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Introduction: The FGFR3-TACC3 fusion gene exists in a variety of malignant tumors, including bladder cancer. In our ongoing 
research on the CRISPR-Cas13a gene-editing system, we reported the use of CRISPR-Cas13a gene-editing system to knockout 
FGFR3-TACC3 and inhibit the proliferation of bladder tumor cells.
Purpose:  This study aimed to use the CRISPR-Cas13a gene-editing system to target the FGFR3-TACC3 fusion gene in bladder 
cancer cells, which has the potential to be a new and effective treatment for bladder cancer.
Materials and Methods: The efficacy of the CRISPR-Cas13a gene-editing system was analysed by qRT-PCR. The inhibitory effects 
of Cas13a-mediated knockdown of the FGFR3-TACC3 fusion gene on the proliferation of RT4 and RT112 cell lines were assessed 
utilizing CCK-8, EdU, and organoid formation assays. Subsequently, the comparative tumorigenic capability of RT4 cells with 
FGFR3-TACC3 knockdown achieved by Cas13a was examined in a nude mouse model.
Results: At the cellular level, the comparative analysis of FGFR3-TACC3 knockdown efficacy between CRISPR-Cas13a and shRNA 
revealed a more pronounced reduction with the former. This knockdown effectively curtailed cellular proliferation, with CRISPR- 
Cas13a-mediated knockdown exhibiting a superior inhibitory effect over shRNA-mediated knockdown. In organoid cultures derived 
from RT4 cells, a similar trend was observed, with Cas13a-mediated knockdown of FGFR3-TACC3 leading to a more substantial 
suppression of proliferation compared to shRNA-mediated knockdown. In vivo tumor models corroborated these findings, demon-
strating a significantly diminished tumor volume in the Cas13a-treated cohort relative to both the control and shRNA-treated groups.
Conclusion: The CRISPR-Cas13a gene-editing system has been demonstrated to significantly suppress tumor proliferation both 
in vitro and in vivo, thereby presenting itself as a promising candidate for a novel and efficacious therapeutic intervention in bladder 
cancer treatment.
Keywords: FGFR3-TACC3, oncogenic mutation, CRISPR-Cas13a, mRNA knockdown, bladder cancer

Introduction
As early as 2012, researchers from CUMC (Columbia University Medical Center) found that 3% of patients with 
glioblastoma had the FGFR3-TACC3 fusion gene.1 In 2018, this same group discovered that FGFR3-TACC3 causes the 
overactivation of mitochondrial metabolism and increased energy directed at cell proliferation, leading to cancer. In 
tumor cells from affected humans and a mouse model of brain cancer, targeted knockout of FGFR3-TACC3 prevented 
tumor growth.2 At the same time, other studies discovered the same gene fusion in non-small cell lung cancer, 
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oesophageal cancer, triple-negative breast cancer, and cervical cancer.3–7 These results suggested that the fusion gene 
may be common to multiple types of tumors and acts as an oncogene.

To determine whether bladder cancer could contain the gene fusion, 42 pairs of tissue samples were studied through 
transcriptome sequencing. It was found that 32 gene rearrangements had the potential to lead to gene fusion and 
including FGFR3-TACC3 fused. The study also found that the increased expression of TACC3 was regulated by the 
transcriptional regulator FGFR3, rather than by amplification of the TACC3 gene itself.8 Recently, researchers revisit the 
pivotal role of fibroblast growth factor receptor 3 (FGFR3) in bladder cancer (BLCA), underscoring its prevalence in 
both non-muscle-invasive and muscle-invasive forms of the disease. FGFR3 mutations in up to half of BLCAs play 
a well-established role in tumorigenesis.9 The fusion of these two genes leads to the constitutive activation of the FGFR3 
tyrosine kinase domain, resulting in the activation of downstream signaling pathways such as RAS/MAPK, PI3K/Akt, 
and STAT3, which are crucial for tumor cell proliferation and survival. This fusion gene has since been recognized as 
a key oncogenic driver in various solid tumors, including bladder cancer.10

Mechanistically, FGFR3-TACC3 phosphorylates the PIN4 protein and this phosphopeptide is an intermediate step 
in the activation signal pathway for mitochondrial metabolism. Therefore, it can cause the multiplication of peroxi-
somes, release large amounts of oxidants, and induce the key regulator of mitochondrial metabolism (PGC1-α) to 
promote excessive movement of mitochondria, thereby supplying the large amount of energy required for the rapid 
division and growth of cancer cells. In short, the FGFR3-TACC3-PIN4 pathway induces peroxisome biosynthesis and 
new protein synthesis, enhances mitochondrial activity, and promotes energy production, thereby regulating cell 
proliferation.11

Bladder cancer is a malignant tumor that occurs in the mucosa. It is the most common malignant tumor of the urinary 
tract and one of the ten most common tumors.12 However, current treatment results are poor, with easy relapse and poor 
prognosis,13 warranting an urgent need to develop new and effective treatments. We speculated that FGFR3-TACC3 can 
be targeted to inhibit cell proliferation as a treatment for bladder cancer.

The CRISPR-Cas gene-editing system was developed from enzymes found in ancient archaebacteria. This is 
a naturally-occurring, genome-editing immune mechanism used to identify and destroy the defence systems of invading 
bacteriophages and other pathogens.14 In recent years, the application of the CRISPR-Cas system has become a hotspot 
in the field of life sciences.15 The CRISPR-Cas9 system targets DNA for specific identification and knockdown. 
However, this targeting may destroy the stability of the target genome and produce undesirable genetic changes.16–19 

The biological safety of treatments using CRISPR-Cas9 is increasingly being questioned; however, targeting mRNA can 
greatly reduce the occurrence of undesirable genetic changes without destroying the target genome.

RNA interference (RNAi), using small interfering RNA (siRNA) and/or short hairpin RNA (shRNA), has proven to 
be a useful approach for inhibiting gene expression and received considerable study for possible cancer therapeutics.20 

shRNA can be integrated into the genome through viral vectors and processed into siRNA to stably inhibit gene 
expression in mammals.21 siRNA is a double-stranded RNA with a length of 20–25 nucleotides, and has many 
different uses in biology.22 siRNA silences the expression of certain genes by promoting the assembly of the RNA- 
induced silencing complex (RISC) and cutting mRNA molecules encoding target genes. However, RNAi knockout 
efficiency is low, and the off-target rate is high.23 Therefore, there is an urgent need to develop a new type of mRNA- 
targeting tool.

Studies have confirmed that in human cell lines, Cas13a, another Cas enzyme, only targets RNA specified by guide 
RNA (gRNA), while keeping other RNAs intact.24 It was confirmed that Cas13a (previously named C2c2) is a type VI 
effector protein with RNase activity guided by RNA, which can specifically reduce mRNA levels in mammalian cells. 
After recognising the target sequence, the HEPN catalytic site is activated, which triggers Cas13a to degrade non-specific 
RNA. However, the application of CRISPR-Cas13a in eukaryotic organisms (especially mammals) is still in the research 
and exploration stages.25 We report here for the first time that the use of CRISPR-Cas13a gene-editing system to target 
fusion genes in bladder cancer cells. Compared to traditional targeted mRNA tools (RNAi), this method has a higher 
knockout efficiency. Taken together, the CRISPR-Cas13a gene-editing system more significantly inhibits tumor prolif-
eration using multiple experimental approaches.
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Materials and Methods
Cell Lines and Culture Conditions
Human bladder cancer cell lines RT4 and RT112 were obtained from the Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China). The cells were cultured in Ham’s F12 medium (Gibco) supplemented with 10% 
heat-inactivated foetal bovine serum (FBS; Gibco; Thermo Fisher Scientific Inc)., 1% antibiotic-antimycotic mixture 
(100 µg/mL streptomycin, 100 U/mL penicillin), and 2 mM glutamine (Sigma-Aldrich, Saint Quentin Fallavier, France). 
Cell cultures were maintained at 37°C in a humidified atmosphere containing 5% CO2. They were tested for the absence 
of mycoplasma before the start of the experiments.

Construction of the Recombinant Lentiviral Vector
The FGFR3-TACC3 shRNA lentiviral expression vector was constructed by the Ji Kai Gene Company (Shanghai, 
China). Both RT4 and RT112 cell lines were used as targets. The day before transduction, the cells were seeded in 6-well 
plates at a density of 1×106 cells per well. On the day of induction, 10 µL lentiviral particles were added to target cells 
according to the MOI. The experiment was terminated 12 h after infection. Stable clones were selected using a liquid 
medium containing 2 ng/µL polybrene.

The target sequences of FGFR3-TACC3 for constructing lentiviral shRNAs are presented in Table 1.

CRISPR-Cas13a Vector Transfections
CRISPR-Cas13a targeting FGFR3-TACC3 (Cas13a-FGFR3-TACC3#1, #2, #3) and negative control (Cas13a-NC) were 
constructed by the Ji Kai Gene Company (Shanghai, China). Bladder cancer cells, RT4 and RT112, were seeded in 6-well 
plates and transfected with 10 μL Cas13a-FGFR3-TACC3 or Cas13a-NC at 80–90% confluency. The sequence of the 
CRISPR-Cas13a vector and schematic diagram of the plasmid constructions are listed in Supplementary Figure S1 and 
Supplementary Material 1.

RNA Extraction and Quantitative Real-Time Reverse Transcription-PCR (qRT-PCR)
RT4 and RT112 cells transfected with siRNA or processed by CRISPR-Cas13a were seeded in 12-well plates at a density 
of 1×105 cells per well. After 12–24 h, total RNA was extracted using the Trizol kit (Qiagen, Valencia, CA, USA). cDNA 
was synthesised using a Thermo-Script RT kit (Life Technologies, Rockville, MD, USA). Quantitative real-time PCR 
was performed using the CFX96™ Real-Time System (Bio-Rad, Hercules, CA, USA), using SYBR PCR reagent 
(Takara, Shiga, Japan). The cycling conditions were as follows: 40 cycles of 15s at 95°C, 15s at 60°C, and 45s at 
75°C. β-actin was used as the loading control. Fold-changes in the relative expression of target genes were calculated 
using the 2−ΔΔCq method.26 All experiments were performed in duplicate and repeated three times. Primers used for 
quantitative PCR are presented in Table 2.

CCK-8 Assay
Cell proliferation was assessed using CCK-8 assay (CCK-8, Dojindo, Japan). Cells were seeded in a 96-well plate 
(3×103 cells/well) for 24 h and then transiently transfected with CRISPR-Cas13a or siRNA. A total of 10 µL of CCK-8 

Table 1 Designing shRNA to the FGFR3-TACC3 Fusion Breakpoint in 
the Present Study

shRNA Set Target Sequence of FGFR3-TACC3

shRNA- FGFR3-TACC3-1#(Sh1) CGTCCACCGAC/GTAAAGGCGA

shRNA- FGFR3-TACC3-2#(Sh2) CACCGAC/GTAAAGGCGACACA
shRNA-NC(Sh-NC) ATAAAGGAGACACACACCGAC

Abbreviations: shRNA, short hairpin RNA; NC, negative control.
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(5 mg/mL) was added to each well. Absorbance at 450 nm was measured at 0, 24, and 48 h after transfection using 
a microplate reader (Bio-Rad, Hercules, CA, USA). Each test was performed at least thrice.

Ethynyl-2′-Deoxyuridine (EdU) Assay
The EdU assay was performed using an EdU kit (BeyoClickTM, EDU-488, China). Cells were co-cultured with EdU working 
solution (1:1000) at 37 °C in a humidified 5% CO2 atmosphere for 2–4 h, followed by fixation with 4% paraformaldehyde for 
30 min and treatment with 0.3% Triton X-100 for 30 min at room temperature. Then, according to the manufacturer’s protocol, 
cells were co-incubated with the click reaction solution for 30 min at room temperature in a dark environment, after which 
cells were treated with Hoechst solution for 10 min. A fluorescence microscope (Olympus Corporation, Japan) was used to 
capture images at a magnification of 200×, and cell counting was performed using ImageJ (http://imagej.net/ImageJ).

Culture of Human Bladder Cancer Cell Organoids
Briefly, RT-4 sh1/ RT-4Cr2 cells (10,000 per well) were seeded in a 24-well plate and combined with 10 µL basement membrane 
extract (BME, Type 2, Pathclear). Following BME solidification, the cells were cultured in human bladder cancer organoid 
expansion medium [kindly provided by Lei Yu,25 consisting of Advanced EDME/F12 (500 mL) with antibiotics (AA16, 5 mL), 
Gluta MAX (5 mL), HEPE (5 mL), B2T (1 mL), NAC (125 μL), EGG (5 μL), Noggin (50 μL), R-spondin-1 (250 μL), A8S-01 
(1 µL), FGF1 (5 μL), FGF2 (5 μL), Nicotinamide (500 μL), and SP202190 (16.7 µL)]. Human bladder organoids underwent 
biweekly passaging, either through mechanical shearing with a glass pipet or by dissociation using TrypLE (ThermoFisher 
12605036). Following passaging, ROCK inhibitor (Y-27632, 10 µM) was introduced to the media to prevent cell death. 
Organoids were cryopreserved in a freezing medium (50% FBS, 10% DMSO, and 40% Advanced DMEM/F-12) and 
demonstrated efficient recovery.

In vivo Xenograft Experiments
Male BALB/c nude mice (4–6 weeks old) were purchased from the Guangdong Experimental Animal Center 
(Guangzhou, China). The protocol for animal experiments was approved by the Ethics Committee of Guangzhou 
University of Chinese Medicine, and all mice were kept under strict pathogen-free conditions. To establish the xenograft 
model, approximately 5.0×106 each of four RT4 cell lines (FGFR3-TACC3-shRNA, FGFR3-TACC3-shRNA-control; 
FGFR3-TACC3-Cas13a, FGFR3-TACC3- Cas13a -control) were subcutaneously injected into the left and right sides of 
the nude mice. Tumor volume was measured every 3 days. The tumor volume was calculated as follows: tumor volume 
(mm3) = length × width2× 0.52. At the endpoint, all mice were euthanised, tumors were removed, and the volume was 
measured.

Statistical Analysis
Statistical analyses were performed using GraphPad Prism 8.0 software (GraphPad Software, Inc). All experiments were 
performed in triplicate, except for the in vivo experiments. Data are presented as the mean ± standard deviation (SD). 
Differences between the two groups were analysed using paired-sample t-tests. Multiple comparisons were performed 

Table 2 Primers Used for Quantitative PCR

Primer Set Sequence

FGFR3-TACC3 Forward: 5′-AGAGGCCCACCTTCAAGCA-3′

Reverse: 5′-TCCTCAGCTCCCGGTTCTC-3′

β-actin Forward: 5′- CCCTCCCCAGTCCTCATGTA −3′

Reverse: 5′- TCAGGCAGCTCGTAGCTCTT −3′
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using ANOVA. Post hoc Bonferroni corrections were applied. Statistical significance was set at p <0.05. Statistical 
probabilities (p) were expressed as * p < 0.05, ** p < 0.01, and *** p < 0.001.

Results
CRISPR-Cas13a-Mediated Knockdown of FGFR3-TACC3 is More Effective Than That 
by siRNA in Bladder Cancer Cells
qRT-PCR was used to measure the relative expression of FGFR3-TACC3 knockdown by CRISPR-Cas13a (#1, #2, #3) 
or Cas13a-NC and shRNA (#1, #2) or shRNA-NC in bladder cancer cells RT4 and RT112. In RT4 cells after Cas13a- 
FGFR3-TACC3 or Cas13a-NC and shRNA- FGFR3-TACC3 (#1, #2) or shRNA-NC transfection for 24 h, the relative 
expression levels of FGFR3-TACC3 knockdown by CRISPR-Cas13a were significantly reduced compared to shRNA. 
The relative expression levels of FGFR3-TACC3 knockdown by CRISPR-Cas13a- FGFR3-TACC3#2 (Cr2) were more 
significantly decreased than that of Cr1 or Cr3. The relative expression level of FGFR3-TACC3 knockdown by 
shRNA- FGFR3-TACC3#1 (sh1) was more significantly decreased than that of sh2 in RT4 and RT112 cells. 
(Figure 1A) The above results for RT112 were consistent with the results in RT4. (Figure 1B) Therefore, Cr2 and 
sh1 with more effective knockdown were selected for the subsequent experiments.

Knockdown of FGFR3-TACC3 Suppresses Proliferation in Bladder Cancer Cells
To evaluate proliferation of RT4 and RT112 cells following FGFR3-TACC3-knockdown by Cas13a or shRNA, growth 
curves were established using a CCK-8 assay. The proliferative activity of the shRNA group was significantly higher 
than that of the Cas13a group in RT4 and RT112 cells (Figure 2A and B).

To further evaluate the proliferative activity of RT4 and RT112 with FGFR3-TACC3 knockdown by Cas13a or 
shRNA, we also examined cell proliferation. EdU assays showed results similar to those of the CCK-8 assay. We found 
that the proportion of EdU-positive cells was significantly decreased with Cas13a-mediated knockdown of FGFR3- 
TACC3 compared to shRNA in RT4 and RT112 cells (Figure 2C–F).

These results showed that knockdown of FGFR3-TACC3 suppressed proliferation and that the suppression was 
greater with Cas13a-mediated knockdown of FGFR3-TACC3 as compared to that in shRNA-mediated knockdown. This 

Figure 1 Analysis of FGFR3-TACC3 mRNA expression in bladder cancer cells by qRT-PCR. RT4 and RT112 were transfected with CRISPR-Cas13a (#1, #2, #3) or Cas13a- 
NC and shRNA (#1, #2) or shRNA-NC for 24 h. (A and B). mRNA expression of FGFR3-TACC3 was reduced after knockdown of FGFR3-TACC3 by CRISPR-Cas13a and 
shRNA in RT4 and RT112 cells. The Cr2 and Si1 groups with more effective knockdown were selected for subsequent experiments. Significant results are presented as 
***p < 0.001, ###p < 0.001.
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Figure 2 Knockdown of FGFR3-TACC3 suppresses proliferation in bladder cancer cells. (A and B). CCK-8 assay results show the effects of FGFR3-TACC3 knockdown by 
Cas13a or shRNA on proliferation in RT4 and RT112 cells. The Cas13a group was inhibited proliferation compared with the shRNA group. (C-F). EdU assay results show 
the effects of FGFR3-TACC3 knockdown by Cas13a or shRNA on proliferation in RT4 and RT112 cells. The Cas13a group was obviously inhibited compared with the 
shRNA group. Significant results are presented as *p < 0.05, **p < 0.01, and ***p< 0.001.
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suggests that knockdown of FGFR3-TACC3 by Cas13a was more effective in inhibiting proliferation than that by shRNA 
at the cellular level.

Knockdown of FGFR3-TACC3 Suppresses Proliferation in Cell-Derived Organoids
To evaluate RT4 proliferation with FGFR3-TACC3 knockdown by Cas13a or shRNA, tumor volume curves in cell- 
derived organoids were established. The tumor volumes of RT4 cells with FGFR3-TACC3-knockdown by Cas13a or 
shRNA were both lower than those of the control group. In the Cas13a-mediated knockdown group, the tumor 
volume decreased to less than 10 μm3 (Figure 3B). The difference between the two groups was significant 
(Figure 3A and B).

These results showed that knockdown of FGFR3-TACC3 suppressed proliferation and that the suppression by 
Cas13a-mediated knockdown was higher compared to shRNA-mediated knockdown in RT4-derived organoids. In 
summary, knockdown of FGFR3-TACC3 by Cas13a was more effective in inhibiting proliferation than that by shRNA 
at the organoid level.

Knockdown of FGFR3-TACC3 Suppresses Proliferation in vivo
To determine whether our in vitro data can be extrapolated to in vivo situations, we compared the differences in 
the tumorigenic capability of RT4 cells with FGFR3-TACC3 knockdown by Cas13a or shRNA using the nude 
mouse subcutaneous tumor cell transplantation model. BALB/c nude mice were subcutaneously inoculated with 
RT4 cells with FGFR3-TACC3 knocked down by either Cas13a or shRNA or control cells. Tumors were harvested 
after 30 days. Compared with the control group, tumors from the Cas13a or shRNA group displayed significantly 
reduced volumes (Figure 4A). Compared with the shRNA group, tumors from the Cas13a group displayed 
a significantly reduced volume (Figure 4B). Thus, FGFR3-TACC3 is needed to promote bladder cancer cell 
tumorigenesis in vivo.

Figure 3 Knockdown of FGFR3-TACC3 suppresses proliferation in cell-derived organoids. The volume of cell-derived organoids showing the effects of FGFR3-TACC3 
knockdown by Cas13a or shRNA on proliferation in RT4 cells. Knockdown of FGFR3-TACC3 decreased the volume of cell-derived organoids. The Cas13a group obviously 
inhibited the volume of cell-derived organoids compared with the shRNA group (A). Images of cells derived from organoid (B). Volume of cells derived from organoid. The 
determination of cell-derived organoid volume involved the measurement of organoid diameter (in micrometers) across distinct groups (n = 20, obtained from four 
independent batches). Significant results are presented as *p < 0.05, **p < 0.01, and ***p< 0.001.
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Discussion
It is estimated that up to 550,000 new cases of bladder cancer are reported worldwide per year.27 In the absence of tumor 
metastasis, cystectomy is the first choice of treatment for bladder cancer. However, the recurrence rate of bladder cancer 
after surgery can be as high as 17%.28 Therefore, there is an urgent need to develop new methods to facilitate early 
diagnosis and effective treatment.

Gene fusion is a hybrid gene formed by the fusion of two unrelated genes, which generates a completely new function 
or a function different from the two individual genes before fusion.29 It is usually a fusion of a strong promoter with 
a downstream functional gene (a proto-oncogene).30 In most cases, fused genes encode proteins with abnormal sequences 
or functions or cause gene expression disorders, leading to or promoting tumors.31 The fusion gene exists uniquely in 
tumors and is not expressed in normal tissues and, therefore, has the potential to become a safe and specific target for 
tumor therapy.

FGFR3-TACC3 fusion plays an important role in tumor metabolism. It can cause excessive mitochondrial metabo-
lism, thereby promoting mitochondrial oxidative phosphorylation and providing increased energy for rapid cell growth2. 
This fusion gene also provides insights into ways of destroying the energy supply of cancer cells and suggesting new 
gene fusion-mediated therapeutic targets for cancers. Studies have found that FGFR3-TACC3 also exists in bladder 
cancer8. However, there has been no research to verify the mechanism of FGFR3-TACC3 knockdown in bladder cancer. 

Figure 4 Knockdown the FGFR3-TACC3 inhibits bladder cancer cell tumorigenesis in mice. BALB/c nude mice (n = 6 per group) were subcutaneously inoculated with 
RT4 cells stably expressing FGFR3-TACC3 shRNA or shRNA-control or FGFR3-TACC3 knockdown by Cas13a or Cas13a-control. The shRNA group had two non- 
tumor-forming mice. The Cas13a and Cas13a-control groups each had a non-tumor-forming mouse. Tumors were harvested on day 30. (A). Tumor image.(B). Tumor 
volume. *p <0.05, **p <0.01, ***p <0.005.
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For the first time, we knocked out FGFR3-TACC3 while comparing two different gene-editing technologies, and then 
demonstrated that it can inhibit the proliferation of bladder cancer cells both in vitro and in vivo.

Gene therapy specifically targets disease-causing genes, making treatment more precise and personalised. At present, 
RNAi and newer gene-editing tools (such as CRISPR) are used to correct the expression of target genes. In 2001, Tuschl 
et al used chemically synthesised RNAi to silence the expression of target genes in mammalian cells.32 However, RNAi 
has many problems, such as poor stability, poor specificity, and the need for special delivery technologies.33 These 
drawbacks also limit the use of RNA in clinical applications.

Many studies have been conducted to address the shortcomings of RNAi. Some studies have found that Cas13a edits 
genes by targeting mRNA. Its focus on targeting RNA complements the DNA-targeting CRISPR-Cas9 system.34 

Therefore, the high-throughput regulation and modification of mRNA through the Cas13a system can achieve 
a broader level of regulation of the target gene. This has far-reaching significance in the research and prevention of 
diseases. This research later confirmed that Cas13a can specifically reduce mRNA levels in mammalian cells.35

In clinical applications, the CRISPR-Cas13a system can trigger random shearing effects in U87 cells overexpressing 
glioma-specific mutations, particularly epidermal growth factor receptor variant III (EGFRvIII), through CRISPR RNA 
degradation, leading to the death of tumor cells.25 This discovery revealed the potential of the CRISPR-Cas13a system 
for inhibiting tumor proliferation.

To verify the application potential and advantages of this treatment in bladder cancer, we applied CRISPR-Cas13a to 
knockdown FGFR3-TACC3 in bladder cancer cells. Through a full range of experiments, from cells to animals, we found 
that CRISPR-Cas13a has the advantage of high efficiency compared with shRNA.

To demonstrate this, we also used tumor cell organoids to verify the therapeutic advantages of CRISPR-Cas13. 
Organoids are three-dimensional (3D) cell cultures that contain key characteristics of their representative organs. 
Organoids have unique advantages over flat cultures and animals and can serve as a bridge between traditional 2D 
cell culture and animal models. Compared with cells cultured by traditional methods, organoids are closer to the 
biological characteristics of the human body and can reproduce to a greater degree the complexity of an organism. 
Moreover, compared with the mammalian tumor-bearing model, organoids are intuitive and visual, and real-time effect 
observations can be performed, which provides experimental reproducibility.36 Therefore, this technology is considered 
a breakthrough for guiding treatment of patients with cancer. We cultured bladder cancer cell organoids and then 
compared the tumor inhibition by shRNA and CRISPR-Cas13a. We found that both can significantly inhibit tumor 
volume, and that CRISPR-Cas13a has a stronger inhibitory effect out of the two methods. These results further illustrate 
the extensive advantages of CRISPR-Cas13a-mediated therapy.

In summary, we compared the efficiency of CRISPR-Cas13a with that of shRNA and demonstrated that the CRISPR- 
Cas13a gene-editing system is a novel tool for the efficient knockdown of FGFR3-TACC3 mRNA, which inhibited 
bladder tumor growth in vitro and in vivo. To the best of our knowledge, our study is the first to employ the CRISPR- 
Cas13a gene-editing system to knock down fusion genes for possible bladder cancer treatment. Knocking down FGFR3- 
TACC3 has the potential to become a new and efficient treatment option for bladder cancer.
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