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Urinary soluble CD163 is a good biomarker for renal disease activity
in lupus nephritis
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Abstract
Objectives Activated macrophages expressing CD163 (M2) are the most abundant macrophage subtype in renal biopsies from
lupus nephritis (LN) patients. We studied the role of proteolytically cleaved soluble CD163 (sCD163) as a biomarker of LN
disease activity.
Methods SLE patients were classified as active LN (AN), inactive disease (ID), and active non-renal disease (ANR). Urine and
plasma samples were collected at baseline from all patients and at 3 monthly follow-up fromAN patients. sCD163 was measured
by ELISA. Urine values were normalized to urinary creatinine excretion and expressed as pg/mg. Urine samples from 25 healthy
controls (HC) and 20 rheumatoid arthritis patients served as disease controls (DC).
Results Among the 122 patients studied (114 females, 57 AN, 42 ID, 23 ANR), baseline median urinary sCD163 in the AN
group (114.01 pg/mg) was significantly higher (p < 0.001) as compared with ID (10.34 pg/mg), ANR (3.82 pg/mg), HC (0 pg/
mg), and DC (7.56 pg/mg) groups and showed modest correlation with renal SLEDAI (r = 0.47; p < 0.001). Urinary sCD163
performed the best on receiver operating characteristics (ROC) analysis (AUC = 0.76) at baseline to differentiate between AN
and ANR as compared with plasma sCD163, anti-ds DNA antibodies, and C3 and C4.

In follow-up study, urinary sCD163 decreased significantly (p < 0.001) in AN patients at 3 (22.07 pg/mg), 6 (12.7 pg/mg), 9
(11.09 pg/mg), and 12 months (7.2 pg/mg). In 4 patients who had either relapse or developed CKD, urinary sCD163 levels
correlated with the changing disease activity.
Conclusions Urinary sCD163 is a good biomarker of LN disease activity.
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Introduction

Renal involvement in systemic lupus erythematosus (SLE) is
important to recognize early as it is a major predictor of long-
term outcome. Furthermore, lupus nephritis (LN) also war-
rants a more aggressive immunosuppression besides cortico-
steroids and hydroxychloroquine. Though kidney biopsy is
the gold standard for diagnosis and classification of LN, it is
invasive and cannot be done repeatedly to assess response.
Thus, there is a quest to identify urinary markers that can
identify patients with LN among patients with SLE and can
also help in assessing response to treatment. Proteinuria and
active sediment are traditional biomarkers of renal

Key Points
• Urinary sCD163 levels are raised in patients with active lupus nephritis and correlate with renal SLEDAI.
• Urinary sCD163 levels fall after treatment and may be helpful in monitoring response to therapy in lupus nephritis.
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involvement but have a number of limitations [1]. Proteinuria
can be present in patients with renal damage and leucocyturia
can be seen with urinary tract infection as well as in interstitial
inflammation.

In the pursuit of finding new biomarkers for LN that can
overcome the limitations of the existing ones, recent studies
have focused on the urinary sediment. Since it can directly
reflect the renal immuno-inflammatory milieu, its characteri-
zation and pathological correlation would give invaluable in-
formation to look for new biomarkers. It has been noticed that
macrophages are the most abundant urinary cells in active
sediment of LN followed by T cells and B cells [2].
Macrophages are classified into M1 and M2 macrophages
based on their phenotype as well as function. Among the
various subtypes of macrophages, alternatively activated
M2c-likemacrophages are the most abundant in renal biopsies
as well as in urine of patients with LN [3].

M2 macrophages express CD163 and are predominantly
anti-inflammatory in activity as compared with M1 macro-
phages. Their major function is in resolution of inflammation,
tissue remodeling, and promotion of fibrosis. The chief anti-
inflammatory cytokines secreted by them are IL-10, arginase-
1, and transforming growth factor–β. M2 macrophages have
been thought to play key pathogenic role in development of
various autoimmune diseases including SLE [4]. Since these
macrophages express CD163 which can be proteolytically
cleaved from the surface and released in the circulation as a
soluble protein, soluble CD163 (sCD163) may correlate with
disease activity.

In patients with lupus nephritis, it has been shown that a
number of glomerular M2 macrophages correlate with severity
of proteinuria. These macrophages have defective expression of

heme oxygenase-1 (HO-1). SLE has been associatedwith type I
interferon signature and, interestingly, human M2 macro-
phages, when exposed to type I interferons in vitro, downregu-
late the expression of HO-1which connects the type I interferon
signature and macrophages in LN pathogenesis [5].

In patients with ANCA-associated vasculitis and (AAV)
crescentic glomerulonephritis, sCD163 has been shown to
be elevated in urine in active disease and its levels correlated
with treatment response [6]. The same study also included
some patients with LN and they also had higher expression
of mRNA of CD163 in renal biopsies as compared with
healthy renal tissue.

Therefore, it is possible that urinary sCD163may serve as a
biomarker of renal disease activity in LN.We hypothesize that
urinary sCD163 may not only be able to differentiate active
LN from other groups like active disease without nephritis but
may also be able to help in assessing response to therapy. In
this study, we aimed to determine the utility of urinary and
plasma sCD163 as a biomarker in LN in both cross-sectional
as well as in longitudinal manner to address the above
questions.

Patients and methods

This observational study was carried out at the Clinical
Immunology and Rheumatology department of a tertiary care
hospital. The institutional ethics committee approved the
study and informed consent was taken from all the enrolled
patients and control subjects. Consenting SLE patients who
satisfied 1997 modified American College of Rheumatology
(ACR) criteria were enrolled in this study [7]. Patients who

Table 1 Baseline characteristics
of SLE patients in the 3 categories Active nephritis (AN) Active non-renal (ANR) Inactive disease (ID)

Number 57 23 42

F:M 55:2 18:5 41:1

Age (years) 27 (12–50) 29 (15–50) 28 (14–48)

rSLEDAI 8 (4–16) 0 (0) 0 (0)

SLEDAI 18 (6–28) 10 (5–20) 2 (0–4)

Low C3 (n) 46 11 2

Low C4 (n) 46 13 7

Anti-ds DNA (IU/ml) 200 (24.7–> 300) 186.3 (< 6.25–> 300) 51.35 (< 6.25–200)

UPr/UCr ratio 3.37 (0.3–20.25) 0.38 (0.03–1.46) 0.09 (0–10.69)

Serum creatinine
(mg/dl)

0.9 (0.4–3.87) 0.82 (0.6–1.25) 0.8 (0.4–1.3)

Urinary sCD163
(pg/mg)

114.01 (0–1435) 3.82 (0–179)*** 10.34 (0–1923)***

Plasma sCD163
(pg/ml)

2837.08
(701.28–7433.16)

2758.96
(619.84–9931.04)

1503.56 (564.48–3142.84)
***

Continuous variables have been expressed as median (min–max)

p values *** ≤ 0.001 as compared with AN group
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were either pregnant or having active infection were excluded.
Depending upon their organ system involvement, they were
classified into one of the three classes: active disease with
renal involvement (active nephritis, AN), active disease with-
out any renal involvement (active non-renal disease, ANR),
and inactive disease (ID). Disease was characterized as active
if their SLE disease activity index (SLEDAI) was > 4 and
inactive if SLEDAI was ≤ 4 [8]. Based on renal involvement,
patients with active disease were further classified as AN if
renal SLEDAI (rSLEDAI) was ≥ 4 and ANR if rSLEDAI was

0. rSLEDAI is the sum value of the 4 components in SLEDAI
that refer to urinary examination which include hematuria,
leucocyturia, proteinuria, and urinary casts with each having
a score of 4 and hence can vary between 0 and 16.

Patients with active renal disease underwent renal biopsy
before the initiation of treatment as per ACR guidelines unless
contraindicated [9]. If renal biopsy was not done, patient was
treated as per the most probable histological class based upon
their clinical and laboratory parameters. All patients with AN
disease were followed up at least every 3 months or earlier as
needed for 1 year. Disease activity was measured using
SLEDAI and rSLEDAI and the response to therapy was de-
fined using the ACR criteria [10].

All the patients gave informed consent and, at baseline,
blood and urine samples were collected along with clinical
details. Follow-up samples at every 3 monthly visits were
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Fig. 1 Scatter plot showing baseline (a) normalized urinary sCD163 and
(b) plasma sCD163 levels in patients and control groups
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Fig. 2 Relationship of baseline normalized urinary sCD163 with (a)
SLEDAI in all patients and (b) rSLEDAI in AN group
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taken from only AN patients. Urine samples from 25 healthy
individuals and 20 rheumatoid arthritis patients with active
disease served as healthy controls (HC) and disease control
(DC) respectively. Plasma and the cell free urine samples were
stored at − 80 °C till analysis and thawed only once for
ELISA.

sCD163 was measured by commercially available ELISA
kits (R&D systems, Minneapolis, MN, USA). The lowest de-
tection limit of the assay was 62.5 pg/ml and the range was
62.5–4000 pg/ml. The intra-assay variability was less than 7%
while inter-assay variability was less than 9%. Urinary
sCD163 values were analyzed with and without normalization
for urinary creatinine excretion (mg/dl) to control for fall in
glomerular filtration rate (GFR) with rising creatinine.

Variables are expressed as median (range, i.e., min–max).
For comparison between 2 groups, Mann-Whitney U test and
chi-squared tests were used. For comparison among > 2
groups, Kruskal-Wallis test was used. If any difference was
found, then the groups were further compared using Mann-
Whitney U test. Spearman’s rank correlation was used for
studying associations between 2 variables. A p value < 0.05
was considered significant.

A total of one hundred and twenty-two patients (F:M =
114:8) were enrolled in the study. The median age in the three
groups was comparable. Among these patients, 57 had active
nephritis (AN), 23 had active non-renal (ANR) disease, and
42 had inactive disease (ID) (Table 1). Among the 45 patients
who had a renal biopsy done in the AN group, according to the
ISN/RPS classification, 5 showed class II nephritis, 16 each
had class III and IV nephritis, 7 had class V nephritis, and 1
had class VI nephritis. Biopsy could not be done for various
reasons in 12 patients and they were treated as per the most

probable histological class decided by clinical and laboratory
features (11 as proliferative nephritis and 1 as membranous
nephropathy). All the patients with class II nephritis (n = 5)
were treated with steroids in combination with azathioprine.
Patients with proliferative nephritis (i.e., class III & IV n = 44)
were induced with cyclophosphamide (n = 5 for the high dose
monthly boluses for 6 months and n = 36 for the 500 mg
fortnightly boluses for 6 doses) or mycophenolate (n = 3).
Patients with class V nephritis (n = 8) were induced with cy-
clophosphamide (n = 7 for high dose monthly boluses for
6 months) or mycophenolate (n = 1). One of the patients from
proliferative nephritis group who was on low-dose cyclophos-
phamide regimen did not respond and was given rituximab at
3 months and developed ESRD at 6 months. All the patients
who were induced with mycophenolate continued it during
maintenance phase. Patients who received cyclophosphamide
as inducing agent were given azathioprine during
maintenance.

Results

Among the 57 patients of AN group, 51 completed 6-month
follow-up whereas 46 completed complete 12-month follow-
up visit. Complete response (CR) rates at 3, 6, 9, and
12 months were 26%, 36%, 43%, and 43% respectively.

Median (range) urinary sCD163 was significantly higher in
AN group [4296.5 (0–127,750)] as compared with all other
groups (ID [558.6 (0–24,032.5)]; ANR [290.3 (0–3767)]; HC
[158.3 (0–1610.5)]; and RA [530.9 (0–2394.1)] pg/ml) at
baseline (p < 0.001 for all comparisons). To control for fall
in GFR with rising creatinine, urinary sCD163 values were

Table 2 Change in different disease activity parameters, plasma, and normalized urinary sCD163 in the active nephritis group with treatment over
1 year

Baseline 3 months 6 months 9 months 12 months

Number 57 51 51 46 46

rSLEDAI 8 (4–16) 0 (0–12) 0 (0–4) 0 (0–8) 0 (0–8)

SLEDAI 18 (6–28) 2 (0–14) 2 (0–6) 2 (0–10) 2 (0–15)

Low C3 46 3 5 6 2

Low C4 46 16 15 10 8

Anti-ds DNA
(IU/ml)

200 (24.7–> 300) 60.4 (6.1–> 300) 54.6 (< 6.25–300) 67.45 (< 6.5–300) 53.4 (< 6.5–300)

UPr/UCr ratio 3.7 (0.3–20.25) 0.35 (0–13.55) 0.4 (0–8.69) 0.3 (0–6.98) 0.25 (0–6.25)

Sr Creatinine
(mg/dl)

0.9 (0.4–3.87) 0.77 (0–4.12) 0.8 (0.56–1.7) 0.79 (0.4–1.3) 0.81 (0.4–1.3)

Urinary sCD163
(pg/mg)

114.01 (0–1435)*** 22.07 (0–534.92)*** 12.7 (0–580.53)*** 11.09 (0–113)*** 7.2 (0–378.15)***

Plasma sCD163
(pg/ml)

2837.08
(701.28–7433.16)***

1409.52
(393.72–4162.12)***

1071.58
(246.5–2753.8)***

1307.72
(555.96–3580.00)***

1141.72
(398–4124.2)***

Continuous variables have been expressed as median (min–max)

p values *** ≤ 0.001 as compared with baseline values
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analyzed after normalization for urinary creatinine excretion
and the results were no different. (Table 1, Fig. 1a; normalized
median urinary sCD163 levels in HC and DC: 0 (0–110.58)
and 7.56 (0–20.76) pg/mg). In contrast, plasma sCD163 levels
in patients of AN group were significantly higher as compared
with patients in ID group (p < 0.001) but were indifferent from
those of ANR group (Table 1, Fig. 1b). Among the patients of
AN group, urinary sCD163 values were not different in pa-
tients with proliferative LN as compared with membranous
nephropathy.

Urinary sCD163 showed a modest correlation with protein-
uria (ρ = 0.59; p < 0.001) and with SLEDAI (ρ = 0.33; p <
0.001) at baseline (Fig. 2a). Urinary sCD163 and plasma
sCD163 did not show any significant correlation with each
other at baseline (ρ = 0.23) suggesting that urinary sCD163
was not merely the filtered fraction of the plasma sCD163.
Among the patients with AN, urinary sCD163 showedmodest
correlation with rSLEDAI (ρ = 0.47; p < 0.001) (Fig. 2b). In
contrast, plasma sCD163 did not correlate with any of these
parameters.

Receiver operating characteristics (ROC) analysis (area un-
der curve; 95% confidence interval; p value) at baseline to
differentiate between AN and ANR showed that urinary
sCD163 was the best marker (0.76; 0.65–0.86; p < 0.001) as
compared with plasma sCD163 (0.46; 0.32–0.61; p = ns),
anti-ds DNA antibodies (0.6; 0.44–0.76; p = ns), C3 (0.65;
0.51–0.8; p = ns), and C4 (0.62; 0.47–0.77; p = ns).
Comparison was not done with proteinuria as it was present
in all patients with LN and was used to define AN category
(Supplementary Fig. 1).

In the follow-up study of AN patients, the level of urinary
sCD163 dropped significantly from baseline at all the subse-
quent visits (Table 2, Fig. 3a). In contrast, plasma sCD163
levels showed a drop at 3 and 6 months, but rose significantly
at 9 months and then fell significantly at 12 months (Table 2,
Fig. 3b, Supplementary Fig. 2).

Among the patients in AN group, three patients had
relapse of nephritis at 6, 11, and 12 months respectively
and one had active disease not responding to cyclophos-
phamide. She was treated with rituximab at 3 months but
developed chronic kidney disease at 6 months. The trends
in the levels of urinary sCD163 for these four patients
were suggestive of rise in the levels even before clinical
deterioration/relapse. (Fig. 4).

Discussion

Through this study, we have demonstrated that sCD163 in
urine from patients with active LN is significantly higher as
compared with the urinary levels in patients with active dis-
ease without nephritis, inactive lupus, healthy individuals, and
rheumatoid arthritis patients (inflammatory disease control). It
also correlates modestly with disease activity parameters in
cross-sectional analysis and, in longitudinally analysis, its
levels fall with response to therapy. In limited number of pa-
tients, urinary sCD163 rose before clinical relapse/
deterioration of LN.

Lupus is a disease associated with increased formation of
apoptotic cells and neutrophil extracellular traps releasing a
number of autoantigens. Because of the defective phagocytic
function of macrophages, these uncleared autoantigens lead to
breakdown of immune homeostasis and activate myriad of
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Fig. 3 Scatter plot showing (a) urinary sCD163 and (b) plasma sCD163
in AN group at different time points
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immune cells like B cells, T cells, and dendritic cells leading
to full-blown autoimmune syndrome [11]. Macrophages in
SLE develop into both its major subtypes, i.e., classically ac-
tivated M1 macrophages and alternatively activated M2 mac-
rophages. However, a number of observations have suggested
that M2 macrophages play an important role in pathogenesis
of various manifestations of SLE. Since M2 macrophages
express the proteolytically cleavable marker CD163, its solu-
ble form could therefore serve as a surrogate marker for M2
macrophage presence and activation.

Nakayama et al. showed thatM2macrophages infiltrate the
skin in patients with SLE and these patients have elevated
plasma levels of sCD163 [12]. Plasma sCD163 levels in this
study were higher in active SLE but did not differ between AN
and ANR which suggests that plasma levels reflect only sys-
temic inflammation and not renal inflammation. Another
study by Nishino et al. also noted significant difference in
serum levels of soluble CD163 between patients with LN
and healthy controls. Interestingly, this study also did not find
any significant difference in the serum sCD163 levels between
patients of active SLE with or without LN, which again sug-
gests that the serum levels of sCD163 fail to reflect renal
disease activity [13]. Similarly, Zizzo et al. and Zhu et al. have
also shown correlation between serum sCD16 and SLEDAI as
well as with other soluble markers of M2c macrophages like
sMER [14, 15]. Together, these observations about the serum
soluble markers of macrophages correlating with disease ac-
tivity in SLE prove that they reflect only the systemic disease
activity. However, none of these studies had evaluated urinary
levels of the respective biomarkers.

In the background of the observations made by O’Reilly
et al. [6] regarding urinary sCD163 in a few patients of LN, we

explored its utility as a potential biomarker of LN. In our
study, we observed that urinary sCD163 was significantly
higher among patients with AN as compared with all other
groups including RA which suggests that sCD163 in urine is
not just a marker of systemic inflammation but specifically
represents the renal inflammation. Urinary sCD163 correlated
with different disease activity parameters in AN group where-
as plasma sCD163 did not. These observations imply that as
compared with non-renal active disease, in LN, there is local
activation of M2 macrophages in the kidneys leading to pro-
duction of sCD163 by proteolysis that is reflected in the urine.

This may suggest a role for M2 macrophages in LN path-
ogenesis. Renal biopsy findings from another study on LN
patients show infiltration of CD163+ macrophages in
tubulointerstitial and glomerular lesions which supports their
pathogenic role [16, 17]. Accordingly, one study has shown
that urinary sCD163 may serve as a biomarker of LN [17].
However, this study did not include patients with active non-
renal disease and inactive disease and, hence, it could not be
assessed if it was elevated only in LN or in all patients of SLE
to conclude on its utility as a biomarker. Furthermore, another
major limitation of the study was that no longitudinal data was
included to know the effect of treatment on levels of urinary
sCD163 which is essential for it to be used as a biomarker.

In the follow-up part of our study, we showed that urinary
sCD163 levels decreased significantly after treatment within
3 months and stayed low for full 1 year suggesting that it can
be a potential marker of treatment response. We had earlier
shown that another macrophage marker MCP-1 correlates
with renal disease activity in LN [18]. This suggests that with
response to treatment, macrophage activation is reduced in
kidneys and further supports their pathogenic role in LN.

Fig. 4 Normalized uCD163
levels in patients with relapse
(n = 3) and poor renal outcome
(n = 1)
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In longitudinal part of this study over 1 year, we could
demonstrate though in a limited number of patients, that in
cases with relapse of LN or poor response to therapy, urinary
sCD163 rises before the clinical relapse/deterioration which
may suggest that it could be a potential marker for prediction
of poor treatment response. Validation in a larger cohort with
relapses may help know its true potential.

Recent data has shown that macrophages constitute the
largest number of cells in the urinary sediment which is a
valuable information in terms of pathogenesis of LN [3].
In AAV with renal involvement, it has been shown that
urinary sCD25 detection complements the urinary
sCD163 in detecting active renal disease which may mean
that T cells may be helped by macrophages in causing LN
[19]. Earlier, we have also looked at the soluble markers
of T cell activation and markers of B cell and macro-
phages and have noted a good correlation of these
markers with disease activity in LN [18, 20, 21]. The
findings on glomerulonephritis in AAV and our findings
in LN converge the concepts of pathogenesis of nephritis
in both the diseases and sharing of the biomarker speci-
ficities. It could be postulated that macrophages help the
cells of adaptive immune system in propagating the dis-
ease [22].

Predominance of M2 macrophages which are “anti-inflam-
matory” and pro-fibrotic in nature on renal biopsies in LN
leaves us with the perplexing question about their role in an
“inflammatory” active LN [23]. The explanations could be
that the pro-inflammatory subtypes of macrophages are the
early players (subclinical phase of LN) in LN pathogenesis
which set the stage for the adaptive immune system to take
over the inflammation and perpetuate the damage and these
are later replaced by anti-inflammatory subtypes of macro-
phages by the time the clinical disease sets in. Another expla-
nation could be that the drugs used for treating LN are known
to increase the CD163 expression and thereby M2 phenotype
in macrophages [3].

To conclude, we have shown that urinary sCD163 is a
potential biomarker of LN disease activity. It can differentiate
between lupus patients who have active disease with nephritis
from the ones who have active disease without nephritis. Its
levels correlate with conventional disease activity parameters
and decrease as the disease activity decreases with treatment.
Thus, it is a good marker of lupus nephritis activity.
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