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Abstract. Background/Aim: Reactivation of long interspersed
nuclear element-1 (LINE-1) and oxidative stress are suggested
to have oncogenic potential to drive tumorigenesis and cancer
progression. We previously demonstrated that reactive oxygen
species (ROS) caused hypomethylation of LINE-1 elements in
bladder cancer cells. In this study, we investigated the
expression of LINE-1-encoded protein (ORFIp) and oxidative
stress marker 4-hydroxynonenal (4-HNE) in human bladder
cancer tissues, as well as induction of ORFlp expression by
ROS in bladder cancer cell lines. Materials and Methods:
Thirty-six cancerous and 15 non-cancerous adjacent tissues
were immunohistochemically stained for ORF1p and 4-HNE.
ORF1p expression and cell migration were determined in
bladder cancer cells exposed to H,O,. Results: ORFIp and 4-
HNE expression was higher in cancerous than non-cancerous
tissues. Elevated ORFlp expression was associated with
increased 4-HNE expression and with advanced tumors. H,0,
provoked oxidative stress and up-regulated ORF Ip expression
in VM-CUB-1 compared to the untreated control, and to a
lesser degree in TCCSUP. H,O, exposure enhanced cell
migration in UM-UC-3, TCCSUP and VM-CUB-I.
Conclusion: Elevated ORFlIp expression is associated with
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tumor progression. ROS experimentally induce ORFIp
expression and promote migration in bladder cancer cells.

Retrotransposon reactivation is well recognized to contribute
to tumor development and progression. With over 500,000
copies Long Interspersed Nuclear Element-1 (LINE-1) is the
predominant non-LTR retrotransposon in the human genome
comprising approx. 17% of DNA (1). Whereas the majority of
LINE-1 elements (>99.8%) are 5’-truncated or rearranged and
lack retrotransposition activity (2), a relatively small number
of full-length autonomous LINE-1 elements, 6 kb in length
encode ORF1p and ORF2p proteins and are responsible for
LINE-1 mobilization. In particular, retrotransposition events
in the germline and in cancers are executed by around 100
active retrotransposition-competent ‘hot’ LINE-1 elements
with intact ORF1p and ORF2p (2, 3). Increased LINE-1
activity and LINE-1 retrotransposition are strongly linked to
carcinogenesis and tumor progression (4, 5).

The ORFlp (40 kDa) forms homotrimers binding and
chaperoning LINE-1 transcripts and possibly other RNA
species. ORF2p (150 kDa) exerts dual enzymatic activities as
an endonuclease and reverse transcriptase. ORF2p is
commonly expressed at a very much lower level than ORF1p
(6). Aberrant expression of ORFlp is suggested to be a
hallmark of epithelial cancer and could be a new biomarker
of neoplasia (7, 8). Mechanistic insight into how ORFl1p is
up-regulated in tumors is largely lacking. Loss of epigenetic
silencing by DNA methylation is the most widely studied
mechanism of LINE-1 dysregulation in cancers, and LINE-1
promoter hypomethylation is associated with the development
of many cancers, including urothelial cancer (9).

Urothelial carcinoma is a common urological cancer with
the highest rate of recurrence among malignancies (10).
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Widespread hypomethylation of LINE-1 in bladder tumors
was first reported by Jiirgens et al. in 1996 (11), and later
confirmed by Florl et al. (12) and Chalitchagorn et al. (13).
Full-length LINE-1 transcripts can be detected in bladder
cancer cell lines, and it was suggested that the LINE-1
transcript expression was related to LINE-1 hypomethylation
(12). However, the cause of LINE-1 hypomethylation in
bladder cancer is not fully known. Recently, we reported an
association of increased oxidative stress with LINE-1
hypomethylation in bladder cancer patients (14), and
demonstrated in bladder cancer cells that oxidative stress
induced by reactive oxygen species (ROS) was a cause of
LINE-1 hypomethylation (15, 16). We hypothesize that
hypomethylation of LINE-1 induced by ROS in bladder
cancer would lead to genomic instability and cancer
progression through mobilization of LINE-1 elements. To
date, expression and role of LINE-1-encoded proteins in
bladder cancer have rarely been explored.

In this study, we investigated the expression and clinical
relevance of ORFlp in bladder cancer tissues using
immunohistochemical staining and its relation to the
oxidative stress marker 4-hydroxynonenal (4-HNE).
Furthermore, we investigated whether ROS are capable of
inducing ORF1p expression and influencing cell migration
in bladder cancer cell lines.

Materials and Methods

Patients and paraffin-embedded tissues. Bladder tissue specimens
(36 tumor and 15 non-cancerous adjacent tissues) were collected
during surgery from histologically-proved bladder cancer patients
(by C.P. and U.W.), and fixed in 10% buffered formalin. The
demographic and basic clinical data of the patients are detailed in
Table 1. Briefly, a total of 36 patients histologically diagnosed with
urothelial carcinoma were included in this study consisting of 31
(86.1%) men and 5 (13.9%) women. Mean age of the patients was
71.5+£13.3 years. About one-third of the patients (11/36, 30.6%)
presented with recurrent tumors. Transurethral resection of the
bladder tumor (88.6%) was the main surgical procedure for tumor
removal. Thirty-two and 33 cases had available data of tumor stage
and histological grading, respectively. For further analysis, tumors
were classified as papillary/non muscle-invasive (19/32, 59.4%) or
muscle-invasive (13/33, 40.6%). Papillary urothelial neoplasm of
low malignant potential (PUNLMP), low-grade tumor and high-
grade tumors accounted for 2 (6.1%), 13 (39.4%) and 18 (54.5%)
cases, respectively (Table I). Tissue specimens were processed and
paraffin blocks were sectioned into 3 um slices.

Ethics approval and consent to participate. All procedures performed
in studies involving human participants were in accordance with the
ethical standards of the institutional committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards. Informed consent was obtained from all individual
participants included in the study. The research protocol was reviewed
and approved by the institutional Ethics Committee (IRB), Faculty of
Medicine, Chulalongkorn University, Bangkok, Thailand.
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Table 1. Characteristics of studied bladder cancer patients.

Characteristic Frequency (%)

n 36

Age (years, meantSD)
Gender M:F (%)
Recurrence tumor (%)

71.5+13.3
31 (86.1):5 (13.9)

No 25 (69.4)

Yes 11 (30.6)
Surgical approach (n=35)

TUR-BT 31 (88.6)

Radical cystectomy 4(11.4)
Tumor type (n=32)

Papillary/non muscle-invasive 19 (59.4)

Muscle-invasive 13 (40.6)
Tumor grading (n=33)

PUNLMP 2 (6.1)

Low-grade 13 (394)

High-grade 18 (54.5)

TUR-BT: Transurethral resection of bladder tumor, PUNLUMP:
papillary urothelial neoplasm of low malignant potential.

Immunohistochemical (IHC) staining. To immunostain ORF1p and
4-HNE in the paraffin-embedded bladder tumor sections, following
deparaffinization and rehydration, heat-induced antigen retrieval
was performed in sodium citrate buffer (pH 6.0). Sections were
submerged in 0.3% H,0, in methanol for 30 min to inactivate
endogenous peroxidase and non-specific binding was blocked with
normal horse serum for 20 min at room temperature. Sections were
then incubated with 1:20,000 mouse ORFlp antibody (kindly
donated by Prof. Kathleen H. Burns (8)) or 1:2,000 rabbit 4-HNE
antibody (ab46545, abcam) at 4°C, overnight. After washing,
sections were incubated with biotinylated universal antibody for 1
h, followed by ABC reagent for 30 min (Vectastain Elite ABC
Universal Kit). Immunostaining was visualized using
diaminobenzidine (ImmPACT™ DAB Peroxidase Substrate Kit),
sections were counterstained with Hematoxylin, dehydrated, cleared
and mounted. Hematoxylin and eosin (H&E) staining was
performed according to the standard procedure.

Relative levels of ORF1p and 4-HNE expression were evaluated
based on the percentage of positive cells (0-5%=0, 6-25%=1, 26-
50%=2, 51-75%=3 and 75-100%=4) and intensity of staining
(negative=0, +=1, ++=2, +++=3 and ++++=4), averaged from 5
different microscopic fields. IHC score was calculated from: score
of % positive cells (0-4) x score of intensity (0-4), i.e. minimum
score was 0 and maximum score was 16. H&E evaluation (by A.S.)
was carried out to classify tumors as papillary/non muscle-invasive
or muscle-invasive, and tumor grading into PUNLMP, low-grade
and high-grade tumors.

Cell culture. VM-CUB-1, TCCSUP and UM-UC-3 cells were
maintained in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) (Gibco), 1% pen-
strep under 37°C, 5% CO,, and 100% humidity. H,O, (Sigma) was
used to stimulate oxidative stress in the cells (for 72 h) at sub-lethal
doses, 30 uM for VM-CUB-1 and 20 pM for TCCSUP and UM-
UC-3, previously determined by MTT assay (data not shown).
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Figure 1. Representative micrographs of ORFIp and 4-HNE expression in bladder cancer tissues. ORF1p was negative or expressed at very low
levels in non-cancerous bladder tissues (A and C). In contrast, expression of ORFIp in bladder cancer tissues was remarkably increased (B and
D). Similar to ORF1p, 4-HNE expression was elevated in bladder cancer tissues (F), but it was obviously low in non-cancerous bladder tissues

(E). Magnifications: x100 (A and B), x400 (C-F).

Tocopheryl acetate (TA, at 300 pM) and S-adenosylmethionine
(SAM, at 100 uM) (17) were used as antioxidants for attenuating
oxidative stress in the H,O,-treated cells (18).

Western blot and immunodetection. Cells were lysed with RIPA
buffer (incubated on ice for 30 min with interval mixing every
10 min), the lysate was centrifuged at 12,000 x g (4°C) for 5 min
and the supernatant was collected. Protein concentration was
determined using bicinchoninic acid assay. Total protein of 15 ug
was loaded for SDS-PAGE (10% gel, 180 V for 1.5 h).

The electrophoresed proteins were transferred to PVDF
membrane (wet tank, 180 mA for 1 h). After washing,

membranes were blocked with 5% skimmed milk in TBST for 1
h at room temperature. The blots were then incubated with
ORFlp antibody (1:10,000) overnight at 4°C. After washing,
blots were incubated with HRP-conjugated anti mouse
antibody (1:5,000) at room temperature for 1 h. Specific
immunocomplexes were detected by developing in ECL reagent
(SuperSignal® West Femto Maximum Sensitivity Substrate).
Images of ECL signals were acquired and the band intensities
were quantified by digital ECL scanner (LI-COR). As loading
control, rabbit anti a-tubulin antibody (1:20,000) was re-probed
after stripping. Relative expression of ORF1p was normalized to
a-tubulin expression.
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Wound healing (scratch) assay. VM-CUB-1, TCCSUP and UM-UC-
3 (5%106 cells per well) were seeded in 6-well plates and incubated
for 24 h at 37°C, 5% CO, and 100% humidity. After creating a
scratch (straight line) with a p200 pipette tip and washing twice with
PBS, cells were treated in serum-free DMEM for 72 h as follows:
untreated control, H,O, or H,O, + TA. Images of the scratch were
acquired at the beginning (0 h) and the end (72 h) of treatments to
compare the rate of gap closing, reflecting cell migration capability.
Based on our experiences, VM-CUB-1 cells usually move much
faster than UM-UC-3 and TCCSUP cells. We, therefore, monitored
the migration of VM-CUB-1 cells at 6 h after the H,O, treatment.

Statistical analysis. Data are presented as meanztstandard deviation
(SD) or median (interquartile range, IQR) as appropriate. Two-
sample #-test or Mann-Whitney test was used to test the difference
between two independent groups. Spearman rank correlation test
was used for correlation analysis. Odds ratios (OR) were calculated
from logistic regression. Stata version 12 and GraphPad Prism 5
were employed for graphs and statistical analyses. p-Value <0.05
was considered statistically significant.

Results

ORFlp expression and 4-HNE are increased in bladder
tumor tissues. Expression of ORF1p was markedly increased
in bladder cancer tissues compared with adjacent non-
cancerous bladder tissues (Figure 1A-D), most prominently
in the cytoplasm of carcinoma cells. The IHC score for
expression of ORF1p was significantly higher in bladder
cancer tissues (n=33) than in non-cancerous bladder tissues
(n=15) (p=0.026, Figure 2A). The result clearly indicated
that LINE-1 was reactivated in bladder cancer tissues.

4-HNE was increased in the bladder cancer tissues compared
with the non-tumorous tissue (Figure 1E and F). Similar to
ORFl1p, 4-HNE was mainly detectable in the cytoplasm of
cancer cells. The IHC score of 4-HNE was significantly greater
in bladder cancer tissues (n=34) than in non-cancerous tissues
(n=14) (p=0.0321, Figure 2B) indicating that bladder cancer
tissues experience increased oxidative stress.

We additionally analyzed the expression of ORF1p and
4-HNE specifically in cancerous and non-cancerous areas of
paired bladder tissue samples. Expression of ORFlp in
cancerous regions was significantly higher than in their non-
cancerous counterparts (n=12) (p=0.0466, Figure 2C).
Likewise, 4-HNE was increased in cancerous regions
compared to corresponding non-cancerous regions (n=11)
(p=0.0183, Figure 2D). Further, ORFlp expression and
4-HNE levels in bladder cancer tissues (n=33) were well
correlated indicated by a highly significant positive correlation
(Spearman’s tho=0.6275, p<0.001) (Figure 2E). We conclude
that increased LINE-1 reactivation is associated with increased
oxidative stress in bladder cancer tissues.

Increased ORF Ip expression is associated with bladder tumor
progression. Expression of ORF1p was significantly stronger
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Figure 2. Levels of ORF1p and 4-HNE expression compared between
cancerous and non-cancerous bladder tissues, and correlation of ORFIp
and 4-HNE expression in bladder cancer tissues. Both ORF Ip expression
(A) and 4-HNE (B) levels were significantly higher in bladder cancer
tissues than in non-cancerous bladder tissues. In paired cancerous and
non-cancerous tissue samples, significantly higher levels of ORFIp (C)
and 4-HNE (D) expression were observed in cancerous areas compared
to adjacent non-cancerous regions. ORF1p expression was positively
correlated with 4-HNE expression in bladder cancer tissues (E).
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Figure 3. Association of ORF1p expression with bladder tumor progression. ORFIp expression in muscle-invasive bladder tumors was significantly
higher than that in papillary/superficial (non muscle-invasive) tumors (A). Likewise, expression of ORFI1p in high-grade tumors was significantly
higher than low-grade tumors (B). Left: representative immunostainings, right: quantitative evaluation.

in muscle-invasive tumor (n=13) than in papillary and other
non muscle-invasive tumors (n=19) (p=0.0397) (Figure 3A).
Similarly, ORF1p expression in high-grade bladder tumor
(n=18) was significantly higher than in low-grade tumors
(n=13) (Figure 3B). To quantify the strength of association
between ORF1 expression and tumor progression, we
categorized ORF1p expression into high (IHC score =12) and
low (IHC score <12) expression. Logistic regression adjusted
for patients’ age revealed that muscle-invasive bladder tumor
tissues were about 6 times more likely to express ORF1p
strongly than papillary/non muscle-invasive tumors (Adjusted
OR=6.15, 95% CI: 1.25-30.36, p=0.026). Similarly, high-

grade bladder tumors were approx. 7 times more likely to
express ORFl1p strongly than low-grade tumor (Adjusted
OR=6.73,95% CI: 1.05-42.94, p=0.044). Two tissue samples
were histologically classified as PUNLMP, a benign condition.
Expression of ORFlp in these PUNLMP samples was
relatively low. Collectively, these findings suggest that high
expression of ORFl1p in bladder tumor tissues is associated
with more aggressive tumors.

Despite correlating with ORF1p expression across all
samples, 4-HNE levels differed neither significantly between
muscle-invasive and papillary/non muscle-invasive tumors
nor between low-grade and high-grade tumors.
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Figure 4. Induction of ORF1p expression by ROS in bladder cancer cell lines. In VM-CUB-1 cells (A), exposure to H,O, (30 uM for 72 h) caused
a significant increase in ORFIp expression compared to untreated controls, and this increment was effectively normalized by co-treatment with
antioxidants (for 72 h), TA (300 uM) and SAM (100 uM). In TCCSUP cells (B), ORF1p expression was slightly increased after H,O, exposure
without reaching statistical significance. Co-treatment with SAM significantly caused reduction of ORF1p expression in HyO,-treated cells.

Effects of oxidative stress on ORFIp expression in bladder
cancer cell lines. As a positive correlation between 4-HNE
and ORF1p expression in bladder cancer tissues was observed,
we further tested whether ROS induced expression of ORF1p
in bladder cancer cell lines. Three cell lines were used with
different levels of ORF1p expression under control conditions
(without H,0,), i.e. strong expression in VM-CUB-1,
intermediate expression in TCCSUP, and undetectable
expression of ORFlp in UM-UC-3. After 72 h H,0,
treatment, expression of ORFlp in VM-CUB-1 was
significantly increased compared with the untreated control
(Figure 4A). This increase was abolished by co-treatment with
antioxidants (TA and SAM). In TCCSUP, a similar tendency
for changes in ORF1p expression under each treatment was
found as in VM-CUB-1, but the increase in ORF1p expression
in the H,O, treated condition was not statistically significant
(Figure 4B). A significant decrease in ORF1p expression in
H,0,-treated condition was only observed in the co-treatment
with SAM. H,0, did not activate de novo expression of
ORFlp in UM-UC-3 cells. Based on these findings, we
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conclude that ROS significantly enhanced expression of
ORFlp only in bladder cancer cells that already had high
expression of ORF1p (seen in VM-CUB-1 cells).

ROS induced bladder cancer cell migration. We further asked
whether ROS promoted motility of the bladder cancer cell
lines, UM-UC-3, TCCSUP and VM-CUB-1. In scratch assays,
cells treated with H,O, had a higher capability to fill the
wounded gap in all cell lines (Figure 5). Accordingly, co-
treatment with antioxidant TA retarded the migration of H,O,-
treated bladder cancer cells. This data fits with the idea that
oxidative stress provoked by ROS enhances cell properties
facilitating tumor aggressiveness (19).

Discussion

LINE-1-encoded proteins, ORF1p and ORF2p, are thought to
have tumorigenic function (20). ROS are overwhelmingly
generated in solid tumors causing oxidative stress in the
microenvironment that further promotes tumor progression (21,
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Figure 5. Scratch assay showing ROS-induced cell migration in bladder cancer cell lines, UM-UC-3, TCCSUP and VM-CUB-1. UM-UC-3 and
TCCSUP were treated with HyO, for 72 h, but VM-CUB-1 for 6 h. All H,O,-treated cells migrated faster to fill the gaps than the untreated control
cells. Co-treatment with TA reduced the migration capability of the H,O,-treated cells.

22). In this study, we found an increased ORF1p expression in
human bladder cancer tissues compared to adjacent non-
cancerous tissues. Expression of ORF1p in bladder cancer
tissues was linearly correlated with 4-HNE expression.
Importantly, elevated ORF1p expression was associated with
muscle-invasive and high-grade tumors. Experimentally, ROS
caused rise of ORF1p expression in VM-CUB-1, a cell line of
muscle-invasive origin. Additionally, ROS was capable of
increasing cell migration activity in bladder cancer cells.
Whereas LINE-1 DNA hypomethylation is well recognized
in bladder cancer, data on the expression of full-length LINE-1,
which are exclusively responsible for retrotransposition and
genetic instability, are still scarce. An increased transcript
expression of full-length LINE-1 in bladder tumor tissues
compared to the benign tissues was demonstrated (23). ORF1p
expression in bladder carcinoma tissues was firstly reported by
Rodic et al. (8). In a survey of various cancer types, they found
immunoreactivity of ORF1p in about 61% of tissue samples.
In the present study specifically on bladder cancer, ORF1p was
broadly and strongly expressed in cancer tissues with only 3
out of 36 (8.3%) sections negative for ORF1p. Moreover, the
intensity of ORFl1p staining increased with stage and grade
suggesting that ORF1p expression is associated with tumor

progression. Our findings corroborate the reactivation of intact
LINE-1 elements in bladder cancer, and suggest that its
detection could be applied clinically as an indicator of tumor
progression.

Whereas almost all LINE-1 copies have no intact ORFs
and can be considered as molecular fossils, a small number
of intact LINE-1, called human-specific LINE-1 subfamily
or LIHS-Ta, can become active and account for
retrotransposition and genome plasticity in human evolution
and disease (2, 24, 25). Furthermore, activation of individual
LINE-1 in somatic cells appears to be cell-type dependent
(26). Accordingly, specific L1HS-Ta elements tend to
become hypomethylated in bladder cancer (27). However, it
is not known yet which specific LINE-1 loci are permissive
for transcriptional reactivation in bladder cancer. Identifying
these elements might help to pave the way towards using
LINE-1 proteins as specific biomarkers in bladder cancer.

We previously reported increased oxidative stress and DNA
hypomethylation of LINE-1 in bladder cancer tissues, and
experimentally showed that ROS caused hypomethylation of
LINE-1 (14-16). In this study, we investigated whether ROS-
induced LINE-1 DNA hypomethylation might lead to
upregulation of LINE-1-encoded protein in bladder cancer
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cells. Interestingly, a significant upregulation of ORF1p by
ROS (approx. 1.6 fold) was observed only in VM-CUB-1. In
TCCSUP, the increase was lower (approx. 1.3 fold) and none
was observed in UM-UC-3. This difference may relate to the
degree of LINE-1 hypomethylation overall as well as to that
at individual active loci, which may differ between the cell
lines. DNA methylation level of LINE-1 is about two times
lower in VM-CUB-1 than in UM-UC-3, and intermediate in
TCCSUP (15, 23). We hypothesize that reactivation of LINE-
1 protein expression mediated through DNA hypomethylation
is initiated when the level of DNA methylation at individual
LINE-1 loci is low enough to reach a threshold allowing
transcriptional reactivation. Once reactivated, ROS generated
in the tumor cells further enhances ORF1p expression and
subsequently promotes tumor progression.

In additional experiments we showed that migration
activity of bladder cancer cells was induced by ROS
highlighting another mechanism through which ROS could
promote tumor progression (28, 29). Recently, we
demonstrated ROS-induced cell migration and invasion in
hepatocellular carcinoma (18). Clearly, further experiments
are warranted to define to which extent ROS-induced tumor
progression involves oncogenic functions of LINE-1 proteins.

Limitations of the present study should be mentioned as
well. The sample size for an IHC study was relatively small.
However, significant difference between cancerous and non-
cancerous areas and clinical association of ORFl1p were
observed, suggesting a promising clinical potential of this
protein. In this study cells were exposed to a non-toxic dose
of H,0, for 3 days. However, some oxidative stress-induced
epigenetic changes may require much longer exposures,
perhaps up to 6 months (30). It is interesting to see further
whether a long-term exposure to H,0, is able to
significantly reactivate the LINE-1 elements in TCCSUP
and UM-UC-3.

In conclusion, we presented robust evidence for
reactivated ORF1p and increased oxidative stress in human
bladder cancer tissues. ORF1p and 4-HNE expression were
positively correlated. Elevated ORF1p was associated with
muscle-invasive as well as high-grade tumors. To our
knowledge, this study is the second study showing an
anincreased ORF1p expression in bladder cancer tissues, but
the first demonstrating an association of elevated ORF1p
expression with oxidative stress and bladder tumor
progression and showing an induction of ORF1p expression
by ROS in bladder cancer cells. As a therapeutic application,
diminution of oxidative stress might be helpful for
preventing LINE-1 reactivation and decelerating progression
of bladder tumors.
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