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Abstract: Schistosoma haematobium is a biocarcinogen of human urinary bladder (UB). The present study investigated
developing UB cancer mouse model by injecting S. haematobium eggs into the bladder wall and introduction of chemical
carcinogens. Histopathological findings showed mild hyperplasia to epithelial vacuolar change, and high grade dysplasia.
Squamous metaplasia was observed in the S. haematobium eggs+NDMA group at week 12 but not in other groups. Immunohistochemistry revealed significantly high expression of Ki-67 in urothelial epithelial cells of the S. haematobium
eggs+BBN group at week 20. The qRT-PCR showed high expression of p53 gene in S. haematobium eggs group at week
4 and S. haematobium eggs+BBN group at week 20. E-cadherin and vimentin showed contrasting expression in S. haematobium eggs+BBN group. Such inverse expression of E-cadherin and vimentin may indicate epithelial mesenchymal
transition in the UB tissue. In conclusion, S. haematobium eggs and nitrosamines may transform UB cells into squamous
metaplasia and dysplasia in correlation with increased expression of Ki-67. Marked decrease in E-cadherin and increase
in p53 and vimentin expressions may support the transformation. The present study introduces a promising modified animal model for UB cancer study using S. haematobium eggs.
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INTRODUCTION

supplanted SCC in Egypt following a major decline in the
prevalence of UB schistosomiasis, which suggests the importance of schistosome-associated bladder cancer [7]. Recently, a
retrospective review of 185 patients in north-western Tanzania
reported 55.1% of SCC whereas 40.5% TCC and 44.9% of all
cancer cases were found to have Schistosoma eggs [8]. Similarly, a study from Angola reported a prevalence of 71.7% S. haematobium infection with 3.4% vesical tumor, classified as SCC
[9].
Nweke et al. [10] reviewed that several studies overwhelmingly documented the epidemiologic and experimental association of the parasite with SCC of the UB cancer. The studies
showed that chronic inflammatory processes induced by the
eggs on the bladder wall generated toxic free radicals and Nnitrosamines. The N-nitrosamines, including N-nitrosodimethylamine (NDMA), were classified by IARC as Group 2A
carcinogenic compounds that can also be formed endogenously from the interaction of ingested nitrate or nitrite with
secondary amines. The N-nitrosamines are eventually activated
by the p-450 of the liver to genotoxic N-nitroso compounds.
According to previous reports from animal experiments,
noninvasive papillary and nodular TCC of the urinary bladder

Schistosoma haematobium has been classified as a class 1 carcinogen by International Agency for Research on Cancer
(IARC) of the World Health Organization [1]. Available data
suggest that squamous cell carcinoma (SCC) of urinary bladder (UB) arises from transformation of squamous metaplastic
lesions, which occurs secondary to inflammation initiated by
urinary schistosomiasis [2]. Previous studies reported that SCC
accounts for up to 75-83% of bladder cancers in certain schistosomiasis endemic regions of the world [3,4]. In schistosomiasis endemic areas of Africa, the prevalence of SCC has been
reported to be higher compared to conventional transitional
cell carcinoma (TCC), especially in rural areas [5]. Felix et al.
[6] reported that the occurrence of TCC of the bladder has
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were observed in gibbons (Hylobates lar) and non-human primates like baboon (Papio sp.) when infected with S. haematobium with or without N-nitroso chemicals [11,12]. Several
studies reported that current UB cancer models in rodents rely
on the administration of nitrosamines mainly N-butyl n-(4hydroxybutyl) nitrosamine (BBN) in drinking water, leading
to onset of invasive carcinoma after 3–4 months of exposure
[13,14].
Recently, a new mouse model was developed for immune
response studies by artificial injection of S. haematobium eggs
into the UB wall [15]. Accordingly, egg deposition alone is sufficient to reproduce important aspects of urogenital schistosomiasis like bladder fibrosis, upregulation of IL-4, and various
urothelial changes which are morphologically reminiscent of
human urogenital schistosomiasis, even without the other life
stages of the parasite [16].
In this context, there seems sufficient evidence for the initiation of bladder tumors by administering chemical carcinogens
like BBN alone or BBN followed by N-nitroso-N-methylurea
(NMU) in primates and rodents under experiments. However,
there were no recent studies reporting the scientific association
of artificial injection of S. haematobium eggs into the mouse
UB wall accompanied with exogenous administration of
NDMA for possible urothelial neoplastic development. Therefore, the present study investigated the separate and synergistic
effects of S. haematobium eggs injection into the UB wall of
mice and concurrent exogenous administration of NDMA and
BBN. The present study also analyzed expressions of tumor
suppressor and epithelial mesenchymal transition (EMT)
marker genes to strengthen the evidence for development of
bladder preneoplasia.

MATERIALS AND METHODS
Ethical statement
The animal experiment protocol was reviewed and approved by the institutional animal care and use committee
(IACUC) of Seoul National University (SNU), Seoul, Korea
(no. SNU-141126-2-2).
Animals, parasites, and reagents
Female ICR mice of 5 weeks old (average weight, 30 g) on arrival were purchased from Orient Bio Inc. (Seongnam, Korea)
and were randomly assigned to 6 groups. The mice were
housed in biosafety level 2 (BSL-2) animal facilities. Eggs of S.

Fig. 1. S. haematobium eggs isolated from patients’ urine samples.

haematobium were collected from patients in Sudan and isolated from urine samples in the laboratory of the Department of
Parasitology and Tropical Medicine, SNU, Korea (Fig. 1).
NDMA and BBN were purchased from Sigma-Aldrich (St. Louis, Missouri, USA) and stored undiluted in the dark at -20˚C.
Experimental design
A total of 72 female ICR mice were randomly divided into 6
groups: Group 1 (control), Group 2 (S. haematobium eggs),
Group 3 (NDMA), Group 4 (BBN), Group 5 (S. haematobium
eggs+NDMA), and Group 6 (S. haematobium eggs+BBN).
Group 1, 2, 5, and 6 mice underwent anesthesia by isoflurane
and midline lower abdominal incision for the bladder exteriorization. About 1,000 S. haematobium eggs in 50 µl saline was
injected submucosally into the the anterior part of the bladder
dome of mice of Group 2, 5, and 6, while Group 1 mice were
injected with 50 µl sterile saline. Both NDMA and BBN, once
diluted in distilled water under chemical biohazard hood,
were administered to the respective mice groups at 12.5 ppm
and 0.05% concentration, respectively, and provided to mice
ad libitum throughout the experimental process. Two mice
from each group were sacrificed after 4, 12, 20, 28, and 36
weeks post injection with S. haematobium eggs and NDMA or
BBN treatment. The body weight of all mice was measured every week using an electronic balance.
Histopathological and immunohistochemical analysis
Following mouse sacrifice, the whole UB was harvested and
divided into 2/3 and 1/3 sections for histopathology and
mRNA expression, respectively. The 2/3 tissue was kept in neu-
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tral buffered formalin 10% (v/v) for a few days until paraffin
embedding and blocking for routine histology. The UB tissue
was sectioned by 4-5 μm in paraffin block and stained with
routine hematoxylin and eosin (HE) solutions. Histological
lesions and abnormalities of tissue sections were classified and
staged according to standard histopathological examination
[17]. Images were captured with a light microscope (Olympus
CKX41 microscope, Tokyo, Japan) linked to a computer.
Immunohistochemical analysis of nuclear cell proliferation
marker was performed using monoclonal rat anti-mouse Ki-67
antigen (Dako, Carpinteria, California, USA). Secondary biotinylated goat anti-mouse antibodies were used. Antibodies
were diluted in the recommended antibody diluting buffer.
The working dilutions and the final concentrations of the primary and secondary antibodies for anti-Ki-67 were 1:200 and
0.005 mg/ml and 1:200 and 0.0025 mg/ml, respectively. The
immunostained samples were compared among the groups
and across the weeks of sacrifice.
RNA extraction and cDNA synthesis
The 1/3 proportions of UB tissues of the respective sacrificed
mice groups were preserved in liquid nitrogen for extraction of
RNA. Total RNA was extracted using PureLinkR RNA Mini kit
(Invitrogen, Carlsbad, California, USA) according to the manufacturer’s instructions. After quantitation by a NanoDrop
spectrophotometer, up to 2 µg RNA sample was reversely transcribed into cDNA according to the instructions provided by
High-Capacity cDNA Reverse Transcription Kits (Applied Biosystems, Foster City, California, USA). The cDNA samples were
kept at -70˚C until use.
Analysis of gene expression by real-time PCR assay
The resulting cDNA was amplified by TOPreal qPCR 2X PreMix (SYBR Green with high ROX) (Enzynomics, Daejeon, Korea) using a primer set specific for E-cadherin, p53, vimentin, and
GAPDH (reference gene) (Bionics, Seoul, Korea). The expression
of the target genes was quantified by qRT-PCR. The primer design for the target genes was obtained from NCBI database as
follows: (E-cadherin NM_009864.3): E-cadherin (forward,
5´-GATCCTGCTGCTCCTACTGT-3´), E-cadherin (reverse, 5´-GCTCAAATCAAAGTCCTGGTCT-3´), (p53 NM_001127233.1): p53
(forward, 5´-TGAAACGCCGACCTATCCTTA-3´), p53 (reverse,
5´-GGCACAAACACGAACCTCAAA-3´), (vimentin NM_011701.4):
vimentin (forward, 5´-CCTTGACATTGAGATTGCCA-3´), vimentin
(reverse, 5´-GTATCAACCAGAGGGAGTGA-3´), (GAPDH

NM_001289726.1): GAPDH (forward, 5´-GGTGAAGGTCGGTGTGAACG-3´), and GAPDH (reverse, 5´-GCGCTCCTGGAAGATGGTG-3´) [18,19]. All comparative expression data were analyzed using Microsoft Excel 2010 version with a cycle threshold
(Ct) in the linear range of amplification adapted from Nature
Protocols [20].
Data analyses and statistics
Data were analyzed using Microsoft Excel 2010 version and
GraphPad Prism 5 (GraphPad Software, San Diego, California,
USA). Comparisons of results were performed using a Student’s t-test. P-value< 0.05 was considered as significant.

RESULTS
Body weight comparison
From week 15 to 29, a highly significant reduction (20.5%)
of body weight was observed in S. haematobium eggs+BBN
(36.3± 7.2 g; P < 0.01) and S. haematobium eggs+NDMA (11.6%)
with weight loss (40.3± 8.5 g; P < 0.01) groups compared to the
control group (45.6± 8.3 g), also in NDMA group (42.7± 9.1;
P < 0.01), and BBN group (42.2± 7.3; P < 0.01), but not in S.
haematobium eggs group (43.4± 9.7; P = 0.12).
Histopathological findings
HE staining of the present study revealed marked focal and
dispersed tissue reactions and inflammatory aggregates mainly
among BBN, S. haematobium eggs+NDMA and S. haematobium
eggs+BBN groups starting from week 4 through week 20 (Fig.
2). However, tissues from the S. haematobium eggs or NDMA
group showed no comparable histopathological changes. Similarly, ranges of histopathological anomalies like abnormal
nuclear structure, including enlarged and pleomorphic cells
and prominent nucleoli were observed among the same
groups. Preneoplastic indicators, such as hyperplasia and dysplasia, were noticed in BBN, S. haematobium eggs+NDMA, and
S. haematobium eggs+BBN groups, while squamous metaplasia
and epithelial vacuolar change (black arrows) were exclusively
observed in S. haematobium eggs+NDMA and S. haematobium
eggs+BBN groups at week 12 and 20, respectively (Fig. 3). The
urothelial epithelial cells which underwent hyperplasia and
dysplasia presented more than 6 layers in comparison to the 2
to 3 layers (basal, intermediate and umbrella layers) seen in
controls, S. haematobium eggs+NDMA groups.
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Fig. 2. Tissue sections of mouse urinary bladder showing various tissue reactions (darker inflammatory aggregates) (HE stain).
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Fig. 3. Tissue sections of mouse urinary bladder showing major histopathological abnormalities (HE stain). BBN group, hyperplasia at week
4, hyperplasia and dysplasia at week 12, 20,
and 28 (white arrows); Sh eggs+NDMA group,
normal at week 4 and squamous metaplasia at
week 12, and dysplasia and hyperplasia at
week 20 and 28 (white arrows); Sh eggs +BBN
group, hyperplasia and dysplasia (white arrows)
at week 4 and 12, enlarged and pleomorphic
cells (black arrows) and epithelial vacuolar
change and hyperplasia and dysplasia (white
arrows) at week 20 and 28, respectively (original
magnification, × 400).
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Fig. 4. Immunohistochemistry for staining of Ki-67 expression (brown color for positive cells) in the mouse urinary bladder wall.
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Fig. 5. Comparison of transcriptional expression of p53 gene according to the treatments of S. haematobium eggs, NDMA, and
BBN in different combination by qRT-PCR analysis. Saline injection was used as negative control. Relative mRNA expression
was normalized to GAPDH expression levels, and shown by fold
changes as mean ± S.E.M (n = 2) fold differences at week 4, 12,
20, 28, and 36.

Fig. 6. Comparison of transcriptional expression of E-cadherin
gene according to the treatments of S. haematobium eggs,
NDMA, and BBN in different combination by qRT-PCR analysis.
Saline injection was used as negative control. Relative mRNA expression was normalized to GAPDH expression levels, and
shown by fold changes as mean± S.E.M (n= 2) fold differences at
week 12, 20, 28, and 36.

Immunohistochemical results of Ki-67 staining
Immunohistochemical results of the present study showed
positive Ki-67 expression in the urothelial epithelial cells of S.
haematobium eggs+BBN group at week 20, while the remaining
experimental groups showed either weak or no staining for
urothelial Ki-67 staining (Fig. 4). However, there was strong

staining for Ki-67 in lymphocytes in S. haematobium eggs+
NDMA and S. haematobium eggs+BBN groups at week 4 and 12
(Fig. 4). The intensity of lymphocyte staining slowly declined
to moderate at week 20 and later. The control group did not
show positive Ki-67 staining for both urothelial epithelial cells
and in lymphocytes at all weeks of the experiment (Fig. 4).
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Fig. 7. Comparison of transcriptional expression of vimentin gene according to the treatments of S. haematobium eggs, NDMA, and
BBN in different combination by qRT-PCR analysis. Saline injection was used as negative control. Relative mRNA expression was normalized to GAPDH expression levels, and shown by fold changes as mean± S.E.M (n= 2). (A) Fold differences at week 12, 28, and 36.
(B) Fold differences at week 20.

Expression of tumor suppressor and EMT marker genes
Fold differences of p53 relative to reference gene GAPDH
significantly increased in S. haematobium eggs group at week 4
and S. haematobium eggs+BBN group at week 12 and 20 compared to the control, but no difference at the rest treatment
weeks of the groups (Fig. 5).
Fold difference of E-cadherin was significantly low in BBN
and S. haematobium eggs+BBN groups at all observation weeks.
Reduction of E-cadherin at all observation weeks was observed
except NDMA, S. haematobium eggs and S. haematobium
eggs+NDMA groups at week 12, 20, and 28, respectively (Fig.
6), whereas vimentin showed a significant increase with peak at
week 20 in BBN, S. haematobium eggs+NDMA and S. haematobium eggs+BBN groups. At week 12, only S. haematobium
eggs+BBN group showed significant increase and BBN and S.
haematobium eggs+NDMA group also increased at week 36
compared to the control (Fig. 7). Unfortunately, data for Ecadherin and vimentin at week 4 were not included due to missing of 2 samples from treatment groups.

DISCUSSION
The mice revealed delayed responses to stimuli and general
lethargy among the S. haematobium eggs and NDMA or BBN
treated groups. The strongly significant weight loss data of
mice in S. haematobium eggs+NDMA and S. haematobium
eggs+BBN groups may provide a clue for the synergistic impact
of administration of S. haematobium eggs and nitrosamines on
physical conditions.
The marked focal and dispersed tissue reactions and inflam-

matory aggregates mainly among BBN, S. haematobium
eggs+NDMA and S. haematobium eggs+BBN groups of the
present study may give a substantial evidence for the effects of
the eggs and nitrosamine chemicals. In addition to intense tissue reactions, histopathological abnormalities exhibited in
aforementioned groups were also observed. Focal inflammation was observed in S. haematobium eggs+NDMA group at
week 12 and 20. However, tissue reactions and inflammatory
aggregates were slowly reduced in the treated groups in later
weeks as can be observed in Fig. 2. Several studies showed that
the chronic inflammatory processes induced by the eggs on
the bladder wall produced toxic free radicals and N-nitrosamines [10]. The epithelial vacuolar change, a whitish scaly appearance observed in S. haematobium eggs+BBN group at week
20 appeared to show vacuolar degeneration or transformation
being on progress (Fig. 3).
Squamous metaplasia was observed in the S. haematobium
eggs+NDMA group at week 12 and dysplasia and hyperplasia
at week 20 and 28, respectively, post eggs injection and NDMA
treatment (Fig. 3). Squamous metaplastic lesion was reported
to have occurred secondary to inflammation initiated by urogenital schistosomiasis ultimately leading to transformation of
UB to SCC [2]. Following squamous metaplasia, hyperplasia
and dysplasia were observed among the group at week 20 and
28 but not at week 36. Further cell proliferation or tissue reactions were seemingly more deteriorated at later weeks of observations. Furthermore, the chronological inconsistency of
the tissue changes by weeks may have originated from individual variations of mice.
It was uncertain to estimate viability of the S. haematobium
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eggs and its impacts on UB pathology in the present study. The
eggs were collected from infected humans and stored frozen at
-20˚C for several months. The viability of the eggs may influence the pathogenesis in the UB but it is unknown. One study
described viable and dead eggs were mixed in the intestinal
tissue of S. mansoni infected mice [21]. The mice were kept for
69 days after the infection and about 1/4 of eggs were found
dead in the tissue. The viable eggs but not the dead ones may
stimulate the tissue and cells more vigorously by secreting soluble molecules. Since the eggs are dying slowly in the tissue
depending on the infection duration, and neoplasia is induced
also in the chronic infection, the impact of egg viability must
be an interesting topic of further research.
It has been reported that the expression of Ki-67, a nuclear
cell proliferation marker, is strongly associated with tumor cell
proliferation and growth, and is widely used in routine pathological investigation as a proliferation marker [22]. A number
of diagnostic applications for pKi-67 have been described,
where Ki-67 is significantly more expressed in malignant than
in normal tissues [23]. Initiation and promotion of UB carcinogenesis by BBN was accompanied by increased cell proliferation in rodents owing to changes in the expression of genes
involved in cell cycle control [24,25]. Previous studies reported
no difference of Ki-67 expression between schistosomal and
non-schistosomal bladder tumors [26]. Nevertheless, an increase in Ki-67–positive cells induced by BBN has recently
been reported in female C57BL/6/c mice [14]. More recently,
it has been reported that Ki-67 elimination might have minor
effects on cell cycle exit and mitosis, and mammalian cells can
nevertheless proliferate efficiently in the absence of detectable
Ki-67 [27]. The present study findings on Ki-67 expression
support its role in the prevailing urothelial transformation to
hyperplasia, dysplasia, and epithelial vacuolar changes in S.
haematobium eggs+BBN group mice treated with S. haematobium eggs and nitrosamines (Fig. 4).
Increase in the relative expression of p53 might support cellular deregulation to be under progress in S. haematobium
eggs+BBN group (Fig. 5). Studies showed that tumor suppressor gene is normally kept at very low levels and its level and
activity increase dramatically in response to DNA damage, oncogenic stress, and other stimuli that are viewed by a cell as
anomalous [28]. It has been reported that roughly 50% of
chemically induced tumors in mice develop p53 mutations
[29], which are similar to those found in humans. Bladder
cancers in schistosomiasis have also been reported to show pe-

culiar profiles of p53 and bcl-2 mutations compared to nonschistosome related bladder cancers [30]. A recent study reported that urothelial p53 signaling indeed seemed to affect
urothelial homeostasis during S. haematobium infection, albeit
in a sex-specific manner [31].
An overlap of E-cadherin down regulation and vimentin upregulation in S. haematobium eggs+BBN group at week 12 and
20 of the present study is likely linked to aberrant situation occurring during EMT (Fig. 6). Remarkably, Ki-67 positivity and
histopathological abnormalities, including hyperplasia, dysplasia, and epithelial vacuolar change synchronized with the
abrupt increase of vimentin in S. haematobium eggs+BBN
groups appear to be a presumptive evidence for urothelial
transformation under progress. Furthermore, profound tissue
reactions with Ki-67 expression and sharp increase of vimentin
exclusively among S. haematobium eggs+BBN group at week 12
can also be another suggestive clue for pre-neoplastic changes.
Similarly, the spike increase of vimentin expression in BBN and
S. haematobium eggs+NDMA groups at week 20 coupled with
histopathological and Ki-67 data at the same observation time
may also implicate the ongoing pre-malignant development.
E-cadherin is a transmembrane glycoprotein that mediates calcium-dependent, homophilic cell-cell adhesion in all epithelial tissues. It is the main mediator of cell–cell adhesion in epithelial tissues and expressed by most normal epithelial cells
[32]. Vimentin has been reported to play important roles in
cell adhesion, migration, and signaling [33]. Recent studies
showed that the expression of vimentin was observed in 43%
of bladder cancers, whereas it was not expressed or found negative in all normal urothelial cells [34]. It has been implicated
that loss of E-cadherin and acquisition of vimentin are 2 critical
steps in EMT, where epithelial cells undergo a transformation
into spindle-shaped mesenchymal cells, acquire malignant
properties, and become more migratory and invasive [35]. The
present findings in the S. haematobium eggs+NDMA and S.
haematobium eggs+BBN groups confirmed that the urothelial
cells stimulated by S. haematobium eggs and nitrosamine
chemicals of NDMA or BBN were slowly transformed into
neoplastic cells. A longer experiment may reveal neoplastic
cells.
The present study had some limitations. The number of S.
haematobium eggs must be at least 2,000 per mouse for better
outcomes. Relatively short duration of the experiment may be
another possible limitation since oncogenesis usually takes a
long period.
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In conclusion, the pre-neoplastic changes of UB cells were
observed in mice of S. haematobium eggs and nitrosamine
groups but not in S. haematobium eggs alone or nitrosamine
alone groups. The eggs and nitrosamines synergistically transform UB epithelial cells into squamous metaplasia and dysplasia. The increased Ki-67 expression may be correlated with
the transformation. Also the transformation is correlated with
expression of the oncogenes in treated groups; marked decrease in E-cadherin at almost all weeks and increase in p53
and vimentin at specific weeks for S. haematobium eggs and S.
haematobium eggs+BBN groups were observed. The present
study provided a possibility of the mouse model for bladder
cancer study by S. haematobium.
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