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ABSTRACT

Bladder cancer represents the most common malignancy of the urinary system, posing a significant threat to patients' 
life. Animal models and two-dimensional (2D) cell cultures, among other traditional models, have been used for years 
to study various aspects of bladder cancer. However, these methods are subject to various limitations when mimicking 
the tumor microenvironment in vivo, thus hindering the further improvement of bladder cancer treatments. Recently, 
three-dimensional (3D) culture models have attracted extensive attention since they overcome the shortcomings of their 
traditional counterparts. Most importantly, 3D culture models more accurately reproduce the tumor microenvironment in 
the human body because they can recapitulate the cell-cell and cell-extracellular matrix interactions. 3D culture models 
can thereby help us gain deeper insight into the bladder cancer. The 3D culture models of tumor cells can extend the 
culture duration and allow for co-culturing with different cell types. Study of patient-specific bladder cancer mutations and 
subtypes is made possible by the ability to preserve cells isolated from particular patients in 3D culture models. It will be 
feasible to develop customized treatments that target relevant signaling pathways or biomarkers. This article reviews 
the development, application, advantages, and limitations of traditional modeling systems and 3D culture models used 
in the study of bladder cancer and discusses the potential application of 3D culture models.
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1. BACKGROUND

Bladder cancer is a malignant tumor resulting from the uncon-
trolled proliferation of abnormal cells in the bladder. It is one of 
the commonest malignant tumors of the urinary system. According 
to the World Health Organization, nearly 430,000 patients are 
diagnosed with bladder cancer and more than 165,000 died of 
the cancer annually [1]. An epidemiological report released in 
2019 stated that the incidence rate and mortality rate of bladder 
cancer rank among the top ten in China [2].

Bladder cancer presents a severe threat to public health due 
to its high recurrence rate and mortality rate. The current "one-
size-fits-all" approach is not, by many, deemed the best strategy 

since it does not consider the potential impact of patient-specific 
genetic variations on drug response. Therefore, it is essential to 
develop new treatments. 2D cell cultures are primarily used in 
basic and clinical research of drugs. Cell culture is an essential 
technique employed in drug development, providing a sim-
ple, rapid, and economical way. 2D cell culture is a valuable 
technique for cell-based research, but it has limitations. Prac-
tically, all cells in the in vivo environment are surrounded by 
extracellular matrix and other cells. Therefore, 2D cell culture 
sometimes provides unreliable data that may mis-represent in 
vivo responses. Currently, the standard procedure of compound 
screening in new drug development starts with the test based on 
2D cell culture, followed by animal tests and clinical trials. Only 
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about 10% of the tested compounds successfully move forward 
to clinical development, and many drugs failed clinical trials. 
Animal modeling was shifted to in vivo culture, but the microen-
vironment of allogeneic models was significantly different from 
that of naturally occurring tumors, and and tumor induction is 
time-consuming and labor-intensive. Therefore, it is essential to 
develop and establish in vitro cell systems that can more closely 
simulate the behavior of cells in vivo. 3D culture models were 
created as a solution to these restraints.

2. CONVENTIONAL MODELS FOR BLADDER 
CANCER STUDIES

2.1 In vitro 2D cell Culture Models
2D cell culture refers to a technique of growing and expanding 

cells on a flat substrate [3], and the 2D cell culture modeling 
is a primary methodology for studying cell physiology and 
pathology in vitro. Because cells can only grow and expand in 
two dimensions as a single layer, they are mostly spindle-shaped 

and flat [4]. Cells grown in 2D usually have strong proliferation 
ability but poor differentiation ability. Compared with in vivo 
models, the expression levels of related genes and proteins in 
cells in 2D models tend to be very different [5,6]. Compared to 
3D models, 2D cell models lack the ability to reflect the effect of 
the microenvironment and extracellular matrix on cells. Presently, 
the commonly used human cell lines of bladder cancer include 
UMUC-3, RT-112, RT4, and T24 [7,8], as well as common 
drug-resistant strains of human cell lines of bladder cancer, such 
as cisplatin-resistant strain T24/DDP and penicillin-resistant 
strain Pumc-91/ADM [9,10]. The basic data of each bladder 
cancer cell line, such as origin, development, molecular char-
acteristics, culture, and preservation conditions, are available in 
the widely used databases listed in Table 1 [11]. However, the 
genomic landscape, phenotypes, and physiological activity of 
2D cultured cells of bladder cancer differ from those of cells in 
vivo [12]. Researchers thus are now seeking more physiological-
ly-relevant cell culture models, such as 3D culture technology 
with a microenvironment closer to cells in vivo.

Table 1 Online database of bladder cancer cell linesnote

Database Name Resource Website

Achilles Genome scale RNAi and CRISPR-Cas9 silencing 
and knockdown of individual genes to identify 
genes that affect cell survival.

https://portals.broadinstitute.org/achilles

BC-BET Bladder Cancer Biomarker 
Evaluation Tool

Rapid evaluation of candidate gene expression 
across 40 commonly used human bladder cancer 
cell lines.

https://gdancik.github.io/bioinformatics/
BCBET

CCLE Cancer Cell Line Encyclopedia Genetic characterization of human cell lines https://portals.broadinstitute.org/ccle

Cellosaurus Database for cell lines https://web.expasy.org/cellosaurus/

COSMIC Catalogue of Somatic Mutations 
in Cancer

Somatic mutations in human cancer cell lines http://cancer.sanger.ac.uk/cosmic

CTRP Cancer Therapeutics Response 
Portal

Identifying and targeting cancer dependencies 
with small molecules

https://portals.broadinstitute.org/ctrp/

GDSC Genomics of Drug Sensitivity in 
Cancer

Identifying molecular features of cancers that 
predict response to anticancer drugs

http://www.cancerrxgene.org/

IARC TP53 International Agency for Re-
search on Cancer (IARC) TP53 
Database

Compiles various types of data and information 
on human TP53 gene variations related to cancer

http://p53.iarc.fr/

ICLAC International Cell Line Authenti-
cation Committee

Resource lists cell lines that are currently known 
to be cross-contaminated or misidentified

http://iclac.org/

TCPA MD Anderson Cancer Cell Line 
Project

Proteomic database of cancer cell lines http://tcpaportal.org/

UC-25 Exome sequencing of bladder cancer cell lines http://www.synapse.org/UC25

2.2 Animal Models  Animal research is a crucial intermediate step between cel-

https://portals.broadinstitute.org/achilles
https://gdancik.github.io/bioinformatics/BCBET
https://gdancik.github.io/bioinformatics/BCBET
https://portals.broadinstitute.org/ccle
https://web.expasy.org/cellosaurus/
http://cancer.sanger.ac.uk/cosmic
https://portals.broadinstitute.org/ctrp/
http://www.cancerrxgene.org/
http://p53.iarc.fr/
http://iclac.org/
http://tcpaportal.org/
http://www.synapse.org/UC25
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lular experiments and clinical studies during the drug develop-
ment process. Animals and humans are similar in physiological, 
pathological, and genetic terms, rendering the animal model an 
essential experimental vehicle for in vivo research. There are 
currently four types of animal models of bladder cancer: in situ 
carcinogen-induced model, in situ tumor transplantation model, 
ectopic tumor transplantation model, and genetically-engineered 
model [13].

2.2.1 In situ carcinogen-induced models 
Commonly used carcinogens include n-[4-(5-nitro-2-furyl)-

2-thiazolyl] formamide (FANFT), N-butyl-N (4-hydroxybutyl) 
nitrosamine (BBN) and N-methyl-N-nitrosourea (MNU) [14]. For 
the model establishment, a carcinogen, such as BBN, is dissolved 
into concentrations between 0.01% ‒ 0.05% in drinking water 
and fed to the experimental animals. The induction takes about 
5‒8 months. To create a model, a drug is directly administered to 
the bladder mucosa through intravesical perfusion, at the doses 
of 2 or 2.5 mg each time, once every two weeks, and 2‒4 times 
per therapy, with the overall induction time lasting for roughly 
8 weeks [15]. FANFT is a nitrofuran compound, and an indirect 
carcinogen. It plays a carcinogenic role principally through the 
co-oxidation of prostaglandin H synthase in bladder mucosa. It is 
generally given orally, together with feeding food, at a common 
concentration of 0.2%, and the induction taking at least 8 months 
[16]. These carcinogenic compounds have a long drug cycle, low 
specificity for tumor formation, differ from spontaneous tumors, 
and are very likely to kill animals. Therefore, these features make 
them unsuitable for the study of bladder cancer.

2.2.2 In situ tumor transplantation models 
The most popular technique for making orthotopic bladder 

cancer models, along with the advancement of carcinogenic 
technologies, involves implanting bladder cancer cells into ani-
mals. It falls into two categories, i.e., homo-transplantation and 
xenotransplantation in terms of the source of cell lines used. The 
in situ transplantation model has been widely accepted for its 
practicality. Recently, the focus of the work has been directed 
to improving the success rate of modeling and transplantation 
techniques. However, in situ tumor transplantation models have 
shortcomings, such as long construction cycles, poor reproduc-
ibility, and unwanted interaction between the mouse's implanted 
tumor cells and host cells. Moreover, since xenotransplantation 
uses nude mice as hosts, it doesn't allow for the study of the 
immune mechanism of bladder cancer, which has posed a major 
limitation on the application of the current in situ bladder tumor 
transplantation model.

2.2.3 Ectopic tumor transplantation models
Intraperitoneal, intravenous, and subcutaneous transplantation 

of bladder cancer cells or tumor tissue blocks into animals are 
common methods to establish bladder cancer ectopic transplan-
tation models [17,18]. These techniques are frequently used to 
study tumor-related mechanisms and assess the efficacy of new 

medications [19]. The ectopic transplantation model is a simpler 
and more practical approach in comparison to in situ transplan-
tation model. However, the number of cells cannot be easily 
determined when tumor tissue blocks are transplanted, leading 
to inconsistency in tumor formation. What is more, the ectopic 
transplantation tumor models also have some aforementioned 
shortcomings of the in situ transplantation tumor model. Besides, 
some researchers, like Jonathan B et al. [20] found that the ectopic 
transplantation tumor model failed to predict the results of tumor 
metastasis since the tumor was not in situ.

2.2.4 Genetically-engineered model 
Genetically-engineered models allow for the investigation of 

the mechanisms of tumor formation and the interactions between 
genetic background and environmental variables. A genetically-en-
gineered model is an animal model with the target genes knocked 
out or incorporated by using genetic engineering technology 
[21]. Currently, the target genes that have been confirmed to be 
closely related to bladder cancer include H-Ras, p53, Rb, PTEN, 
fibroblast growth factor receptor, and epidermal growth factor 
receptor (EGFR) [22]. The first model of BC in transgenic mice 
used simian virus 40 (SV40) large T antigen derived from the 
tissue-specific mouse UPII gene promoter, which is expressed 
in the basal layer of the urothelium [23]. Other oncogenes, when 
placed under the control of UPII, have been used to generate 
transgenic mice model of BC, such as EGFR and H-Ras [24]. A 
new uroplakin II promoter (UPKII)-dependent expression vector 
has been created and future work will be necessary/needed to 
validate the same phenotype observed in the original transgenic 
mouse model [25]. Recent research has focused on this paradigm, 
but genetically-engineered models also have several limitations. 
The tumor derived from the genetically-engineered animal models 
is genetically too simple, while the development mode of actual 
human bladder cancer is mechanistically diverse. Moreover, the 
establishment cycle of animal models is long and expensive. 

3. 3D CULTURE MODELS FOR BLADDER CANCERS

To build 3D culture models, multiple cell types are cultivated 
in vitro in physiologically relevant biomaterial scaffolds. Cells 
grow and proliferate in all dimensions as if in vivo, so their 
morphologies are more physiologically-relevant [26,27]. 3D 
structures can mimic the gradient of nutrient supply and metabolite 
clearance in the body, boost the ability of cell differentiation and 
proliferation, and have genes and proteins expressed at levels 
comparable to those of cells in vivo [21]. We herein introduced 
three types of promising 3D culture technologies that have been 
evolving fast, including organoid culture, 3D bioprinting model, 
and microfluidic chip model.

3.1 Organoids
The utility of organoids in the research of genetic diseases has 
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attracted extensive attention due to the functional reproduction 
of organoids. Organoids are clusters of cell spheres composed of 
specific cells that have differentiated from stem cells. Organoids 
have a similar tissue spatial structure to the corresponding organs 
and can reproduce/mimic some functions of the original organs, 
thus providing an intimately related physiological system [28,29]. 
Suk Hyung Lee et al. [30] have established a bank of bladder 
cancer organoid lines from 22 patient tissue samples. Through 
genome mapping, researchers confirmed that the organoid lines 
are highly consistent with the corresponding parent tumor both 
histopathologically and in terms of gene mutation spectra. Drug 
sensitivity experiments confirmed that organoid lines with dif-
ferent mutation spectra respond differently to drugs, indicating 
that the molecular spectrum of organoids can be used to identify 

drug efficacy. In addition, many studies utilized drug sensitivity 
tests to determine the cell state of organoid culture, as shown in 
Table 2 [28, 30-33]. Lamy et al. [34] demonstrated, by using 
exon sequencing, that tumor evolution occurred in an organoid 
culture of bladder cancer samples without drug treatment, and 
the mode of development was similar to that of primary human 
bladder cancer. However, organoid culture technology is also 
confronted with some challenges, such as difficulties in achieving 
vascularization of the organoids and simulating the interaction 
between tumor organoids and immune cells in vitro, as well as the 
structural variability of organoids and the size difference between 
pluripotent cell lines. In addition, the fidelity of organoids also 
presents a significant challenge.

Table 2 Organoid Susceptibility Test

References Medicine n Experimentation

Suk Hyung Lee 
et al. [30] 

Drug susceptibility 
test (trametinib; Gem-
citabine)

22 cases Organoids larger than 100 μm were eliminated through cell strainers. Each well of 
ultra-low attachment 96-well plates was placed with 15‒20 organoids containing 2% 
Matrigel. Medium and drug concentrations varied from 10 μmol/L to 128 pmol/L or 100 
μmol /L to 1.28 nmol/L. Cell viability was measured by CellTiter-Glo 3D (Promega) 6 
days after drug administration.

Mohamed 
Elbadawy et al. 
[31] 

Drug susceptibili-
ty test (piroxicam; 
gemcitabine; cisplatin; 
vinblastine）

Each well of 96-well plates was inoculated with 5,000 organoids, followed by addition of 
drugs of different concentrations [piroxicam (0.1‒10 μmol/L), gemcitabine (1‒100 nmo-
l/L), cisplatin (0.1‒100 μmol/L] or vinblastine (0.01‒10 nmol)/L) for 3 days. The Alamar 
blue kit was finally used for cell viability assessment.

Juan Pablo Bur-
gue et al.  [28] 

Drug susceptibility 
test (doxorubicin; 
ciprofloxacin; epiru-
bicin; mitomycin C; 
thiotepa)

40 cases Each well was cultured with three mature organoids and treated with 0.2 mg/mL cipro-
floxacin for 3 days. Different concentrated epirubicin, thiotepa, mitomycin C, and cipro-
floxacin were added. After 2 hours of incubation, single-cell suspensions were obtained 
by treatment with 0.25% EDTA, and cell viability in each well was finally calculated 
using a trypan blue exclusion assay.

Jasper Mullen-
ders et al. [32] 

Drug susceptibility 
test (epirubicin; mito-
mycin C; gemcitabine; 
vincristine; doxorubi-
cin; cisplatin)

53 cases The organoids were split with TrypLE, filtered through a 70-µm filter, re-cultured in 
BME, and counted after two days. Each well of 384-well plates was placed with 1,000 
organoids in a medium containing 5% BME. The drugs with indicated concentrations 
(0.01‒10 μM gradient) were then added into the well, followed by culturing for 5 days. 
Cell viability was measured using the CellTiter-Glo 3D.

Robson Amaral 
et al. [33] 

Drug susceptibility 
test (cisplatin, gemcit-
abine)

Each well of 96-well plates was placed with 1,000 tumor spheroids and treated with 10 
μM drugs (cisplatin, Gemcitabine) for 24, 48, and 72 hours. The cell viability was finally 
assessed with CellTiter Glo 3D.

Identifying the biochemical elements present in the microenvi-
ronment of cultured cells is crucial because the microenvironment 
of cells strongly influences  behavior and function of cells [35]. It 
is also necessary to ensure the fluid dynamics in 3D cell culture 
since in vivo cells reside in a dynamic microenvironment [36]. 
The biophysical characteristics of hydrogels and real tissues are 
quite similar since both have strong water retention capabilities 
[37]. The dynamic process of cells is ensured by hydrogels, 
which act as an effective 3D culture matrix. By adjusting the 
parameters in the hydrogel manufacturing process, such as the 

macromolecular concentration, cross-linking degree, cross-linking 
conditions, pore size, cell loading efficiency, and swelling ratio 
in the culture environment, the biophysical properties of hydro-
gels, such as stiffness, degradation time, and biocompatibility, 
can be well-designed and controlled, hence controlling the cell 
behaviors [38]. In organoid culture, in addition to the Matrigel 
matrix as the main hydrogel, other supplements are listed in Table 
3 [30,32,39-44]. In summary, determining medium composition 
and hydrogel parameters is critical in 3D cell culturing.
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Table 3 Bladder cancer cell culture

Cell Culture 
medium

Supplements Verification method References

Human 
cells

Advanced 
DMEM/F12;

GlutaMAX; B27; EGF; human FGF-basic The urothelial cells were isolated from the human urinary 
tract by enzymatic digestion and selected with flow 
cytometry. The isolated cells were then infected with 
lentivirus containing five genetic factors and cultured in 
organoid culture. IF staining was used for comparison.

39

Human 
Cells

Advanced 
DMEM/F-12;

GlutaMAX; HEPES, B27; N-Acetyl-L-cys-
teine; nicotinamide; A83-01; R-spon-
din-1; Noggin; EGF; FGF2/10; SB202190

Hematoxylin and eosin (H&E) staining was used to 
demonstrate similar tissue morphology to the epithelial 
component of the original tumor tissues by histological 
examination. Immunofluorescence analysis and RNA-
seq were performed, and the results showed that the 
marker expression was consistent between tumor tissue 
and its derived organoids.

40

Mouse 
cells

Advanced 
DMEM/F12;

HEPES; Nicotinamide; N-acetyl-L-cyste-
ine; GlutaMAX; penicillin/streptomycin; 
mouse EGF; B-27; A8301; Y-27632

bladder tumor organoids derived from BBN-induced 
urothelial carcinoma were cultured in vitro and treated 
with 5’-azacitidine. Organoid functions were verified 
through analyzing the degree of methylation induced by 
5’-azacitidine using bisulfite sequencing.

41

Mouse 
Cells

DMEM/Ham’s 
F12

Hydrocortisone; EGF; penicillin; strepto-
mycin; amphotericin B (PAA).

Four different urothelial cell isolation methods were com-
pared by analyzing protein expression of markers CK7, 
8, 18 and p63 stained by IHC and IF. 

42

Human 
cells and 
mouse 
cells

Advanced 
DMEM/F12;

Murine primary cells: Adv DMEM/F-12; 
FGF10; FGF7; A83-01 (500 nM); B27; 
Y-27632;
Human primary cells: Adv DMEM/F-12; 
FGF10; FGF7; FGF2; B27; A83-01; 
N-acetylcysteine; nicotinamide; Y-27632;

Ditto  32

Human 
Cells

Waymouth’s 
MB 752/1

10% FBS; hydrocortisone hemisucci-
nate (Sigma-Aldrich); ferrous sulphate; 
vitamin C;

The organoids were produced by culturing normal 
human urothelial cells with appropriate substrates. The 
urothelial differentiation-related markers E-cadherin, 
β1-integrin, and CD44 expression were immunohistolog-
ically analyzed.

44

Human 
Cells

hepatocyte 
culture me-
dium

EGF; FBS; Y-27632; GlutaMAX; primocin The indicated markers were stained with H&E and IF, 
and the organoid was compared to the genes of primary 
cancer tissues using RNA-seq for consistency.

30

Dog-de-
rived cells

advanced 
DMEM/F-12;

Wnt; Noggin; R-spondin-; GlutaMAX; 
Primocin; N-Acetyl-L-cysteine; nicotin-
amide; mouse EGF; A83-01

The BC organoids were generated from urine samples 
of dogs with BC and were subjected to WB, HE, and 
Prestoblue cell viability assays.

43

3.2 3D tissue models by bioprinting 
3D bioprinting uses cells, extracellular matrix, biological fac-

tors, and biomaterials as raw materials to manufacture biological 
tissues as living products [45]. 3D bioprinting employs different 
strategies of bio-ink deposition, depending on the specific type 
of technique being used. Cells and biomaterials are deposited to 

build structures mimicking tissues or organs, which can serve 
as tools for development of personalized medicines and tissue 
engineering [46]. In 1981, Dr. Hideo Kodama, for the first time, 
proposed the concept of 3D bioprinting, and then Charles Chuck 
Hull released the first 3D biological printer in 1993, which ushered 
in a new era of 3D bioprinting technology [47]. 

Basic steps of 3D bioprinting include: (1) designing con-
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struct structures with the aid of 3D computational modeling; 
(2) The complex bio-ink includes biomaterials and cells, which 
are bio-printed to form tissues; (3) coordinating multicellular 
tissues to achieve the expected/desired physiological or patho-
logical functions. Nowadays, 3D bioprinting techniques can 

be divided into three major types: inkjet-based 3D bioprinting, 
extrusion-based 3D bioprinting, and light-based 3D bioprinting, 
such as digital-light processing (DLP). Table 4 compares the pros 
and cons of the three bioprinting technologies [48-52].

Table 4 Comparison of three 3D bioprinting technologies

Inkjet Extrusion Light References

Cell density <106 cells/mL <108 cells/mL <108 cells/mL 48

Print speed Fast low Medium 52

Resolution High Moderate High 49

Bio-ink Alginate, PEGDMA, Collagen Alginate, GelMA, Collagen GelMA, Hyaluronic acid, Alginate, Silk fibroin 50,51

With the continuous improvement of 3D bioprinting tech-
nology, researchers have resolved many bottleneck problems 
encountered, such as tissue manufacturing with immune respons-
es, complex neural networks, personalized metabolic models, 
and stepped into new frontiers, such as high-throughput drug 
screening. 

Dr. Tanan Bejrananda, after radical cystectomy, successfully 
transplanted a 3D-bioprinted extracorporeal y-bag new bladder 
into a 48-year-old MIBC patient. The operation improves the 
postoperative quality of life of patients and provides a new 
treatment for managing BC [53]. In addition, Atala et al. [48] 
cultured urothelial cells and muscle cells from 7 patients with 
bladder cancer and inoculated them onto biodegradable blad-
der-shaped scaffolds formed by 3D bioprinting of collagen or 
collagen/polyglycolic acid composites. A series of urodynamic, 
cystographical, ultrasonographic studies, bladder biopsy, and 
blood cell analysis showed that the average bladder leakage point 
pressure was reduced, while the volume and the compliance 
of the composite engineered bladder with omentum-wrapping 
increased, and the intestinal function recovered rapidly after the 

operation. Myeong Joo Kim et al. [54] used gelatin methacryloyl 
(GelMA) to 3D-print 5637 cell scaffolds. The cell proliferation 
efficiency of 5637 and T24 was significantly higher than that of 
2D cultured cells, and the secretion of E-cadherin, an intercellular 
interaction protein in the 5637 cells, was higher. The evaluation 
of antibiotics rapamycin, BCG, and other anticancer drugs using 
the 3D bioprinted model showed that 5637 cells had higher drug 
resistance and lower sensitivity in 3D culture. Furthermore, DLP 
3D bioprinting allowed for the establishment of highly reproduc-
ible patient-derived tissues (PDT) by cultivating cells isolated 
from patients' bladder cancer specimens on a biomimetic hydrogel 
matrix. The bioprinted bladder PDT can preserve primary cells 
for weeks and pave the way to the future personalized therapy 
(Fig.1). The findings support that 3D bioprinting technology can 
simulate the microenvironment of human bladder cancer and 
help achieve efficient drug screening. Bladder cancer patients 
may receive a customized course of treatment with increased 
safety and lower costs. 

 

Figure 1 A. The DLP Bioprinter (DLP Bioprinter R1, Cyberiad Intelligent Technology) used for generating reproducible bladder cancer PDTs. 
B. Photo of 3D bioprinted, hydrogel-based, primary patient cell-encapsulating PDTs in well plates. C. Bright field images of bladder cancer PDT in 3D 
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bioprinted constructs after 3 days of culture.  
White arrow: organoids-like structures formed within PDT. Scale bar =100 μm.

3.3 Microfluidic 3D tissue models
Microfluidic devices, also known as lab-on-a-chip, integrate the 

basic operating units of sample preparation, reaction, separation, 
and detection in biological, chemical, and medical analyses into a 
micro-scale chip to automatically complete the whole process of 
experimental analysis. Microfluidic chips-based 3D tissue models 
are potent tools for simulating in vitro physiologically-relevant 
microenvironments, since 3D cell culture in microfluidic chips 
can 3-dimentionally reproduce the dynamics of native tissues 
that conventional 3D culture methods cannot replicate. 

Microfluidic models overcome many difficulties associated 
with 3D sphere culture and organoid growing in Matrigel or other 
hydrogels, and can induce the cell diversity in a complete tissue 
structure and test single-cell drug sensitivity [55]. Kim et al. [56] 
developed a microfluidic chip for bladder cancer. T24, MRC-5, 
HUVEC, and THP-1 were co-cultured in the microfluidic chip. 

The results showed that the cell viability was the best under the 
condition of 15% filling density of the circular chamber and 20 
μL/min microflow velocity. Meanwhile, the immune response 
of the 3D tissue cultured in the microfluidic chip increased with 
the concentration of the anticancer drug BCG. 

Even though the organ-on-a-chip model is expected to help 
screen anticancer drugs, some challenges remain. For example, 
working out appropriate experimental methods for evaluat-
ing the microenvironment of multicellular co-culture and the 
high-throughput fabrication of chips is challenging. This means 
that further technological development is required before this 
technique can be applied more widely in the study of bladder 
cancer.

We created a table (Table 5) that compares the differences 
among the three 3D culture methods.

Table 5 Comparison of three 3D cultures

Organoids 3D tissue models by bioprinting Microfluidic 3D tissue models

Preparation cycle middle fast fast

Modeling success rate middle high High, high technical requirements

Physiological, clinically relevant Semi-physiological Semi-physiological Semi-physiological

Genetic information fidelity high high high

Model reproducibility and controllability middle high high

Human-derived cell-cell interactions Tumor cells predominate Contains different cells Contains different cells

Matrix material controllability limited Clear matrix composition Clear matrix composition

cost middle high high

flux middle high high

4. CONCLUSION

Bladder cancer is a malignancy which is pathophysiologically 
multifactorial and complicated. To provide a more secure and 
efficient technique for treating bladder cancer, it is vital for re-
searchers to understand the molecular processes underlying the 
development and progression of bladder cancer. 

Animal models and 2D cell models are now the main research 
tools used to study the molecular mechanism of bladder cancer, 
both having reached a relatively advanced stage. The limitations 
of these conventional models, however, prevent their further 
application in bladder cancer research. Protracted time cycles, 
high costs, and a lower success rate are some of the drawbacks 
of animal models. Additionally, creating intricate animal models 

requires specialized expertise, but due to species variations, they 
still fall short of accurately simulating the biological behavior of 
human bladder cancer. Due to differences in genetic traits, 2D 
cell culture cannot perfectly replicate the state of cells in vivo. 

In order to replicate the dynamic microenvironment of cells 
in vivo, the field is evolving towards 3D cell culture technology, 
which will tremendously push forward bioengineering and the 
pharmaceutical researches. 3D cultured cells can better mimic 
physiologically-relevant behavior of bladder tumor cells and the 
drug-elicited mechanotransduction. State-of-the-art 3D culture 
models include organoid, 3D-bioprinted, and microfluidic tissue 
models. Organoid models and 3D bioprinting have been growing 
rapidly and demonstrating great potential for broad applications, 
and microfluidics is still a relatively niche field for bladder cancer 
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research. The most promising technology among all the revo-
lutionary 3D cell culture methods is likely the 3D bioprinting 
since it offers researchers flexibility on cell composition, material 
composition, and spatial organization of cellular and biomaterials 
within the bioprinted tissue constructs to best mimic the native 
tissue microenvironments. The more biomimetic 3D models 
can potentially accelerate drug development and minimize our 
reliance on animal testing. 
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