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Background: Deltex E3 ubiquitin ligase 3L (DTX3L) is implicated in the progression of various cancer types; however, its specific
contribution to intrahepatic cholangiocarcinoma (ICC) remains unexplored. Therefore, this study sought to investigate the in-
volvement of DTX3L in ICC development and elucidate its regulatory effect on endoplasmic reticulum stress (ERS) and apoptosis
via P53 ubiquitination.
Methods: We systematically evaluated DTX3L expression in ICC samples using qRT-PCR and Western blotting. Functional as-
says, including Cell Counting Kit-8 (CCK-8), colony formation, Terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL), and flow cytometry, were performed to assess cell proliferation and apoptosis. Co-immunoprecipitation and ubiquiti-
nation assays were employed to investigate the interaction between DTX3L and P53. In vivo, tumor xenograft models were used
to examine the effects of DTX3L knockdown on tumor growth and ERS pathway activation.
Results: DTX3Lwas significantly overexpressed in ICC tissues and cells (p< 0.05), and its overexpression promoted proliferation,
suppressed apoptosis, and downregulated ERS-associatedmarkers, including phosphorylated eukaryotic initiation factor 2 alpha
(p-eIF2α), protein kinase R-like endoplasmic reticulum kinase (PERK), C/EBP homologous protein (CHOP), and activating
transcription factor 4 (ATF4) (p < 0.01). Mechanistically, DTX3L directly interacted with P53 and enhanced its ubiquitination
and degradation, attenuating its tumor-suppressive effects. Knockdown of DTX3L significantly activated ERS signaling and
induced apoptosis (p < 0.01), the effects were reversed by simultaneous P53 knockdown (p < 0.01).
Conclusion: DTX3L is a critical oncogene in ICC progression by promoting P53 ubiquitination-mediated suppression of ERS
and apoptosis. These findings suggest that DTX3L may serve as a promising therapeutic target in ICC.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is a malignant
tumor originating from the epithelial cells of the intrahep-
atic bile duct, known for its aggressive behavior and high
malignancy. Over the recent years, its incidence has gradu-
ally increased globally, particularly in Asia and some parts
of the West, making ICC as a significant threat to public
health [1,2]. Epidemiological studies indicate that ICC is
the second most prevalent primary liver cancer, after hepa-
tocellular carcinoma, with significantly rising mortality and
morbidity rates. Its prognosis remains unfavorable, with a
5-year survival rate typically below 20% [3,4]. Currently,
surgical resection remains the preferred treatment option for
ICC. Nevertheless, owing to its highly invasive nature and
early intrahepatic metastasis, most patients presented at an
unresectable stage. Additionally, adjuvant treatments like

targeted agents, chemotherapy, and immunotherapy offer
limited benefits, and no consensus on standardized thera-
peutic regimens has been achieved [5,6]. Therefore, inves-
tigating the underlying molecular mechanisms and identi-
fying potential therapeutic approaches for ICC are critical
to improving patient outcomes.

Tumor initiation and progression involve a series of
complex biological processes, including genetic mutations,
aberrant signaling pathways, and remodeling of the tumor
microenvironment. The tumor suppressor gene—P53 plays
a crucial role in preserving genomic integrity by manag-
ing the cell cycle, promoting apoptosis, and facilitating
DNA damage repair [7]. However, in the majority of can-
cer types, compromised P53 function or its aberrant degra-
dation is the fundamental driver of malignancy. Studies
suggest that P53 is primarily degraded via the ubiquitin-
proteasome mechanism, and aberrant activation of this pro-
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cess contributes significantly to tumorigenesis [8,9]. Ubiq-
uitination is mediated by the coordinated actions of E1
(ubiquitin-activating enzyme), E2 (ubiquitin-conjugating
enzyme), and E3 (ubiquitin ligase), with E3 ligases deter-
mining substrate specificity [10,11]. Aberrant activation of
the ubiquitination pathway leads to excessive degradation
of P53, thereby impairing its tumor-suppressive functions.

Furthermore, endoplasmic reticulum stress (ERS), a
critical response to an imbalance in intracellular home-
ostasis, is closely linked to cancer development [12,13].
ERS signaling can mediate cell death through factors like
C/EBP homologous protein (CHOP) or promote cytopro-
tection through the protein kinase R-like endoplasmic retic-
ulum kinase (PERK)–eukaryotic initiation factor 2 alpha
(eIF2α)–activating transcription factor 4 (ATF4) axis; how-
ever, its precise role in ICC pathobiology remains contro-
versial [14,15]. Some studies reveal that P53 may induce
tumor cell apoptosis by regulating ERS pathway, while dys-
regulated ERS could synergize with P53 loss to accelerate
cancer progression [16]. However, the specific interaction
mechanisms between P53 and ERS in ICC remain unclear.

Deltex E3 ubiquitin ligase 3L (DTX3L), a member of
the E3 ubiquitin ligase family, is involved in DNA dam-
age repair, chromatin remodeling, and regulation of pro-
tein stability [17]. DTX3L has been reported to drive tu-
mor cell proliferation and inhibit apoptosis in multiple ma-
lignancies, including breast, cervical, and brain cancers,
primarily through ubiquitin-mediated protein degradation
[18,19]. However, its function in ICC, particularly in the
context of P53 stability and ERS regulation, remains un-
defined. Given the crucial role of E3 ligases in modulat-
ing P53 degradation and the emerging significance of P53-
ERS signaling in tumor progression, we hypothesized that
DTX3L serves as a key upstream regulator within this axis.

In this study, we aimed to investigate the role of
DTX3L in ICC and its regulatory impact on ERS and
apoptosis through the modulation of P53 ubiquitination.
Employing comprehensive in vitro cellular assays and in
vivo animal experiments, we sought to elucidate a novel
DTX3L–P53–ERS signaling axis, thereby expanding our
understanding of ICC’s molecular pathogenesis, and iden-
tifying DTX3L as a potential therapeutic target.

Materials and Methods

Tissue Collection
Tumor tissues (ICC group) and adjacent non-tumorous

tissues (Normal group) were collected from 10 patients
with histologically confirmed ICC who underwent sur-
gical resection at Taihe Hospital, Hubei University of
Medicine (Shiyan, China) between March 2023 and De-
cember 2023. Inclusion criteria for patient recruitment in-
cluded (1) histopathologically confirmed ICC; (2) no pre-
operative chemotherapy or radiotherapy; and (3) availabil-
ity of paired tumor and adjacent normal tissues. However,

patients with mixed-type primary liver cancer, history of
other malignancies, or incomplete clinical or pathological
data were excluded. Based on the American Joint Com-
mittee on Cancer (AJCC, 8th edition) pathological staging
system, 6 cases were assigned to stage II and 4 to stage III
[20].

Cell Culture and Transfection
Normal human intrahepatic biliary epithelial cells (HI-

BECs, #CP-H042, Procell, Wuhan, China) and ICC cells
(RBE, #CL-0191, Procell, Wuhan, China) were cultured in
RPMI-1640 medium (#11875093, Gibco, Thermo Fisher
Scientific, Waltham, MA, USA) supplemented with 10%
fetal bovine serum (FBS, #A5670701, Gibco, Thermo
Fisher Scientific, Waltham, MA, USA) and 1% penicillin-
streptomycin (PSS, #15140148, Gibco, Thermo Fisher Sci-
entific, Waltham, MA, USA), and incubated at 37 °C with
5% CO2. Each cell line underwent authentication using
short tandem repeat (STR) profiling, exhibited typical mor-
phology upon microscopic examination, and was tested for
mycoplasma contamination before use.

DTX3L was selected as the gene of interest based
on its role as an E3 ubiquitin ligase and involvement
in tumor growth [18]. To assess regulatory function of
DTX3L in ICC, RBE cells were divided into five experi-
mental sets: (1) oeNC group: RBE cells transfected with
negative control pcDNA3.1; (2) oe-DTX3L group: RBE
cells transfected with pcDNA3.1-DTX3L; (3) shNC group:
RBE cells transfected with negative control shRNA; (4) sh-
DTX3L group: RBE cells transfected with DTX3L-specific
shRNA; and (5) sh-DTX3L+sh-P53 group: RBE cells co-
transfected with shRNAs targeting DTX3L and P53.

All shRNA constructs were acquired from
GenePharma (Shanghai, China). The targeting
sequences used were as follows: sh-DTX3L: 5′-
GCATCAACATGAAGGACATAT-3′; sh-P53: 5′-
GCGGAACTCGAATTCATTTCT-3′; and shNC: 5′-
TTCTCCGAACGTGTCACGT-3′.

For overexpression, full-length human DTX3L cDNA
was cloned into the pcDNA3.1(+) expression vector (In-
vitrogen, Carlsbad, CA, USA) and verified by Sanger
sequencing. Cellular transfections were performed us-
ing Lipofectamine™ 3000 (Thermo Fisher Scientific,
Waltham, MA, USA) according to the manufacturer’s pro-
tocol. For each well of a 6-well plate, 2.5 µg of plasmid
DNA was mixed with 5 µL of Lipofectamine 3000 reagent.
Cells were incubated with the transfection mixture for 6
hours, after which the medium was refreshed. After that,
cells were harvested 48 hours of post-transfection for sub-
sequent analyses.

Xenograft Tumor Model and In Vivo Experimental
Procedures

A total of 24 BALB/c nude mice (male, 20 ± 2
g, weighting six weeks old) were obtained from Charles
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Table 1. Primers used in qRT-PCR.
Gene Forward primer (5′-3′) Reverse primer (5′-3′)

DTX3L CCCGAGTACGAAGGAAGCTG CACTCTCTCCTTAGCTGCCC
GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA
DTX3L, Deltex E3 ubiquitin ligase 3L; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

River Inc. (Beijing, China) and maintained under specific
pathogen-free (SPF) conditionswith controlled temperature
(22 ± 2 °C), humidity (55 ± 5%), and a 12-hour light/dark
cycle. Mice had unrestricted access to autoclaved food and
water throughout the experiment.

Mice were randomly divided into four groups (n =
6 for each group), as described below: (1) oeNC group:
mice injected with RBE cells transfected with empty vec-
tor (pcDNA3.1); (2) oe-DTX3L group: mice injected with
RBE cells overexpressing DTX3L (pcDNA3.1-DTX3L);
(3) shNC group: mice injected RBE cells carrying nega-
tive control shRNA; (4) sh-DTX3L group: mice injected
with DTX3L-knockdown cells (shRNA).

Each mouse received a subcutaneous injection of 5 ×
106 RBE cells suspended in 100 µL of a 1:1 phosphate-
buffered saline (PBS, #21-040-CV, Corning, Corning, NY,
USA) and Matrigel suspension (#354234, Corning, Corn-
ing, NY, USA) into the right dorsal flank. Tumor for-
mation was initially assessed by palpation on day 4 post-
injection, with successful modeling defined as a palpable
mass exceeding 50 mm3 within 7 days. After that, tumor
dimensions were recorded every four days utilizing digital
calipers, and volume was computed as (length×width2)/2.

Mice were observed daily for signs of ulceration or
distress. On day 28 after injection, all mice were eutha-
nized through CO2 asphyxiation, with cervical dislocation
used to confirm death. Tumors were excised, photographed
alongside a calibrated ruler, and weighed. Samples were
then either snap-frozen in liquid nitrogen or fixed in 4%
paraformaldehyde for subsequent analyses.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was isolated from ICC tumor tis-

sues (ICC group), adjacent normal tissues (Normal
group), ICC cells (RBE), and normal HIBECs using
Trizol reagent (#15596018CN, Thermo Fisher Scientific,
Waltham, MA, USA). After chloroform-assisted phase sep-
aration, isopropanol-mediated precipitation, and rinsing
with 75% ethanol, RNA concentration and purity (optical
density (OD)260/OD280 between 1.8 and 2.0) were de-
termined using a NanoDrop spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA). After that, RNA
(1 µg) was reverse-transcribed into cDNA. DTX3L spe-
cific primers were used (Table 1) for qRT-PCR with SYBR
Green detection. The amplification procedure consisted of
an initial denaturation at 95 °C for 3 minutes, followed
by 40 cycles of 95 °C for 15 seconds and 60 °C for 30
seconds (annealing/extension), concluding with a melting

curve analysis to confirm primer specificity. Gene expres-
sion levels were quantified using the ∆∆Ct method. ∆Ct
value was calculated as the difference between the target
and internal reference gene Ct values, and∆∆Ct as the dif-
ference between experimental and control∆Ct values. Rel-
ative expression levels were expressed as 2−∆∆Ct.

CCK-8 Assay
Logarithmic-phase RBE cells from the oeNC, oe-

DTX3L, shNC, sh-DTX3L, and sh-DTX3L+sh-P53 groups
were seeded at a density of 5 × 103 cells/well in 96-well
plates, with five replicates per group and blank medium
wells serving as controls. After 12, 24, 48, and 72 hours of
incubation, 10 µL of Cell Counting Kit-8 (CCK-8) reagent
(#C0037, Beyotime Biotechnology, Shanghai, China) was
added to each well. Following a 2-hour incubation at 37 °C,
the absorbance (OD value) at 450 nmwas measured using a
microplate reader (BioTek, ELx800, Winooski, VT, USA).
Finally, cell viability was determined as the mean OD450
for each group, and proliferation curves were plotted ac-
cordingly.

Cell Colony Formation Assay
Log-phase RBE cells from each group were cultured

in 6-well plates at 500 cells per well, with three repli-
cate wells per group. Cells were incubated in RPMI-1640
medium supplemented with 10% FBS and 1% PSS for 14
days to form visible colonies (≥50 cells per colony). Af-
ter two PBS washes, the samples were fixed for 20 minutes
in 4% paraformaldehyde (#P0099, Beyotime Biotechnol-
ogy), followed by 15-minute staining with 0.1% crystal vi-
olet (#C0121, Beyotime Biotechnology, Shanghai, China).
After air drying, colonies were imaged and counted using
an inverted microscope (Olympus CKX53, Tokyo, Japan).

TUNEL Assay
Apoptosis was assessed using a terminal deoxynu-

cleotidyl transferase dUTP nick end labeling (TUNEL)
assay kit (#C1086, Beyotime Biotechnology, Shanghai,
China). Samples were fixed in 4% paraformaldehyde for
30minutes, followed by permeabilization in 0.1%Triton X-
100 for 10 minutes at ambient temperature. After three PBS
washes, slides were treated with a mixture of terminal de-
oxynucleotidyl transferase (TdT) enzyme and fluorescein-
labeled dUTP (e.g., FITC-dUTP or Alexa Fluor-dUTP)
was placed onto the slides and maintained at 37 °C for 1
hour in the dark. Following thorough washing, samples
were stained with 4′,6-diamidino-2-phenylindole (DAPI,
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#C1002, Beyotime Biotechnology, Shanghai, China) and
mounted using an antifademedium. Finally, slides were ob-
served, and images were recorded using an Olympus IX73
fluorescence microscope (Tokyo, Japan). For each of the
three independent replicates, five randomly selected micro-
scopic fields were analyzed, and the apoptotic rate (%) was
calculated as (TUNEL-positive nuclei/total nuclei) × 100.

Western Blot Analysis
Total protein was extracted using radioimmunopre-

cipitation assay (RIPA) lysis buffer (#P0013C, Beyotime
Biotechnology, Shanghai, China), containing protease and
phosphatase inhibitors. Protein concentration was deter-
mined using a bicinchoninic acid (BCA) Protein Assay
Kit (#P0012, Beyotime Biotechnology, Shanghai, China).
Equal amounts (30 µg) of each protein were resolved by
sodium dodecyl sulfate–polyacrylamide gel electrophoresis
(SDS-PAGE) and subsequently transferred onto polyvinyli-
dene fluoride (PVDF) membranes (IPVH00010, Milli-
pore, Burlington, MA, USA). Membranes were blocked
in 5% skim milk for 2 hours at room temperature, then
incubated overnight at 4 °C with primary antibodies, in-
cluding DTX3L (1:2000, ab70621, Abcam, Cambridge,
UK), P53 (1:1000, ab26, Abcam, Cambridge, UK), Bcl-2
(1:1000, ab182858, Abcam, Cambridge, UK), Bax (1:1000,
ab182733, Abcam, Cambridge, UK), Cleaved Caspase-
3 (1:500, ab32042, Abcam, Cambridge, UK), Cleaved
poly (ADP-ribose) polymerase (Cleaved PARP, 1:1000,
ab32561, Abcam, Cambridge, UK), PERK (1:1000, #5683,
Cell Signaling Technology, Danvers, MA, USA), eIF2α
(1:1000, #9722, Cell Signaling Technology, Danvers, MA,
USA), p-eIF2α (1:1000, #3398, Cell Signaling Technol-
ogy, Danvers, MA, USA), ATF4 (1:1000, ab85049, Ab-
cam, Cambridge, UK), CHOP (1:1000, #2895, Cell Signal-
ing Technology, Danvers, MA, USA), and β-actin (1:1000,
ab8226, Abcam, Cambridge, UK). The following day,
membranes underwent three PBS washes followed by a 1-
hour incubation at room temperature with Horseradish per-
oxidase (HRP)-conjugated secondary antibodies (goat anti-
rabbit IgG, ab6721; goat anti-mouse IgG, ab6789; 1:5000,
Abcam, Cambridge, UK). Protein signals were visual-
ized using enhanced chemiluminescence (ECL) reagents
(#32106, Thermo Fisher Scientific, Waltham, MA, USA)
and imaged on a Tanon 5200Multi imaging system (Tanon,
Shanghai, China). Band intensities were quantified using
ImageJ software (version 1.53, NIH, Bethesda, MD, USA).

Co-Immunoprecipitation (Co-IP)
Co-IP was conducted to assess Deltex E3 ubiquitin

ligase 3L-tumor protein P53 (DTX3L-P53) interactions in
RBE cells. Whole-cell lysates were incubated overnight at
4 °C with either DTX3L (1:100, ab70621, Abcam, Cam-
bridge, UK) or P53 (1:100, ab26, Abcam, Cambridge, UK)
antibodies bound to Protein A/G agarose beads (#9007, Cell
Signaling Technology, Danvers, MA, USA) with gentle ro-

tation. Following three washes to remove nonspecific pro-
teins, the immunoprecipitates were resolved through SDS-
PAGE and analyzed using Western blotting to examine the
interaction of target proteins. To assess P53 ubiquitination,
immunoprecipitates were probed with anti-ubiquitin anti-
body (1:1000, #3936, Cell Signaling Technology, Danvers,
MA, USA), followed by incubation with HRP-conjugated
secondary antibodies (goat anti-mouse IgG, ab6789; goat
anti-rabbit IgG, ab6721; 1:5000, Abcam, Cambridge, UK).
Signals were visualized using ECL reagents, and images
were acquired on a Tanon 5200 Multi imaging system
(Tanon, Shanghai, China). Protein band intensities and rel-
ative expression levels were determined using ImageJ soft-
ware (version 1.53, NIH, Bethesda, MD, USA).

Assessment of P53 Protein Stability
To evaluate the stability of the P53 protein, RBE cells

were treated with cycloheximide (CHX, #C7698, Sigma-
Aldrich, St. Louis, MO, USA) to block de novo protein
synthesis. At 0, 2, 4, and 8 hours after treatment, cells
were harvested, and total protein was extracted using RIPA
buffer containing protease inhibitors. Western blot analy-
sis was performed to detect P53 levels at each time point.
Blots were developed using ECL reagents and imaged on
the Tanon 5200 Multi chemiluminescence imaging system
(Tanon, Shanghai, China). Band intensities were quantified
using ImageJ software (version 1.53, NIH, Bethesda, MD,
USA) and normalized to the 0-hour time point sample to
generate a degradation curve.

Statistical Analysis
Statistical analyses were conducted using SPSS ver-

sion 23.0 (IBM Corp., Armonk, NY, USA). Data normal-
ity was examined using the Shapiro-Wilk test and vari-
ance homogeneity was assessed employing Levene’s test.
Quantitative data (continuous variables) were presented as
mean± standard deviation (SD). For comparisons between
two groups, an independent samples t-test was used when
parametric assumptions were met; otherwise, the Mann–
Whitney U test was applied. Multiple-group compar-
isons were performed using one-way analysis of variance
(ANOVA) coupled with Tukey’s post hoc correction. How-
ever, if parametric assumptions were violated, the Kruskal–
Wallis H test was employed. A p-value of less than 0.05was
considered statistically significant.

Results

Upregulation of DTX3L in Intrahepatic
Cholangiocarcinoma

To evaluate DTX3L’s expression levels in ICC, its
mRNA levels were assessed in tumor tissues (ICC group)
and paired adjacent normal (Normal group) using qRT-
PCR. As shown in Fig. 1A,DTX3Lwas significantly upreg-
ulated in the ICC group compared to the Normal group (p<
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Fig. 1. Expression levels of DTX3L in intrahepatic cholangiocarcinoma. (A) qRT-PCR was used to assess DTX3L mRNA in the ICC
and Normal groups (n = 10). (B) qRT-PCR analysis of DTX3L mRNA in HIBEC and RBE cells. (C) Western blot analysis of DTX3L
protein in HIBEC and RBE cells. Data were presented as mean ± SD (n = 3). *p < 0.05, **p < 0.01 vs. Normal or HIBEC group.
DTX3L, Deltex E3 ubiquitin ligase 3L; ICC, intrahepatic cholangiocarcinoma; HIBEC, human intrahepatic biliary epithelial cell; RBE,
ICC cells; SD, standard deviation.

0.01), suggesting a critical role in the onset and progression
of ICC. At the cellular level, qRT-PCR and Western blot
analyses demonstrated that both DTX3L mRNA (p< 0.05)
and protein (p< 0.01) were substantially higher in ICC cell
line RBE compared to normal HIBECs (Fig. 1B,C).

These findings suggest that DTX3L was aberrantly
upregulated in ICC and might contribute to tumor progres-
sion.

DTX3L Promoted ICC Cell Proliferation and
Inhibited Apoptosis

Transfection efficiency was validated by qRT-PCR
and Western blot analyses, demonstrating DTX3L over-
expression and knockdown in RBE cells (p < 0.01,
Fig. 2A,B). Functionally, DTX3L overexpression signifi-
cantly enhanced cell viability and colony-forming ability
(p < 0.05 or p < 0.01), whereas DTX3L knockdown ex-
hibited the opposite effects (p < 0.01, Fig. 2C,D). TUNEL
assay revealed reduced apoptosis in the oe-DTX3L group
and increased apoptosis in the sh-DTX3L group (p < 0.01,
Fig. 2E). Consistent with these results, Western blot analy-
sis of apoptotic indicators showed that DTX3L overexpres-
sion upregulated Bcl-2 and downregulated Bax, Cleaved
Caspase-3, and Cleaved PARP (p < 0.01), while DTX3L
knockdown induced the opposite trends (p< 0.01, Fig. 2F).

These findings indicate that DTX3L promotes ICC
cell proliferation and inhibits apoptosis.

DTX3L Negatively Regulated the Endoplasmic
Reticulum Stress Pathway

As shown in Fig. 3, ERS-associated proteins (PERK,
p-eIF2α, ATF4, and CHOP) were significantly upregu-
lated in the sh-DTX3L group and downregulated in the oe-
DTX3L group compared to their corresponding controls

(p < 0.01). The expression of total eIF2α remained un-
changed across all groups, suggesting that DTX3L regu-
lates ERS primarily by modulating eIF2α phosphorylation.
These results indicate that DTX3L is a negative regulator
of the ERS response.

DTX3L Promoted Tumor Growth In Vivo
After 4 weeks of inoculation, tumor size and weight

were measured in the oeNC, oe-DTX3L, shNC, and sh-
DTX3L groups (Fig. 4A). Compared to the control group,
tumor volume and weight were significantly increased in
the oe-DTX3L group while significantly decreased in the
sh-DTX3L group (p < 0.05, Fig. 4B,C). Tumor volume,
measured every four days, revealed accelerated growth in
the oe-DTX3L group and significant growth inhibition in
the sh-DTX3L group (p < 0.05). Additionally, West-
ern blot analysis of tumor tissues (Fig. 4D) demonstrated
that DTX3L knockdown significantly upregulated P53 and
ERS-related markers (PERK, p-eIF2α, ATF4, and CHOP),
while DTX3L overexpression led to the opposite effect.

These observations suggest that DTX3L supports tu-
mor growth by modulating P53 and ERS pathway.

Interaction Between DTX3L and P53
Western blot analysis (Fig. 5A) showed that DTX3L

overexpression significantly reduced P53 protein levels (p
< 0.01), whereas DTX3L knockdown increased P53 pro-
tein levels (p < 0.01), indicating that DTX3L modulated
P53 expression. To assess P53 stability, RBE cells were
treated with CHX, and the P53 degradation rate was exam-
ined over time (Fig. 5B). In the oe-DTX3L group, P53 de-
graded more rapidly (p< 0.01), however, in the sh-DTX3L
group, P53 degradation was significantly delayed (p< 0.05
or p < 0.01), confirming that DTX3L promotes P53 stabil-
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Fig. 2. DTX3L promoted ICC cell proliferation and inhibited apoptosis. (A) qRT-PCR analysis of DTX3L mRNA in RBE cells from
the oeNC, oe-DTX3L, shNC, and sh-DTX3L groups. (B) Western blot analysis of DTX3L protein in RBE cells across the groups. (C)
CCK-8 assay to detect the viability of RBE cells at various time points (12 h, 24 h, 48 h, 72 h) across the groups. (D) Colony formation
assay to evaluate the colony-forming ability of RBE cells across the groups. (E) TUNEL assay to detect apoptosis in RBE cells across
the groups. (F) Western blot analysis to assess Bcl-2, Bax, Cleaved Caspase-3 and Cleaved PARP in RBE cells. Data were presented as
mean± SD (n = 3). *p< 0.05, **p< 0.01 vs. oeNC group; ##p< 0.01 vs. shNC group. CCK-8, Cell Counting Kit-8; TUNEL, Terminal
deoxynucleotidyl transferase dUTP nick end labeling; DAPI, 4′,6-diamidino-2-phenylindole; PARP, Poly (ADP-ribose) polymerase.

ity. Furthermore, Co-IP assays (Fig. 5C) revealed a direct
interaction between DTX3L and P53. Additionally, ubiqui-
tination assays (Fig. 5D) showed that DTX3L overexpres-
sion significantly increased P53 ubiquitination (p < 0.01),
promoting its degradation, whereas DTX3L knockdown de-
creased it (p < 0.01).

These findings collectively indicate that DTX3L binds
to P53 and promotes its ubiquitin-mediated degradation,
compromising P53 stability and function.

P53 Knockdown Reversed the Antitumor Effects of
DTX3L Knockdown

Western blot analysis (Fig. 6A) demonstrated that
DTX3L knockdown substantially increased P53 protein
levels (p < 0.01), while simultaneous P53 knockdown re-
duced its expression (p< 0.01), confirming successful P53
suppression. Cell proliferation assays indicated that cell vi-
ability (Fig. 6B) and colony formation (Fig. 6C) were sig-

nificantly reduced in the sh-DTX3L group (p < 0.01), but
these proliferative capacities were significantly restored af-
ter P53 co-knockdown (p < 0.05). Apoptosis analysis us-
ing TUNEL staining (Fig. 6D) demonstrated an increase
in apoptotic cells after DTX3L knockdown (p < 0.01),
which was substantially rescued with P53 co-knockdown
(p < 0.01). As shown in Fig. 6E, DTX3L knockdown sig-
nificantly upregulated endoplasmic reticulum (ER) stress
markers (p-eIF2α, PERK, CHOP, ATF4), but their level de-
creased substantially upon P53 co-knockdown (p < 0.01).

These findings indicate that P53 mediates the antitu-
mor effects of DTX3L knockdown.

Discussion

This study investigated the role of DTX3L in ICC us-
ing both in vitro and in vivo models. We observed that
DTX3L expression was significantly higher in ICC tissues
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Fig. 3. DTX3L negatively regulated the endoplasmic reticulum stress response. (A) Representative protein bands of protein kinase
R-like endoplasmic reticulum kinase (PERK), eukaryotic initiation factor 2 alpha (eIF2α), phosphorylated eIF2α (p-eIF2α), activating
transcription factor 4 (ATF4), and C/EBP homologous protein (CHOP) in RBE cells from the oeNC, oe-DTX3L, shNC, and sh-DTX3L
groups. (B) Relative expression levels of PERK, eIF2α, p-eIF2α, ATF4, and CHOP across all groups. Data were presented as mean ±
SD (n = 3). **p < 0.01 vs. oeNC group; ##p < 0.01 vs. shNC group.

Fig. 4. DTX3L promoted tumor growth in vivo. (A) Visual representation of tumors harvested from mice in the oeNC, oe-DTX3L,
shNC, and sh-DTX3L groups. (B) Tumor volumes of mice across the groups over 28 days. (C) Tumor weight comparison for mice
across the groups upon study completion. (D) Western blot analysis of P53, PERK, eIF2α, p-eIF2α, ATF4, and CHOP protein levels in
tumor tissues from the four groups. Data were presented as mean ± SD (n = 3). *p < 0.05, **p < 0.01 vs. oeNC group; #p < 0.05, ##p
< 0.01 vs. shNC group.

and cell lines compared to normal controls, promoting tu-
mor progression by enhancing cell proliferation, inhibit-
ing apoptosis, and regulating the ERS pathway. Further-
more, DTX3L directly interacted with P53 and accelerated
its ubiquitination-mediated degradation, thereby impairing
its tumor-suppressive function. In in vivo models, DTX3L

knockdown significantly suppressed tumor growth, which
was reversed when P53 was simultaneously knockdown.
These findings suggest that DTX3L might act as a critical
regulator of ICC progression and highlight its potential as a
therapeutic target.
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Fig. 5. Interaction between DTX3L and P53. (A) Western blot analysis of P53 protein levels in RBE cells from the oeNC, oe-DTX3L,
shNC, and sh-DTX3L groups. (B) P53 protein levels in RBE cells from each group after 0, 2, 4, and 8 hours of treatment with CHX.
(C) Co-IP assay to determine the binding between DTX3L and P53 in RBE cells. (D) Co-IP was followed by immunoblotting to assess
the ubiquitination levels of P53 in RBE cells from each group. β-actin was used as a loading control in the input samples. Data were
expressed as mean ± SD (n = 3). **p < 0.01 vs. oeNC group; #p < 0.05, ##p < 0.01 vs. shNC group. CHX, cycloheximide; Co-IP,
Co-Immunoprecipitation.

This study provides novel evidence supporting the
oncogenic function of DTX3L in ICC. As an E3 ubiq-
uitin ligase, DTX3L’s pro-tumorigenic effects have been
widely reported in various cancers [19]. For example,
DTX3L enhances breast cancer cell proliferation by pro-
moting the ubiquitination and degradation of tumor sup-
pressors [21,22]. Nevertheless, the precise functions and
regulatory pathways of DTX3L in ICC remain poorly un-
derstood. Our findings bridge this knowledge gap by elu-
cidating the molecular mechanism through which DTX3L
promotes ICC progression, offering crucial theoretical in-
sights into its oncogenic functions.

P53, a crucial tumor suppressor, is tightly modulated
by various ubiquitination pathways [8]. Our findings con-

firm DTX3L’s pivotal role in the ubiquitination-mediated
P53 degradation, as evidenced by the direct interaction be-
tween DTX3L and P53, leading to accelerated P53 degra-
dation. In addition to destabilizing P53, DTX3L signifi-
cantly suppressed P53-mediated ERS signaling. Notably,
ERS participates in cancer progression with dual function-
ality, either suppressing tumors by enhancing apoptosis or
supporting tumor cell survival by adaptive stress responses
[12,23,24]. We found that increased DTX3L expression ef-
fectively reduced pro-apoptotic ERS signaling activated by
P53, thereby enhancing ICC cell proliferation. These re-
sults contribute to our understanding of P53 regulation and
highlight mechanisms of stress modulation in the tumor mi-
croenvironment.
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Fig. 6. P53 knockdown reversed the antitumor effects of DTX3L knockdown. (A) Western blot analysis of P53 in RBE cells from
the shNC, sh-DTX3L, and sh-DTX3L+sh-P53 groups. (B) CCK-8 assay to examine RBE cell viability across the groups. (C) Colony
formation experiment to evaluate the colony-forming ability of RBE cells across the groups. (D) TUNEL assay to assess RBE cell
apoptosis levels across the groups. (E) Western blot analysis to quantify PERK, eIF2α, p-eIF2α, ATF4, and CHOP in RBE cells across
the groups. Data were presented as mean ± SD (n = 3). **p < 0.01 vs. shNC group; #p < 0.05, ##p < 0.01 vs. sh-DTX3L group.

ICC is characterized by high aggressiveness and its
ability to adapt to a hostile microenvironment, which distin-
guishes it from other cancers [25]. In this context, DTX3L’s
role in regulating both P53 stability and ERS is particularly
significant. This study, through in vitro cell experiments
and in vivo animal models, confirmed the critical role of
DTX3L in ICC tumor progression. Notably, in animal ex-
periments, DTX3L knockdown significantly inhibited tu-
mor volume and weight while increasing the expression of
ER stress markers (PERK, p-eIF2α, ATF4, and CHOP),
further validating the role of restored P53 function in pro-
moting ER stress and apoptosis. Conversely, DTX3L over-
expression significantly reduced both P53 and ER stress-
proteins, further supporting its role in facilitating ICC pro-
gression through ubiquitin-mediated degradation of P53.

Despite the compelling findings, we acknowledge
several limitations in this study. First, the research pri-
marily relied on in vitro assays and subcutaneous xenograft
models, which may not fully capture the complexity of the
human tumor microenvironment. Second, while P53 was

identified as a key substrate of DTX3L-mediated ubiqui-
tination, the potential involvement of other oncogenic tar-
gets (such as phosphatase and tensin homolog (PTEN) or
forkhead box O (FOXO)) was not explored, warranting
ubiquitinome-wide proteomic analyses and competitive as-
says to determine additional substrates. Third, although
DTX3L knockdown activated ERS and promoted apopto-
sis, the lack of pathway-specific inhibitors (e.g., the PERK
inhibitor GSK2606414) prevents us from establishing di-
rect causality. Fourth, blank control groups were not in-
cluded in certain functional assays, which may have af-
fected the robustness of internal comparisons. Finally, the
relatively limited number of clinical samples restricts the
generalizability of our results. Future investigations should
expand clinical validation cohorts, incorporate ER stress in-
hibitors, implement comprehensive experimental controls,
and explore DTX3L’s interaction with broader signaling
networks to better explain its tumorigenic and therapeutic
role in ICC and other malignancies.
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Conclusion

This study reveals that DTX3L serves as a key
oncogenic factor in ICC by promoting the ubiquitination-
mediated degradation of P53, thereby suppressing ERS and
apoptosis. These findings provide novel insights into the
molecular mechanisms underlying ICC and establish a the-
oretical foundation for targeting DTX3L as a novel thera-
peutic approach.
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