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A major challenge to urologists with respect to bladder

cancer is the high rate of tumor recurrence after

transurethral resection (TUR). Implantation of resected

tumor cells on traumatized bladder urothelium is believed

to be the main cause of tumor recurrence. The aim of this

study was to find a safe irrigant fluid and modality that

prevents reimplantation of malignant cells during TUR.

Therefore, the cytotoxicity and antiadherence effects of

polyethylene glycol 400 (PEG400) and PEG4000 were

investigated and compared with currently used irrigant

fluids, water and 1.5% glycine (G-IF), on the RT112

urothelial cell carcinoma cell line. PEG400 (20%), G-IF,

water and to a lesser extent 10% PEG400 and PEG4000

showed dramatic cytotoxic effects, besides exhibiting

interesting antiadherence characteristics. The presence

of serum proteins did not interfere with the activity of

PEG400. In a clonogenic assay, both water and 20%

PEG400 showed a better cytotoxic profile than G-IF, and it

was found that these two fluids were able to induce a 5-log

kill. This study shows that a solution of 20% PEG400 in

water is a promising irrigant with antiadhesive and

cytotoxic properties, which could be used to prevent

tumor cell reimplantation during TUR. The irrigant remains

active in the presence of serum proteins, is transparent,

inexpensive and possesses an excellent safety

profile. Anti-Cancer Drugs 21:645–650 �c 2010 Wolters

Kluwer Health | Lippincott Williams & Wilkins.
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Introduction
Bladder cancer was, in 2002, the ninth most common

cancer worldwide for both sexes combined, and the fourth

most common malignancy among men in the Western

world, with an estimated 357 000 new cases per year and

145 000 deaths [1]. Bladder cancer is found to be increa-

singly nonmuscle invasive in 75–85% of all cases. Accord-

ing to the tumor-node system, these nonmuscle invasive

tumors are staged as carcinoma in situ, nonmuscle invasive

papillary tumor (Ta) and lamina propria invasive tumor

(T1). Nonmuscle invasive bladder cancer has a high rate

of recurrence (70%) after treatment and 25–30% of them

eventually progress to muscle invasive disease [2,3].

Recurrence of nonmuscle invasive urothelial cell carcino-

ma of the bladder after transurethral resection (TUR) is a

major clinical problem in urological oncology. Several

mechanisms have been described that may lead to blad-

der cancer recurrence. First of all, this may be because of

newly emerging tumors [4] or recurring tumors that were

missed in the first resection, especially in the case of

incipient tumors that were invisible endoscopically at the

time of resection [3,5,6]. However, in addition, reim-

plantation of resected cancer cells in normal or resected

areas of the epithelium during or after TUR is reported to

be an important factor in the mechanism underlying the

frequent recurrence of bladder tumors [7]. A general

strategy to reduce recurrences after TUR is by immedi-

ately instilling chemotherapeutics such as mitomycin-c

after TUR. Although this technique is considered to be

generally safe, several adverse effects upon mitomycin-c

instillation have been reported [8,9]. Besides, it results in

a significant decrease in recurrences in the short term,

but the effect is only marginal in the long term [10].

With a view to develop a safe irrigant for TUR that could

reduce the chance of tumor recurrence, we recently

screened for compounds that are cytotoxic for malignant

urothelial cells and/or that can coat the bladder wall,

thereby preventing tumor cell implantation. Interesting

results were obtained with polyethylene glycol derivates

(PEGs) (Fig. 1). These compounds are clinically used

agents with profound chemopreventive properties in

experimental colon carcinogenesis, an activity that has

been associated with PEG-induced suppression of epi-

dermal growth factor-receptor (EGF-R) protein of the

mucosal cells [11]. Generally, PEGs are considered inert

and possess low toxicity. On account of their low toxicity,
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viscosity and solubilizing effect, PEGs are used widely in

human and veterinary pharmaceutical products intended

for parenteral, oral, rectal and topical use [12,13].

In this study the cytotoxicity and antiadherence effects of

PEG400 and PEG4000 were investigated and compared

with the effects of water and 1.5% glycine constituted

with 1% ethanol in water (G-IF), which are currently

used as irrigants. Besides, the effect of serum proteins on

the action of the irrigants was also determined.

Materials and methods
Chemicals and solutions

The irrigants tested were G-IF (containing 1.5% glycine

in 1% ethanol) (Baxter, Lessines, Belgium) and water

obtained from the Synergy Water System 185 (Millipore,

Massachusetts, USA). PEG400 and PEG4000 were purcha-

sed from Fluka Chemie GmbH (Buchs, Switzerland).

Cell lines and culture conditions

The human RT112 cell line, which is a primary grade 2

TCC cell line (DSMZ, Braunschweig, Germany), was

grown as a monolayer in minimum essential medium with

Earle’s salts containing 2 mmol/l L-glutamine under 5%

CO2 at 371C. The medium was supplemented with 10%

fetal calf serum (FCS), 1% antibiotic/antimycotic solu-

tion, 1% amino acids and tylosine (60 mg/ml).

MTT-based antiproliferative assay

The antiproliferative effect of the irrigants and PEG

solutions on RT112 cells was determined using the

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-

mide assay (MTT) [14].

In brief, RT112 cells (200 ml, 2.5� 104 cells/ml) were

seeded in 96-well microplates and incubated for 24 h.

After removal of the medium, the irrigant or PEG solution

(± 10% FCS) was added (200 ml) and the cells were in-

cubated (5–120 min, 371C). After rinsing twice with

phosphate buffered saline (Gibco BRL, Paisley, UK), the

solution was then replaced with the medium (+ 10%

FCS, 48 h, 371C). Later, the medium was replaced with

MTT solution (1 mg/ml, 200 ml, 4 h). Next, it was

replaced by dimethyl sulfoxide and shaken to dissolve

any formed formazan crystals. The plate was read on a

microplate reader (FL 600 Microplate Fluorescence

Reader, Bio-Tek Instruments, Winooski, Vermont, USA)

at 550 nm. Absorbance taken from the cells grown in

control conditions was considered as 100% (control). On

the basis of the control, the antiproliferation effect was

calculated and plotted using the GraphPad Prism 5.01

software (San Diego, California, USA). All experiments

were performed in triplicate.

Clonogenic assay

RT112 cells were seeded onto six-well tissue culture

plates (5� 106 cells/well, 48h, 371C). The medium was

then replaced with the irrigant or PEG solution (+ 10%

FCS) followed by incubation (2 h, 371C). The fluid was

collected and centrifuged to recover any floating cells.

The cells remaining on the plates were trypsinized,

combined with the floating cells and centrifuged (320g,

5 min). The pellet was resuspended in fresh medium.

The cells were quantified (Coulter Electronic, Luton,

UK) to determine an appropriate number of cells suffi-

cient to yield 50–100 colonies and plated onto 100 mm

Petri dishes in 10 ml of minimum essential medium. The

Petri dishes were incubated for 9 days and then stained

(2 min) with 1% methylene blue in methanol before the

colonies were counted visually. As some test conditions

can cause rapid necrosis of cells, a fraction of the cells

originally present in the treated cells was not quantified

by Coulter counting, and was therefore not processed in

the clonogenic assay. This fraction (R1) was calculated

from the ratio of the number of cells harvested immedi-

ately after treatment with a cytotoxic agent to the num-

ber of untreated controls cells. The final survival fraction

was calculated according to formula survival fraction =

R1�R2 in which R2 is the ratio of the cloning efficiency

of treated cells to the cloning efficiency of control cells.

All experiments were performed in triplicate.

Cell adherence assay

To study the antiadherence effects, the cells were seeded

in 96-well plates (20 000 cells in 200 ml/well) containing

the irrigant or PEG solution (± 10% FCS), or in the case

of control conditions, containing the medium with 10%

FCS [15] with a modification that the wells were not

coated with an extracellular matrix earlier. The plates

were centrifuged (71g, 5 min) to allow the cells to attach

after which the cells were further incubated (15 min,

371C). Then the plates were centrifuged upside down

(9g, 5 min). The relative amount of attached cells was

immediately assayed by using the MTT method.

Statistical analysis

The Graphpad Prism 5.01 software was used to calculate

P values by using a one-way analysis of variance, if not

mentioned otherwise. A P value of less than 0.05 was

considered significant.

Fig. 1

HO O
H
n

Structure of polyethylene glycol (PEG), n = the number of ethylene
oxide units. In PEG400 and PEG4000, n is 8–10 and 68–85,
respectively.
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Results
Antiproliferative effect of PEG400 and PEG4000

The antiproliferative effect of PEG400 solutions with or

without FCS was determined (Fig. 2a and b). From the

nonlinear regression fits, IC50 values were calculated

(Table 1). These values represent the concentration of

PEG that is required to reduce cell proliferation by 50%.

A maximal cytotoxic effect is present after 60 min and

that the IC50 values obtained do not differ whether serum

proteins are added or not. Conversely, after shorter treat-

ment periods, the cytotoxic effects induced by PEG400

depended on the presence or absence of FCS.

PEG4000 (1–40%) showed a limited cytotoxicity; only after

120 min, the IC50 value was 22.3 ± 1.0% [mean % ±

standard deviation (n = 3)], whereas even the highest con-

centration of PEG4000 used (40%) did not induce 50%

reduction in cell proliferation after shorter exposure times

(15, 30, 60 min). At concentrations above 25%, the viscosity

of PEG4000 is unacceptably high to be suitable as an

irrigant during TUR of the bladder.

Comparison of the antiproliferative effect of PEG400,

G-IF and water

As PEG400 showed a far better cytotoxicity profile as

compared with PEG4000, we further compared the

cytotoxic effects of 10 and 20% PEG400 with the effects

of G-IF and water (Fig. 3; Table 2). It can be seen that (i)

in general no differences existed between the cytotoxic

effects of PEG400 in water versus PEG400 prepared in

medium, (ii) 20% PEG400 and G-IF possessed more

cytotoxic activity than 10% PEG and water and (iii) 10%

PEG400 showed the lowest activity compared with the

other tested conditions.

Clonogenic assay

To measure more accurately the cell killing effect, a clo-

nogenic assay was performed for some conditions (20%

PEG400 in water, G-IF and water, supplemented with

10% FCS, 2 h) that resulted in low cell proliferations, as

observed in the earlier experiment. The results show that

20% PEG400 and water apparently killed all the cells

present resulting in a greater than 5-log kill (Fig. 4).

Somewhat surprisingly, G-IF was at least 10-fold less

cytotoxic as compared with 20% PEG400 or water.

Adherence assay

A cell adherence assay was conducted to determine

whether irrigants or the PEG solutions affected cell

adherence. Cytotoxic effects (Fig. 3) were minimized by

limiting the exposure time to 15 min. In the presence of

10% FCS, water and G-IF prevented the adherence of

more than 75% of RT112 cells (Fig. 5; Table 3). In the

absence of FCS, this fraction further amounted to more

Fig. 2
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Cytotoxicity profile of polyethylene glycol 400 (1, 10, 20, 50%) without fetal calf serum (FCS) (a) and with FCS (b) after an incubation of the RT112
cells for 15, 30, 60 and 120 min, respectively. The results show the mean % ± standard deviation (n = 3).

Table 1 Toxicity of PEG400 on RT112 cells with or without FCS

IC50 value (%)

Without FCS With FCS P valuea

15 min 33.8 ± 3.6 23.6 ± 1.1 *
30 min 24.3 ± 2.1 12.4 ± 1.0 **
60 min 11.8 ± 1.3 9.6 ± 1.0 NS
120 min 11.2 ± 1.2 9.6 ± 1.0 NS

The data are expressed as IC50 values and represent mean % ± standard
deviation (n = 3).
FCS, fetal calf serum; IC50, concentration of PEG that is required to reduce cell
proliferation by 50%; NS, not significant, PEG400, polyethylene glycol 400.
aP value calculated using the unpaired t-test.
*P < 0.05.
**P < 0.01.
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than 98%. PEG400 and PEG4000 used at 10% showed

similar effects, reducing cellular adherence to less than

10%. As compared with the 10% condition, 20% PEG400

induced a more substantial effect.

Discussion
During TUR of nonmuscle invasive bladder tumors,

irrigants like G-IF and water give the surgeon a clear view

of the operation field by removing blood and pieces of the

resected tissue. The fluid also stretches the bladder

allowing smooth endoscopic access. These irrigants,

Fig. 3
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Cytotoxicity profile of polyethylene glycol 400 (PEG400) (10 and 20%),
1.5% glycine (G-IF) and water, all containing 10% fetal calf serum, after
an incubation of the RT112 cells for 15, 30, 60 and 120 min,
respectively. The results show the mean % ± standard deviation (n = 3).
m and w, PEG400 solutions made in medium or water, respectively.

Table 2 One-way ANOVA with the Tukey post test to compare the
antiproliferative effect on RT112 cells of cytotoxic fluids after 15,
30, 60 and 120 min treatment

P value

Cytotoxic fluid 15 min 30 min 60 min 120 min

10% PEG400 (m) vs. 10% PEG400 (w) NS NS ** NS
10% PEG400 (m) vs. water NS NS NS ***
10% PEG400 (m) vs. G-IF *** *** *** ***
10% PEG400 (m) vs. 20% PEG400 (m) *** *** *** ***
10% PEG400 (m) vs. 20% PEG400 (w) *** *** *** ***
10% PEG400 (w) vs. water NS NS NS ***
10% PEG400 (w) vs. G-IF ** * *** ***
10% PEG400 (w) vs. 20% PEG400 (m) *** *** *** ***
10% PEG400 (w) vs. 20% PEG400 (w) ** *** *** ***
Water vs. G-IF * * *** NS
Water vs. 20% PEG400 (m) ** *** *** NS
Water vs. 20% PEG400 (w) * *** *** NS
G-IF vs. 20% PEG400 (m) NS NS NS NS
G-IF vs. 20% PEG400 (w) NS NS NS NS
20% PEG400 (m) vs. 20% PEG400 (w) NS NS NS NS

ANOVA, analysis of variance; G-IF, 1.5% glycine; NS, not significant; PEG400,
polyethylene glycol 400; w and m, PEG solution made in water and medium,
respectively.
*P < 0.05.
**P < 0.01.
***P < 0.001.
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however, also convey easily viable tumor cells that become

suspended during resection throughout the bladder

cavity [16], and hence local reimplantation of tumor cells

is believed to be a major cause of recurrence of bladder

cancer after TUR [7]. At present, there is an urgent need

for effective agents used as an adjunct during or imme-

diately after resection to prevent this regrafting of tumor

cells. Ideally, these agents should be instantly cytotoxic to

the resected tumor cells or coat the bladder to prevent

tumor cell adherence. Besides, they should be harmless

to the bladder wall, and as large amounts of irrigant fluid

can become directly absorbed into the vascular system

[17,18], they should be devoid of systemic toxicity.

Therefore, it is not an option to include antitumoral drugs

present on the pharmaceutical market in irrigant fluids.

In this study, we found that 20% PEG400, G-IF, water and

to a lesser extent 10% PEG400 showed cytotoxic effects on

RT112 cells. Conversely, PEG4000 showed limited

potential as a cytotoxic agent. In general, a 2-h exposure

was necessary to induce a dramatic effect, a procedure that

can easily be translated into the clinic, that is, by instilling

an irrigant in the bladder for an additional 2 h after

TUR. Using a clonogenic assay we further showed that an

exposure of RT112 cells for 2 h to water or 20% PEG400

induced a more than 5-log cell kill, indicating more than

99.999% reduction in the cell population.

The cytotoxic effects of water on human urothelial and

colon cancer cell lines are well documented and are

believed to be of clinical relevance during TUR of the

bladder or abdominal lavage after surgery to lyse the

remaining isolated cancer cells [19,20]. It has been shown

that colon cancer cells exposed to a short hypotonic shock

of up to 5 min undergo transitory cell swelling, followed

by specific binding of extracellularly released ATP to P2

receptors and activation of apoptotic pathways [20],

whereas short hypotonic stress induced apoptosis. Ex-

posure times of longer than 15 min were necessary to lyse

the cells by necrosis, likely because of cell membrane

rupture that is secondary to massive cell swelling [20].

Although we did not investigate mechanistic details of

the responses of RT112 cells to water exposure, it is a

matter of fact that a similar necrosis underlies the results

observed in this study.

As G-IF contains 1.5% glycine (concentration iso-osmotic

with saline: 2.2%) and 1% ethanol (iso-osmotic concen-

tration: 1.4%), the solution is slightly hyperosmotic. It is

known that hyperosmotic stress can result in cell death

[21], and hence the cytotoxicity induced by G-IF can

be attributed to hypertonic conditions. In contrast, the

irrigant also contains 1% ethanol, which is known to be

cytotoxic at that concentration [22], and it is likely that

the ethanol present in the irrigant also accounts partly for

the effects observed.

As the concentration of PEG400 iso-osmotic with saline is

8.5%, the 10 and 20% PEG400 solutions are hyperosmotic

as well. It was found that the cytotoxic effect of the

PEG400 solutions made in water or cell medium con-

taining isotonic concentrations of salts was comparable,

however, and it likely mirrors specific cellular effects

induced by PEG400 that are independent of its non-

specific osmotic activity. Of interest, it was shown that

PEG800, but not osmotically equivalent concentrations of

sorbitol or sodium chloride, induced apoptosis in colon

cancer cell lines in a dose-dependent manner [23].

Further evidence for a possible specific interaction of

PEG400 with cells comes from the observation that PEGs

can be used as chemopreventive agents against colorectal

cancer. This activity has been associated with a reduction

of the EGF-R in epithelial cells through lysosomal

degradation, effecting an antiproliferative activity involv-

ing the Snail/b-catenin pathway [8,23]. In these studies,

the human colorectal cancer cell line HT-29 was incuba-

ted with 5% PEG3350 for 24 h, conditions that resemble

somewhat the ones used in this study, that is, exposure of

RT112 cells to 10–20% PEG400 for a maximum of 2 h.

Whether similar intracellular effects underlie the present

observations partially or fully is not known, and further stu-

dies elucidating mechanistic details regarding the cytotoxic

and antiproliferative effects of PEG400 are necessary.

Both the irrigants and the PEG solutions dramatically

reduced the fraction of cells that adhered to the surface

of cell plates. In case of the irrigants (G-IF, water) it is

unlikely that this is the result of a real coating of the

plastic surface or cells, thereby limiting the interaction

between cellular membrane proteins and the plastic

matrix. Although the conditions used resulted in limited

cytotoxicity, it is believed that rapid alterations in cell

morphology induced by the hypotonic conditions (water)

or 1% ethanol conditions (G-IF) brought about the

antiadherence effects. Conversely, the activity of PEG400

and PEG4000 is probably related to their physicochemical

properties, as amphiphilic polymers are prone to coat cells

and/or plastic surfaces in a noncovalent manner. Sig-

nificantly, PEG4000 induced a decrease of more than 90%

of cell adherence, using a concentration and incubation

time that does not induce cytotoxic effects. Conversely,

and in line with the data showing that PEG800 indu-

ces apoptosis [24], PEG400 (8.5–20%) also produced

Table 3 Student t-test analysis to compare the antiadhesion effect
of cytotoxic fluids without ( – ) or with ( + ) 10% FCS

Cytotoxic fluid P value

G-IF ( + ) vs. G-IF ( – ) ***
Water ( + ) vs. water ( – ) ***
10% PEG400 ( + ) vs. 10% PEG4000 ( + ) NS
10% PEG400 ( + ) vs. 20% PEG400 ( + ) **

FCS, fetal calf serum; G-IF, 1.5% glycine; NS, not significant; PEG400,
polyethylene glycol 400.
**P < 0.01.
***P < 0.001.
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morphological changes of the cells within the first 30 min

of incubation (results not shown), and it is therefore

possible that these are related with the antiadherence

effects as well.

Importantly, Solomon et al. [25] observed that a mean of

10.9% albumin serum-equivalent can be recovered in

the waste irrigation fluid of patients undergoing TUR.

As by binding to albumin or lipoproteins, compounds

can become inactivated, it was critical to investigate the

activity of PEG400 in the presence of serum constituents.

Unexpectedly, PEG400 was slightly more cytotoxic to

RT112 cells in the presence of FCS than in its absence

after short incubation periods. This not only implies a

lack of binding of PEG to serum constituents, but also

seems to point to a specific interaction between cellular

effects of PEG400 and at least a constituent of serum.

This is an interesting observation that will be further

investigated in detail in the near future, especially against

the background of the influence of PEGs on the expres-

sion of the EGF-R in cells, as mentioned earlier.

Altogether, this study shows that 20% PEG400 is a pro-

mising cytotoxic fluid that warrants further in-vivo in-

vestigations in an appropriate animal model. The agent

has antiadherence effect and remains a potent cytotoxic

fluid in the presence of serum proteins. Besides, it is

transparent, inexpensive and possesses an excellent safety

profile.
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