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Abstract
Lupus nephritis (LN) is a common and clinically challenging complication of the systemic lupus 
erythematosus (SLE), but effective treatments remain imperative. Tripartite Motif Containing 
22 (TRIM22) is a protein involved in various cellular processes, such as cell growth and inflam-
matory responses. However, the role and mechanism of TRIM22 in LN are still unclear. The aim 
of this study was to reveal the role of TRIM22 in LN and uncover the potential mechanisms. 
We discovered that TRIM22 is notably upregulated in renal tissues from patients with LN. 
Functionally, the knockdown of TRIM22 in lupus-prone MRL/lpr mice results in significant alle-
viation of LN symptoms, characterized by reduced proteinuria and improved renal function, 
as indicated by the lower serum levels of blood urea nitrogen and creatinine. Additionally, 
the intervention markedly decreases the deposition of immune complexes in the kidneys, 
further supporting the therapeutic potential of targeting TRIM22. Mechanically, the depletion 
of TRIM22 inhibits the NF-κB/NLRP3 pathway in mice with LN, but collectively, the knockdown 
of TRIM22 alleviates inflammation and renal injury in mice with LN via the NF-κB/NLRP3 axis.
© 2025 Codon Publications. Published by Codon Publications.
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Introduction

Systemic lupus erythematosus (SLE) is known as an autoim-
mune disease of unknown etiology featured by pathogenic 
autoantibodies production.1,2 Lupus nephritis (LN) is a com-
mon but clinically challenging complication of SLE, associated 
with significant morbidity.3 Despite some clinically effective 
LN therapies, a large number of patients still develop chronic 
renal injury.4 Even in patients who show a relatively good clin-
ical response to active immunosuppression, kidney damage 
accumulates rapidly.3 The lupus murine model, particularly 
the MRL/lpr strain, is extensively used in research due to its 
genetic mutations that mimic the human disease, SLE, includ-
ing the development of severe autoimmune nephritis that 
serves as a valuable model for studying both the progression 
and potential treatment strategies of LN.4 The development 
of effective treatments for LN remains imperative.

Studies of Tripartite Motif Containing (TRIM) family mem-
bers have focused on their antiviral abilities.5 Tripartite Motif 
Containing 22 (TRIM22), also known as Staf50, is located 
on chromosome 11.5 TRIM22 blocks the binding of specific 
protein 1 to human immunodeficiency virus (HIV) promot-
ers, thereby inhibiting HIV transcription and replication.6 In 
addition to its antiviral effects, TIRM22 is involved in var-
ious cellular processes, such as inflammatory responses.7 
For example, significantly increased TRIM22 expression 
was observed in ischemic reperfusion injury mice, and 
knockdown of TRIM22 inhibited expression of nuclear fac-
tor kappa-light-chain-enhancer of activated B cells/NOD 
(nucleotide oligomerization domain)-like receptor pyrin 
domain-containing protein 3 (NF-κB/NLRP3).8 TRIM22 expres-
sion was significantly increased in synovial tissue samples.9 
Knockdown of TRIM22 significantly reduced cell prolifera-
tion as well as inflammatory response, while apoptosis sig-
nificantly increased. TRIM22 is upregulated in DSS (dextran 
sulfate sodium) induced HT29 cells,10 knockdown of TRIM22 
increased DSS induced HT29 cell viability and decreased 
inflammation.10 Inhibition of TRIM22, which promotes cell 
proliferation and inflammation by activating the phospho-
inositide 3-kinases/protein kinase B/mechanistic target of 
rapamycin (PI3K/Akt/mTOR) axis and inhibits autophagy in 
HaCaT (high sensitivity of human epidermal keratinocytes) 
cells, could be a new potential treatment for psoriasis.7 By 
searching the expression profile of LN, we found that TRIM22 
is highly expressed in the kidney tissue of LN patients, but 
the role and mechanism of TRIM22 in LN are still unclear.

NF-κB and NLRP3 inflammasome are associated with the 
pathogenesis of glomerular injury in LN.11,12 Upregulation of 
NF-κB-dependent ICAM-1 is associated with the pathogen-
esis of SLE.11 NF-κB activation is thought to be the primary 
mediator of LN disease development.13 Notably, immune 
complexes obtained from patients with SLE can trigger 
NLRP3 inflammasome activation, which leads to the devel-
opment of kidney lesions.13 The aim of this study was to 
reveal the role and potential mechanism of TRIM22 in LN. 

Materials and Methods

GEO database analysis

The expression of TRIM22 was analyzed using data from 
the GEO (Gene Expression Omnibus) database (accession 

number: GSE112943) to assess differential expression in LN 
tissues compared to normal controls.

Samples

A total of 30 biopsy samples were analyzed in this study, 
including 20 from patients with LN at various stages of 
the disease (stages II to IV, according to the International 
Society of Nephrology/Renal Pathology Society classifi-
cation) and 10 from normal controls. The normal control 
samples were obtained from individuals undergoing surgery 
for conditions unrelated to systemic autoimmune or inflam-
matory diseases, ensuring that they represented healthy 
renal tissue. All procedures involving human samples were 
conducted in accordance with the ethical standards of 
the institutional research committee and with the 1964 
Helsinki declaration and its later amendments. 

Animals and treatment

Ethical approval for the animal study was obtained from 
the Institutional Animal Care and Use Committee (IACUC) of 
our hospital. Female MRL/lpr lupus-prone mice (10 weeks 
old) and C57BL/6J control mice were purchased from the 
Beijing Vital River Laboratory Animal Technology Co., Ltd. 
(China). MRL/lpr mice were randomly assigned to four 
groups (n = 6 in each group): control (C57BL/6J), untreated 
MRL/lpr, MRL/lpr + sh-NC (negative control), and MRL/lpr + 
sh-TRIM22 (knockdown group). AAV-sh-TRIM22 was injected 
via the tail vein and renal tissues were collected after eight 
weeks for analysis.

Histopathological analysis

Renal tissues were fixed in 4% paraformaldehyde, embed-
ded in paraffin, sectioned, and stained with hematoxy-
lin and eosin (H&E). Histological changes were examined 
using a microscope (Zeiss Axio Scope.A1, Oberkochen, 
Germany).

Immunoblot

Western blotting was conducted using standard protocols. 
Proteins were extracted using Beyotime’s protein extraction 
kit, separated by SDS-PAGE (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis), and transferred onto 
PVDF (polyvinylidene difluoride) membranes. Membranes 
were blocked with 5% nonfat milk and incubated with pri-
mary antibodies, including anti-TRIM22 antibody (1:1000, 
Abcam, ab231652); anti-NLRP3 antibody (1:1000, Abcam, 
ab263899); anti-p65 antibody (1:1000, Abcam, ab16502); 
anti-phospho-p65 antibody (1:1000, Abcam, ab86299); anti-
IκBα antibody (1:1000, Abcam, ab32518); anti-phospho-IκBα 
antibody (1:1000, Abcam, ab133462); and anti-β-actin anti-
body (1:5000, Abcam, ab8226), followed by horseradish per-
oxidase (HRP)-conjugated secondary antibodies (Beyotime, 
A0208). Protein bands were visualized using an enhanced 
chemiluminescence kit (Beyotime, P0018) and quantified 
with ImageJ software (NIH, USA).
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Quantitative PCR

Total ribonucleic acid (RNA) was extracted using TRIzol 
reagent (Thermo Fisher, 15596018). Quantitative poly-
merase chain reaction (qPCR) was conducted with SYBR 
Green PCR Master Mix (Beyotime, D7262) on a qPCR 
Detection System (Bio-Rad, USA). The following primer 
sequences were used: TRIM22—forward primer 5’-GCT GGT 
GAT GGA CTT CAA CA-3’, reverse primer 5’-TCC ATA GGT 
GAT GCT TGG AG-3’; IL-6—forward primer 5’-TAG TCC TTC 
CTA CCC CAA TG-3’, reverse primer 5’-TTG GTC CTT AGC 
CAC TCC TC-3’; and IL-1β—forward primer 5’-GCA ACT GTT 
CCT GAA CTC AAC T-3’, reverse primer 5’-ATC TTT TGG 
GGT CCG TCA ACT-3’.

ELISA

Serum levels of tumor necrosis factor alpha (TNF-α), inter-
leukin-6 (IL-6), and Interleukin-1 beta (IL-1β) were mea-
sured using ELISA (enzyme-linked immunosorbent assay) 
kits (Beyotime, PT518, PT519, PT520). Absorbance was 
measured at 450 nm using a microplate reader (Thermo 
Fisher, Multiskan FC).

Immunofluorescence staining

Renal sections were deparaffinized, rehydrated, and sub-
jected to antigen retrieval with sodium citrate buffer (pH 
6.0). Sections were blocked with 1% Bovine Serum Albumin 
(BSA) and incubated overnight at 4°C with anti-immuno-
globulin G (IgG) antibody (Abcam, ab97140). After wash-
ing, sections were incubated with fluorescent secondary 

antibody (Beyotime, A0521). Images were captured using a 
fluorescence microscope (Zeiss Axio Observer 7, Germany).

Statistical analysis

Statistical analyses were conducted using GraphPad Prism 
software. Prior to applying parametric tests, we assessed 
the normality of the distribution of all continuous variables 
using the Shapiro-Wilk test. This ensured that the assump-
tions of normal distribution were met for the application 
of parametric statistical methods, such as the Student’s 
t-test for two-group comparisons and one-way analysis of 
variance (ANOVA) followed by Tukey’s post hoc test for 
multiple group analyses. These methods allowed us to rig-
orously evaluate the effects of TRIM22 knockdown on vari-
ous experimental outcomes.

Results

TRIM22 was highly expressed in LN renal tissues

Our study investigated the expression levels of TRIM22 
in renal tissues from patients with LN compared to nor-
mal controls. The GSE112943 analysis revealed that 
TRIM22 expression was significantly elevated in LN tis-
sues (Figure  1A). Further quantification of relative mes-
senger ribonucleic acid (mRNA) expression confirmed this 
increase, demonstrating markedly higher levels in the LN 
group confirmed by qPCR assays (Figure 1B). To corroborate 
these findings at the protein level, we performed west-
ern blot analysis, which showed substantial upregulation 
of TRIM22 protein in LN renal tissues compared to normal 
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Figure 1  TRIM22 was highly expressed in LN renal tissues. (A) GEO analysis showed TRIM22 expression levels in renal tissues 
from patients with LN compared to control samples. (B) QPCR showed the relative mRNA levels of TRIM22 in normal and LN renal 
tissues in patients. (C) Western blot analysis showing TRIM22 protein expression in normal and LN renal tissues in patients. ***p < 
0.001. LN: Lupus nephritis; TRIM22: Tripartite motif-containing protein 22; mRNA: Messenger RNA.



TRIM22 depletion alleviates LN� 101

samples (Figure  1C). These results collectively indicated 
that TRIM22 is highly expressed in LN.

Knockdown of TRIM22 alleviates lupus nephritis in 
mice

To assess the functional impact of TRIM22 in LN, we 
employed a TRIM22 knockdown approach using MRL/lpr 
mice, a well-established animal model for LN. Western 
blot showed the expression of TRIM22 in these groups and 
confirmed the silencing efficiency of its short hairpin RNAs 
(shRNAs) (Figure 2A). Quantitative analysis of the 24-hour 
proteinuria indicated a significant reduction in protein-
uria levels in the TRIM22 knockdown group (Figure 2B). 
Additionally, serum blood urea nitrogen (BUN) and creat-
inine levels were lower in the TRIM22 knockdown group, 
reflecting better renal function (Figure 2C and 2D). We 
also evaluated serum anti-double-stranded DNA (dsDNA) 

antibody levels, which were significantly reduced in the 
TRIM22 knockdown mice (Figure 2E). Immunofluorescence 
staining for IgG deposits in kidney tissues revealed 
decreased IgG deposition in the TRIM22 knockdown group 
compared to other groups (Figure 2F). The TRIM22 knock-
down group (MRL/lpr + sh-TRIM22) demonstrated improved 
kidney morphology compared to untreated MRL/lpr and 
MRL/lpr + sh-NC groups, as shown by hematoxylin and 
eosin (H&E) staining (Figure 2G). These findings support the 
hypothesis that TRIM22 knockdown alleviates kidney dam-
age and improves renal function in LN mice.

The depletion of TRIM22 reduces inflammation in 
lupus mice

To explore the anti-inflammatory effects of TRIM22 knock-
down, we measured the expression levels of key proinflam-
matory cytokines. qPCR analysis showed that mRNA levels 
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Figure 2  Knockdown of TRIM22 alleviates LN in mice. (A) Western blot analysis showing TRIM22 protein expression in the renal 
tissues of the different experimental groups. β-actin was used as a loading control. (B) Quantification of 24-hour proteinuria levels 
across the experimental groups. (C) Serum creatinine levels measured in the different experimental groups. (D) BUN levels in the 
serum across the experimental groups. (E) Serum anti-dsDNA antibody levels in the experimental groups. (F) Immunofluorescence 
staining of IgG deposits in kidney tissues from the different groups. (G) Experimental groups showing kidney morphology from 
control, MRL/lpr (LN model), MRL/lpr + sh-NC, and MRL/lpr + sh-TRIM22 mice, stained with hematoxylin and eosin (H&E). **p < 0.01 
and ***p < 0.001. LN: Lupus nephritis; TRIM22: Tripartite motif-containing protein 22; sh-NC: Short hairpin RNA negative control; 
sh-TRIM22: Short hairpin RNA targeting TRIM22; H&E: Hematoxylin and eosin; BUN: Blood urea nitrogen; IgG: Immunoglobulin G; 
dsDNA: Double-stranded DNA.
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of TNF-α, IL-6, and IL-1β were significantly lower in the 
renal tissues of the TRIM22 knockdown group upon MRL/lpr 
treatment compared to MRL/lpr + sh-NC groups (Figure 3A). 
These findings were further supported by ELISA, which 
demonstrated that serum concentrations of TNF-α, IL-6, 
and IL-1β were significantly reduced in the TRIM22 knock-
down group (Figure 3B). This reduction in both mRNA and 
serum cytokine levels indicates that the knockdown of 
TRIM22 exerts a substantial anti-inflammatory effect in LN.

The depletion of TRIM22 inhibits the NF-κB/NLRP3 
pathway in mice with lupus nephritis

To investigate the potential mechanisms underlying the 
protective effects of TRIM22 knockdown, we examined 
the activation status of the NF-κB/NLRP3 axis. Western 
blot analysis revealed that phosphorylated p65 (p-p65) 
and phosphorylated IκBα (p-IκBα) levels were significantly 
reduced in the MRL/lpr + shTRIM22 compared to MRL/lpr 
+ sh-NC groups (Figure 4A). Total p65 levels remained con-
sistent across groups, whereas total IκBα expression was 
increased in the TRIM22 depletion groups (Figure 4A). 
Additionally, the expression of NLRP3 protein was markedly 
lower in the TRIM22 knockdown group compared to MRL/
lpr + sh-NC groups, as demonstrated by the western blot 
(Figure 4B). These results suggest that TRIM22 knockdown 
mitigates inflammation and renal injury in LN by inhibiting 
the NF-κB/NLRP3 pathway.​

Discussion

SLE is a complex autoimmune disease marked by the pro-
duction of pathogenic autoantibodies and immune com-
plex deposits leading to multiorgan damage.14,15 Among its 
complications, LN represents one of the most severe and 
challenging to treat, significantly contributing to morbid-
ity and mortality in SLE patients.16,17 Despite advancements 
in therapeutic strategies, chronic kidney damage remains 
prevalent, underscoring the need for further mechanistic 
insights and novel treatment targets. Our study highlights 
the critical involvement of inflammatory responses in the 
progression of LN, reinforcing the importance of elucidat-
ing the underlying pathways involved in LN pathology.

Animal models of LN have been pivotal in simulating the 
human condition and understanding its pathophysiology. In our 
study, we utilized a well-established LN model with MRL/lpr 
mice, known for their predisposition to develop severe auto-
immune nephritis. The knockdown of TRIM22 in these mice 
led to significant alleviation of renal damage, as evidenced 
by reduced proteinuria, serum markers, and histopathological 
findings. This model provided robust evidence supporting our 
hypothesis that TRIM22 plays a pathogenic role in LN.

TRIM22, a member of the tripartite motif family, is 
known for its diverse roles in cell proliferation, differenti-
ation, apoptosis, and immune regulation.8,10 Recent studies 
have implicated TRIM22 in the modulation of inflammatory 
responses, with increased expression observed in various 
inflammatory and autoimmune conditions.9 Our findings 
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Figure 3  The depletion of TRIM22 reduces inflammation in lupus mice. (A) QPCR showed the relative mRNA levels of TNF-α, IL-6, 
and IL-1β in renal tissues from control, MRL/lpr (LN model), MRL/lpr + sh-NC, and MRL/lpr + sh-TRIM22 mice. (B) ELISA showed 
the serum levels of TNF-α, IL-6, and IL-1β measured in the experimental groups: control, MRL/lpr, MRL/lpr + sh-NC, and MRL/
lpr + sh-TRIM22 mice. **p < 0.01 and ***p < 0.001. LN: Lupus nephritis; TRIM22: Tripartite motif-containing protein 22; sh-NC: 
Short hairpin RNA negative control; sh-TRIM22: Short hairpin RNA targeting TRIM22; TNF-α: Tumor necrosis factor-alpha; IL-6: 
Interleukin-6; IL-1β: Interleukin-1 beta; mRNA: Messenger RNA.
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Figure 4  The depletion of TRIM22 inhibits the NF-κB/NLRP3 pathway in mice with LN. (A) Western blot analysis showing the 
protein levels of p-p65, p65, p-IκBα, and IκBα in renal tissues from control, MRL/lpr (LN model), MRL/lpr + sh-NC, and MRL/lpr + 
sh-TRIM22 mice. β-actin was used as a loading control. Relative quantification of p-p65/p65, p-IκBα/IκBα, and IκBα protein levels is 
shown below the blots. (B) Western blot analysis showing the protein levels of NLRP3 in renal tissues from control, MRL/lpr, MRL/
lpr + sh-NC, and MRL/lpr + sh-TRIM22 mice. β-actin was used as a loading control. The relative quantification of NLRP3 protein 
levels is displayed below the blot. **p < 0.01 and ***p < 0.001. LN: Lupus nephritis; TRIM22: Tripartite motif-containing protein 
22; sh-NC: Short hairpin RNA negative control; sh-TRIM22: Short hairpin RNA targeting TRIM22; NF-κB: Nuclear factor kappa-light-
chain-enhancer of activated B cells; NLRP3: NOD-like receptor protein 3; p-p65: Phosphorylated p65; p-IκBα: Phosphorylated IκB 
alpha; β-actin: Beta-actin.

reveal that TRIM22 is upregulated in LN and its knockdown 
markedly decreases inflammatory markers such as TNF-α, 
IL-1β, and IL-6, indicating its regulatory role in inflamma-
tion. These results suggest that TRIM22 may act as a medi-
ator of inflammation in LN, influencing disease progression.

We observed that the knockdown of TRIM22 led to a 
decrease in the activation of NF-κB, as evidenced by the 
reduced phosphorylation levels of NF-κB p65 and IκBα pro-
teins. Concurrently, this knockdown also resulted in dimin-
ished expression of NLRP3, suggesting that TRIM22 may 
modulate the inflammatory response through this pathway. 
To further clarify this association, we included experi-
ments showing that these molecular changes correlate 
with reduced inflammatory cytokine production and ame-
lioration of renal damage in lupus-prone mice.

LN is a critical determinant in the progression of SLE, 
driven by chronic inflammation and immune complex 
deposition.18,19 The activation of inflammatory pathways 
contributes significantly to renal damage.18 Our results 
demonstrate that targeting inflammation through TRIM22 
knockdown can mitigate kidney injury in LN, highlighting 
its potential as a therapeutic target. By reducing TRIM22 
expression, we observed a notable decrease in the activa-
tion of downstream inflammatory responses, aligning with 
the critical role of inflammation in LN pathogenesis.

The NLRP3 inflammasome has been extensively stud-
ied for its involvement in inflammatory and autoimmune 

diseases.20,21 Its activation is associated with the release 
of proinflammatory cytokines that exacerbate tissue 
damage.21 Our data indicate that the knockdown of TRIM22 
correlates with decreased NLRP3 expression, providing a 
link between TRIM22 regulation and the inflammasome 
pathway. This connection underscores the relevance of 
TRIM22 in modulating key inflammatory processes through 
NLRP3.

TRIM22’s regulatory effects extend to the NF-κB path-
way, a pivotal mediator in inflammatory signaling and 
immune responses.9,22 Our study demonstrates that TRIM22 
knockdown suppresses NF-κB pathway activation, subse-
quently downregulating NLRP3 expression. The observed 
reduction in phosphorylated p65 and IκBα levels supports 
this mechanistic pathway, emphasizing the intertwined 
roles of NF-κB and NLRP3 in LN progression.

The NF-κB pathway is central to the development of 
LN and other inflammatory conditions, acting as a potential 
target for therapeutic intervention.22 Our findings highlight 
that the inhibition of NF-κB through TRIM22 knockdown not 
only reduces inflammation but also protects against renal 
injury in LN. This suggests that modulating the NF-κB path-
way could offer promising treatment avenues for LN and 
related disorders.

Although our study provides valuable insights into the 
effects of TRIM22 knockdown on key proinflammatory 
cytokines such as TNF-α, IL-1, and IL-6, it is important to 
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acknowledge the limitations associated with not examining 
other aspects of immune dysregulation, such as Th2 cyto-
kine profiles and basophil activation. Future studies could 
benefit from a broader analysis of immune responses to 
better understand the comprehensive immunomodulatory 
effects of TRIM22 in LN.

In conclusion, our research underscores the pathogenic 
role of TRIM22 in LN through the regulation of the NF-κB/
NLRP3 axis. The knockdown of TRIM22 not only reduces 
inflammation but also alleviates renal injury, presenting a 
promising target for future therapeutic development. 
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