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Abstract

Purpose: The implantable bladder cancer (BC) models allow the researchers to perform rapid and useful experi-
ments for BC. We investigated the implantation success of BC cells obtained from Wistar rats (grown in vitro), into
bladders of syngeneic Wistar rats, which are commonly used in the laboratories.

Methods: The Nara Bladder Tumor No.2 (NBT-1I) BC cells induced with 4-hydroxybutylnitrosamine were grown
with passages in Kocaeli University Center for Stem-Cell and Gene-Therapies. After urothelial denudation, 2x10°
NBT-II cells were then implanted into bladders of 24 female Wistar rats (aged 7-8 weeks). The rats were randomly
divided into four experimental groups, three instillation groups (8 per group) and one sham-operated control group
consisting of 6 rats. First, second and third instillation groups were sacrificed at days 7, 14, and 21, respectively,
and, bladders were histopathologically evaluated for BC according to WHO / International Society of Urological
Pathology.

Results: All tumors were pT1 (including 1 rat that prematurely died at 5th day), except one rat that died prematurely
at 8th day had pT2 tumor. Implantation rates were 28.58% (2/7) in the first group, and 42.85% (3/7) in the second,
Jor a cumulative rate of 35.71% (5/14) in these two-groups (until 14th day). Interestingly, there was no tumor in the
third group, but there was an inflammatory granulation tissue.

Conclusion: Seeding NBT-II cells into bladders of Wistar rats was described, successfully tested and demonstrated
in this study. This implantable BC model of Wistar rats may be improved to increase the success rate of BC cell
implantation in new studies with higher number of animals.
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Introduction

Approximately 80% of all newly diagnosed blad-
der cancers (BCs) are non-muscle-invasive blad-
der cancer (NMIBC); carcinoma in situ (CIS),
pTa, and pT1 (1). Remaining bladder tumors are
higher pathological stage; > pT2. Transurethral
resection of bladder tumor (TURBT) is the ini-
tial and standard treatment of BC. After TURBT,
intravesical chemotherapeutic and immunother-
apeutic agents are used to prevent the recurrence
or progression of NMIBC.

The animal models of BC are roughly orthoto-
pical (intravesical) and heterotopical (non-or-
thotopical [subcutaneus, etc.]). Although the
subcutaneous models of BC have been frequent-
ly used in recent years (2), it should not be for-
gotten that these non-orthotopical models cannot
represent the bladder microenvironment. On the
other hand, Xiao et al. (1999) described a suit-
able bladder tumor model that resembles human
disease. They determined the following desirable
characteristics: 1. The tumor should grow orthot-
opically, 2. The tumor should be transitional cell
carcinoma (TCC) / urothelial carcinoma origin,
3. The animal host should be immunocompetent
and reasonably large, and 4. The tumor should be
technically easy to develop (3).

The rodent orthotopic BC models mainly in-
clude three groups as, the chemically induced
BC models, the xenograft models (implanta-
tion of human TCC into immunodeficient nude
rats), and the syngeneic tumor models (implan-
tation of carcinogen-induced BC in syngeneic
immunocompetent rats) (4). Taken together, it
is evident that, immunocompetent orthotopical
bladder tumor models are highly desirable for
BC biology and immunology. Furthermore, the
studies using chemically induced bladder car-
cinogenesis models require several months (5-
8). Hence, developing bladder tumors in a short
time by implanting bladder cancer cell lines into
the bladders of syngeneic immunocompetent ro-

dents might be a valuable and practical option
for the research of anticancer agents.

The Wistar rats are estimated to constitute almost
half of all rats being used in the laboratories to-
day (9). However, implantation of Nara Bladder
Tumor No.2 (NBT-II) cells obtained from N-bu-
tyl-N-(4-hydroxybutyl) nitrosamine-induced BC
of Wistar strain, into the Wistar rats have not
been clearly reported in the literature yet.

We aimed to test the possibility of transplantation
of NBT-II cells into the bladders of Wistar rats,
to show histopathologically the establishment of
orthotopic implantable bladder tumor model, and
finally to compare our data with other implantable
models (Fischer 344, etc.) in this study.

Materials and methods

Ethics statement

All animal procedures were performed in accor-
dance with the Regulation of Animal Research
Ethics in Turkey on the protection of animals
used for scientific purposes. The ethical approv-
al was granted by the Kocaeli University Animal
Research Ethics Committee (Project number:
3/9-2016, Kocaeli, Turkey).

Cell and Cell Culture

Rat Wistar bladder tumor (NBT-II) cells were
purchased from Sigma-Aldrich and maintained
at 37 °C in a humidified atmosphere of 95% air
and 5% CO2 in Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% fetal bovine
serum (FBS), 2 mM glutamine, 1% non essen-
tial amino acids (NEAA) + 1 mM NaP (sodium
pyruvate) and 100 IU/ml penicillin, and 100 mg/
ml streptomycin.

Animals, experimental design, and implanta-
tion protocol

Thirty adult female Wistar albino rats weighing
250 to 350 g, aged 7 to 8 weeks were used in
this study. The animal studies were conducted in
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accordance with Kocaeli University Experimen-
tal Medical Research Center (DETAB, Kocae-
li, Turkey) regulations. The rats were randomly
divided into four experimental groups; three in-
stillation groups (8 per group) and one sham-op-
erated control group consisting of 6 rats. All rats
fed with standard diet and tap water.

Rats in instillation groups were sacrificed at 7
(first group), 14 (second group), and 21 (third
group) days after inoculation. Correspondingly,
in the control group, two rats were sacrificed at
days 7, 14, 21 and compared with instillation
groups.

After intraperitoneal ketamine (90 mg/kg) and
xylazine (10 mg/kg) injection, bladder cathe-
terization was performed with a 20 G (Braun,
Germany) angiocatheter. The rat bladders were
evacuated by angiocatheter. For urothelial denu-
dation, the bladders of instillation groups were
conditioned with acid and base contents as de-
scribed before (3, 10). 0.1 N Hydrochloride
solution (0.4 ml) and 0.1 N potassium hydroxide
(0.4 ml) were infused into the bladders and left
in place for 15 seconds consequently. The blad-
ders were then drained and washed with phos-
phate-buffered saline for 30 seconds. After blad-
der conditioning, the NBT-II cells were implant-
ed in DMEM media by instilling the suspension
(2 x 10° cells / 0.5 ml) into rat bladders rapidly.
Incubation was started after the catheter was
clamped. During tumor incubation, the rats were
turned 90 degrees every 15 minutes to facilitate
homogeneous tumor seeding in the urothelium.
Finally, the catheter was removed and the rats
were put into the standard cages.

Sacrification and Histopathological analysis

Two rats did not survive until the experimen-
tal endpoints. One rat from the first instillation
group and one rat from the second group died
at Sth and 8th day, respectively. Their bladders
were collected and fixed in 4% buffered form-
aldehyde, after necropsy. At the end, prema-

turely dead rats’ bladders were microscopically
assessed together with the bladders of rats that
survived till the end of the experiment.
Surviving rats were sacrificed by intraperitone-
al administration of an overdose ketamine and
xylazine. The lungs and livers were harvested
and evaluated for macroscopic metastasis. Then
rat bladders were collected and cut longitudinally
from the dome to the neck. After the macroscop-
ic assessment of the opened bladder, tissues were
fixed in 4% buffered formaldehyde and subse-
quently embedded in paraffin for histopatholog-
ical evaluation. The tissue sections were cut at 5
pum thickness and stained with hematoxylin-eo-
sin (H & E). Urothelial lesions were classified
according to the World Health Organization /
International Society of Urological Pathology
Consensus (11).

Results

Initially, necropsy was performed on two rats
that died prematurely. Macroscopically, no
pathological findings were detected in the livers
and lungs of these two rats. By contrast, muco-
sal irregularities were observed in their bladders
and immediately they were fixed in 4% buffered
formaldehyde for histopathological examina-
tion.

The bladders of each instillation group were
compared with that of their control (sham-oper-
ated) counterparts. The normal urothelial tissue
of sham control group is represented in Figure 1.
Implantation success of the sacrificed rats in the
first, second, and third group was 28.58% (2/7),
42.85% (3/7), and 0% (0/8), respectively. Ac-
cording to our histopathological data, the seed-
ing of NBT-II cells achieved the establishment
of implantation BC until the 14th day (35.71%,
5/14). Besides, all of these tumors were morpho-
logically evaluated as pT1 (Figure 2A-B). Inter-
estingly, there was no tumor in the third group,
but there was only an inflammatory granulation
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tissue in that group (Figure 3). All of the histo-
pathological results are summarized in Table 1.

Furthermore, masses were observed in the
lungs of the two rats in the second group; These
were microscopically evaluated, but they were
not metastasis. They were inflammatory nod-

Fig. 1. Micrograph shows the normal urothelium
from a Wistar rat in the sham-operated control
group (H & E staining, magnification 20x). Str:

Stroma; Ur: Urothelium

ules. Only one pT2 tumor was detected in the
rat which prematurely died at 8th day. This rat
is excluded from the study and its pT2 tumor is
shown in Figure 4.

Discussion

To establish the rodent syngeneic implantable
BC model, the BC cells (AY-27, MB49, RBT
323, etc.) were transplanted into bladders of
various rats (Fischer 344, ACI, etc.) and mice
(C57BL/6, etc.) after urothelial denudation (3,
4,10, 12-15). For urothelial denudation, the me-
chanical damage can be achieved by electrical
cauterization and epithelial abrasion as well as
by chemical denudation with hydrochloride,
N-methyl-N-nitrosourea, or silver nitrate. This
is followed by tumor cell instillation (16). Ac-
cording to our recent MEDLINE® search, the
establishment of an implantable BC model in
Wistar rats by using self-bladder cancer cells
in vivo have not been described in the literature
yet. However, in a paper, the authors claimed to
plant the Wistar bladders via intravesical instil-

Fig. 2. The microscopic (A) image shows pT1 urothehal carcinoma in the Wistar rat bladder H&E
staining, magnification 10x). The macroscopic image (B) shows the tumor in the Wistar rat bladder. Str:
Stroma; Ur: Urothelium
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Table 1. Implantation ratios of the NBT-II cells in the experimental groups.

Harvesting Day First Group (n =8) Second Group (n = 8) Third Group (n =8)
7t day 2/7* (28.5%) ¢ - -

14" day - 3/7* (42.8%) P -

21™ day - - 0/8 (0%) v

* All diagnosed urothelial cancers in the first and the second groups were pT1 stage.

a One rat from the first group died prematurely at day 5; it had a pT1 tumor.

B One rat from the second group died prematurely at day 8; it had a pT2 tumor.

y There was no tumor morphology in the bladders of the third group, but inflammatory granulation tissue were observed in their bladders.

lation (17). But poorness of histopathological
data (implantation ratios, tumor stage, etc.) for
the orthotopical implantation of bladder tumors
in their study, diminished the reproducibility of
this method in Wistar rats.

Although implantable BC models have been
reported recently (3, 10, 13-15, 18), these were
not in Wistar rats. The Fischer 344 rats were
frequently used in BC models, especially in
implantable orthotopic models. However, it is
known that the Wistar rats are more commonly
available in the laboratories (9). An interesting
question is whether or not the tumors that were
previously obtained from Wistar rats can be im-

P N e 5, e SO
Fig. 3. Microscopic image from a Wistar rat
in the third group. Micrograph shows the
inflammatory granulation tissue and papillary
hyperplasia without any bladder cancer cell (H
& E staining, magnification 100x). Str: Stroma;
Ur: Urothelium; Inf. gran. tissue: Inflammatory
granulation tissue.

planted in other Wistar rats, orthotopically. Xiao
et al. (1999) reported that 16-17 days period is
most suitable for the intravesical chemotherapy
and immunotherapy studies in their implantable
BC model in Fischer 344 rats. In that study, tu-
mors were present in 62% (7/8) of the rats and
all tumors (all T1/ CIS) were seen at days 12-13
(3). However, we showed 35% (5/14) bladder tu-
mor (two rats at 7th day, three at 14th day) at the
end of 14 days in Wistar rats. In addition to this,
pT1 and pT2 tumors were observed in the rats
that died prematurely at 5th and 8th day, respec-
tively. Taken together, the presence of tumor in
the rats that died prematurely at the 5th and 8th

Fig. 4. The representative image of pT2
urothelial carcinoma of the Wistar rat that
died prematurely at 8th day (H & E staining,
magnification 10x). Str: Stroma; Ur: Urothelium
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days, and in 5 of the 14 rats sacrificed in the first
and second group, but the absence of tumor (but
presence of inflammatory granulation tissue) in
the third group suggest that the optimum wait-
ing (implantation) period for this Wistar model
is two weeks.

A solution containing two million NBT-II cells
was instilled into Wistar rat bladders in the Oha-
na et al. (17) and our study. Ohana et al. (2004)
demonstrated the development of orthotopic BC
model, but the tumor stage and implantation ra-
tio was not specified in their study. They set a
10-day experimental period and also used the rat
bladders’ weight to compare the normal and can-
cer group (17). However, in our experiment, the
establishment of orthotopic BC via intravesical
instillation of NBT-II cells was confirmed his-
topathologically and we also tested the optimal
harvesting period. Moreover, we also compared
this with other transplantable syngeneic rat BC
models (Fischer 344, etc.).

On the other hand, Satoh et al. (2007) (10) and
Xiao et al. (1999) (3) used 4x10° and 1 to 3x10°
AY-27 cells in their Fischer 344 models, respec-
tively. Using a higher concentration of NBT-11
cells (>2x10° cells) or any immunosuppressive
agent (steroid, etc.) must be taken into consid-
eration to increase the tumor implantation suc-
cess in Wistar rats. Xiao et al. (1999) showed
that tumor stage and implantation success in-
creased with the prolonged waiting period, when
12-13 days waiting period was compared with
22-50 days in the Fischer 344 rats (3). However,
in our study tumors were observed from 5th to
14th days, but we did not observe any tumor in
the third group (at day 21) in Wistar rats. This
paradox may be due to the fact that AY-27 cells
obtained from the Fischer 344 rats are more ag-
gressive (4) than NBT-II cells, or the immuno-
competency may be more active in Wistar rats
compared with the Fischer 344 rats. A prominent
anti-tumoral response accompanied with inflam-
matory granulation tissue occurred at third week

in this model. This might be a clue to a serious
tumor immunity against BC implying Wistar-re-
lated new immunotherapeutic insights. Further
work is needed.

Not orthotopical but xenograft cancer models
(especially subcutaneous models), with immu-
nodeficient nude animals are highly used in new
anticancer drug investigations. But, these subcu-
taneous models do not have appropriate bladder
microenvironment for drug testing. For this rea-
son, orthotopic and immunocompetent BC mod-
els that exhibit this microenvironment are most
appropriate for intravesical immunotherapeutic
and chemotherapeutic investigations. Therefore,
this experimental study demonstrated rapidly
grown in vivo orthotopic immunocompetent BC
model for the Wistar strain. And particularly, the
anti-tumoral response which became evident
with the appearance of the immunocompotence
effect at the third week in this model, provided
clues for the clinical significance of immuno-
therapy in NMIBC.

In summary, we tested and histopathologically
determined the optimal experimental waiting
period for the seeding of NBT-II cells into blad-
ders of Wistar rats that are commonly available
and used in the experimental laboratories. The
implantable Wistar rats model, described in this
pilot feasibility study, may be improved to in-
crease the success rate of BC cell implantation
by new studies with higher number of animals.
Then, this model can be successfully utilized in
future orthotopic BC studies.

Conflict of interest

None.

Acknowledgments

The authors gratefully acknowledge the sup-
port of the Kocaeli University the Scientific and
Investigational Reserve and Dr. Cemil Kayaalp



Revista Romdna de Medicina de Laborator Vol. 27, Nr. 1, lanuarie, 2019 41

and Dr. Cafer Ali Kantar for their great assis-
tance.

Authors’ contributions

KT project development, data collection, data
analysis, and manuscript writing/editing.

HY data analysis.

MEK data collection.

MY data collection.

SY project development, data analysis, and man-
uscript writing.

BYG data collection.

Y'Y project development and manuscript writing.
DKY data collection, data analysis.

OD project development and manuscript writ-
ing/editing.

References

1. Tae BS, Jeong CW, Kwak C, Kim HH, Moon KC,
Ku JH. Pathology in repeated transurethral resection
of a bladder tumor as a risk factor for prognosis of
high-risk non-muscle-invasive bladder cancer. PloS
one. 2017;12(12):¢0189354. DOI: 10.1371/journal.
pone.0189354

2. Zhou N, Singh K, Mir MC, Parker Y, Lindner D, Dre-
icer R, et al. The investigational Aurora kinase A in-
hibitor MLN8237 induces defects in cell viability and
cell-cycle progression in malignant bladder cancer cells
in vitro and in vivo. Clin Cancer Res. 2013;19(7):1717-
28. DOI: 10.1158/1078-0432.CCR-12-2383

3. Xiao Z, McCallum TJ, Brown KM, Miller GG, Halls
SB, Parney I, et al. Characterization of a novel trans-
plantable orthotopic rat bladder transitional cell tumour
model. Br J Cancer. 1999;81(4):638-46. DOI: 10.1038/
8j.bjc.6690741

4. Arentsen HC, Hendricksen K, Oosterwijk E, Witjes
JA. Experimental rat bladder urothelial cell carcino-
ma models. World J Urol. 2009;27(3):313-7. DOI:
10.1007/s00345-009-0381-5

5. Teke K, Guzel N, Uslubas AK, Kasap M, Yilmaz H,
Akpinar G, et al. Monitoring the response of urotheli-
al precancerous lesions to Bacillus Calmette-Guerin at
the proteome level in an in vivo rat model. Cancer Im-
munol Immunother. 2018;67(1):67-77. DOI: 10.1007/

10.

11.

12.

13.

14.

15.

$00262-017-2063-2

Teke K, Ozkan TA, Cebeci OO, Yilmaz H, Keles ME,
Ozkan L, et al. Preventive effect of intravesical ozone
supplementation on n-methyl-n-nitrosourea-induced
non-muscle invasive bladder cancer in male rats.
Exp Anim. 2017;66(3):191-8. DOI: 10.1538/expa-
nim.16-0093

Reis LO, Favaro W, Ferreira U, Billis A, Fazuoli MG,
Cagnon VH. Evolution on experimental animal mod-
el for upper urothelium carcinogenesis. World J Urol.
2010;28(4):499-505. DOI: 10.1007/s00345-010-0545-
3

Reis LO, Ferrari K, Zamuner M, Rocha GZ, Billis A,
Favaro WIJ. Urothelial carcinogen resistance driven by
stronger Toll-like receptor 2 (TLR2) and Uroplakin III
(UP III) defense mechanisms: a new model. World J
Urol. 2015 Mar;33(3):413-9. DOI: 10.1007/s00345-
014-1329-y

Franco NH. Animal Experiments in Biomedical Re-
search: A Historical Perspective. Animals (Basel).
2013;3(1):238-73. DOI: 10.3390/ani3010238

Satoh H, Morimoto Y, Arai T, Asanuma H, Kawauchi
S, Seguchi K, et al. Intravesical ultrasonography for tu-
mor staging in an orthotopically implanted rat model
of bladder cancer. J Urol. 2007;177(3):1169-73. DOI:
10.1016/.juro.2006.10.038

Montironi R, Lopez-Beltran A. The 2004 WHO clas-
sification of bladder tumors: a summary and com-
mentary. Int J Surg Pathol. 2005;13(2):143-53. DOI:
10.1177/106689690501300203

van Moorselaar RJ, Ichikawa T, Schaafsma HE, Jap
PH, Isaacs JT, van Stratum P, et al. The rat bladder tu-
mor model system RBT resembles phenotypically and
cytogenetically human superficial transitional cell car-
cinoma. Urol Res. 1993;21(6):413-21. DOI: 10.1007/
BF00300078

Bisson JF, Parache RM, Droulle P, Notter D, Vigneron
C, Guillemin F. A new method of implanting orthotopic
rat bladder tumor for experimental therapies. Int J Can-
cer. 2002;102(3):280-5. DOI: 10.1002/ijc.10595
Hendricksen K, Molkenboer-Kuenen J, Oosterwijk
E, Hulsbergen-van de Kaa CA, Witjes JA. Evaluation
of an orthotopic rat bladder urothelial cell carcinoma
model by cystoscopy. BJU Int. 2008;101(7):889-93.
DOI: 10.1111/j.1464-410X.2007.07407.x

Arentsen HC, Hendricksen K, Hulsbergen-van de Kaa
CA, Reddy G, Oosterwijk E, Alfred Witjes J. The or-


https://doi.org/10.1371/journal.pone.0189354
https://doi.org/10.1371/journal.pone.0189354
https://doi.org/10.1158/1078-0432.CCR-12-2383
https://doi.org/10.1007/s00345-009-0381-5
https://doi.org/10.1007/s00345-009-0381-5
https://doi.org/10.1007/s00262-017-2063-2
https://doi.org/10.1007/s00262-017-2063-2
https://doi.org/10.1538/expanim.16-0093
https://doi.org/10.1538/expanim.16-0093
https://doi.org/10.1007/s00345-010-0545-3
https://doi.org/10.1007/s00345-010-0545-3
https://doi.org/10.1007/s00345-014-1329-y
https://doi.org/10.1007/s00345-014-1329-y
https://doi.org/10.3390/ani3010238
https://doi.org/10.1016/j.juro.2006.10.038
https://doi.org/10.1016/j.juro.2006.10.038
https://doi.org/10.1177/106689690501300203
https://doi.org/10.1177/106689690501300203
https://doi.org/10.1007/BF00300078
https://doi.org/10.1007/BF00300078
https://doi.org/10.1002/ijc.10595
https://doi.org/10.1111/j.1464-410X.2007.07407.x

42

16.

17.

Revista Romdna de Medicina de Laborator Vol. 27, Nr. 1, lanuarie, 2019

thotopic Fischer/AY-27 rat bladder urothelial cell carci-
noma model to test the efficacy of different apaziquone
formulations. Urol Oncol. 2012;30(1):64-8. DOI:
10.1016/j.urolonc.2009.10.002

John BA, Said N. Insights from animal models of blad-
der cancer: recent advances, challenges, and opportuni-
ties. Oncotarget. 2017;8(34):57766-81. DOI: 10.18632/
oncotarget.17714

Ohana P, Gofrit O, Ayesh S, Al-Sharef W, Mizrahi A,

18.

Birman T, et al. Regulatory sequences of the H19 gene
in DNA based therapy of bladder. Gene Ther Mol Biol.
2004;(8):181-92

Chade DC, Andrade PM, Borra RC, Leite KR, Andrade
E, Villanova FE, et al. Histopathological characteriza-
tion of a syngeneic orthotopic murine bladder cancer
model. Int Braz J Urol. 2008;34(2):220-6; discussion
6-9. DOI: 10.1590/S1677-55382008000200013


https://doi.org/10.1016/j.urolonc.2009.10.002
https://doi.org/10.1016/j.urolonc.2009.10.002
https://doi.org/10.18632/oncotarget.17714
https://doi.org/10.18632/oncotarget.17714
https://doi.org/10.1590/S1677-55382008000200013

