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Abstract. Antineutrophil cytoplasmic antibody-associated
vasculitis (AAV) is a rare autoimmune disease with an unclear
pathogenesis. The present study investigated the associations
between autophagy-related protein 16-like 1 (ATGI16L1)
rs2241880(T300A) and rs4663421 and AAV. A total of
177 patients with AAV and 216 healthy controls were included.
Propensity score matching was used to match the two groups
of subjects in terms of sex, age and ethnicity. Analyses of the
relationships between these genetic polymorphisms and AAV
susceptibility, including comparisons of allele and genotype
frequency distribution, linkage disequilibrium analysis and
analysis of single nucleotide polymorphism (SNP) interactions
between two loci were performed. The association between
the loci and laboratory test results and renal pathology were
also analysed. A total of 154 pairs of patients with AAV and
healthy controls was successfully matched. Neither poly-
morphism was associated with AAV susceptibility. However,
SNP interaction in the model constructed with the two loci
was statistically significant (P=0.018), and the combination
of the AA genotype of rs2241880(T300A) and GG genotype
of rs4663421 was associated the highest disease risk. The
differences in the Birmingham Vasculitis Activity Score
(BVAS), C-reactive protein (CRP) levels and 24-h urine
protein level between patients with the rs2241880(T300A)
AA + AG genotypes and the GG genotype were statistically
significant (P<0.05). Furthermore, significant differences in
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the severity of glomerulosclerosis and global sclerosis were
detected between individuals with the AA + AG genotype and
those with the GG genotype at the rs2241880(T300A) locus
(P<0.05). Similarly, there were statistically significant differ-
ences in degree of segmental sclerosis between individuals
with CC + CG genotypes and those with GG genotypes at
the rs2243421 locus (P<0.05). In summary, the single gene
polymorphisms of these loci were not associated with genetic
susceptibility to AAV. However, SNP interactions may serve a
role in the risk of AAV. The rs2241880(T300A) polymorphism
may be associated with BVAS, CRP levels and 24-h urine
protein level in AAV. These SNPs may be associated with
glomerulosclerosis and segmental sclerosis.

Introduction

Antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) is an autoimmune disease characterized by
necrotizing inflammation of small and medium-sized blood
vessels and the presence of ANCAs in circulation. Based on
their targeted antigen, ANCAs are classified as proteinase
3-ANCA (PR3-ANCA) or myeloperoxidase-ANCA
(MPO-ANCA) (1-3). Among the organs affected by AAV, the
kidney is one of the most severely impacted. The pathogenesis
of AAV remains unclear. It is currently hypothesized that
environmental factors, infection and immune status lead to the
development of this disease. A genetic predisposition to AAV
has been reported in familial cases and large genome-wide
association studies have revealed that susceptibility to AAV is
linked to gene variants (4-6).

Autophagy is the process by which intracellular macro-
molecules, organelles and invasive microorganisms are
transported to the lysosome for degradation under regulation
of autophagy-related genes (ATGs) (7). Autophagy is key for
the realization of cellular metabolic needs, the maintenance
of cell and tissue homeostasis and innate and adaptive
immunity (8). Autophagy has been implicated in a variety
of diseases, including malignant tumours, neurodegenerative
disease, metabolic syndrome and autoimmune diseases (9-12).
Neutrophil extracellular traps (NETs) are reticular DNA
structures combined with immunogenic proteins released by
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activated neutrophils that not only capture and kill pathogenic
microorganisms but also induce tissue damage (13), serving
a key role in the initiation and progression of AAV (14).
Sha et al (15) reported that human neutrophils treated with
ANCA-positive IgG exhibit higher levels of autophagy and
release more NETs, which can be enhanced by autophagy
inducers, suggesting that autophagic activity may affect
ANCA-induced NET formation and release and thus partici-
pate in the pathogenesis of AAV.

Autophagy-related 16-like 1 (ATGI6L1) is a key
component of ATG12-ATG5/ATGI6L1, a large protein
complex essential for all stages of autophagy (16). ATG16L1
mediates recognition of cellular cargo and activates
autophagy-associated enzyme activity required for recruit-
ment to lysosomes (17). ATG16L1 gene polymorphisms
[rs2241880(T300A) and rs4663421] may be associated with
rheumatoid arthritis, ankylosing spondylitis and inflammatory
bowel disease (18-20). The present analysed the associations
between ATGI16L1 rs2241880(T300A) and rs4663421 poly-
morphisms and susceptibility in AAV using propensity score
matching (PSM) to control for confounding factors. The aim
of the present study was to provide a theoretical basis for
pathogenesis and therapeutic targets of AAV.

Materials and methods

Subjects. Patients with AAV were recruited from Department
of Nephrology, Second Affiliated Hospital of Guangxi
Medical University (Guangxi, China) from January 2005 to
April 2018. A total of 177 patients were included, 68 male
(38.4%) and 109 female (61.6%), with an age range of
18-82 years and a median (IQR) age of 58.0 (43.0-64.0)
years. Inclusion criteria were as follows: i) Diagnosis of AAV
in strict accordance with the diagnostic criteria for vascu-
litis formulated at the International Chapel Hill Consensus
Conference in 2012 (21) and ii) have been born in the Guangxi
Zhuang Autonomous Region with no blood relationship with
any other subject in the present study. The exclusion criteria
were diagnosis of secondary vasculitis, other autoimmune or
disease and malignant tumours. The control group consisted
of healthy individuals from the Physical Examination Centre
of the same hospital during the same period. A total of 216
healthy individuals were included, 84 male (38.9%) and
132 female (61.1%), with an age range of 19-81 years and
a median (IQR) age of 51.0 (44.0-59.0) years. Inclusion
criteria were as follows: i) Does not meet any of the above
classification diagnostic criteria; and ii) have been born in
the Guangxi Zhuang Autonomous Region with no blood rela-
tionship with any other subject who has participated in this
study. The exclusion criteria were diagnosis of autoimmune
diseases, hereditary diseases, and other serious diseases. The
study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the
Second Affiliated Hospital of Guangxi Medical University
(approval no. 2018 KY-0100). Verbal informed consent was
obtained from all participants.

Clinical data. The clinical data collected included sex, age,
white blood cell count, 24-h urine protein, albumin and
serum creatinine (SCR) levels, estimated glomerular filtration

rate (eGFR), C-reactive protein (CRP) levels, erythrocyte
sedimentation rate (ESR), MPO-ANCA and PR3-ANCA
titre, Birmingham Vasculitis Activity Score (BVAS) and
renal pathology (including renal pathological type, normal
glomeruli, sclerotic glomeruli, global sclerosis, segmental
sclerosis, crescents, cellular crescents, fibrous crescents and
cellular fibrous crescents). The renal samples were fixed
at 35°C with 10% buffered formalin for 5 min, embedded in
paraffin, sectioned at a thickness of 1.5-2 ym, then stained
with hematoxylin and eosin for 10 min and 31 min respectively
at room temperature. Finally, observations were made using
an light microscope (Olympus Corporation) with x40. Disease
activity was assessed using the Birmingham Vasculitis
Activity Score (version 3) (22). eGFR was calculated using the
Chronic Kidney Disease Epidemiology Collaboration equa-
tion (23). ANCA-associated glomerulonephritis was classified
according to the histopathological classification proposed by
Berden et al (24). The clinical data collected were obtained at
the time of diagnosis of patients or during physical examina-
tion of healthy individuals.

Single nucleotide polymorphism (SNP) selection. Locus
information for the ATG16L1 gene was downloaded from
1000 Genomes database (grch37.ensembl.org/), and SNP
loci were filtered out using Haploview v.4.2 software (25).
SNP loci meeting the following criteria were selected:
i) Located in a functional region; ii) previously reported to
be associated with autoimmune or inflammatory disease and
iii) having a minor allele frequency =0.05. National Center for
Bioinformatics (ncbi.nlm.nih.gov/snp/) was used to confirm
functional consequence of SNPs and ATG16L1 marker SNPs
[rs2241880(T300A) and rs4663421] were selected.

Gene polymorphism detection. Blood samples were collected
from all the enrolled patients with AAV and controls between
January 2005 to April 2018. EDTA tubes were used for the
collection of 5 ml peripheral venous blood samples and
genomic DNA was extracted using the Blood DNA Extraction
kit [cat. no. DP319-02; Beijing Tiangen Biotech (Beijing) Co.,
Ltd.] according to the manufacturer's instructions. Nanodrop
2000 spectrophotometer (Thermo Fisher Scientific, Inc.) to
measure the concentration of DNA to ensure the adequate
amounts of high-quality genomic DNA. The samples with an
absorbance value (A260/A280) of 1.7-1.9 and a DNA concen-
tration >25 mg/l were included and the isolated DNA was
stored at -80°C for further study.

Genotyping was performed by Sangon Biotech (Shanghai)
Co., Ltd. The sequences of primers were as follows: rs2241880
forward, 5'"TCTCATTTGAGTGAGGGTGCTTTT-3' and
reverse, 5-GTAGCTGGTACCCTCACTTCTTTAC-3'
(product size, 274 bp); and rs4663421 forward, 5'-CCCTTC
TTCCATGTATCCTGCTT-3' and reverse 5'-CTTCCAGCC
AAATCTGCTTTTCC-3'(product size, 274 bp). Library
preparation was performed by two-step PCR. First round PCR
reaction was set up as follows: DNA (10 ng/ul) 2 ul; amplicon
PCR forward primer mix (10 #M) 1 ul; amplicon PCR reverse
primer mix (10 xM) 1 ul; 2xPCR Ready Mix 15 ul (total
25 ul). This step was performed with Kapa HiFi Ready Mix
[Roche Dianostics (Shanghai) Co., Ltd.). PCR was performed
in a thermal instrument (Bio-Rad Laboratories, Inc.; TI00TM)



Bz SPANDIDOS
[/ »§, PUBLICATIONS

Table I. Baseline influencing factors before and after PSM.
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Before PSM After PSM
Characteristic AAV (n=177) Control (n=216)  P-value AAV (n=154) Control (n=154)  P-value
Sex (%) 0.924 0.483
Male 68 (38.4) 84 (38.9) 63 (40.9) 57 (37.0)
Female 109 (61.6) 132 (61.1) 91 (59.1) 97 (63.0)
Ethnicity (%) 0.099 0.611
Zhuang 62 (35.0) 58 (26.9) 45 (29.2) 41 (26.6)
Han 115 (65.0) 158 (73.1) 109 (70.8) 113 (73.4)
Median age (IQR), years  58.0 (43.0-64.0) 51.0 (44.0-59.0) 0.005 56.0 (42.0-63.0) 53.0 (45.8-61.0) 0.445

PSM, propensity score matching; AAV, antineutrophil cytoplasmic autoantibody-associated vasculitis.

using the following program: 1 cycle of denaturing at 98°C for
5 min, first 8 cycles of denaturing at 98°C for 30 sec, annealing
at 50°C for 30 sec, elongation at 72°C for 30 sec, then 25 cycles
of denaturing at 98°C for 30 sec, annealing at 66°C for 30 sec,
elongation at 72°C for 30 sec and a final extension at 72°C for
5 min. Finally hold at 4°C.

The PCR products were checked using electrophoresis in
1 % (w/v) agarose gels in TBE buffer, stained with ethidium
bromide and visualized under UV light. Then we used
AMPure XP beads to purify the amplicon product. After
that, the second round of PCR was performed. The PCR reac-
tion was set up as follows: DNA (10 ng/ul) 2 pl; universal
P7 primer with barcode (10 uM) 1 ul; universal P5 primer
(10 uM) 1 pl; 2X PCR Ready Mix 15 pl (total 30 ul)(Kapa HiFi
Ready Mix). The plate was sealed and PCR was performed as
follows: Initial denaturing at 98°C for 3 min, then 5 cycles of
denaturing at 94°C for 30 sec, annealing at 55°C for 20 sec,
elongation at 72°C for 30 sec, and a final extension at 72°C
for 5 min. Then we used AMPure XP beads to purify the
amplicon product. The libraries were then quantified and
pooled. Paired-end sequencing of the library was performed
on the HiSeq XTen sequencers (Illumina, Inc.). The samples
were sequenced using NovaSeq 6000 S4 Reagent kit v1.5
(300 cycles) (cat. no. 20028312; Illumina Inc.). The loading
concentration of the final library was 100 pM. Samtools v
1.18software (htslib.org/) was used to calculate each genotype
of target site.

PSM. IBM SPSS Statistics for Windows, Version 26.0 (IBM
Corp.) and R 3.5.1 software (26) was used to match sex, age
and ethnicity with a matching tolerance of 0.2 (27). Jetter plot
of propensity score matching was obtained.

Statistical analysis. Hardy-Weinberg equilibrium was checked
using SHEsis online software (analysis.biox.cn/myanalysis.
php), and linkage disequilibrium tests were performed. The
strength of association between genetic models and the risk of
AAV was evaluated by odds ratios (ORs) and 95% confidence
intervals (CIs) through online SNPstats (https:/www. snpstats.
net/start.htm). SNP-SNP interactions were assessed using
generalized multifactor dimensionality reduction (GMDR).
Expression quantitative trait loci (¢QTL) database (gtexportal.

org/home/eqtlDashboardPage) was used to assess the effect
of different genotypes of candidate loci on tissue-specific
gene expression. All statistical analyses were performed with
IBM SPSS Statistics for Windows, Version 26.0 (IBM Corp.).
Normally distributed variables are presented as the mean + SD
of 3 independent experimental repeats and non-normally
distributed variables are presented as median and interquar-
tile range (IQR). The categorical variables are expressed as
frequency and percentage and comparisons between groups
were made using Pearson's y* test or Fisher's exact test. P<0.05
was considered to indicate a statistically significant difference.

Results

Demographic characteristics. A total of 177 patients and 216
healthy individuals were included. There was a significant
age gap between the AAV and control groups before PSM
(Table I) but no apparent difference in sex or ethnicity between
the groups. Following PSM, 154 patients were successfully
matched. There was no significant difference between age
of groups and the balance of each covariate was significantly
increased (Figs. 1 and 2).

Genotype distribution, allele frequency, linkage disequi-
librium and Hardy-Weinberg equilibrium analysis. The
genotype distribution of rs2241880(T300A) and rs4663421
of ATGI6L1 were in accordance with the genetic law of
Hardy-Weinberg equilibrium. The linkage disequilibrium was
weak between rs2241880(T300A) and rs4663421 loci (Fig. 3;
D'=0.998, R?=0.045). Associations between ATG16L1 SNPs
and AAV risk were evaluated under different genetic models
(Tables II and IIT). Genotypes of rs2241880 and rs4663421
under different genetic models did not significantly difference
between AAV and control groups. And there was no signifi-
cant difference in the alleles of the two loci between AAV and
control groups.

SNP interaction analysis. GMDR obtains the best model
combination from multiple genes or SNPs and behavioural
indicators to analyse gene-gene or SNP-SNP interactions. The
interaction between rs2241880(T300A) and rs4663421 was
significant. The cross-verifying consistency was 8/10 and the
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Figure 1. Histogram of propensity score matching before and after matching. Antineutrophil cytoplasmic autoantibody-associated vasculitis group (A) before

and (B) after matching. Control group (C) before and (D) after matching.
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Figure 2. Jetter plot of propensity score matching. AAV, antineutrophil cyto-
plasmic autoantibody-associated vasculitis.

training balance accuracy was 0.5844 after 1,000 permuta-
tion tests. The highest risk was found when the AA genotype
of rs2241880(T300A) combined with the GG genotype of
rs4663421 (Fig. 4).

eQTL analysis. 1s2241880/T300A G allele was associated with
increased ATG16L1 mRNA in whole-blood samples from
670 healthy donors (median relative expression AA: -0.1331,

AG: -0.02428, GG: 0.08790, P=0.0000037; Fig. 5). rs4663421
G allele was associated with increased ATG16.1 mRNA
(median relative expression: GC: -0.1746, GG: 0.03176).
Therefore, the recessive model of rs2241880(T300A) (AA +
AG, GG) and the dominant model of rs4663421 (CC + CG,
GG) were used to examine the association between SNPs and
clinical characteristics.

Association between ATGI6LI gene polymorphisms and AAV
clinical characteristics. CRP level and BVAS were higher,
whereas the 24-h urinary protein level was significantly lower
for patients with rs2241880(T300A) AA+AG genotype than
for patients with the GG genotype (Table IV). There was no
significant association between the rs4663421 gene polymor-
phism and CRP and 24-h urine protein level, BVAS, ANCA
type, white blood cell count, serum creatinine level, ESR,
eGFR or serum albumin level in patients with AAV.

Analysis of the association of ATGI6LI gene polymorphisms
with AAV renal pathology. A total of 68 patients with renal
pathology data were included. Based on pathological clas-
sification of glomerular burden, 35 patients (51.47%) were
classified as having focal-type AAV, 20 (29.41%) as having
sclerosing-type AAV, 5 (7.35%) as having crescent-type AAV
and 8 (11.76%) as having mixed-type AAV. Compared with the
AA + AG genotype, GG genotype of rs2241880(T300A) was
significantly associated with more severe glomerulosclerosis
and global sclerosis (Table V). For rs4663421, segmental scle-
rosis was more severe in patients with the CC + CG and GG
genotypes. SNPs were not associated with renal pathological
type, percentage of normal glomeruli, crescents, cellular cres-
cents, fibrous crescents and cellular fibrous crescents in AAV.
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Table II. Association between the risk of AAV and single nucleotide polymorphism rs2241880.

Model Genetype/Allele Control (%) AAV (%) OR (95% CI) P-value
Allele G 98 (31.8) 88 (28.6) Reference 0.38
A 210 (68.2) 220 (71.4) 1.17 (0.83-1.65)
Codominant AA 71 (46.1) 78 (50.6) Reference 0.68
AG 68 (44.2) 64 (41.6) 0.86 (0.54-1.37)
GG 15(9.7) 12 (7.8) 0.73 (0.32-1.66)
Dominant AA 71 (46.1) 78 (50.6) Reference 042
AG-GG 83 (53.9) 76 (49.4) 0.83 (0.53-1.30)
Recessive AA-AG 139 (90.3) 142 (92.2) Reference 0.55
GG 15(9.7) 12 (7.8) 0.78 (0.35-1.73)
Overdominant AA-GG 86 (55.8) 90 (58.4) Reference 0.65
AG 68 (44 .2%) 64 (41.6%) 0.90 (0.57-141)
AAV, antineutrophil cytoplasmic autoantibody-associated vasculitis.
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Figure 3. Linkage disequilibrium analysis of single-nucleotide polymorphisms in the autophagy-related protein 16 like 1 gene. (A) D'=0.998. D', Lewontin's
standardised disequilibrium coefficient,0 <D' <1, the darker the colour, the bigger D' is. (B) R?=0.045. R?, squared correlation coefficient,0 < R* <1, the darker

the color is, the greater the R? value is.

Discussion

The exact cause of AAV remains uncertain; however, genetic
factors serve a significant role in AAV (28). The present
study explored the relationship between polymorphisms in
ATGI6L1 and AAV susceptibility, laboratory examination
results and renal pathology in AAV. PSM was used to match
AAV and control groups. Before matching, some baseline

clinical data differed between the groups, which may have
affected the distribution of genes. Following 1:1 matching
for sex, age and ethnicity, both groups presented similar
demographic characteristics, with no significant differences,
indicating PSM significantly increased the balance of covari-
ates.

ANCA is a serum marker for AAV. However, ANCA is
also found in patients with inflammatory bowel disease (29)
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Table III. Association between risk of AAV and single nucleotide polymorphism rs4663421 in different genotypic models.

Model Genetype/Allele Control (%) AAV (%) OR (95% CI) P-value

Allele G 279 (90.6) 282 (91.6) Reference 0.67
C 29 (94) 26 (8.4) 0.89 (0.51-1.55)

Codominant GG 125 (81.2) 129 (83.8) Reference 0.38
GC 29 (18.8) 24 (15.6) 0.80 (0.44-1.45)
CC 0(0.0) 1(0.6) NA (0.00-NA)

Dominant GG 125 (81.2) 129 (83.8) Reference 0.55
GC-CC 29 (18.8) 25 (16.2) 0.84 (0.46-1.51)

Recessive GG-GC 154 (100) 153 (99.3) Reference 0.24
CC 0(0) 1(0.6) NA (0.00-NA)

Overdominant GG-CC 125 (81.2) 130 (84 .4) Reference 045
GC 29 (18.8) 24 (15.6) 0.80 (0.44-1.44)

AAV, antineutrophil cytoplasmic autoantibody-associated vasculitis; NA, not applicable.
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Figure 4. Generalized multifactor dimensionality reduction analysis. A box
represents an interaction combination; highrisk boxs are denoted by a dark
color, lowrisk boxs are denoted by a light tint. In the same box, the left column
is the positive score of the combination, and the right is the negative score;
the higher the positive score, the higher the risk of antineutrophil cytoplasmic
autoantibody-associated vasculitis (AAV) in the combo.

and PR3-ANCA-positive patients with ulcerative colitis have
more extensive disease than those who are PR3-ANCA nega-
tive (30). The pathogenicity of high-titre ANCA has also been
highlighted in case reports of AAV in patients with Crohn's
disease (CD) (31,32). Therefore, there may be a common
pathogenic mechanism between AAV and inflammatory
bowel disease. ATG16L1 is associated with elevated levels of
inflammatory factors IL-6,IL-8 and IL-1f3 (33-34). The release
of cytokines IL-8, IL-6 and TNF-a by immune cells leads to
excessive activation of neutrophils to induce the formation of
NETs, resulting in occurrence of AAV (35,36) and an associa-
tion with AAV disease activity (37). Here, it was hypothesized
that ATGI6L1 rs2241880(T300A) and rs4663421 may be

involved in the pathogenesis of AAV through effects on NETs
and cytokines. rs2241880(T300A) and rs4663421 are associ-
ated with inflammatory bowel disease and several studies of
polymorphisms in the gene encoding ATG16L1 have revealed
that the T300A G allele is associated with a greater risk of
IBD development (38-41). Almost all CD risk imposed by
the ATGI16LI1 locus is associated with carrying the T300A
variant (42). The ATGI6L1 variant T300A affects secretion
of TNF-a and IL-1p, promotes inflammatory responses and
increases susceptibility to CD (43). Here, the AA genotype
(50.6 vs. 46.1) and AG genotype (41.6 vs. 44.2%) of the
ATGI16L1 rs2241880(T300A) polymorphism were more
frequent in patients with AAV than in healthy controls,
whereas the GG genotype was less frequent (7.8 vs. 9.7) and
the G allele was present in a minority of patients and controls
(7.8 vs.9.7%). A meta-analysis by Zhang et al (44) confirmed
that the T300A G allele is positively associated with CD
occurrence in Caucasians, but no significant association was
found in Asians and the frequency of the G allele differed
between Asians and Caucasians, potentially because racial
differences play a role in the genetic background. The present
study did not find a significant difference in the ATG16L1
T300A genotype or allele frequency between patients and
healthy controls (P>0.05), which may be due to the low
frequency of G allele and GG genotype. The GG genotype
of rs4663421 was predominant in healthy individuals and
patients with AAV. By contrast, the CC genotype has rarely
been reported, which is consistent with findings in other
populations (20,38), but an association between the rs4663421
polymorphism and AAV has not been confirmed. No
significant difference was found between cases and controls.
Associations between codominant, dominant, recessive and
overdominant models with AAV were assessed. However,
there was no significant association between these models
of ATG16L1 rs2241880(T300A) and rs4663421 and risk of
developing AAV. AAV is relatively rare, is not the result of a
single gene mutation but is associated with multiple genetic
variants and may be associated with gene-gene or SNP-SNP
interactions (45). SNP-SNP interaction analysis between
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Figure 5. Expression Quantitative Trait Loci (€QTL) analysis of ATG16L1 rs2241880 and rs4663421 in whole blood. (A) ATG16L1 rs2241880-G is associated
with increased ATG16L1 mRNA expression. (B) ATG16L1 rs4663421-G is associated with increased ATG16L1 mRNA expression. Norm., normal.

ATGI6L1 rs2241880(T300A) and rs4663421 found that the
combination of the AA genotype of rs2241880 and the GG
genotype of rs4663421 increased risk of AAV. Thus, although
rs2241880 and rs4663421 did not show any association with
AAV individually, the interaction of these two SNPs may
promote the development of AAV.

Due to diverse clinical manifestations, courses and
outcomes of AAV, the present study investigated the
impact of gene polymorphisms on the clinical mani-
festations of AAV. Higher BVAS indicates more active
disease (46). The CRP level is often used as a non-specific
marker of inflammation and is associated with disease
activity in AAV (47). ATG16L1 T300A variant can affect
autophagy (48). rs2241880(T300A), when carried by a GG
homozygote, impairs autophagic flux and associated vesicle
trafficking (49). Here, GG genotype of rs2241880(T300A)
was associated with lower BVAS and CRP level than the
AA + AG genotype was. Autophagy regulates formation
and release of NETs. The PI3K/AKT/mTOR pathway
connects autophagy and NETs, and mTOR inhibitor
rapamycin increases the formation of NETs by promoting
autophagy (50,51). Therefore, rs2241880(T300A) gene
polymorphism may influence the disease activity of AAV by
affecting the production and release of NETs and ANCAs.
ATGI6L1 maintains cell homeostasis by inhibiting inflam-
matory responses (52). eQTL analysis demonstrated that
the rs2241880(T300A) G allele was associated with higher
mRNA levels of ATGI6L1 than the rs2241880(T300A) A
allele. rs2241880(T300A) GG genotype may reduce disease
activity and CRP levels due to the upregulation of ATG16L1
expression. Further studies are needed to distinguish the
high disease activity and CRP levels in patients with AAV
from those with pulmonary infection as there were many
confounding factors in the present study.

Renal involvement in AAV can manifest as active lesions,
including glomerular crescent formation and necrosis, or as
chronic lesions, including glomerulosclerosis. Patients with
the GG genotype of rs2241880(T300A) presented more
pronounced glomerulosclerosis and global sclerosis than
those with the AA + AG genotype. Additionally, 24-h urine
protein level was greater in patients with the GG genotype,
indicating more severe damage to the glomeruli. When

autophagy was impaired, patients exhibited more severe
glomerular damage. Patients with AAV carrying CC + CG
genotype of rs4663421 had more severe segmental scle-
rosis. Further investigation of the association between the
rs4663421 gene polymorphism and the level of autophagy
is needed. Proteinuria specifically reflects renal involve-
ment of AAV and podocyte injury serves a pivotal role in
the development of proteinuria. When ATGs are specifically
knocked out in podocytes, mice develop proteinuria, progres-
sive glomerulosclerosis, severe renal interstitial lesions and
renal failure, thus showing focal segmental glomeruloscle-
rosis (53). These findings indicate the role of autophagy as a
key mechanism for maintaining the homeostasis of podocytes
and renal epithelial cells, thus preserving their integrity. The
present study revealed a connection between autophagy gene
variants and glomerulosclerosis and proteinuria in AAV.
This association may be connected to the aforementioned
mechanism, but further investigation is necessary to develop
appropriate animal models.

The present study has numerous limitations. First, some
patients had missing data, and the single-centre, small sample
size study should be further validated by a larger, more
diverse cohort. Second, due to difficulties in sample collection
and storage, assays for mRNA expression to complement the
genetic association studies were not performed. In vitro experi-
ments or animal models should be used in future to validate the
effects of these genetic variants on ATG16L1 expression and
other biological processes such as renal pathological changes
and disease activity. In addition, the present study only studied
the interaction with SNPs in the same gene. In further studies,
interactions with SNPs in different genes should be included
to provide more insight into the effects of gene interactions in
AAV progression.

In summary, rs2241880(T300A) and rs4663421 polymor-
phisms of ATG16L1 demonstrated regional specificity. The
present study did not reveal any connection between these
variants and genetic predisposition to AAV. However, the
SNP-SNP interaction in the model constructed with the two
SNPs was significant. The ATG16L1 rs2241880(T300A) gene
polymorphism may be associated with disease activity and
glomerulosclerosis in AAV and the rs4663421 gene polymor-
phism may be associated with segmental sclerosis.
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