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catkins, pollen, and other stimulants are hypothesized to 
contribute to asthma exacerbations. Moreover, respira-
tory infections and psychological stress, including anger, 
have been identified as potential triggers for asthma 
attacks. Improving asthma control in pediatric patients 
diagnosed with asthma has emerged as a crucial focus 
within the medical community [3, 4].

Ferroptosis, a newly discovered form of cell death, 
showcases distinct morphological and biochemical char-
acteristics [5, 6]. Central to the pathologic mechanism of 
asthma is the damage and death of airway epithelial cells. 
Thus, safeguarding these cells to sustain airway epithe-
lial integrity emerges as a promising therapeutic avenue 
for asthma management [5, 6]. Epidemiological data 
reveals a progressive increase in the incidence of child-
hood asthma yearly [5, 6]. Currently, hormone-based 
control constitutes as the primary treatment strategy for 

Introduction
Asthma, a complex chronic respiratory inflammatory 
disorder, is influenced by a combination of genetic and 
environmental factors [1]. Common manifestations 
encompass wheezing, chest tightness, and persistent 
coughing [1]. Children constitute a demographic group 
with a high prevalence of asthma, yet the precise patho-
logic mechanism remains enigmatic. Notably, a pattern 
of familial aggregation is accompanied by numerous 
triggering factors and individual variabilities [2]. Aller-
gens such as air pollution, secondhand smoke, airborne 
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Abstract
Asthma is a complex chronic respiratory inflammatory disease affected by both genetic and environmental factors. 
Therefore, our study explored the influence of TRIM11 on asthma and its underlying mechanisms. Our research 
involved patients diagnosed with asthma and healthy volunteers recruited from our hospital. We observed a 
reduction in serum TRIM11 expression in asthma patients, which positively correlated with the levels of anti-IgE or 
IgE. Additionally, both TRIM11 mRNA and protein expression in lung tissue were diminished. The introduction of the 
TRIM11 gene resulted in a reduction in inflammation in an in vitro asthma model and prevented the development 
of asthma in a mouse model. Moreover, the TRIM11 gene exhibited a suppressive effect on Ferroptosis and 
mitigated ROS-induced mitochondrial damage in the asthma model. TRIM11 was found to stimulate UBE2N-
TAX1BP1 signaling in the asthma model, with UBE2N being identified as the specific target for TRIM11’s effects on 
Ferroptosis. Furthermore, TRIM11 protein interacted with UBE2N protein and facilitated the dissociation of UBE2N-
UBE2N in the asthma model. In conclusion, TRIM11 plays a vital role in preventing Ferroptosis in the asthma model 
through UBE2N-TAX1BP1 signaling. This indicates that targeting the TRIM11 mechanism could serve as a promising 
strategy for anti-Ferroptosis immunotherapy in asthma treatment.

Keywords  TRIM11, Ferroptosis, Asthma, TAX1BP1

TRIM11 Prevents Ferroptosis in model 
of asthma by UBE2N-TAX1BP1 signaling
Na Li1*, Guoqing Qiu1, Xiangqin Xu1, Yan Shen1 and Yuming Chen1

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-024-03351-9&domain=pdf&date_stamp=2024-10-29


Page 2 of 13Li et al. BMC Pulmonary Medicine          (2024) 24:542 

asthma; nevertheless, the effectiveness of hormones in 
severe asthma cases remains less than ideal. Increasingly, 
research indicates the significant role that Ferroptosis 
plays in the initiation and progression of asthma [5].

The protein TAX1BP1 assumes a critical role in influ-
encing cell proliferation, activation, and apoptosis [7]. 
Research indicates that TAX1BP1 operates by suppress-
ing the activation of ERK and the expression of Blimp-1, 
thereby governing the formation of B cell Germinal cen-
ters and modulating B cell activation and differentiation 
[8]. Furthermore, the combined action of TAX1BP1 and 
the ubiquitin editing enzyme A20 synergistically inhibits 
the NF-κB and IRF3 signaling pathways, consequently 
exhibiting anti-apoptotic effects [9].

UBE2N, a ubiquitin- conjugating enzyme, performs 
various functions and is involved in a variety of immune 
disorders and cancers [10]. Notably, the downregulation 
of UBE2N results in a substantial decrease in melanoma 
cell proliferation and subcutaneous tumor growth [11]. 
Furthermore, silencing UBE2N can alleviate apoptosis 
in laryngeal squamous cell carcinoma cells induced by 
radiation, thereby reinforcing the radiation resistance of 
these cells [12].

TRIM11 (tripartite motif-containing protein 11) func-
tions as a ubiquitin E3 ligase [13]. Studies have shown 
that TRIM11 acts as an oncogene in various malignan-
cies, demonstrating upregulation in liver cancer, colon 
cancer, human brain malignant glioma, and lung cancer. 
It promotes tumor cell proliferation, invasion, and migra-
tion [14–16]. Consequently, our research explores the 
impact of TRIM11 on asthma and elucidates its underly-
ing mechanisms.

Materials and methods
Patients experiment
Patients with asthma and normal healthy volun-
teers were obtained from our hospital. This study was 
approved by the Ethics Committee of our hospital (no: 
202106250912). Serum was collected and immediately 
stored at -80 °C (Table 1).

The diagnostic criteria for CVA refer to the Diagnosis 
and Treatment Guidelines for Cough (2015).

The selection criteria are (1) age range from 18 to 60 
years old. (2) Meets the diagnostic criteria for asthma in 
the bronchial asthma prevention and treatment guide-
lines formulated by the Chinese Medical Association. (3) 
The first diagnosis was asthma, and there was no regu-
lar anti asthma treatment before. (4) The clinical data is 

complete, including general information, medical history, 
chest X-ray/CT, lung function, induced sputum cytology 
count, FeNO, VAS score, and cough symptom score.

The exclusion criteria are: (1) Chest imaging suggests 
the presence of other lung diseases. (2) Individuals who 
use angiotensin-converting enzyme inhibitor drugs and 
have severe dysfunction in important organs such as 
the heart, brain, liver, and kidney, as well as a history of 
malignant tumors. (3) Systemic glucocorticoid users.

Quantitative PCR
The total RNA was extracted from all samples using 
a TRIZOL reagent (Life Technologies Inc.). qRT-PCR 
assays were performed using Light Cycler® 480 SYBR Mix 
(Roche, Germany). The expression levels of mRNA were 
normalized to the GAPDH expression using the 2–ΔΔCT 
method. Primers used for qRT-PCR: TRIM11: ​C​A​G​G​A​T​
G​C​G​T​T​G​C​T​G​T​T​C​C​A​A​G and ​A​A​A​C​G​G​C​G​A​A​G​A​C​G​
C​T​C​G​A​A​C​T; β-actin: ​G​T​C​T​C​C​T​C​T​G​A​C​T​T​C​A​A​C​A​G​
C​G and ​A​C​C​A​C​C​C​T​G​T​T​G​C​T​G​T​A​G​C​C​A​A.

Mice experiment
This animal experiment was approved by the Ethics 
Committee of our hospital (no: 20230122053). All mice 
were purchased from Animal Experiment Center of 
Shenzhen University and were randomly allocated into 
sham (number = 6), asthma (number = 6) group. Next, all 
mice were randomly allocated into vector (asthma + vec-
tor = 6), sh-FUNDC1 (asthma + TRIM11 = 6, number = 6) 
group. C57BL/6 mice (5–6 weeks, male, 17–19 g) in con-
trol group were challenged with intranasal instillation 
of 30 µl of saline for 12 days. Mice in model group were 
challenged with intranasal instillation of HDM (10 µg in 
30 µl of saline) for 12 days, as previously described [17]. 
Mice in vector group were challenged with intranasal 
instillation of HDM (10 µg in 30 µl of saline), and injected 
with 1.5 × 109 plaque-forming units of recombinant vec-
tor virus (200 µL/mice) via the tail vein for 12 days. Mice 
in si-FUNDC1 group were challenged with intranasal 
instillation of HDM (10 µg in 30 µl of saline), and injected 
with 1.5 × 109 plaque-forming units of recombinant si-
FUNDC1 virus (200 µL/mice) via the tail vein for 12 days.

Then, all mice were randomly allocated into vec-
tor (asthma + vector = 6), si-FUNDC1 (asthma + sh-
FUNDC1 = 6, number = 6), si-FUNDC1 + FBXL2 
(asthma + sh-FUNDC1 + FBXL2 agonists = 6, number = 6) 
group. The mice were injected with 1.5 × 109 plaque-
forming units of recombinant vector virus or recom-
binant si- FUNDC1 virus or recombinant si-FUNDC1 
virus + FBXL2 agonists (30 µg/kg of BC-​1258, MedChem-
Express, Shanghai, China) in 200 µL of phosphate-buff-
ered saline (PBS) via the tail vein.

BALF was analyzed as previously described [17]. the 
BALF was absorbed by an 1mL syringe. Then repeat 

Table 1  Basic information of patients included
Group Normal Patients
Number 12 12
Age 46.08 ± 17.49 47.75 ± 14.72
Sex Male: 6, Female: 6. Male: 6, Female: 6.
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the perfusion and aspiration 3 times without waiting 
for filling. The supernatants of the first BALF were used 
to measure cytokines. All BALF cells were collected for 
FACS analyses.

Histological examination and immunofluorescence
Lung tissue samples were fixed in 4% paraformaldehyde, 
paraffn-embedded and then sectioned into 5 μm slices for 
H&E staining. Lung injury scored and immunofluores-
cence according to the following criteria [18]: 1, normal; 
2, minimal (little) damage; 3, mild damage; 4, moderate 
damage; 5, severe damage; and 6, maximal damage. Tis-
sue was treated with primary antibodies anti-TRIM11 
(ab111694, 1:100, abcam) for 12  h. Nuclei were stained 
with DAPI and cells were observed under a fluorescent 
illumination microscope (Olympus IX71, Tokyo, Japan).

Immunofluorescence and Western blot analysis
Cells were fixed with 4% paraformaldehyde, permeabi-
lized with 0.5% Triton X-100 in PBS for 15 min at room 
temperature, and blocked with 5% BSA for 30  min at 
37 °C. Cells were treated with primary antibodies at 4 °C 
overnight: anti- TRIM11 and anti- UBE2N. Cells were 
then incubated with Cy3-conjugated goat anti-rabbit or 
goat anti-mouse IgG DyLight 555‐conjugated second-
ary antibodies for 2 h at 37 °C. Nuclei were stained with 
DAPI and cells were observed under a fluorescent illumi-
nation microscope (Olympus IX71, Tokyo, Japan).

Total protein was extracted from lung samples or cell 
samples using Radio-Immunoprecipitation Assay (RIPA) 
and PMSF reagent (1:100, Beyotime, Beijing, China). 
Protein lysates were separated based on their molecular 
weight on SDS/PAGE gels and transferred onto a Poly-
vinylidene Fluoride (PVDF) membrane. The membrane 
was blocked with non-fat-milk (5%) for 2 h at room tem-
perature and incubated with anti-TRIM11(ab111694, 
1:1000, abcam), anti- UBE2N (ab109286, 1:1000, abcam), 
anti- TAX1BP1 antibody (ab176572, 1:1000, abcam) 
and anti-β-actin antibody (1:10000, ab8226, abcam) at 
4  °C overnight. Then first antibodies were removed and 
TBST wash membrane using TBST. Membranes were 
incubated with the secondary antibody for 2  h at room 
temperature. The bound antibodies were detected using 
enhanced chemiluminescence (ECL).

Cell culture and RNA transfection
A549 cell line were cultured in Dulbecco’s modified 
eagle’s medium (DMEM, Gibco) supplemented with 10% 
fetal bovine serum (FBS, Gibco) in an incubator at 37 °C 
with 5% CO2. A549 cell was transfected with Negative 
plasmid (Negative group), FUNDC1 plasmid (FUNDC1 
group), si-nc plasmid (si-nc group), si-FUNDC1 plasmid 
(si-FUNDC1 group) using Lipofectamine 3000. After 
48  h, A549 cell treated with 200 ng/ml of LPS (L5293, 

Sigma, Shanghai, China) for 4  h and then pulsed with 
ATP (1 mM, Sigma-Aldrich, MO, USA) for 30 min.

ELISA kits and electron microscopy
Tissue in each groupwere homogenized with PBS and 
PMSF reagent (1:100, Beyotime, Beijing, China), and 
were collected at 2000 g for 10 min at 4 °C. Cell samples 
were collected at 2000 g for 10 min at 4 °C. IgE (H493-1), 
HDM IgE (H107-1-1), iron kit (A039-1-1), IL-4 (H005-1-
2), IL-5 (H006), IL-10 (H009-1-2) and IL-13 (H011) kits 
(Nanjing Jiancheng Biotechnology Research Institute) 
were used to measure the cytokine levels.

MTT assay kit (ST316), LDH release kit (C0016), cal-
cein/PI kit (C2015S), GSH activity (S0053), JC-1 aggre-
gation (C2003S), ROS production (S0033S) (Beyotime) 
were used to measure the cytokine levels.

Electron microscopy were executed according to the 
previously described using a Hitachi H7650 transmission 
electron microscope (Tokyo, Japan) at 80 Kv [17].

Bioluminescence imaging and 3D structures for protein 
structureA549-hUBE2N -Luc were structured according 
to the previously described [19]. Bioluminescent imaging 
was performed using an IVIS imaging system (Bio-Real, 
QuickView3000, Austria). This study used PDB ​(​​​h​t​t​p​s​:​/​/​
w​w​w​1​.​r​c​s​b​.​o​r​g​/​​​​​) and uniprot ​(​​​h​t​​t​p​s​​:​/​/​w​​w​w​​.​u​n​i​p​r​o​t​.​o​r​g​/​u​
n​i​p​r​o​t​k​b​/​​​​​)​.​​

Statistical analysis
Data were expressed as mean ± SD. Multiple comparisons 
were used GraphPad Prism 8 to perform by Student’s 
t-test or one-way ANOVA followed by Tukey’s post-test. 
P values < 0.05 were considered statistically significant.

Results
TRIM11 expression level in the asthma model
The study explores the potential significance of TRIM11 
in asthma patients. Notably, a decrease in serum TRIM11 
expression was observed in individuals with asthma 
(Fig.  1A). Furthermore, a negative correlation was 
observed between serum TRIM11 levels and anti-HDM 
IgE protein or IgE in asthma patients (Fig.  1B and C). 
AUC analysis was carried out to evaluate the diagnos-
tic value of TRIM11 in asthma patients (Fig. 1D). In an 
asthma mouse model, both TRIM11 mRNA and pro-
tein expression in lung tissue demonstrated reductions 
(Fig.  1E and F). Immunofluorescence analysis revealed 
decreased TRIM11 expression in lung tissue of the 
asthma mouse model (Fig. 1G). Hence, TRIM11 appears 
to be downregulated during the progression of the dis-
ease related to it.

https://www1.rcsb.org/
https://www1.rcsb.org/
https://www.uniprot.org/uniprotkb/
https://www.uniprot.org/uniprotkb/
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The TRIM11 gene alleviated inflammation in the in vitro 
model of asthma
Subsequently, we enhanced TRIM11 expression using a 
TRIM11 plasmid, which led to reduced TRIM11 expres-
sion in an in vitro asthma model through si-TRIM11 plas-
mid intervention (Fig. 2A). The upregulation of TRIM11 
led to decreased activity levels of IL-4, IL-5, IL-10, and 
IL-13 in the in vitro asthma model (Fig. 2B). Conversely, 
downregulating TRIM11 expression increased the activ-
ity levels of IL-4, IL-5, IL-10, and IL-13 in the in vitro 
asthma model (Fig. 2C).

Si-TRIM11 gene facilitated the development of asthma in 
the mouse model
The research assessed the impact of TRIM11 on asthma 
using a mouse model. The si-TRIM11 virus significantly 
increased the HE score, thereby acting as a prophylactic 
measure for asthma (HE staining). Additionally, it led 
to enhanced levels of serum HDM-specific IgE, serum 
IgE, while expansion IL-4, IL-5, IL-10, and IL-13 activ-
ity levels in the lung tissue of the mouse model (Fig. 3). 
In conclusion, by regulating asthma-related factors, the 

si-TRIM11 gene effectively promoted the onset of asthma 
in the model.

The TRIM11 gene mitigated ferroptosis in model of asthma
The study investigated the function of TRIM11 in fer-
roptosis within an asthma model. Upregulation of the 
TRIM11 gene enhanced cell viability and GSH activ-
ity levels, while reducing LDH and PI positive cells, 
along with lowering iron content in an in vitro asthma 
model (Fig.  4A and E). Conversely, downregulation of 
the TRIM11 gene impaired cell viability and GSH activ-
ity, increased LDH and PI positive cells, and elevated 
iron content in the in vitro asthma model (Fig.  4F and 
J). Notably, TRIM11 gene suppression led to decreased 
GPX4 protein expression, whereas TRIM11 overexpres-
sion resulted in elevated GPX4 protein levels in the in 
vitro asthma model (Fig.  4K and L). Additionally, the 
administration of the TRIM11 virus augmented GSH 
activity and GPX4 protein expression in a mouse model 
of asthma (Fig. 4M and N).

Fig. 1  TRIM11 expression level in model of asthma. TRIM11 expression (A), the expression of serum TRIM11 was positive correlation with anti-HDM IgE 
protein or IgE in patients with asthma (B, C), diagnostic value of TRIM11 (D) in patients with asthma; TRIM11 mRNA and protein expression (E, F), TRIM11 
expression (Immunofluorescence, G) in mice model of asthma. ##p < 0.01 compared with normal or sham group. Number of patients = 12, number of 
mice = 6
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The TRIM11 gene alleviated ROS-mitochondrial damage in 
model of asthma
The study probed into the mechanism of the TRIM11 
gene in association with ferroptosis in a mouse model 
of asthma. Elevating TRIM11 gene expression led to 
increased JC-1 and calcein-AM/CoCl2 levels, while miti-
gating ROS-induced mitochondrial damage in an in vitro 
asthma model (Fig. 5A, C and G). In contrast, reducing 
TRIM11 gene expression resulted in diminished JC-1 and 
calcein-AM/CoCl2 levels, along with enhanced ROS-
induced mitochondrial damage in the in vitro asthma 
model (Fig. 5D, F and H).

TRIM11 elicited UBE2N-TAX1BP1 signaling in model of 
asthma
The experiment probed into the mechanism behind 
TRIM11 in relation to ferroptosis and ROS-induced 
mitochondrial damage within an asthma model. Elevat-
ing TRIM11 gene expression triggered an increase in 

UBE2N mRNA levels, whereas reducing TRIM11 gene 
expression inhibited UBE2N mRNA levels in the in vitro 
asthma model (Fig.  6A). Moreover, the introduction of 
TRIM11 virus led to an augmentation of UBE2N protein 
expression and diminished TAX1BP1 protein expression 
in the lung tissue of mice in the asthma model (Fig. 6B). 
Simultaneously, upregulating the TRIM11 gene stimu-
lated TRIM11 and UBE2N protein expressions, while 
suppressing TAX1BP1 protein expressions in the in vitro 
asthma model (Fig. 6C). Conversely, downregulating the 
TRIM11 gene decreased TRIM11 and UBE2N protein 
expressions, and promoted TAX1BP1 protein expres-
sions in the in vitro asthma model (Fig. 6D).

UBE2N serves as the target spot for the effects of TRIM11 
on ferroptosis in model of asthma
To explore the influence of TRIM11 on ferroptosis in this 
model, an inhibitor of UBE2N (Ubc13, NSC697923 from 
MedChemExpress) was utilized. Administration of the 

Fig. 2  TRIM11 gene reduced inflammation in vitro model of asthma. TRIM11 expression (A), IL-4, IL-5, IL-10 and IL-13 activity levels in vitro mode by 
TRIM11 plasmid (B); IL-4, IL-5, IL-10 and IL-13 activity levels in vitro mode by si-TRIM11 plasmid (C). **p < 0.01 compared with negative or si-nc group. 
Number of vitro model = 3
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UBE2N inhibitor (5 mg/kg) resulted in the downregula-
tion of UBE2N and GPX4 protein expressions, along with 
an upregulation of TAX1BP1 protein expression in the 
lung tissue of mice with asthma (Fig.  7A). The UBE2N 
inhibitor not only exacerbated asthma symptoms, HE 
scores, and IL-4/IL-5/IL-10/IL-13 activity levels in the 
lung tissue of mice exposed to the TRIM11 virus (Fig. 7B 
-K). Subsequently, in the in vitro asthma model, the 
UBE2N inhibitor (2 µM) also suppressed UBE2N and 
GPX4 protein expressions, while inducing TAX1BP1 
protein expression (Figure S1A).

Furthermore, the UBE2N inhibitor augmented IL-4/
IL-5/IL-10/IL-13 activity levels, decreased cell viabil-
ity, elevated LDH, calcein-AM/CoCl2 levels, and iron 
content, as well as reduced JC-1 and calcein-AM/CoCl2 
levels in the in vitro asthma model (Figure S1B, S2). In 
conclusion, the UBE2N protein serves as a target for the 
effects of TRIM11 on ferroptosis in an asthma model.

TRIM11 protein is interlinked with UBE2N protein
The study investigated the regulatory mechanism of 
TRIM11 on UBE2N in an asthma model. By employing a 

3D model prediction, it was discovered that the TRIM11 
protein interacted with the UBE2N protein. Specifically, 
residues PRO-457, ARG-286, ARG-341, and GLU-411 of 
TRIM11 formed hydrogen bonds with ASN-31, TYR-34, 
MET-72, and LYS-74 of UBE2N, respectively. The lengths 
of these hydrogen bonds were measured to 3.1Å, 2.8Å, 
2.7Å, and 3.3Å, respectively, suggesting potential roles of 
these residues in the activities of both proteins (Fig. 8A).

Subsequently, a mutation was introduced as depicted 
in Fig.  8B. Immunoprecipitation (IP) analysis demon-
strated that TRIM11 WT protein interacted with UBE2N 
WT protein, while TRIM11 WT protein did not interact 
with UBE2N Mut protein, and TRIM11 Mut protein did 
not link with UBE2N WT protein (Fig. 8C). Immunofluo-
rescence imaging displayed that upregulation of TRIM11 
increased both TRIM11 and UBE2N expression in the 
in vitro asthma model (Fig. 8D). Additionally, upregula-
tion of led to decreased UBE2N ubiquitin levels, whereas 
downregulation of TRIM11 resulted in increased UBE2N 
ubiquitin in the in vitro asthma model (Fig. 8E).

Furthermore, bioluminescence imaging disclosed that 
sh-TRIM11 reduced UBE2N expression in the lung tissue 

Fig. 3  Si-TRIM11 gene promoted asthma in mice model. HE score (A), HE staining (B), serum HDM-specific IgE (C), serum IgE (D), IL-4/IL-5/IL-10/IL-13 
activity levels (E, F, G, H) in mice model. **p < 0.01 compared with vector group. Number of mice = 6
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of the mouse model (Fig.  8F). These discoveries imply 
that TRIM11 protein interacts with UBE2N protein to 
reduce UBE2N ubiquitin levels in the asthma model.

TRIM11 facilitated the dissociation of UBE2N-TAX1BP1 in 
model of asthma
The study investigated the regulatory mechanism of 
TRIM11 on UBE2N in an asthma model. Through the 
utilization of a 3D model prediction, it was revealed 
that the TRIM11 protein interacted with the UBE2N 
protein, whereby residues PRO-457, ARG-286, ARG-
341, and GLU-411 of TRIM11 formed hydrogen bonds 
with ASN-31, TYR-34, MET-72, and LYS-74 of UBE2N, 
respectively. The lengths of these hydrogen bonds were 
measured to be 3.1Å, 2.8Å, 2.7Å, and 3.3Å, respectively, 
indicating potential roles of these residues in the activi-
ties of both proteins (Fig. 9A). Subsequently, a mutation 
was introduced as depicted in Fig. 9B. Immunoprecipita-
tion (IP) analysis manifested that TRIM11 WT protein 

interacted with UBE2N WT protein, while TRIM11 
WT protein did not interact with UBE2N Mut protein, 
and TRIM11 Mut protein did not link with UBE2N 
WT protein (Fig.  9C). Immunofluorescence imaging 
exhibited that upregulation of TRIM11 increased both 
TRIM11 and UBE2N expression in the in vitro asthma 
model (Fig. 9D). Additionally, TRIM11 upregulation led 
to attenuated UBE2N ubiquitin levels, whereas TRIM11 
downregulation induced an increased UBE2N ubiquitin 
in the in vitro asthma model (Fig. 9E). Furthermore, bio-
luminescence imaging disclosed that sh-TRIM11 reduced 
UBE2N expression in the lung tissue of the mouse model 
(Fig.  9F). These revelations imply that TRIM11 protein 
interacts with UBE2N protein to reduce UBE2N ubiqui-
tin levels in the asthma model.

Fig. 4  TRIM11 gene reduced Ferroptosis in model of asthma. Cell viability (A), LDH and PI positive cells (B, C), GSH activity level (D), iron content (E) in 
vitro mode by TRIM11 plasmid; cell viability (F), LDH and PI positive cells (G, H), GSH activity level (I), iron content (J) in vitro mode by si-TRIM11 plasmid; 
GPX4 protein expression (K, L), GSH activity and GPX4 protein expression (M, N). **p < 0.01 compared with negative or si-nc or vector group. Number of 
vitro model = 3, number of mice = 6
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Discussion
Bronchial asthma, often referred to as asthma, is a 
chronic inflammatory disorder of the respiratory sys-
tem associated with airway hyperresponsiveness involv-
ing Eosinophils, Mast cells, and other related cellular 
components [20]. Primarily affecting children, asthma 
is characterized by widespread and variable reversible 
airflow obstruction [20]. The precise etiology remains 
incompletely understood. Recurrent symptoms such 
as wheezing, chest tightness, and cough necessitate 
long-term standardized and personalized treatment to 
minimize symptom frequency and severity as much as 
possible [21]. However, the clinical efficacy of symptom 
control in many pediatric asthma cases is currently sub-
optimal, possibly due to various triggers. Reports sug-
gest that asthma attacks can be triggered by factors such 
as smoking, air pollution, respiratory infections, inhala-
tion of distilled water droplets or cold air, and psycho-
logical influences. Therefore, in addition to standardized 

therapy, strengthening environmental control is equally 
crucial [21]. In this investigation, the expression of serum 
TRIM11 was found to be downregulated in asthma 
patients or mouse models. The TRIM11 gene exhibited 
a protective role against asthma and reduced inflamma-
tion in both in vitro asthma models and mouse models. 
Liu et al. have identified that TRIM11 diminishes inflam-
masome activity in human inflammatory disorders [22]. 
These findings suggest that TRIM11 plays a beneficial 
role in asthma by supporting protective effects through 
FUNDC1.

Ferroptosis assumes a pivotal role in the pathogen-
esis and progression of asthma, along with its contribu-
tion in regulating tumors, ischemia-reperfusion injury, 
acute kidney injury, and other conditions [23]. The cyto-
pathological traits observed in lung tissue of asthmatic 
mice closely resemble the cellular morphology associ-
ated with Ferroptosis: reduction of Crista, rupturing and 
shrinking of the outer membrane. These resemblances 

Fig. 5  TRIM11 gene reduced ROS-mitochondrial damage in model of asthma. JC-1 (A), calcien-AM/CoCl2 levels (B), mitochondrial damage (C) in vitro 
mode by TRIM11 plasmid; JC-1 (D), calcien-AM/CoCl2 levels (E), mitochondrial damage (F) in vitro mode by si-TRIM11 plasmid; ROS levels (G and H). 
**p < 0.01 compared with negative or si-nc group. Number of vitro model = 3
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indicate a potentially intimate relationship between 
asthma and Ferroptosis [24]. Current research on the 
interaction between Ferroptosis and asthma primarily 
focuses on airway epithelial cell Ferroptosis [25]. Our 

discoveries suggest that the TRIM11 gene alleviates Fer-
roptosis and ROS-induced mitochondrial damage in 
the asthma model. Shang et al. have demonstrated that 
TRIM11 suppresses ferritinophagy in pancreatic ductal 

Fig. 7  UBE2N is target spot for the effects of TRIM11 on Ferroptosis in model of asthma. TRIM11/UBE2N/ TAX1BP protein (A), HE score (B), HE staining (C), 
serum HDM-specific IgE (D), serum IgE (E), N/Pi (F), Wai/WAm (G), IL-4/IL-5/IL-10/IL-13 activity levels (H–K) in mice model. **p < 0.01 compared with vector 
group, ##p < 0.01 compared with TRIM11 group. Number of vitro model = 3, number of mice = 6

 

Fig. 6  TRIM11 induced UBE2N-TAX1BP1 signaling in model of asthma. UBE2N mRNA expression (A), RIM11 and UBE2N protein expressions (B), TRIM11/
UBE2N/ TAX1BP protein (C and D).,**p < 0.01 compared with negative or si-nc group. Number of vitro model = 3, number of mice = 3
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Fig. 9  UBE2N protein interlinked with TAX1BP1 protein. 3D structure for TAX1BP1 protein interlinking with UBE2N protein (A), IP assay for TAX1BP1 protein 
interlinking with UBE2N protein (B), immunofluorescence for TRIM11 protein interlinking with UBE2N protein (C). Number of vitro model = 3

 

Fig. 8  TRIM11 protein interlinked with UBE2N protein. 3D structure for TRIM11 protein interlinking with UBE2N protein (A), Mutation site of TRIM11 or 
UBE2N (B), IP assay for TRIM11 protein interlinking with UBE2N protein (C), immunofluorescence for TRIM11 protein interlinking with UBE2N protein (D); 
UBE2N Ubiquitination (E), UBE2N expression in lung tissue of mice model (F). Number of vitro model = 3, number of mice = 3
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adenocarcinoma [26]. These results strongly imply that 
TRIM11 acts against Ferroptosis in asthma through 
ROS-induced mitochondrial damage. Given that asthma 
often occurs in childhood, our experiment using mice 
of 5–6 weeks as a model has a little difference from the 
clinical practice. This constitutes the deficiency of this 
study. We aim to study the mice for 1–2 weeks in the sub-
sequent step, which is better approximated to the clinical 
reality.

TAX1BP1 participates in non-lipid-dependent autoph-
agy and operates independently of the autophagy protein 
ATG7, depending instead on the SKICH domain and a 
newly identified N-domain of TAX1BP1 [27]. The SKICH 
domain disrupts the association between TBK1 and 
FIP200, facilitating FIP200 aggregation around NBR1 and 
promoting continual Autophagosome formation [28]. 
Therefore, to characterize the B cell autophagy modu-
lated by TAX1BP1, it is crucial to assess LC3 lipid-related 
proteins [9]. This research disclosed that TRIM11 trig-
gers UBE2N-TAX1BP1 signaling in the asthma model. 
UBE2N acts as the target for TRIM11’s impact on Fer-
roptosis in the asthma model. Shang et al. have demon-
strated that TRIM11 inhibits ferritinophagy in pancreatic 

ductal adenocarcinoma via UBE2N/TAX1BP1 signal-
ing [26]. These findings illustrate that TRIM11 induces 
UBE2N-TAX1BP1 signaling to counteract ferroptosis in 
the context of asthma.

In Parkin-mediated mitochondrial autophagy, UBE2N, 
UBE2L3, and UBE2D2/3 collaboratively contribute to the 
process. Additionally, UBE2N and UBE2D3 are crucial 
for the aggregation of mitochondrial proteins in antiviral 
innate immunity [29]. UBE2N plays a significant regula-
tory role in the proliferation of cancer cells [30]. Within 
this study, it was observed that TRIM11 protein inter-
acts with the UBE2N protein, facilitating the dissociation 
of UBE2N-TAX1BP1 in the asthma model. Shembade 
et al. have proposed that UBE2N regulates TAX1BP1 
signaling [31]. These results demonstrate that TRIM11 
induces UBE2N-TAX1BP1 signaling to safeguard against 
ferroptosis in asthma by alleviating ROS-induced mito-
chondrial damage. In conclusion, TRIM11 prevents Fer-
roptosis in asthma model by UBE2N-TAX1BP1 signaling 
via ROS-mitochondrial damage (Fig.  10). This indicates 
that targeting this TRIM11-mediated mechanism may 
potentially serve as a feasible strategy for anti-ferroptosis 
immunotherapy in asthma.

Fig. 10  TRIM11 Prevents Ferroptosis in model of asthma by UBE2N-TAX1BP1 signaling
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