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The primary treatment for high-grade non-muscle invasive bladder cancer (NMIBC) is based on
surgery by transurethral resection of bladder tumor (TURBT), followed by intravesical immunotherapy
with Bacillus Calmette-Guerin (BCG) to prevent recurrence and to reduce the tumor progression.
However, BCG therapy shows several undesirable effects. The current treatment on NMIBC is
doxorubicin (DOX), but with high toxicity. Our nanotechnology strategy was done through scaffolds
for the NMIBC treatment: graphene oxide (GO) and a nanostructured lipid carrier (NLC). A GO
hybrid for administration of DOX and small interfering RNA (siRNA) was developed. This hybrids
administered in vivo against NMIBC in rats gave absence of lesions. NLC was prepared by using a
mixture of two lipids stabilized by a surfactant and DOX by high homogenization pressure technique.
In this case showed a 20% of the animals exhibited benign lesions (papillary hyperplasia), however, in
the presence of siRNA reached 40% of rats with benignant lesions. These two scaffolds are potential
new drugs for DOX for bladder cancer treatment without any cardiotoxicity problems.
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1. Introduction
1.1. Bladder cancer

Bladder cancer (BC) is the ninth most common type
of cancer worldwide.'? In this year it was estimated that
around 80,000 new cases would be diagnosed in the United
States (ca. 60,000 and ca. 20,000 cases in men and women,
respectively) with deaths in the US by BC may reach
approximately 17,000 (12,000 men and ca. 5,000 women).*

Two of the most common types of BC are the
non-muscle invasive bladder cancer (NMIBC) and
muscle invasive bladder cancer (MIBC). The NMIBC
is characterized by tumor formation in the urothelium
(classified as Ta) (Figure 1). Lamina propria and muscles
are not invaded by tumor cells. According to The European
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Association of Urology (EAU), tumors originating in the
mucosa are classified as CIS (Tis). The CIS type tumors are
superficial (flat shape); however, its diagnosis is uncertain,
since CIS tumors are not detected by cystoscopy in many
cases. Ta type corresponds to 70% of the cases and only
10% is related to CIS type in NMIBC.?
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1.2. Non-muscle invasive bladder cancer (NMIBC)

The treatment of NMIBC represents a great challenge
in the urology field because of the high recurrence and
progression to the MIBC.% It is known that intravesical
administration of Bacillus Calmette-Guérin (BCG)
is effective (i.e., decreasing the recurrence rate), but
approximately 40% of patients undergoing BCG treatment
may show progression to the invasive form of BC.2 As a
consequence, it is of great importance to develop innovative
drug delivery systems (i.e., nanostructured) which allow
intravesical drug administration better than the usual
drugs. Besides these facts, these delivery platforms should
enhance drug absorption by the bladder tissues in order
to trigger an efficient therapeutic response, avoiding the
progression of NMIBC to MIBC.>7 It is important that the
intravesical drug administration consists on the reduced
side effects compared to systemic administration and also
to the higher drug bioavailability.

1.3. Muscle invasive bladder cancer (MIBC)

At the stage of T2 up to T4 radical cystectomy is
regarded as the standard approach to the treatment of
invasive bladder cancer in the United States. This involves
the removal of regional pelvic lymph nodes followed by
an en bloc resection of the bladder, prostate and seminal
vesicles in men or, in women, an anterior exenteration in
which the bladder is removed along with the ovaries, uterus,
urethra, and a segment of the anterior wall of the vagina. It
is important to note the benefit of an extensive and thorough
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lymphadenectomy. However, in this stage, the chemo- or
immunotherapy are difficult to apply.

1.4. Nanoscaffolds for NMIBC

In our laboratories the strategy to use the nanotechnology
was to create two main scaffolds for the NMIBC treatment:
graphene oxide and nanostructured lipid carriers to
administrate doxorubicin (DOX) in rats, as one of the most
important drug on these treatments (Figure 2).

The second scaffold, that is the nanostructured lipid
carrier was prepared by using a mixture of two lipids, a solid
(butter from Amazonian fruit) with a liquid lipid (oil from
Amazonian fruit) stabilized by a mixture of surfactants, a
tribloc polymer of ionic nature and/or with cationic natures
incorporating DOX by the high homogenization pressure
technique.

1.5. Graphene oxide as scaffold

The graphene (GO) sample: thickness 0.7-1.2 nm
(atomic force microscopy, AFM); ca. 300-800 nm (X and
Y dimensions) the standard size < 450 nm and 1-20 um
lateral dimensions from Cheap Tubes Inc., Bratleboro,
USA was selected for our study, single-layer graphene
oxide, purity 99%. Exhaustive characterization of GO was
afforded by spectroscopic and microscopic techniques
(Figure 3).

This characterization is of extremely importance, since
it is absolutely necessary to know exactly the characteristic
of any nanostructure before any biological study.

CANCER
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Figure 2. Nanoscaffolds as strategy to treat NMIBC in which we have different scaffols for bladder cancer, such as, nanostructured lipid carriers, free

doxorubicin and graphene oxide.
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CHARACTERIZATION OF GRAPHENE OXIDE

Source: Single layer, 99% purity (average thickness 0.7-1.2 nm; ~300-800nm X&Y dimensions standard size<450nm & 1-20um lateral dimensions)

comercial (Cheap Tubes Inc., Bratleboro, USA (batch data: 6/26/2013)
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Figure 3. Total characterization of the commercial graphene oxide (partially presented at reference 8).

Figure 3 shows the typical graphene oxide structure
from several techniques, and the results are in agreement
with data from the literature.

1.6. Synthesis of the graphene oxide derivatives

The coupling of small interfering RNA (siRNA) to
GO (gaphene oxide))-PEG (6 ARM-poly(ethylene glycol)
amine)-PEI (polyethyleneimine) was important, since
oncogene overexpression is one of the major causes of
urothelial carcinoma; therefore, the silencing of oncogenes
via siRNA coated with a platform may provide an effective
approach to the prevention of bladder cancer (Figure 4).

The reaction was performed according to methods
described in literature, with some modifications.’ Briefly:
a sample of 10 mg of GO (carboxylated)'® was dispersed
in deionized water and 10 mg of previously dispersed
six-armed PEG (PEG (6 ARM-poly(ethylene glycol)
amine or 6 ARM-PEG-amine) (15 kD) in the deionized
water was added to the GO dispersion and kept in an
ultrasonic bath for 5 min. Ten mg of hydrochloride 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide (EDC) dissolved

in deionized water was added to the mixture, with stirring
for 15 min. After this, 50 mg of PEI dispersed in deionized
water was added and kept in the ultrasonic bath for 5 min.
Finally, an additional 20 mg of EDC dissolved in deionized
water was added. The mixture was kept under constant
stirring for 6 h. Centrifuged and resuspension in deionized
water to remove unreacted PEG and PEI with GO. Then, it
was added siRNA as previously reported.!! The oxidized
GO and doxorubicin was prepared as also an intermediate
following the procedure previously reported.'®

Attenuated total reflectance (ATR), X-ray diffraction
analysis (XRD) and X-ray excited photoelectron
spectroscopy (XPS) were used for characterization, besides
other usual techniques.'® The size and zeta potential of this
nanoparticles were 149.0 = 10.0 nm and +37.2 + 0.6 mV,
respectively. All the intermediates were also analyzed and
described on Table 1.

Figure 5 shows the synthesis of graphene oxide
and doxorubicin (DOX) by reaction in the presence of
EDC (hydrochloride 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide)/NHS (N-hydroxysuccinimide). This is
another functionalized GO after oxidizing the surface where
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Figure 4. Synthesis of gaphene oxide (GO)-PEG (6 ARM-poly(ethylene glycol) amine or 6 ARM-PEG-amine) (PEG)-polyethyleneimine (PEI)-siRNA

(adapted from reference 11).

Table 1. Particle size and zeta potential of GO, GO-PEG-PEI, GO-COOH
and GO-COOH-DOX

Sample Particle size / nm Zeta potential / mV
GO 133 £41 -312+79
GO-PEG-PEI 149+ 10 +37.2+0.6
GO-COOH 126 +29 -279+44
GO-COOH-DOX 153£10 -36.2£0.6

GO: graphene oxide; PEG: 6 ARM-poly(ethylene glycol) amine or
6 ARM-PEG-amine; PEI: polyethyleneimine; DOX: doxorubicin.

were formed carboxylated groups and covalently bound
DOX.

The method followed procedures reported in
literature,'>!* with some modifications in the presence
of NaOH and chloroacetic acid. The intermediates in the
synthesis of GO-PEG-PEI are shown in the Table 1 and
the final product was 153 + 10 nm and zeta potential of
-36.2 + 0.9 mV (Figure 5).'°

2. Cytotoxicity
2.1. Hemolysis

The hemolytic assay was carried out following the
standard procedure from ASTM E2524-08 (standard test
method for analysis of hemolytic properties of nanoparticles),
as applied by Durédn et al.® Hemolytic activity assay was also
performed according to our earlier report.'* The hemolytic
assay following the procedure above showed completely
absence of hemolysis by graphene oxide up to 100 pg mL".

2.2. Cell viability

In order to verify the toxicity of DOX, DOX-COOH
and GO-COOH-DOX, cytotoxicity studies on epithelial
cells A5637 (bladder cancer cells) (1.5 x 10* cells per well
verified by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium brimide (MTT) assay after 24 h) were
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Figure 5. Synthesis of functionalized GO with DOX I the presence of EDC/NHS. !
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performed. DOX showed an accentuated toxicity against
bladder cancer tumor cells. The half maximal inhibitory
concentration (ICs,) value of DOX was around 6 pug mL™".
Previously, GO cytotoxicity was found that up to 50 pg mL!
exert no toxicity to 14 cell cultures and to lymphocytes and
some of them up to 100 pg mL".* GO-COOH did not reach
the IC,, value. However, GO-COOH-DOX system showed an
IC,, of about 10 ug mL". The X axis of the graph represents
the concentration of the total amount of the nanoparticles, and
not just the relative DOX concentration. Considering the DOX
concentration added initially in the nanoparticles the ICs, of
the drug when incorporated into GO-COOH-DOX was about
3.33 ug mL"'. Therefore, GO-COOH was able to promote
an increase in the toxicity of DOX compared to the drug in
the free form and could play a satisfactory effect considering
the in vivo application for the treatment of NMIBC.'"

Econanotoxicology of GO exhibited nontoxic effect in
the in vitro or in vivo assay with the standard organisms,
excepting with Hydra for 96 h of contact.®

2.3. In vivo toxicity

The systemic toxicity was correlated with the degree of
inflammation in organs: the peritoneum, liver and spleen of
graphene oxide. Evaluation of the systemic toxicity of GO
solutions showed signs of inflammation only in the spleen.
Deposition on the peritoneum was observed. The degree
of inflammation was assessed by a semi-quantitative scale.

3. Systemic Toxicity in vivo
3.1. Histophatological analysis

Inflammation in the spleen ad peritoneum and no effect
on liver were observed at 5 ug g' (1 mg per rat). In lower
concentration very slight inflammation in all the organs
was observed.

3.2. Genotoxicity (micronucleous) and biochemical analysis

The results showed that serum levels of glutamate
pyruvate transaminase (GPT), glutamate oxalacetate
transaminase (GOT), urea and creatinine in treated animals
24 h with GO 0.05 pg g!, GO 0.5 g g and GO 5.0 ug g
did not differ significantly between them, as well as the
control group. Similar results with the other GO derivatives
were found (unpublished results).

3.3. In vivo experiments on rat’s bladder cancer

For this experiment 35 rats of the Fisher 344 strain,
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aged 7 weeks, weighing on average 170 grams, were
obtained from the Bioethics Center of the State University
of Campinas (CEMIB/UNICAMP) following the ethical
principles in animal research (Protocol CEUA 3795-1).
There was a standardized induction procedure for NMIBC
with the use N-methyl-N-nitrosourea (MNU).!'5 The
protocol of the bladder cancer induction (NMIBC) and
treatment is described in Figure 6.

» METHODOLOGY: BLADDER CANCER INDUCTION:
INTRAVESICULAR
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Figure 6. The protocol followed in the induction of NMIBC and the
treatment of rats with nanostructures: control group, bladder cancer group
and bladder cancer by the active treatment.

According to the Table 2, for the group treated with
GO-PEG-PEI/siRNA, 60% of the animals showed
malignant lesions classified as carcinoma in situ (pTis),
20% of the animals had normal bladder and 20% exhibited
low grade pTa.

Based on the results, GO-PEG-PEI/siRNA system
was able to reduce the aggressiveness of the NMIBC. In
the DOX group 100% of the animals presented lesions
classified as high grade pTa, a diagnosis even worse than
that presented by the MNU (cancer) group. A possible
explanation would be the high solubility of the drug in
water, resulting in rapid elimination of the drug from the
urine. In addition, a low drug permeability in the urothelium
may reduce drug efficacy when administered intravesically.

Considering the use of DOX for the treatment of NMIBC,
previous studies with a commercial formulation (Doxil ®),
administered intraperitoneally at a dose of 3.0 mg per kg,
revealed that 20% of the animals showed benign lesions and
80% in situ papillary carcinoma malignant lesions.'® A drug
against Cisplatin tumors refractory to BCG immunotherapy,
the Valrubicin, a semisynthetic analogue of DOX showed
effectiveness in less than 10% of treated patients in two
years and ineffectiveness in T1 stage cases."”

As for animals treated with GO-COOH-DOX, 20%
of the animals presented normal bladder, 20% pTis-like
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Table 2. Histopathology and tumor staging of different experimental groups (n = 5)

GO-PEG-PEI/
MN -PEG-PEI
Histopathology Control ( Canc[ejr) GO-PEG-PEI GOS'RIEI; A / DOX  GO-COOH-DOX siRNA + Lesion
' GO-COOH-DOX
Normal 5(100) - - 1 (20) - 1(20) 3 (60) -
Papillary hyperplasia - - - - - - - benign
Low-grade intraurothelial neoplasia - - - - - - - pre-malignant
Flat carcinoma in situ (pTis) - 1(20) 4 (80) 3 (60) - 1(20) 1(20) malignant
Low-grade papillary carcinoma - 1(20) - 1 (20) - - - malignant
(pTa)
High-grade papillary carcinoma - 3 (60) - - 5(100) 3 (60) 1(20) malignant
(pTa)
Tumor invading lamina propria - - 1(20) - - - - malignant
(pT1)
Squamous metaplasia associated - - - - - - - malignant
to pT1

MNU: N-methyl-N-nitrosourea; GO: graphene oxide; PEG: 6 ARM-poly(ethylene glycol) amine or 6 ARM-PEG-amine; PEI: polyethyleneimine; DOX: doxorubicin;

siRNA: small interfering RNA; values in parentheses show the percentage.

lesions and 60% high-grade pTa. Thus, it may be suggested
that the GO-COOH-DOX system had a promising effect
by promoting the reduction of NIMBC aggressiveness,
although with aggressive tumors in some animals. Finally,
60% of the animals exhibited a normal bladder diagnosis
for the association between the GO-COOH-DOX and
GO-PEG-PEI/siRNA. For the same group, 20% of
the animals had pTis lesions and the remaining 20%
presented high grade pTa associated with squamous
metaplasia. Considering these results, it can be inferred
that the association between GO-COOH-DOXO and
GO-PEG-PEI/siRNA revealed great potential for the
treatment of NIMBC.!!

3.4. Nanostructured lipid carrier as scaffold

The nanostructured lipid carrier (NLC) were prepared
following the previous reports of our laboratories
(Figure 7).'32! Briefly: first, the two solid lipids in the
group comprising Cupuacu butter and bis-diglyceryl
polyacyladipate-2 were mixed in a mass ratio of 70:30%
to melt at a temperature in the range of about 70 °C. Soon
the liquid lipid oil of Buriti in the range around 20%, to the
solid lipids Doxorubicina, in the range of 5% to the lipid
composition remained under agitation until the complete
dispersion of the drug. Next, the composition obtained
was added to an aqueous solution containing a mixture of
surfactants, in the range of about 50:50% (Pluronic), with
behentrimonium chloride at a concentration of 0.8%, by the
ratio of total solution, previously prepared separately and at
a temperature at 70 °C; under mechanical stirring in Ultra-
Turrax at a rotation in the range of 5000 rpm, for about

30 min forming a nanoparticle emulsion. The obtained
nanocarriers have a size in the range of 170-220 nm,
positively charged surface with zeta potential in the range
of +50.0 to +80.0 mV and stability time of about 50 days.
The siRNA was added as reported above.!°

3.5. Cytotoxicity

The cytotoxicity of NLC with and without DOX was
carried out by MTT assay on epithelial cells A5637. ICs,
values for NLC, DOX and NLC-DOX were 50, 6 and
3 ug mL, respectively. Then, the encapsulated DOX in
NLC was more effective against these cells.

3.6. In vivo toxicology

Toxicology studies of NLC on rats showed very little
or almost nonexistent toxicity for various routes, such as
oral, dermal or intravenous administration, in a similar way
as in the literature.?

3.7. In vivo experiment on rats with bladder cancer with
nanostructured lipid carrier

Regarding the use of doxorubicin for the treatment of
NMIBC, previous studies with a commercial formulation
(Doxil®), using a dose of 3.0 mg kg equivalent
administered intraperitoneally, demonstrated that 20% of
the animals had benign lesions and 80% malignant lesions
of the papillary carcinoma type in situ.'® The results
with the use of NLC-DOX developed in our laboratory
showed that 20% of the animals presented benign lesions
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Figure 7. Scheme of preparation and characterization of NLC loading with DOX (adapted from reference 23). This scheme represents all the procedures

followed for the synthesis of NLC and DOX.

(papillary hyperplasia) and 80% malignant lesions (Table
3). On the other hand, considering the malignant lesions,
40% of them were papillary high grade (pTa), 20%
papillary low grade (pTa) and 20% urothelial carcinoma
invading lamina propria (pT1). It is worth mentioning that
in the case of refractory CIS tumors, Valrubicina, which
is a semi-synthetic analogue of DOX is the medicine
approved by the Food and Drug Administration (FDA,
USA) for the treatment of this disease. On the other hand,
this treatment is effective in less than 10% of patients
treated in 2 years."”

Then, these platforms showed to be quite efficient
in the bladder cancer. Summarizing the results, the data
shown that in the case of NMIBC histopathological
observation was observed a 60% of recovery to normal
stage in the presence of NGO-PEO-PEI/siRNA-

NGO-DOX and 40% of normal for NLC-DOX/siRNA
treatments. This was more efficient than the DOX alone
in which was exhibited only 25% of benign papillary
hyperplasia (Table 3). Besides this low efficiency DOX
is also associated to cardiotoxicity.

4. Final Remarks

Finally, both scaffolds GO or NLC associated to DOX
were effective on the bladder cancer on rats exhibiting
NMIBC. Up to 60% of the animals exhibited a normal
bladder diagnosis for the association between the
GO-COOH-DOX and GO-PEG-PEI/siRNA. Considering
these results, it can be inferred that the association between
GO-COOH-DOX and GO-PEG-PEI/siRNA revealed great
potential for the treatment of NMIBC.

Table 3. Histopathology and tumor staging of different experimental groups (n = 5)

Histopathology Control ( é\: Iljcgr) DOXO NLC NCL-DOX NS;?EX/ BCG Lesion
Normal 5 (100) - - - - - - -
Papillary hyperplasia - - 1(25) - 1(20) 2 (40) - benign
Low-grade intraurothelial neoplasia - - - - - - - pre-malignant
Flat carcinoma in situ (pTis) - - - - - 1(20) - malignant
Low-grade papillary carcinoma (pTa) - 1(20) - 1 (20) 1 (20) 2 (40) - malignant
High-grade papillary carcinoma (pTa) - 2 (40) 2 (50) 2 (40) 2 (40) - - malignant
Tumor invading lamina propria (pT1) - 2 (40) 1(25) 1(20) 1(20) - 2 (40) malignant
Squamous metaplasia associated to pT1 - - - 1(20) - - 3 (60) malignant

MNU: N-methyl-N-nitrosourea; DOX: doxorubicin; NLC: nanostructured lipid carrier; siRNA: small interfering RNA; BCG: Bacillus Calmette-Guerin; values in

parentheses show the percentage.
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In other hand, the results with the use of
NLC-DOX-siRNA showed that 40% of the animals
presented normal recovered. This probably will be
enhanced by different protocol that it was used in these
experiments. Then, we expect that, in this case, we could
get better results in other protocol. Important is that both
scaffold notoriously diminish the cardiotoxicity of DOX.
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