Original Article

Detection of bladder cancer using voided urine sample
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ABSTRACT

Introduction: Cells exfoliated into urine from the bladder can help to diagnose the cancer. The objective of this study was
to validate the hypothesis that bladder cancer could be detected noninvasively by a simple and reliable assay targeting
genomic VPAC (combined vasoactive intestinal peptide and pituitary adenylate cyclase-activating peptide family of cell
surface receptors) receptors expressed on the malignant bladder cancer cells shed in the voided urine.

Methods: Patients >18 years of age with either imaging (ultrasonography/computed tomography [CT])-confirmed
bladder tumors or those who have been previously treated for nonmuscle invasive bladder tumors and were visiting
the department for check cystoscopy, formed the study group. Freshly voided urine sample was collected from these
patients and sent for conventional cytology examination, 5-aminolevulinic acid (ALA) fluorescent urine cytology, and
for positivity of VPAC receptors.

Results: A total of 103 patients were prospectively included in the study. Of these, 65 patients (Group I) presented with
image-diagnosed (ultrasonography and/or CT) bladder cancer. The remaining 38 patients (Group II) were previously
diagnosed cases of nonmuscle invasive bladder cancer and presented for follow-up and check cystoscopy. The sensitivity
for VPAC receptor positivity was 89.23% compared to conventional cytology (63.07%) and 5-ALA fluorescent urine
cytology (87.69%). The specificity of VPAC receptor positivity was 100% compared to conventional cytology (100%)
and 5-ALA-induced fluorescent cytology (90.47%).

Conclusions: Our preliminary study shows encouraging results with VPAC receptor positivity studies, which has a high
sensitivity when compared to the conventional cytology.
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bladder tumor and enables the urologist to identify and
resect all the visible tumors. ]

Cells exfoliated into urine from the bladder cancer can
reliably diagnose the cancer. Urine cytology has been a
standard diagnostic test to aid in the diagnosis of bladder
cancer. The reported contemporary sensitivity and specificity
of urine cytology for the detection of bladder cancer are
31%-62% and 94%-100%, respectively.*® In 2013, Paris
Reporting System for Urinary Cytology was first introduced
at the International Congress of Cytology to standardize
the cytologic interpretation of the urine samples./” Several
urine-based biomarkers have since been developed as an
adjunct to the standard diagnostic modalities. Noninvasive
testing with improved sensitivity over urine cytology has
been proposed as a desirable alternative to cystoscopy,
which is costly and uncomfortable.!" In this preliminary
study, we hypothesized that cells shed in the voided urine
of the patients with bladder cancer could be detected under
microscope by targeting the VPACI receptors with the
same peptide labeled with a fluorophore and compared the
results with conventional cytology and 5-aminolevulinic
acid (ALA)-induced fluorescent urine cytology.

MATERIALS AND METHODS

This prospective study was conducted following clearance
obtained from the University/Institutional Ethical
Committee KAHER/EC/20-21/001/05. Patients =18 years
of age with either imaging (ultrasonography/computed
tomography [CT])-confirmed bladder tumors or those
who had been previously treated for nonmuscle invasive
bladder tumors and were visiting the department for check
cystoscopy, formed the study group. Male patients with
a serum prostate-specific antigen value >1.5 ng/mL were
excluded from the study. Freshly voided urine sample was
collected from these patients and divided into three samples
of 50 cc each. One of these samples was sent for conventional
cytology examination, one was sent for 5-ALA fluorescent
photodynamic diagnosis, and the last one was sent for
fluorescent microscopic examination and identification of
VPAC receptors.

Conventional cytology

The urine sample was processed using cytocentrifuge (REMI)
at 1500 rpm for 10 min. In low cellularity samples, the urine
was processed using cytospin (Sakura Cytotec) for 5 min at
1500 rpm. After cytocentrifugation, the supernatant was
decanted and the sediment was resuspended to make the
required slides and were stained with Papanicolaou stain.®!

Urine samples and treatment with 5-aminolevulinic acid
The urine sample was centrifuged at 1500 rpm for
5 min, and the supernatant was decanted. The pellet was
suspended in minimum essential medium (MEM) with
5-ALA hydrochloride (Sigma-Aldrich, Merck KGaA,
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Darmstadt, Germany, 2020), and the concentration was
adjusted to 200 pug/mL. Then, the suspension was stored
in the dark at 37°C for 2 h. After that, the sample was
centrifuged again at 1500 rpm for 5 min, and the pellet was
resuspended in MEM. Finally, the urine sample was tested
for protoporphyrin IX fluorescence using a fluorescent
microscope (Nikon ECLIPSE Ni; Nikon Corporation, Tokyo,
Japan) at appropriate settings (excitation wavelength of
405 nm and emission wavelength of 600-650 nm). The
5-ALA-induced fluorescent cytology showing no red light
or dark red was classified as negative and that showing clear
red as positive.”!

Urine samples and identification of VPAC receptors

Samples were centrifuged at 2000 x g for 10 min and all, but
approximately 250 puL of supernatant was discarded. The cells
were then suspended, and cytocentrifuged, and fixed in 97%
ethyl alcohol. TP4303 solution (0.5 ug) was added to the cells
to cover the entire cell area, approximately 1 cm in diameter.
The slide was then kept in dark at 22°C for approximately
20 min and was then thoroughly rinsed with deionized
water and air-dried. 20 pL of 4,6-diamidino-2-phenylindole,
dihydrochloride (DAPI, Fisher Scientific, PA), which
strongly binds to A-T rich region of DNA in the cell nucleus,
was then added on the cells. A coverslip was then placed
and the slide was observed using a fluorescent microscope.
Cells with TP4303 interaction presented themselves with
dark orange fluorescence around the nucleus, thereby
indicated the presence of VPAC receptor molecules around
the cell surface [Figure 1a and b]. In the absence of VPAC
receptors, only the DAPI bound cell nucleus was seen in dark
blue [Figure 1a and b]. Normal epithelial cells may only have
minimal or no expression of VPAC [Figure 2] and therefore
do not interact with TP4303 and only show cell nucleus.!"”

Comparison with histopathology

All patients with imaging-confirmed bladder tumor
underwent cystoscopy/biopsy/transurethral resection
of bladder tumor. The surgical specimens were sent for
histopathological examination and were reported by the same
pathologist. Patients who were undergoing check cystoscopy
to identify recurrences, underwent biopsies of the suspected
areas. The reports of histopathology were compared to the
results of conventional cytology, 5-ALA-induced fluorescent
cytology, and fluorescent microscopic examination for
VPAC receptors.

Statistical analysis

The data were collected in Microsoft Excel 2019 and
compared for specificity and sensitivity. Frequency and
percentage are represented for the data collected.

RESULTS

During the period March 2020-February 2021, a total of
103 patients presenting to the urologic-oncology outpatient
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department (OPD) were prospectively included in the study.
Of these, 65 patients (mean age: 59.35 + 16.72 years) (Group I)
presented with image-diagnosed (ultrasonography and/or
CT) bladder cancer. The remaining 38 patients (mean age:
55.42 + 14.37 years) (Group II) were previously diagnosed
cases of nonmuscle invasive bladder cancer and were
attending the urologic-oncology OPD for follow-up and
check cystoscopy. Only 6 of these patients were female and
the remaining 97 were male.

Voided urine samples of all these 103 patients (mean age:
57.90 = 15.9 years) were used to perform all the tests, and
the results are shown in Table 1.

The histopathology reports confirmed the presence of
transitional cell carcinoma (TCC) in all the 65 patients with
imaging-confirmed bladder cancer. Thirty of these tumors
were of low grade and the remaining 35 were high-grade
tumors.

The voided urine studies performed in the 38 patients
who were previously diagnosed with TCC bladder and had
no evidence of disease on cystoscopy, were also negative
for malignant cells on conventional cytology and VPAC
receptors [Figure 3]. However, 4 (10.52%) patients showed
false-positive results in the 5-ALA-induced fluorescent urine
cytology group. The sensitivity of conventional cytology,

Figure 1: (a and b) Fluorescence imaging of cells prepared from voided urine.
Cell morphology with arrow shows cell nucleus stained in blue and cytoplasm
with orange fluorescence of TP4303 bound to VPAC receptors expressed on
the cell membrane
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Figure 3: (a and b) Smears with the arrow show clusters of large round
pleomorphic urothelial cells showing nuclear atypia (Papanicolaou stain, x40)
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5-ALA-induced fluorescent cytology, and VPAC receptor
positivity was 63%, 87%, and 89%, respectively [Figure 4].
The specificity of conventional cytology, 5-ALA-induced
fluorescent cytology, and VPAC receptor positivity was
100%, 90.47%, and 100%, respectively.

DISCUSSION

Better understanding of the disease process, both at the
cellular and the molecular levels, has paved the way for the
development of several unique scientific technologies. One
such technology is detecting the circulating tumor cells in
blood. This liquid biopsy approach has drawn considerable
attention and is advancing into clinical applications. Such
approaches are based on collection of body fluids, isolation
of the cells, and following up with multiplex genomic
profiling and help in the identification of disease-specific
fingerprints.®®' Molecular profiling has led the investigators
to new discoveries in the field of cancer diagnosis and
treatment.

The human VPACI receptor, named for the combined
vasoactive intestinal peptide (VIP) and pituitary adenylate
cyclase-activating peptide (PACAP) family of cell surface
receptors, encodes a G-protein-coupled receptor that
recognizes both VIP- and PACAP-related peptides with

Figure 2: Normal epithelial cells stained with blue nucleus that may only have
minimal or no expression of VPAC receptors

Figure 4: (a) The arrow shows cells with emitting faint red fluorescence suggestive
of a nonmalignant cell. (b) The arrow shows cells with emitting intense red
fluorescence suggestive of a malignant cell
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Table 1: Positive results of different diagnostic tests and comparison with histopathology report reports

Group HPR Cytology (%) 5-ALA (%) VPAC (%)
| Low-grade TCC (30) 12 (40) 24 (80) 25 (83.33)

High-grade TCC (35) 29 (82.8) 33(94.2) 33 (94.2)
Total 65 41 (63.07) 57 (87.69) 58 (89.23)
Il Biopsy negative for malignancy (38) 0 0 4 (10.52)

HPR=Histopathology report, 5-ALA=5-Aminolevulinic acid, VPAC=Vasoactive intestinal peptide and pituitary adenylate cyclase-activating peptide,

TCC=Transitional cell carcinoma

high affinity."” These VPACI genomic receptors are
overexpressed on the surface of malignant cells at the
onset of the cancer such as those of the breast, prostate, and
lung."” Trabulsi et al. targeted VPAC receptors expressed
on the malignant prostate cancer cells shed in voided urine
with a specific biomolecule, TP4303, developed in their
laboratory.!"? They detected VPAC-positive cells in 98.6%
of the men with a diagnosis of prostate cancer (141) and
none in the 10 patients with benign prostatic hyperplasia.
They concluded that their preliminary data were highly
encouraging and warranted further evaluation so as to
develop a simple and reliable tool to detect prostate cancer
noninvasively. We hypothesized that cells shed in the
voided urine of patients with bladder cancer could also be
imaged optically, by targeting the VPACI receptors with
the same peptide labeled with a fluorophore.

Increased attention has also been recently focused on
the use of photodynamic technology using 5-ALA as a
photosensitizer to identify cancer cells in voided urine
samples. The feasibility of diagnosing bladder cancer using
5-ALA was first reported in 1994!"%) by Kriegmair et al. who
instilled 5-ALA intravesically in 68 patients, followed by
fluorescence cystoscopy with violet light from a krypton ion
laser that produced fluorescence excitation. Nakai et al.l'¥
reported on the 5-ALA staining of urine specimens, showed
that 5-ALA-induced fluorescent urine cytology was more
sensitive than the conventional cytology for the detection
of bladder tumors (82% vs. 49%, respectively), particularly
for the low-grade and low-stage tumors, and had comparable
specificity (80% vs. 100%, respectively).

Our study shows that both 5-ALA-induced fluorescent
cytology and VPAC receptor positivity are highly sensitive
tests to diagnose bladder cancer and show a significant
difference, especially for the detection of low-grade bladder
cancer, when compared to the conventional cytology.
Probably, this study could be the first report on VPAC
receptor positivity for the detection of bladder cancer cells
in the voided urine samples, whereas, 5-ALA-induced
fluorescent urine cytology has already been described.!'*!”]
Pytel and Schmeller!™ detected ALA-induced fluorescence
in 34 of the 38 cases. Miyake et al.l'® used three different
modalities of 5-ALA-induced fluorescent urine cytology
to diagnose bladder cancer. They reported the overall
sensitivities of conventional cytology, fluorescence
cytology, fluorescent spectrophotometric assay, and cellular
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fluorescence analysis unit assay as 48%, 86%, 86%, and
87%, respectively. Yamamichi et all'”! reported that the
sensitivity of 5-ALA-induced fluorescent urine cytology
was significantly higher than that of the conventional urine
cytology (86.9% vs. 69.4%; P = 0.0002), and the specificity
was equivalently high (96.2% vs. 95.6%; P = 1.0).

The VPAC genomic biomarker is known to belong to the
superfamily of G-protein-coupled surface receptors, which
are expressed in high density (10*-10°/cell) at the onset of
oncogenesis, prior to the alterations in cell morphology.!'#*!
VPAC receptors are also known to be expressed in breast
and lung cancers.!"¥ VPACI receptors are minimally
present on stroma, normal cells, and benign masses./?!
The VPACI receptor-specific peptide covalently binds to
a fluorophore (TP4303) that allows us to optically image
cancer cells but not the normal epithelial cells shed in
voided urine. Our study has several limitations that include
a small sample size and a single-center design. Our results
need further validation so as to confirm the high diagnostic
efficacy of VPAC receptor positivity for the detection of
bladder cancer.

CONCLUSIONS

Our study shows that the VPAC receptors on the malignant
cells can be targeted to diagnose bladder cancer, and our
preliminary results confirm that the sensitivity is higher as
compared to the conventional cytology.
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