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Abstract

Objective: This study investigated the association between soluble scavenger receptor differ-
entiation antigen 163 (sCD163) and the severity and prognosis of renal injury in lupus nephritis
(LN).

Methods: Serum sCD 63 levels in 121 Eastern Chinese patients with LN who underwent renal
biopsy were determined by enzyme-linked immunosorbent assays. Clinical data were collected,
and the glomerular filtration rate and disease activity score of lupus were calculated. Pathological
classification was performed, and renal pathological scores were assessed by the activity index
(Al) and chronic index (Cl). Kaplan—Meier survival curves were drawn to evaluate prognosis.
Results: The pathological classification, Al and Cl scores in the high sCD163 group were
increased. The sCD163 levels were positively correlated with serum creatinine, blood urea
nitrogen, Al scores and CI scores and negatively correlated with the estimated glomerular
filtration rate. Kaplan—Meier survival analysis showed that the incidence of renal endpoint
events was increased in the high sCD163 group compared with the normal sCD163 group.
Conclusion: The serum sCD163 level correlates with the severity of LN and is an important
indicator of poor renal prognosis in patients with LN.
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Introduction

Systemic lupus erythematosus (SLE) is an
autoimmune connective tissue disease,
often involving the skin, joints, blood,
blood vessels and kidneys. Lupus nephritis
(LN) is the most relevant manifestation in
50% to 70% of patients with SLE, and 25%
of patients with LN eventually develop end-
stage renal disease (ESRD).' Immune cells
and their secreted soluble effector molecules
participate in the development of LN, and
adaptive immunity mediated by B lympho-
cytes and T lymphocytes plays an impor-
tant role.> As a critical component of
innate and adaptive immunity, macro-
phages have several immune functions,
such as antigen presentation, phagocytosis
and cytokine production. Dysregulated
expression of macrophage surface markers,
cytokine production, phagocytosis and
clearance of cellular debris promote the
abnormal activation and proliferation of
lymphocytes, leading to the development
of autoantigenic and inflammatory
responses. Thus, the important role of mac-
rophages in LN has attracted increasing
attention.’

Scavenger receptor differentiation anti-
gen 163 (CD163) is a single-chain trans-
membrane glycoprotein belonging to the
first subgroup of the scavenger receptor
superfamily B, with a molecular weight of
approximately 130 kDa. sCD163 is present
in serum and other tissue fluids and is a
specific marker of macrophage activation.
The expression of sCD163 and heme oxi-
dase is upregulated in systemic inflammato-
ry responses, which may be related to the

initiation of the waterfall secretion of anti-
inflammatory factors.* Serum sCD163 con-
centrations in peripheral blood reflect
disease severity in autoimmune diseases,
such as rheumatoid arthritis, systemic scle-
rosis and polymyositis/dermatomyositis.>’
In addition, the number and frequency of
CD163-positive cells (M2 macrophages)
tend to increase in acute  post-
streptococcal glomerulonephritis, suggest-
ing that the severity of endothelial injury
might be related to the difference in the
phenotypes of infiltrating inflammatory
cells.® Analyses of the correlation between
sCD163 and SLE disease activity have pro-
duced inconsistent results,” ! and there are
few related studies. This study analyzed the
clinical characteristics, laboratory parame-
ters and renal pathology of patients with
LN and explored the relevance between
sCD163 and renal injury to identify new
serum markers for the diagnosis and evalu-
ation of LN, thereby providing a theoretical
basis for novel therapeutic targets in LN.

Materials and methods

Study population

Patients with LN who underwent renal
biopsy from 1 January 2014 to 1 June
2018 at tertiary hospitals (Affiliated
Hospital of Nantong University, Affiliated
Hospital of Jiangnan University and
Nanjing Medical University Affiliated
Wuxi Second Hospital) in Eastern China
were selected as the study subjects, and
healthy individuals were selected as the
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control group. All patients with LN were
scored on the Disease Activity Index using
the 2000 revision of the SLE Disease
Activity Index (SLEDAI). Participants
were followed-up until the occurrence of a
renal endpoint event or the study termina-
tion date (1 January 2019). Renal endpoints
in this study were defined as the occurrence
of ESRD, estimated glomerular filtration
rate (eGFR) reduction >50% or >2-fold
increase in serum creatinine (SCr). The
inclusion criteria were as follows: (1)
patients met both SLE and LN diagnostic
criteria'® and (2) definite LN diagnosis by
renal biopsy. The following exclusion crite-
ria were used: (1) patients with other auto-
immune diseases, such as scleroderma or
polymyositis/dermatomyositis, (2) patients
with chronic infections and severe infec-
tions within the last 3 months, (3) patients
with severe diseases of the respiratory, cir-
culatory, hematological and endocrine sys-
tems and (4) patients with malignant
tumors. The study was approved by the
appropriate ethics committees of the three
hospitals (Affiliated Hospital of Nantong
University, Affiliated Hospital of Jiangnan
University and Nanjing Medical University
Affiliated Wuxi Second Hospital; 2013-
K030), and all patients or their families
were fully informed and signed informed con-
sent forms prior to study implementation.

Biochemical analyses

All subjects were required to fast for at least
8 hours, and 3 to 4 mL of blood were drawn
and sent to the hospital laboratory. SCr,
blood urea nitrogen (BUN), complement
C3, complement C4 and immunoglobulins
(Ig A, Ig M, Ig G) were tested using an
automatic biochemical analyzer (Hitachi
7600, Hitachi, Tokyo, Japan). In addition,
24-hour urinary protein was quantified by
immunoturbidimetry. Autoantibodies [anti-
Smith (anti-Sm), anti-double stranded
DNA (anti-dsDNA), anti-Sjogren’s-

syndrome-related antigen A (anti-SSA),
anti-Sjogren’s-syndrome-related antigen B
(anti-SSB), anti-ribonucleoprotein (anti-
RNP)] were measured using an American
Delrin  BN-II automatic immunoassay
analyzer.

The Modification of Diet in Renal
Disease'® formula was used to calculate the
eGFR as follows: eGFR = 186 xSCr~'1>* x
Age %% (0.742 in women). The results
were expressed as mL-min~' (1.73m?) .

Ethylenediaminetetraacetic acid anticoa-
gulated blood samples were taken, and the
serum was separated by centrifugation and
stored at —20°C. To detect sCD163, an
enzyme-linked  immunosorbent  assay
(ELISA) was performed using a human sol-
uble CD163 ELISA Kit (My Biosource,
San Diego, CA, USA) in accordance with
the manufacturer’s instruction. The detec-
tion range of this kit is 1.56 to 100 ng/mL.

Histological analysis

All enrolled patients underwent ultrasound-
guided renal biopsy for pathological exam-
ination. The pathological classification of
LN was performed using the 2003
International Society of Nephrology/Renal
Pathology Society (ISN/RPS) criteria, and
the activity index (Al) and chronicity index
(CI) were scored.'® AI includes capillary
endothelial hyperplasia, fibrillar-like necro-
sis, nuclear fragmentation, cellular cres-
cents, hyaline thrombosis/platinum ear
changes, leukocyte infiltration and/or inter-
stitial inflammatory cell infiltration; CI
includes glomerulosclerosis, fibrillar cres-
cents, interstitial fibrosis and renal tubular
atrophy. Each lesion was scored 0 to 3. The
Al was 0 to 24 points, and the CI was 0 to
12 points.

Statistical methods

Normally  distributed
expressed as  the

measures  are
mean =+ standard
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deviation (SD), t-tests were used for group
comparisons, and Pearson’s analysis was
used for correlations. Non-normally dis-
tributed data are expressed as median and
quartiles [P50 (P25, P75)], with the Mann—
Whitney U test for group comparisons and
Spearman’s analysis for correlations. Count
data were expressed as frequencies and
rates, and comparisons of rates were made
using the cube test. The Kaplan—Meier
method was used to plot survival curves
for renal survival analysis, and the log-
rank test was used for comparison of sur-
vival rates. IBM SPSS Statistics for
Windows, Version 19.0 (IBM Corp.,
Armonk, NY, USA) was used for data
processing, and P < 0.05 was considered to
indicate a statistically significant difference.

Results

Comparison of serum sCD |63 between
the two groups

In the present study, we defined a measured
value greater than the mean+2SD of
healthy controls (69.7ng/mL) as a high
serum sCD163 level and divided 121
patients with LN into a normal sCD163
group (72 patients) and a high sCD163
group (49 patients). Serum sCD163 levels
were measured by ELISA in all patients
with LN and 20 healthy controls. sCD163
levels in the LN group were higher than
those in the control group (67.04 4 18.70
and 3498 +17.49ng/mL, respectively),
and the difference was statistically signifi-
cant (P <0.001) (Figure 1).

Patient characteristics

The clinical data of patients with LN in the
normal sCD163 group and high sCD163
group are shown in Table 1. All partici-
pants were between 21 and 54 years old.
The age and gender differences between
the two groups were not statistically
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Figure 1. Serum sCD163 in LN and Con groups.
Patients with LN who underwent renal biopsy were
included as the study subjects (n= 121), and healthy
individuals (n=20) were selected as the Con group.
Serum sCD163 levels were measured by enzyme-
linked immunosorbent assays. **P < 0.001.
sCD163: soluble scavenger receptor differentiation
antigen 163; LN: lupus nephritis; Con: control.

significant. Compared with patients with
LN in the normal sCD163 group, patients
in the high sCD163 group had significantly
elevated 24-hour urine protein levels, SCr
and BUN (all P<0.05) and decreased
eGFR (P<0.001). The SLEDAI scores
and positivity rates of C3, C4, IgA, IgM,
IgG, anti-dsDNA, anti-Sm, anti-SSA,
anti-SSB and anti-RNP were not statistical-
ly different between the two groups.

In the high sCD163 group, the baseline
glucocorticoid treatment rate was 100%,
and the baseline immunosuppressive treat-
ment rate was 95.91%, including 69.39%
who received cyclophosphamide and
53.06% who received hydroxychloroquine.
In addition, 48.98% of patients were using
one immunosuppressant at baseline,
46.94% were using two immunosuppres-
sants, and 1.63% were using three or
more immunosuppressants. In the normal
sCD163 group, the baseline glucocorticoid
treatment rate was 100%, and the baseline
immunosuppressive treatment rate was
93.88%, including 65.31% who received
cyclophosphamide and 55.10%  who
received hydroxychloroquine. Moreover,
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Table I. Comparison of clinical data between the high sCD163 group and normal sCD163 group in
patients with LN.
High sCD163 group  Normal sCD163 group  t/Z/4” P

N (men) 49 (6) 72 (7) 0.193 0.660
Age (years) 36.88 £ 14.03 3341267 —1.034 0.243
SLEDAI scores 14.55+5.02 13.23 £4.70 —1.31 0.221
24-h urinary protein (g/24 h) 3.42+£0.83 2.46 +0.66 —3.35 0.033
SCr (umol/L) 80.26 +£23.75 56.75+20.08 —4.008  <0.001
BUN (mmol/L) 10.01 £5.87 6.184+3.90 —5.233  <0.001
eGFR [mL-min~"-(1.73m? ~'1  70.32+28.36 101.24 +30.02 6231  <0.001
C3 (mg/L) 0.53+0.19 0.56+0.17 0.401 0.685
C4 (mg/L) 0.17+£0.09 0.16 +0.08 0.872 2.021
IgA (g/L) 2,62+ 1.08 2.40+0.87 —0.985 0.624
IgM (g/L) .24+ 0.55 1.20 £ 0.64 —0.651 0.722
IgG (g/L) 11.04+£332 12.27 £ 4.05 0.505 0.665
Anti-dsDNA antibody (%) 30 (61.22) 40 (55.56) 0.384 0.535
Anti-Sm antibody (%) 17 (34.69) 28 (40.28) 0.220 0.639
Anti-SSA antibody (%) 32 (65.31) 48 (66.67) 0.024 0.877
Anti-SSB antibody (%) 7 (14.29) 8 (I.11) 0.271 0.603
Anti-RNP antibody (%) 23 (46.94) 35 (48.61) 0.033 0.857

Data are the mean =+ standard deviation. sCD163: soluble scavenger receptor differentiation antigen 163; LN: lupus
nephritis; SLEDAI scores: SLE Disease Activity Index; SCr: serum creatinine; BUN: blood urea nitrogen; eGFR: estimated
glomerular filtration rate; C3: complement 3; C4: complement 4; IgA: immunoglobulin A; IgM: immunoglobulin M; 1gG:
immunoglobulin G; anti-Sm: anti-Smith; anti-dsDNA: anti-double stranded DNA; anti-SSA: anti-Sjogren’s-
syndrome-related antigen A; anti-SSB: anti-Sjogren’s-syndrome-related antigen B; anti-RNP: anti-ribonucleoprotein.

53.06% of patients were treated with one
immunosuppressive agent, 42.86% with
two immunosuppressive agents, and
2.65% with three or more immunosuppres-
sive agents. There was no significant differ-
ence in baseline rates between the two
groups.

Renal pathological grades

The renal pathological classification of all
patients with LN was obtained by renal
biopsy, and according to the pathological
classification of LN established by the
ISN/RPS in 2018,"* patients with LN were
divided into six grades: mild lesion grade
(I), mesenteric hyperplasia grade (II), focal
segmental grade (III), diffuse hyperplasia
grade (IV), membranous grade (V) and scle-
rosis grade (VI). Because the number of LN
cases with V4 1II (three cases) and V41V
(two cases) in this study was small, both

grades were classified as grade V. The dis-
tribution of LN grades I, I1, III, IV and V in
the high sCD163 group and normal
sCD163 group are shown in Figure 2.
Patients with LN in the high sCD163
group had a higher pathological classifica-
tion grade compared with those in the
normal sCD163 group, and the difference
was  statistically  significant (Mann—
Whitney U value = 1264, P=0.007).

Renal pathology scores

The AI and CI scores of renal lesions in
patients with LN were analyzed by a semi-
quantitative method. The Al was scored 0
to 24 points, and the CI was scored 0 to 12
points. The AI and CI scores of patients
with high sCDI163 levels were increased
compared with those of patients with
normal sCD163 levels. The difference was
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Figure 2. Grades of renal pathology in patients with high sCD163 and normal sCD163. One hundred
twenty-one patients with LN were divided into a normal sCD 163 group (72 patients) and a high sCD163
group (49 patients). The renal pathological classification of all patients with LN was obtained by renal biopsy,
and patients were divided into grades | (mild lesion grade), Il (mesenteric hyperplasia grade), lll (focal
segmental grade), IV (diffuse hyperplasia grade) and V (membranous grade).

sCD163: soluble scavenger receptor differentiation antigen 163; LN: lupus nephritis.

statistically significant (all P <0.05), as
shown in Figure 3.

Correlation between serum sCD 163 and
renal injury index parameters in patients
with LN

Renal injury was assessed by SCr, BUN,
eGFR and pathological indicators, includ-
ing the pathological grade and renal pathol-
ogy score. The correlation analysis showed
that sCD163 levels in patients with LN were
positively correlated with SCr (r=0.521,
P<0.01), BUN (r=0.511, P<0.01), Al
(r=0.387, P<0.01) and CI (r=0.611,
P<0.01) and negatively correlated with
eGFR (r=-0.632, P<0.01), as shown in
Figure 4.

sCD 163 as a predictive marker of renal
endpoint events

Renal endpoints in this study were defined
as the occurrence of ESRD, eGFR

& 20+ *
<} [ ] WA
o
1. .. mmc
x
S ' I
£
- 10+
L2
g
o 57
=
=
©
o 0-
high sCD163 normal sCD163

Figure 3. Comparison of renal pathological scores
between the high sCDI163 group and normal
sCD163 group. One hundred twenty-one patients
with LN were divided into a normal sCD 163 group
(72 patients) and a high sCD163 group

(49 patients). The Al and Cl scores of renal lesions
in patients with LN were analyzed by a semi-
quantitative method. The Al was scored 0 to 24
points, and the Cl was scored 0 to |2 points.

*P < 0.05 and ***P < 0.001.

sCD163: soluble scavenger receptor differentiation
antigen 163; LN: lupus nephritis; Al: activity index;
Cl: chronicity index.
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Figure 4. Correlation analysis of serum sCD 163 and renal injury index parameters in patients with LN. All
subjects fasted for at least 8 hours, and blood samples were obtained for biochemical analyses. Spearman’s
analysis was performed to determine the correlations between renal injury parameters and sCD163 levels.
sCD163: soluble scavenger receptor differentiation antigen 163; LN: lupus nephritis; SCr: serum creatinine;
BUN: blood urea nitrogen; eGFR: estimated glomerular filtration rate; Al: activity index; Cl: chronicity index.

reduction >50% or >2-fold increase in
SCr. After a mean follow-up of 25 (10, 34)
months, eight patients showed a 2-fold
increase in SCr, and three patients devel-
oped ESRD. The renal survival curves of
patients in the high sCD163 group and
normal sCD163 group are shown in
Figure 5. The renal survival rate of patients
in the high sCD163 group was lower
than that in the normal sCDI163
group (85.71% vs 94.44%, respectively,
P=0.017) (Figure 5).

Discussion

Transmembrane glycoprotein CD163, a
scavenger receptor expressed in monocytes
and macrophages, is an M2 macrophage
serum marker. In vivo, CD163 exists in
two forms: a transmembrane macromole-
cule on mononuclear/macrophage mem-
branes [membrane chimeric CDI163
(mCD163)] and sCD163 in blood or other
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Figure 5. Kaplan—Meier survival curves of renal
outcome events in both groups. One hundred
twenty-one patients with LN were divided into a
normal sCD163 group (72 patients) and a high
sCD163 group (49 patients). The renal survival rate
was determined by Kaplan—Meier analysis.
sCD163: soluble scavenger receptor differentiation
antigen 163; LN: lupus nephritis.

tissue fluids. sCD163 is a shedding product
of mCD163. The expression of CDI163 is
influenced by several factors. For example,
interleukin 6 (IL6), IL10 and glucocorticoids
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stimulate the expression of CD163, whereas
tumor necrosis factor-e, interferon-y (IFN-
y) and platelet factor 4 inhibit the expres-
sion of CD163.!° During acute and chronic
inflammatory responses, CDI163 is shed
from the surface of activated macrophages
and released into the peripheral blood in a
soluble form. Thus, serum sCDI163 is a
marker of macrophage activation.

In the present study, serum sCD163 was
measured in peripheral blood samples by
ELISA and found to be significantly
higher in patients with LN than in healthy
controls, which is consistent with the stud-
ies by Nakayama et al.” and Zizzo et al.'’
Recent studies'®!” reported not only signif-
icantly elevated serum sCD163 levels in
patients with SLE but also significantly
increased skin and kidney CD163+ macro-
phage infiltration, and researchers have
proposed that CD163 might be involved
in the pathogenesis of SLE. We found
that serum sCD163 was significantly elevat-
ed in patients with LN, indicating that mac-
rophage activation is involved in the
development of LN and that sCD163
may act as an inflammatory mediator
in the immunopathogenic process of LN.
Macrophages may participate in the patho-
genesis of LN through the following mech-
anisms. First, macrophages express specific
markers on their surface, recognize the sur-
rounding environment, and respond to
endogenous and exogenous stimuli to influ-
ence the immune response and participate
in the pathogenesis of LN.'® Second, dysre-
gulated cytokine secretion aberrantly acti-
vates and enhances the adaptive immune
response. Macrophages promote T- and
B-cell activation and are the main source
of these cytokines, such as IL-6 and IL-10,
which stimulate IgG and IFN-1 production,
thereby inducing B cell differentiation into
antibody-secreting plasma cells.'” In addi-
tion, B-cell activating factor is mainly
derived from macrophages and promotes

B-cell survival and proliferation.® Third,
functional defects in macrophage phagocy-
tosis and pathogen clearance and apoptotic
and necrotic cells may provide autoantigens
for the development of LN. The markedly
impaired clearance by macrophages in
patients with LN may be related to the
decreased expression of CD44 on the sur-
face of macrophages,”' reduced differentia-
tion of CD34+ hematopoietic stem cells into
mature macrophages®> and decreased com-
plement levels.?® Thus, macrophage dysfunc-
tion plays an increasingly important role in
the pathogenesis of LN, and the specific
mechanisms require further investigation.
Our study found that patients with LN
in the high sCD163 group had elevated SCr
and BUN and decreased eGFRs compared
with those in the normal sCD163 group.
Furthermore, we found that eight patients
showed a 2-fold increase in SCr, and three
patients developed ESRD. These results
reveal that serum sCD163 levels reflect the
severity of kidney damage in LN, suggest-
ing that serum sCD163 may be important
for the evaluation of kidney damage sever-
ity in LN. Urinary protein not only reflects
the presence of glomerular lesions in
patients with LN but also has a direct
toxic effect on renal mesangial cells and
tubules, leading to the accumulation of
extracellular matrix and aggravating renal
damage.”* We found that the 24-hour uri-
nary protein level in the high sCD163 group
was significantly increased compared with
that in the normal sCDI163 group. The
SLEDALI score is commonly used in clinics
to evaluate SLE disease activity, and with a
gradual increase in the SLEDALI score, the
activity level of lupus becomes increasingly
intense.'* We found no statistically signifi-
cant difference in SLEDALI scores between
the high sCDI163 group and normal
sCD163 group. This may be because there
are several factors included in the SLEDAI
scoring  criteria, and renal factors



Yang et al.

account for a small proportion. The results
of our study were similar to those of
Nakayama et al.’ In contrast, Zizzo
et al.'” found that serum sCD163 was pos-
itively correlated with SLEDALI scores in 40
patients with SLE. Activated macrophages
expressing CD163 (M2) are the most abun-
dant subtype of macrophages in renal biop-
sies from patients with LN. Studies® have
shown that urinary sCD163 levels are ele-
vated in patients with active LN and are
associated with renal SLEDAI scores. A
decrease in urinary sCD163 levels after
treatment may help monitor the response
to treatment in LN. As a specific antibody
for SLE, increased titers of anti-dsDNA
antibodies are associated with LN activity,
and anti-dsDNA antibodies can be used as
an independent risk factor for LN. Anti-
RNP antibodies are a hallmark of mixed
connective tissue disease and are closely
associated with various clinical symptoms
of autoimmune diseases, such as SLE,
Sjogren’s syndrome and systemic sclero-
sis."* We found that although the high
sCD163 group had an increased positivity
rate of anti-dsDNA antibodies and reduced
positivity rate of anti-RNP antibodies com-
pared with the normal sCD163 group, the
difference between the two was not statisti-
cally significant. These findings suggest that
a high sCD163 level has a minimal effect on
the positive rate of autoantibodies and that
the two may play independent roles in pro-
moting the progression of LN.

LN pathological classification and renal
pathology scores are important for diagno-
sis, treatment and prognosis. The Al in the
renal pathology score is closely related to
clinical manifestations and usually reflects
the degree of acute inflammatory damage
to the kidney tissues. The CI is proportional
to prognosis and represents the degree of
chronic kidney damage. A cohort study of
1814 Chinese patients with LN identified
pathological typing at renal biopsy as an

independent risk factor for ESRD.?® In this
study, we analyzed the renal pathological
data of 121 patients with LN and concluded
that the pathological classification, Al scores
and CI scores of patients in the high sCD163
group were significantly different from those
in the normal sCD163 group, and further
analysis indicated that there was a correla-
tion between serum sCD163 and Al and CI
scores. This result further illustrates that ele-
vated serum sCD163 levels may be associat-
ed with the severity of renal injury and poor
prognosis in patients with LN.

In conclusion, sCD163 may participate
in the immunopathological process of LN
as an inflammatory mediator. Serum
sCD163 levels correlate with the severity
of LN and are an important indicator of
poor renal prognosis in patients with LN,
suggesting that macrophage activation is
involved in the development of LN. Serum
sCD163 shows potential as an effective bio-
logical marker for LN diagnosis, differen-
tial diagnosis and prognosis evaluation and
provides a new therapeutic target to reduce
morbidity and improve prognosis.
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