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ABSTRACT

Purpose: To investigate the clinical characteristics, pathological features, and outcomes of patients
with antineutrophil cytoplasmic antibody (ANCA)-positive systemic lupus erythematosus (SLE) in
northwest China.

Methods: This retrospective study included 491 patients with SLE tested for ANCA antibodies and
171 patients with ANCA-associated vasculitis (AAV) as controls. Subgroup analysis limited to those
with renal involvement, and by ANCA antibody subtype (PR3 vs MPO). To compare the proteinuria
remission rates between ANCA-positive and ANCA-negative lupus nephritis (LN) groups, a logistic
regression model was used for propensity score matching based on age, hemoglobin, and baseline
estimated glomerular filtration rate (eGFR).

Results: Compared to ANCA-negative SLE (n=442), ANCA-positive SLE (n=46) occur in older
patients; however, these patients were younger than those with AAV (n=167). The eGFR of patients
with ANCA-positive LN (n=25) was higher than that of patients having AAV with renal involvement
(n=56) but lower than that of patients with ANCA-negative LN (n=163). Patients with SLE who
had MPO-ANCA (n=16) had higher levels of serum creatinine compared to those with PR3-ANCA
(n=30) (156.5 pmol/L vs. 45.5 umol/L, p=0.005). During the follow-up period, the remission rate of
proteinuria in patients with ANCA-positive LN was lower than that of patients with ANCA-negative
LN (50% vs. 75%, p=0.008).

Conclusion: Patients with ANCA-positive LN may have worse baseline renal function and lower
protein remission rates compared to patients with ANCA-negative LN. ANCA titers should be
regularly monitored throughout the follow-up period in patients with SLE, especially in cases of
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renal involvement.

1. Introduction

Systemic lupus erythematosus (SLE) is a common, complex, mul-
tisystem autoimmune disease that affects multiple organs. Lupus
nephritis (LN) is one of the most frequent and serious complica-
tions of SLE that affects 30%-60% of patients with SLE [1]. LN is
characterized by a series of inflammatory responses triggered by
the deposition of immune complexes in the glomeruli.
Antineutrophil cytoplasmic autoantibodies (ANCAs) are
unique autoantibodies that target cytoplasmic components
of human neutrophils, including protease (PR3) and

myeloperoxidase (MPO) [2], and are primarily associated with
small-vessel vasculitis [3]. ANCAs are detectable in 15%-20%
of patients with SLE [4], especially those with LN [5]. Several
studies have suggested that ANCAs are associated with dif-
fuse proliferative LN, especially class IV segment-type LN [6].
However, the role of ANCAs in SLE, especially LN, and their
association with the disease activity, histological features,
and prognosis of SLE remain controversial [7-9].

In our study, we analyzed the clinical characteristics of
patients with SLE with co-existing ANCA positivity and com-
pared these characteristics with those of patients with
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Hospitalized patients
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Figure 1. Flowchart of study participants note: ANCA: antineutrophil cytoplasmic antibody; SLE: systemic lupus erythematosus; AAV: ANCA-associated

vasculitis; MPO: myeloperoxidase; PR3: proteinase 3.

ANCA-negative SLE and AAV. Additionally, we conducted
subgroup analyses based on renal involvement and ANCA
serum types to clarify the role of ANCA in SLE.

2. Methods
2.1. Patients

For this study, we recruited a total of 491 patients diagnosed
with SLE who had their ANCA serology assessed between
December 2012 and October 2019. Additionally, we selected
171 patients diagnosed with AAV as the control group.
Patient data were obtained through the electronic medical
record database of the First Affiliated Hospital of Xi'an
Jiaotong University (Figure 1).

The inclusion criteria for SLE, with or without ANCA positiv-
ity, were as follows: (1) meeting the SLE grading criteria estab-
lished by the American College of Rheumatology [10] and (2)
positive anti-MPO and anti-PR3 titers by ELISA, defining ANCA
positivity [11]. Patients with incomplete medical records were
excluded from the study. None of the selected patients were
using medications known to cause ANCA positivity, such as
propylthiouracil, isoniazid, or hydralazine. After excluding three
patients who were MPO-positive and PR3-positive in the
selected group of patients with SLE, the remaining patients
were divided into two groups based on their ANCA serology:
ANCA-positive SLE (n=46) and ANCA-negative SLE (n=442).
Within the ANCA-positive SLE group, patients were further
divided into those with renal involvement (n=25) and those
without renal involvement (n=21), based on the 2021 Kidney
Disease Improving Global Outcomes guidelines [12]. The renal
involvement group consisted of patients with >2+ proteinuria
determined by dipstick protein, a spot urine protein to

creatinine ratio >500mg/g, or those confirmed as having renal
involvement by renal biopsy. Furthermore, within the renal
involvement group, patients were divided into the following
subgroups based on elevated titers of anti-PR3 or anti-MPO
antibodies: MPO-positive (n=16) and PR3-positive (n=30). In
the ANCA-negative SLE group, patients were further divided
into ANCA-negative LN (n=163) and non-LN groups based on
the presence or absence of renal involvement.

Patients with AAV met the criteria established by the
Chapel Hill Consensus Conference for the definition of
AAV [13]. Patients with secondary vasculitis or those with
anti-glomerular basement membrane antibodies were
excluded. From the AAV group, 56 patients who had under-
gone renal biopsies were chosen as the subset control group
after excluding four patients who tested positive for both
MPO and PR3 antibodies.

2.2. Clinical and laboratory data

Demographic and clinical data, including age, sex, medical
history, and duration of follow-up were retrospectively ana-
lyzed. Laboratory data collected included hemoglobin (HGB),
white blood cell (WBC) count, C-reactive protein (CRP), eryth-
rocyte sedimentation rate (ESR), serum albumin and serum
creatinine (CREA) levels, 24-h urine protein, serum immuno-
globulin G (IgG), serum immunoglobulin A (IgA), serum
immunoglobulin M (IgM), complement C3 and complement
C4 levels, serum antinuclear antibody (ANA), serum
anti-dsDNA antibody and its titer, and ANCA serotype. ANCA
titers, dsDNA titers, and creatinine levels were collected from
patients with ANCA-positive SLE who had undergone multi-
ple tests during their hospital visits. The estimated glomeru-
lar filtration rate (eGFR) was determined using the Chronic



Kidney Disease Epidemiology Partnership study equation
[14]. The duration of follow-up was determined from the first
hospitalization due to ANCA-positive SLE to the date of the
last follow-up (up to August 2, 2021). The follow-up period
for patients with ANCA-negative LN started at the time of
renal biopsy during hospitalization and continued until the
same cutoff date as for ANCA-positive SLE. The follow-up
procedures for ANCA-positive SLE and ANCA-negative SLE
were consistent. The primary endpoint of the study was
death, and the secondary endpoint was defined as end-stage
renal disease (ESRD). ESRD was defined as the requirement of
continuous dialysis or kidney transplantation, or an eGFR
<15mL/min/1.73 m2. Death and ESRD were considered com-
posite endpoints. Urinary protein remission rate was defined
as the remission of proteinuria by greater than 50% from the
baseline value or a final proteinuria level of less than
0.5g/24h [15]. If a patient was lost to follow-up, the duration
of follow-up was based on the data available in the last med-
ical record.

2.3. Renal histology

Renal tissue samples were obtained using ultrasound-guided
percutaneous renal biopsy. Under a light microscope, paraffin
sections of the samples were stained with hematoxylin and
eosin, Masson’s trichrome stain, periodic acid-Schiff, and peri-
odic acid silver methenamine. These stains enabled the visu-
alization of different tissue aspects such as glomerular
hyperplasia, necrosis and exudative lesions, the basement
membrane, glomerular thrombosis, and tubulointerstitial
inflammation. The renal cortex was examined by electron
microscopy to verify the location of the deposits. LN was
classified according to the criteria established by the
International Society of Nephrology and the Society of Renal
Pathology. The disease activity of LN and chronic index (Cl)
were also assessed. Standard immunofluorescence micros-
copy was employed to stain immunoglobulin (Ig) G, IgA, IgM,
C3, and Cilqg antigens. The staining intensity was semi-
quantitatively scored on a scale ranging from 0 to 3+[16].

2.4. Statistical analysis

Statistical analyses were conducted using SPSS version 26.0
(IBM Corp, Armonk, NY, USA) and GraphPad Prism 8 (version
8.0.2; GraphPad Software, La Jolla, CA, USA). Continuous
variables were expressed as meanzxstandard deviation or
median (interquartile range, IQR), depending on data distri-
bution. Categorical variables were described in terms of fre-
quency and percentage. The normality of data distribution
was assessed using the single-sample Kolmogorov-Smirnov
test. For comparison among three groups with variables that
conformed to a normal distribution, a one-way analysis of
variance (ANOVA) was used, and least significance difference
(LSD) or Tamhane T2 test was used for post hoc comparison
if the results were statistically significant. The Kruskal-Wallis
test was used to compare the three groups of skewed
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distribution variables, then variations of statistical signifi-
cance were further subjected to post hoc pairwise analysis
by applying the Bonferroni’s correction. To compare the nor-
mal distribution or skew distribution variables between the
two groups of independent samples, the t-test or the Mann-
Whitney U test were used, respectively. The Chi-square test
or Fisher’s exact test was used to compare categorical vari-
ables, where appropriate. Correlation analysis between ANCA
titers and clinical characteristics was performed using
Spearman’s rank correlation coefficient.

Kaplan-Meier survival analysis was used to compare patient
survival between the various SLE subgroups (ANCA-positive LN
vs. ANCA-negative LN, MPO-positive SLE vs. PR3-positive SLE).
To compare proteinuria remission rates between ANCA-positive
and ANCA-negative LN groups, a propensity score-matched
analysis was conducted to reduce the effects of bias, using a
logistic regression model based on variables such as age, HGB,
and baseline eGFR. Pairs of ANCA-positive and ANCA-negative
LN groups were created using greedy nearest neighbor match-
ing with a propensity score caliper of 0.02 [17]. A P-value <
0.05 indicated statistical significance.

3. Results

3.1. Comparison of clinical characteristics between patients
with ANCA-positive SLE, ANCA-negative SLE, and AAV

The clinical and laboratory features of the patients in the
ANCA-positive SLE, ANCA-negative SLE, and AAV groups are
shown in Table 1. Overall, significant differences were
observed among the three groups in terms of age, male gen-
der, WBC count, HGB, serum albumin, CRP, ESR, CREA, eGFR,
IgG, IgA, and C3 and C4 levels (p<0.05). Patients in the AAV
group had a higher mean age (64.41+12.05years) compared
to those in the ANCA-positive SLE (43.76+14.23years) and
ANCA-negative SLE (39.18+14.21years) groups, and this dif-
ference was statistically significant. On conducting multiple
comparisons, we observed that the ANCA-positive SLE group
had significantly lower levels of HGB (96.28+19.79g/L) com-
pared to the ANCA-negative SLE group (103.36+22.15g/L).
Moreover, the ANCA-positive SLE group had higher levels of
IgG (20.24+10.12g/L) compared to the ANCA-negative SLE
group (14.87+7.04g/L). Furthermore, the ANCA-positive SLE
group had lower eGFR compared to the ANCA-negative SLE
group (107.72 [IQR, 43.13-131.27] mL/min/1.73 m? vs. 112.59
[IQR, 79.50-128.00] mL/min/1.73 m?), although the difference
was not statistically significant. The positivity rates of
anti-MPO and anti-PR3 antibodies were lower in the
ANCA-positive SLE group (34.8% and 65.2%, respectively)
compared to the AAV group (76.1% and 9.0%, respectively),
and these differences were statistically significant (p=0.000).
The levels of anti-MPO and anti-PR3 antibodies were signifi-
cantly lower in the ANCA-positive SLE group (68.16 [IQR,
48.58-106.30] RU/mL and 56.70 [IQR, 32.96-83.27] RU/mL,
respectively) than in the AAV group (148.54 [IQR, 65.95-
211.22] RU/mL and 290.52 [IQR, 130.39-396.43] RU/mL,
respectively; p=0.003 and p=0.000, respectively).
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Table 1. Comparison of clinical characteristics between patients with ANCA-positive SLE, ANCA-negative SLE, and AAV.

Variable ANCA-positive SLE N=46 ANCA-negative SLE N=442 AAV N=167 P-value
Age (years) 43.76+14.23° 39.18+14.21° 64.41+12.05¢ 0.000
Male, n (%) 2 (4.0)® 56 (12.7)° 97 (56.7) 0.000
WBC (x 10%/L) 4.25 (2.74,5.56) 476 (335, 7.23)° 7.50 (5.88, 10.47)° 0.000
HGB (g/L) 96.28 £19.79*¢ 103.36+22.15P 98.44+23.21¢ 0.011
Serum albumin (g/L) 37.66+11.76° 33.34+10.36 34.36+7.74¢ 0.015
CRP (mg/L) 3.30 (3.30, 18.25)* 9.90 (3.30, 15.20) 36.75 (11.10, 81.78)¢ 0.000
ESR (mm/h) 54.75+33.12%¢ 42.52+32.85° 64.47 +35.24¢ 0.000
CREA (umol/L) 52.00 (41.50, 131.50)® 57.00 (46.00, 80.00)° 185.00 (73.00, 438.50)¢ 0.000
eGFR (mL/min/1.73m?) 107.72 (43.13, 131.27)® 112.59 (79.50, 128.00)° 28.06 (10.05, 80.00)¢ 0.000
24-h urine protein (g) 0.425 (0.10, 1.46) 1.13 (0.14, 2.50) 0.91 (0.34, 1.90) 0.179
19G, g/L 20.24+10.12° 14.87 £7.045 14.82£5.13¢ 0.000
IgM, g/L 1.11 (0.80, 1.59) 0.96 (0.64, 1.41) 0.91 (0.65, 1.40) 0.339
IgA, g/L 3.15£1.48%« 2.64+1.27" 2.76+1.23¢ 0.039
G, g/l 0.64+0.29% 0.60+0.30° 1.02+0.23¢ 0.000
C4, g/L 0.13+0.08% 0.12+0.09° 0.27£0.12¢ 0.000
Anti-dsDNA, n (%) 21 (55.3) 99 (41.9) - 0.125
Anti-dsDNA titer (IU/mL) 5.96 (1.17, 71.24.00) 9.79 (1.88, 51.87) - 0.703
Anti-SmD1, n (%) 20 (54.1) 64 (27.1) - 0.001
ANA, n (%) 29 (63.0 220 (56.0)° 11 (7.0)¢ 0.000
Anti-MPO, n (%) 16 (34.8) - 118 (76.1) 0.000
Anti-PR3, n (%) 30 (65.2) - 14 (9.0) 0.000
Anti-MPO titer (RU/mL) 68.16 (48.58, 106.30) - 148.54 (65.95, 211.22) 0.003
Anti-PR3 titer (RU/mL) 56.70 (32.96, 83.27) - 290.52 (130.39, 396.43) 0.000

NOTE: ®* and © represent the results of multiple comparisons between groups.

ANCA: antineutrophil cytoplasmic antibody; SLE: systemic lupus erythematosus; AAV: ANCA-associated vasculitis; WBC: white blood cell; HGB: hemoglobin;
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; CREA: serum creatinine; eGFR: estimated glomerular filtration rate; IgG: serum immunoglob-
ulin G, normal values: 7-16g/L; IgA: serum immunoglobulin A, normal values: 0.7-3.8g/L; C3: complement 3, normal values: 0.8-1.85g/L; C4: comple-
ment 4; normal values: 0.1-0.4g/L; ds-DNA: double-stranded DNA antibodies; normal values: 0-71 U/mL; SmD1: Smith antigen D1; ANA: antinuclear
antibody; MPO: myeloperoxidase; PR3: proteinase 3; anti-MPO titer: normal value: < 20 RU/mL; anti-PR3 titer: normal value: < 20 RU/mL.

Table 2. Comparison of clinical characteristics between patients with ANCA-positive LN, ANCA-negative LN, and AAV with renal involvement.

AAV with renal involvement

ANCA-positive LN

ANCA-negative LN

Variable N=25 N=163 N=56 P-value
Age (years) 45.73+£14.17° 35.19+12.60° 61.54+10.15¢ 0.000
Male, n (%) 1 (3.8) 25 (15.3)P 35 (62.5)¢ 0.001
White blood cell (x 10%/L) 3.97 (2.76, 5.55)% 4,53 (3.48, 7.02)° 7.06 (5.50, 9.79)¢ 0.000
HGB (g/L) 91.54+22.70° 101.24+21.49° 89.22 +18.44%¢ 0.001
Serum albumin (g/L) 36.21+13.03 33.90+12.96 37.57+9.22 0.138
CRP (mg/L) 3.00 (3.00, 19.15)® 9.90 (9.90, 9.90)b 45.80 (19.70, 79.60)¢ 0.000
ESR (mm/h) 60.25 +36.88% 46.92 +30.84° 86.33+26.46¢ 0.000
CREA (umol/L) 107.95 (49.75, 298.25) 2 66.00 (48.00, 114.00)° 266.50 (174.25, 534.75)¢ 0.000
eGFR (mL/min/1.73m?) 54.48 (14.81, 114.15) 105.64 (54.95, 124.70)° 17.89 (8.17, 34.20)¢ 0.000
24h urine protein (g) 1.36(0.66, 3.39)%c 2.24 (1.23, 3.75)b 1.37 (0.79, 2.39)¢ 0.001
19G, g/L 18.42 £9.79 12.41£562° 15.01+£5.43¢ 0.000
IgM, g/L 0.85 (0.44, 1.47) 0.97 (0.61, 1.43) 0.91 (0.65, 1.33) 0.901
IgA, g/L 2.99+1.36 2.53+1.20 2.67+0.82 0.159
(3, g/L 0.54+0.27% 0.49+0.27° 1.02+0.21¢ 0.000
4, g/L 0.14+0.09%° 0.10+0.07° 0.29+0.08¢ 0.000
Anti-dsDNA, n (%) 12 (50.0) 25 (53.2) - 0.799
Anti-dsDNA titer (IU/mL) 6.63 (2.29, 100.00) 63.62 (9.33, 100.00) - 0.201
Anti-SmD1, n (%) 11 (47.8) 17 (36.2) - 0.350
ANA, n (%) 15 (57.7)® 39 (33.6)° 1(2.3) 0.001
Anti-MPO, n (%) 11 (44.0) - 33 (76.7) 0.006
Anti-PR3, n (%) 14 (56.0) - 8 (18.6) 0.001
Anti-MPO titer (RU/mL) 73.63 (63.84, 105.82) - 159.42 (106.28, 212.09) 0.006
Anti-PR3 titer (RU/mL) 55.20 (31.86, 72.55) - 298.78 (138.05, 390.77) 0.000

NOTE: ®® and © represent the results of multiple comparisons between groups.

ANCA: antineutrophil cytoplasmic antibody; SLE: systemic lupus erythematosus; AAV: ANCA-associated vasculitis; WBC: white blood cell; HGB: hemoglobin;
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; CREA: serum creatinine; eGFR: estimated glomerular filtration rate; IgG: serum immunoglob-
ulin G, normal values: 7-16g/L; IgA: serum immunoglobulin A, normal values: 0.7-3.8g/L; C3: complement 3, normal values: 0.8-1.85g/L; C4: comple-
ment 4; normal values: 0.1-0.4g/L; ds-DNA: double-stranded DNA antibodies; normal values: 0-71U/mL; SmD1: Smith antigen D1; ANA: antinuclear
antibody; MPO: myeloperoxidase; PR3: proteinase 3; anti-MPO titer: normal value: <20 RU/mL; anti-PR3 titer: normal value: <20 RU/mL.

3.2. Comparison of clinical characteristics between patients
with ANCA-positive LN, ANCA-negative LN, and those
having AAV with renal involvement

The clinical characteristics of patients with ANCA-positive
LN, ANCA-negative LN, and those having AAV with renal

involvement are shown in Table 2. Statistically significant dif-
ferences were observed among the three groups in terms of
age, male gender, WBC count, HGB, CRP, ESR, CREA, eGFR,
24-h urine protein, IgG, and complement C3 and C4 levels
(p<0.05). The ANCA-positive LN group had significantly



lower eGFR (54.48 [IQR, 14.81-114.15mL/min/1.73 m? com-
pared to the ANCA-negative LN group (105.64 [IQR, 54.95-
124.70] mL/min/1.73 m?), whereas it was higher than the
eGFR observed in the AAV with renal involvement group
(17.89 [IQR, 8.17-34.20] mL/min/1.73 m?).

Additionally, the positivity rate for anti-PR3 antibodies was
significantly higher in the ANCA-positive LN group than in
the AVV group (56.0% vs. 18.6%, p=0.001). However, the pos-
itivity rate for anti-MPO antibodies was lower in the
ANCA-positive LN group than in the AVV group (44.0% vs.
76.7%, p=0.006). The levels of anti-MPO and anti-PR3 anti-
bodies were significantly lower in the ANCA-positive LN
group than in the AVV group (73.63 [IQR, 63.84-105.82] vs.
159.42 [IQR, 106.28-212.09] RU/mL; p=0.006; 55.20 [IQR,
31.86-72.55] vs. 298.78 [IQR, 138.05-390.77] RU/mL; p=0.000).

3.3. Comparison of clinical characteristics between patients
with ANCA-positive LN and ANCA-positive SLE without
renal involvement

The clinical and laboratory features of the patients in the
ANCA-positive LN and ANCA-positive non-LN groups are
shown in Supplementary Table S1. The ANCA-positive LN
group had significantly higher levels of CREA (107.95 [IQR,
49.75-298.25] vs. 43.00 [IQR, 37.51-53.00] umol/L; p=0.001),
higher levels of 24-h urine protein (1.36 [IQR, 0.66-3.39] vs
0.10 [IQR, 0.05-0.25] g/L; p=0.000), lower eGFR (54.48 [IQR,
14.81-114.15] vs. 123.42 [IQR, 107.44-137.16] mL/min/1.73
m?% p=0.001), lower levels of IgM (0.85 [IQR, 0.44-1.47] vs.
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complement C3 (0.54+0.27 vs. 0.75+0.26g/L; p=0.011) com-
pared to the ANCA-positive non-LN group.

3.4. Clinical characteristics of patients with ANCA-positive
SLE based on ANCA serotypes

Serum CREA levels were significantly higher in the MPO-ANCA
group than in the PR3-ANCA group (156.5 [IQR, 45.75-350.75]
vs. 45.50 [IQR, 37.76-58.60] umol/L; p=0.005), whereas eGFR
and IgG levels in the MPO-ANCA group were lower than
those in the PR3-ANCA group (36.15 [IQR, 12.43-126.40] vs.
114.11 [IQR, 100.35-131.54] mL/min/1.73 m?% p=0.015 and
13.80 [IQR, 7.70-23.70] vs. 22.50 [IQR, 14.30-29.10] pmol/L;
p=0.034, respectively). The levels of complement C4 were
significantly higher in the MPO-ANCA group than in the
PR3-ANCA group (0.17+0.08 vs. 0.12+0.08] g/L; p=0.037;
Table 3).

3.5. Evaluation of renal pathology in LN

The characteristics of renal histopathology of LN in patients
with and without ANCA are shown in Figure 2. No significant
differences were observed in the overall histopathological fea-
tures of LN between the ANCA-positive and ANCA-negative
groups (Figure 2a). However, on comparing biopsy specimens
with proliferative LN (class Il and class 1V), focal endocapillary
hypercellularity was not observed in the ANCA-positive LNs,
whereas it was observed in 357% of ANCA-negative LNs
(p<0.01, Figure 2b). The proportion of tubulointerstitial fibrosis

139 [IQR, 1.10-1.91] g/L; p=0.007), and lower levels of  was higher in the ANCA-positive group than in the
Table 3. Comparison of clinical characteristics between patients with MPO-ANCA-positive and PR3-ANCA-positive SLE.
MPO-ANCA positivity N=16 PR3-ANCA positivity N=30 P

Age (years) 47.88+17.23 41.57+£12.09 0.154
Male, n (%) 2 (125) 0 (0.0) 0.116*
diagnosis of SLE to ANCA 13.50 (1.75, 114.00) 12 (4.50, 72.00) 0.917

positive (months)
WBC (x 10%/L) 3.72 (2.81, 5.69) 4.32 (2.73, 5.80) 0.517
HGB (g/L) 92.29+23.23 98.21+18.02 0.364
Serum albumin (g/L) 39.39+14.90 36.74+9.86 0.529
CRP (mg/L) 14.20 (9.90, 22.75) 9.90 (9.90, 14.95) 0.127
ESR (mm/h) 57.33+37.47 53.74+32.11 0.788
CREA (umol/L) 156.50 (45.75, 350.75) 45.50 (37.76, 58.60) 0.005
eGFR (mL/min/1.73m?) 36.15 (12.43, 126.40) 114.11 (100.35, 131,54) 0.015
24-h urine protein (g) 0.96 (0.12, 1.48) 0.40 (0.08, 1.87) 0.340
19G, g/L 13.80 (7.70, 23.70) 22.50 (14.30, 29.10) 0.034
IgM, g/L 0.89 (0.41, 1.27) 1.27 (0.85, 1.70) 0.053
IgA, g/L 256+1.16 3.44+1.54 0.058
@, g/L 0.64+0.25 0.64+0.31 0.977
C4, g/L 0.17+0.08 0.12+0.08 0.037
Anti-dsDNA, n (%) 8 (57.1) 13 (54.2) 0.859
Anti-dsDNA titer (IU/mL) 2.76 (0.79, 52.98) 10.92 (1.49, 85.62) 0.604
Anti-SmD1, n (%) 5 (35.7) 15 (65.2) 0.081
ANA, n (%) 8 (50.0) 21 (70.0) 0.181
Anti-RNP, n (%) 4 (57.1) 10 (45.5) 0.458*

Anti-MPO titer (RU/mL) 83.94+50.14
Anti-PR3 titer (RU/mL) -

56.70 (32.95, 83.27) -

“Fisher's exact test.

ANCA: antineutrophil cytoplasmic antibody; SLE: systemic lupus erythematosus; AAV: ANCA-associated vasculitis; WBC: white blood cell; HGB: hemoglobin;
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; CREA: serum creatinine; eGFR: estimated glomerular filtration rate; IgG: serum immunoglob-
ulin G, normal values: 7-16g/L; IgA: serum immunoglobulin A, normal values: 0.7-3.8g/L; C3: complement 3, normal values: 0.8-1.85g/L; C4: comple-
ment 4; normal values: 0.1-0.4g/L; ds-DNA: double-stranded DNA antibodies; normal values: 0-71U/mL; SmD1: Smith antigen D1; ANA: antinuclear
antibody; MPO: myeloperoxidase; PR3: proteinase 3; anti-MPO titer: normal value: <20 RU/mL; anti-PR3 titer: normal value: <20 RU/mL.
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Figure 2. Histopathological features of lupus nephritis (LN). (a) Percentage of biopsy specimens for each type of LN in relation to antineutrophil cytoplas-
mic antibody (ANCA) positivity and negativity. (b—e) Image shows only Class Ill and IV LN (i.e. proliferative LN). Comparison of the patterns of (b) endo-
capillary hypercellularity, (c) necrosis, (d) crescents, (e) glomerulosclerosis, and (f) interstitial fibrosis. (g) Shows a comparison of the chronic index scores.

*P<0.05; ***P<0.01

ANCA-negative group (84.6% vs. 14.3%, p<0.001, Figure 2f).
Although not statistically significant, a higher proportion of
biopsy specimens in the ANCA-positive group showed necrosis
(23.0% vs. 0%), crescent formation (22.5% vs. 13.0%), and glo-
merulosclerosis (7.3% vs. 2.1%) compared to the ANCA-negative
LN group (Figure 2c-e). Moreover, patients with ANCA-positive
LN had higher median Cl scores compared to those with
ANCA-negative LN (2.1 vs. 0.9, p=0.017, Figure 2g).

Immunofluorescence staining revealed that the preva-
lence of immune complex deposition was lower in the
ANCA-positive LN group than in the ANCA-negative LN
group. Furthermore, the ANCA-positive LN group exhibited a
lower average intensity of IgG (p=0.013) on renal biopsy
specimens compared to the ANCA-negative LN group
(Supplementary Table S2).

3.6. Long-term outcomes

In the ANCA-positive group, 7 patients were lost to follow-up
and 39 patients were followed-up for a duration ranging
from 3 to 95 (mean 42.42+29.32) months. At the end of the
study, four patients died and three patients underwent main-
tenance hemodialysis. The difference in the time to reach

composite endpoints between the ANCA-positive and
ANCA-negative LN groups was not statistically significant
(p=0.332; Figure 3a). Similarly, no significant difference was
observed in the long-term outcomes between the MPO-ANCA
and PR3-ANCA groups (p=0.552; Figure 3b). To compare the
outcomes of patients with ANCA-positive LN and those with
ANCA-negative LN who had a similar risk of poor outcomes,
the patients were matched based on age, HGB, and baseline
eGFR using propensity scoring at a 1:1 ratio of patients with
ANCA-negative to those with ANCA-positive LN. The protein-
uria remission rate in patients with ANCA-positive LN was
lower than that in patients with ANCA-negative LN patients
(50% vs. 75%, p=0.008, Figure 4).

4. Discussion

In this study, the prevalence of AAV was found to be higher
in elderly individuals, and patients with ANCA-positive SLE
tended to be older than those with ANCA-negative SLE. On
assessing the renal function (eGFR) among the three patient
groups, we found that the AAV group had the most impaired
renal function, followed by the ANCA-positive and

ANCA-negative SLE groups. However, no statistically
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Figure 3. Kaplan—Meier survival curves comparing survival between the (a) antineutrophil cytoplasmic antibody (ANCA)-positive lupus nephritis (LN) group
(25 patients) and the ANCA-negative LN group (163 patients) and (b) myeloperoxidase ANCA (16 patients) and proteinase 3-ANCA (30 patients) groups

among patients with systemic lupus erythematosus.
Note: Survival refers to both kidney and patient survival.
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Figure 4. Kaplan-Meier survival curve of proteinuria remission rate between the antineutrophil cytoplasmic antibody (ANCA)-positive lupus nephritis (LN)

group and the ANCA-negative LN group.

significant difference in renal function was observed between
the ANCA-positive and ANCA-negative SLE groups. With
regard to renal involvement, the AAV group with renal
involvement had the most impaired renal function, whereas
the ANCA-positive LN group showed worse baseline renal
function and a lower proteinuria remission rate compared to
the ANCA-negative LN group. Furthermore, the ANCA-positive
SLE group had worse renal function compared to the
ANCA-positive non-LN group. However, ANCA positivity itself
was not associated with poor outcomes in patients with LN.

Activated neutrophils effectively capture and eliminate
pathogens by releasing neutrophil extracellular traps (NETs),
a cell capture net composed of decondensed chromatin and
intracellular granule proteins. Current evidence suggests that
neutrophils, NETosis, and complement activation contribute
to tissue damage in SLE. Patients with SLE exhibit signifi-
cantly abnormal neutrophil phenotype and function, and

their neutrophils are more prone to undergo apoptosis and
NETosis [18]. ANCA has been shown to induce endothelial
cell injury by triggering the release of granules from neutro-
phils and monocytes; it is also involved in the acceleration
of neutrophil apoptosis [4]. These findings suggest a poten-
tial pathogenic role of ANCA in SLE. Numerous clinical retro-
spective studies have explored the role of ANCA in SLE.
Some studies have found associations between ANCA titers,
disease activity, and the presence of anti-dsDNA antibodies
in patients with newly diagnosed SLE [9]. ANCAs can be
detected in the serum of patients with SLE, and some ANCA
subtypes have been associated with particular clinical mani-
festations [19]. Patients with both active and inactive SLE
have been found to have high defensin and cathepsin
G-ANCA levels [20]. However, most of these studies have
concentrated on the relationship between ANCA detected in
the serum and disease activity in patients with SLE.
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There have been limited studies comparing renal function
between ANCA-positive and ANCA-negative SLE. In our study,
we observed that patients with ANCA-positive SLE tended to
have poorer renal function, although statistical significance
was not reached. However, we noted that patients with
ANCA-positive LN had worse renal function compared to
patients with ANCA-positive non-LN. Based on these findings,
we concluded that the presence of ANCAs in patients with
SLE may indicate the possibility of LN. Therefore, we consid-
ered whether ANCAs could be used as a supplementary indi-
cator to distinguish LN from SLE without nephritis. Recently,
to diagnose specific clinical SLE phenotypes, Mirjana et al.
assessed the level, avidity, and specificity of ANCA in SLE and
found a correlation between renal manifestations and higher
levels of lactoferrin (LF)-ANCAs (p<0.01) and avidity (p <0.05)
in patients with LF-ANCA positivity [21].

An analysis of the subgroup of patients with ANCA-positive
SLE with renal involvement revealed that the age of onset of
ANCA-positive LN was higher than that of ANCA-negative LN
but lower than the age of onset of AAV. This finding is con-
sistent with previous studies that have shown older people
to be more susceptible to AAV; however, the difference in
the age of onset between patients with ANCA-positive and
ANCA-negative LN has not been consistently reported [7,22-
24]. Patients with ANCA-positive LN are more likely to have
worse baseline renal function (lower eGFR) compared to
those with ANCA-negative LN, which is consistent with previ-
ous studies [7,25]. However, the association of ANCA positiv-
ity in LN with poor prognosis remains controversial [6,22-24].
Our survival analysis did not reveal a significant difference in
the time to reach the endpoint between patients with
ANCA-positive and ANCA-negative LN, although a lower pro-
teinuria remission rate was observed in patients with
ANCA-positive LN than in those with ANCA-negative LN.
Another study found that patients with both ANCA-positive
and ANCA-negative LN exhibited significant improvement in
proteinuria during the first six months after biopsy [25].
Moreover, the follow-up data in our study showed that ANCA
titers seemed to decrease concomitantly with improvement
in renal function (Supplementary Figure S1). Therefore, we
hypothesized that ANCA can be used as an indicator of dis-
ease activity in LN, although further research is required to
confirm this. Nevertheless, we recommend that all patients
with SLE, especially those with LN, should be regularly mon-
itored for ANCA levels during treatment follow-up.

ANCA mediates acute injury and induces a chronic
response to injury [26]. Our results showed that patients with
ANCA-positive LN are more likely to have severe interstitial
fibrosis and show higher Cl scores on renal biopsy specimens
compared to patients with ANCA-negative LN. These findings
are consistent with previous studies [7,24] and suggest
increased chronic inflammation in ANCA-positive LN due to
ANCAs. Other studies have reported that patients with
ANCA-positive LN are more likely to have segmental endo-
capillary hypercellularity [23,25]. However, in our study, LN
was more likely to result in segmental endocapillary hyper-
cellularity in patients with ANCA positivity than in those

without ANCA positivity, although the difference between
the groups was not statistically significant.

In our study, we analyzed 16 (34.8%) cases of MPO-ANCA
and 30 (65.2%) cases of PR3-ANCA among patients with
ANCA-positive SLE. Previous epidemiological investigations
have shown that MPO-ANCA-associated vasculitis and
PR3-ANCA-associated vasculitis have different geographic dis-
tributions [26]. In China, the incidence of MPO-ANCA-positive
AAV ranges from 80% to 95% [27]. Our study results were
inconsistent with those of previous studies in several aspects
[19,28]. First, Harper and Savage found that serum MPO-ANCA
was more prevalent in older patients with ANCAs than in
younger patients [29]. Findings from a study conducted on
the Chinese population were consistent with the results of
this study [27]. In our study, patients with ANCA-positive SLE
were younger (43.27 £13.98years) than the patients in previ-
ous studies. Second, the majority of patients in our study
were treated with glucocorticoids and immunosuppressants
for SLE, and ANCA serology was assessed at the time of kid-
ney biopsy. Recent reports indicate that patients with
MPO-ANCA-positive LN show poor renal function and high
activity on renal histological examination [30,31]. Although
the ratio of MPO-positive cases to PR3-positive cases was
lower in our study, patients with MPO-ANCA-positive SLE
were more likely to have worse baseline renal function. A
follow-up analysis of the survival outcomes in both groups
revealed that the survival outcome of patients with
MPO-ANCA SLE was potentially worse than that of patients
with PR3-ANCA SLE, although the difference did not reach
statistical significance. Although one cohort study on patients
with LN in China indicated that patients with MPO-positive
LN had a poorer prognosis compared to those with
PR3-positive LN, research on the prognosis of patients with
these two types of SLE remains limited [28]. To better under-
stand the prognosis of patients with SLE who had MPO and
PR3 positivity, further larger-scale studies with larger sample
sizes and homogenized baseline values are required.

This study has several limitations that should be consid-
ered. First, it was a single-center study, which may limit the
generalizability of the findings. In addition, the number of
patients was not large enough to conduct a multivariable
analysis. Second, although we followed up on the changes in
ANCA titers during the treatment period to determine
whether the dynamic evolution of ANCA is related to LN
activity, the continuity of variables was insufficient owing to
the limitations of the retrospective nature of the study. Third,
a previous study reported that elevated serum anti-dsDNA
antibody levels may lead to false positive results in the
MPO-ANCA  test [32,33]. We investigated potential
cross-reactivity between ANCA and autoantibodies by analyz-
ing the correlation between ANCA levels and autoantibody
seropositivity and titer (Supplementary Figure S2). We found
no significant correlation between the ANCA titer and anti-
body seropositivity in the ANCA-positive SLE group and
observed that elevated ds-DNA levels were not associated
with elevated ANCA titers. Therefore, we speculated that
there was no ANCA cross-reactivity in this study; however,
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further experimental verification is warranted to confirm our
findings.

In conclusion, our study found that ANCAs are associated
with poor baseline renal function in LN and delayed remission
of urinary proteins. However, prospective studies are needed
to confirm whether ANCAs have a pathogenic effect on SLE
and to determine the specific mechanisms involved, to guide
the development of targeted therapies. In addition, regular
monitoring of ANCA titers in patients with ANCA-positive SLE,
especially those with renal involvement, is recommended.
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