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-Hyperthermic therapy using warm sterile water enhances cytoc1dal effects on

bladder cancer cells

Yuki Matsuoka, Rikiya Taoka, Zhang Xia, Mikio Sugimoto and Yoshiyuki Kakehi

Faculty of Medicine, Department of Urology, Kagawa University, Kagawa, Japan

ABSTRACT
Objectives: To investigate whether warm sterile water enhances the cytocidal effect of hypotonic
shock on bladder cancer cells that show resistance to sterile water,

Methods: Four bladder cancer cell lines of varying grades (T24, RT4, J82, and RT112) were exposed to
sterile water, and morphological changes were closely observed under microscopy. Changes in cell
membrane integrity and cell viability after water exposure were measured to determine the effects of
water-induced hypotonic shock. Additionally, the effects of warm sterile water were analyzed.

Results: T24, RT4, and J82 cells started swelling immediately upon exposure to water, followed by rup-
ture within five minutes. RT112 cells demonstrated limited hypotonic swelling with significantly less
cell rupture after 10min, The percentages of viable cells at 10min were 1.6+0.8%, 3.5+3.5%,
5.0:3.2%, and 220+ 10.3% for T24, RT4, J82, and RT112, respectively. The percentage of viable cells
with 48 °C sterile water at one minute was 0% for RT112 cells.

Conclusions: These findings support the efficacy of sterile water against bladder cancer cells and
reveal that warm sterile water enhances the cytocidal effects of hypotonic shock, potent|ally avoiding
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the need for radical surgery.

Introduction

Bladder cancer is the ninth most common cancer in the
world, with 390,000 new cases diagnosed and 150,000
deaths each year {1]. Nearly three out of four patients diag-
nosed have non-muscle-invasive bladder cancer (NMIBC).
. During the course of NMIBC, as many as 50% of cases will
recur, and in 9% of them, the cancer will invade the muscula-
ris propria [2]. Radical cystectomy is the main-stayof therapy
for muscle-invasive bladder cancer (MIBC). Despite weli-per-
formed surgery, cure rates with surgery alone are 66-80%
[3.4]. Because of frequent recurrence and progression, blad-
der cancer Is not only an epidemiological but also an eco-
nomic problem. Therefore, preventing progression to MIBC is
critical in the management of NMIBC.

Treatment of NMIBC includes transurethral bladder tumor
resection (TURBT) with the use of adjuvant intravesical treat-
ments. Adjuvant treatment after TURBT is generally deter-
mined by categorization of patients into risk groups that
combine pathological and clinical features [5]. The standard
method of adjuvant treatment is intravesical therapy using
chemotherapeutic agents such as mitomycin C (MMC) and
Bacillus Calmette-Guérin (BCG) vaccine. However, such intra-
vesical therapies have some drawbacks. Although there is
clear evidence for intravesical MMC chemotherapy in
patients with low- and intermediate-risk tumars [6], patients
with high-risk tumors do not appear to achieve the same

benefit [7]. In addition, in all single instillation studies, the
instfllation was administered within 24h. To maximize the
efficacy of single instillation, it is important to devise flexible
practices that allow the instillation to be given as soon as
possible after TURBT. As severe complications have been
reported in patients with drug extravasation [8]. European
Association of Urology guidelines state that safety measures
should be maintained [9]. BCG is superior to intravesical
MMC chemotherapy in terms of recurrence, accounting for a
32% reduction in recurrence rates with BCG compared to
that with MMC. Despite being an effective drug, 20-40% of
patients undergoing BCG treatment experience recurrence
[10], and around 20% of these patients progress to a muscle-
invasive state [11]. Additionally, intolerance rates to BCG are
as high as 70% [12]. Therefore, a new intravesical therapy
with high effectiveness and low toxicity is required.

Prior research studies in colorectal and hepatocellular car-
cinoma have demonstrated results in regard to the cytolytic
efficacy of intraperitoneal lavage with sterile water [13,14].
Our previous study was specifically intended to study the
time-course of events in bladder cancer cells after exposure
to sterile water. The effect of exposure to sterile water is
time-dependent, with increased tumor cell lysis observed
with prolonged exposure. Although these findings suggest
that sterile water may be a new agent of intravesical therapy,
bladder cancer cell lines differ in their sensitivity to hypo-
tonic shock with sterile water [15]. Therefore, increased
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analysis of the cytocidal effects of hypotonic shock are
needed for successful clinical translation.

Hyperthermia is thought to have several beneficial effects
on the treatment of bladder cancer. An additive anti-tumor
effect of hyperthermia with select cytostatic drugs has been
reported [16]. The aim of present study was to investigate
the effect of hypotonic shock with warm sterile water on
bladder cancer cells, )

Material and methods
Cell culture and preparation

Human bladder cancer cell lines T24, RT4, J82, and RT112
were obtained from the American Type Culture Collection.
We selected two low-grade cell lines (RT4 and RT112) and
two high-grade cell lines (T24 and J82} for this study. These
cell lines were maintained as adherent cells at 37°C, 5% CO,
in a humidified atmosphere in RPMI-1640 (Wako, Osaka,
Japan) supplemented with 10% fetal bovine serum (Sigma,
St. Louls, MO, USA), HEPES solution (Sigma) and penicilfin-
streptomycin (Thermo Fisher Scientific, Waltham, MA, USA).

Observation of morphological changes in bladder
cancer cells after exposure to sterile water

After culturing bladder cancer cells in T75 flasks, the medium
was completely removed from the flasks and sterile water
was added. The flasks were mounted on the stage of a
KEYENCE BZ-9000 All-in-One Fluorescence Microscope
{Osaka, Japan), and serial changes in bladder cancer cells
were recorded at 0, 1, 3, 5, and 10 min.

Evaluation of cell viability

Cells were plated in 96-well plates at 5 x 10° cells/well. After
24 h of incubation, these celis were exposed to 37-48°C ster-
ile water for 1, 3, 5, or 10min after which the water was
exchanged for medium. In the control group, the medium
was renewed at the same time. After 24 h, cell viability was
assessed by pulsing the cells for two hours with dimethyl
thiazolyl diphenyl tetrazolium (MTT) salt {(Smg/mL in PBS),
followed by solubilization of formazan crystals in 100 pL of
lysis buffer containing 20% sodium dodecyl sulfate and 50%
dimethylformamide. Color development was quantified by
measuring the optical density at 570nm. All measurements
were repeated in quadruplicate, and the results are shown
as mean £ SEM.

Evaluation of intact cell membranes

Bladder cancer cells were detached from culture flasks by a
trypsin-EDTA solution and centrifuged. The pellets were sus-
pended in 5mL medium, and the cell suspension was div-
ided into five tubes. After centrifugation, the pelleted cells
were re-suspended in sterile water and incubated for 1, 3, 5,
or 10min. The suspending solution was displaced into
LUNA-I™ (Logos Biosystems, Gyeonggi-do, South Korea) and

the percentage of intact cell' membranes in bladder cancer
cells was determined by the trypan blue-exclusion method.
All analyses were performed in triplicate, and the results are
shown as mean £ SEM.

Results

Morphological changes were observed in all four bladder
cancer cell lines after exposure to 37°C sterile water
(Figure 1). T24, RT4, and J82 cells started swelling immedi-
ately upon exposure to sterile water and ruptured within five
minutes. RT112 cells demonstrated limited hypotonic swel-
ling with few cell ruptures within 10 min. '

The viability of bladder cancer cells was observed after
exposure to 37 °C sterile water by MTT assay (Figure 2). The
viability of all four bladder cancer cell lines decreased after
exposure to sterile water. The percentages of viable cells at
10 min were 6.6 +0.8%, 0.8+ 0.4%, 3.6 +0.3%, and 20,2 +0.2%
for T24, RT4, J82, and RT112 cells, respectively.

In the trypan blue-exclusion assay (Figure 3), live cells
with intact cell membranes were not stained. We determined
the percentage of live cells with intact cell membranes by
counting non-stained cells after exposure to sterile water.
T24, RT4, and J82 cells exhibited similar decreases in cell via-
bility at 10min. The percentages of viable cells at 10min
were 1.6+0.8%, 3.5£3.5% and 5.0£3.2% for T24, RT4, and
J82 cells, respectively. In contrast, that of RT112 cells
was 22.0+10,3%.

Additionally, we evaluated the cell viability of RT112 cells
after exposure to 40°C, 44°C, and 48 °C sterile water by MTT
assay (Figure 4). The percentage of live cells decreased as
the temperature increased. The percentage of viable RT112
cells treated with 48°C sterile water at one minute was 0%,
although viability was not reduced after exposure to
48 °C medium.

'Discussion

We revealed the cytocidal effect of warm sterile water on
bladder cancer cells that are resistant to 37°C sterile water,
Hyperthermic intravesical therapy using sterile water may
thus be a feasible treatment option in NMIBC patients, -
potentiaily avoiding the need for radical surgery.

A common practice among oncologic surgeons is to irri-
gate the surgical fieid after surgical extirpation with the goal
of potentially diluting and lysing viable tumor cells that
might be free floating. litaka et al [17] investigated the rote
and mechanism of sterile water peritoneal lavage in three
human gastric cancer cell lines. In their study, they found a
rapid increase in cell volume followed by celi rupture after
the cells were exposed to sterile water. Our previous study
revealed the cytocidal effects of sterlle water on bladder can-
cer celis [15]. However, prior bladder cancer research has
demonstrated conflicting evidence regarding the role of
intravesical therapy with sterile water. Sakai et al. [18] investi-
gated whether irrigation with a large amount of sterile water
prevented recurrence of superficial bladder cancer in the
clinical setting. There were no significant differences in the
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Figure 1. Representatwe images of T24, RT4, 182, and RT112 cells before and after exposure to 37 °C sterile water. T24, RT4, and J82 cells started swelling immedi-
ately upon exposure to sterile water and ruptured within five minutes. RT112 cells demonstrated limited hypotonic swelling with few cell rupturas within 10 min.
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Figure 2. Cell viability of bladder cancer cells after exposure to 37 °C sterile water. The viability of all four bladder cancer cell lines started to decrease after expos-

ure to sterile water.

one- and two-year recurrence-free rates between patients
undergoing sterile water irrigation and control patients. We
hypothesize that this may be because bladder cancer cells
showing resistance to sterile water were present. In our pre-
vious study, the observed cytocidal effect was different for
each bladder cancer cell line. Thus, 'simply irrigating with
sterile water may not be effective for successful clinical
translation. _ '

Hyperthermia Is not a novel bladder cancer treatment, In
1992 Matzkin et al. [19] perfarmed an in vitro study in which
hyperthermia was used to treat superficial bladder cancer
cells. They concluded that the cytocidal effects of hyperther-
mia on bladder cancer cells were variable and limited.
Furthermore, they concluded that experiments using a com-
bination of hyperthermia and intravesical anti-cancer agents
were needed. Since then, the effects of hyperthermia and

intravesical chemotherapy have been reported in several clin-
ical studies [20,21] for the treatment of superficial bladder
cancer. Hyperthermia increases the efficacy of treatment with
several cytotoxic agents {22]. The aim of present study was
therefore to investigate whether hyperthermia enhances the
effect of sterile water on bladder cancer cells.

First, we confirmed the cytocidal effect of hypotonic shock
induced by 37°C sterile water on bladder cancer cells. All
four bladder cancer cell lines showed cell swelling followed
by cell rupture after exposure to sterile water, T24, RT4, and
J82 cells started swelling immediately upon exposure to ster-
ile water and ruptured within five minutes. RT112 cells dem-
onstrated limited hypotonic swelling with limited cell
ruptures. MTT and trypan blue-exclusion assays showed simi-
lar results. The duration of exposure to sterile water required
10 lyse T24, RT4, and J82 cells was within 10 min. However,
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Figure 3. Intact cell membranes of bladder cancer cells after exposure to 37 °C sterile water, The number of intact membranes of T24, RT4, and 182 celis decreased

more rapidly upon exposure to sterile water than that of RT1 12 cells.
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Figure 4. Intact cefl membranes of RT112 cells after exposure to warm sterile water, The percentages of live cells decreased as the temperature increased,

RT112 cells required more than 10min. T24, RT4, and J82
cells thus appeared to be sensitive to sterile water. In con-
trast, RT112 cells may require a longer duration of exposure
to sterile water to observe cytocidal effects. The high sensi-
tivity of T24 cells is contrary to the finding of the previous
study [15]. The reason for this discrepancy is unknown, but
the states of cell lines may be different. Potentially, the
strength of the cytoskeleton or cell membrane or the expres-
sion of chloride channels may differ among bladder cancer
cell lines of different grades, as seen in other malignancies
[23]. Sterile water monotherapy may therefore be insufficient
far RT112 cells,

Secondly, we investigated the effect of hypotonic shock
with warm sterile water on bladder cancer cells. We eval-
uated the cell viability of RT112 cells after exposure to 40°C,

44°C, and 48°C sterile water. The percentage of live cells
decreased as the temperature increased, Damage to all four
bladder cancer cell lines was evident at’ one minute after
exposure to 48°C sterile water. RT112 cells demonstrated
hypotonic swelling immediately, with many cell ruptures
within 10min. This may be because the movement of water
molecules is proportional to the temperature.

The results of our present study provide experimental evi-
dence that warm sterile water has hypotonic shock-induced
cytocidal effects on cultured bladder cancer cells showing
resistance to 37°C sterile water. The biggest potential use
for this treatment is early post-operative instillation, as float-
ing tumor cells exhibit the greatest contact area with sterile
water. We believe that single bladder irrigation directly after
TURBT is the most efficient method. Regarding the toxicity of



sterile water, a prior research study reported that bladder irri-
gation with sterile water resulted in fewer adverse effects
than intravesical MMC [24]. However, while higher tempera-
tures may be more beneficial, they may also irreversibly
damage the normal urothelium and bladder wall. No patients
had CTCAE grade IV or V adverse events in a cohort study
with hyperthermic intravesical chemotherapy [25]. In add-
ition, sterile water is readily available and relatively inexpen-
sive. Hyperthermic therapy using warm sterile water for
bladder cancer may represent a new method with high
effectiveness and low toxicity. In order to introduce this pro-
cedure to the clinic, we are planning to conduct a pilot study
of single bladder irrigation with warm sterile water for
30 min after TURBT,

The major limitation of the present study is that our find-
ings must be interpreted in the context of the study design:
our data were generated from cultured bladder cancer cell
lines of different grades in an in vitro setting. In the clinical
setting, inherent characteristics of patients’ cancer cells and
immunology likely play significant roles in the survival of
cancer cells, among other processes, Even with these caveats,
the advantage of this approach with its low cost and low
toxicity has the potential to lead to breakthrough treatment
for patients with NMIBC,

Conclusions

Warm sterile water enhances the cytocidal effects of hypo-
tonic shock. These findings suggest that hyperthermic intra-
vesical therapy with sterile water may represent a new
adjuvant therapy after TURBT with high effectiveness and
low toxicity and may be a feasible option for treatment of
NMIBC patients, potentially avoiding the need for rad-
ical surgery.
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