Fisher’s chi-squared
method. False discovery rates (FDRs) were then computed from the overall P values using
Storey’s method [17]. Finally, the DEGs were selected as the genes whose FDRs were <
0.01 and with fold changes > 1.4 or < 0.71. This fold change filter was used to remove
potential false positives. For the same reason, we further used a fold change-based filter to
avoid bias towards the t-test and rank sum test (i.e. not to remove false positive DEGs that
have small fold changes but can be selected by t-test [or rank sum test] as a result of their SD).

Integration analysis of the SILAC data and the microarray data
For integration analysis, molecules that were quantitated at both protein and mRNA levels
(i.e. the overlap of the SILAC data and the microarray data) were subjected to network
modelling essentially as described previously [18,19]. Using the Database for Annotation,
Visualization and Integrated Discovery [20], we analyzed the overlapping molecules, aiming
to identify over-represented gene ontology biological processes (GOBPS) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways [21], from which we selected those
related to IC pathogenesis based on current knowledge. To construct a network model
describing the selected GPBPs and KEGG pathways, we firstly identified the first neighbour
of the overlapping molecules using the protein–protein interactome obtained from the
National Center for Biotechnology Information and the KEGG databases. Cytoscape (http://
www.cytoscape.org/) was then used to construct an initial network comprising the
interactions among the overlapping molecules and their first neighbours. In Cytoscape, this
initial network was reduced to generate a minimal subnetwork by removing the first
neighbours that do not belong to the selected GOBPs and KEGG pathways. Finally, the
nodes within the subnetwork were grouped into modules such that the nodes in the same
modules have the same gene ontology annotations or belong to the same KEGG pathways.
When a protein had multiple gene ontology annotations or belonged to multiple KEGG
pathways, the protein was grouped into the most relevant module based on our
understanding of biological processes or pathways related to IC pathogenesis.
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Network modelling of the microarray data
DEGs that were quantitated and compared in (i) non-ulcerative tissues from patients with
ulterative IC vs healthy bladder tissues and (ii) ulcerative tissues from the same patients with
ulcerative IC vs healthy controls were subjected to network modelling essentially as
described above.

Cell culture
Non-transformed urothelial cells (TRT-HU1) were cultured as described previously [22].
Patients with IC and age- and sex-matched healthy volunteers were recruited as described
previously [13]. Primary bladder epithelial cells were propagated from transitional
epithelium with submucosal bladder tissue derived from three patients with IC and three
age- and sex-matched controls as described previously [13].

Western blot analysis
TRT-HU1 cells grown in six-well culture plates were treated with 1 μM synthetic asialo-APF
or non-glycosylated negative control peptides (both from PolyPeptide Laboratories, San
Diego, CA, USA) for 3 days after 16 h of serum starvation [6,11]. Whole cell lysates were
extracted using lysis buffer purchased from Cell Signaling Technology (Beverly, MA,
USA). Protein (25 μg) was subjected to SDS-PAGE separation and western blot analysis as
described previously [22]. Lysates of bladder epithelial cells from patients with IC and
controls were used for western blotting [13]. Antibodies against phospho-Akt (Ser473), Akt,
phospho-mammalian target of rapamycin (mTOR) (Ser2448), mTOR, phospho-p70S6K
(Thr389) and p70S6K were obtained from Cell Signaling Technology. Secondary antibodies
and the Micro BCA protein assay kit were obtained from Pierce (Rockford, IL, USA). The
ECL™ detection system was obtained from Amersham Biosciences (Little Chalfont, UK).

Results
Identification of genes differentially expressed between patients with IC and healthy
controls

Gamper et al. [14] described DEGs between Hunner’s ulcer IC vs healthy control-derived
mRNA. Their analysis suggested that immune and inflammatory responses are dominant in
ulcerative tissue from patients with IC. However, Gamper et al. [14] used Student’s t-test for
statistical analysis, which has significant limitations in the case of a small sample size.
Moreover, the FDR of 8.7% for the 3618 significantly changed probe sets was relatively
high compared to non-ulcer tissue in patients with Hunner’s ulcers and tissue from healthy
controls (i.e. healthy) (Fig. 1A). Therefore, we decided to re-analyze the data set of Gamper
et al. [14] using a more powerful statistical tool (i.e. an integrative statistical method) to
calculate overall FDRs (as described in the Materials and methods).

As a result of this analysis, 3034 and 3324 DEGs (FDR < 0.01 and fold change > 1.4),
arising from 5050 and 5270 probe sets, were identified for comparison: (i) non-ulcerative
tissue from patients with IC vs bladder tissue from healthy controls and (ii) ulcerative tissue
from the same patients with IC vs bladder tissue from healthy controls, respectively, with
2218 in common. As shown in Fig. 1A, a comparison of non-ulcerative samples from
patients with ulcerative IC vs healthy samples using the method described in the present
study generated a more comprehensive set of DEGs with a much lower FDR than the
method of Gamper et al. [14]. In addition to 1794 probe sets shared by both methods, 3256
and 163 probe sets were identified only by the method described in the present study and by
the method of Gamper et al. [14], respectively (Fig. 1A).
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Heatmap analysis of the 3256 probes additionally identified by the method described in the
present study indicated that we were able to select DEGs showing differential expression in
most (but not necessarily all) non-ulcerative tissues from patients with ulcerative IC
compared to healthy tissue samples (Fig. 1B). By contrast, the method used by Gamper et al.
[14] was so stringent that these probes could not be identified because no differential
expression was observed in one IC sample (non-ulcer tissue 14) compared to healthy
controls (Fig. 1B).

Furthermore, functional enrichment analysis of the DEG set of the present study and that of
Gamper et al. [14] showed that pathways such as the immune response, immune cell
activation and inflammatory response were commonly enriched (P < 0.05) in both data sets,
whereas the bone morphogenetic protein and epidermal growth factor (EGF) signalling
pathways, sterol biosynthetic process, and G1/S mitotic transition pathways were uniquely
enriched by the DEG set of the present study (Fig. 1C). This result suggested that most of
the additional 3256 probe sets are functionally redundant compared to those in the data set
of Gamper et al. [14]. However, the additional DEGs were useful for integration analysis
and also for the generation of a much broader network model.

Integration analysis identifies potential molecules regulated by APF in vivo
Comparison of the combined 4140 DEGs from the two DEG sets generated using our
statistical method with the 102 differentially expressed proteins identified by SILAC [13]
showed that the expression of 29 non-redundant genes, corresponding to 43 probe sets, was
also changed in patients with IC with Hunner’s ulcer (Table 1). Among the 29 genes, 10
were consistently up- or down-regulated in both APF-treated T24 proteomics data and the
human tissue gene expression data (Table 1), suggesting that they are potentially regulated
by APF in vivo. Of the 10 genes, seven genes (TACSTD2, ERMP1, HSD17B4, HUWE1,
MAPKSP1, GSPT1 and JUP1) were down-regulated, whereas three genes (XPOT, PTGS2/
COX-2 and HIST1H4B) were up-regulated in both proteomics and transcriptomics data sets.
Notably, TACSTD2, HSD17B4, HUWE1, JUP, XPOT, PTGS2/COX-2 and HIST1H4B
were altered in the ulcerative bladder tissue (non-epithelium), as well as in T24 cells
(epithelium-derived). This suggests that APF may regulate the expression of those genes in
both epithelial and non-epithelial cells in vivo.

To identify the molecular networks potentially regulated by APF in vivo, we performed
integration analysis and network modelling. As shown in Fig. 2, 10 modules, including cell
adhesion, mitogen-activated protein kinase (MAPK), GTPase regulator and cell cycle, were
down-regulated, whereas nine modules, including integrin, actin regulation, transport and
COX, were up-regulated. In addition, several molecules, such as PTGS2/COX-2, XPOT,
mitogen-activated protein kinase scaffold protein 1 (MAPKSP1), JUP and GSPT1, are
shown with similarly coloured node and node boundaries, indicating that they are up- or
down-regulated at both the RNA and protein levels.

Network modelling of DEGs identifies pathways changed in IC in vivo
To determine which pathways are most significantly changed in IC in vivo and whether the
aforementioned APF-regulated modules are part of the significantly changed pathways, we
performed network modelling analysis of the DEGs identified using the analytic method
employed in the present study. As shown in Fig. 3, immune system and inflammatory
pathways regulating: (i) signalling downstream of immunoreceptors, such as T cell receptor,
B cell receptor and the high-affinity IgE receptor FcεRI; (iii) Toll-like receptor signalling;
(iii) antigen processing and presentation; and (iv) leukocyte transendothelial migration are
all up-regulated in not only ulcerative, but also non-ulcerative biopsies from patients with
ulcerative IC compared to healthy bladder tissues. Previously, we found that PTGS2/
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COX-2, an inducible enzyme critical for the biosynthesis of pro-inflammatory prostaglandin
E2, is up-regulated by APF in vitro and also overexpressed in urothelial cells explanted from
IC biopsies [13]. Given that PTGS2 is also up-regulated in IC in vivo, it is probable that
PTGS2/COX-2 transmits inflammatory effects of APF and that the PTGS2/COX-2 module
is a critical module downstream of APF in vivo.

APF regulates the Akt/mTOR/p70S6K pathway in bladder epithelial cells
By contrast to PTGS2/COX-2, MAPKSP1 and GSPT1 are significantly down-regulated in
both SILAC and microarray datasets (Fig. 2). MAPKSP1 encodes a MAPK scaffold protein
that binds specifically to MEK1 but not to MEK2 [23]. It has been reported to be involved in
the activation of mTORC1 [24]. GSPT1 encodes a translation factor named eukaryotic
peptide chain release factor subunit 3a (eRF3a), and it has been shown that eRF3a depletion
decreases translation through the inhibition of mTORC1 activity [25].

Because the phosphorylation of Akt, a crucial upstream activator of mTORC1, was
previously shown to be decreased by APF [11], we further aimed to examine whether the
PI3K/Akt/mTOR/p70S6K pathway signalling proteins were abnormally expressed and/or
phosphorylated in APF-treated TRT-HU1 cells or cells explanted from patients with IC.
When TRT-HU1 cells, which were originally explanted from normal tissue and
immortalized with hTERT, were treated with APF, the phosphorylation levels of Akt-S473,
mTOR-S4882 and p70S6K-T389 were down-regulated, whereas the expression levels of
Akt, mTOR and p70S6K proteins were unaffected (Fig. 4, left). Moreover, a similar pattern
was observed in primary bladder epithelial cells derived from patients with IC and matched
controls (Fig. 4, right). These findings suggest that mTOR signalling may be important in
addition to the β-catenin and MAPK pathways in the APF signal network [11-13].

Discussion
In the present study, the network modelling predicted that inflammatory mediators are
consistently increased in both in vivo human specimens from patients with IC and in vitro
APF-responsive cultured bladder cells. These findings are supportive in general terms of
previous observations that mast cells (in detrusor muscle in particular), as well as cytokines
and inflammatory markers (e.g. histamine, methylhistamine and interleukin-6), which often
are associated with pain, hyperaemia and fibrosis, are significantly increased in the bladder
tissue and urine of patients with IC [26,27]. Although the molecular networks regulated by a
promising marker for IC (i.e. APF) are emerging from in vitro models using quantitative
proteomics analysis [13], little is known about the molecules regulated by APF in vivo. In
the present study, by using integration analysis of large-scale quantitative proteomics and
transcriptomics data sets in combination with network modelling, 10 candidate genes are
identified that we conclude are probably regulated by APF in vivo. Of these candidates, five
(i.e. JUP, MAPKSP1, GSPT1, PTGS2/COX-2 and XPOT) are components of candidate
modules that are significantly changed by APF.

Among the five prominent candidate genes identified in this analysis, JUP encodes the
protein junction plakoglobin or γ-catenin. This protein is the only known constituent
common to submembraneous plaques of both desmosomes and adherens junctions [28]. The
down-regulation of JUP may cooperate with APF-induced down-regulation of other catenin
proteins, such as α-catenin [10] and β-catenin [11,13], leading to decreased cell–cell
adhesion and thus increased bladder epithelial leakiness, a common feature of IC. Similar to
down-regulation of the other catenins, down-regulation of γ-catenin may also play a role in
the regulation by APF of other gene expression, including E-cadherin and vimentin;
decreased γ-catenin may also lead to aberrant downstream protein phosphorylation,
including Akt and extracellular signal-regulated kinase (ERK) [11,12,29].
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MAPKSP1 encodes a MAPK scaffold protein that binds specifically to MEK1 but not to
MEK2 [23]. Recent studies showed that this protein tightly associates with p14 and that the
association is important for ERK activation in response to EGF [30]. The down-regulation
of MAPKSP1 in combination with APF-induced down-modulation of EGF receptor [13]
would also be expected to inhibit ERK activation. This provides yet another potential
mechanism by which APF could inhibit heparin-binding epidermal growth factor-like
growth factor-induced activation of ERK [12]. With respect to GSPT1, which encodes
eRF3a, it has been reported that eRF3a depletion causes cell cycle arrest at G1 with
decreased translation through the inhibition of mTORC1 activity [25]. Notably, MAPKSP1
has also been reported to be involved in the activation of mTORC1 [24]. The findings
obtained in the present study indicate that the Akt pathway is a critical downstream
component of APF signalling. Another APF responsive gene, XPOT, encodes tRNA
exportin, which specifically binds to mature tRNAs and exports them from the nucleus to
the cytoplasm [31]. tRNAs are essential intermediates of protein synthesis. Although the
physiological meaning of up-regulation of tRNA exportin in response to APF is unclear, up-
regulation of tRNA exportin may comprise a compensatory mechanism for offsetting the
APF-induced decrease in protein synthesis and/or APF-induced decrease in the expression
of a putative tRNA synthetase-like protein [10].

Although previous studies have shown that APF plays an important role in the regulation of
cell adhesion, paracellular permeability, proliferation and cell signalling, they have not
addressed its possible involvement in the inflammation commonly seen in ulcerative IC. The
analysis conducted in the present study showed that the increased expression of proteins
involved in certain immune responses, including the activation and differentiation of
leukocytes, lymphocytes and T cells, was consistently observed in the DEG set of the
present study and that of Gamper et al. [14] (P < 0.05) (Fig. 1C). Recently, using SILAC-
based quantitative proteomics followed by functional assays, we showed that APF can evoke
an inflammatory response by inducing the overexpression of PTGS2, more commonly
known as PTGS2/COX-2, in bladder T24 cancer cells [13]. It was also shown that the level
of PTGS2/COX-2 is increased in urothelial cells explanted from IC biopsies compared to
bladder tissue from healthy controls [13]. Analysis of the in vivo microarray data set of
Gamper et al. [14] showed that PTGS2/COX-2 is overexpressed in IC. Because APF activity
has been shown to be present in > 94% of patients with IC diagnosed using the same criteria
[5], these findings support the conclusion that PTGS2/COX-2 may be a critical node for
transmitting the inflammatory effect of APF in vivo.

In summary, integration analysis of two published large-scale data sets identified 10
potential molecules regulated by APF. Network modelling showed that inflammation is also
present in non-ulcerative tissue from patients with ulcerative IC, supporting our previous
findings and hypothesis suggesting that APF, whose level may greater in urine samples from
patients with IC, evokes an inflammatory response by up-regulating PTGS2/COX-2 [13].
The data obtained in the present study also provide additional evidence for the role of APF
in regulating the expression of proteins that in turn regulate cell adhesion, as well as Akt and
Erk signalling pathway activation, corroborating information obtained by other methods
[11,32]. Notably, two of these proteins (i.e. MAPKSP1 and GSPT1), which are down-
regulated by APF, are also involved in the activation of mTORC1, suggesting that the
mTOR pathway is potentially a critical pathway regulated by APF. Several components of
the mTOR pathway are being studied as potential therapeutic targets in other diseases [33].
The analysis conducted in the present study suggests that this pathway may also be relevant
in the design of diagnostic tools and medications targeting IC.

In conclusion, bioinformatics analysis of SILAC-based quantitative proteomics and
transcriptomics data have predicted several candidate molecules as mediators of cellular
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responses evoked by APF, a sialoglycopeptide prevalent in the urine of patients with IC.
Combined with earlier findings, these results suggest additional rational targets for
therapeutic intervention in IC.
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EGF epidermal growth factor

eRF3a eukaryotic peptide chain release factor subunit 3a

ERK extracellular signal-regulated kinase

FDR false discovery rate

IC interstitial cystitis

KEGG Kyoto Encyclopedia of Genes and Genomes

MAPK mitogen-activated protein kinase

MAPKSP1 mitogen-activated protein kinase scaffold protein 1

mTOR mammalian target of rapamycin

PGE2 prostaglandin E2

PTGS2/COX-2 prostaglandin G/H synthase 2/cyclooxygenase-2

SILAC stable isotope labelling by amino acids in cell culture
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FIG. 1.
Comparison of differentially expressed genes (DEGs) of non-ulcerative tissue from patients
with ulcerative interstitial cystitis (IC) vs bladder tissue from healthy controls obtained using
the methods described in the present study, as well as those of Gamper et al. [14]. A, Venn
diagram showing the relationships between DEGs generated using the methods described in
the present study, as well as those of Gamper et al. [14]. B, Heatmap showing differential
expression of the 3256 DEGs additionally identified using the methods described in the
present study. The red and green colours represent the increase and the decrease of their
expression levels in non-ulcerative tissue from patients with ulcerative IC compared to
tissue from healthy controls, respectively. C, Functional enrichment analyses of DEGs
generated using both methods. Most processes shown were commonly enriched by both
DEG sets, whereas bone morphogenetic protein (BMP) and epidermal growth factor (EGF)
receptor signalling pathways, sterol biosynthetic process, and G1/S transition of the mitotic
cell cycle were all uniquely enriched in the DEG set of the present study. FDR, false
discovery rate.

Yang et al. Page 11

BJU Int. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



FIG. 2.
A network model generated by integrating the stable isotope labelling by amino acids in cell
culture (SILAC) data of the present study and the differential RNA expression data
(GSE11783) of Gamper et al. [14]. Node colour represents increases (red), no significant
changes (yellows) and decreases (green) in protein abundance after antiproliferative factor
(APF) treatment, as ascertained by SILAC. Changes in RNA expression levels of the
corresponding nodes in patients with interstitial cystitis (IC) are shown as coloured node
boundaries (donut shape) and the colour represents increases (red), no significant change
(yellow) and decreases (green) in gene expression in IC patient material compared to normal
specimens. Large circles (or ovals) surrounding several nodes represent modules, and
colours indicate increased (pink) or decreased (light green) expression. Several molecules,
such as prostaglandin G/H synthase 2/cyclooxygenase-2 (PTGS2/COX-2), mitogen-
activated protein kinase scaffold protein 1 (MAPKSP1) and γ-catenin (JUP), emerged as
nodes significantly perturbed in vitro and in vivo in the integrated APF network. COX;
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cyclooxygenase; ECM, extracellular matrix; EGFR, epidermal growth factor receptor;
MAPK, mitogen-activated protein kinase; NF-κB, nuclear factor kappa B; STAT, signal
transducer and activator of transcription.
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FIG. 3.
Network analysis suggests an immune response and inflammation in ulcerative tissue and
non-ulcerative tissue of patients with ulcerative interstitial cystitis (IC). Microarray data
from patients with IC with Hunner’s ulcer (GSE11783) predict a hypothetical network,
showing an immune response and inflammation signature (P < 0.01) in both ulcerative tissue
and non-ulcerative tissue. The node and node boundary colours represent changes at the
mRNA level in ulcerative tissue and non-ulcerative tissue of patients with IC, respectively,
compared to tissue from healthy controls. The pathway information was obtained from the
Kyoto Encyclopedia of Genes and Genomes pathway database.
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FIG. 4.
Antiproliferative factor (APF) regulates the Akt/mammalian target of rapamycin (mTOR)
signalling pathway in bladder epithelial cells. Left: in TRT-HU1 cells, Akt, mTOR and
p70S6K were dephosphorylated in response to APF treatment. Right: phosphorylation levels
of Akt, mTOR and p70S6K were significantly reduced in primary epithelial cells explanted
from interstitial cystitis (IC) bladder compared to paired normal bladder (NB)
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