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ABSTRACT

Purpose: Recent studies suggested that the efficacy of cancer drugs against carcinoma cells may vary signif-
icantly in two-dimensional cultures versus three-dimensional spheroids. We, therefore, compared the effects
of novel fibroblast growth factor receptor (FGFR)-affecting drugs on three bladder cancer cell lines: T24 with
wild-type (WT) FGFR3 and expressing FGFR3 at low levels, UM-UC-15 inheriting an FGFR3 mutation, and RT112
with an FGFR3 gene amplification and expressing FGFR3 at high levels. The study was conducted in standard
two-dimensional (2D) cultures versus three-dimensional (3D) spheroids.

Methods: The cell lines were expanded in 2D cultures or resuspended in Matrigel® for 3D spheroids. The cells
were incubated with different concentrations of tyrosine kinase inhibitors Erdafitinib®, Lenvatinib®, Cabozan-
tinib®. Addition of Cisplatin or cultures without drugs served as controls. The cell viability was determined after
24h, 48h, and 72h of incubation by a multimode luminometer technology.

Results: A significant, dose- and time-dependent reduction in cell viability was observed with cisplatin in both
2D and 3D cultures of all lines investigated. In T24, only Erdafitinib® produced robust effects at higher con-
centrations in both 2D and 3D assays. In UM-UC-15, Erdafitinib® and Cabozantinib® exhibited cytotoxic effects,
while RT112 appeared to be the least sensitive cell line to Erdafitinib®, Lenvatinib®, and Cabozantinib®.

Conclusion: The sensitivity of bladder cancer cells against active components with a larger molecular weight
seems reduced in spheroids compared to standard 2D cultures. The exact genetic status of FGFR3 must be de-
termined individually before a therapy decision is coined, as the drug efficacy of such components significantly,
depends on the expression of a suitable target in cells to be targetted.
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Introduction

Bladder cancer is one of the most prevalent malignancies world-

noma, which accounts for more than 90% of all bladder cancer cases
in developed countries [3]. Immune checkpoint inhibitors targeting
PD-1/PD-L1 have become standard options for advanced or metastat-

wide. According to the Global Cancer Observatory (GLOBOCAN),
approximately 573,000 new cases and over 212,000 deaths were
reported in 2020 [1]. The disease shows a marked gender disparity,
being about four times more common in men than in women, and it
primarily affects older adults, with the majority of cases diagnosed
in individuals over the age of 65 [2]. The most common histological
subtype is urothelial carcinoma, also known as transitional cell carci-

ic disease, particularly in patients who are ineligible for or progress
after platinum-based chemotherapy [4]. In addition to immunother-
apy-based treatment, advances in molecular biology and genomics
have led to the identification of key genetic alterations driving blad-
der cancer progression, opening new avenues for targeted therapy.
Among these, alterations in the fibroblast growth factor receptor 3
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(FGFR3) gene have emerged as particularly significant. FGFR3 muta-
tions, fusions, and amplifications are frequently observed in bladder
cancer and have been associated with oncogenic signalling that pro-
motes tumour cell proliferation and survival [5]. This has spurred the
development of FGFR inhibitors, several of which have shown prom-
ising clinical activity in patients with FGFR3-altered tumours [6].

However, the effectiveness of FGFR-targeting therapies can be in-
fluenced by the cellular context in which they are tested, particularly
the dimensionality of in vitro culture systems [7]. Traditional two-di-
mensional (2D) monolayer cell cultures have long been the standard
in preclinical drug testing. While they offer simplicity and reproduc-
ibility as well as cell line-specific assays, these models often fail to
recapitulate the complex tumour architecture and microenvironment
in vivo with accuracy. In contrast, three-dimensional (3D) spheroid
cultures provide a more physiologically relevant model by mimick-
ing key features of solid tumours, including cell-cell and cell-matrix
interactions, gradients of nutrients and oxygen, and the development
of hypoxic cores [8,9]. As such, 3D models have been increasingly em-
ployed to evaluate cancer drug efficacy more reliably [10]. However,
the effects of vasculature and enervation on tumour dynamics can-
not (yet) be investigated in organoids, spheroids or other 3D tumour
models. Recent studies suggest that cancer cells can exhibit markedly
different responses to therapeutic agents depending on whether they
are cultured in 2D or 3D environments [8,9]. These differences can
significantly affect the translational relevance of preclinical findings
and even misguide personalized approaches. In this context, evalu-
ating the performance of novel FGFR-targeting drugs across different
culture systems and genetic backgrounds is crucial for optimizing
predictional models as well as personalized therapeutic strategies.

In the present study, we investigated the effects of novel FGFR-af-
fecting drugs on three human bladder cancer cell lines with distinct
FGFR3 profiles: T24 cells, which possess wild-type FGFR3 and ex-
press it at low levels; UM-UC-15 cells, which harbour a known ac-
tivating FGFR3 mutation; and RT112 cells, characterized by FGFR3
gene amplification and high FGFR3 expression. Drug responses were
assessed in both 2D monolayer cultures and 3D spheroid models to
determine the influence of culture dimensionality on therapeutic effi-
cacy. By comparing responses across these models and genotypes, we
aim to gain deeper insight into the relevance of tumor architecture
and FGFR3 status in shaping drug sensitivity, with the ultimate goal
of informing more effective and personalized treatment strategies for
bladder cancer.

Materials and Methods

Implemented Cell Lines and Profiling for Genetic Alter-
ations

Three bladder cancer (BC) cell lines with distinct features of the
FGFR3 were employed to investigate differences in drug sensitivities
addressing the FGFR3 pathway. UM-UC15 is a human BC cell line de-
rived from a patient with muscle-invasive disease. The sex and age at

sampling of this cell line is not specified [11]. Several mutations but
no gene fusion within the FGFR3 and ERBB3 are reported [5,12,13].
The T24 cell line is derived from a female BC patient, who was 82
years old [14]. T24 inherits the FGFR3 wild-type gene. However, mu-
tations have been identified in the HRAS, TP53, and EP300 genes
[15,16]. FGFR3 gene fusions are not reported for this cell line. The
RT112 cell line is derived from a female BC patient of unknown age
[17]. Mutations within the KDM6A gen and fusions within the FGFR3
gene are reported [18,19].

Drug Testing in 2D Cell Cultures

The BC cell lines UM-UC15, T24, and RT112 (ATCC, Manassas, VA,
USA) were expanded in culture medium (MEM, complemented by
10% FBS, non-essential amino acids, sodium pyruvate, and antibiot-
ics; all from Fisher Scientific) as requested by the supplier. For the 2D
drug tests requiring 2000 cells per 96-well, the cells were harvested
using trypsin-EDTA, washed, counted, diluted, resuspended in 100 pL
of culture medium, and seeded in flat-bottom 96-well ELISA plates.
All 2D drug analyses were conducted in quintuplicates. Following
overnight incubation, the culture medium was aspirated and replaced
with 100 pL of fresh culture medium supplemented with various con-
centrations of Cisplatin (ranging from 3 to 30.2 pM), as well as with
the tyrosine kinase inhibitors (TKIs) Erdafitinib® Lenvatinib®, and
Cabozantinib® (each ranging from 0.01 to 10 uM). Erdafitinib was
used as a specific FGFR inhibitor. Lenvatinib was used as a a multi-
ple kinase inhibitor targeting the three main vascular endothelial
growth factor receptors VEGFR1, 2 and 3, platelet-derived growth
factor receptor (PDGFR) alpha, c-Kit, the RET proto-oncogene as well
as as FGFR 1, 2, 3 and 4. Cabozantinib as a multiple kinase inhibitor
without FGFR specificity, targeting VEGFR-2 and c-Met as well as the
classical chemotherapeutic agent cisplatin was used as control.

For drug testing, all cell lines were expanded according to the
manufacturer’s information. Cells incubated in the culture medium
without drugs served as controls. Cells in the culture medium comple-
mented with 1 pL. DMSO served as solvent controls. After incubating
the cells for 24, 48, or 73 hours with or without the components, the
medium was removed, and the cell viability was assessed using Cell-
Titer-Glo 2D reagent kits (Promega, Madison, W1, USA) and a GloMax
apparatus (Promega, Madison, WI, USA), following the manufactur-
er’s instructions.

Drug Testing in 3D Cell Cultures

Furthermore, we investigated the effects of Cisplatin, Erdafinitib®,
Lenvatinib®, and Cabozantinib® with the same BC cell lines in 3D cul-
tures. Due to some technical limitations of the detection technique
and in agreement with the guidelines associated with the reagents
and apparatus employed for cytotoxicity analyses, the diameter of
the organoids subjected to testing with the CellTiter-Glo 3D chemis-
try and GloMax apparatus (Promega, Madison, UN, USA) needed to
be limited to less than 300 pm. Hence, before cytotoxicity testing,
we examined the mean size of the spheroids under a microscope.
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Subsequently, the spheroids were partially degraded using dispase
IT (Roche Diagnostics, Penzberg, Germany) for one hour (37 °C, 5%
C02, humidified incubator). The resulting dispersed samples were
centrifuged at 150 g for 5 min. at ambient temperature, followed by
resuspension in the culture medium. The spheroids were counted and
diluted to yield a cell suspension for drug testing, ensuring a concen-
tration of 1000-2000 spheroids per millilitre. Each well was seeded
with 100 pL of the spheroid suspension supplemented with 5 pL of
Matrigel (BME, R&D Systems, Minneapolis, USA). Next, 1 uL of the
drug solution was added to each well to achieve the desired drug con-
centrations of the active components Cisplatin (ranging from 3 to 30.2
uM) served as positive control, Erdafitinib, Lenvatinib, and Cabozan-
tinib (ranging from 0,01 to 10 uM) as the experimental components.
The cells were incubated for 24, 48, and 72 hours. Spheroids cultured
in a medium without drugs served as controls, and cultures contain-
ing 1% DMSO as solvent controls. All drug analyses on the spheroids
were performed in triplicates. The cytotoxicity assay was recorded
using the CTG method as mentioned previously.

Data Processing and Statistics

The results obtained from cytotoxicity experiments were pro-
cessed by exporting the original data to either a spreadsheet software
(MS Excel 16.61.1, Microsoft, Albuquerque, NM, USA) or a statistical
program (GraphPad Prism 9.4.1., GraphPad Software, La Jolla, CA,

UM-UC-15

3-dimensional 96-well plate

2-dimensional

T24

USA) for analysis. Mean values of data sets, including quintuplicates
of cytotoxicity assays for cells in 2D cultures and triplicates of cyto-
toxicity assays for 3D organoids, were calculated and presented in
the figures as dose-response kinetics. The normalized viability index
(NVI) was determined using the formula: NVI = (mean test-blank) /
(mean control-blank) x 100, expressed as a percentage (%). To eval-
uate statistical significance, a two-way ANOVA was performed, and
the resulting p-values were summarized as follows: 0.01-0.05 (*) for
high significance, 0.0001-0.001 (**) for very high significance, and
<0.0001 (***) for extremely high significance. These significant differ-
ences were appropriately marked in the artwork.

Results
Cell Lines and Culture Conditions

To evaluate the effect of the FGFR-targeted therapies on bladder
cancer in different culture conditions we selected three human BC
cell lines with distinct aberrations of the FGFR3 pathway. The tumour
cells were treated in 2D and 3D conditions. Before adding the active
components to be investigated, culture efficacies and the growth pat-
terns of the adherent cells or cells in spheroids were observed by mi-
croscopy. Sufficient numbers of cells for drug treatment over 24 to 72
hours of incubation were corroborated in both, 2D standard cultures
as well as 3D spheroids after seeding 2000 cells/well (Figure 1).

Figure 1: Bladder cancer cell lines in culture. The top row presents the corresponding bladder cancer cell line three days after being seeded onto
a 96-well plate with a three-dimensional scaffold of basal membrane extract as indicated. The middle row illustrates the bladder cancer cell lines
nine days after seeding into a 24-well plate with a three-dimensional scaffold composed of basal membrane extract. The bottom row displays the
respective bladder cancer cell lines that are adherently growing on day five in a 6-well plate. Size bars indicate 100 pm.
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Longitudinal Effects of Drug Treatment in 2D and 3D Cul-
ture Conditions

Tumor cells were treated at the indicated concentrations for 24,
48, or 72 hours in 2D and 3D cultures. The cell viability was investi-
gated in the three experimental groups employing Erdafitinib®, Len-
vatinig®, and Cabozantinib®, in the concentrations as indicated and
compared to the solvent control (Figure 2). To avoid a lack of focus,
Figure 2 displays the longitudinal effects of drug treatment in 2D and
3D cultures for the highest and lowest drug concentrations only. As
expected, the reduction of cell viability for all evaluated substances
was higher for the high concentrations compared to the low drug
concentration at all time points (Figure 3). The strongest effect of
all drugs on cell viability was observed after 3 days. The most potent
effects across all cell lines were observed for the treatment with Cis-
platin with a reduction of viability of up to 99% at the highest con-
centration (2D: T24 97% UM-UC15 95%, RT112 99%; 3D: T24 98%,
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UM-UC15 92%, RT112 95%). For TKIs, the most potent effects were
observed for Erdafitinib with a reduction of cell viability of up to 71%
at the highest concentration (2D: T24 46% UM-UC15 52%, RT112
56%; 3D: T24 71%, UM-UC15 33%, RT112 5%). The cell line T24
showed the highest sensitivity to TKI treatment with a reduction of
viability of up to 81% at the highest concentration for Erdafitinib®,
54% for Lenvatinib® and 25% for Cabozantinib®. The comparison of
2D and 3d cultures on the drug efficiency showed only for the cell
line T24 under Ertafinib® treatment a stronger effect on cell viability
in the 3D culture than in the 2D culture (46% compared to 71% via-
bility reduction). Of note, for all other substances and time points the
effects of drugs on cell viability were significantly stronger in the 2D
culture conditions than in the 3D conditions. This is also reflected in
the IC values (Table 1). IC, values were up to 2.8, 1.3x108, 1.9 and
812 times lower for the 2D culture conditions compared to the 3D
culture at day 3 for Cisplatin, Erdafitinib®, Lenvatinib® and Cabozan-
tinib®, respectively.
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Figure 2: Comparing the cytotoxic effects of Cisplatin, Erdafitinib®, Lenvatinib®, and Cabozantinib® in 2-dimensional and 3-dimensional cultures
of bladder cancer cell lines UM-UC15, T24 and RT112. The normalized cell viabilities are represented on the y-axis, and drug concentrations are
specified in the inserted legends. The lowest and highest tested drug concentrations are shown in the graph. The graph displays the impact of
Cisplatin, Erdafitinib®, Lenvatinib®, and Cabozantinib®, respectively on the three bladder cancer cell lines employed as indicated.
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Figure 3: Comparing the cytotoxic effects of Cisplatin, Erdafitinib®, Lenvatinib®, and Cabozantinib® after 3 days of incubation in 2D and 3D

cultures of bladder cancer cell lines UM-UC15, T24 and RT112 (top to bottom). The cell viabilities (normalized to controls; in %) are represented
on the y-axes for 2D (hatched columns) versus 3D (blank columns) cultures as specified in the inserted legends. The graph displays the impact of
Cisplatin, Erdafitinib®, Lenvatinib®, and Cabozantinib®, respectively on the respective bladder cancer cell lines ( right). The x-axes display the M
log concentrations of the active components.

Table 1: Comparing the impact of drugs on bladder cancer cells in two-dimensional and three-dimensional cell cultures. Displayed is the

growth inhibition of the corresponding drug by determining its half maximal inhibitory concentration (IC, ) in uM towards cells of analogous
bladder cancer cell lines.

Cell line IC,, Cisplatin IC, Erdafitinib IC,,Lenvatinib IC,,Cabozantinib
2D -1d 39.48 24.22 334.6 28.59
2D -2d 9.90 12.00 111.3 ~11.61
UM.UCI5 2D -3d 4282 ~9.89 ~15.09 11.22
3D -1d 85.03 ~11.92 573.2 ~13.25
3D -2d 12.34 ~11.12 inf. ~11.91
3D -3d 7.75 ~11.32 inf. ~11.80
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2D -1d 26.09 ~12.27 19.61 inf.
2D -2d 4.09 ~11.99 12.64 307.3
o 2D -3d 1.77 ~10.12 8.63 84.50
3D-1d 27.01 ~11.18 inf. inf.
3D-2d 3.23 ~9.13 inf. inf.
3D -3d 2.34 ~8.78 ~15.99 inf.
2D -1d 16.78 21.11 10.7x10° 16.31
2D -2d 5.46 14.70 1.1x10* ~10.36
RT112 2D -3d 3.34 10.02 4457 7.99
3D -1d 22.22 inf. na. na.
3D -2d 8.45 ~12.88 na. ~13.35
3D -3d ~9,38 13.3x10° n.a. 6.5x10°

Note: Abbreviations: IC,, half maximal inhibitory concentration; 2D, two-dimensional; 3D, tree-dimensional; d, days of incubation with the

507

respective drug; inf., infinity; n.a., not assasable.

Effect of Drug Concentrations in 2D and 3D Culture Con-
ditions

As outlined above, the most pronounced effects of the drugs on
2D and 3D culture conditions were observed on day 3. Thus we di-
rectly compared the effects of the different substances in increasing
concentrations at day 3 in 2D and 3D culture conditions. The stron-
gest effects on cell viability for all cell lines and culture conditions
were observed at the highest concentrations of each drug. Again Cis-
platin treatment had the strongest effect on cell viability for all three
cell lines. Differences between 2D and 3D culture for Cisplatin were
observed for the two lower drug concentrations, where the reduction
of cell viability was significantly increased for the 2D culture condi-
tion. Among the TKIs employed in this study, Erdafitinib® yielded the
most pronounced effect. For all TKIs and cell lines, despite T24 under
Erdafitinib®, the effect on cell viability was stronger in the 2D culture
than in 3D culture. The observed difference between 2D and 3D cul-
ture was most obvious in the highest drug concentration for all TKIs.
Together, this data underscores the importance of evaluating drug ef-
fects under different culture conditions and validates existing reports
that indicate that doses and drug effects significantly vary between
2D and 3D cultures.

Discussion

The results of this study present a comprehensive evaluation of
the effects of FGFR-targeted therapies on bladder cancer cell lines
under varying culture conditions, specifically contrasting two-dimen-
sional (2D) and three-dimensional (3D) environments. The findings
indicate that the efficacy of these therapies is influenced significantly
by the dimensionality of cell culture as described before for other tu-
mours [20]. This emphasizes the importance of appropriate models
in preclinical research, which mimic the features of the corresponding
tumour comprehensively [8]. The selection of three distinct human

BC cell lines, expressing a wildtype FGFR3 or harbouring aberrations
of the FGFR3 pathway as described in this tumour, provided a robust
framework for assessing the effects of targeted therapies in vitro. The
successful establishment of both 2D and 3D cultures, confirmed by
microscopy, ensured that the experimental design reflected varying
tumour architectures and phenotypes, which is critical for the com-
parability of the in vitro analyses with the clinical situation and future
translational relevance [8]. The longitudinal analysis of cell viability
in both culture conditions revealed a consistent trend: as expected,
higher concentrations of drugs lead to a greater reduction in cell vi-
ability across nearly all time points. These findings were in line with
established pharmacological principles in BC cell lines, affirming that
dose-response relationships are maintained in both 2D and 3D cul-
tures [21,22].

As previously mentioned, Cisplatin, in clinical situations well es-
tablished as a cytotoxic agent, resulted in up to a 99% reduction in
cell viability at elevated concentrations, confirming itself as the most
effective drug in this experiment, regardless of the cultivation meth-
od used, whether in 2D or 3D. This finding aligns with existing lit-
erature that highlights Cisplatin’s potency in treating bladder cancer
[21]. Therefore, Cisplatin continues to play a guideline-recommended
therapeutic key component both in muscle-invasive and metastatic
BC provided that the patient is eligible [23]. Interestingly, the differ-
ences in drug efficacy between 2D and 3D cultures are particularly
pronounced for the TKIs studied. Erdafitinib® demonstrated the high-
est efficacy among the targeted therapies, with a notable reduction in
cell viability in both culture conditions. The observation that T24 cells
exhibited the highest sensitivity to Erdafitinib® treatment suggests
that this BC line expressing the wildtype FGFR3 retained the highest
sensitivity to Erdafitinib® and Lenvatinib®, but not to Cabozantinib®.
This correlation between wildtype FGF-receptor expression and a se-
lective TKI sensitivity underlines the importance of interindividual
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drug screens for individual cancer patients to grant sufficient drug
efficacy early on. This difference in cytotoxic efficacy in 2D versus 3D
in vitro systems possibly applies to other TKIs in the research pipes
as well.

At present, the molecular or structural differences among the
TKIs applied in correlation to their efficacy on cells with or without
FGFR3 mutations are not fully explored, neither in 2D nor in 3D cell
culture systems. Moreover, intracellular signalling pathways linking
the engagement of the FGFRs to the cell nucleus, have to be taken
into consideration as well. However, such experiments were not the
focus of this study and thus remain to be investigated in the future.
Concerning the culture dimensionality, the results clearly indicate
that the 2D culture conditions generally yield stronger drug effects
compared to 3D conditions for most treatments. Limited diffusion of
the drugs in 3D constructs is one point in this context. In addition,
this discrepancy may be attributed to the differences in cell-cell and
cell-matrix interactions that occur in 3D cultures, which can alter drug
penetration and cellular responses as well. These findings are in line
with reported higher drug resistance levels in 3D cultured lung can-
cer cell lines compared the their corresponding 2D model [24]. The
finding that Erdafitinib had a greater effect in 3D cultures specifically
for T24 cells may suggest unique mechanisms of action or enhanced
drug uptake that merit further investigation. Moreover, the IC, values
presented support the conclusion that drug efficacy is significantly
affected by the culture conditions, with 2D cultures exhibiting lower
IC,, values for cisplatin and TKIs. These results emphasize the neces-
sity for careful consideration of the experimental model used when
assessing drug efficacy, as the differences observed could influence
therapeutic decision-making in personalized drug screening aiming
for personalized medicine.

Conclusions

In summary, this study provides compelling evidence that the
effects of FGFR-targeted therapies on bladder cancer cell lines are
markedly influenced by the dimensionality of the culture system em-
ployed. The pronounced variations in drug efficacy between 2D and
3D models highlight the importance to complement stndard 2D drug
efficacy studies by 3D culture systems to better mimic the tumour
microenvironment. Future studies should aim to elucidate the under-
lying mechanisms responsible for these differences, which could ulti-
mately inform the development of more effective treatment strategies
for bladder cancer. The validation of these findings in clinical settings
will be essential for translating these preclinical observations into
therapeutic advancements.

Author Contributions

Conceptualization: N.H., B.A.,, W.K.A and A.S.; methodology: S.W,,
Y.W,, N.H. and W.K.A; validation: N.H., S.W. and W.K.A.; formal analysis:
Y.W. and S.W,; investigation: Y.W,, SW,, M.M.; data curation: Y.W,, S.W,,
N.H., WK.A; writing—original draft preparation, SW,M.M., WK.A,;

writing—review and editing, all authors.; visualization: YW., S.W,; su-
pervision, S.W,, A.S.; funding acquisition: A.S.; All authors have read
and agreed to the published version of the manuscript.

Funding

This research was funded in part by grants from the DFG to
AS. (GRK2543 # 409474577 and, from the EU (OCT-detector
E!115301/01QE2133C) respectively, the Urologie e.V. Tuebingen, and
in part by institutional funds.

Institutional Review Board Statement

The study was conducted in accordance with the Declaration of
Helsinki, and approved by the Ethics Committee of the University of
Tuebingen Hospital (file # 804/2020/B02).

Informed Consent Statement

Informed consent was obtained from all subjects involved in the
study according to the regulations of the Ethics Committee of Univer-
sity of Tuebingen Hospital.

Data Availability Statement

The data of this study will be made available to all colleagues from
public institution dedicated only to research and education upon jus-
tified request.

Contflicts of Interest
The authors declare no conflict of interest for this study.

References

1. Sung H, Ferlay ], Siegel RL, Laversanne M, Soerjomataram I, et al. (2021)
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer ] Clin
71(3): 209-249.

2. Doshi B, Athans SR, Woloszynska A (2023) Biological differences under-
lying sex and gender disparities in bladder cancer: current synopsis and
future directions. Oncogenesis 12(1): 44.

3. Guo CC, Shen SS, Czerniak B (2023) Recent Advances in the Classification
of Bladder Cancer - Updates from the 5th Edition of the World Health Or-
ganization Classification of the Urinary and Male Genital Tumors. Bladder
Cancer 9(1): 1-14.

4. Resch I, Shariat SF, Gust KM (2018) PD-1 and PD-L1 inhibitors after plat-
inum-based chemotherapy or in first-line therapy in cisplatin-ineligible
patients: Dramatic improvement of prognosis and overall survival after
decades of hopelessness in patients with metastatic urothelial cancer.
Memo 11(1): 43-46.

5. Bogale DE (2024) The roles of FGFR3 and c-MYC in urothelial bladder can-
cer. Discov Oncol 15(1): 295.

6. Peng M, Deng ], Li X (2024) Clinical advances and challenges in targeting
FGF/FGFR signaling in lung cancer. Mol Cancer 23(1): 256.

7. RuanR, LiL, Li X, Huang C, Zhang Z, et al. (2023) Unleashing the potential
of combining FGFR inhibitor and immune checkpoint blockade for FGF/
FGFR signaling in tumor microenvironment. Mol Cancer 22(1): 60.

Copyright@ :

Bastian Amend | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009714.

54401


https://dx.doi.org/10.26717/BJSTR.2025.62.009714
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/37666817/
https://pubmed.ncbi.nlm.nih.gov/37666817/
https://pubmed.ncbi.nlm.nih.gov/37666817/
https://pubmed.ncbi.nlm.nih.gov/38994481/
https://pubmed.ncbi.nlm.nih.gov/38994481/
https://pubmed.ncbi.nlm.nih.gov/38994481/
https://pubmed.ncbi.nlm.nih.gov/38994481/
https://pubmed.ncbi.nlm.nih.gov/29606979/
https://pubmed.ncbi.nlm.nih.gov/29606979/
https://pubmed.ncbi.nlm.nih.gov/29606979/
https://pubmed.ncbi.nlm.nih.gov/29606979/
https://pubmed.ncbi.nlm.nih.gov/29606979/
https://pubmed.ncbi.nlm.nih.gov/39031286/
https://pubmed.ncbi.nlm.nih.gov/39031286/
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-024-02167-9
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-024-02167-9
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-023-01761-7
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-023-01761-7
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-023-01761-7

Volume 62- Issue 2

DOI: 10.26717/BJSTR.2025.62.009714

10.

11.

12.

13.

14.

15.

Costa EC, Moreira AF, de Melo-Diogo D, Gaspar VM, Carvalho MP, et al.
(2016) 3D tumor spheroids: an overview on the tools and techniques used
for their analysis. Biotechnol Adv 34(8): 1427-1441.

Lee SY, Koo IS, Hwang H]J, Lee DW (2023) In Vitro three-dimensional (3D)
cell culture tools for spheroid and organoid models. SLAS Discov 28(4):
119-137.

Tosca EM, Ronchi D, Facciolo D, Magni P (2023) Replacement, Reduction,
and Refinement of Animal Experiments in Anticancer Drug Development:
The Contribution of 3D In Vitro Cancer Models in the Drug Efficacy Assess-
ment. Biomedicines 11(4).

Park HS, Park WS, Bondaruk J, Tanaka N, Katayama H, et al. (2008) Quanti-
tation of Aurora kinase A gene copy number in urine sediments and blad-
der cancer detection. ] Natl Cancer Inst 100(19): 1401-1411.

Gust KM, McConkey D], Awrey S, Hegarty PK, Qing ], et al. (2013) Fibro-
blast growth factor receptor 3 is a rational therapeutic target in bladder
cancer. Mol Cancer Ther 12(7): 1245-1254.

Tamura S, Wang Y, Veeneman B, Hovelson D, Bankhead A, et al. (2018)
Molecular Correlates of In Vitro Responses to Dacomitinib and Afatinib in
Bladder Cancer. Bladder Cancer 4(1): 77-90.

Bubenik ], Baresova M, Viklicky V, Jakoubkova |, Sainerova H, et al. (1973)
Established cell line of urinary bladder carcinoma (T24) containing tu-
mour-specific antigen. Int ] Cancer 11(3): 765-773.

Nickerson ML, Witte N, Im KM, Turan S, Owens C, et al. (2017) Molecu-
lar analysis of urothelial cancer cell lines for modeling tumor biology and
drug response. Oncogene 36(1): 35-46.

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2025.62.009714
Bastian Amend. Biomed ] Sci & Tech Res

©XOIC;

This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

16.
the BRAF gene in human cancer. Nature 417(6892): 949-954.

17.

Cancer Inst 58(6): 1743-1751.

18.
in bladder cancer. Hum Mol Genet 22(4): 795-803.

19.

cancer. Nat Genet 41(5): 521-523.
20.

Biophys Res Commun 533(3): 268-274.
21.

23(20).
22.

Cancer. Cell 173(2): 515-28 e17.

23.
drid. ISBN 978-94-92671-29-5.

24.

lated Raman Scattering Microscopy. Anal Chem 96(36): 14480-14489.

Davies H, Bignell GR, Cox C, Stephens P, Edkins S, et al. (2002) Mutations of

Marshall CJ, Franks LM, Carbonell AW (1977) Markers of neoplastic trans-
formation in epithelial cell lines derived from human carcinomas. ] Natl

Williams SV, Hurst CD, Knowles MA (2013) Oncogenic FGFR3 gene fusions

van Haaften G, Dalgliesh GL, Davies H, Chen L, Bignell G, et al. (2009) So-
matic mutations of the histone H3K27 demethylase gene UTX in human

Muguruma M, Teraoka S, Miyahara K, Ueda A, Asaoka M, et al. (2020) Dif-
ferences in drug sensitivity between two-dimensional and three-dimen-
sional culture systems in triple-negative breast cancer cell lines. Biochem

Holickova A, Roska ], Orasova E, Bruderova V, Palacka P, et al. (2022) Re-
sponse of the Urothelial Carcinoma Cell Lines to Cisplatin. Int ] Mol Sci

Lee SH, Hu W, Matulay JT, Silva MV, Owczarek TB, et al. (2018) Tumor Evo-
lution and Drug Response in Patient-Derived Organoid Models of Bladder

(2025) EAU Guidelines. Edn. presented at the EAU Annual Congress Ma-

Xu FX, Sun R, Owens R, Hu K, Fu D et al. (2024) Assessing Drug Uptake and
Response Differences in 2D and 3D Cellular Environments Using Stimu-

Assets of Publishing with us
BIOMEDICAL

RESEARCHES ¢ Global archiving of articles

Immediate, unrestricted online access

@8 i .
Ov T ® <IN
C Ay .

LR

Rigorous Peer Review Process
» e Authors Retain Copyrights
v ¢ ¢ Unique DOI for all articles

ISSN: 2574-1241

https://biomedres.us/

Copyright@ :

Bastian Amend | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009714.

54402


https://dx.doi.org/10.26717/BJSTR.2025.62.009714
https://dx.doi.org/10.26717/BJSTR.2025.62.009714
https://pubmed.ncbi.nlm.nih.gov/27845258/
https://pubmed.ncbi.nlm.nih.gov/27845258/
https://pubmed.ncbi.nlm.nih.gov/27845258/
https://pubmed.ncbi.nlm.nih.gov/36997090/
https://pubmed.ncbi.nlm.nih.gov/36997090/
https://pubmed.ncbi.nlm.nih.gov/36997090/
https://pubmed.ncbi.nlm.nih.gov/37189676/
https://pubmed.ncbi.nlm.nih.gov/37189676/
https://pubmed.ncbi.nlm.nih.gov/37189676/
https://pubmed.ncbi.nlm.nih.gov/37189676/
https://pubmed.ncbi.nlm.nih.gov/18812553/
https://pubmed.ncbi.nlm.nih.gov/18812553/
https://pubmed.ncbi.nlm.nih.gov/18812553/
https://pubmed.ncbi.nlm.nih.gov/23657946/
https://pubmed.ncbi.nlm.nih.gov/23657946/
https://pubmed.ncbi.nlm.nih.gov/23657946/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5798519/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5798519/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5798519/
https://pubmed.ncbi.nlm.nih.gov/4133950/
https://pubmed.ncbi.nlm.nih.gov/4133950/
https://pubmed.ncbi.nlm.nih.gov/4133950/
https://pubmed.ncbi.nlm.nih.gov/27270441/
https://pubmed.ncbi.nlm.nih.gov/27270441/
https://pubmed.ncbi.nlm.nih.gov/27270441/
https://pubmed.ncbi.nlm.nih.gov/12068308/
https://pubmed.ncbi.nlm.nih.gov/12068308/
https://pubmed.ncbi.nlm.nih.gov/864752/
https://pubmed.ncbi.nlm.nih.gov/864752/
https://pubmed.ncbi.nlm.nih.gov/864752/
https://pubmed.ncbi.nlm.nih.gov/23175443/
https://pubmed.ncbi.nlm.nih.gov/23175443/
https://pubmed.ncbi.nlm.nih.gov/19330029/
https://pubmed.ncbi.nlm.nih.gov/19330029/
https://pubmed.ncbi.nlm.nih.gov/19330029/
https://pubmed.ncbi.nlm.nih.gov/32958246/
https://pubmed.ncbi.nlm.nih.gov/32958246/
https://pubmed.ncbi.nlm.nih.gov/32958246/
https://pubmed.ncbi.nlm.nih.gov/32958246/
https://pubmed.ncbi.nlm.nih.gov/36293346/
https://pubmed.ncbi.nlm.nih.gov/36293346/
https://pubmed.ncbi.nlm.nih.gov/36293346/
https://pubmed.ncbi.nlm.nih.gov/29625057/
https://pubmed.ncbi.nlm.nih.gov/29625057/
https://pubmed.ncbi.nlm.nih.gov/29625057/
https://pubmed.ncbi.nlm.nih.gov/39186736/
https://pubmed.ncbi.nlm.nih.gov/39186736/
https://pubmed.ncbi.nlm.nih.gov/39186736/

