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Abstract
Introduction This study characterized and compared cellular energetic metabolism features in
the treatment of chemically induced non-muscle invasive bladder cancer (NMIBC) in Fischer
344 rats that were submitted to intravesical immunotherapies with P-MAPA (Protein aggregate
magnesium-ammonium phospholinoleate-palmitoleate anhydride) and Bacillus CalmetteGuérin (BCG).
Methods Rat urinary bladder samples from Control, NMIBC (Cancer), NMIBC+BCG and
NMIBC+P-MAPA groups were submitted to histopathological and western blotting analyses
for the following proteins: GLUT 1, PFK, GAPDH, HADHSC, β-F1-ATPase, AMPK and mTOR.
Results P-MAPA Intravesical treatment was effective in tumor regression and histologic
recovery of the urinary bladder in the NMIBC. There was a significant increase in protein levels
of GLUT 1, mTOR, GAPDH and HADHSC in the NMIBC+P-MAPA group. It was observed an
increase in protein levels of PFK and β-F1-ATPase and a significant reduction in protein levels
of AMPk in the NMIBC group.
Conclusions Our results showed that immunotherapy with P-MAPA may be an alternative in
the treatment of NMIBC, especially in cases where BCG therapy failure, as evidenced by the
effect of P-MAPA on tumor regression.
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Introduction
The American Cancer Society estimates 81,190 new cases of
Bladder Cancer (BC) in the United States in 2018 and about 17,240
deaths as a result of this disease [1].
Initial BC treatments involve transurethral resection of bladder
tumor (TURBT) [2-4]. In patients with a high risk of NMIBC,
intravesical immunotherapy with Bacillus Calmette-Guérin (BCG)
may be performed after TURBT as a measure to decrease tumor
progression and avoid recurrence [5, 6]. Side effects are present
in 69.5% to 91% of patients treated with BCG, ranging from mild
to moderate irritative symptoms of the urinary tract to death,
including systemic manifestations such us sepsis, granulomatous
hepatitis, miliary pneumonitis, bone marrow involvement,
soft tissue infections, vascular aneurysms, arthritis and uveitis
compromising their use [7-9].
Faced with these side effects, several studies have been carried out
to offer new therapeutic options for NMIBC. Among these studies,
compounds that are capable of acting as Toll-like receptor agonists
(TLRs) can be evaluated and developed as anticancer drugs (10).
The Protein aggregate magnesium-ammonium phospholinoleatepalmitoleate anhydride (P-MAPA) acts as an agonist for TLRs
2 and 4, as well as activates p53, promoting tumor regression in
NMIBC, suppressing abnormal cell proliferation and preventing
tumor expansion [11-14].
Understanding how neoplastic cells are capable of ensuring a
positive energy balance and associating it with anabolic processes
is fundamental for the development of effective therapies to fight
cancer. The study of energy metabolism aims to understand and
indicate, for example, which fuel is being used preferentially,
which way this fuel is participating, which are the factors that
regulate or modulate the speed of these ways, among others.
The energy consumption of metabolic activity in normal cells is
primarily based on the oxidative phosphorylation (OXPHOS),
which is efficient and generates more adenosine triphosphate (ATP)
in relation to the glycolysis. In aerobic conditions, the normal
cells convert glucose to pyruvate via glycolysis in the cytosol
and, subsequently, to carbon dioxide in the mitochondrion [15]. In
anaerobic conditions, the glycolysis is favored, and relatively little
pyruvate is supplied to the oxygen consuming mitochondria [15].
This process is characterized by high glucose consumption and
lactate production, regardless of the oxygen inflow [15, 16]. As all
neoplastic cells are dependent on this change in metabolism, these
pathways represent "checkpoints" that are susceptible to changes
and attractive with regard to therapeutic targets [17, 18].
Several proteins involved in the pathways of oxidative
phosphorylation and glycolysis act as markers for these
processes. In this study we used Glucose transporter-1 (GLUT
1), Phosphofructokinase (PFK), glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) as glycolytic pathway markers and,
Short chain 3-hydroxyacyl-CoA dehydrogenase (HADHSC) and
Mitochondrial ATP synthase F1-beta-subunit (β-F1-ATP synthase)
as the markers of the OXPHOS pathway.
The checkpoints for glycolysis and OXPHOS are regulated by
some key proteins, highlighting the AMP-dependent protein
kinase (AMPK). This protein promotes cell survival in the face of
metabolic stress, promoting the arrest of the cell cycle through the
regulation of anabolic pathways and the promotion of catabolism
[19]. On the other hand, the AMPK activator, called LKB1, is
absent in many tumors, which makes these cells more sensitive
to nutrient deprivation, since they are unable to react and adapt to
metabolic stress [19]. AMPK also participates in the inactivation
of mTOR (Mammalian Target of Rapamycin) which is one of
the main regulators of protein translation and proliferation. This
protein, and the mTORC1 complex that is activated, detects the
nutritional status of cells. If nutrients are absent, the cells do not
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synthesize proteins and stop growing. However, when mTOR
is hyperactivated, as in an oncogenic context by mutation of the
tumor suppressor TSC (tuberous sclerosis complex), the cells
become susceptible to glucose deprivation. These cells try to use
nutrients for anabolic pathways as they cannot match the supply
and demand for nutrients [19].
Since the cells that constitute the BC need adjustments in cellular
energy metabolism to support uncontrolled cell proliferation
[15, 16], therapies that may hinder or inhibit these adjustments
represent a promising modality for combat of this type of tumor.
Thus, we evaluated the immunotherapeutic effect of the biological
response modifier P-MAPA on energy metabolism in NMIBC that
were chemically induced in rats.
Materials and methods
Experimental Proceedings for NMIBC Induction and Treatment
The experimental protocol (3706-1 protocol) was approved by the
Ethics Committee on Animal Use (UNICAMP/Brazil) for the use
and care of laboratory animals. In this study were obtained, from
the University of Campinas (Brazil), 40 female rats variety Fischer
344, weighing on average of 150 grams. Thirty female were
NMIBC induced according to Garcia et al. [13] and 10 animals
were not induced and considered as control group. Two weeks
after the induction, the animals were subjected to the cystography
examination to confirm the presence of tumor. Subsequently, all
the 40 animals were divided into 4 groups (10 animals per group):
Control group: received an intravesical dose of 0.3 ml of 0.9%
saline solution per week for 6 consecutive weeks; NMIBC group:
received the same treatment as the control group; NMIBC + BCG
Group: received an intravesical dose of 106 CFU (40 mg) of BCG
that were diluted in 0.3 mL of 0.9% saline solution per week for
6 consecutive weeks; NMIBC + P-MAPA Group: received an
intravesical dose of 5 mg/kg of P-MAPA (Farmabrasilis, São
Paulo, Brazil) dissolved in 0.3 mL of 0.9% saline solution per
week for 6 consecutive weeks. Two weeks after the treatment, the
animals were euthanized, and the urinary bladders collected and
submitted to histopathological and Western blotting analyses.
Histopathological Analysis
Urinary bladder, from each group, was collected and fixed in
Bouin solution, dehydrated, diaphanized and embedded in plastic
polymers (Paraplast Plus, ST. Louis, MO, USA). The fragments
were sectioned with a thickness of 5μm, on a microtome Leica RM
2165 (Leica, Munich, Germany), stained with hematoxylin-eosin
and Masson's Trichrome and photographed on the light microscope
Zeiss Axiophot (Zeiss, Munich, Germany). Histopathological
diagnosis of each experimental group was analysed by a
Pathologist and classified as proposed by the consensus of the
World Health Organization / International Society of Urological
Pathology [20].
Western Blotting Analysis
The urinar y bladder urothelium of all animals in each
experimental group was collected, frozen and subsequently
submitted to the analysis of Western Blotting. The samples
were homogenized in extraction buffer (Sigma-Aldrich, St.
Louis, MO, USA) and the extracts of urothelium were obtained
by centrifugation. Determination of protein concentration was
performed by the Bradford method and readings taken by ELISA
(Multiskan Photometer FC, Standard; Thermo Fisher Scientific,
USA). The corresponding 70 micrograms of protein was applied
to SDS-polyacrylamide gel. After electrophoresis, the material
was transferred electrically to nitrocellulose membranes. The
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Table 1. Percentage of histopathological changes in the urinary bladder of rats of the Control, NMIBC, NMIBC + BCG
and NMIBC + P-MAPA groups.
Histopathology

Control

NMIBC

NMIBC + BCG

NMIBC +P-MAPA

(n=5)

(n=5)

(n=5)

(n=5)

05(100%)

-

01 (20%)

02 (40%)

-

-

-

02 (40%)*

Papillary Urothelial
Carcinoma (pTa)

-

01 (20%)

04 (80%)*

01 (20%)

Urothelial
Carcinoma with
invasion of the
lamina propria
(pT1)

-

04(80%)*

-

-

Normal
Flat hyperplasia

*Statistical significance (proportion test, P <0.0001)
membranes were blocked with 3% BSA diluted in TBS-T
and then incubated with primary antibodies: GLUT 1 (Santa
Cruz Biotechnology, Inc., USA), PFK (LifeSpan BioSciences,
Inc., EUA), GAPDH (abcam, EUA), HADHSC (Santa Cruz
Biotechnology, Inc., USA), ATP synthase (β-F1-ATPase)
(MyBioSource, USA), AMPK (Santa Cruz Biotechnology, Inc.,
USA) and mTOR (abcam, EUA). The membranes were then
incubated for 2 h with secondary HRP-conjugated antibodies
(diluted 1:3,000 in 1% BSA; Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA). Peroxidase activity was detected by incubation
with a diaminobenzidine chromogen (Sigma Chemical Co., St
Louis, USA). Western blots were run in duplicate, and urinary
bladder samples were grouped from 5 animals per group for each
repetition. The semi-quantitative densitometry (IOD – Integrated
Optical Density) analyses of the bands were conducted using
NIH ImageJ 1.47v software (National Institute of Health, USA.
Available in: http://rsb.info.nih.gov/ij/), followed by statistical
analyses. β-actin was used as endogenous positive controls for
standardization of the readings of band staining intensity. The
results were expressed as the mean ± standard deviation of the
ratio of each band's intensity to β-actin band intensity.
Statistical Analysis
The histopathological analyses were evaluated using the ratio test
and type-I error of 5% was considered statistically significant.
For analysis of Western Blotting, the quantified parameters were
statistically analysed for the different experimental groups. For
the statistical analyses were used the Test-T and the analyses
of variance (ANOVA) followed by Tukey's post hoc test for
comparison of averages. All analyses were performed with 1%
significance level. The results were expressed as mean ± standard
deviation.
Results
Histopathological Analysis
The animals from Control group presented normal urothelium
formed of 2-3 layers: a layer of basal cells, an intermediate cell
layer and a superficial or apical layer composed of umbrella cells

(Fig. 1A, 1B, 1C; Table 1).
In contrast, animals from NMIBC group presented drastic
histopathological changes. Tumor urothelial cells invading the
lamina propria (pT1) and papillary urothelial carcinoma (pTa) was
found in 80% and 20% of the animals, respectively (Fig. 1D, 1E,
1F; Table 1). Keratinizing squamous metaplasia was found in 60%
of these animals (Fig. 1D, 1E).
The most frequent histopathological change in the urinary
bladder of the NMIBC + BCG group was the papillary urothelial
carcinoma (pTa) (80%). Also, 20% of the animals from NMIBC +
BCG group presented normal urinary bladder histology (Fig. 1G,
1H, 1I; Table 1).
Animals treated with P-MAPA (NMIBC + P-MAPA group)
clearly showed better histopathological recovery from the cancer
state than those observed in the NMIBC + BCG group, showing
flat hyperplasia (40%) (Fig. 1L; Table 1) and papillary urothelial
carcinoma (pTa) (20%) (Table 1). Normal urothelium was
observed in 40% of the animals (Fig. 1J, 1K, 1L, Table 1). Also,
small areas of fibrosis were identified in all animals from this
group.
Western Blotting Analysis
The NMIBC+P-PMAPA group showed the highest GLUT 1
protein levels compared to NMIBC and NMIBC+BCG groups
(Fig. 2A). It was observed a reduction in GLUT 1 protein levels in
the NMIBC+BCG group in relation to Control group (Fig. 2A).
There was a significant increase in mTOR protein levels from
NMIBC+P-MAPA group in comparison to other groups analyzed
(Fig. 2B). The NMIBC+BCG and Control groups showed a
significant increase in mTOR protein levels when compared to
NMIBC group (Fig. 2B).
The NMIBC group showed an increase in PFK protein levels
in comparison to other groups analyzed (Fig. 2C). However, no
statistical differences were found among Control, NMIBC+BCG
and NMIBC+P-MAPA groups (Fig. 2C).
There was a significant increase in GAPDH protein levels from
NMIBC+P-PMAPA group when compared to Control group (Fig.
2D).
The animals treated with P-MAPA (NMIBC+P-MAPA
group) presented an increase in the HADHSC protein levels in
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Figure 1. Representative photomicrographs stained with Masson's Trichrome (A), (D), (G), (J) and Hematoxylin-Eosin (B), (C), (E), (F), (H),
(I), (K), (L) of the urinary bladders from the Control (A, B, C), NMIBC (D, E, F), NMIBC + BCG (G, H, I) and NMIBC + P-MAPA (J, K, L)
groups. (A), (B), (C) Normal urothelium formed of 2-3 layers: a layer of basal cells (white arrow), an intermediate cell layer (black arrow) and
a superficial layer composed of cells in umbrella (fine black arrow). (D), (E), (F) Urothelial Carcinoma with invasion of the lamina propria
(pT1) (fine white arrow); keratinizing squamous metaplasia (black triangle). (G), (H), (I) Papillary urothelial carcinoma (pTa). (J), (K), (L) Flat
hyperplasia. A – L: Ur – urothelium, Lp – lamina propria, M – muscular layer, Star – cellular atypia, V – blood vessels. Scale: 200μm (A, D, E,
G, H, J, K), 100μm (B) and 50μm (C, F, I, L).

comparison to other groups analyzed (Fig. 3A).
It was observed a significant reduction in AMPK protein levels
from NMIBC+BCG group in comparison to other groups analyzed
(Fig. 3B).
There was a significant increase in β-F1-ATPase protein levels
from NMIBC group in comparison to other groups analyzed (Fig.
3C).
ll figures and tables should be cited in order, and also should be
indicated with capital letters and bold labels, for example (Figure
1 and Table 1). Three or more figures or tables should be cited as,
for example (Figure 1–3). This part can be divided into sections
and described by short headings.
Discussion
Proliferating neoplastic cells exhibit considerable metabolic

needs that differ from normal cells [21, 22]. In this context, it is
considered that there is a metabolic heterogeneity observed in
tumors influenced directly by the tumor microenvironment itself
[22, 23]. Among the many variables that may oscillate in the
tumor microenvironment, abnormal tumor vascularization may
result in different gradients of nutrients (glucose, amino acids and
lipids), oxygen and pH, providing the substrates for the metabolic
pathways and altering the metabolism through availability of these
nutrients [24].
The induction of aerobic glycolysis is one of the primary
metabolic changes associated with proliferation of tumor cells.
Glucose transporters (GLUTs) are responsible for glucose uptake
and have tissue-specific isoforms. GLUT-1 is expressed in all
tissues and in several tumors is the predominantly overexpressed
isoform [25]. mTOR activation stimulates glucose uptake and
also participates in the uptake of other necessary nutrients to
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Figure 2. Representative Western blotting and semi-quantitative determination for the protein levels of GLUT 1 (A), mTOR (B), PFK (C) and
GAPDH (D). The urinary bladder samples were grouped in 5 animals per group for each replicate (duplicate) and used for the semi-quantitative
densitometry of GLUT1, mTOR, PFK and GAPDH levels after normalization with β-actin. All data were expressed as mean ± standard
deviation. The asterisks showed significant differences (p <0.01) between the groups after the Tukey test. Experimental groups: Control, NMIBC,
NMIBC + BCG (BCG), NMIBC + P-MAPA (P-MAPA).
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Figure 3. Representative Western blotting and semi-quantitative determination for the protein levels of HADHSC (A), AMPK (B) and β-F1ATPase (C). The urinary bladder samples were grouped in 5 animals per group for each replicate (duplicate) and used for the semi-quantitative
densitometry of HADHSC, AMPK and β-F1-ATPase levels after normalization with β-actin. All data were expressed as mean ± standard
deviation. The asterisks showed significant differences (p <0.01) between the groups after the Tukey test. Experimental groups: Control, NMIBC,
NMIBC + BCG (BCG), NMIBC + P-MAPA (P-MAPA).
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the cell, amino acids, LDL and iron [26]. The main downstream
effectors of mTOR pathway (phos S6 and 4E-BP1) have been
shown to be independent predictors of prognosis in several types
of solid tumors [27, 28]. Studies demonstrated lower phos S6 and
higher 4E-BP1 expression levels in urothelial tumors compared
to normal urothelium [27, 28]. The inverse correlation between
phos S6 expression and tumor pT stage was related to a favorable
prognostic effect of higher phos S6 levels in bladder tumors but
was in contrast with prior findings of unfavorable prognostic
effect of Phos S6 expression in other solid tumors [27, 28]. The
downregulation of phos S6 in more aggressive bladder tumors
could theoretically be related to their hypoxic tolerant phenotype
given prior evidence for downregulation of mTOR pathway
through HIF1α activation in hypoxic states [27].
Considering the animal model of NMIBC, the present results
demonstrated that the intravesical immunotherapy with P-MAPA
was able to increase the GLUT-1 protein levels in relation to the
animals with cancer without treatment (NMIBC group) and in
relation to the animals treated with BCG (NMIBC + BCG group).
This fact may be related to the increase in mTOR protein levels,
which were significantly higher in the P-MAPA group in relation
to these same groups (NMIBC and NMIBC + BCG groups).
This increase in mTOR protein levels probably increased glucose
uptake in animals treated with P-MAPA. This fact may be related
to the mechanism of tumor urothelial cells in responding to
the antiproliferative action of P-MAPA, as demonstrated in the
histopathological results.
The increase in protein levels of glycolytic pathway enzymes
are associated with the expression of HIF-1α, which is stimulated
under conditions of low oxygenation, increased oxygen reactive
species, cytokines and metabolic intermediates such as pyruvate,
lactate and oxaloacetate [29, 30]. Inhibition or even reduction of
glycolysis in tumor cells may be a useful therapeutic strategy
in the fight against the disease [28]. Corroborating with these
studies, our results demonstrated that the protein levels of PFK
(Phosphofructokinase) in the NMIBC animal model were
significantly increased. In addition, intravesical immunotherapies
with P-MAPA and BCG reduced PFK levels, indicating that the
reduction of these levels was an effective strategy in the treatment
of NMIBC.
Interestingly, another glycolytic pathway enzyme, GAPDH,
showed no significant difference in protein levels among
NMIBC+BCG, NMIBC+P-MAPA and NMIBC groups. These
results can be attributed to the cellular heterogeneity within
the same tumor and also to the metabolic moment at which the
neoplastic cells of all the analyzed groups were at the time of
euthanasia and at the collection of the samples.
As the t umor cells need to adapt to the su r rou nding
microenvironment (oxygenation, vascularization and nutrient
supply) other fuel molecules, besides glucose, must participate
in the maintenance of the proliferation capacity of these cells
[31]. Both the lipid synthesis, regulated by the enzyme fatty acid
synthase, and the oxidation of these molecules are important
points for the understanding of the tumor metabolism and thus,
our work evaluated the protein levels of HADHSC, participant of
β-oxidation of lipids, which is responsible for the generation of
ATP in healthy cells. In the animal model of NMIBC, intravesical
immunotherapy with P-MAPA elevated the protein levels of
HADHSC, suggesting that this immunotherapy can modify lipid
metabolism, which does not seem to occur in the treatment with
BCG. In addition, we suppose that P-MAPA, similar to the results
found for GLUT-1, stimulated the uptake of lipids by neoplastic
cells, increasing ATP as an attempt to survive the antiproliferative
action performed by P-MAPA.
Furthermore, the enzyme AMPK may alter cellular energy
metabolism, with consequent modification in the use of glucose

for alternative substrates. For example, glioblastoma cells
with active AMPK increased fatty acid oxidation by reducing
lipid synthesis [32], and this increase in fatty acid oxidation
appears to be related to an adaptation to energy supply (ATP)
via oxidative phosphorylation (OXPHOS) to support rapid cell
growth [33]. AMPK seems to function as a low energy control
point, promoting various biological adjustments designed to
preserve energy and adapt to metabolic changes before the cell
reaches a state of energy catastrophe culminating in cell death.
In our results in the NMIBC animal model, animals receiving
P-MAPA intravesical immunotherapy showed increased levels of
AMPK when comparing to BCG treated animals, suggesting that
increased energy supply via fatty acid oxidation may be an attempt
of the neoplastic cells in resisting apoptosis and the low supply
of nutrients due to the suppression of angiogenesis, phenomena
resulting from the action of P-MAPA [13].
The increased glycolytic pathway in the NMIBC animal
model, as evidenced by the increase in PFK, seems to have been
accompanied by an increase in the oxidative capacity of the cells
to generate ATP, once the F1 fraction of mitochondrial ATP
synthase was increased. However, according to Lopez-Rios et
al. [34], tumor cell mitochondria are deficient in the β-subunit
of ATPase. However, when in hypoxia, these cells accelerate
the glycolytic pathway, reducing the generation of ATP through
the electron transport chain [32]. This difference between the
literature and the protein level of the F1 fraction of mitochondrial
ATP synthase found in our results suggests that, even under stress
conditions, tumor urothelial cells are still able to produce ATP by
OXPHOS in this animal model. Moreover, since the most frequent
histopathological alteration found in our NMIBC group results
was pT1 (80% of the samples) and, since the neoplastic cells of
this alteration have already invaded the lamina propria and are
quite aggressive, we suggest that increased production of ATP via
OXPHOS occurs because of the ability of these cells to modulate
the environment to which they are inserted, increasing the supply
of oxygen through the blood vessels already existing in the lamina
propria, as well as through the formation of new blood vessels. In
addition, our results showed that animals treated with P-MAPA
had reduced protein levels of this same protein (ATP-synthase)
when comparing to the levels of the NMIBC group. Garcia et al.
[13] demonstrated decrease of VEGF protein levels and increase
of endostatin protein levels in the NMIBC animal model treated
with P-MAPA, showing the suppression of angiogenesis. This
suppression of angiogenesis decreases the supply of oxygen and
hampers OXPHOS.
Conclusions
Our results showed that immunotherapy with P-MAPA may be an
alternative in the treatment of NMIBC, especially in cases where
BCG therapy failure, as evidenced by the effect of P-MAPA on
tumor regression in comparison to BCG treatment and, also the
behavior of the energetic metabolism of the neoplastic cells against
the action of this biological response modifier.
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