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Abstract

Objectives
Urine soluble CD163 (usCD163) is released from alternatively activated macrophages involved in the
resolution of in�ammation in glomeruli, and plays an important role in glomerulonephritis. This study
explored the role of usCD163 in patients with systemic lupus erythematosus (SLE).

Methods
usCD163 concentrations were measured cross-sectionally in 261 SLE patients. Clinical and laboratory
data were collected, and SLE disease activity scores were calculated to assess the correlation with
usCD163.

Results
SLE patients with high usCD163 levels tended to be younger, with a higher hospital admission rate, higher
prednisolone dose, lower estimated glomerular �ltration rate, higher urine protein creatinine ratio (UPCR),
more pyuria and hematuria, higher levels of in�ammatory markers, higher rates of anemia, neutropenia,
and lymphopenia, lower complement 3 (C3) levels, higher anti-double stranded DNA antibody (anti-dsDNA
Ab) levels, and higher disease activity scores (p < 0.05). usCD163 levels were signi�cantly higher in
patients with active lupus nephritis (LN) than in those with extrarenal or inactive SLE, and correlated with
UPCR, disease activity, and anti-dsDNA Ab levels. SLE patients with high usCD163 levels tended to have a
higher chronic kidney disease stage.

Conclusion
The usCD163 level correlates with the severity of LN and disease activity in renal SLE.

Key Message
Macrophages play a role in the pathogenesis of lupus nephritis.

usCD163 is a novel biomarker can predict the severity of lupus nephritis.

usCD163 correlates with UPCR, anti-ds DNA antibody, SLEDAI and rSLEDAI.

Introduction
CD163 is a 130-kDa type I glycosylated transmembrane protein belonging to the cysteine-rich scavenger
receptor superfamily type B that can bind hemoglobin-haptoglobin complex during intravascular
hemolysis, both physiologically and pathologically. (1, 2) CD163-positive macrophages are alternatively
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activated M2 macrophages exhibiting an anti-in�ammatory function, and contribute to wound healing.
(3) CD163-positive macrophages are found in several human glomerular diseases, such as
poststreptococcal glomerulonephritis, ANCA-associated vasculitis, diabetic nephropathy, and lupus
nephritis (LN). (4, 5) Soluble CD163 is derived from the cleavage of the CD163 macrophage receptor by
metalloproteinase and is released into in�ammatory tissue, blood, urine, cerebrospinal �uid, and synovial
�uid (6) during systemic in�ammatory responses such as sepsis, liver disease, malaria, autoimmune
disorders, and reactive hemophagocytic syndrome. (7) Serum CD163 concentrations in peripheral blood
re�ect disease severity in autoimmune diseases such as rheumatoid arthritis, systemic sclerosis and
idiopathic in�ammatory myositis. (6, 8) However, urine-soluble CD163, but not serum CD163, correlated
with the severity of LN in some studies. (4, 9)

Serious complications of systemic lupus erythematosus (SLE) include hemolytic anemia, refractory
severe thrombocytopenia, cardiac tamponade, massive bilateral pleural effusions, central nervous system
lupus, macrophage activation syndrome, and proliferative LN. (10, 11) More than half of SLE patients
have renal disease, with the high risk of renal function deterioration and mortality, particularly patients
who present with proliferative glomerular disease composed of the renal histology of International
Society of Nephrology/Renal Pathology Society (ISN/RPS) class III/VI. (12, 13) Approximately 10–17% of
LN patients will progress to end-stage renal disease, despite immunosuppressants. (14) Markers of SLE
activity, including serum complement 3 (C3), C4, and anti-double stranded DNA antibody (anti-dsDNA Ab),
are conventional biomarkers for assessing disease severity (15) but lack su�cient sensitivity and
speci�city for histological classi�cation of LN. (16) Renal biopsy is the gold standard for histological
assessment of LN, but has shortcomings in terms of sampling error, invasiveness, and the complication
of hemorrhage. (17) An alternative non-invasive and reproducible biomarker, such as urine CD163, is
needed for evaluating LN. (18, 19) Speci�c urinary biomarkers that discriminate active LN could be
instrumental in guiding its management. (9, 20)

In this study, we evaluated usCD163 as a potential biomarker for LN and investigated its correlation with
clinical characteristics, laboratory parameters, and disease activity, thereby providing a theoretical basis
for novel therapeutics for LN.

Materials And Methods

Patients, sample collection, and preparation
This cross-sectional study was performed to evaluate usCD163 as a potential biomarker of LN disease
activity. The study was approved by the Institutional Review Board of Chang Gung Memorial Hospital,
and informed consent was obtained from all patients. Blood and urine samples were collected from 261
patients with SLE on admission to Chang Gung Memorial Hospital and its a�liated hospitals between
January 2019 and September 2021. All patients met the 1997 American College of Rheumatology revised
criteria (21) or 2012 Systemic Lupus International Collaborating Clinics (SLICC) classi�cation criteria (22)
for SLE.



Page 4/19

The Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K) covers seizures, psychosis,
organic brain syndromes, visual disturbance, cranial nerve disorder, lupus headache, cerebrovascular
accident, vasculitis, urinary casts, hematuria, proteinuria, pyuria, pleurisy, pericarditis, and fever. (23) The
renal SLEDAI (rSLEDAI) provides a sum score for the renal domains of SLEDAI, including hematuria (> 5
red blood cells/high-power �eld), pyuria (> 5 white blood cells/high-power �eld), proteinuria (> 0.5 g/24 h),
and urinary casts. SLE patients were classi�ed into three groups: rSLEDAI score ≥ 4 (active LN), SLEDAI-
2k score ≥ 5 (active extrarenal SLE), and rSLEDAI score = 0. The inactive (or low-disease activity) group
included SLE patients with a SLEDAI-2k score ≤ 4, and the clinical SLEDAI (omitting anti-dsDNA and
complement) included those with a SLEDAI-2k score ≤ 2.

SLEDAI, rSLEDAI, complete blood count, blood urea nitrogen, serum creatinine, urinalysis, urine protein
creatinine ratio (UPCR), C3, C4, and anti-dsDNA data were collected. LN histology was determined based
on the ISN/RPS classi�cation, and histological scores (evaluated according to acute and chronic indices)
were recorded. The Modi�cation of Diet in Renal Disease formula was used to calculate the estimated
glomerular �ltration rate (eGFR), as follows: eGFR = 186 × serum creatinine− 1.154 × age− 0.203 (× 0.742 in
females). The results are expressed as mL/min/1.73 m2.

UsCD163 data collection, preparation and analysis
Clean-catch midstream urine samples were collected and refrigerated within 1 hour of collection. The
samples were then aliquoted and stored at -80°C. To detect usCD163, an enzyme-linked immunosorbent
assay (ELISA) was performed using a human soluble CD163 ELISA Kit (Euroimmun, Lübeck, Germany) in
accordance with the manufacturer’s instructions. The lower detection limit of the sCD163 ELISA is 0.15
ng/mL. A cut-off for usCD163 positivity of 1.27 ng/mL was used, or a normalized cut-off of 242.30
ng/mmol creatinine.

Statistical analyses
Count data are expressed as frequencies and rates, and comparisons of rates were done using the cube
test. Normally distributed data are expressed as the mean and standard deviation. The t-test was used for
group comparisons, and Pearson’s correlation analysis was also performed. Continuous variables were
compared using Welch’s t-test. The coe�cient of determination was taken to indicate the strength of the
association between two continuous variables. The chi-squared and Fisher’s exact test were used for
comparing two groups, and analysis of variance was used for comparing multiple groups, with post-hoc
pairwise comparisons. The non-parametric Spearman correlation test was also performed. All data are
presented as box plots, where the upper whiskers represent the 75th percentile + 1.5 × the interquartile
range (IQR), and the lower whiskers represent the 25th percentile − 1.5 × IQR. IBM SPSS Statistics for
Windows software (version 25.0; IBM Corp., Armonk, NY, USA) was used for data processing, and p < 0.05
was considered to indicate a statistically signi�cant difference.

Results
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Patient characteristics
The 261 SLE patients had an average age of 44.4 years, and females predominated (95.4%) (Table 1).
Over half of the patients were taking prednisolone (79%, 9 mg/day) and/or hydroxychloroquine (69%, 266
mg/day). The average creatinine level was 0.8 mg/dL, the eGFR was 100 mL/min/1.73 m2, and the UPCR
was 920 mg protein/g creatinine. The average usCD163 level was 2.8 ng/mL, and the urine
usCD163/creatinine ratio was 842 ng/mmol. The average SLEDAI-2K score was 7.7 points in those with a
high anti-ds DNA Ab level (170 IU/mL) and low C3 (81 mg/dL)/C4 (15 mg/dL) ratio. The histological
results of the initial kidney biopsy for 43 LN patients, according to the ISN/RPS class and activity and
chronicity indices, are shown in Supplementary Table S1. 
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Table 1
Patients characteristics (n = 261 SLE patients)

  Average ± standard deviation(max, min)  

Age, (years) 44.4 ± 11.8(88,19)  

Sex(male : female) 12:249  

Body weight(kg) 57.4 ± 11.5(132,35)  

Body height(cm) 157.9 ± 6.5(184,130)  

BMI(kg/m2) 23 ± 4.5(57.9,14)  

Admission, n(%) 24(9.2%)  

Diabetes mellitus, n(%) 14(5.4%)  

Macrophage activation syndrome, n(%) 2(0.8%)  

CNS lupus, n(%) 1(0.4%)  

Infection, n(%) 8(3.1%)  

Prednisolone, n(%) 208(79.7%), average dose 9mg/day  

Hydroxychloroquine, n(%) 182(69.7%), average dose 266.5mg/day  

Mycophenolate mofetil, n(%) 16(6.1%), average dose 1077.5 mg/day  

Mycophenolate sodium, n(%) 57(21.8%), average dose 703.8mg/day  

Azathioprine, n(%) 30(11.5%), average dose 53.3mg/day  

Cyclosporine, n(%) 11(4.2%), average dose 109 mg/day  

Methotrexate, n(%) 12(2.7%), average dose 9.8 mg/week  

Pulse steroid, n(%) 5(1.9%), average dose 3g  

Serum creatinine (mg/dL) 0.8 ± 0.7(7,0)  

BUN (mmol/L) 30.3 ± 37.2(297,5)  

EGFR (mL/min/1.73 m2) 100.8 ± 48.8(391,0)  

UPCR (mg protein/g creatinine) 920.1 ± 2102.6(18393,0)  

BMI, body mass index; CNS, central nervous system; BUN, blood urea nitrogen; EGFR, estimated
glomerular �ltration rate; UPCR, urine protein creatinine ratio; RBC, red blood cell; WBC, white blood
cell; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; C3, complement 3;
C4, complement 4; Anti-ds DNA Ab, anti-double strand DNA antibody; SLEDAI-2k, Systemic Lupus
Erythematosus Disease Activity Index 2000; r-SLEDAI, Renal Systemic Lupus Erythematosus Disease
Activity Index
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  Average ± standard deviation(max, min)  

Semi-quantitative proteinuria in urinary dipstick Trace:23(8.8%)

1+:27(10.3%)

2+:31(11.9%)

3+:26(10%)

4+:8(3.1%)

 

Semi-quantitative hematuria in urinary dipstick Trace: 18(6.9%)

1+:25(9.6%)

2+:26(10%)

3+:21(8%)

 

RBC in urinary dipstick(HPF) 22.2 ± 67.9(500,0)  

WBC in urinary dipstick(HPF) 29.1 ± 69.3(500,0)  

CRP (mg/L) 5 ± 11.1(82,0)  

ESR(mm/hr) 24.7 ± 20.3(140,1)  

WBC (/uL) 6.4 ± 3(20,2)  

Hb (g/dL) 12.2 ± 1.8(19,7)  

Neutrophil (/uL) 4656.8 ± 2834.8(19000,748)  

Lymphocyte (/uL) 1337.8 ± 727.2(4572,78.3)  

Platelet (1000/uL) 232.7 ± 89.1(547,5)  

C3 (mg/dL) 81.1 ± 24.4(173,18)  

C4 (mg/dL) 15.2 ± 8.1(41,2)  

Anti-ds DNA Ab (IU/mL) 170.7 ± 162.6(648,14)  

Pleural effusion, n(%) 10(3.8%)  

Pericardial effusion, n(%) 4(1.5%)  

SLEDAI-2K, points 7.7 ± 5(27,0)  

BMI, body mass index; CNS, central nervous system; BUN, blood urea nitrogen; EGFR, estimated
glomerular �ltration rate; UPCR, urine protein creatinine ratio; RBC, red blood cell; WBC, white blood
cell; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; C3, complement 3;
C4, complement 4; Anti-ds DNA Ab, anti-double strand DNA antibody; SLEDAI-2k, Systemic Lupus
Erythematosus Disease Activity Index 2000; r-SLEDAI, Renal Systemic Lupus Erythematosus Disease
Activity Index
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  Average ± standard deviation(max, min)  

r-SLEDAI, points 4.7 ± 4.1(12,0)  

Inactive SLE, n(%)

Extrarenal SLE, n(%)

Renal SLE, n(%)

156(59.8%)

9(3.4%)

96(36.8%)

 

usCD163 (ng/mL) 2.8 ± 9.3(96.3,0)  

Abnormal usCD163 63(25.1%)  

usCD163/creatinine in urine(ng/mmol) 366.5 ± 870.8(6926.8,13.2)  

Abnormal usCD163/creatinine in urine, n(%) 69(26.4%)  

Inactive SLE, n(%)

Extrarenal SLE, n(%)

Renal SLE, n(%)

Inactive SLE, 90(45.5%)

Extrarenal SLE, 9(4.5%)

Renal SLE, 99(50%)

Inactive SLE, 6(9.5%)

Extrarenal SLE, 0(0%)

Renal SLE, 57(90.5%)

0.000*

BMI, body mass index; CNS, central nervous system; BUN, blood urea nitrogen; EGFR, estimated
glomerular �ltration rate; UPCR, urine protein creatinine ratio; RBC, red blood cell; WBC, white blood
cell; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; C3, complement 3;
C4, complement 4; Anti-ds DNA Ab, anti-double strand DNA antibody; SLEDAI-2k, Systemic Lupus
Erythematosus Disease Activity Index 2000; r-SLEDAI, Renal Systemic Lupus Erythematosus Disease
Activity Index

Clinical and laboratory SLE data of patients with and
without normal usCD163 levels
Patients were divided into a high usCD163 group (n = 63, average usCD163 level = 0.5 mg/mL) and
normal usCD163 group (n = 198, average usCD163 level = 163 10 mg/mL) (Table 2). The former group of
patients tended to be younger, and had a higher hospital admission rate and prednisolone dose (p < 0.05).
They also had a lower eGFR, higher UPCR, higher rates of pyuria, hematuria, anemia, neutropenia and
lymphopenia, higher in�ammatory marker levels, lower C3 levels, higher anti-dsDNA Ab levels, higher
SLEDAI-2K scores, and a more abnormal urine usCD163/creatinine ratio (p < 0.05). Six (9.5%) inactive
SLE patients and no extrarenal SLE patients had high usCD163 levels.
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Table 2
Clinical and laboratory data of SLE with or without normal usCD163

  Normal usCD163

N = 198

High usCD163

N = 63

P
value

Age(years) 45.4 ± 11.3 41.2 ± 13 0.013*

Sex(male : female) 10:188 2:61 0.414

BMI(kg/m2) 23.1 ± 4.4 22.8 ± 5 0.675

Admission, n(%) 12(6.1%) 12(19%) 0.004*

Diabetes mellitus, n(%) 11(5.6%) 3(4.8%) 1.000

Macrophage activation syndrome, n(%) 2(1%) 0 0.575

CNS lupus, n(%) 1(0.5%) 0 1.000

Infection, n(%) 5(2.5%) 3(4.8%) 0.299

Prednisolone, n(%) 154(77.8%) 54(85.7%) 0.116

  6.3 ± 7.7 mg/day 9.9 ± 8 mg/day 0.001*

Hydroxychloroquine, n(%) 137(69.2%) 45(71.4%) 0.433

  181.3 ± 145 mg/day 200 ± 152 mg/day 0.380

Mycophenolate mofetil, n(%) 12(6.1%) 4(6.3%) 0.568

Mycophenolate sodium, n(%) 29(14.6%) 28(44.4%) 0.000*

Azathioprine, n(%) 21(10.6%) 9(14.3%) 0.277

Cyclosporine, n(%) 6(3%) 5(7.9%) 0.097

Methotrexate, n(%) 10(5.1%) 2(3.2%) 0.423

Pulse steroid, n(%) 2(1%) 3(4.8%) 0.093

Serum creatinine (mg/dL) 0.8 ± 0.7 1 ± 0.6 0.074

BUN (mmol/L) 23.9 ± 17.1 37.4 ± 50.5 0.123

EGFR (mL/min/1.73 m2) 105.3 ± 48.6 88.4 ± 45.9 0.017*

UPCR (mg protein/g creatinine) 315 ± 731.4 2715.9 ± 3430.6 0.000*

BMI, body mass index; CNS, central nervous system; BUN, blood urea nitrogen; EGFR, estimated
glomerular �ltration rate; UPCR, urine protein creatinine ratio; RBC, red blood cell; WBC, white blood
cell; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; C3, complement 3;
C4, complement 4; Anti-ds DNA Ab, anti-double strand DNA antibody; SLEDAI-2k, Systemic Lupus
Erythematosus Disease Activity Index 2000; r-SLEDAI, Renal Systemic Lupus Erythematosus Disease
Activity Index
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  Normal usCD163

N = 198

High usCD163

N = 63

P
value

Semi-quantitative proteinuria in urinary
dipstick

None:136(79.1%)

Trace: 18(9.3%)

1+:23(11.9%)

2+:13(6.7%)

3+:14(2.1%)

None:6(9.5%)

Trace: 5(7.9%)

1+:4(6.3%)

2+:18(28.6%)

3+:22(34.9%)

4+:8(12.7%)

 

Semi-quantitative hematuria in urinary
dipstick

None:141(72.7%)

Trace: 11(5.7%)

1+:17(8.8%)

2+:19(9.8%)

3+:6(3.1%)

None:26(41.3%)

Trace: 7(11.1%)

1+:8(12.7%)

2+:7(11.1%)

3+:15(23.8%)

 

RBC in urinary dipstick(HPF) 14.6 ± 54.5 45.1 ± 94.8 0.018*

WBC in urinary dipstick(HPF) 22.6 ± 66.8 48.9 ± 73.3 0.009*

CRP (mg/L) 4.3 ± 9.4 7 ± 14.8 0.118

ESR(mm/hr) 22.4 ± 19.4 32.3 ± 21.7 0.002*

WBC (/uL) 6.2 ± 2.8 7 ± 3.5 0.065

Hb (g/dL) 12.4 ± 1.7 11.3 ± 2.1 0.000*

Neutrophil (/uL) 4279.2 ± 2562.9 5802.2 ± 3301.6 0.000*

Lymphocyte (/uL) 1430.8 ± 686.1 1055.8 ± 780.1 0.000*

Platelet (1000/uL) 228.9 ± 81.4 244.3 ± 109.4 0.306

C3 (mg/dL) 83.6 ± 20.5 73.4 ± 32.8 0.023*

C4 (mg/dL) 15.5 ± 7.6 14.2 ± 9.4 0.277

Anti-ds DNA Ab (IU/mL) 150.3 ± 140.5 234.2 ± 206.4 0.003*

Pleural effusion, n(%) 7(3.5%) 3(4.8%) 0.449

BMI, body mass index; CNS, central nervous system; BUN, blood urea nitrogen; EGFR, estimated
glomerular �ltration rate; UPCR, urine protein creatinine ratio; RBC, red blood cell; WBC, white blood
cell; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; C3, complement 3;
C4, complement 4; Anti-ds DNA Ab, anti-double strand DNA antibody; SLEDAI-2k, Systemic Lupus
Erythematosus Disease Activity Index 2000; r-SLEDAI, Renal Systemic Lupus Erythematosus Disease
Activity Index
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  Normal usCD163

N = 198

High usCD163

N = 63

P
value

Pericardial effusion, n(%) 0 1(1.6%) 0.353

SLEDAI-2K, points 6.5 ± 4.3 11.7 ± 4.9 0.000*

r-SLEDAI, points 3.5 ± 3.4 8.5 ± 3.5 0.000*

usCD163 (ng/mL) 0.5 ± 0.2 10 ± 17.1 0.000*

usCD163/creatinine in urine(ng/mmol) 126 ± 117.1 1032.1 ± 1497.5 0.000*

High usCD163/creatinine in urine, n(%) 27(17.4%) 42(75%) 0.000*

Renal biopsy II:1

III:9

IV:16

V:6

III + V:1

IV + V:1

II:2

III:5

IV:14

V:2

III + V:4

IV + V:1

 

Inactive SLE, n(%)

Extrarenal SLE, n(%)

Renal SLE, n(%)

Inactive SLE,
90(45.5%)

Extrarenal SLE,
9(4.5%)

Renal SLE, 99(50%)

Inactive SLE,
6(9.5%)

Extrarenal SLE,
0(0%)

Renal SLE,
57(90.5%)

0.000*

BMI, body mass index; CNS, central nervous system; BUN, blood urea nitrogen; EGFR, estimated
glomerular �ltration rate; UPCR, urine protein creatinine ratio; RBC, red blood cell; WBC, white blood
cell; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; C3, complement 3;
C4, complement 4; Anti-ds DNA Ab, anti-double strand DNA antibody; SLEDAI-2k, Systemic Lupus
Erythematosus Disease Activity Index 2000; r-SLEDAI, Renal Systemic Lupus Erythematosus Disease
Activity Index

 
Correlations of the usCD163 level with the UPCR, SLEDAI2K score and anti-ds DNA
Ab level in SLE patients

There were modest correlations of the usCD163 level with the UPCR, anti dsDNA Ab level, and SLEDAI
and rSLEDAI scores in the SLE patients. Also, there were moderate correlations
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Table 3
Correlation between usCD163 and UPCR/anti-ds DNA Ab/SLEDAI/rSLEDAI in SLE patients; P < 0.0001
R, Coe�cients of determination UPCR

(mg protein/g creatinine)

anti-ds DNA Ab

(IU/mL)

SLEDAI

(points)

rSLEDAI

(points)

usCD163(ng/mL) 0.387 0.329 0.375 0.380

usCD163/creatinine(ng/mmol) 0.689 0.267 0.344 0.367

UPCR, urine protein creatinine ratio; Anti-ds DNA Ab, anti-double strand DNA antibody; SLEDAI-2k,
Systemic Lupus Erythematosus Disease Activity Index 2000; r-SLEDAI, Renal Systemic Lupus
Erythematosus Disease Activity Index

Correlation between the usCD163 level and SLEDAI-2K
score in SLE patients
The renal SLE patients with abnormal usCD163 levels or usCD163/creatinine ratios had higher SLEDAI-
2K scores compared with those with normal usCD163 levels (Figs. 1 and 2). However, no difference in
SLEDAI-2K score was seen between the inactive and extrarenal SLE patients. The clinical characteristics
of the inactive, extrarenal, and renal SLE patients are shown in Supplementary Table S2.

 

Chronic kidney disease stage of patients with high and
normal usCD163 levels
The relative proportions of chronic kidney disease (CKD) stages I and II were higher in the normal than
high usCD163 group. The relative proportions of CKD stages II–V were higher in the high than normal
usCD163 group (Fig. 3). SLE patients with high usCD163 levels tended to have a higher CKD stage. 

Discussion
Macrophages have been implicated in the pathogenesis of SLE, including classically activated
in�ammatory M1 macrophages and the alternately activated M2 macrophages M2a, M2b, and M2c,
which demonstrate pro-�brotic, immunity-regulatory, remodeling and anti-in�ammatory effects,
respectively. Initially, M1 macrophages were reported to be predominant in SLE, with M2a and M2c
macrophage expression being reduced. (24) However, Gregor et al. detected more M2c than M2a
macrophages, and few M1 macrophages, in all ISN/RPS classes of LN. (25) Several reports suggest that
M2 macrophages play an important role in driving or regulating interstitial in�ammation, cellular crescent
formation, and �brinoid necrosis. (9, 26, 27) These studies suggested that CD163 + M2c-like
macrophages may be associated with the pathogenesis of SLE.

UsCD163 is a marker of the status of LN, and could also serve as a biomarker of SLE disease activity.
Mejia-Vilet et al. reported an association between usCD163 and proteinuria. (9) Zhang et al. reported that
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the usCD163 level was correlated with the SLEDAI, rSLEDAI, and Physician Global Assessment scores in
various ethnic groups. (28) Our results showed that the usCD163 level and urine usCD163/creatinine ratio
were correlated with the UPCR, anti-dsDNA Ab level, and SLEDAI and rSLEDAI scores. A usCD163 level of
0.443 ng/mL and urine usCD163/creatinine ratio of 110.2 ng/mmol predicted high SLEDAI scores.

C3, C4, and anti-ds DNA Ab are traditional biomarkers of SLE disease activity; the SLEDAI-2K score is also
based on these markers. We found that the usCD163 level and usCD163/creatinine ratio were also
correlated with the SLEDAI-2K score and anti-ds DNA Ab level. Serum soluble CD163, monocyte
chemoattractant protein-1 (MCP-1), neutrophil gelatinase-associated lipocalin (NGAL), TNF-like weak
inducer of apoptosis (TWEAK), and vascular cell adhesion molecule-1 (VCAM) are new biomarkers of SLE
disease activity. (29)

Renal biopsy is the gold standard to diagnose LN. The identi�cation of non-invasive biomarkers, such as
usCD163, of active LN that are strongly correlated with renal biopsy results and underlying disease
mechanisms has been a priority. Other non-invasive biomarkers of LN include anti-C1q antibody and
urine MCP-1. (18, 30) The treatment goal should be an at least 25% and 50% reduction in the proteinuria
level after 3 and 6 months, respectively, and a complete renal response (500–700 mg/day) at 12 months.
(31) However, persistent proteinuria (lasting for 6 months) makes it di�cult to titrate
immunosuppressants. Mejia-Vilet et al. found that the level of usCD163 after treatment could be
monitored to predict the renal response and kidney histology score. (9)

The in vivo expression of CD163 on macrophages is in�uenced by several medications including
glucocorticoids, mycophenolate mofetil (MMF), tacrolimus, rituximab, and cyclophosphamide. (25, 32–
35) However, the observed elevation in urine sCD163 in active and proliferative LN was not attributed to
medications such as MMF and glucocorticoids in clinical studies. (4, 28)

As a biomarker, usCD163 can be evaluated noninvasively and directly re�ects macrophage-mediated
glomerular in�ammation; it can also distinguish between class III/IV and V LN in patients showing
proteinuria relapse during their clinical course. (4, 9, 28) The reason why usCD163 correlates with the
proteinuria level and UPCR, but not with class V LN, needs further study.

The �rst limitation of our study was that renal biopsy was not performed, so the association of the
ISN/RPS classi�cation with renal histology was unknown. However, a previous study showed that
usCD163 was associated with proliferative LN classes III and IV. Second, serial usCD163 measurements
and long-term follow-up of renal were not performed, as this was a cross-sectional study. We will further
analyte usCD163, anti-C1q antibody, and urine MCP-1 levels in LN in future studies.

Conclusions
Most of our patients with a high usCD163 level or usCD163/creatinine ratio were renal SLE patients, and
had high SLEDAI and rSLEDAI scores. The usCD163 level and usCD163/creatinine ratio correlated with
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the UPCR, anti-ds DNA level, and SLEDAI and rSLEDAI scores. The strong correlation between renal SLE
and disease activity indicates that further study of usCD163 is merited, as a promising biomarker of LN.
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Figures

Figure 1

Correlation between usCD163 and SLEDAI-2K in SLE patients.

The renal SLE patients with abnormal usCD163 levels had higher SLEDAI-2K scores compared with those
with normal usCD163 levels. However, no difference inSLEDAI-2K score was seen between the inactive
and extrarenal SLE patients.

SLEDAI-2k, Systemic Lupus Erythematosus Disease Activity Index 2000
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Figure 2

Correlation between usCD163/creatinine in urine and SLEDAI-2K in SLE patients.

The renal SLE patients with abnormal usCD163/creatinine ratios had higher SLEDAI-2K scores compared
with those with normal usCD163 levels. However, no difference inSLEDAI-2K score was seen between the
inactive and extrarenal SLE patients.

SLEDAI-2k, Systemic Lupus Erythematosus Disease Activity Index 2000

Figure 3

Stages of chronic kidney diseases in SLE patients.
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261 patients with SLE were divided into normal or abnormal usCD163 and usCD163/creatinine in urine
groups. The stages of CKD were divided into stages I(EGFR≧90), II(EGFR 60-89), III(EGFR 30-59), IV(EGFR
15-29), V(EGFR≦15)
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