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Abstract: Objective: Intracranial aneurysm (IA) represents a devastating disease with high rates of disability and

mortality, which is initiated by dysfunction of endothelial cells (ECs). Evidence suggests the dysregulation of the E3

ubiquitin ligase family during EC injury. In this work, the role of an E3 ubiquitin ligase, casitas B lymphoma-B (CBL-

B), was explored in human brain microvascular EC (HBMEC) function through the NLRP3 pathway. Methods: In

vitro IA model was induced by treating HBMECs with oxidized low-density lipoprotein (ox-LDL). The levels of CBL-

B and pyroptosis-related proteins NLRP3, ASC, cleaved caspase-1, and GSDME-N were determined by real-time-

quantitative polymerase chain reaction and western blotting. HBMEC apoptosis, proliferation, and migration were

evaluated by flow cytometry, MTT, and scratch tests. An enzyme-linked immunosorbent assay was conducted to

measure interleukin (IL)-1β and IL-18 levels in cell culture supernatant. The ubiquitination of NLRP3 was detected by

co-immunoprecipitation. Results: NLRP3 was highly expressed while CBL-B was weakly expressed in ox-LDL-treated

HBMECs. Cell apoptosis was enhanced, proliferation and migration were weakened, NLRP3 inflammasome was

activated, and levels of gasdermin E-N, IL-1β, and IL-18 were increased in ox-LDL-induced HBMECs. The above

tendencies were counteracted by NLRP3 knockdown or CBL-B overexpression. Additionally, CBL-B overexpression

increased NLRP3 ubiquitination, suggesting that CBL-B hampered the activation of NLRP3 inflammasome by

ubiquitinating NLRP3. Conclusion: E3 ubiquitin ligase CBL-B accelerates NLRP3 degradation to impede HBMEC

pyroptosis, thus palliating vascular EC injury in IA.

Introduction

Intracranial aneurysm (IA) is conceived as an outward
bulging of arterial walls, featured primarily by chronic
inflammation and weakening of arterial walls [1]. IA afflicts
approximately 3% of the general population, with a
markedly high prevalence in women [2]. Although most of
them remain stable and are asymptomatic; once the IA
ruptures, the consequent subarachnoid hemorrhage (SAH)
usually yields high rates of mortality, disability, and
morbidity, as well as heavy socioeconomic burden [3,4].
Survival from aneurysmal SAH has risen by approximately
17% in recent few decades, presumably due to better
diagnosis, prescription of nimodipine, and early aneurysm

repair, as well as advanced intensive care support [5].
Patients with aneurysmal SAH may have better outcomes
when cared for in the specialized neurologic intensive care
unit with a multi-/inter-disciplinary clinical team [6].
Currently, microsurgical clipping and endovascular
modalities have made profound advancements in the
treatment of IA [7]. However, therapeutic efficacy remains
unsatisfactory due to high recurrence rates and
complications, highlighting a need to elucidate its
complicated molecular mechanisms [8]. Intrinsically,
endothelial cells (ECs) are a dominant type of cells
composing the intracranial arteries, which are essential in
maintaining cerebrovascular integrity [9]. EC dysfunction is
widely-acknowledged as a contributor to IA pathogenesis,
with damage or injury to the EC layer as the first event in
IA formation [10]. Consequently, a deeper understanding of
the complex mechanisms of vascular EC function is urgently
needed to treat IA effectively.
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Current evidence has indicated the involvement of
endothelium pyroptosis in multiple vascular diseases,
including cerebrovascular diseases [11]. More specifically,
EC pyroptosis occurs after intracerebral hemorrhage, and
can be repressed by directly targeting nucleotide-binding
oligomerization domain-like receptor pyrin domain-
containing 3 (NLRP3) or its upstream molecules, thereby
improving the prognosis of intracerebral hemorrhage [12].
The NLRP3 inflammasome is considered an intracellular
protein complex composed of a sensor NLRP3, an effector
caspase-1, and an adaptor apoptosis-associated speck-like
protein containing a caspase recruitment domain (ASC),
which is vital in mediating inflammation in the context of
diverse pathologies [13,14]. The assembly of NLRP3
inflammasome contributes to the caspase 1-dependent
generation of pro-inflammatory cytokines interleukin (IL)-
1β and IL-18, in addition to gasdermin D (GSDMD)-
regulated pyroptosis [15]. NLRP3 inflammasome-mediated
pyroptosis and inflammation are pivotal function in
endothelial dysfunction [16]. Importantly, pharmacologic
manipulation of NLRP3 ubiquitination can hinder NLRP3
inflammasome assembly and activation and protect against
atherosclerosis and vascular inflammation [17].

Ubiquitination is a crucial mechanism related to post-
translational modification, and casitas B lymphoma-B (CBL-
B) emerges as a known RING finger E3 ubiquitin ligase to
mediate ubiquitination modification of proteins [18]. CBL-B
is shown to control NLRP3 inflammasome by targeting
NLRP3 for K48-linked ubiquitination [19]. More
importantly, heterozygous variants in the CBL gene are
extremely related to cerebral arteriopathy [20]. CBL-B
expression in human plaques decreases during
atherosclerosis progression [21]. In particular, CBL is
implicated in angiogenesis in part by mediating EC growth
[22]. Moreover, the suppression of tyrosine phosphorylation
of phospholipase Cγ1 by CBL is imperative in vascular
endothelial growth factor-induced cellular responses in ECs
[23]. We, therefore, dissected the possible impact and
mechanism of CBL-B and NLRP3 on the function of
vascular ECs.

Materials and Methods

Cell culture and construction of in vitro intracranial aneurism
model
Human brain microvascular ECs (HBMECs; ScienCell,
Carlsbad, CA, USA) were cultured in the extracellular
matrix medium (ScienceCell) at 37°C in a 5% CO2

incubator. Once reaching 70% confluence, HBMECs were
treated with 100 mg/L oxidized low-density lipoprotein (ox-
LDL; Solarbio, Beijing, China) for 24 h [24].

Cell transfection and grouping
HBMECs were placed in 96-well plates prior to transfection.
Small interfering RNA for NLRP3 (si-NLRP3),
overexpression vectors for CBL-B and NLRP3 (oe-CBL-B
and oe-NLRP3), and their negative controls (si-NC and oe-
NC) were ordered from GenePharma (Shanghai, China).
When cells reached 70%–80% confluence, transfection

(48 h) was executed strictly in the presence of Lipofectamine
2000 transfection following the kit instructions.

Flow cytometry
Cells were treated with trypsin (0.25%), centrifuged for 5 min
at 800 rpm, and suspended in binding buffer (1×) to adjust the
cell density to 1 × 107 cells/mL. Next, the cell suspension
(100 μL) was incubated for 20 min with 5 μL propidium
iodide (20 μg/mL) and Annexin V-fluorescein
isothiocyanate and subsequently mixed with 400 μL binding
buffer (1×). Within 1 h, cell apoptosis was evaluated with
the help of a flow cytometer (BD FACSArial I cell sorter,
BD Biosciences, San Jose, CA, USA).

Assay using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT)
Cell suspension was prepared by detaching cells with trypsin.
The cell concentration was adjusted to 5 × 104 cells/mL and
cultured in 96-well plates. Following 48 h, cells were
incubated with 20 μL MTT for 4 h. MTT solution in each
well was dissolved in 150 μL dimethyl sulfoxide. The optical
density (OD) value of cells was measured at 570 nm, and
then the viability rate of HBMECs was calculated.

Scratch test
Cells were inoculated in 24-well plates at a density of 2 × 105

cells/well. On reaching 90% confluence, a 1 mL pipette tip
was used to create a straight scratch, after which the
floating cells were removed. Following 24-h culture, the
scratch spacing was observed under a microscope.
National Instrument Vision Assistant 8.6 software was
utilized to calculate the wound healing area. Cell mobility
rate = healing area of scratch wound/initial scratched area
× 100%.

Enzyme-linked immunosorbent assay (ELISA)
The collected HBMECs were centrifuged at 300×g for 10 min,
and the sediment was removed. Thereafter, levels of IL-1β and
IL-18 in cell culture supernatant were determined using the
corresponding kits (EK101B; EK218, Multisciences (Lianke)
Biotech, Hangzhou, Zhejiang, China). Finally, the OD value
was measured, and a standard curve was plotted.

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR)
The extraction of total RNA from cells was conducted by
means of RNAsimple Total RNA Extraction Kits (DP419,
TIANGEN Biotech, Beijing, China), followed by
determination of RNA concentration and purity. The
reverse transcription into cDNA was performed utilizing
PrimeScript RT reagent Kits (Takara, Tokyo, Japan). RT-
qPCR was implemented with the help of SYBR GreenPCR
Master Mix (Takara) and Real-Time PCR System (Roche,
Basel, Switzerland). Primers were synthesized by (Sangon
Biotech, Shanghai, China) and exhibited in Table 1. The Ct
value of each well was recorded, and the relative expression
of the product was calculated using the 2−ΔΔCt method,
with glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
selected as an internal control.
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Western blotting
Cells were rinsed with pre-cooled phosphate-buffered saline
(PBS) and lysed with protein extraction lysis buffer. Protein
samples were quantified using bicinchoninic acid kits.
Samples were mixed with 1/4 volume of 5×sample buffer,
followed by 5-min heating in a boiling water bath. Following
electrophoresis using 10% separation gels and 5%
concentration gels and transferring to membranes, the
membranes were sealed with 5% dry skim milk for 60 min
and then probed overnight with following primary antibodies
at 4°C: NLRP3 (1:1000, ab263899, Abcam, Cambridge, UK),
CBL-B (1:200, sc-8006, Santa Cruz Biotechnology, Santa
Cruz, CA, USA), ASC (1:1000, ab283684, Abcam), cleaved
caspase-1 (1:1000, #4199, CST, Beverly, MA, USA), GSDME-
N (1:1000, ab222408, Abcam), and GAPDH (1:500, ab8245,
Abcam). Thereafter, membranes were incubated with
secondary antibody IgG for 60 min. The membranes were
immersed in an electrochemiluminescence reaction solution
(Beyotime) for 1 min, and after the removal of the liquid, the
membranes were covered. After the dropwise addition of the
developing solution, membranes were detected using a
chemiluminescence imaging system (Tanon, Shanghai, China).

Co-immunoprecipitation (Co-IP)
NLRP3 ubiquitination was detected by immunoblotting after
NLRP3 was isolated using IP assay. Cells were subjected to
transfection for 48 h, and the next treatment with MG132
(HY-13259, MedChemExpress, Shanghai, China) for 4–6 h.
Subsequently, cells were rinsed with PBS and lysed utilizing
protein extraction kits (KeyGen Biotechnology, Nanjing,
Jiangsu, China). Following centrifugation of lysates, the
obtained cytoplasmic proteins were incubated overnight
with NLRP3 antibody and then added with 100 μL protein
A/G agarose beads to capture the antigen-antibody complex.
The complex was subsequently incubated for 4 h on a
shaker at 4°C, rinsed thrice with lysis buffer, and boiled in
2×sodium dodecyl sulfate loading buffer to release the
proteins, which were then incubated with anti-ubiquitin
antibody (1:2000, ab134953, Abcam) for immunoblotting.

Statistical analysis
Statistical analysis was processed by means of GraphPad
Prism 7 software, and data were described as mean ± SD.
For normally-distributed samples, two-group comparisons

were conducted through the t-test, and multiple-group
comparisons were made using ANOVA, followed by
Tukey’s test. For samples not conforming to the normal
distribution, the analysis of two independent samples was
carried out by the Mann-Whitney U test, and for multiple
independent samples, Kruskal-Wallis was performed.
Statistical significance was declared when p < 0.05.

Results

Mitigation of human brain microvascular endothelial-cell
injury due to NLRP3 silencing
We first constructed an in vitro model of IA by inducing
HBMECs with ox-LDL. RT-qPCR and Western blot revealed
that NLRP3 levels were prominently increased in the ox-LDL
group compared with the control group (Figs. 1A and 1B).
To dissect the exact effect of NLRP3 on the function of
HBMECs, si-NLRP3 or its NC was transfected into ox-LDL-
induced HBMECs. RT-qPCR and Western blot evinced the
successful transfection (Figs. 1A and 1B). Flow cytometry
suggested that the ox-LDL group exhibited a higher apoptosis
rate than the control group, and the ox-LDL + si-NLRP3
group showed a lower rate of apoptosis than the ox-LDL +
si-NC group (Fig. 1C). The proliferative and migratory
capacities of HBMECs were assessed by MTT (Fig. 1D) and
scratch tests (Fig. 1E), which unveiled that cell viability and
mobility were weakened in the ox-LDL group vs. the control
group, and enhanced in the ox-LDL + si-NLRP3 group vs.
the ox-LDL + si-NC group. Additionally, Western blot
suggested that the expression levels of ASC, cleaved caspase-1,
and GSDME-N were markedly increased in the ox-LDL
group, whereas diminished in the ox-LDL + si-NLRP3 group
(Fig. 1F). As indicated by ELISA, levels of inflammatory
factors IL-1β and IL-18 in the cell supernatant were higher in
the ox-LDL group than in the control group, which were
lower in the ox-LDL + si-NLRP3 group than in the ox-LDL +
si-NC group (Figs. 1G and 1H). Taken together, NLRP3
silencing contributed to the alleviation of HBMEC injury.

Inhibition of NLRP3 expression through ubiquitination
regulation by casitas B lymphoma-B
The prediction from the UbiBrowser database revealed that
CBL-B acted as an E3 ubiquitin ligase of NLRP3 (Fig. 2A).
RT-qPCR and Western blot suggested the low expression of
CBL-B in ox-LDL-induced HBMECs (Figs. 2B and 2C).
Subsequently, oe-CBL-B or oe-NC was introduced into ox-
LDL-treated HBMECs. Compared with the ox-LDL + oe-
NC group, CBL-B expression was significantly increased,
NLRP3 protein level was evidently reduced, but NLRP3
mRNA level was not distinctly altered in the ox-LDL + oe-
CBL-B group (Figs. 2D and 2E). As reflected by the Co-IP
assay, ubiquitination of NLRP3 was remarkably enhanced
after CBL-B overexpression (Fig. 2F). Collectively, the
aforementioned results evinced that CBL-B suppressed the
expression of NLRP3 by mediating ubiquitination.

Alleviation of human brain microvascular endothelial-cell
injury by casitas B lymphoma-B treatment
Subsequently, we probed into the specific role of CBL-B
in the biological behaviors of HBMECs. As reflected by

TABLE 1

Primer sequences

Name of primer Sequences (5′-3′)

NLRP3-F CCAGGAGTTCTTTGCGGCTA

NLRP3-R GCCTTTTTCGAACTTGCCGT

CBL-B-F CCTCCTGTTCGGTCTTGTGA

CBL-B-R CAAAAGCATCTTCACCCTTCAA

GAPDH-F GAAATCCCATCACCATCTTCCAGG

GAPDH-R GAGCCCCAGCCTTCTCCATG
Note: F, forward; R, reverse; NLRP3, nucleotide-binding oligomerization
domain-like receptor pyrin domain-containing 3; CBL-B, casitas B lymphoma-
B; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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flow cytometry (Fig. 3A), MTT (Fig. 3B), and scratch
tests (Fig. 3C), HBMEC apoptosis was evidently weakened,
cell viability was enhanced, and cell mobility was
strengthened in the ox-LDL + oe-CBL-B group compared
with the ox-LDL + oe-NC group. Additionally, western
blot manifested that the ox-LDL + oe-CBL-B group

presented lower ASC, cleaved caspase-1, and GSDME-N
levels than the ox-LDL + oe-NC group (Fig. 3D). ELISA
demonstrated a decline of IL-1β and IL-18 levels in the ox-
LDL + oe-CBL-B group (Figs. 3E and 3F). In summary,
overexpression of CBL-B impeded HBMEC pyroptosis and
palliated cell injury.

FIGURE 1. NLRP3 downregulation alleviates HBMEC injury. The expression of NLRP3 was determined through (A) RT-qPCR and
(B) western blotting; (C) cell apoptosis was assessed by flow cytometry; (D) cell viability was assessed by MTT assay; (E) cell mobility was
evaluated by a scratch test; (F) Western blotting was adopted to measure the protein levels of ASC, cleaved caspase-1, and GSDME-N; (G and
H) ELISA was employed to determine IL-1β and IL-18 levels. *p < 0.05 compared with the control or ox-LDL + si-NC group. Experimentation
was repeated thrice. NLRP3: nucleotide-binding oligomerization domain-like receptor pyrin domain-containing 3; RT-qPCR: real-time
quantitative polymerase chain reaction; ASC: a caspase recruitment domain; GSDME: gasdermin E; ELISA: enzyme linked
immunosorbent assay; IL-1β: interleukin-1β; ox-LDL: oxidized low-density lipoprotein; NC: negative control.
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FIGURE 2. CBL-B regulates ubiquitination to repress NLRP3 expression. (A) The UbiBrowser database was employed to predict the E3 ubiquitin
ligases of NLRP3, F: F-box family; R: RING family; CBL-B expression was determined through (B) RT-qPCR and (C) western blotting. The
changes in CBL-B and NLPR3 levels after transfection with oe-CBL-B were determined by (D) RT-qPCR and (E) western blotting. NLRP3
ubiquitination after treatment with MG132 was determined by (F) Co-IP was implemented to examine. *p < 0.05 compared with the control
or ox-LDL + oe-NC group. The experiment was performed thrice in duplicate. CBL-B: casitas B lymphoma-B; NLRP3: nucleotide-binding
oligomerization domain-like receptor pyrin domain-containing 3; RT-qPCR: real-time quantitative polymerase chain reaction; Co-IP: co-
immunoprecipitation; IL-1β: interleukin-1β; ox-LDL: oxidized low-density lipoprotein; oe-NC: overexpressed negative control.

FIGURE 3. CBL-B is shown to extenuate HBMEC injury. (A) HBMEC apoptosis was evaluated using flow cytometry; (B) HBMEC viability
was estimated by MTT; (C) HBMEC mobility was assessed by scratch test; (D) The protein levels of ASC, cleaved caspase-1, and GSDME-N
were determined by means of western blotting; (E and F) The levels of IL-1β and IL-18 were measured using ELISA. *p < 0.05 compared with
the ox-LDL + oe-NC group. The experimentation was performed thrice in duplicate. CBL-B: casitas B lymphoma-B; HBMEC: human brain
microvascular endothelial cells; ASC: a caspase recruitment domain; GSDME-N: gasdermin N; ELISA: enzyme linked immunosorbent assay;
Co-IP: co-immunoprecipitation; IL-1β: interleukin-1β; ox-LDL: oxidized low-density lipoprotein; oe-NC: overexpressed negative control.
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Casitas B lymphoma-B attenuated vascular endothelial cell
injury in intracranial aneurism by promoting NLRP3
degradation
The ox-LDL-induced HBMECs were co-transfected with oe-
CBL-B and oe-NLRP3 or oe-NC. Next, RT-qPCR and
western blot indicated a successful co-transfection (Figs. 4A

and 4B). A series of experiments, including flow cytometry
(Fig. 4C), MTT (Fig. 4D), and scratch tests (Fig. 4E),
unraveled that the oe-CBL-B + oe-NLRP3 group exhibited
higher HBMEC apoptosis and lower cell viability and
mobility capabilities than the oe-CBL-B + oe-NC group.
Moreover, western blot elucidated the increase of ASC,

FIGURE 4. CBL-B facilitates NLRP3 degradation to mitigate vascular EC injury in IA. NLRP3 expression was measured by (A) RT-qPCR and
(B) western blotting. (C) Cell apoptosis was determined by flow cytometry. (D) cell viability was assessed by MTT assay. (E) Cell mobility was
determined by a scratch test. (F) Levels of ASC, cleaved caspase-1, and GSDME-N were determined by western blotting. (G and H) IL-1β and
IL-18 levels were determined by ELISA. (I) NLRP3 ubiquitination was assessed by Co-IP. *p < 0.05 compared with the oe-CBL-B + oe-NC
group. The experiment was performed thrice in duplicates. CBL-B: casitas B lymphoma-B; NLRP3: nucleotide-binding oligomerization
domain-like receptor pyrin domain-containing 3; EC: endothelial cells; ASC: a caspase recruitment domain; ELISA: enzyme linked
immunosorbent assay; GSDME-N: gasdermin N; RT-qPCR: real-time quantitative polymerase chain reaction; Co-IP: co-
immunoprecipitation; IL-1β: interleukin-1β; ox-LDL: oxidized low-density lipoprotein; oe-NC: overexpressed negative control.
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cleaved caspase-1, and GSDME-N levels in the oe-CBL-B +
oe-NLRP3 group in contrast to the oe-CBL-B + oe-NC
group (Fig. 4F). ELISA demonstrated that IL-1β and IL-18
levels were predominantly raised in the oe-CBL-B + oe-
NLRP3 group (Figs. 4G and 4H). The result from co-IP
illustrated that there was no obvious change in NLRP3
ubiquitination between the oe-CBL-B + oe-NC group and
the oe-CBL-B + oe-NLRP3 group (Fig. 4I). Altogether,
overexpression of NLRP3 nullified the mitigative effect of
CBL-B upregulation on HBMEC injury, suggesting that
CBL-B unleashed an alleviating effect on vascular EC injury
in IA by facilitating degradation of NLRP3.

Discussion

IA refers to a pathological and irreversible dilatation of
cerebral arteries, the rupture of which is a considerably
destructive event leading to SAH [25]. In terms of etiology,
IA is initiated mainly by EC disruption and dysfunction
driven by aberrant physiological wall shear stress [26].
Therefore, maintenance of EC function is essential for
preventing and delaying IA progression. In this study,
HBMECs induced by ox-LDL was used as in vitro model to
investigate the intrinsic mechanisms associated with EC
injury. Our results elucidated that CBL-B curtailed HBMEC
pyroptosis and injury by promoting NLRP3 degradation,
thus palliating vascular EC injury in IA (Fig. 5).

As an extensively explored inflammasome, NLRP3
inflammasome is linked with IL-1β and IL-18 secretion,
which aggravates inflammation responses following SAH
[27]. NLRP3 inflammasome is expressed in the wall of
human IAs and is more abundant in ruptured IAs than in
unruptured ones [28]. Inhibition of NLRP3 function can
palliate early brain injury as well as delayed cerebral
vasospasm following SAH [29]. Of note, NLRP3
inflammasome activation in ECs in the context of
pathophysiological conditions appears to exacerbate
endothelial dysfunction, thereby resulting in multiple
disorders [16]. Similar to these findings, our results also
evinced that NLRP3, ASC, and cleaved caspase-1 were

highly expressed in ox-LDL-induced HBMECs, confirming
the activation of NLRP3 inflammasome. Compelling
evidence has indicated that NLRP3 inflammasome
activation exacerbates cerebrovascular disorders by
manipulating pyroptosis and apoptosis [30]. Intrinsically,
GSDME can be cleaved by caspase-3 to release the GSDME-
N domain, which facilitates pyroptosis by forming
membrane pores, and GSDME knockdown weakens
pyroptosis and inflammation in TNF-α-induced human
umbilical vein ECs [31]. In our assays, the knockdown of
NLRP3 hindered cell apoptosis, enhanced cell proliferative
and migratory capabilities, impeded NLRP3 inflammasome
activation, and downregulated the expression of GSDME-N,
IL-1β, and IL-18. Likewise, in human aortic ECs, NLRP3
inflammasome activation contributes to impaired aorta
relaxation and pyroptosis [32], whereas NLRP3 silencing
efficiently halts IL-18 and IL-1β generation and pyroptosis
[33]. Additionally, lysophosphatidylcholine triggers
inflammatory damage and apoptosis in HBMECs through
GPR4-modulated NLRP3 inflammasome activation [34].
Equally importantly, silenced NLRP3 can palliate cardiac
microvascular EC injury, evidenced by promotion roles in
cell proliferation and cell cycle progression, as well as
inhibition impact on cell apoptosis [35]. Collectively, the
aforementioned evidence and findings underscored the
mitigation effect of NLRP3 silencing on HBMEC injury.

It is noteworthy that the manipulation of NLRP3
ubiquitination and deubiquitylation emerges as a potential
and promising therapeutic target for NLRP3 inflammasome-
related inflammatory lesions [36]. Ubiquitin-regulated
protein degradation is considered the most ubiquitous
mechanism for controlling protein availability and activity,
and specifically, downregulating NLRP3 ubiquitination is
implicated in facilitating NLRP3 inflammasome activation
[37]. Using the UbiBrowser database, we could screen CBL-
B as a potential E3 ubiquitin ligase of NLRP3.
Mechanistically, CBL-B binds to the NLRP3 leucine-rich
repeat domain and targets NLRP3 at the K496 site for K48-
linked ubiquitination, leading to proteasome-mediated
degradation [19]. Consistently, our study unearthed that

FIGURE 5. E3 ubiquitin ligase CBL-B accelerates degradation of NLRP3 to inhibit the expression of NLRP3, and low expression of NLRP3
impedes endothelial cell pyroptosis, thus palliating vascular endothelial cell injury in intracranial aneurysm. CBL-B: casitas B lymphoma-B;
NLRP3: nucleotide-binding oligomerization domain-like receptor pyrin domain-containing 3.
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CBL-B overexpression apparently diminished NLRP3 protein
level and enhanced NLRP3 ubiquitination. Subsequent RT-
qPCR and western blotting also revealed downregulated
CBL-B in ox-LDL-induced HBMECs. Loss of CBL-B
elevates the expression levels of chemokine receptors on
monocytes, such as CCR1/2/7, thus facilitating vascular
inflammation [38]. Notably, targeting CBL could extensively
induce neutrophil adhesion and endothelial inflammatory
injury, indicating the potential role of CBL agonist as a
promising therapeutic modality for vascular inflammatory
injury [39]. More importantly, CBL exerts a pivotal role in
repressing NLRP3 inflammasome activation via the
inhibition of Pyk2-mediated ASC oligomerization [40].
Furthermore, upregulation of CBL-B expression conferred a
definitive alleviating effect on HBMEC injury and NLRP3
inflammasome-mediated pyroptosis. However, the above-
mentioned effects were nullified by NLRP3 overexpression.

Conclusion

In conclusion, the present study showed that CBL-B mitigated
HBMEC pyroptosis and injury by accelerating NLRP3
degradation, providing prominent insight into the progress
of novel therapeutic targets for IA. Nevertheless, this work
has several limitations. First, there is a lack of animal studies
for in vivo validation of the mechanism. Second, the
downstream pathways implicated in NLRP3-mediated
vascular EC function warrant further investigations. Third,
exploring other E3 ubiquitin ligases of NLRP3 is also
worthwhile. Therefore, future experiments need to be
designed to address the above shortcomings. Moreover,
other mechanisms, such as reactive oxygen species (ROS),
may also possibly regulate vascular injury. In one previous
study, the effect of ROS on autophagy and centrocyte
neutrophil extracellular traps, suggested that ROS may
regulate trabecular neovascularization [41]. Whether ROS
affect vascular injury for this study is also a worthy
direction to explore, and we will investigate this in
subsequent studies.
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