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Increased Urinary Interleukin 22 Binding Protein
Levels Correlate with Lupus Nephritis Activity
Xuyan Yang, Yin Gao, Huiying Wang, Xiaoying Zhao, Xubo Gong, Qingqing Wang, 
and Xiaofei Zhang

ABSTRACT. Objective. Interleukin 22 (IL-22) plays an important role in the promotion of antimicrobial
immunity. However, dysregulated IL-22 action leads to inflammation and is involved in autoimmune
diseases, including systemic lupus erythematosus (SLE). IL-22 binding protein (IL-22BP) is a
soluble inhibitory IL-22 receptor and may represent a crucial regulator of IL-22. We investigated the
expression and potential significance of serum and urinary IL-22BP levels in patients with SLE.
Methods. A total of 112 patients with SLE and healthy control subjects participated in our study.
Patients were classified according to kidney involvement and disease activity based on clinical and
laboratory measures such as urinary sediment, proteinuria, kidney function, complement factor 3
(C3), C4, anti-dsDNA, disease activity index, and renal SLE disease activity index. The concentra-
tions of IL-22BP and IL-22 were measured by ELISA. The expression of IL-22BP in the renal tissue
was detected by immunohistochemistry.
Results. Patients with active renal disease had urinary levels of IL-22BP higher than (1) patients
with active SLE but no renal involvement, (2) patients with a history of lupus nephritis in remission
with no systemic disease activity and no history of renal involvement, and (3) control subjects. There
was no difference in serum levels of IL-22BP among the groups. Urinary levels of IL-22BP in
patients with active renal disease were positively correlated with SLE Disease Activity Index,
Systemic Lupus International Collaborating Clinics renal activity score, and histological activity
index. IL-22BP was highly expressed in renal tissue of patients with active renal disease. After 6
months of treatment, urinary IL-22BP levels decreased significantly in patients with complete
response, but remained unchanged in those with partial or no response.
Conclusion. Urinary but not serum IL-22BP levels were associated with active renal disease.
Urinary levels of IL-22BP might be a potential marker for the presence of renal involvement in
patients with SLE. (J Rheumatol First Release Aug 1 2014; doi:10.3899/jrheum.131292)
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Systemic lupus erythematosus (SLE) is a prototypical
systemic autoimmune disorder characterized by hyperglob-
ulinemia, autoantibody production, and multiorgan involve -
ment, which commonly affects the kidney1. The intricate
involvement of inflammatory mediators including cytokines

seems fundamental in the aberrant immune system of
SLE2,3. Traditionally, the imbalance in the cytokines
produced by the 2 subsets of Th cells, Th1 and Th2, is
believed to play an important role in the pathogenesis of
SLE4.

Research has revealed a novel cytokine of the interleukin
10 (IL-10) family: IL-22, which is mainly produced by Th
cells, such as Th17 and Th22, and innate lymphoid cells5,6,7.
The membrane-bound IL-22 receptor1 (IL-22R1,
IL-22RA1) is absent on immune cells, but expressed within
tissues, such as the epithelial cells of the skin, gastro -
intestinal system, and kidney8. IL-22 has an important
function in the promotion of antimicrobial immunity
through induction of antimicrobial peptides, and in tissue
repair through induction of epithelial cell proliferation and
survival9,10,11. However, it can also promote pathological
inflammatory responses through induction of production of
inflammatory cytokines, such as IL-6, IL-1α, and IL-1012,13.
Concentration of IL-22 is increased in a variety of human
diseases including psoriasis, rheumatoid arthritis, infections,
and inflammatory bowel diseases5. However, the role of
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IL-22 in SLE needs to be clarified because the situation of
IL-22 in the peripheral blood of patients with SLE is more
controversial: either decreased or unchanged IL-22 levels
have been reported14,15.

IL-22BP is a soluble IL-22 receptor that lacks a trans-
membrane and intracellular domain. IL-22BP is expressed
in the epithelium and various mononuclear cells, and
various tissues including the breast, lungs, and colon16,17,18.
It can be upregulated in macrophages following exposure to
lipopolysaccharide16. IL-22BP specifically binds to IL-22
but not other IL-10 family members, and prevents the
binding of IL-22 to membrane-bound IL-22R117,18. The
binding of IL-22 to IL-22BP is of 20-fold to 1000-fold
higher affinity compared to its binding to the mem -
brane-bound IL-22R1, and therefore IL-22BP acts as a
natural cytokine antagonist18. Some studies showed that the
expression of IL-22BP was dynamically regulated during
infections and colitis9,19,20. Wilson, et al found the levels of
IL-22BP were increased when IL-22 was downregulated in the
liver of mice after infection with Schistosoma mansoni or
Mycobacterium avium and Toxoplasma gondii, respectively19.

Our previous study showed decreased serum levels of
IL-22 in SLE patients with renal involvement15. However,
the expression of IL-22BP in patients with SLE is unclear.
In the current study, we investigated the expression and
potential significance of serum and urinary IL-22BP levels
in patients with SLE.

MATERIALS AND METHODS
Patients and controls. Our cross-sectional study was approved by the
ethical committee of the hospital and carried out at the Department of
Rheumatology of the Second Affiliated Hospital, Zhejiang University. We
prospectively recruited 112 patients with SLE attending rheumatology
clinics from April 2011 to December 2012. All signed approved informed
consent. All patients fulfilled the American College of Rheumatology
(ACR) diagnostic criteria of SLE21. SLE Disease Activity Index (SLEDAI)
was used to determine the global disease activity22. Active SLE was
defined by SLEDAI ≥ 623,24. Complicated lupus nephritis (LN) was defined
according to ACR criteria, i.e., any 1 of the following: (1) persistent
proteinuria ≥ 0.5 g/day; (2) the presence of active cellular casts; or (3)
biopsy evidence of LN25. We also recruited 20 healthy volunteers as
controls. 
Clinical and laboratory data. Patient records were reviewed while renal
activity was assessed. According to ACR criteria, systemic analysis
focusing on renal and extrarenal manifestations was undertaken. Serologic
data included complement factor 3 (C3), C4, anti-dsDNA, and antinuclear
antibody. We used the Systemic Lupus International Collaborating Clinics
(SLICC) Renal Activity Score to quantify renal disease activity26. It is
calculated as follows: proteinuria 0.5 to 1 g/day (3 points), proteinuria 1 to
3 g/day (5 points), proteinuria > 3 g/day (11 points), urine red blood cells ≥
5/high power field (hpf; 3 points), and urine white blood cells ≥ 5/hpf (1
point). Renal activity scores range from 0 (inactive renal disease) to
maximum of 1627.
Clinical management and evaluation. We followed patients with active
SLE and renal involvement (active renal disease) for 6 months. The clinical
management was determined depending on disease activity at each visit. In
general, patients with active renal disease were treated with corticosteroid,
together with cyclophosphamide or mycophenolate according to published
protocols28. After 6 months of treatment, therapeutic response was assessed

and classified into complete remission, partial remission, and no
response28. Briefly, complete response was defined as a value for urinary
protein excretion that was < 0.3 g/g creatinine, with normal urinary
sediment, a normal serum albumin concentration, and values for both
serum creatinine and creatinine clearance that were 15% or less above the
baseline values. Partial response was defined as a value for urinary protein
excretion that was between 0.3 and 2.9 g/g creatinine, with a serum
albumin concentration of at least 30 g/dl and stable renal function. No
response was defined as a value for urinary protein excretion that remained
at a value of ≥ 3 g/g creatinine or a value of 0.3–2.9 g/g creatinine, but with
a serum albumin value of < 30 g/dl, an increase in the serum creatinine
concentration ≥ 50 µmol/l, a value for creatinine clearance that was more
than 15% above the baseline value, or the discontinuation of treatment
owing to side effects.
Serum and urine collection, preparation, and biomarker measurement. On
the day of clinical assessment, serum and urine samples were collected.
Fasting blood was collected by venipuncture, and serum was immediately
prepared, aliquoted, and stored at –80ºC until time of assay. Urine “clean-
catch midstream” samples were collected into appropriate sterile containers
and placed on ice or refrigerated at 4ºC within 1 h of collection. Aliquots
and the remaining urine samples in the centrifuge tube were frozen at
–80ºC until assay. Serum and urinary concentrations were measured by
ELISA for IL-22BP (Abcam) and IL-22 (R&D Systems). The results of
serum data were reported as pg/ml, and urinary data were standardized to
urine creatinine measured from the same spot urine and expressed as
pg/mgCr. For IL-22BP, intercoefficient and intracoefficient of variation
(CV) were < 10.2%. For IL-22, inter- and intra-CV was less than 15% and
9%, respectively.
Histological assessment. At the time of blood collection, kidney biopsy was
also conducted in patients with active renal disease. The kidney biopsy
specimens were evaluated according to the International Society of
Nephrology pathologic classification of LN29. For each specimen, the
histological activity index and chronicity index were scored by standard
methods29,30. All biopsy specimens were evaluated by a single pathologist,
who was blinded to the results of the SLEDAI score, and blood and urine
tests. Immunohistochemistry stainings were carried out with monoclonal
antibodies directed against IL-22BP (Abcam). 
Statistical analysis. Statistical analysis was performed by Statistical
Package for Social Sciences version 17.0 software (SPSS). Comparison
between groups was calculated using Kruskal-Wallis test or Mann-Whitney
U test as appropriate. Because the data of IL-22BP and IL-22 were mostly
not normally distributed, they were presented in terms of median with
interquartile range, which represents central tendency and spread. Changes
in IL-22BP levels before and after treatment were compared by the
Wilcoxon rank-sum test. Correlations of IL-22BP levels with the SLEDAI
scores, renal activity scores, and biochemical variables were determined by
Spearman’s rank correlation coefficient denoted as rs, which is a nonpara-
metric measure of statistical dependence between 2 variables. It assesses
how well the relationship between 2 variables can be described using a
monotone function. If there are no repeated data values, a perfect Spearman
correlation of +1 or –1 occurs when each of the variables is a perfect
monotone function of the other31. A p value of < 0.05 was considered statis-
tically significant. All probabilities were 2-tailed.

RESULTS
Demographic and baseline clinical data. One hundred
twelve patients with SLE were classified into 4 groups: 27
consecutive patients with active lupus and renal
involvement (Active Renal Disease), 30 patients with active
lupus but no renal involvement (Active But No Renal
Disease), 25 patients with a history of LN whose disease
became quiescent for at least 6 months after treatment (Renal
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Disease in Remission), and 30 patients without systemic
disease activity and with no history of renal disease (Neither
Active Nor Renal Disease); 20 healthy volunteers as controls
were included. More details of demographic and baseline
clinical data are shown in Table 1. 
Serum and urinary IL-22BP between groups. Comparison
of serum and urinary levels of IL-22BP between Active
Renal Disease, Active But No Renal Disease, Renal
Disease in Remission, Neither Active Nor Renal Disease,
and controls are shown in Table 2. Because of skewed
data, the data were log-transformed and analyzed. The
results are shown in Figure 1. Significantly higher
concentrations of urinary IL-22BP were found in Active
Renal Disease versus the other groups (p < 0.001; Table 2
and Figure 1B). Among other groups, no significant
differences in urinary levels of IL-22BP were found.

There was no significant difference in serum levels of IL-
22BP among the groups. 
Correlation of serum IL-22BP and urinary IL-22BP.
No significant correlation was observed between levels
of serum and urinary IL-22BP in any of the groups,
particularly in the Active Renal Disease (r = 0.017, 
p = 0.781). 
Levels of IL-22 and its correlation with IL-22BP. Levels of
serum IL-22 in the Active Renal Disease group were signifi -
cantly decreased versus those in the Active But No Renal
Disease group, the Renal Disease in Remission group, the
Neither Active Nor Renal Disease group, and in controls 
(p < 0.01; Table 2 and Figure 1C). However, serum IL-22
presented no correlation with serum IL-22BP in any of the
groups, particularly in the Active Renal Disease (r = 0.137,
p = 0.602). Because of very low levels of urinary IL-22 in
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Table 1. Demographic and baseline clinical data. Data shown are expressed as mean ± SD. Data are compared by chi-square test or 1-way ANOVA.

Characteristics Active Renal Active But No Renal Disease in Neither Active Controls 
Disease Renal Disease Remission Nor Renal Disease

No. patients 27 30 25 30 20
Sex, female:male 23:4 26:4 21:4 27:3 15:5
Age, yrs 37.2 ± 7.6 36.8 ± 8.2 37.8 ± 9.5 38.2 ±  6.5 36.4 ± 8.2
Serum albumin, g/dl 21.0 ± 5.7** 37.3 ± 6.7 38.2 ± 7.2 36.8 ± 5.9 40.2 ± 8.2
Serum creatinine, μmol/l 85.5 ± 27.2 87.2 ± 23.4 91.3 ± 30.2 86.4 ± 28.5 90.3 ± 32.6
Estimated GFR, ml/min 97.8 ± 22 103 ± 33.5 93.7 ± 26.1 93.0 ± 22.6 95.1 ± 21.5
Proteinuria, g/day 2.80 ± 1.60** 0 ± 0 0.52 ± 0.33 0 ± 0 0 ± 0
Anti-dsDNA titer 432.1 ± 310.6** 173.9 ± 102.1# 187.4 ± 192.1$ 43.2 ± 32.7 0
C3 g/l 0.57 ± 0.47 0.70 ± 0.51 0.62 ± 0.47 0.87 ± 0.37 1.42 ± 0.41�

C4 g/l 0.14 ± 0.11 0.13 ± 0.10 0.13 ± 0.09 0.16 ± 0.12 0.19 ± 0.10
SLEDAI score 13.1 ± 4.2* 10 ± 2.7## 2.05 ± 1.0 0 ± 0
Renal activity score 7.4 ± 3.7** 0 ± 0 0 ± 0 0 ± 0

**p < 0.0001 for Active Renal Disease vs Active But No Renal Disease, Renal Disease in Remission, Neither Active Nor Renal Disease, and controls; *p <
0.0001 for Active Renal Disease vs Renal Disease in Remission, Neither Active Nor Renal Disease, and controls; ##p < 0.0001 for Active But No Renal
Disease vs Renal Disease in Remission, Neither Active Nor Renal Disease, and controls; #p < 0.0001 for Active But No Renal Disease versus Neither Active
Nor Renal Disease and controls; $p < 0.0001 for Renal Disease in Remission vs Neither Active Nor Renal Disease and controls, �p < 0.001 for controls versus
Active Renal Disease, Active But No Renal Disease, Renal Disease in Remission, Neither Active Nor Renal Disease. GFR: glomerular filtration rate; Active
Renal Disease: patients with active SLE and renal involvement; Active But No Renal Disease: patients with active SLE but no renal involvement; Renal
Disease in Remission: patients with history of lupus nephritis in remission; Neither Active Nor Renal Disease: patients without systemic disease activity and
with no history of renal disease; SLE: systemic lupus erythematosus; C3: complement factor 3; SLEDAI: SLE Disease Activity Index.

Table 2. The concentration of interleukin 22 BP (IL-22BP) and IL-22 in different groups. Data are median (IQR).

Groups Serum IL-22BP, Urinary IL-22BP, Serum IL-22, 
pg/ml pg/mgCr pg/ml

Active Renal Disease 89.7 (65–154) 156 (112–210)* 101.2 (77.3–167.6)**
Active But No Renal Disease 107 (67–156.5) 64 (37.8–90) 202 (89.5–306.2)
Renal Disease in Remission 113 (67–167.5) 63 (39.5–88) 201 (114–242.9)
Neither Active Nor Renal Disease 102 (67–157.5) 52 (35–76.5) 172.5 (109–239.9)
Controls 104 (47.5–153.8) 44 (34.3–68.5) 209.5 (107.8–272.9)

*p < 0.001; **p < 0.01. IQR: interquartile range; Active Renal Disease: patients with active lupus and renal
involvement; Active But No Renal Disease: patients with active lupus but no renal involvement; Renal Disease
in Remission: patients with history of lupus nephritis in remission; Neither Active Nor Renal Disease: patients
without systemic disease activity and with no history of renal disease.
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Figure 1. Comparison of concentrations of interleukin 22BP (IL-22BP) and IL-22 in different groups after data were log-transformed. A. Levels of serum IL-
22BP showed no significant difference among patients with active lupus and renal involvement (Active Renal Disease group), with active systemic lupus
erythematosus but no renal involvement (Active But No Renal Disease), with a history of lupus nephritis whose disease became quiescent for at least 6 months
after treatment (Renal Disease in Remission), and without systemic disease activity and no history of renal disease (Neither Active Nor Renal Disease), and
controls. B. Significantly higher concentrations of urinary IL-22BP were present in the Active Renal Disease group versus those in the Active No Renal
Disease, Renal Disease in Remission, Neither Active Nor Renal Disease, and controls. C. Levels of serum IL-22 in the Active Renal Disease group were
significantly decreased compared with those in the Active No Renal Disease, Renal Disease in Remission, Neither Active Nor Renal Disease, and in controls.

Figure 2. Correlation between interleukin 22BP (IL-22BP) levels in urine
from patients with systemic lupus erythematosus (SLE) and indices of SLE
disease activity. A. Levels of urinary IL-22BP in patients with active lupus
and renal involvement (Active Renal Disease) showed a weak correlation
with SLE Disease Activity Index (SLEDAI) scores. B. A stronger corre-
lation was found between levels of urinary IL-22BP and Systemic Lupus
International Collaborating Clinics (SLICC) renal activity scores in the
Active Renal Disease group. C. A correlation was found between levels of
urinary IL-22BP and histological activity index findings of renal biopsy in
the Active Renal Disease group. Results for IL-22BP are expressed as
picograms of urinary IL-22BP per mg of creatinine (pg/mgCr).
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patients with SLE and controls that could not be detected,
those data were not analyzed.
Urinary IL-22BP and SLE disease activity.Urinary IL-22BP
had a significant but weak association with the SLEDAI 
(r = 0.299, p = 0.034) in Active Renal Disease (Figure 2A).
However, a correlation of urinary IL-22BP with SLEDAI
was not found in groups Active But No Renal Disease (r =
0.155, p = 0.254), Renal Disease in Remission (r = 0.113, 
p = 0.946), and Neither Active Nor Renal Disease (r =
0.107, p = 0.976). An association between levels of urinary
IL-22BP and dsDNA antibody was not observed in Active
Renal Disease (r = 0.363, p = 0.312). Serum C3 and C4
values in the Active Renal Disease did not show a signifi -
cant correlation with urinary IL-22BP levels (r = 0.207, p =
0.422; r = 0.163, p = 0.816, respectively). 
Urinary IL-22BP and renal disease activity. A stronger
positive correlation was found between levels of urinary
IL-22BP and SLICC renal activity score in Active Renal
Disease (r = 0.380, p = 0.008; Figure 2B). No significant
correlation between proteinuria and urinary IL-22BP levels
was found in the Active Renal Disease (r = 0.271, p =
0.172). To further confirm that the elevation of urinary
IL-22BP observed in patients with Active Renal Disease
was due to increased local production rather than to non -
specific loss of filtered protein, we removed the proteinuria
component from SLICC renal activity scores and reanalyzed
the data. In Active Renal Disease, there was a significant
correlation of urinary IL-22BP with SLICC renal activity
scores (r = 0.464, p = 0.025), even after exclusion of
proteinuria from the scores.
Urinary IL-22BP and histological features. Renal biopsy
from 19 patients with active renal disease showed diffuse
proliferative LN (Class IV, 13 cases), pure membranous
disease (Class V, 3 cases), pure focal glomerulonephritis
(Class III, 1 case), and mixed diffuse proliferative and
membranous disease (2 cases). Urinary IL-22BP correlated
with the histological Activity Index of the kidney biopsy 
(r = 0.545, p = 0.016; Figure 2C). No urinary IL-22BP
findings correlated with the histological Chronicity Index,
degree of glomerulosclerosis, or tubulointerstitial fibrosis
(details not shown). Immunohistochemistry showed high
expression of IL-22BP in the renal tissue of patients with
active renal disease (Figure 3).
Serum IL-22BP and disease activity indices. Serum
IL-22BP levels did not correlate with SLEDAI or SLICC
renal activity scores in any of the groups, particularly in
Active Renal Disease (r = 0.171, p = 0.726; r = 0.211, p =
0.682, respectively).
Relation with treatment response. After 6 months of
treatment, 17 patients with active renal disease had complete
response to treatment, 8 patients had partial response, and 2
patients had no response. In patients with complete
response, the SLICC renal activity scores significantly
decreased (from 6.29 ± 3.06 to 1.10 ± 1.18; p = 0.000), and

urinary levels of IL-22BP significantly decreased (from
166.29 ± 59.57 to 92.0 ± 40.12; p = 0.001; Figure 4). By
contrast, the SLICC renal activity scores and urinary levels of
IL-22BP remained unchanged in patients with partial or no
response (from 6.60 ± 3.56 to 5.10 ± 2.07, p = 2.13; and from
154.50 ± 69.54 to 134.0 ± 59.03; p = 0.635, respectively).

DISCUSSION
IL-22BP acts as a natural regulator of IL-22, preventing
exaggerated effects of the cytokine. Our previous study
presented decreased serum IL-22 in patients with LN15. To
detect whether the expression of IL-22BP might be
regulated, which in turn would affect levels of IL-22 in LN,
we examined the expression of IL-22BP in serum and urine
of patients with SLE. Our results showed that urinary
IL-22BP was significantly higher in patients with active
renal disease versus normal controls and other SLE groups.
However, there was no statistically significant difference in
the levels of serum IL-22BP or between serum and urinary
levels of IL-22BP among the groups. The levels of urinary
IL-22 are very low in both SLE patients and controls.
Moreover, we found high expression of IL-22BP in renal
tissue of patients with active renal disease. 

It is well established that longterm survival in SLE can be
improved with early diagnosis and prompt treatment of
renal disease32. However, the usually insidious onset and
fluctuating nature of LN can make early identification and
followup very difficult. While renal biopsy is the gold
standard for diagnosis and assessment of LN, it is an
invasive procedure that is not generally performed serially
for monitoring purposes. Anti-dsDNA antibodies and
complement levels are routinely followed in patients with
SLE33,34,35. However, while often correlating with the
presence of active renal disease, these serologic variables
are not specific for this manifestation and their performance
as nephritis biomarkers is not optimal. Routine laboratory
tests reflecting renal function, such as urinalysis, urinary
protein measurements, blood urea nitrogen, and serum
creatinine are useful in monitoring chronic renal processes,
but abnormal levels may occur relatively late in the inflam-
matory course. A reliable clinical biomarker for LN needs to
be further explored. 

In our study, we found that urinary levels of IL-22BP in
patients with active renal disease were weakly correlated
with disease activity as measured by SLEDAI, although the
correlation with SLICC renal activity score was stronger. In
the 19 patients with a renal biopsy, there was a correlation
with urinary IL-22BP and disease activity index. We did not
find a correlation of urinary protein excretion and urinary
IL-22BP levels, further suggesting that elevated levels may
reflect kidney production of IL-22BP rather than simply
another marker of proteinuria. Taken together, our results
suggest that urinary IL-22BP might be a useful biomarker
for LN and may reflect kidney production of IL-22BP.
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In addition, we could not find a correlation between
concentrations of urinary IL-22BP and the levels of
anti-dsDNA antibodies in our studied groups. One possible
explanation may be the difference in the pathogenic role
between them; thus an increase in levels of anti-dsDNA
might not coincide with  simultaneously higher IL-22BP
excretion. Similarly, although the role of complement in LN
pathogenesis has been well described36,37, in the present
study increased urinary IL-22BP was not associated with
complement consumption (as measured by low levels of C3
and C4). In human LN, the timing of a rise in urinary
IL-22BP in relation to an increase in anti-dsDNA autoanti-
bodies, decrease in complement, or occurrence of renal flare
is still unknown and will need to be established in a longi-
tudinal study. Further, we will need to determine not only
whether urinary IL-22BP correlates with measures of
disease activity and severity, but also whether its use as an
assessment tool is a complement to other nephritis
biomarkers such as C3 and C4. 

We also observed the association between urinary

IL-22BP and treatment response. The levels of urinary
IL-22BP in patients with complete response significantly
decreased. In contrast, urinary levels of IL-22BP remained
unchanged in patients with partial or no response. So,
monitoring the value of IL-22BP might be helpful for
assessing the condition of active renal disease and con -
sequence of drug therapy.

We describe here the expression of IL-22BP in patients
with SLE. These results demonstrated that increased levels
of urinary IL-22BP correlated with active renal disease, and
urinary IL-22BP might be a novel biomarker for LN. 
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Figure 3. Expression of interleukin 22BP in kidney tissues. Representative immunohistochemistry stainings of kidney section from patients with lupus
nephritis (A) and controls (B). 
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unchanged in patients with partial or no response.
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