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Telomere dysfunction promotes small vessel vasculitis via the
LL37-NETs-dependent mechanism
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Background: Small vessel vasculitis (SVV) is a group of systemic autoimmune diseases that are mediated
by neutrophil extracellular traps (NE'T5) in response to cathelicidin LL37, an aging molecular marker,
which could be induced by telomere dysfunction. Therefore, in this study, we evaluated the hypothesis that
telomere dysfunction in neutrophils may promote SVV via an LL37-NETs-dependent mechanism.
Methods: We contrasted the release of neutrophil NETs from mice with telomere dysfunction, mice with
DNA damage and wide-type mice. Neutrophil telomere length, the expression of LL37, and the formation
of NETs were measured in SVV patients and healthy controls (HCs). The co-expression of YH2AX, LL37,
and NETs were detected in SVV patients to evaluate the association of the immune aging of neutrophils and
pro-inflammatory conditions. LL37 inhibitor was used to verify its key role in NE'TS release in SVV patients
and DNA damage mice.

Results: We found that NETs were over-induced by telomere dysfunction and DNA damage in mice,
which may be associated with a marked increase in LL37. For patients with SVV, telomeres in neutrophils
were significantly shortened, which was also associated with higher levels of LL37 and NETs. Inhibition of
LL37 reduced the NETTS released from neutrophils.

Conclusions: Taken together, the results of these studies suggest that dysfunction of telomeres may
promote SVV through the mechanism of LL37-dependent NETs. Thus, targeting the LL37-NETs may be a
novel therapy for SVV.
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Introduction

Small vessel vasculitis (SVV) is a group of systemic
autoimmune diseases that are characterized by necrotizing
inflammation within the vessel wall and the presence of
anti-neutrophil cytoplasmic autoantibody (ANCA) (1).
"This happens mostly in the elderly, with a peak age of 65 to
74 years (2). When the kidney is involved, it manifests as
pauci-immune necrotizing and crescentic glomerulonephritis
pathophysiologically (2). Neutrophils play a key role
in the pathogenic process since they infiltrate the renal
interstitium, necrotizing capillary loops, and the crescent of
glomerulus during the acute stage. These are both effector
cells and autoimmune vectors for the disease (3,4).

Recent studies implicated the role of neutrophil
extracellular traps (NETs) in breaking immune tolerance
and promoting organ damage in SVV (5,6). NETs are
characterized by the presence of neutrophil nuclear DNA
fibers in the extracellular space. Histones and antimicrobial
proteins such as myeloperoxidase (MPO), proteinase-3
(PR3), and human cathelicidin LL37 reside on them (7).
Previous studies found that neutrophils activated by ANCA
produced NETs and released LL37 in vitro (8). There was
also evidence for NETs formation and LL37 deposition in
kidney tissue in individuals with SVV (8). Interestingly, in
2014, Neumann et 4/. found the role of LL37 in facilitating
the formation and stabilization of the structure of NETs
(9,10). The interaction of LL37 and NETs may be a new
mechanism for SVV.

We reported a group of biomarkers for aging induced by
telomere dysfunction and DNA damage in 2008 (11). These
markers were not only highly expressed in old, fourth
generations of telomerase knockout mice (G4 mTerc”) but
were also increasingly expressed during human aging and in
telomere-dysfunction-related diseases, such as cirrhosis and
myelodysplastic syndromes (MDS) (11).

LL37 related to NETs seems pathogenic for SVV.
However, whether L1.37 induced by telomere-dysfunction
has a role in regulating NET$ in SVV is still unknown.

Hence, we proposed that the pathological immune
senescence of aging neutrophils will negatively affect their
activity due to DNA damage and telomere dysfunction.
As a result, it would develop more LL37 and interfere
with NETs, ultimately leading to renal damage and SVV
progression.
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Methods
Animals

Terc” mice were provided by the Institute of Aging
Research and Max-Planck-Research Group on Stem Cell
Aging, Hangzhou Normal University. In order to obtain
the fourth generation of telomerase knockout (G4mTerc™)
mice with severe telomere dysfunction, Terc”” mice were
intercrossed to produce Terc” mice, and then Terc” mice
were intercrossed successively to decrease telomere reserves
in the pathogen-free animal facility of Zhejiang University.
All mice were of a C57BL/6] background. The experiments
were approved by our institution’s Ethics Committee for
Investigation with Animals.

The isolation of neutrophils and irradiation procedures used

Murine neutrophils were isolated from bone marrow,
as previously described (10). Briefly, bone marrow cells
were flushed from the femur and tibia with RPMI-1640
(life technologies) +2% Fetal Bovine Serum (FBS, Life
technologies). After filtration through a cell strainer
(100 pm; BD Falcon, San Jose, CA, USA) and erythrocyte
lysis with sterile water, the cells were incubated for 1 h at
37 °C with 5% CO, to separate the suspended granulocytes
from adherent monocytes.

™ (Progen Biotechnik) was used
according to the manufacturer’s instructions, as previously

PolymorphPrep

described (9), to isolate human neutrophils from fresh
blood.

For the irradiation assay, neutrophils were irradiated
with a dose of 10 Gy using an RS-2000 X-Ray Biological
Irradiator (Rad Source Technologies) after being seeded
onto 24-well plates.

Visualization of NETs formed in vitro

In vitro, NETs were visualized as previously described (9,10).
Briefly, a total of 5x10° neutrophils/well were seeded in
24-well plates and cultivated in the presence or absence of
40 pg/mL aprotinin (A1153 Sigma) at 37 °C in 5% CO,
for 3 hours. After fixation, permeabilization, and blocking,
cells were incubated with mouse anti-DNA/histone 1
monoclonal antibody (MAB 38624, Millipore, USA),
followed by Alexa-Fluor-488-labeled goat-anti-mouse
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Table 1 The characteristics of human samples
Characteristics SWV (n=70) HCs (n=70) P value
Gender, male/female, n/n 45/25 45/25 1
Age, mean + SD, year 56.46+13.51 56.40+5.17 0.9737
WBC, mean + SD, nx10° 7.85+3.43 5.62+1.72 <0.0001
ANCA at diagnosis, PR3-ANCA/MPO-ANCA/ANCA negative, n 63/4/3 NA NA
Serum creatinine, medium (IQR), pmol/L 274.5 (152.25-507.25) 56 (50.25-58) <0.0001
Estimated GFR, medium (IQR), mL/minute/1.73 m’ 20 (9.025-36.70) 109.675 (96.59-121.54) <0.0001
Urinary protein, mean + SD, g/24 hours 2.34+1.647 NA NA

WBC, white blood cell count; IQR, interquartile range; eGFR, estimated glomerular filtration rate; NA, not available.

antibody (Life Technologies). Slides were mounted, and
images were randomly acquired using confocal fluorescence
microscopy installed with a Leica TCS SP8 microscope
with an HCX PL APO CS2 63x oil immersion objective.
Control preparations treated with an isotype antibody
was used to adjust the settings. For each preparation, a
minimum of five random images from three independent
subjects was acquired. Data were expressed as percentages
of NET-producing neutrophils.

Subjects

The study protocols followed the Declaration of Helsinki.
SVV was diagnosed according to the Chapel Hill Consensus
Conference (CHC) definitions (12). SVV patients with renal
involvement (n=70) and kidney transplantation donors,
namely healthy controls (HCs, n=70), were recruited from
our hospital with written consent. There was no significant
difference in the age between the two groups (56.46£1.615
vs. 56.40+0.6173, P=0.9737). The ratio of males and females
was the same between the two groups (male/female =25/45),
thereby avoiding the potential effects of sexual differences.
The sample characteristics are presented in 7able 1. Blood
samples and specimens from renal needle biopsies were
obtained and used anonymously.

Real-time polymerase chain reaction (RT-PCR)

We used RT-PCR to determine the telomere length
of human neutrophils. Firstly, genomic DNA (Axygen,
USA) was extracted from human neutrophils, and the
telomere length of a set of standard cell lines was assessed
by Southern blotting. Then, RT-PCR was carried as
previously described (13). Briefly, Telomere (T) PCR and
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single-copy gene human B-globin (S) PCR were conducted.
The reactions were performed on a Prism7500 (Applied
Biosystems), and data were collected and analyzed using
ABI Prism7500 SDS v.1.7 software.

Indirect Enzyme-Linked Immunosorbent Assay (ELISA)
of LL37

After coating the microwell plates (NUNC) with 50 pL
serum, we applied a 1% milk-Phosphate Buffered Saline
(PBS) solution to block the added binding sites on the
plastic surface. Then, the plates were incubated with the
primary antibody, mouse-anti-human LL-37 (Hycult
biotech, The Netherlands) 1:500 (v/v) and horseradish
peroxidase (HRP)-hapten conjugated secondary antibody
(DW0990, Dawen Biotec, USA) 1:2,000 (v/v) at room
temperature for 2 h. After each step, the plates were washed
three times with PBST wash solution (PBS with 0.05%
Tween 20) to remove the unattached material. Each well
was then incubated with 100 pL tetramethyl benzidine
peroxide-based substrate solution for 15 min. The color
reaction was stopped with 20 pL/well 2 M H,SO, stop
solution. Absorbances were at once read in the microplate

reader at 450 nm (ELX800NB BioTek USA).

Cell-free (cf)-DNA

To quantify levels of free DNA released into circulation in
human serum samples, the Quant-iT Pico Green double-
stranded DNA (dsDNA) assay was conducted according to
the manufacturer’s instructions (Invitrogen, Germany). It
is based on an ultrasensitive fluorescent nucleic acid stain
of dsDNA in solution. The serum samples were diluted
10-fold with TE buffer (10 mM Tris-HCI, 1 mM EDTA,
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pH 7.5) before detection. A standard calibration curve was
acquired using a lambda DNA standard in all analyses. The
fluorescence intensity was measured with a fluorescence
microplate reader (excitation at 480 nm wavelength,
emission at 520 nm wavelength, infinite M200, TECAN)
and quantified using Magellan V6.1 software.

NETs remnant ELISA

NETs remnant ELISA was conducted as previously
described (14). Briefly, after coating 96-well microplates
with a monoclonal mouse anti-nucleosome antibody (B6.
SLE-1, 0.5 mg/mL) and blocking the additional binding
sites, the plates were incubated with standards and serum
for 2 h at room temperature. A rabbit anti-human MPO
(1:500; DAKO, Carpinteria, CA, USA) was then added
for 1 h at room temperature and an alkaline phosphatase-
conjugated swine anti-rabbit antibody (1:500, DAKO) for
another hour. Finally, a substrate for alkaline phosphatase
(4-nitrophenyl phosphate disodium salt hexahydrate;
Sigma-Aldrich, St Louis, MO, USA) was added, and the
plates were read at 405 nm using a VersaMax ELISA
microplate reader (Molecular Devices, Sunnyvale, CA,
USA). A standard curve was constructed for each plate, and
all samples were interpolated from it.

Immunofluorescent staining of in situ NETs

Immunofluorescent staining was performed on frozen
sections of kidney needle biopsies to obtain in siru evidence
of NET formation. After permeabilization with 0.2%
Triton X-100 and blocking with 1.5% goat serum, slides
were incubated with a monoclonal antibody, mouse anti-
DNA/histone 1 (MAB 38624, Millipore, USA), followed by
a secondary antibody, Alexa-Fluor-488-labeled goat-anti-
mouse antibody (Life Technologies). For the co-localization
assay of NE'Ts and LL37, rabbit-anti-human LL-37 and
Alexa-Fluor-594-labeled goat-anti-rabbit antibody were
co-incubated with the corresponding antibody. Slides were
mounted in ProlongGold® antifade with DAPI (136933;
Invitrogen) and viewed using confocal fluorescence
microscopy with a Leica TCS SP5 microscope with an
HCX PL APO 40x oil immersion objective.

Telomere, rH2AX, and LL37 triple-staining

Briefly, after paraffin-embedded sections from kidney needle
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biopsies were dewaxed and the antigens were retrieved, the
slides were incubated in acidified pepsin (Sigma Aldrich,
USA) and dehydrated through graded alcohols. A FITC-
labeled PNA probe specific for (TTAGGG)n sequences
(PANAGENE, Korea) was co-denatured with the slide at
80 °C for 3 min and hybridized at RT for 2 h. Slides were
then incubated first with the mouse-anti-human LL37
(HM2070, Hycult biotech, The Netherlands) and rabbit-
anti-yH2AX (MABE205, Millipore, USA) antibodies,
followed by the secondary Alexa-Fluor-594-labeled goat-
anti-mouse antibody and Alexa-Fluor-488-labeled goat-
anti-rabbit antibody. Slides were mounted ProlongGold®
antifade with DAPI (Invitrogen, Paisley, UK) and finally
visualized with confocal fluorescence microscopy using a
Leica TCS SP8 microscope with an HCX PL APO CS2

63x oil immersion objective.

Statistical analyses

Statistical analyses were performed using the MedCalc
software package (MedCalc for Windows 8.1.1.0, MedCalc
Software), SPSS16 .0, (SPSS, Inc., Chicago, IL, USA) and
GraphPad Prism 5 (San Diego, CA, USA). A one-sample
Kolmogorov-Smirnov test was performed to evaluate the
normal distribution of data. The unpaired Student’s 7-test
or Mann-Whitney test was used for the assessment of
statistical significance between two groups with continuous
variables. The results are presented as the mean + SEM or
the mean + SD or the median (interquartile range). The
error bars are present in all figures. Data were considered
statistically significant at P<0.05.

Results

NET; are over-induced in response to telomere dysfunction
and DNA damage in mice

The fourth generation of telomerase knockout (G4mTerc”)
mice exhibited aging condition when they were 12 months
old, while wide type mice (WT) did not start until
24 months old (15). So, we identified NETs released by
the neutrophils from 12-month-old G4mTerc” mice (as a
premature aging group), 12-month-old WT (as same-age
control), and 24-month-old W'T (as same aging condition
control). The percentage of netting neutrophils increased
in 12-month-old G4mTerc” mice compared to 12-month-
old WT (mean + SEM: 24.69%+2.32% vs. 12.06%=0.72%,
P<0.0001, Figure 14) or 24-month-old WT (mean + SEM:
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Figure 1 Mice neutrophils produce more NETs in response to telomere dysfunction or DNA damage. (A) The percentage of netting
neutrophils from the 12-month-old fourth generations of telomerase knockout mice (G4mTerc™) and wide type mice of different ages (WT);
(B) the netting rate of irradiated and non-irradiated neutrophils from 2-month-old W'T mice. The graph is a minimum of 15 images derived
from 3 independent experiments. The error bars of the graph represent SEM. Unpaired Student’s #-test was conducted to analyze the
statistical significance of two independent experiments. ****, P<0.0001; **, P<0.01, NS, not significant; 2M, 2-month-old; 12M, 12-month-
old; 24M, 24-month-old.

24.69%+2.32% vs. 11.61%=0.35%, P=0.0131, Figure 1A). 12.06%+0.72% vs. 11.61%=0.35%; P=0.5907, Figure 1A).
NET release rate was similar in WT of different ages Irradiation assay was conducted to the neutrophils

(mean = SEM, 12-month-old WT vs. 24-month-old WT: of 2-month-old WT to build a model of DNA damage.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2020;8(6):357 | http://dx.doi.org/10.21037/atm.2020.02.130



Page 6 of 12

Compared to non-irradiated neutrophils, irradiated
neutrophils that suffered DNA damage tended to form more
NETs (mean + SEM: 29.86%+2.85% wvs. 17.76%+2.33%,
P=0.0027, Figure 1B).

Neutrophils from SVV patients bave shortened telomeres
and produce higher levels of LL37 and NETs in vivo

We used real-time polymerase chain reaction to detect the
telomere lengths of neutrophils from SVV patients and
HCs. The telomeres of neutrophils from SVV patients
were significantly shortened compared to those from
healthy individuals (mean + SEM: 8.35+0.24 vs. 11.32+0.26,
P<0.0001, Figure 2A).

The relative concentration of LL37 was measured using
enzyme-linked immunosorbent assay (ELISA). The results
were expressed as the optical density value. We found
significantly increased serum LL37 levels in patients with
SVV compared to HCs (mean + SEM: 1.229+0.024 vs.
0.954+0.014 a.u., P<0.0001, Figure 2B). The concentration
of urine LL.37 was low in both groups. However, urine
LL37 levels in patients with SVV remained higher than
in HCs (mean + SEM: 0.032+0.005 vs. 0.009+0.001 a.u.,
P<0.0001, Figure 2C).

We quantified NETs in circulation by evaluating
the levels of major NET components, a NET remnant
(nucleosome-MPO complexes), and cell-free DNA
(cf-DNA).

Increased levels of NET remnants were found in patients
with SVV compared to HCs (mean + SEM: 252.6+25.83
vs. 184.3£12.61 a.u., P=0.0189) (Figure 2D). Patients with
SVV also showed higher cf-DNA levels compared with
healthy individuals (mean + SEM: 393.9£19.78 vs. 269.2+
8.552 ng/mL; P<0.0001, Figure 2E).

Immunofluorescent staining showed that NETs were
deposited in the kidney tissue of SVV patients, while
no NET deposition was found in HCs (Figure 2F).
Furthermore, in situ, NETs were decorated with the
immunostimulatory peptide LL37 (Figure 2G).

Aging neutrophils with telomere shortening and DNA
damage produce LL37 and NETs in the renal injury of
SVV patients

To evaluate the association of the immune aging of
neutrophils and pro-inflammatory conditions, we conducted
telomere-yH2AX, a double-stranded DNA damage marker,
and LL37 triple-staining (Figure 34). As shown in Figure 34,
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neutrophils, characterized by containing a polymorphic
nucleus, infiltrated the kidney tissue of SVV patients. In
these polymorphic nuclei, the staining of YH2AX was co-
localized to telomere staining, which showed telomere
damage. During this time, LL37 assembled at the nuclear
periphery. We also captured a field of LL37 surrounding a
polymorphic nucleus in the background of NET deposition
in the kidney tissue of SVV patients (Figure 3B). These
results show that the immune aging of neutrophils and
inflammatory medium release co-exist in SVV patients. And
LL37 may build a bridge between telomere dysfunction and
NETSs production of neutrophils.

Neutrophils from SVV produce more NETS in vitro, and
L1.37 mediates this process

To investigate whether neutrophils from SVV were more
active in the circulation, we evaluated the ability for NET
production by neutrophils from HCs and SVV patients
in vitro. As shown in Figure 44, Neutrophils from SVV
patients produced more NETs than those from HCs (mean
+ SEM: 54.66%+5.12% vs. 33.18%+2.70%, P=0.0002,
Figure 44).

We also conducted an irradiation assay to induce DNA
damage in neutrophils from healthy donors. Irradiated
human neutrophils tended to produce more NETs
compared to non-irradiated human neutrophils (mean
+ SEM: 47.48%+2.77% vs. 33.18%+2.70%, P=0.0018,
Figure 4A4). There was no significant difference in NET
production ability between SVV neutrophils or irradiated
neutrophils (P=0.2276, Figure 44).

Interestingly, when SVV neutrophils were treated with
aprotinin, a serine protease inhibitor, to competitively block
the activation of endogenous LL-37 (16), a significantly
lower degree of NET formation was detectable (mean
+ SEM: 29.79%+3.92% vs. 50.25%+4.71%, P=0.0024,
Figure 4B). However, aprotinin did not affect the NET
release of neutrophils from healthy subjects (mean + SEM:
29.59%+4.03% vs. 30.74%+3.77%, P=0.8354, Figure 4B).
Similarly, the NET release process during irradiation was
also suppressed by aprotinin (mean + SEM: 42.38%+4.652 %
vs. 27.85%=3.651%, P=0.0205, Figure 4C).

Discussion

Here, we found the novel regulatory mechanisms of aging
neutrophils through LL37-NETs interactions to promote
SVV, supplying basic and clinical implications.
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Figure 2 Higher levels of LL37 expression and NET release are determined in patients with SVV. (A) Telomere length of SVV and HCs by
real-time Q-PCR; (B) levels of LL37 in serum from the disease group and healthy group; (C) levels of L1.37 in urine from the disease group
and healthy group; (D) levels of NET remnants in serum from patients with SVV or HCs; (E) levels of ¢f-DNA in serum from patients
with SVV or HCs (A-E). N=70 for each group. The error bars of the graph represent the SEM. Unpaired Student’s 7-test was conducted to
analyze the statistical significance of two independent experiments; (F) an Alexa 488-labeled antibody against H2A-H2B-DNA complexes
was used to visualize NETs in green, and DAPI was used to stain the nuclei in blue. Pictures were merged to form an overlay image; (G)
H2A-H2B-DNA complexes, L137, and nuclei are stained green, red, and blue, respectively. Pictures were merged to form an overlay image.

A.U., arbitrary unit.
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Telomere

Anti-histone-
DNA-complexes

Figure 3 Immune aging of neutrophils and inflammatory medium release are determined 7z sizu in individuals with SVV. (A) Neutrophils
(polymorphic nuclear) infiltrated the kidney tissue from patients with SVV. Telomere dysfunction was found by the co-localization of YH2AX
(purple) and telomeres (green) in the nucleus (DNA in blue). Immunostaining of LL37 showed perinuclear LL37 (red) in neutrophils that
suffered DNA dysfunction; (B) H2A-H2B-DNA complexes, L1.37, and nuclei are stained green, red, and blue, respectively. Pictures were
merged to form an overlay image. LL37 assembled around the polymorphic nucleus in a background of NET deposition in the kidney tissue
of SVV patients.
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Figure 4 Human neutrophils from SVV produce more LL37-mediated-NETS. (A) The percentage of spontaneously netting neutrophils

from healthy controls (HCs) and SVV patients and the percentage of netting neutrophils after irradiation; (B) degree of NET release of

neutrophils from HCs and SVV in the presence or absence of aprotinin; (C) degree of NET release of neutrophils after irradiation in the
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graph represent SEM. Unpaired Student’s #-test was conducted to analyze the statistical significance of two independent experiments. ***,

P<0.001; **, P<0.01; *, P<0.05; NS, not significant.

Increasingly evidence proves that NETs have a key role
in tissue injury and dysfunction in systemic autoimmunity.
The mechanism of how NETs affect end-organ tissues
in SVV was well investigated, including interaction with
myeloid dendritic cells (17) or endothelial cells (18),
alternative complement pathway activation (19), and
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thrombin generation (20). However, the mechanisms
mediating NET release need a better understanding.
The present study supplies evidence for the first time
depicting the NET response to telomere dysfunction and
DNA damage (Figure 14,B). Interestingly, NETs were not
associated with the normal aging of WT (Figure 14). The
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observation that mouse telomeres had not shortened enough
to show phenotypic changes during normal aging could
partly explain this. Zhang et 4/. found aged neutrophils
with high expression of CXCR4 and low expression of
CD62L release excessive NETs, which strengthened our
results that senescent neutrophils are overly-activated in
circulation (21).

Earlier studies found that telomere-driven premature
senescence showed in individuals with chronic activation
of the immune system. Accelerated telomere loss was
implicated in different leukocyte subpopulations as a
common feature of autoimmune diseases (22-24). These
studies mainly focused on monocyte and lymphocyte
subpopulations (25-28). Evidence for telomere shortening
of T cells derived from patients with GPA, a subtype
of SVV, was provided (29). The telomere erosion of
neutrophils was discovered previously in SLE, however (30).

In the present study, we discovered for the first time that
telomere erosion existed in neutrophils from individuals
with SVV, with evidence of telomere shortening in
neutrophils in circulation (Figure 24) and DNA damage
foci at dysfunctional telomeres in neutrophils infiltrating
the renal tissue (Figure 2F). An increased renewal and
replicative senescence due to chronic inflammation may
accelerate telomere loss of leukocytes (31). Another factor
may be the increased oxidative stress and oxidative DNA
damage that cause telomere erosion, which has already been
found in another autoimmune disease (32,33).

Our earlier study showed that cramp, the homologous
peptide of LL37 in mice, is a biomarker of aging and
telomere dysfunction. Cramp was overexpressed in late
generations of telomerase knockout mice (G4mTerc™)
and up-regulated in response to DNA damage after
irradiation (11). Additionally, LL.37 is a major component
of NETs (31). After release by neutrophils, LL37 can
interact with NETs and protect NETs from degradation
by nucleases (9). Our present study speculated that LL37
might be associated with NETs release by aging neutrophils
in SVV since the increased level of LL37 and NETs was
identified in serum (Figure 2B,D,E) and kidney tissue
(Figure 2F,G) from SVV patients. Zhang et al. strengthened
our results, whose data suggested that higher levels of LL-
37 were observed in SVV patients, particularly those with
crescentic formation (8).

Interestingly, we also found that LL37 surrounded the
nucleus of neutrophils that suffered telomere dysfunction
(Figure 34) and produced a significant amount of NETs
(Figure 3B) in the kidney tissue of SVV patients. This shows
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that LL37 may function as a bridge between telomere
dysfunction and NET production of neutrophils. This
may occur because neutrophils suffering from telomere
dysfunction or DNA damage produce more LL37 (11). In
our present study, we also found that inhibition of LL37
reduced the NETs released by neutrophils from SVV or
after irradiation (Figure 4B,C). Telomere dysfunction taken
together may promote SVV via the LL37-dependent NETs
mechanism.

In conclusion, our study shows that the immune aging
of neutrophils induced by DNA damage and telomere
dysfunction could result in the over-release of NETs
and the high expression of LL37. Consequently, NETs
were deposited in the kidney tissue and caused persistent
damage, finally affecting SVV disease progression. Notably,
this study could not clarify the exact mechanism of LL37
regulation driven by telomere dysfunction. Further studies
are needed to elucidate this process. Because many immune-
mediated pathologies share common immunological
mechanisms biomarkers for SVV and other chronic
inflammatory diseases that theoretically may be LL37 or
NETs. Therefore, they may be established as antagonists
in future therapies. Because many immune-mediated
pathologies share common immunological mechanisms,
LL37 or NETs may potentially be biomarkers for SVV and
other chronic inflammatory diseases. Furthermore, their
antagonists could be developed as potential therapies.
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