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Serum IP-10 is useful for identifying renal and overall disease activity
in pediatric systemic lupus erythematosus
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Abstract
Background Traditional serological biomarkers often fail to assess systemic lupus erythematosus (SLE) disease activity and
discriminate lupus nephritis (LN). The aim of this study was to identify novel markers for evaluating renal and overall disease
activity in Chinese patients with pediatric systemic lupus erythematosus (pSLE).
Methods The study included 46 patients with pSLE (35 girls, 11 boys; average age 13.3 ± 2.6 years) and 31 matched healthy
controls (22 girls, 9 boys; average age 12.3 ± 2.4 years). The SLE Disease Activity Index (SLEDAI) and renal SLEDAI were
used to assess disease activity. Nine different soluble mediators in plasma, including tumor necrosis factor alpha (TNF-α),
platelet-derived growth factor-BB (PDGF-BB), interferon (IFN) gamma inducible protein 10 (IP-10), interleukin (IL)-1β,
IFN-γ, IL-17A, IL-2, Fas and Fas ligand, were measured by Luminex assay and compared between patients with active and
inactive pSLE as well as between patients with pSLE with active and inactive renal disease. Receiver operating characteristic
curve analysis was used to measure the discrimination accuracy.
Results Of the 46 patients with pSLE, 30 (65.2%) had LN. These patients had significantly elevated levels of serum TNF-α,
PDGF-BB, IP-10 and Fas. The serum levels of IP-10 were also significantly higher in patients with active pSLE. We found that
IP-10 was also more sensitive and specific than conventional laboratory parameters, including anti-double-stranded DNA and
complement components C3 and C4, for distinguishing active lupus from quiescent lupus. The serum level of IP-10 was also
significantly increased in children with pSLEwith active renal disease relative to those with inactive renal disease. There was also
a positive correlation between serum IP-10 levels and renal SLEDAI scores as well as with 24 h urine protein.
Conclusions Serum IP-10 is useful for identifying renal and overall disease activity in children with pSLE.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune
disease, characterized by multi-systemic involvement, with a
wide range of clinical presentations and laboratory manifesta-
tions [1]. Lupus nephritis is one of the most common and
devastating complications of SLE, with the resulting renal
damage more prevalent and aggressive in pediatric patients
than in adult ones [2–7]. Diverse serological and clinical man-
ifestations are observed among SLE patients, and these repre-
sent a real challenge to clinicians evaluating disease activity
and adjusting medication therapy [8, 9]. Traditional serologi-
cal biomarkers of disease activity, including anti-double-
stranded DNA (anti-dsDNA) antibodies and complement
components, have been demonstrated to be unreliable param-
eters of disease activity [10, 11]. The lack of useful biomarkers
hampers the evaluation of disease activity and hence impedes
appropriate treatment.

Chronic inflammation is closely related with the progression
and relapse of SLE. Cytokines and chemokines not only have
the biological function of promoting immune cell maturation,
they also have the capacity to induce, maintain and amplify
inflammatory responses [12–15]. A series of markers to reflect
disease activity in SLE have been identified in previous studies,
including serum interferon alpha (IFN-α) and interleukin 6 (IL-
6) [16, 17]. Recent studies have also demonstrated that serum
colony-stimulating factor-1, urinary monocyte chemoattractant
protein-1, transferrin, IL-27 and IL-23 are excellent indicators
of renal disease activity in SLE [18–22]. However, only a few
studies have investigated the cytokine profile of pediatric SLE
(pSLE) systemically. Therefore, it is of great significance to
explore novel biomarkers of disease activity that are also spe-
cific for lupus nephritis in pSLE.

IFN-γ inducible protein-10 is also known as IP-10
(CXCL10) and its receptor CXCR3 are expressed by activated
T helper (Th) cells, B cells, macrophages and natural killer
(NK) cells [23]. Therefore IP-10 may attract these cells to
inflammatory sites where they exert a wide-ranging impact;
as such, serum IP-10 may be a pathogenic factor and a poten-
tial biomarker in SLE patients. In addition, previous studies
have demonstrated that platelet-derived growth factor-B
(PDGF-B) has a high affinity for PDGFR-β expressed on
cultured human mesangial cells, contributing to both their
proliferation and extracellular matrix accumulation [24],
which is the main feature of lupus nephritis (LN). Thus,
PDGF-BB is another inflammatory cytokine that has drawn
our attention in the study. Last but not the least, apoptosis-
related molecules, such as Fas and Fas ligand (FasL), also play
a vital role in the regulation of immune tolerance and may be
involved in the pathogenesis of SLE. To date, no researchers
have investigated the circulating levels of these related pro-
teins systemically and determined whether some of them
could reflect disease activity or renal status in Chinese pSLE.

Therefore, the aim of our study was to investigate the levels
of the nine different soluble mediators mentioned above [in-
cluding Th1 cytokines, such as IFN-γ, IL-2, tumor necrosis
factor alpha (TNF-α), the Th17-related cytokine IL-17A, IL-
1β as well as IP-10, PDGF-BB and the apoptosis-related pro-
teins Fas and FasL] in pSLE to analyze their association with
clinical disease activity and renal status. We also evaluated the
potential value of these mediators in identifying active pSLE
as well as patients with active renal disease.

Subjects and methods

Subjects

Forty-six patients diagnosed with SLE, with age at onset of <
18 years according to the Pediatric Rheumatology
International Trials Organization (PRINTO), and 31 gender-
and age-matched healthy controls (HCs) were included in this
study. All patients fulfilled at least four of the American
College of Rheumatology classification criteria for SLE
[25]. This study was approved by the Ethics Committee of
Shanghai Children’s Medical Center, Shanghai, China, and
written informed consent was obtained from each participant
in accordance with institutional guidelines.

Clinical data and sample collection

The demographic, clinical and laboratory features of all
patients were collected in our medical database. The lab-
oratory measurements included white blood cell counts,
lymphocyte, platelet counts, hemoglobin, C-reactive pro-
tein, erythrocyte sedimentation rate (ESR), serum creati-
nine, serum albumin, 24-h urinary protein excretion, rou-
tine urine sample analysis, serum C3 and C4 levels and
autoantibodies such as antinuclear antibodies and anti-
dsDNA levels, among others. Clinical disease activity
was assessed using the Systemic Lupus Erythematosus
Disease Activity Index (SLEDAI). Blood was collected
from the 46 patients with pSLE and 31 gender- and age-
matched HCs. Plasma was isolated and stored at − 80 °C
until analysis.

Detection of serum protein markers

The serum levels of TNF-α, PDGF-BB, IP-10, IL-1β, IFN-γ,
IL-17A, IL-2, Fas and FasL were determined using the
Human Premixed Multi-Analyte kit (Magnetic Luminex
Screening Assay; R&D Systems, Minneapolis, MN) accord-
ing to the manufacturer’s instructions.
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Assessment of clinical disease activity and flares

Clinical disease activity was evaluated using the SLEDAI.
SLE flares were evaluated using the SELENA (Safety of
Estrogens in Lupus Erythematosus National Assessment)
flare index as described previously by Buyon et al. [26] on
the basis of the clinical status of the pSLE upon blood draw.
Clinically active SLE was defined as a SLEDAI score of > 4
or the presence of SLE flares; clinically inactive SLE was
categorized as a SLEDAI score of ≤ 4. Lupus nephritis was
diagnosed according to the following criteria: persistent 24-h
proteinuria of > 500 mg or > 3+ by dipstick or cellular casts,
including red blood cells, hemoglobin, granular, tubular or
mixed [27]. Types of renal nephritis were evaluated according
to the 2003 International Society of Nephrology/Renal
Pathology Society (ISN/RPS) lupus nephritis classification
system [28]. The cohort was also classified into those with
pSLE with active renal disease and those with pSLE with
inactive renal disease according to the renal SLEDAI
(rSLEDAI) scores. The rSLEDAI score was evaluated based
on the four components of the urine analysis, including pro-
teinuria, urinary casts, hematuria and leucocyturia in
SLEDAI. SLE was classified as active renal disease if the
rSLEDAI score was ≥ 4 and as inactive renal disease if the
rSLEDAI score was 0 [29].

Statistical analyses

All data were expressed as mean ± standard deviation (SD).
Levels of the markers were compared using the nonparametric
Mann–WhitneyU test (between two groups) and the Kruskal–
Wallis H test (among three groups). The nonparametric
Spearsman’s rank correlation test was used to evaluate the
correlation between the concentration of IP-10 and the
SLEDAI and rSLEDAI scores.

The sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) of each of the markers
for the assessment of SLE disease activity were calculated. A
positive outcome referred to active disease activity
(SLEDAI > 4). Elevated anti-dsDNA was defined as titers
above the cutoff value for positivity according to the test kits.
Low C3 and C4 levels were defined as levels below the nor-
mal minimum cutoff value (90 mg/dl for C3 and 10 mg/dl for
C4) according to the test kits. For the marker IP-10, an in-
crease was defined as a concentration above the cutoff value at
the optimal sensitivity and specificity in the receiver operating
characteristic (ROC) curve. Sensitivity was a true positive
(TP) divided by the sum of the TP and false negative (FN).
Specificity was the radio of true negative (TN) to the sum of
TN and false positive (FP). The PPV was the ratio of TP to the
sum of TP and FP, and the NPVwas the ratio of TN to the sum
of TN and FN. To evaluate the diagnostic performance, sen-
sitivity was plotted against (1 − specificity) at different cutoff

values for protein levels by ROC analysis. A P value of < 0.05
was considered to be statistically significant. All statistical
analyses were carried out using Statistical Package for the
Social Sciences, version 22.0 (IBM Corp., Armonk, NY)
and GraphPad Prism 5.0 (GraphPad Software Inc., San
Diego, CA).

Results

Demographics and the baseline characteristics

A total of 46 patients with pSLE (35 girls, 11 boys; average
age 13.3 ± 2.6 years) and 31 age- and gender-matched HCs
(22 girls, 9 boys;; average age 12.3 ± 2.4 years) were included
in the study. Clinically active pSLEwas present in 27 of the 46
patients (58.7%) and active renal disease was present in 18 of
these patients (39.1%) at the time of blood draw. The mean (±
SD) age at diagnosis and average disease duration were 10.6
± 2.8 and 2.7 ± 1.8 years, respectively. The mean score of
SLEDAI upon blood draw was 4.35 ± 3.35. Of the 46 patients
with pSLE, 30 (65.2%) were diagnosed with LN; of these
latter 30 patients, kidney biopsy was performed in 20, with
the resulting histology being class IV in ten biopsies, class V
in four biopsies, mixed type in three biopsies, class II in two
biopsies and class III in one biopsy (Table 1).

Elevated serum levels of TNF-α, PDGF-BB, IP-10
and Fas in patients with pSLE

Nine different soluble proteins, including TNF-α, PDGF-BB,
IP-10, IL-1β, IFN-γ, IL-17A, IL-2, Fas and FasL, were ana-
lyzed in the plasma obtained from the 46 patients with pSLE
and 31 gender- and age-matched HCs. There was a significant
difference in the mean levels of TNF-α (9.53 ± 10.91 vs. 2.45
± 1.56 pg/ml; p = 0.0006), PDGF-BB (351.31 ± 125.50 vs.
169.32±113.04 pg/ml; p < 0.0001), IP-10 (23.62 ± 23.35 vs.
2.90 ± 1.15 pg/ml; p < 0.0001) and Fas (595.43 ± 313.82 vs.
413.92 ± 121.41 pg/ml; p = 0.0029) between patients with
pSLE and the HCs, respectively (Fig. 1). Plasma IL-1β
(3.90 ± 4.90 vs. 2.26 ± 1.29 pg/ml; p = 0.0724), IFN-γ
(48.23 ± 67.22 vs. 59.71 ± 74.94 pg/ml; p = 0.4788), IL-17A
(3.32 ± 1.52 vs. 3.52 ± 2.18 pg/ml; p = 0.6351), IL-2 (27.76 ±
24.60 vs. 26.11 ± 15.84 pg/ml; p = 0.7403) and FasL (7.51 ±
3.76 vs. 7.77 ± 2.96 pg/ml; p = 0.7431) did not differ signifi-
cantly between the pSLE and HC groups, respectively (data
not shown).

Elevated serum levels of IP-10 in active pSLE

We also compared the levels of TNF-α, PDGF-BB, IP-10 and
Fas in patients with active or inactive pSLE.We found that the
serum levels of IP-10 were significantly increased in patients
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with active pSLE compared with the HCs and patients with
inactive pSLE (32.98 ± 27.81 vs. 2.90 ± 1.15 vs. 12.92 ±
6.15 pg/ml, respectively). The results are shown in Fig. 2a.

Serum IP-10 levels discriminate between active
and inactive disease

The nonparametric Spearman’s rank correlation test was
performed to evaluate the correlation between serum
concentrations of IP-10 and SLEDAI. As shown in Fig.
2b, there was an obvious positive correlation between
serum IP-10 concentration and SLE disease severity as
measured by SLEDAI. ROC curve analysis was carried
out to establish the optimal discriminatory threshold to
discriminate patients with pSLE with active disease from
those with inactive disease, based on serum IP-10 levels
(Fig. 2c). At the optimal cutoff point of 14.41 pg/ml of
IP-10, the area under the curve for IP-10 serum levels
that differentiated active pSLE from inactive pSLE was
0.807 [95% confidence interval (CI) 0.680–0.934,
p < 0.0001] with a sensitivity of 0.815 and specificity
of 0.737.

Sensitivity and specificity of serum IP-10
for discriminating disease activity

The sensitivity, specificity and PPV/NPV of IP-10 for as-
certaining clinically active pSLE are shown in Table 2.
Serum IP-10 was more sensitive and specific than conven-
tional markers (elevated anti-dsDNA, decreased C3 and
C4 levels) in identifying patients with active disease.
The PPV and NPV of elevated IP-10 for discriminating
active pSLE were higher than those of elevated anti-
dsDNA and low C3 and C4 values.

Table 1 Demographics and the baseline characteristics of the patient
and control groups

Parameters Patients with pSLE
(N = 46)

HCs
(N = 31)

p

Mean age (years) 13.3 ± 2.6 12.3 ± 2.4 0.0799

Mean age at disease
diagnosis (years)

10.6 ± 2.8 –

Female: male 35:11 22:9 > 0.05

Mean disease duration 32.4 ± 21.6 –

Mean SLEDAI 4.35 ± 3.35 –

Active pSLE 27 (58.7%) –

Active renal disease 18 (39.1%) –

Lupus nephritis 30 (65.2%) –

Biopsy-proven LN 20 (43.5%) –

Type II LN 2 (10%) –

Type III LN 1 (5%) –

Type IV LN 10 (50%) –

Type V LN 4 (20%) –

Type III + V LN 2 (10%) –

Type IV +V LN 1 (5%) –

Values in tables are presented as the mean ± standard deviation (SD) or as
a number with the percentage in parenthesis

pSLE, Pediatric systemic lupus erythematosus; HCs, healthy controls;
SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; LN,
lupus nephritis

Fig. 1 Serum concentrations of
tumor necrosis factor alpha (TNF-
α), platelet-derived growth factor-
BB (PDGF-BB), interferon (IF)
gamma inducible protein 10 (IP-
10) and Fas in patients with pedi-
atric systemic lupus erythemato-
sus (pSLE) and age- and gender-
matched healthy controls (pHC).
Patients with pSLE had a signifi-
cantly increased concentration of
serum TNF-α (***significant
difference at p < 0.001), PDGF-
BB (****significant difference at
p < 0.0001), IP-10 (****signifi-
cant difference at p < 0.0001) and
Fas (**significant difference at
p < 0.01) compared with their
matched HCs
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Serum IP-10 levels for discriminating pSLE with active
renal disease

Since LN is a feature of pSLE, we continued to investigate the
level of serum IP-10 in patients with active renal disease and
those with inactive renal disease. We found that patients with
active renal disease had a significantly increased serum level
of IP-10 than the HCs and those with inactive renal disease
(36.54 ± 32.70 vs. 2.90 ± 1.15 vs. 17.09 ± 10.46 pg/ml, re-
spectively; p < 0.05) (Fig. 3a). In addition, the two groups
(active disease vs. HCs/inactive disease) could be discriminat-
ed based on serum IP-10 levels. The ROC curve analysis to
discriminate patients with active renal disease based on serum

IP-10 level is shown in Fig. 3b. At the optimal cutoff point of
16.27 pg/ml of IP-10, the area under the curve for serum IP-10
level that differentiated patients with pSLE with active renal
disease from those with pSLE with inactive renal disease was
0.712 (95% CI 0.545–0.879, p = 0.016) with a sensitivity of
0.722 and specificity of 0.607.

Serum IP-10 level correlates with renal SLEDAI score
and 24 h urine protein

Since serum IP-10 could discriminate active renal disease, we
further to investigate the correlation between the serum con-
centration of IP-10 and renal SLEDAI score as well as 24 h
urine protein. The correlation analysis showed a significant
positive correlation between the serum concentration of IP-
10 and renal SLEDAI score (p < 0.0001, R2 = 0.3575) as well
as 24 h urine protein (p = 0.0122, R2 = 0.1343) in pSLE
(Fig. 4).

Discussion

Chronic inflammation is closely related with the progression
and relapse of SLE. It has been reported that cytokines play
vital roles in the modulation of systemic inflammation and
local tissue damage [12–15]. In the present study, we have
demonstrated elevated serums level of TNF-α, PDGF-BB,

Fig. 2 Serum IP-10 for identifying clinical disease activity in patients
with pSLE. a Serum concentrations of IP-10 in patients with active
pSLE or inactive pSLE and in healthy controls (HC). Active SLE vs.
HC, ****significant difference at p < 0.0001; active SLE vs. inactive
SLE, **significant difference at p < 0.01; inactive SLE vs. HC,

****significant difference at p < 0.0001). b Concentrations of serum IP-
10 correlated with the Systemic Lupus Erythematosus Disease Activity
Index (SLEDAI) (p < 0.0001, R2 = 0.3335). c Receiver-operating charac-
teristic (ROC) curves of serum IP-10 for the identification of active pSLE.
AUC Area under the concentration–time curve, CI confidence interval

Table 2 Performance of serum IP-10 for ascertaining clinical systemic
lupus erythematosus (SLE) activity

Markers Sensitivity Specificity PPV NPV

Elevated anti-dsDNA 0.48 0.53 0.59 0.42

Low C3 0.63 0.63 0.71 0.55

Low C4 0.48 0.68 0.68 0.48

Elevated IP-10a 0.81 0.74 0.81 0.74

PPV, Positive predictive value; NPV, negative predictive value; dsDNA,
double-stranded DNA
aDefined as a level that is greater or equal to the cutoff value in the
receiver-operating characteristic curve
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IP-10 and Fas in Chinese patients with pSLE. In addition, we
have also shown that serum IP-10 was not only a more sensi-
tive and specific biomarker than conventional parameters in
distinguishing disease activity but that it can also discriminate
active renal disease from inactive renal disease in our cohort of
pSLE. Particularly, we observed a positive correlation be-
tween serum IP-10 concentrations and renal SLEDAI as well
as 24 h urine protein. This is the first study to have systemi-
cally evaluated a series of cytokines and to have proved that
serum IP-10 is useful in identifying renal and overall disease
activity in Chinese patients with pSLE.

A number of studies have suggested that a TNF-α gene
polymorphism is involved in the susceptibility to SLE
[30–32]. Our results showed a significantly increased level
of serum TNF-α in the patients with pSLE, which was also
reported in previous studies [33, 34]. As an important inflam-
matory cytokine, TNF-α may promote a derangement in im-
mune regulation and be a key factor in the pathogenesis of
pSLE. Although we found no distinct difference in the serum
level of TNF-α between patients with active pSLE and those
with quiescent SLE, it is likely that TNF-α concentration is
reflective of the inflammatory status of the pSLE patients be-
cause a majority of those with pSLE with fever and a

concurrent increased level of ESR also demonstrated a high
serum TNF-α level at the same time (data not shown).

The PDGF family is composed of PDGF-A, PDGF-B,
PDGF-C and PDGF-D. The original members of the PDGF
family are processed intracellularly and secreted in forms of
disulfide-bonded homodimers or heterodimers (PDGF-AA,
PDGF-BB and PDGF-AB). It is recognized that PDGF-B sig-
naling through PDGFR-β plays a pivotal role in glomerular
mesangial cell proliferation and interstitial fibrosis [35, 36]. In
animal models, infusing or transfecting mice with PDGF-BB
contributes to mesangial cell proliferation and matrix accumu-
lation in kidneys [37, 38]. Taken together these findings sug-
gest a possible role of PDGF-BB in renal disease in which
glomerular mesangial cell proliferation and interstitial fibrosis
account for the majority of manifestations. Nevertheless, there
have been, to our knowledge, no reports on the plasma level of
PDGF-BB in patients with pSLE to date. Based on the results
of our study, we report, for the first time, significantly elevated
plasma levels of PDGF-BB in patients with pSLE compared
with the HCs. It is noteworthy that the levels of serum PDGF-
BB in patients with pSLE who had ever suffered from LN
were increased compared to those with pSLE who had never
experienced LN—even though the level of serum PDGF-BB

Fig. 3 Serum IP-10 levels for discriminating patients with pSLE with
active renal disease. a Serum concentrations of IP-10 in patients with
pSLE with active renal disease and in those with inactive renal disease.
Active renal disease vs. HC, ****significant difference at p < 0.0001;

active renal disease vs. inactive renal disease, **significant difference at
p < 0.01; inactive renal disease vs. HC, ****significant difference at p <
0.0001. b ROC curves of serum IP-10 for the identification of patients
with pSLE with active renal disease

Fig. 4 Positive correlation between concentrations of serum IP-10 and
scores of renal SLEDAI as well as 24 h urine protein. a There was a
positive correlation (p < 0.0001, R2 = 0.3575) between concentrations of
serum IP-10 and score of renal SLEDAI (rSLEDAI) in patients with

pSLE. b There was a positive correlation (p = 0.0122, R2 = 0.1343) be-
tween concentrations of serum IP-10 and 24 h urine protein in patients
with pSLE
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in those patients with pSLE with active renal disease was
similar to that in patients with pSLE with inactive renal dis-
ease at blood draw (data not shown). This result indicates that
the level of serum PDGF-BB can not be used as a real time
measurement for detecting renal status.

Apoptosis-related molecules Fas can be found in serum as
a soluble form. In contrary to the membrane-bound Fas mol-
ecule, serum Fas may block the function of FasL on the cell
surface and inhibit CD95–CD95L interaction, thereby
protecting against apoptosis [39, 40]. Therefore, an increased
level of serum Fas may give rise to autoimmunity and account
for the breakage of tolerance in pSLE.

IP-10 is secreted by a cluster of cells, including T lympho-
cytes, NK cells, monocytes and endothelial cells upon stimu-
lation by IFN gamma. It interacts with its receptor CXCR3 on
Tcells and is involved in the mediation of their trafficking into
the inflammatory lesions [41]. Our study showed that the se-
rum concentration of IP-10 was significantly elevated in pa-
tients with pSLE compared to the HCs as well as in those with
active pSLE compared to patients with quiescent pSLE.
Although these results are similar to those previously reported
[42–44], to the best of our knowledge, our study is the first to
demonstrate elevated levels of IP-10 in Chinese patients with
pSLE. We have also demonstrated that serum IP-10 was more
sensitive and specific than conventional measurements, such
as elevated anti-dsDNA, low C3 and C4 levels, in differenti-
ating active pSLE. The role of IP-10 in LN was not consistent
in previous studies, with some demonstrating that IP-10 was
not indicative of renal activity [43, 45] and others demonstrat-
ing the opposite [46, 47]. This may be due to differences in
ethnic backgrounds, renal disease severity and detection
methods. Our results indicate that serum IP-10 was able to
discriminate patients with pSLE with active renal disease al-
though this capacity was limited (area under the time–concen-
tration curve = 0.712), possibly due to the small sample size in
the study. The significance of elevated levels of serum IP-10
in patients with pSLEwith active renal disease is supported by
the results of a previous study in which IP-10 receptor
CXCR3 was detected in renal tubulointerstitial infiltrates
[48]. Thus, we postulate that an increased serum level of IP-
10 can be oriented towards the renal infiltrates and exert an
inflammatory effect in kidney in patients with pSLE with ac-
tive renal disease. In support of this hypothesis, another study
has not only shown a positive correlation between the receptor
of IP-10, CXCR3 expression in glomerular and proteinuria,
but also demonstrated that the receptor of IP-10, CXCR3, in
tubulointerstitial significantly correlated with serum creatinine
[49]. Thus, an increased serum level of IP-10 may participate
in the pathogenesis of LN and have the potential to be a bio-
marker for identifying active renal disease in lupus.

Undoubtedly, cytokines and chemokines secreted locally
within the kidney are instrumental in the pathogenesis of
LN. Their excretion in the urine is an excellent indicator of

their local production and may better reflect the inflammatory
microenvironment in the kidney than serum-based markers.
However, according to previous publications, the concentra-
tion of urinary IP-10 was much lower than that of serum IP-10
[45]. Thus, the measurement of urinary IP-10 levels in clinical
practice requires a more sensitive detection ability and ad-
vanced equipment.

We recognize the potential limitations of our study.
Since the results were from a single-center study with a
relatively small sample size, they need to be confirmed in
a larger cohort. Also, due to the limitation of time, we
were not able to obtain plasma samples from the same
individual over time and monitor the levels of these pro-
teins dynamically. However, here we present the initial
evidence that there was an imbalanced cytokine profile
in our patients with pSLE, and we have demonstrated that
serum IP-10 was associated with clinical disease activity
in our patient cohort, indicating that IP-10 can be an in-
dication for monitoring renal disease activity in patients
with pSLE.

Conclusions

Our study demonstrated that serum IP-10 can be used as a
novel biomarker for identifying disease activity in patients
with pSLE. In addition, serum IP-10 is a potential candidate
specific for lupus renal disease which should be further ex-
plored in a larger cohort of patients with pSLE.
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