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Abstract. Wilms' tumor is a malignant neoplasm where 
current medical advancements have significantly improved 
survival rates; however, challenges persist such as the resis‑
tance of the tumor to chemotherapy drugs like doxorubicin. 
This necessitates higher dosages, leading to decreased sensi‑
tivity. However, using high doses of doxorubicin can have 
late effects on the heart. Unc‑13 homolog B (UNC13B) may 
be involved in the drug resistance in several tumors, yet its 
role in modulating drug sensitivity in Wilms' tumor remains 
unexplored. UNC13B levels were quantified using reverse 
transcription‑qPCR and Western blotting. The half‑maximal 
inhibitory concentration for doxorubicin, vincristine, and 
actinomycin‑D was determined using CCK‑8 assays. Cell 
cycle and apoptosis were analyzed using flow cytometry, and 
lysosomal changes were observed using Lyso‑Tracker staining. 
The present study initially evaluated UNC13B expression 
levels in the Wilms' tumor 17.94 cell line. Additionally, 
through short hairpin RNA‑mediated knockdown, changes 
in doxorubicin sensitivity in 17.94 Wilms' tumor cells were 
assessed. Concurrently, preliminary investigations into the 
role of UNC13B in regulating lysosomes was performed, 
revealing a significant positive association between UNC13B 
levels and lysosome formation in the 17.94 cell line. Lysosomes 
likely serve a role in the sensitivity of Wilms' tumor cell lines 
to drugs. Elevated UNC13B expression was observed in the 
17.94 Wilms' tumor cell line compared to normal kidney cells. 
UNC13B knockdown also resulted in increased apoptosis 
levels upon doxorubicin treatment. Immunofluorescence 

revealed UNC13B localization within cellular vesicles, and its 
knockdown significantly decreased lysosome levels. Overall, 
the findings of the present study demonstrate that UNC13B 
regulates the sensitivity of the Wilms' tumor 17.94 cell line to 
doxorubicin by modulating lysosome formation within cells. 
The results suggest that UNC13B is likely an enriched target 
involved in lysosomal regulation in certain tumors, offering a 
new approach for optimizing chemotherapy in Wilms' tumor 
and other cancers with high UNC13B expression.

Introduction

Wilms' tumor is the second most common intra‑abdominal 
cancer in childhood and the fifth most frequent pediatric 
malignancy, constituting ~6% of all childhood cancers 
and >95% of all renal tumors in the pediatric age group in 
Europe  (1,2). Furthermore, Wilms' tumor, also known as 
nephroblastoma, is among the most common primary malig‑
nant tumors of the kidneys in children, typically originating 
from embryonic kidney tissues. Despite significant advance‑
ments in treatment, managing advanced, anaplastic, or 
recurrent cases remains challenging due to the lack of curative 
therapies and significant long‑term effects (3,4), particularly in 
chemotherapy and tumor cell growth regulation. Currently, the 
treatment of Wilms' tumor globally falls into two categories: 
The Children's Oncology Group, primarily in North America, 
recommends direct surgical intervention followed by further 
treatment based on postoperative pathology and staging (5); 
whilst the International Society of Paediatric Oncology Renal 
Tumour Study Group, predominantly in Europe, advocates for 
preoperative chemotherapy, followed by surgical excision after 
tumor reduction, tailored according to varying risk levels (6).

Chemotherapeutic drugs used in the treatment of Wilms' 
tumor primarily act by disrupting cell DNA synthesis and 
the cell cycle. Commonly used drugs include vincristine, 
actinomycin‑d, cyclophosphamide and doxorubicin  (7‑9); 
however, during the administration of these drugs, factors such 
as patient age and dosage can lead to late effects such as bowel 
obstruction and heart problems (10). Therefore, enhancing 
tumor cell sensitivity to chemotherapeutic drugs and reducing 
dosages are crucial in Wilms' tumor chemotherapy.

In our previous study, the regulation of unc‑13 homolog 
B (UNC13B) in drug sensitivity was assessed in chronic 
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lymphoid leukemia. UNC13B was demonstrated to regulate 
tumor cell resistance to arsenic trioxide (11). These findings 
suggest a potential involvement of UNC13B in chemothera‑
peutic drug resistance in tumor cells. The development of 
chemotherapeutic drug resistance involves both external and 
internal factors, including tumor heterogeneity, the tumor 
microenvironment and the inactivation of anticancer drugs (12). 
Current research about UNC13B mainly focuses on brain and 
neural studies, where it serves a crucial role in synaptic vesicle 
initiation and fusion (13,14), potentially influencing neuronal 
excitability (15). As a regulator of the cell vesicular system, 
whether UNC13B mediates mechanisms of chemotherapeutic 
drug resistance in tumor cells through vesicle regulation 
remains unclear. Thus, the present study aims to assess the 
role of UNC13B in regulating drug sensitivity and resistance 
to doxorubicin in Wilms' tumor cell lines.

Materials and methods

Cell lines and drug treatment. The human Wilms' tumor 17.94 
cell line was purchased from the Leibniz Institute, Deutsche 
Sammlung von Mikroorganismen und Zellkulturen‑German 
Collection of Microorganisms and Cell Cultures GmbH 
(cat.  no.  ACC 741) and cultured in high‑glucose DMEM 
supplemented with 20% FBS (HyClone; cat. no. SH30088.03) 
and 1% penicillin/streptomycin at 37˚C in 5% CO2. The 
human Ewing sarcoma SK‑NEP‑1 (cat.  no.  HTB‑48) and 
human rhabdoid tumor G401 (cat. no. CRL‑1441) cell lines 
were purchased from the American Type Culture Collection 
(ATCC) and maintained in McCoy's 5A modified medium 
containing 15% FBS (HyClone, SH30088.03). The human 
HK‑2 normal kidney‑derived proximal tubular cell line was 
purchased from Procell Life Science & Technology Co., 
Ltd. (cat. no. CL‑0109) and cultured in MEM supplemented 
with 10% FBS (HyClone Laboratories, SH30088.03) and 1% 
penicillin/streptomycin at 37˚C in 5% CO2. The human kidney 
rhabdoid tumor WT‑CLS1 cell line was purchased from CLS 
Cell Lines Services GmBH (cat. no. 300379) and cultured in 
IMDM supplemented with 10% FBS (HyClone Laboratories, 
SH30088.03) and 1% penicillin/streptomycin at 37˚C in 5% 
CO2. Authentication of the cell lines used in the present study 
was performed using Short Tandem Repeat (STR) profiling, 
provided by Pricella Biotechnology Co., Ltd (Elabscience 
Bionovation Inc.). This method involved analyzing specific 
STR loci to confirm the identity of the cell lines. Comparison 
of the STR profile of the samples in the present study against 
known reference profiles (source: ATCC) demonstrated a 
100% match, ensuring the authenticity of the cell lines used 
in the experiments.

The determination of the half‑maximal inhibitory concen‑
tration (IC50) was performed as follows: Passaged cells were 
counted and seeded at a density of 3,000 cells per well in 
a 96‑well plate. Following overnight incubation at 37˚C, 
0.1‑5 µM doxorubicin (cat. no. E2516; Selleck Chemicals), 
0‑500  nM vincristine sulfate (cat.  no.  S1241; Selleck 
Chemicals) or 0.1‑5  nM actinomycin‑D (cat.  no.  S8964; 
Selleck Chemicals) in DMSO were added, whilst the negative 
control group received an equal volume of DMSO. Each 
group was set up with 6 replicates. After incubation for 48 h at 
37˚C in 5% CO2, 10 µl Cell Counting Kit‑8 (CCK‑8) reagent 

(cat. no. C0038; Beyotime Institute of Biotechnology) was 
added per well, followed by an additional 4‑h incubation in the 
culture chamber. The optical density at 450 nm was measured 
using a microplate reader. IC50 was calculated using GraphPad 
Prism 9.0 software (Dotmatics). After entering data into 
GraphPad Prism, a nonlinear regression (curve fit) analysis 
was used. The ‘(Inhibitor) vs. normalized response‑Variable 
slope’ model was chosen. A curve was generated to fit the data, 
and the IC50 value was displayed. This value represented the 
concentration of the compound at which the response was half 
of the maximum effect observed.

Short hairpin (sh)RNA construction and transfection. The 
construction of shRNA followed a previously described 
method (11). Based on the nucleotide sequence of UNC13B 
in the GenBank database (ncbi.nlm.nih.gov/nuccore/
NM_001371189.2, ID no. NM_001371189.2), 17.94 cells were 
transfected with UNC13B shRNA (shUNC13B) using a lenti‑
virus vector. The second‑generation lentiviral vector system 
was used to construct shRNA lentivirus. The plasmid back‑
bone and negative controls are as follows: lentiCRISPR v2 
(cat. no. 52961; Addgene, Inc.), pCMV‑pVSV‑G (cat. no. 8454; 
Addgene, Inc.), and psPAX2 (cat. no. 12260; Addgene, Inc.). 
The negative controls are scramble sequences synthesized 
by igebio biotech Co., Ltd. UNC13B shRNA lentiviral vector 
using lentiCRISPR v2. (cat. no. 52961; Addgene, Inc.) was 
constructed. The sequence of the sense strand of shUNC13B 
was 5'‑CGA​GTC​CTA​TGA​GTT​GCA​GAT‑3' and the antisense 
strand was 5'‑ATC​TGC​AAC​TCA​TAG​GAC​TCG‑3'. Cells 
were also transfected with non‑target shRNA as a nega‑
tive control (shCtrl; scramble). The sequence of the sense 
strand was 5'‑CCT​AAG​GTT​AAG​TCG​CCC​TCG​C‑3' and 
the antisense strand was 5'‑GCG​AGG​GCG​ACT​TAA​CCT​
TAG​G‑3', connected by a ‘TCGA’ loop, with an additional 
5 thymine (T) at the end. Scrambled shRNA is designed so 
that it does not target any specific mRNA for degradation (16). 
All shRNAs were synthesized by igebio biotech Co., Ltd. 
shRNA was inserted into the lentiCRISPR v2 plasmid using 
AgeI and EcoRI restriction enzyme sites. The plasmid was 
then transformed into DH5α cells (Beyotime, D1031S) for 
amplification. After amplification, the plasmid was purified 
using the Endo‑Free Plasmid Midi Kit (Omega Bio‑Tek, 
D6915). The purified plasmid was verified by sequencing to 
ensure the correct insert.

Lipofectamine 3,000 (cat. no. L3000015; Invitrogen™; 
Thermo Fisher Scientific, Inc.) was used to transfect these 
shRNAs into 293T cells (cat  no.  CL‑0005; Procell Life 
Science & Technology Co., Ltd.), cultured in DMEM supple‑
mented with 10% FBS (HyClone Laboratories, SH30088.03) 
and 1% penicillin/streptomycin at 37˚C in 5% CO2 for 
48  h, along with the packaging plasmids pCMV‑pVSV‑G 
(cat. no. 8454; Addgene, Inc.) and psPAX2 (cat. no. 12260; 
Addgene, Inc.). Transfect with a ratio of 10 µg of psPAX2 
plasmid, 10 µg of lentiCRISPR v2 plasmid containing the 
inserted shRNA, and 5 µg of pCMV‑VSV‑G plasmid into a 
10 cm dish of 293T cells at approximately 80% confluence. 
The transfection duration was 12 h at 37˚C, after which the 
medium was replaced. Lentiviral particles were collected 
and used to infect 17.94 cells at a multiplicity of infection 
(MOI) of 10. The duration of transduction into 17.94 cells is 
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12 h. Gene expression and transcription levels were identi‑
fied 24 h after transduction using qPCR and western blot 
methods. Subsequent experiments were conducted 24‑48 h 
after transduction. To normalize the transfection efficiency, 
green fluorescent protein (GFP) cDNA was inserted into an 
empty lentiCRISPR v2 to construct a GFP‑lentiviral vector. 
A transfection experiment was performed on 17.94 cells using 
GFP‑lentivirus. A total of 24 h after transfection, the cells 
were analyzed using a fluorescence microscope. 

Overexpression vector and knockout vector construction and 
transfection. The full‑length UNC13B sequence was synthe‑
sized by General Biosystems, Inc. according to the GenBank 
database (ncbi.nlm.nih.gov/nuccore/NM_001371189.2/, 
ID no. NM_001371189.2) and inserted into the pcDNA3.1 
vector using BamHI and HindIII restriction enzyme sites. 
The plasmid is transformed into DH5α (Beyotime, D1031S) 
for amplification. Plasmid is then purified using Endo‑Free 
Plasmid Midi Kit (Omega Bio‑Tek, D6915). The purified 
plasmid is verified by restriction enzyme digestion and 
sequencing to ensure the correct insert.

For overexpression experiments, Transfection was carried 
out using Lipofectamine™ 3,000 Transfection Reagent 
(cat. no. L3000015; Invitrogen™; Thermo Fisher Scientific, 
Inc.). 1 µg of plasmid was used per well in a 12‑well plate with a 
cell density of over 80%. The transfection duration was 12 h at 
37˚C, after which the medium was replaced. Post‑transfection, 
overexpression levels were assessed after 48 h using western 
blot for subsequent experiments. An empty vector pcDNA3.1 
was used as the negative control.

The second‑generation lentiviral vector system was used 
to construct sgRNA lentivirus. The lentiCRISPR V2 plasmid 
(cat. no. 52961; Addgene, Inc.) was used. Two single guide 
(sg)RNAs targeting UNC13B, hUNC13B‑KO‑1: 5'‑TGA​TCA​
GCC​TTC​CTG​GGA​ACA​GG‑3' and hUNC13B‑KO‑2: 5'‑TCT​
TCA​CAT​TCT​GTA​CTT​TCA​GG‑3', were inserted, respec‑
tively, and two plasmids were developed, each containing a 
different sgRNA. All sgRNAs were synthesized by igebio 
biotech Co., Ltd. Lipofectamine 3000 was used to co‑trans‑
fect these sgRNAs into 293T cells (cat no. CL‑0005; Procell 
Life Science & Technology Co., Ltd.), cultured in DMEM 
supplemented with 10% FBS and 1% penicillin/streptomycin 
at 37 ˚C in 5% CO2 for 48  h, along with the packaging 
plasmids pCMV‑pVSV‑G (cat. no. 8454; Addgene, Inc.) and 
psPAX2 (cat. no. 12260; Addgene, Inc.). Cells were trans‑
fected with a ratio of 10 µg of psPAX2 plasmid, 10 µg of 
lentiCRISPR v2 plasmid containing the inserted shRNA, and 
5 µg of pCMV‑VSV‑G plasmid into a 10 cm dish of 293T 
cells at approximately 80% confluence. A total of two cas9 
plasmids targeting UNC13B were generated. Both prepared 
lentiviruses were co‑transduced into 17.94 cells at a MOI 
of 10. The duration of transduction was 12 h, after which 
the lentivirus is removed. At 24 h post‑transduction, cells 
were diluted using a limited dilution method into a 96‑well 
plate and cultured for 14 days at 37 ˚C in 5% CO2 to estab‑
lish single‑cell clones of UNC13B‑KO using puromycin 
(Beyotime, ST551) at a selection concentration of 4 µg/ml 
and a maintenance concentration of 0.8  µg/ml. We used 
PCR and sequencing methods, performed by GENEWIZ 
Biotechnology Co., Ltd., to identify the amplified single‑cell 

clones, confirming that the target locus had been successfully 
edited. Reverse transcription (RT)‑quantitative (q)PCR and 
western blotting were used to assess the transcription and 
expression levels of UNC13B.

RT‑qPCR. RT‑qPCR for UNC13B was performed as previ‑
ously described (11). Briefly, RNA extraction from samples 
was performed using TRIzol™ (cat.  no.  15596018CN; 
Invitrogen; Thermo Fisher Scientific, Inc.), and the concentra‑
tion and purity of the extracted RNA were measured using a 
NanoDrop™ 2000 (Thermo Fisher Scientific, Inc.) to ensure its 
suitability for subsequent experimental procedures. The RNA 
was reverse transcribed into cDNA using a cDNA synthesis 
kit (EasyScript® First‑Strand cDNA Synthesis SuperMix, 
TransGen Biotech, AE301‑03) according to the manufacturer's 
instructions. The sequences for UNC13B were as follows: 
UNC13B forward, 5'‑CCA​GCT​ACA​CAA​CTC​ACT​GAG​G‑3' 
and UNC13B reverse, 5'‑CTG​GTC​AGC​AAA​TCC​ACT​GTG​
G‑3'. The sequences for the reference gene 18SN5 were as 
follows: 18SN5 forward, 5'‑ACC​CGT​TGA​ACC​CCA​TTC​GTG​
A‑3' and 18SN5 reverse, 5'‑GCC​TCA​CTA​AAC​CAT​CCA​ATC​
GG‑3'. Hieff qPCR SYBR Green Master Mix (No Rox) from 
YEASEN (catalog number 11201ES08) was used with the 
Bio‑Rad CFX96™ system. The thermocycling conditions for 
the qPCR assay were as follows: initial denaturation at 95˚C 
for 5 min; 40 cycles of 95˚C for 10 sec and 60˚C for 30 sec; 
the melt curve stage followed the instrument's default settings. 
The following steps were used to validate the results of the 
RT‑qPCR assays: The efficiency of the qPCR reaction was 
determined by running a standard curve with serial dilutions 
of a known template; the efficiency of the UNC13B primers 
was ~95%. After amplification, a melting curve analysis 
revealed a single, sharp peak, indicating the specificity of the 
PCR amplification. In each experiment, three technical repli‑
cates were performed to assess the consistency of the results. 
The 18SN5 gene was used as the reference gene, and the 2‑ΔΔCq 
method (17) was used for quantification.

Western blot. 17.94, SK‑NEP‑1, G401, WT‑CLS1, and HK‑2 
cells were lysed using RIPA buffer (Beyotime, P0013B), 
and protein concentration was measured using a BCA 
protein determination kit (Abcam). For SDS‑PAGE, 20 µg of 
protein was loaded/lane. The separating gel used was 12%. 
After electrophoresis, proteins were electrotransferred to a 
polyvinylidene fluoride membrane, which was blocked with 
5% BSA (cat. no. V900933; Vetec™; Sigma‑Aldrich; Merck 
KGaA)/TBST (0.1% Tween 20) at room temperature for 2 h. 
Rabbit polyclonal UNC13B (1:1,000; cat. no. NBP2‑93337; 
Novus Biologicals, Ltd.) and mouse monoclonal lyso‑
somal‑associated membrane protein 1 (LAMP1; 1:1,000; 
cat. no. sc‑20011; Santa Cruz Biotechnology, Inc.) primary 
antibodies were added at the appropriate dilution and incu‑
bated at 4˚C overnight. Corresponding secondary antibodies, 
HRP‑conjugated goat anti‑mouse (1:10,000; cat. no. 7076; 
Cell Signaling Technology, Inc.) or anti‑rabbit (1:10,000; 
cat. no. 7074; Cell Signaling Technology, Inc.), were added and 
incubated at room temperature for 2 h. HRP‑labeled GAPDH 
(1:5,000; cat. no. 3683; Cell Signaling Technology, Inc.) was 
used as an internal reference. Membranes were incubated 
for 3 min in Supersignal West Pico Plus Chemiluminescent 
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Substrate (Thermo Scientific, 34580) and exposed using the 
iBright FL1000 Imaging System (Thermo Fisher Scientific 
Inc.), and iBright Analysis Software (desktop version 5.1.0; 
Thermo Fisher Scientific Inc.) was used for semi‑quantification.

Flow cytometry analysis. For cell cycle analysis, 17.94 cells 
were digested with trypsin, and the trypsin digestion was 
terminated using complete culture medium. The cells were 
washed once with pre‑cooled serum‑free medium and fixed 
with pre‑cooled 75% ethanol overnight. Following a PBS wash 
and cell precipitation, the cells were stained with PI staining 
solution (cat. no. 40710ES03; Shanghai Yeasen Biotechnology 
Co., Ltd.) at 37˚C for 30 min. Data collection was performed 
using a CytoFLEX LX Flow Cytometer (Beckman Coulter, 
Inc.), with 40,000 events collected for each sample. FlowJo 
10.8.1 (Becton, Dickinson and Company) was used for 
data analysis.

For apoptosis analysis, an Annexin V‑FITC/PI kit 
(cat. no. 40302ES60; Shanghai Yeasen Biotechnology Co., 
Ltd.) was used according to the manufacturer's instructions. 
Cells were digested with trypsin (without EDTA) and centri‑
fuged at 300 x g and 4˚C for 5 min. Cells were washed twice 
with pre‑chilled PBS, each time centrifuging at 300 x g and 
4˚C for 5 min. Cells were collected, and 5x105 cells were 
resuspended in 100 µl of 1X Binding Buffer. A total of 5 µl 
Annexin V‑FITC and 10 µl PI Staining Solution were then 
added, and cells were incubated in the dark at room tempera‑
ture for 10‑15 min. Subsequently, 400 µl of 1X Binding Buffer 
was added and kept on ice. Samples were analyzed within 1 h 
using flow cytometry. Data collection was performed using a 
CytoFLEX LX Flow Cytometer, with 40,000 events collected 
for each sample. FlowJo 10.8.1 was used for data analysis.

Indirect immunofluorescence and lysosome staining. Indirect 
immunofluorescence was used to detect the localization of 
UNC13B in 17.94 cells. Initially, cell slides were prepared and 
fixed with 100% methanol at ‑20˚C for 10 min. After three 
PBS washes, a blocking solution of 3% BSA (Sigma‑Aldrich; 
Merck KGaA; cat. no. V900933) + 0.3% Triton™ X‑100 in 
PBS was added at room temperature for 1 h. The blocking solu‑
tion was removed, and the slides were incubated with rabbit 
UNC13B primary antibodies (1:200; cat. no. NBP2‑93337; 
Novus Biologicals, Ltd.) at 4˚C overnight. Following PBS 
washes (3 times for 5 min each), the slides were incubated 
with Goat Anti‑Rabbit IgG H&L (Alexa Fluor® 488) 
secondary antibodies (1:2,000; cat. no. ab150077; Abcam) at 
room temperature for 1 h. The slides were then sealed with a 
mounting medium containing DAPI (cat. no. P0131; Beyotime 
Institute of Biotechnology) and images were captured using a 
confocal microscope.

Staining of cells with Lyso‑Tracker Red (cat. no. L8010; 
Beijing Solarbio Science & Technology Co., Ltd.) was 
performed by preparing a final concentration of 50  nM 
Lyso‑Tracker Red working solution. The cell culture medium 
was removed, and cells were incubated with pre‑warmed 
Lyso‑Tracker Red staining working solution at 37˚C for 2 h. 
Following the incubation, the Lyso‑Tracker Red staining solu‑
tion was removed, and 2 µM Hoechst 33342 was added. The 
cells were then incubated at 37˚C for an additional 30 min 
before replacing the medium with fresh cell culture medium. 

Observations were performed using a confocal microscope, 
with an excitation wavelength of 577 nm and an emission 
wavelength of 590 nm during detection. The mean fluorescence 
intensity was calculated using ImageJ software (version 1.53q; 
National Institutes of Health).

Data analysis. For in vitro experiments, each experiment was 
independently repeated ≥3 times. Error bars indicate standard 
deviation. The unpaired Student's t‑test was used for compari‑
sons between two groups, whilst one‑way ANOVA was used 
for multiple comparisons. Dunnett's test was used for post hoc 
analysis when all pairwise comparisons involved one specific 
group being compared with all other groups in the dataset. 
Tukey's test was used for post hoc analysis when comparing 
all possible pairs of mean. P<0.05 was considered to indicate 
a statistically significant difference. GraphPad 9.0 (Dotmatics) 
was used for statistical analysis and image generation.

Results

Elevated expression of UNC13B in Wilms' tumor cell line. 
Using commercially available 17.94 Wilms' tumor cell 
line  (18), alongside other renal tumor cell lines, an Ewing 
sarcoma (SK‑NEP‑1) (19), a rhabdoid tumor (G‑401) (20), a 
kidney rhabdoid tumor (WT‑CLS1) and human normal renal 
cell lines (HK‑2), an analysis of UNC13B transcription and 
expression levels was performed. The results revealed a 
significant increase in both the mRNA and protein expression 
levels of UNC13B in the 17.94 cell line compared with that in 
the HK‑2 cell line (Fig. 1A and B). The UNC13B expression 
level in 17.94 cells was also notably higher compared with that 
in the other cell lines. Additionally, there was a clear positive 
association between mRNA and protein expression levels 
(Fig. 1A and B). Before shRNA knockdown experiment, we 
inserted GFP cDNA into an empty lentiCRISPR v2 vector to 
construct a GFP‑lentiviral vector for verifying transfection 
efficiency. The GFP‑lentivirus was transfected into 17.94 cells. 
After 24 h, fluorescence microscopy analysis showed that 
over 95% of the cells expressed GFP, indicating a transfection 
efficiency of over 95%. In shRNA knockdown experiments 
performed in 17.94 cells, a significant reduction in UNC13B 
mRNA levels was observed 48 h post‑infection under knock‑
down condition compared with controls, with a multiplicity 
of infection (MOI) of 5 (Fig. 1C). Consequently, an MOI of 
5 was selected for protein level validation post‑knockdown, 
revealing a significant decrease in UNC13B expression levels 
compared with controls (Fig. 1D and E). Moreover, assessing 
the proliferation levels of knockdown cells revealed a signifi‑
cant reduction in cell proliferation following the reduction of 
UNC13B levels (Fig. 1F) compared with controls, which is 
consistent with findings from our previous study on UNC13B 
knockdown in other tumor cells (11).

UNC13B modulates Wilms' tumor cell sensitivity to doxoru‑
bicin, independent of the cell cycle. Building upon findings 
from our previous study (11), which indicated the involvement 
of UNC13B in tumor cell resistance to chemotherapy, the 
present study further assessed whether UNC13B is associ‑
ated with drug resistance and sensitivity in Wilms' tumor 
cells. In clinical treatment for Wilms' tumor, chemotherapy 
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drugs such as vincristine, doxorubicin and actinomycin‑D are 
primarily used for preoperative treatment (21). Therefore, the 
altered sensitivity of UNC13B knockdown 17.94 cells to these 
drugs was analyzed. The results demonstrated that UNC13B 
knockdown notably increased the sensitivity of 17.94 cells 
to doxorubicin and actinomycin‑D, although the IC50 value 
for vincristine was lower in the UNC13B knockdown group 
(88.45±12.16 vs. 59.06±10.80 nM; Fig. 2A) compared to the 
scramble group, this difference was not statistically signifi‑
cant. Significantly lowering the IC50 values for actinomycin‑D 
(1.544±0.09 vs. 1.005±0.07 nM; Fig. 2B) and doxorubicin 
(1882±124.3 vs. 697.2±46.29 nM; Fig. 2C) compared to the 
scramble group. The changes in sensitivity to the aforemen‑
tioned drugs were also tested in G401 cells after UNC13B 
knockdown. Following UNC13B knockdown, there was a 
significant decrease in the IC50 for all three drugs: Vincristine 
(77.74±6.82 vs. 33.17±2.83  nM; Fig.  2D), actinomycin‑D 
(1.524±0.085 vs. 1.17±0.056 nM; Fig. 2E) and doxorubicin 
(1,018±65.23 vs. 239.0±30.14 nM; Fig. 2F) compare to the 
scramble group. This demonstrates that reducing UNC13B 
levels enhances the sensitivity of G401 cells to these drugs. 
Subsequently, the cell cycle changes upon doxorubicin treat‑
ment were evaluated to elucidate the role of UNC13B in 

drug sensitivity and resistance. The results demonstrated 
that UNC13B had no notable impact on cell cycle alterations 
(Fig. 2G and H), suggesting the involvement of other mecha‑
nisms in UNC13B‑mediated drug resistance in Wilms' tumor 
cells. Furthermore, apoptosis in 17.94 cells following UNC13B 
knockdown was analyzed. The results indicated that knock‑
down of UNC13B significantly increased apoptosis levels at 
0.5 µM doxorubicin (Fig. 2I and J) compared to the scramble 
group; however, at 2 µM doxorubicin, the increase in apoptosis 
levels was significant but less pronounced. This suggests that 
UNC13B may negatively regulate the drug sensitivity of 17.94 
cells to doxorubicin‑induced apoptosis.

Involvement of UNC13B in Wilms' tumor lysosome formation. 
A previous report suggested an association between doxoru‑
bicin drug sensitivity and lysosomes (22). Additionally, several 
studies have highlighted the notable role of UNC13B in 
regulating synaptic vesicles (23,24). Hence, we hypothesized 
that UNC13B may modulate drug sensitivity by participating 
in vesicle regulation within cells and localization of UNC13B 
within the cellular vesicles was detected using an indirect 
immunofluorescence method. The results demonstrated the 
presence of UNC13B within the cellular vesicles (Fig. 3A), 

Figure 1. Elevated expression of UNC13B in Wilms’ tumor cell lines. (A) Western blot analysis of UNC13B expression in WT‑CLS1, 17.94, G401, SK‑NEP‑1 
and HK‑2 cells. Each lane was loaded with 20 µg protein and GAPDH was used as a reference. (B) Analysis of UNC13B transcription levels in different cell 
lines; n=5. (C) Changes in UNC13B transcription levels 48 h post‑shRNA‑mediated UNC13B knockdown in 17.94 cells compared with the scramble control; 
n=5. (D) UNC13B expression changes 48 h post‑shRNA‑mediated knockdown in 17.94 cells and (E) statistical analysis of the expression level changes. Each 
experiment was repeated 3 times, with GAPDH used as a reference. (F) Assessment of cell proliferation post‑knockdown using a Cell Counting Kit‑8 assay, 
measuring OD450 values at different time points; n=3. Cells were also transfected with non‑target scrambled shRNA as a control. ***P<0.001; ****P<0.0001. 
UNC13B, unc‑13 homolog B; sh, short hairpin; OD, optical density.
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indicating its potential involvement in vesicle‑related functions. 
Furthermore, the lysosome status post‑UNC13B knockdown 
was analyzed, revealing a significant decrease in lysosome 
level compared to the scramble group (Fig. 3B and C). This 
suggests that UNC13B may regulate lysosome formation 
through certain pathways.

UNC13B‑induced lysosomal changes affect cell sensitivity to 
doxorubicin. The transfection efficiency of the 17.94 cell line 
was first evaluated using pCDNA3.1 as the expression vector. 
The results revealed a significant increase in the transcription 
level of UNC13B after transfection compared with the nega‑
tive control, indicating that overexpression of UNC13B using 

the transient transfection system was effective in the 17.94 cell 
line (Fig. 4A). To further assess the influence of UNC13B on 
lysosomes, the endogenous UNC13B was deleted, creating 
17.94‑delUNC13B. Subsequently, exogenous UNC13B was 
overexpressed in this cell line. The results demonstrated that 
the expression levels of LAMP1, a lysosome‑associated protein, 
significantly increased in the 17.94 OE group compared to 
the 17.94 cell NC group, and decreased significantly in the 
17.94 cell KO group compared to the 17.94 cell NC group 
(Fig. 4B and C). As UNC13B expression increased, the levels of 
LAMP1 expression also rose proportionally. Simultaneously, 
using Lyso‑Tracker, a significant increase in lysosomal levels 
was observed in the 17.94 cell OE group compared to the 17.94 

Figure 2. UNC13B influences Wilms’ tumor sensitivity to chemotherapy drugs independent of the cell cycle. Evaluation of cell proliferation post‑shRNA‑medi‑
ated UNC13B knockdown after treatment with varying concentrations of (A) vincristine, (B) actinomycin‑D and (C) doxorubicin for 48 h in 17.94 cells, and 
(D) vincristine, (E) actinomycin‑D and (F) doxorubicin in the G401 cell line, assessed using Cell Counting Kit‑8 assays. Changes in drug sensitivity were 
analyzed, with dashed lines representing fitted curves for half‑maximal inhibitory concentration calculated using GraphPad software, and the cell number 
ratio indicating the relative number of viable cells compared between initial cell number and different time points. (G) Cell cycle analysis of 1 µM doxorubicin 
treatment on control and shUNC13B knockdown cells, detected after 48 h post‑drug treatment. (H) Quantification of the G1, S and G2 phases of the scramble 
and shUNC13B groups. (I) Typical pseudocolor scatter plots of the apoptosis analysis of UNC13B‑knockdown 17.94 cells after 48 h treatment with 0.5 and 
2 µM doxorubicin, and (J) statistical results. **P<0.01; ***P<0.001; ****P<0.0001. UNC13B, unc‑13 homolog B; sh, short hairpin.
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cell NC group, while a significant decrease was observed in 
the 17.94 cell KO group compared to the 17.94 cell NC group 
(Fig. 4D and E). These findings collectively indicate a clear 
positive association between lysosomal levels and UNC13B 
expression. The significant results compared the doxorubicin 
sensitivity between the 17.94 cell KO group and the 17.94 cell 
NC group, showing significantly increased sensitivity in the KO 
strain (1782±101.3 vs. 702.9±50.49 nM; Fig. 4F). Conversely, 
following UNC13B overexpression, there was a significant but 
minimal reduction in 17.94 sensitivity to doxorubicin compared 
to the 17.94 cell NC group (1782±101.3 vs. 1928±84.38 nM).

Discussion

Doxorubicin, also known as Adriamycin, is an anthracycline 
antibiotic derived from Streptomyces peucetius, exerting its 

effect through several molecular mechanisms that induce 
cell death or growth arrest, including the inhibition of 
topoisomerase II, DNA intercalation and free radical produc‑
tion (25). Resistance of tumor cells to doxorubicin poses a 
significant challenge in its clinical use. Moreover, clinical 
studies have revealed late effects associated with doxorubicin, 
particularly cardiac system effects such as arrhythmias (26,27). 
Therefore, reducing drug dosage and lowering the doxorubi‑
cin's IC50 has become a critical need in clinical application. 
Mechanisms influencing doxorubicin drug sensitivity and 
resistance primarily involve epithelial‑to‑mesenchymal transi‑
tion (28,29), alterations in topoisomerase II activity (30) and 
excessive activation of the ERK1/2 pathway (31). In addition 
to molecular changes, cells develop resistance by enhancing 
their detoxification capabilities, including reported overexpres‑
sion of glutathione S‑transferase (32). Notably, one key factor 

Figure 3. UNC13B localizes within vesicles and participates in regulating lysosome formation. (A) Indirect immunofluorescence detecting endogenous 
UNC13B expression in 17.94 cells and revealing UNC13B localization within cellular vesicles. Green fluorescence represents UNC13B and blue fluorescence 
represents the cell nucleus. (B) Staining of 17.94 cells with Lyso‑Tracker. Cells were cultured in confocal culture dishes. The Mean Gray Value of red fluores‑
cence was calculated in 7 different random fields using ImageJ software. Objective, 20X. (C) Mean Gray Value, calculated by measuring the grayscale values 
in indicated fluorescence channel regions of interest. ****P<0.0001. UNC13B, unc‑13 homolog B; sh, short hairpin.
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in doxorubicin resistance is lysosomes  (22). Research has 
reported doxorubicin accumulation in the lysosomes of resis‑
tant strains (33,34). In lymphoma cell lines, doxorubicin has 
been reported to be sequestered within lysosomes (22). In the 
present study, post‑UNC13B knockdown, there was a decrease 
in the IC50 of doxorubicin in the Wilms' tumor 17.94 cell line, 
from 1882±124.3 to 697.2±46.29 nM (Fig. 2C), suggesting the 
involvement of UNC13B in the sensitivity of the tumor to doxo‑
rubicin. Furthermore, the results of the present study indicated 
that as lysosome quantity decreases in Wilms' tumor, 17.94 
cells exhibited increased sensitivity to doxorubicin (Fig. 4D‑F). 
After UNC13B knockdown, varying degrees of sensitivity 
changes to the other two drugs, vincristine and actinomycin‑D, 
were also observed in 17.94 cells. However, these changes 
were not significant for vincristine (P=0.0726; Fig. 2A) or 
were significant but minor for actinomycin‑D (1.544±0.09 
vs 1.005±0.07 nM; P<0.0001; IC50 reduced by 50%; Fig. 2B). 
Therefore, further exploration of the mechanisms of sensitivity 
changes to vincristine and actinomycin‑D in 17.94 cells after 
UNC13B knockdown was not pursued in the current study.

Lysosomes, a type of intracellular vesicle, are crucial for 
maintaining cellular homeostasis, digestion and breakdown 

of aging cellular components and ingested nutrients (35,36). 
They also participate in cellular signaling regulation (37,38) 
and programmed cell death  (39). Given the multifaceted 
functions of lysosomes, it is plausible that they serve a role in 
regulating cellular sensitivity to drugs. Extensive research has 
reported lysosome involvement in cellular drug sensitivity and 
resistance. Drugs captured by lysosomes via cationic chelation 
or sequestration led to drug isolation within the lysosomal 
acidic compartment, thereby isolating the drug's action on its 
target (40,41). Several chemotherapy drugs, including suni‑
tinib (42), doxorubicin (43), rotenone (22) and vincristine (44), 
exhibited lysosomal capture, contributing to cell resistance. 
Additionally, lysosomes regulate cellular resistance through 
lysosome‑mediated exocytosis  (45). Due to the broad and 
critical role lysosomes serve in cellular sensitivity and resis‑
tance to drugs, researchers have targeted lysosomes to develop 
new strategies against resistance. These include altering drug 
structures (46), inhibiting key enzymes involved in lysosomal 
acidification  (47,48) and interfering with intravesicular 
acidity (49). Several lysosomal proteins, including ion chan‑
nels (50) and PINK‑1 (51), could serve as specific targets to 
impair lysosomal activity, thereby selectively altering the drug 

Figure 4. UNC13B modulates cell drug sensitivity by affecting lysosome formation. (A) 17.94 cell line was transiently transfected with the UNC13B‑pCDNA3.1 
overexpression vector using Lipofectamine 3,000. Reverse transcription‑quantitative PCR validation was performed 24 h post‑transfection. NC was the trans‑
fection with an empty pcDNA3.1 vector; n=3. (B) UNC13B and LAMP1 expression levels in 17.94 NC cells, UNC13B 17.94 OE cells and UNC13B 17.94 KO 
cells, using GAPDH as a reference, and (C) the associated semi‑quantitative results. (D) Analysis of Mean Gray Value of Lyso‑Tracker in 6 random fields of 
17.94 NC, UNC13B 17.94 OE cells and UNC13B 17.94 KO cells, and (E) representative images of 17.94 NC cells, UNC13B 17.94 OE cells and UNC13B 17.94 
KO cells. Lyso‑Tracker indicated lysosomes, as the dye is highly selective for acidic environments, with an excitation wavelength of 577 nm and an emission 
wavelength of 590 nm. (F) Assessment of doxorubicin sensitivity changes in 17.94 NC, UNC13B 17.94 OE cells and UNC13B 17.94 KO cells; n=3. The cell 
number ratio indicates the relative number of viable cells compared between initial cell number and different time points. *P<0.05; **P<0.01; ***P<0.001; 
****P<0.0001. UNC13B, unc‑13 homolog B; NC, negative control; OE, over‑expressed; KO, knock‑out; LAMP1, lysosomal‑associated membrane protein 1.
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resistance characteristics of cancer cells. Changes in lysosomal 
function have been reported in several types of tumors, such 
as colorectal cancer (52) and gliomas (53). In cancer, tumor 
cells promote proliferation, migration and potentially resis‑
tance to chemotherapy by altering the number of lysosomes, 
the protein levels and activity of lysosomal hydrolases (54). 
In addition to the role in drug resistance mentioned in the 
present study, lysosomes also participate in the regulation of 
programmed cell death in tumor cells (55). Moreover, lyso‑
somes can promote angiogenesis by secreting tissue proteases 
through exocytosis, activating Matrix metalloproteinases (56). 
Therefore, a wide range of candidate antitumor drugs has been 
developed targeting lysosomal organelle membranes  (57), 
several Cathepsins contained within lysosomes (58), lysosomal 
pH (59) and key cellular processes involving lysosomes such 
as autophagy (60).

Most drugs targeting lysosomes in cancer research are 
still in the laboratory or preclinical stages. Among lysosome‑
mediated drugs in clinical research, hydroxychloroquine 
(HCQ) is a clinically approved and widely studied 
lysosome‑related inhibitor. HCQ can inhibit autophagic degra‑
dation by blocking lysosomal acidification (61). Vogl et al (62) 
demonstrated in a Phase I trial that combining bortezomib 
(a proteasome inhibitor) with HCQ improved the efficacy of 
proteasome inhibition in multiple myeloma. A total of 45% 
of the 25  patients treated with the combination of HCQ 
and bortezomib demonstrated stable disease as their best 
response  (62). Furthermore, in a clinical trial combining 
HCQ with the histone deacetylase inhibitor vorinostat, 24/27 
treated patients were considered fully evaluable for study 
assessments and toxicity, including one patient with renal cell 
carcinoma showing durable partial response and two patients 
with colorectal cancer showing long‑term stable disease (63). 
However, in a clinical trial for patients with malignant gliomas, 
the overall survival of patients with malignant gliomas was 
not notably improved when HCQ was used in combination 
with low‑dose continuous temozolomide at a dose below the 
maximum tolerated dose (600 mg/day)  (64). Additionally, 
low‑dose, short‑term use of HCQ has few side effects (65); 
however, at higher doses and longer durations, certain serious 
side effects have been observed, such as retinal toxicity (66). 
Therefore, improving the efficacy of HCQ should also be a 
focus of future research. We hypothesize that, as a gene 
involved in lysosome regulation, UNC13B will synergize with 
HCQ to achieve better efficacy.

In the present study, a significant positive association 
between UNC13B and lysosome formation was demonstrated 
(Fig.  4B‑E). UNC13B participates in regulating vesicle 
precursor formation within neurons, essential for neurotrans‑
mitter storage and release  (67). UNC13B, in collaboration 
with other proteins such as SNAP receptor proteins, facilitates 
vesicle fusion with the cell membrane (68). These findings 
suggest that in tumor cells, UNC13B may serve a role in vesicle 
maturation and regulation. The specific role of UNC13B in 
lysosome‑mediated drug resistance involves several potential 
mechanisms based on its function in vesicular transport and its 
interactions with cellular organelles. UNC13B may influence 
the trafficking and fusion of lysosomes with autophagosomes or 
other vesicles. If UNC13B enhances the efficiency of lysosome 
fusion with autophagosomes, this may lead to more effective 

sequestration and degradation of drugs, thereby contributing to 
drug resistance. As autophagy serves a role in drug resistance 
by degrading damaged organelles and proteins that could be 
targeted by chemotherapeutic agents, lysosomes may serve a 
central role in cellular autophagy (69). Furthermore, UNC13B 
may be involved in regulating the fusion of autophagy‑related 
vesicles, a mechanism that could contribute to drug resistance. 
A UNC13 family protein, UNC13D has been reported to regu‑
late the autophagy process (70). UNC13B may also influence 
the autophagy process by regulating the transport and fusion 
of vesicles, especially during the fusion step between autopha‑
gosomes and lysosomes. The results of the current study 
demonstrated a clear positive association between UNC13B 
levels and lysosomal levels, but the specific interactions and 
biological significance of UNC13B with lysosomes still need 
to be validated and clarified through further experimental 
research.

The findings of the present study should be validated using 
more Wilms' tumor cell lines; to the best of our knowledge, 
however, the only commercially available Wilms' tumor cell 
line is 17.94. Previous cell lines such as SK‑NEP‑1 and G401, 
which have been widely used for investigating Wilms' tumor 
mechanisms, are actually Ewing sarcoma and rhabdoid tumor 
cell lines, respectively (19,20). The use of only one Wilms' 
tumor cell line is acknowledged as a limitation of the present 
study, and it is suggested that additional Wilms' tumor cell 
lines would be used in future experiments to validate the find‑
ings. Although we have demonstrated a positive association 
between UNC13B levels and lysosome formation, the specific 
signaling pathways through which UNC13B regulates lyso‑
some formation remain to be elucidated. Additionally, it is 
necessary to verify whether the regulatory role of UNC13B on 
lysosome formation is universal. Further studies are needed 
to determine if UNC13B can positively regulate lysosome 
formation in other cell lines as well.

In conclusion, the results of the present study demonstrated 
elevated expression of UNC13B in the Wilms' tumor cell line, 
17.94, whilst its expression in normal cells (HK‑2) remained 
low. This indicates that UNC13B could serve as a specific 
regulatory target for combined therapy with doxorubicin. 
Additionally, the results preliminarily demonstrated increased 
sensitivity to doxorubicin in 17.94 cells when UNC13B was 
inhibited. Furthermore, considering previous reports on 
lysosome‑mediated resistance with drugs such as vincristine 
and rotenone, UNC13B holds promise as a target for combined 
therapy with such drugs. Lysosomes have become increas‑
ingly significant due to their role in cancer progression and 
resistance. However, lysosomal activity is crucial for almost 
all types of cells, hence, targeting them is generally not a 
cancer‑specific strategy and may lead to severe adverse effects. 
Cancer‑specific or cancer‑enriched targets in this regard are 
still uncommon. The results of the present study suggest that 
UNC13B is likely an enriched target involved in lysosomal 
regulation in Wilms' tumor, providing a new intervention 
target for optimizing chemotherapy approaches in Wilms' 
tumor and other cancer types with high UNC13B expression.
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