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Abstract
Objective
Anti-neutrophil cytoplasmic antibody-associated vasculitis (AAV) is closely associated with factors such as genetic
predisposition, environmental pollution, medications, and infections. Some bacteria have been definitively linked to
AAV. Although gut microbiota dysbiosis has been confirmed in individuals with AAV, the specific role of this dysbiosis
and the associated mechanisms contributing to AAV pathogenesis remain unexplored. The most common type of
AAV in China is microscopic polyangiitis (MPA).

Methods

We used propylthiouracil/phorbol 12-myristate 13-acetate (PMA/PTU) to establish a rat model of MPA. We then

administered ceftriaxone sodium to induce dysbiosis of the rat intestinal microflora. We determined differences in
gut microbiota using 16sRNA analysis, the degree of kidney and lung injury in rats using haematoxylin-eosin staining,
the level of inflammatory factors in peripheral blood using an enzyme-linked immunosorbent assay, the distribution

of splenic lymphocyte subpopulations using flow cytometry, the expression of Toll-like receptor 7 (TLR7) in the
colon using Western blotting, and the release of neutrophil extracellular traps (NETs) from kidneys using
immunofluorescence to assess the impact of gut dysbiosis on MPA.

Results
The results showed that the MPA rat model displayed characteristics consistent with those of human MPA patients.
The gut microbiota in rats in the gut dysbiosis group significantly differed from that in rats in the MPA group.
Gut microbiota dysbiosis triggered increased release of renal NETs through activation of TLR7 protein, exacerbated
microinflammation, increased peripheral blood Interleukin-10, interleukin-6, C-reactive protein, and tumour
necrosis factor-a, disrupted immune homeostasis, and increased the number of CD4+ T cells, CD8+ T cells,
and Thl7 cells through TLR7 signalling.

Conclusion
Our findings show that microbiota dysbiosis led to increased release of NETs, more severe microinflammation,
disruption of immune homeostasis, and exacerbated organ damage in the kidneys of MPA rats through activation
of TLR7.
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Introduction

Anti-neutrophil cytoplasmic antibody-
associated vasculitis (AAV) is an au-
toimmune disease with an unclear ae-
tiology. Research has suggested that
AAV is strongly associated with fac-
tors such as genetic predisposition, en-
vironmental pollution, medication use,
and previous infections (1-3). AAV
typically manifests as multiple organ
dysfunction syndrome (MODS), with
the kidneys being the most commonly
affected organ. The respiratory system
is most affected among the extra-renal
manifestations (4). Pulmonary dis-
ease is the hallmark feature of the dis-
ease and present in 90% of cases (5).
Granulomatous inflammation in the
lung is the characteristic finding, and
vast granulocytic inflammation is non-
specific (4). Research has shown that
untreated AAV has a mortality rate of
approximately 60% at 6 months, which
can increase to 80% at 12 months (6).
Treatment often includes use of corti-
costeroids and long-term immunosup-
pression (7), which entail considerable
side effects and may result in disease
progression to chronic and recurrent
states. The increasing age of China’s
population is accompanied by a ris-
ing incidence of AAV, which is a sig-
nificant health concern for middle-aged
and elderly people (8-10). There are
several types of AAV, including granu-
lomatosis with polyangiitis (GPA) (11),
microscopic polyangiitis (MPA) (11,
12), and eosinophilic granulomatosis
with polyangiitis (EGPA) (13). MPA
is the most prevalent in China and pre-
dominantly myeloperoxidase (MPO)-
positive AAV (MPO-AAV) (15). Al-
though the specific aetiology of AAV
remains unclear (14), certain bacteria
are known to be associated with the
disease. For instance, two bacterial-de-
rived peptides can trigger autoimmune
responses against anti-neutrophil cyto-
plasmic antibody (ANCA) automatic
engines and induce glomerulonephritis
in mice (7, 15). Additionally, Staphy-
lococcus aureus infections have been
associated with relapses in granuloma-
tosis with polyangiitis (EGPA) (18).
Dysbiosis caused by infections or anti-
biotic use may trigger an abnormal im-
mune response in genetically suscep-

tible individuals, leading to systemic
vasculitis (19). A case-control study on
a European population demonstrated
an enrichment of Enterobacteriaceae,
Lactobacillaceae, and Streptococcace-
ae in patients with EGPA, and these
bacteria may influence the develop-
ment of EGPA by elevating the abun-
dance of CD4* T cells (especially the
Th1/Th17 subpopulation) in the intes-
tinal mucosa. However, there has been
no report on the mechanism through
which gut microbiota dysbiosis is in-
volved in MPA (16).

The aim of the present study was to
examine the effects of gut microbiota
dysbiosis on MPA rats. To this end, we
established an MPA rat model using
propylthiouracil/phorbol 12-myristate
13-acetate (PMA/PTU) and induced
gut microbiota dysbiosis using ceftri-
axone sodium (17). We subsequently
assessed kidney and lung damage, re-
nal neutrophil extracellular trap (NET)
formation, and changes in T lympho-
cyte subgroups in the spleen to explore
the impact of gut microbiota dysbiosis
on MPA progression.

Materials and methods

Animals

Wistar-Kyoto (WKY) rats were pur-
chased from Beijing Vital River Labo-
ratory Animal Technology Co., Ltd.,
and housed in a specific pathogen-free
(SPF) animal facility at Guangxi Medi-
cal University under a 12-h light/dark
cycle. They were provided with sterile
acidified water and irradiated food. The
breeding and use of all rats in this study
were conducted in accordance with the
protocol approved by the Animal Eth-
ics Committee of Guangxi Medical
University no: 202209021).

Animal treatment

A total of 30 clean healthy male WKY
rats, aged 8—12 weeks and weighing
approximately 190-210 g, were used
in this study. They were randomly di-
vided into five groups: control group
(n=6), MPA model group (MPA group,
n=6), intestinal microbiota imbalance
group (IM group, n=6), Toll-like re-
ceptor 7 (TLR7) agonist group (IM+
R837group, n=6), and TLR7 inhibitor
group (IM+ M5049 group, n=6). All
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Fig. 1. Study flowchart.

rats were housed in the Experimen-
tal Animal Centre of Guangxi Medi-
cal University. In the MPA group, the

rats were orally administered the anti-
thyroid drug PTU at a dose of 20 mg/
kg per day for 30 days and then intra-

ministered a solution of ceftriaxone
sodium at a concentration of 0.12 g/
mL and dose of 0.01 mL/g body weight
once daily. In the IM+R837 group, the
rats were intraperitoneally injected
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Fig. 2. Pathological characteristics in the MPA rat model.

A: Representative HE is staining images of renal and pulmonary tissues in the control and MPA groups. Cellulose exudation and infiltration of inflammatory
cells are indicated by black arrows, and the presence of haemorrhagic spots in the lungs is indicated by yellow arrows, n=6.

B-E: Results of haematuria, proteinuria, serum creatinine, and ANCA titre tests in control and MPA rats, n=6.

F-G: Representative images and immune fluorescent detection results of NETSs in the kidneys of control and MPA rats (DNA: blue, MPO: red; CitH3: yellow), n=6.
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Fig. 3. Differences in gut microbiota between MPA and IM rats.
A: Boxplots showcasing alpha diversity indices (Chaol index, ACE index, Shannon index) in faecal samples.
B: Principal coordinates analysis (PCoA) according to the Bray-Curtis beta-diversity metric.
C:The relative abundance of species at the phylum and class level.
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with the TLR7 agonist imiquimod
(R837) at a concentration of 0.5 mg/
mL and dose of 0.1 mL per day start-
ing on day 30 (18). In the IM+M5049
group, rats were oral gavage with the
TLR7 inhibitor enpatoran (M5049) of
2.0 mg/kg per day starting from day 30
(19). The control group received sterile
water by oral gavage and physiological
saline by intraperitoneal injection. On
the 46™ day, the rats were euthanised,
and various biological samples, includ-
ing peripheral blood, urine, kidneys,
lungs, spleen, and colon tissues, were
collected for the next experimental
stage.

Haematoxylin and eosin (HE)

staining and immunofluorescence
Kidneys and lungs were removed and
placed in fresh 4% neutral buffered
paraformaldehyde for 24 h at 20-26°C,
followed by paraffin embedding and
histological analysis. For immunofluo-
rescence staining, sections were probed
with antibodies against TLR7 (Thermo
Fisher Scientific, Waltham, MA, USA),
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CitH3 (Servicebio, Wuhan, China) and
MPO (Servicebio, Wuhan, China), and
then stained with FITC, Alexa Fluor
488- and CY3- conjugated secondary
antibodies (Invitrogen, Carlsbad, CA,
USA; Servicebio, Wuhan, China). Sub-
sequently, the Image > Colour > Split
Channels function and the Colocalisa-
tion Finder plugin in ImageJ software
were used in order to perform quan-
titative analysis on different samples
(ImageJ 1.53q, National Institutes of
Health, USA).

Western blotting

Rat colons were removed, washed
thoroughly with pre-chilled physiolog-
ical saline, and the moisture on tissue
surfaces was absorbed with filter paper.
Colon tissues were homogenised in
RIPA lysis buffer (Suolaibao, Shang-
hai, China). Protein concentrations
were measured using a BCA Protein
Assay Kit. Proteins were subjected to
Western blotting with the indicated
primary antibodies using established
techniques.

ELISA assay

ANCA titre, interleukin-1f (IL-1p),
interleukin-6 (IL-6), C-reactive pro-
tein (CRP), and tumour necrosis factor
(TNF-0) were quantified with enzyme-
linked immunosorbent assay (ELISA)
kits (Shanghai Enzyme-linked Bio-
technology Co., Ltd). In brief, abdomi-
nal aorta blood was sampled, the blood
was centrifuged at 3000 x g for 15 min
at 4°C, and the supernatant was col-
lected to detect inflammatory cytokines
using ELISA kit instructions.

Statistical analysis

Statistical analyses were performed us-
ing the GraphPad Prism 9.0 software
(GraphPad Software, Inc.). Data are
expressed as the mean + standard de-
viation. Each experiment was repeated
three times unless otherwise indicated.
Statistical differences were determined
using Student’s t-test, Multiple group
comparisons were analysed by one-way
ANOVA and Tukey’s post-hoc test was
used to adjust the p-value. p-value <0.05
was considered statistically significant.
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Fig. 4. Gut microbiota dysbiosis exacerbates kidney and lung injury in MPA rats.
A: Representative images of HE is staining of renal and pulmonary tissues in MPA and IM rats (gut microbiota dysbiosis rats); green arrows represent cel-
lulose exudation, black arrows represent cellular crescents within glomeruli, yellow arrows represent pulmonary bleeding spots, n=6.

B-E: Results for haematuria, proteinuria, and serum creatinine in MPA and IM rats, n=6.
F-G: Representative images and immune fluorescent detection results of NETSs in the kidneys of MPA and IM rats (DNA: blue; MPO: red; CiyH3: yellow), n=6.
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Results

Pathological characteristics

in the MPA rat model

On day 30 of model development, we
assessed the MPA rat model. The con-
trol group exhibited kidney tissue with
thin, clear glomerular capillary loops
and normal endothelial/mesangial
cell counts. Surrounding renal tubules
appeared intact, lacking inflamma-
tory infiltration. In contrast, the MPA
group displayed glomerular inflam-
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matory infiltration, focal segmental
proliferation, fibrinous exudation, and
occasional cellular crescent formation.
Lung tissue in controls showed numer-
ous polyhedral alveoli with thin walls
and delicate septa, alongside normal
respiratory bronchioles and vessels.
Conversely, MPA-treated rats exhib-
ited thickened alveolar septa and occa-
sional red blood cell exudate in alveoli
(Fig. 2A). MPA rats also demonstrated
significant elevations in haematuria,

proteinuria, serum creatinine, and
ANCA titres versus controls (Fig. 2B-
E). Immunofluorescence analysis of
NET formation (MPO-red, CitH3-yel-
low, DAPI-blue) revealed negligible
NETs in control kidneys but prominent
formation in MPA kidneys (Fig. 2F-G).

Ceftriaxone sodium induced

changes in the gut microbiota

of MPA rats

To assess the effect of gut microbiota

Clinical and Experimental Rheumatology 2026
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Fig. 5. Gut microbiota dysbiosis exacerbates microinflammation and disrupts immune balance in MPA rats.

A: Quantitative detection results of CRP, IL-1f, IL-6, and TNF-a in the peripheral blood of rats in the MPA and IM groups.

B: Representative images of CD4*T cells (CD3* CD4* T cells), CD8*T cells (CD3*CD8* T cells), Th17 cells (CD3* CD4*IL17A* T cells), and Treg cells
(CD3*CD4*Foxp3*T cells) in the spleens of the MPA and IM groups detected using flow cytometry.
C: Comparison of quantitative flow cytometry results.

dysbiosis on MPA rats, we induced gut
flora dysbiosis using ceftriaxone and
assessed changes in faecal microbes
using 16sRNA. The results are shown
in Figure 3. Alpha diversity was esti-
mated based on the Chaol, ACE, Shan-
non, and observed-species indices, and
indicated different abundances and
taxon distributions in the MPA and IM
groups, with a significant decrease in

Clinical and Experimental Rheumatology 2026

o diversity in the IM group (p<0.05).
Similarly, P-diversity analyses based
on Bray-Curtis metrics and hierarchi-
cal clustering showed significant sam-
ple separation between MPA and IM
rats.

The performed relative abundance
analyses at the phylum level showed
that the rats in the IM group had a de-
creased abundance of Firmicutes and

Euryarchaeota; and an increased abun-
dance of Bacteroidota, Verrucomicro-
biota, Proteobacteria, and Actinobac-
teria. At the class level, the microbial
community showed a similar trend: the
IM group had elevated levels of Bac-
teroidia, Verrucomicrobiae, and Gam-
maproteobacteria, whereas the abun-
dance of Clostridia and Methanobacte-
ria was reduced.
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Gut microbiota dysbiosis leads

to more severe kidney and lung
damage and increased NET release

in MPA rats

To evaluate the effects of gut microbi-
ota dysbiosis on the kidneys and lungs
of MPA rats, we assessed the extent
of organ lesions using HE is staining.
As shown in Figure 4, IM rats with
ceftriaxone-induced gut microbiota
dysbiosis developed more extensive
inflammatory cell infiltration, focal hy-
perplasia, and fibrinoid exudates, and
had more severe renal injury compared
with MPA rats. In MPA rats, lungs dis-
play circular haemorrhagic spots of
varying sizes, all in a bright red colour.
HE staining indicated inflammatory le-
sions, thickened alveolar septa, and oc-
casional red blood cell exudation into
alveolar cavities. Compared with MPA
rats, lung lesions were more severe in
IM rats. HE staining showed loss of
normal lung structure in IM rats, with
marked thickening of alveolar walls
and septa and extensive infiltration of
neutrophils and lymphocytes. In addi-
tion, capillary damage was more pro-
nounced, and many erythrocytes and
eosinophils infiltrated into the alveolar
lumen (Fig. 4A). Furthermore, IM rats
exhibited more pronounced haematuria
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than MPA rats, with significantly higher
levels of urinary protein, serum creati-
nine, and ANCA titres (Fig. 4B-E). Im-
munofluorescence analysis of kidney
NET formation showed that NET for-
mation was significantly greater in the
kidneys of IM rats than in those of MPA
rats (Fig. 4F-G).

Gut microbiota dysbiosis

exacerbates microinflammation

and disrupts immune balance in

MPA rats

To further assess the effects of gut mi-
crobiota dysbiosis on MPA rats, we
used ELISA kits to measure the levels
of inflammatory markers such as CRP,
IL-1P, IL-6, and TNF-a in the periph-
eral blood of MPA and IM rats. The
results showed that IM rats had signifi-
cantly higher levels of CRP, IL-1f, IL-
6, and TNF-a than MPA rats (Fig. 5A).
Flow cytometry was employed to de-
termine the proportions of T-lympho-
cyte subgroups in the spleens of both
rat groups. The results indicated that
IM rats had a significantly higher pro-
portion of CD4+ T cells, CD8* T cells,
and Th17 cells, along with an elevated
Th17/Treg ratio; however, the differ-
ence in Treg cell proportion was not
statistically significant (Fig. 5B-C).

Gut microbiota dysbiosis

increases TLR7 expression in the
colons and kidneys of MPA rats

To elucidate the specific mechanisms
by which gut microbiota dysbiosis
regulates the progression of MPA, we
employed Western blotting to quantify
TLR7 protein expression in rat colon
tissues, while immunofluorescence
was utilised to assess TLR7 localisa-
tion in kidneys. The results demon-
strated that TLR7 protein expression
was significantly higher in IM rats than
in MPA rats (Fig. 6A-B). To elucidate
the specific mechanisms by which gut
microbiota dysbiosis regulates the pro-
gression of MPA, we employed West-
ern blotting to quantify TLR7 protein
expression in rat colon tissues, while
immunofluorescence was utilised to as-
sess TLR7 localisation in kidneys. The
results demonstrated that TLR7 protein
expression was significantly higher in
IM rats than in E8.1 MPA rats (Fig.
6A-B). Additionally, intraperitoneal
administration of R837 (a selective
TLR7 agonist) in IM rats (IM+R837
group) further augmented TLR7 ex-
pression, whereas treatment with enpa-
toran (M5049, a specific TLR7 inhibi-
tor) IM+M5049 group) attenuated it.
These findings confirm that R837 and

Clinical and Experimental Rheumatology 2026
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Colocalization of MPO and CitH3

Fig. 7. Gut microbiota dysbiosis aggravates renal and pulmonary injury in MPA rats and increases the formation of kidney NETs through TLR7 regulation.
A: Representative HE is staining images of renal and pulmonary tissues in IM, IM+R837, and IM+ M5049 rats. Fibrous exudate is indicated by yellow ar-
rows, crescent formation is indicated by black arrows, and lymphocyte infiltration is indicated by green arrows, n=6.

B-C: Representative images and results of fluorescent immune detection of NETSs in the kidneys of IM, IM+R837, and IM+ M5049 rats (DNA: Blue, MPO:

red, yellow: CitH3), n=6.

M5049 act as agonists and inhibitors,
respectively, of the TLR7 signalling
pathway. Parallel immunofluorescence
analysis of renal TLR7 expression mir-
rored these trends (Fig. 6C-D).

Gut microbiota dysbiosis

aggravates kidney and lung injury

and induces kidney NET release in
MPA rats via TLR7

To investigate whether the exacerba-
tion of kidney and lung damage and
increase in kidney NET release in MPA
rats caused by gut microbiota dysbio-

Clinical and Experimental Rheumatology 2026

sis is associated with TLR7, intraperi-
toneal injections of R837 and M5049
were administered, followed by HE
staining to observe pathological chang-
es in kidneys and lungs. TLR7 inhib-
itor-injected rats (IM+ M5049 group)
with attenuated kidney and lung injury.
Conversely, in rats injected with the
TLR7 agonist (IM+R837 group), kid-
ney and lung damage progressed (Fig.
7A). Immunofluorescence analysis re-
vealed that, compared to the IM group,
NET formation in the kidneys was
significantly higher in the IM+R837

group and substantially lower in the
IM+ M5049 group (Fig. 7B-C).

Gut microbiota dysbiosis aggravates
microinflammation and immune
imbalance in MPA rats via TLR7

To understand whether gut microbiota
dysbiosis exacerbates microinflamma-
tion and immune imbalance in MPA
rats via TLR7 receptor proteins, we
assessed the levels of peripheral blood
inflammatory markers, including CRP,
IL-1pB, IL-6, and TNF-a, in rats from
the IM, IM+R837, and IM+ M5049
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Fig. 8. Gut dysbiosis exacerbates systemic microinflammation and immune imbalance in MPA rats through TLR7 activation.

A: Comparison of quantitative detection results of CRP, IL-1f3, IL-6, and TNF-a. in the peripheral blood of rats in the IM, IM+R837, and IM+ M5049 groups.
B: Representative images of CD4*T cells (CD3*CD4* T cells), CD8*T cells (CD3* CD8* T cells), Th17 cells (CD3*CD4*IL17A* T cells), and Treg cells
(CD3*CD4* Foxp3*T cells) in the spleens of IM, IM+R837, and IM+ M5049 rats were detected using flow cytometry.

C: Comparison of quantitative flow cytometry results.

groups using ELISA kits. Compared  while, the IM+ M5049 group exhibited =~ We then employed flow cytometry to ex-
with the IM group, the IM+R837 group  significantly lower levels of these in-  amine the proportions of T-lymphocyte
showed significantly higher levels of = flammatory markers compared to the subgroups in the spleens of these three
CRP, IL-1f, IL-6, and TNF-a. Mean-  IM group (Fig. 8A). groups. Compared to the IM group, the
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IM+R837 group showed a significant
increase in the proportions of CD4+* T,
CD8* T, and Thl7 cells, alongside a
higher Th17/Treg ratio. Conversely, the
IM+ M5049 group showed the opposite
pattern, although there was no statisti-
cally significant difference in the pro-
portion of Treg cells between the two
groups (Fig. 8B-C).

Elevated TLR7 expression in

kidneys of MPA patients

In order to verify the expression of
TLR7 in the renal tissues of the patients
with MPA, we obtained three patholog-
ical sections of renal tissues from the
patients with MPA and three pathologi-
cal sections of adjacent normal renal
tissues from patients with cancer, all of
which were sourced from The Second
Affiliated Hospital of Guangxi Medical
University. The immunofluorescence
results showed that the expression of
TLR7 in the renal tissues of MPA pa-
tients was significantly higher than that
in the control group (p<0.05).

Discussion

The exact aetiology of MPA is cur-
rently unknown, but previous studies
have indicated that NET formation is
crucial (20, 21). An overabundance of
NETs induces vascular damage (24),
and NETs are involved in ANCA pro-
duction, mediating excessive neutro-
phil activation, which subsequently
releases inflammatory cytokines, reac-
tive oxygen species, and lytic enzymes
(22-24). NETs exacerbate kidney in-
jury by promoting cellular crescents
formation (25). Additionally, changes
in lymphocyte subgroups have been
associated with MPA progression. For
example, an increase in CD8* T-cells in
the kidneys drives disease progression
in patients with MPA (26, 27). Simi-
larly, the ratio of CD4* T cells to Th17/
Treg cells is intricately linked to the
immunological mechanisms underly-
ing MPA onset and prognosis (28, 29).
In this study, an MPA rat model was
successfully established using PMA/
PTU, with its histopathological fea-
tures and immunological changes re-
sembling those found in human AAV
(30, 31). Ceftriaxone sodium, one of
the most common agents used to in-
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duce gut microbiota dysbiosis in ani-
mal models (32-34), was used in the
present study to induce dysbiosis in
the MPA rats. The results of the faecal
16sRNA analysis showed a significant
decrease in o- and P-diversity indices,
an increase in thick-walled bacterial
phyla and Streptococcus intestinalis,
and a decrease in probiotics in the
ceftriaxone sodium-induced intestinal
dysbiosis group of rats, which is in
agreement with previous studies (32,
35,36).

In this model, gut microbiota dysbiosis
aggravates kidney and lung injury, in-
creases NET formation in the kidneys,
intensifies microinflammation, and pro-
motes immune imbalance. Our findings
suggest that gut microbiota dysbiosis
can increase NET formation in the
kidneys of MPA rats, elevate the sys-
temic inflammatory response, increase
counts of CD4* T, CD&8* T, and Th17
cells, and disrupt immune homeostasis,
leading to increased levels of inflam-
matory cytokines and reactive oxy-
gen species, as well as enhanced lytic
enzyme release and cellular crescent
formation, which is consistent with pre-
vious research (37-39). Additionally,
we observed that intestinal microbiota
dysbiosis upregulated TLR7 expression
in the colon and kidneys of MPA rats.
To verify whether the effects of intesti-
nal microbiota dysbiosis on MPA were
mediated by TLR7, we administered
TLR7 inhibitors and observed attenu-
ation of these effects, thus confirming
that the impact of intestinal microbiota
dysbiosis on MPA was indeed TLR7-
mediated. In our study, the performed
immunofluorescence assays revealed
elevated TLR7 expressions in the kid-
neys of MPA patients, which validates
the aforementioned hypothesis. This
may be achieved through the follow-
ing mechanisms. First, activation of
the TLR7 receptor exacerbates a series
of pathological processes triggered by
dysbiosis. Specifically, TLR7 activa-
tion induces the production of CXC
chemokine ligand 16 (CXCL16), which
in turn regulates neutrophil activation
and migration and also promotes the
formation of neutrophil extracellular
traps (NETs) (37). Second, the binding
of TLR7 to its ligand triggers the activa-

tion of quiescent autoimmune B cells,
thereby facilitating autoantibody pro-
duction (40-42). Third, TLR7 activation
promotes the differentiation of CD4* T
lymphocytes into Th17 cells through
the secretion of cytokines such as in-
terleukin-21(IL-21). (38), Increased
Th17 cell populations exacerbate renal
inflammation and tissue damage (25,
43), while an elevated Th17/Treg ratio
impairs the anti-inflammatory effects
and aggravates ANCA-associated vas-
culitis (AAV)-related vascular endothe-
lial injury (44, 45). Furthermore, TLR7
activation in renal tubular epithelial
cells induces increased expression of
chemokines, such as Ccl2, Cxcll, and
miR-21, thereby promoting renal fibro-
sis and inflammation (39). Addition-
ally, intestinal dysbiosis may activate
the TLR7-MyD88-NF-kB signalling
pathway, thus leading to increased lev-
els of downstream inflammatory factors
such as IL-1p, IL-6, and TNF-a., which
further amplify inflammatory responses
(46, 47). Finally, TLR7 activation can
increase CD31 expression at the inter-
cellular junctions between endothelial
cells and leukocytes (including mono-
cytes and macrophages), resulting in
increased monocyte-macrophage in-
filtration into the kidneys (48). Col-
lectively, gut microbiota dysbiosis can
activate the aforementioned effects
through TLR7, which collectively ex-
acerbate kidney and lung damage and
accelerate the progression of MPA. In
our study, the inhibition or activation
of TLR7 did not affect the number of
Treg cells, a finding that contrasts with
that of an earlier study (43). This could
be attributed to the fact that TLR7 in-
fluences Tregs primarily by inhibiting
their function rather than by reducing
their number.

To our knowledge, this is the first study
to investigate the role and specific
mechanisms of gut microbiota dys-
biosis in MPA. However, because our
study involved antibiotic intervention
in a rat model of MPA, we could not
conclusively establish a causal relation-
ship between gut microbiota dysbiosis
and MPA levels. Further experiments
at the cellular level are required to in-
vestigate the underlying mechanisms
thoroughly.
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