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Abstract 

Objectives: The chemokine CXCL1, known as growth-related oncogene α (GRO-α), is a potent chemoattractant and 
regulator of neutrophils. The purpose of our study was to evaluate the regulatory response of CXCL1 in the serum of 
patients with systemic lupus erythematosus (SLE) in the active stage of disease and to assess whether it was impli-
cated in the pathogenesis/inflammatory process in lupus.

Methods: CXCL1 serum concentrations were examined in 90 SLE patients, 56 other autoimmune diseases (OADs) 
patients and 100 healthy controls using enzyme-linked immunosorbent methodology.

Results: SLE patients exhibited significant increases in serum CXCL1 concentrations [1492.86 (735.47–2887.34) pg/
ml] compared with OADs patients [155.88 (10.77–366.78) pg/ml] and healthy controls [13.58 (8.46–37.22) pg/ml] 
(p < 0.001). Moreover, the level of CXCL1 decreased as the level of anti-dsDNA IgG decreased after treatment between 
the anti-dsDNA-positive SLE patients and the anti-dsDNA-negative SLE patients. Additionly, serum CXCL1 concentra-
tions were related to different disease activity levels in SLE and lupus nephritis (LN) and high avidity of IgG ANAs (HA 
IgG ANAs) (p < 0.05). Furthermore, CXCL1 serum concentrations were significantly correlated with the SLE Disease 
Activity Index(SLEDAI) score, relative avidity index (RAI) of HA IgG ANAs and the levels of anti-dsDNA IgG, CRP, ESR, 
albumin, C3 and C4.Additionally, Statistical analysis revealed that positivity for IgG ANA (p < 0.001), the presence of 
HA IgG ANAs (p = 0.001) and the logarithmic level of anti-dsDNA IgG (p = 0.021) were significantly associated with 
the logarithmic level of CXCL1 with standard partial regression coefficients (95% CI) of 2.371 (1.734–3.009), 1.231 
(0.52–1.937) and 0.409 (0.062–0.755), respectively. Finally, using cutoff points of 1182.17 pg/mL and 1500.31 pg/mL, 
serum CXCL1 levels had a similar sensitivity of 76% and specificity of 100% and 75% for the diagnosis of active SLE and 
LN, respectively.

Conclusions: Serum CXCL13 concentrations might represent a potential marker of disease activity in systemic lupus 
erythematosus.
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Introduction
Systemic lupus erythematosus (SLE) is a common 
autoimmune disease involving multiple organs and 
systems. SLE is characterized by the production of a 
large number of autoantibodies and the deposition of 
various immune complexes in target tissues [1]. Anti-
dsDNA antibodies exhibit high specificity for SLE and 
are associated with disease activity [2]. However, in dif-
ferent studies, the prevalence of anti-dsDNA IgG has 
been found in approximately 27.8–50% of SLE patients 
despite clinically active symptoms [3–5]. The role of 
chemokines and cytokines in the pathogenesis of SLE 
and lupus nephritis (LN) has been widely accepted 
[6], and previous studies have demonstrated the ther-
apeutic benefits of chemokine/chemokine receptor 
or cytokine/anti-cytokine autoantibody blockade in 
experimental SLE [7, 8].

CXC ligand 1 (CXCL1) was originally isolated and 
characterized based on its growth stimulatory activ-
ity against malignant melanoma cells [9]. CXCL1 is also 
known as growth-related oncogene (GRO) alpha and 
is a member of the CXC chemokine family with a three 
amino acid motif (ELR: glutamate, leucine, arginine), this 
chemokine plays an important role in inflammation, angi-
ogenesis, tumorigenesis and wound healing [10]. CXCL1 
is a potent neutrophil chemoattractant and activator 
that mainly acts through CXCR2 receptors. Although 
elevated CXCL1 expression has been reported in sev-
eral human cancers, the role of CXCL1 and its receptor 
CXCR2 in autoimmune diseases is unclear. Kanapathip-
pillai et  al. demonstrated that in (NZBxNZW)F1 (B/W) 
mice with lupus nephritis, chemokines CXCL1, CXCL2, 
CXCL5, CCL2, CCL7, and CCL20 were increased in pri-
mary mesangial cells stimulated by either nucleosomes 
alone or nucleosome-IgG complexes accompanied by 
infiltration of neutrophils, macrophages, and T and B 
cells [11]. Additionally, Wang et  al. [12] reported that 
in a murine model of lupus, pristane-treated wild-type 
(WT) mice exhibited elevated CXCL1, MCP-1, anti-
snRNP and anti-dsDNA levels compared with untreated 
mice; however, CXCL1, MCP-1 and anti-snRNP levels 
were reduced in pristane-treated P-selectin glycoprotein 
ligand-1-deficient (Psgl-1−/−) mice compared to pris-
tane-treated WT mice. These results verified that CXCL1 
may be involved in the course of SLE, especially LN, and 
that CXCL1 is an important factor that regulates active 
leukocyte recruitment into inflamed tissue. Furthermore, 
in the case of lupus nephritis, the temporal course of the 

event is believed to place the production of chemokines 
at a very early moment in the disease process, which is 
consistent with their proposed role as an early mediator 
of renal inflammation.

The purpose of this study was to investigate whether 
serum levels of chemokine CXCL1 (1) are elevated in 
patients with active SLE, (2) are related to disease activity 
and influencing factors, and (3) are a potential diagnostic 
marker to distinguish active SLE from inactive SLE and 
LN from non-LN.

Materials and methods
Study participants
All patients were consecutively recruited from Zhong-
shan Hospital, Medical College of Xiamen University 
between April 2019 and September 2021. Ninety patients 
(7 males and 83 females, median age 33.5  years) with 
SLE were enrolled in this study. All patients with SLE 
were diagnosed according to the 2019 European League 
Against Rheumatism (EULAR)/American College of 
Rheumatology (ACR) classification criteria [13]. Disease 
activity in patients with SLE was assessed against the 
SLE Disease Activity Index 2000 (SLEDAI-2K) [14, 15], 
and the diagnosis of lupus nephritis (LN) was evaluated 
as previously described [1, 4, 16]. Fifty-six patients (12 
males and 44 females, median age 37  years) were diag-
nosed with other autoimmune diseases (OADs) accord-
ing to their diagnostic criteria. We recruited patients 
with rheumatoid arthritis (RA, 22 cases), Sjögren’s syn-
drome (SS, 19 cases), mixed connective tissue disease 
(MCTD, 12 cases), systemic sclerosis (SSC, 2 cases), 
and anti-phospholipid syndrome (APS, 1 case). In addi-
tion, we recruited 100 age- and sex-matched patients (13 
males and 87 females, median age 33 years) without any 
risk factors or chronic diseases.

We excluded pregnant women and patients with vari-
ous cancers and known immune system defects (such as 
HIV infection, hematologic diseases or transplantation 
history).

Quantification of CXCL1 levels and other laboratory 
parameter testing
CXCL1 serum levels were analyzed using human 
Growth-Regulated Oncogenea/Melanoma Growth Stim-
ulating Activity (GRO ɑ/MGSA) ELISA kit according 
to the manufacturer’s instructions (CUSABIO, Wuhan, 
China). Serum samples were added to a well and incu-
bated for 2 h at 37 °C. After removing the liquid of each 
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well without washing, 100 µL of biotin-conjugated anti-
body specific for GROɑ were added to each well and 
incubated for 1 h at 37  °C. After washing, avidin conju-
gated Horseradish Peroxidase (HRP) was added to the 
wells. Following a wash to remove any unbound avidin-
enzyme reagent, tetramethyl-benzidine (TMB) was 
applied as a substrate and incubated for 30 min at 37 °C. 
The reaction was stopped with 2  N  H2SO4 and deter-
mined the optical density of each well within 5 min using 
a microplate reader set to 450 nm.This kit detection rang 
was 31.25–2000  pg/ml. Moreover, no significant cross-
reactivity of interference between human GROɑ and ana-
logues was observed.

We also examined the serum concentration of anti-
dsDNA IgG using ELISA based on the manufacturer’s 
protocol and our previous studies [1]. The optical density 
(OD) was measured at 450  nm using an ELISA Reader 
(Thermo Fisher Technology Co., Ltd, Shanghai, China). 
CXCL1 and anti-dsDNA IgG levels were quantified using 
standard curves. All samples were measured in duplicate. 
Peripheral blood samples were immediately centrifuged 
at 1000  g for 15  min, and serum was removed. Then, 
samples were stored at − 80 °C.

In the standard test, the total IgG ANAs and avidity of 
IgG ANAs were determined by indirect immunofluores-
cence (IIF) assays. The relative avidity index (RAI) was 
used to assess the avidity of IgG ANAs, as we previously 
reported. Serum levels of complement C3/C4, C-reactive 
protein (CRP) and albumin were determined by neph-
elometry using the Image Immunochemistry System 
(Roche Cobas 8000, Germany). In addition, the erythro-
cyte sedimentation ratio (ESR) (Succeeder Technology 
Inc., Beijing, China) and number of neutrophils (Sysmex 
Corporation, XN9000, Japan) were determined by instru-
ment methods.

Statistical analysis
The differences among the three study groups were 
evaluated using the nonparametric Mann–Whitney U 
test. Pearson’s chi-square test was used to calculate the 
differences between IgG ANAs and high avidity IgG 
ANAs. Spearman’s rank correlation was used to analyze 
the correlations between CXCL1 concentrations and 
disease activity parameters. To further verify laboratory 
parameters influencing CXCL1 levels, stepwise multiple 
linear regression analysis was performed. Receiver opera-
tor characteristic (ROC) curves were applied to analyze 
CXCL1 as a diagnostic marker to distinguish active SLE 
from inactive SLE and LN from non-LN. Data are pre-
sented as the median ± interquartile range (IQR) unless 
otherwise noted. All procedures were analyzed based on 
p < 0.05 as the level (two sided) of statistical significance. 

SPSS software and GraphPad Prism (version 20.0, IBM 
Inc., New York, USA; version 8.0.1, GraphPad Prism 
Software Inc. San Diego, CA, USA) were used for all sta-
tistical analyses.

Results
Study participant characteristics
Table  1 lists the characteristics of the participants in 
this study. In the study, no significant differences in 
sex (χ2 = 5.685, p = 0.058) or age (χ2 = 5.286, p = 0.071) 
were noted among SLE, other autoimmune diseases 
(OADs) and healthy controls. CXCL1, anti-dsDNA IgG, 
CRP, ESR, albumin, complement molecules C3 and C4, 
and neutrophil serum levels differed among the three 
study groups (p < 0.05). The positive rates of IgG ANA 
(χ2 = 46.159, p < 0.001) and HA IgG ANAs (χ2 = 16.856, 
p < 0.001) in SLE patients were significantly higher than 
those in OADs patients. Significant increases in CXCL1 
serum levels were observed in the SLE group [1492.86 
(735.47–2887.34) pg/ml] compared with the OADs 
group [174.23 (17.07–368.40) pg/ml] (p < 0.001) and 
healthy controls [13.58 (8.46–37.22) pg/ml] (p < 0.001). 
In addition, anti-dsDNA IgG [1093.37 (448.21–
2215.30) U/L], ESR [25.45 (18.13–54.48) mm/h], CRP 
[1.66 (0.67–5.49) mg/mL] serum levels and the num-
ber of neutrophils [3.73(2.60–5.65) ×  109/mL] were 
significantly increased in the SLE group compared 
with healthy controls (p < 0.05). Furthermore, C3 [0.54 
(0.34–0.77) g/L], C4 [0.09 (0.04–0.12) g/L] and albu-
min [37.65 (30.88–42.80) g/L] serum levels were lower 
in the SLE group compared with the OADs group and 
healthy controls (p < 0.05). Similarly, OADs patients had 
higher CXCL1, CRP and ESR serum levels compared 
with healthy controls (p < 0.001). However, no differ-
ence in CRP and ESR serum levels was noted between 
SLE group and OADs patients (p > 0.05). (Table 1).

Comparisons of serum CXCL1 concentrations 
and anti‑dsDNA IgG levels before and after treatment 
in SLE group
In our study, the serum CXCL1 levels were measured 
before and after one year treatment of 32 patients in 
active SLE group. Then we subdivided the SLE patients 
into two groups, 23 patents in the SLE anti-dsDNA-
positive group and 9 patients in the SLE anti-dsDNA-
negative group before treatment as previous report 
[4]. Significant increases in serum CXCL1 levels were 
shown in the SLE group (p < 0.001) (Fig. 1a). Likewise, 
the same tendency towards a significant decrease in 
serum CXCL1 and anti-dsDNA levels after treatment 
in both subgroups (p < 0.001) (Fig. 1b–d).
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Furthermore, we investigate whether the levels of 
CXCL1 were affected in 32 patients with SLE group 
with different treatments. The results indicated that the 
combined prednisone with hydroxychloroquine (HCQ) 
(65.6%, 21/32) was mainly treated. Second, a subset 
combined prednisone and HCQ and MMF plus tacroli-
mus (12.5%, 4/32) was treated as follows. Third, both 
prednisone and HCQ plus cyclophosphamide (CYC) 
and combined prednisone and HCQ with mycophe-
nolate mofel (MMF) (9.4%, 3/32) were the same. Last, 
there was only one patient treated with combined 
prednisone with HCQ plus tacrolimus (3.1%, 1/32). 
However, we observed that there was no difference in 
CXCL1 levels decrease between different drug treat-
ments after one year (p > 0.05).

Relationship between serum CXCL1 concentrations in SLE 
patients with different disease activities, LN/non‑LN 
patients, active/inactive LN patients, and high‑avidity/
low‑avidity IgG ANA patients
According to our previous report, we classified SLE 
patients into three groups based on disease activity [4]. 
Fifteen patients (17%, 15/90) were diagnosed with no/
mild SLE disease activity (0 ≤ SLEDAI ≤ 9), 36 patients 
(40%, 36/90) were diagnosed with moderate SLE dis-
ease activity (10 ≤ SLEDAI ≤ 14), and 39 patients (43%, 
39/90) were diagnosed with severe SLE disease activ-
ity (SLEDAI ≥ 15). Forty-one patients (46%, 41/90) were 
diagnosed with LN, and 68 (76%, 68/90) patients were 
diagnosed with high-avidity IgG ANAs of SLE. Signifi-
cantly increased serum CXCL1 levels were noted in SLE 
patients with severe disease activity [2482.22 (1589.93–
3760.29) pg/ml] compared with the no/mild disease 
activity [279.02 (122.38–1144.32) pg/ml] and moder-
ate disease activity SLE [1066.96 (615.38–1618.66) pg/
ml] groups (p < 0.001). (Fig.  2a). A significant increase 
in CXCL1 serum levels was observed in the LN group 

Table 1 Characteristics of study participation

Characteristics of the study populations were shown in Table 1. SLE: Systemic lupus erythematosus; OADs: other autoimmune diseases; HAIgGANA: high-avidity 
antinuclear antibody (ANA) of the IgG isotype; ND: not detected. SLEDAI: SLE Disease Activity Index; C3/C4: Complement 3/4; ESR: erythrocyte sedimentation ratio; 
CRP: C-reactive protein; Neu: neutrophils
a Data was compared to different groups, the difference was statistically significant. The chi-squared test or Fisher’s exact test were used
b Data was compared to different groups, the difference was statistically significant. The Kruskal–Wallis H test were used
C SLE versus healthy controls, p < 0.001; SLE versus OAD, p < 0.001; OAD versus healthy controls, p < 0.001
d SLE versus healthy controls, p < 0.001; SLE versus OAD, p < 0.001; OAD versus healthy controls, p = 0.002
e SLE versus healthy controls, p < 0.001; SLE versus OAD, p < 0.001; OAD versus healthy controls, p = 0.011
f SLE versus healthy controls, p < 0.001; SLE versus OAD, p < 0.001; OAD versus healthy controls, p = 0.007
g SLE versus healthy controls, p < 0.001; SLE versus OAD, p = 0.158; OAD versus healthy controls, p < 0.001
h SLE versus healthy controls, p < 0.001; SLE versus OAD, p = 0.094; OAD versus healthy controls, p < 0.001
i SLE versus healthy controls, p < 0.001; SLE versus OAD, p = 0.005; OAD versus healthy controls, p < 0.001
j SLE versus healthy controls, p = 0.007; SLE versus OAD, p = 0.352; OAD versus healthy controls, p = 0.242

SLE OADs Healthy controls p value
(n = 90) (n = 56) (n = 100)

Sex (females/males) 83/7 44/12 87/13 0.058a

Positive IgG ANAs (%) 100% (90/90) 57% (32/56) 3% (3/100) < 0.001a

Positive HA IgG ANA (%) 71% (64/90) 30% (17/56) 0 < 0.001a

P50  (P25-P75) P50  (P25-P75) P50  (P25-P75)

Age (years) 34 (27–45) 37(31–46) 33 (28–44) 0.071a

SLEDAI score 14 (10–18) ND ND

CXCL1 (pg/mL)c 1492.86 (735.47–2887.34) 174.23 (17.07–368.40) 13.58 (8.46–37.22) < 0.001b

An-dsDNA IgG (IU/L)d 1093.37 (448.21–2215.30) 10 (10–10) 10 (10–10) < 0.001b

C3 (g/L)e 0.54 (0.34–0.77) 1.04 (0.86–1.27) 1.09 (0.96–1.23) < 0.001b

C4 (g/L)f 0.09 (0.04–0.12) 0.21 (0.15–0.30) 0.255 (0.21–0.30) < 0.001b

ESR (mm/h)g 25.45 (18.13–54.48) 19.5 (10.7–37.3) 12.75 (7.7–21.43) < 0.001b

CRP (mg/mL)h 1.66 (0.67–5.49) 2.31 (0.92–8.20) 0.44 (0.30–0.57) < 0.001b

Albumin (g/L)i 37.65 (30.88–42.80) 41.3 (35.55–44.53) 45.0 (43.30–46.60) < 0.001b

Neu (×109)j 3.73 (2.60–5.65) 3.29 (2.47–5.03) 3.23 (2.55–4.0) 0.030b
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[2482.22 (1283.33–3900.12) pg/ml] and active LN 
group [2149.37 (1251.68–3818.64) pg/ml] compared 
with the non-LN group [1228.50 (400.46–1720.17) pg/
ml] (p < 0.001) and inactive LN group [427.72 (186.17–
2761.36) pg/ml] (p = 0.014) (Fig.  2b, c). Moreover, 
serum CXCL1 levels in the high-avidity IgG ANA group 
[1600.08 (937.31–3445.17) pg/ml] were significantly 
greater than those in the low-avidity IgG ANA group 
[803 (230.14–1691.90) pg/ml] (p = 0.001) (Fig. 2d).

Correlation analysis of CXCL1 serum levels with laboratory 
parameters in study participants and factors that influence 
CXCL1 levels as assessed by multiple linear stepwise 
regression analysis
In our study, correlations were noted between serum 
levels of CXCL1 and other laboratory parameters. 
Serum CXCL1 concentrations in SLE patients were 
significantly correlated with the SLEDAI score and 
RAI of HA IgG ANAs (r = 0.582, p < 0.001; r = 0.552, 
p < 0.001; respectively) (Fig.  3a, b). Moreover, CXCL1 

concentrations were positively related to anti-dsDNA 
IgG, CRP and ESR serum levels (r = 0.644, p < 0.001; 
r = 0.285, p < 0.001; r = 0.278, p < 0.001; respectively) 
(Fig.  3c, d, h). However, CXCL1 concentrations were 
negatively associated with C3, C4 and albumin serum 
levels (r =  − 0.477, p < 0.001; r =  − 0.215, p = 0.001; 
r =  − 0.323, p < 0.001; respectively) (Fig. 3e–g).

To further verify laboratory parameters influenc-
ing CXCL1 levels, we performed multiple linear step-
wise regression analysis. The independent variables 
included the presence of IgG ANA, the presence of HA; 
the levels of anti-dsDNA IgG, CRP, ESR, albumin, and 
C3/C4; and the number of neutrophils. CXCL1 lev-
els served as the dependent variable in the statistical 
analysis. The results showed that the presence of IgG 
ANA (p < 0.001), the presence of high-avidity IgG ANA 
(p = 0.001) and the logarithmic level of anti-dsDNA IgG 
(p = 0.021) were significantly associated with the loga-
rithmic level of CXCL1. The standard partial regression 

Fig. 1 Comparisons of serum CXCL1 concentrations before and after treatment in SLE group, SLE anti-dsDNA + group and SLE anti-dsDNA- group 
(a–c). Comparison of serum anti-dsDNA levels before and after treatment in SLE anti-dsDNA + group (d)
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coefficients (95% CI) were 2.371 (1.734–3.009), 1.231 
(0.520–1.937) and 0.409 (0.062–0.755) (Table 2).

CXCL1 potentially represents a diagnostic marker 
to distinguish active SLE from inactive SLE and LN 
from non‑LN
In our study, we estimated the diagnostic potential and 
accuracy of serum CXCL1 levels for both active SLE 
and LN based on ROC curves (Fig.  4). Serum CXCL1 
levels had a strong role in differentiating active SLE 
(SLEDAI > 10) from inactive SLE (SLEDAI < 10) and 
non-LN patients with AUCs of 0.969 (95% CI 0.933–1.0, 
p < 0.0001) and 0.838 (95% CI 0.758–0.918, p < 0.0001), 

respectively. The cutoff values to distinguish between 
active SLE and inactive SLE as well as LN and non-LN 
were 1182.17 pg/mL and 1500.31 pg/mL. The sensitiv-
ity and specificity values were 76% and 100%, and 76% 
and 75%, respectively.

Discussion
For the first time, we demonstrate that serum CXCL1 
levels were significantly higher in patients with SLE 
than in patients with other autoimmune diseases and 
healthy controls. Moreover, CXCL1 serum concentra-
tions were markedly increased in the active SLE and 

Fig. 2 Relationship between serum concentration of CXCL1 in different disease activities, LN/non-LN cases, active/inactive LN cases, and 
high-avidity/low-avidity IgG ANA cases in SLE patients. LN: lupus nephritis
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Fig. 3 Correlation analysis of the serum levels of CXCL1 with SLEDAI, RAI of HA ANA IgG, serum levels of anti-dsDNA IgG, CRP, complements C3, 
C4,albumin and ESR in SLE patients. SLEDAI:SLE Disease Activity Index; RAI of HA ANA IgG, relative avidity indexof high-avidity IgG ANAs; C3/C4: 
complement3/4; ESR: erythrocyte sedimentation ratio; CRP: C-reactive protein; Neu: neutrophils
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LN groups. Furthermore, circulating CXCL1 levels 
were correlated with the SLE disease activity (SLEDAI) 
score, RAI of HA IgG ANAs, serum anti-dsDNA IgG 
levels, and other laboratory parameters. In addition, 
CXCL1 potentially represents a diagnostic marker to 
distinguish active SLE and LN given its high sensitivity 
and specificity.

To date, circulating CXCL1 has never been evalu-
ated as a marker of disease activity in patients with SLE 
despite a broad theoretical basis in the literature sug-
gesting that chemokines contribute to the pathogenesis 
of SLE and LN. It has been shown that serum CXCL1 
concentrations are specific to systemic sclerosis (SSc) 
and correlated with the involvement of internal organs, 
especially pulmonary damage [17]. Similar findings were 
presented by Lisi et  al. [18], who reported significantly 
higher CXCL1 levels in Sjögren’s syndrome (SS) tissues 
than in healthy controls. Although there are few reports 
that support a possible role of CXCL1 during inflamma-
tion and neovascularization in autoimmune diseases, we 

examined CXCL1 in SLE serum in this study. The results 
showed that serum CXCL1 levels were significantly 
increased in patients with SLE compared with patients 
with other autoimmune diseases, including SS and SSc. 
However, Furuse et al. [17] failed to detect higher serum 
CXCL1 levels in SLE patients. In addition to the differ-
ence between patients assessed, these discrepant results 
may be due to the small sample numbers analyzed or 
low sensitivity of the ELISA system used. This report 
evaluated only 15 patients with SLE. Moreover, we fur-
ther assessed the regulatory response of serum CXCL1 
levels and anti-dsDNA IgG levels in active SLE patients 
after treatment. The results were shown that CXCL1 
had important prognostic stool in SLE, especially in 
the absence of anti-dsDNA IgG antibodies. Therefore, 
CXCL1 might be useful tools for monitoring the extent of 
inflammation in SLE patients. In addition, CXCL1 serum 
levels were particularly increased in LN compared with 
non-LN patients. It is hypothesized that CXCL1 may be 
upregulated in conjunction with immune complex depo-
sition and occurs prior to cellular infiltration, proteinuria 
and kidney damage by binding to the CXCR2 receptor in 
mesangial cells or glomerular cells. This notion is consist-
ent with the previously reported that chemokines initi-
ated leukocyte infiltration and precede proteinuria and 
renal damage in lupus nephritis in MRL/lpr mice [6].

To identify factors mediating CXCL1 levels, we exam-
ined the association with CXCL1 and markers of dis-
ease activity in SLE. Consistent with previous reports 
on CXCL13 [4], CXCL1 serum concentrations were 
associated with the SLEDAI, RAI of HA IgG ANAs, and 

Table 2 Influencing factors on CXCL1 by multiple linear 
stepwise regression analysis

HA ANA IgG, high-avidity IgG ANAs; Lg CXCL1/anti-dsDNA represent the 
logarithmic level of CXCL1 and anti-dsDNA

Confounding factor Lg CXCL1

β Coefficient (95% CI) p value Adjust  R2

Positive IgG ANA 2.371 (1.734–3.009) < 0.001

Positive HA ANA IgG 1.231 (0.525–1.937) 0.001 0.604

Lg anti-dsDNA 0.409 (0.062–0.755) 0.021

Fig. 4 ROC curves analysis using CXCL1 for distinguishing active SLE from inactive SLE and LN from non-LN in SLE patients
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serum levels of anti-dsDNA IgG in the present study. Of 
interest, the presence of IgG ANAs, HA IgG ANAs and 
anti-dsDNA IgG influence CXCL1 levels in SLE patients. 
First, it is suggested that the peak concentration of the 
secreted chemokine CXCL1 contributes to the stimula-
tion of a large number of autoantibodies in SLE patients 
in an active disease state, and chemokine dysregulation 
in SLE have the potential for identifying patient subsets 
before the onset of clinical disease and during established 
disease [8]. Second, it is believed that chemokine CXCL1 
may be involved in the pathogenesis of LN by coordinat-
ing the pro-inflammatory microenvironments, recruiting 
immune cell subsets into the kidney and inducing local 
activation of immune effector cells, resulting in signifi-
cant tissue damage [7, 10]. Third, it has been proposed 
that after chemokines are produced by resident cells, 
infiltrating leukocytes become the source of chemokine 
production, leading to amplification loops [7, 19].

The previously introduced “HA IgG ANA” can be used 
to distinguish early-stage SLE from SLE that has been 
active for some time [1]. Our data showed increased 
CXCL1 serum concentrations in the HA group compared 
with the active SLE group and LN group. Furthermore, 
we also discovered that CXCL13 serum levels were posi-
tively related to the RAI of HA IgG ANAs. In summary, 
our results indicate that the chemokine CXCL1 is upreg-
ulated prior to the inflammatory process and responds 
better to early aggressive treatment, which is consistent 
with the role of CXCL13 in SLE reported in previous 
studies [4, 20]. Of note, other markers, including comple-
ment activation products (e.g., C3 and C4), erythrocyte 
sedimentation rate (ESR), and C-reactive protein (CRP), 
have been used as indirect serological markers of SLE 
that correlated well with disease activity [21]. Consistent 
with their role in the disease activity process of SLE, our 
results showed that CXCL1 serum levels were marginally 
related to these markers. Further support for this asso-
ciation is provided by other observations that elevated 
CXCL1 levels are associated with reduced serum albumin 
levels, which is related to increased albumin catabolism 
due to chronic inflammation and/or insufficient protein 
and caloric intake in patients with SLE [22]. These find-
ings highlight that CXCL1 is a strong marker of increased 
disease activity and organ damage during the course of 
SLE. Additionally, continuous measurements may be use-
ful in assessing disease activity and impairment in SLE 
patients with elevated CXCL1 levels during the disease 
course.

Although it is clear that chemokines play an important 
role in the large influx of leukocytes to the site of tissue 
injury, the synergistic role of cytokines, adhesion mol-
ecules, and other inflammatory mediators must be con-
sidered. For example, CD4+ T cell- and γδ T cell-derived 

IL-17F induces the expression and production of the 
chemokines CXCL1 and CXCL5, which subsequently 
attract CXCR2-expressing neutrophils to the inflamed 
kidney [23]. This phenomenon results in the destruc-
tion of normal kidney tissue and consequent loss of renal 
function in C57BL/6J gene knockout mice [24]. In addi-
tion, Brown et al. [25] reported that the effect of TLR4 on 
both circulating leukocytes and intrinsic renal cells con-
tributes to the inflammatory effects of glomerular anti-
body deposition in TLR4-deficient mice, which depends 
on endogenous renal cells that at least partially produce 
CXCL1 and CXCL2 chemokines. These studies have 
highlighted the potential importance of role of CXCL1 
in renal cells in autoimmune diseases. Interestingly, 
CXCL1 concentrations were increased in patients with 
LN and active disease in the present study. It is possible 
to hypothesize that the high CXCL1 serum levels may 
be due to overexpression in kidneys. However, periph-
eral blood neutrophils may represent another source of 
circulating CXCL1, and this notion is consistent with the 
increased levels of blood neutrophils in SLE patients in 
our study.

Our study has several limitations. First, the experiment 
included only a limited number of enrolled participants. 
Therefore, more study participants are needed to further 
validate our proposed finding. In addition, due to the ret-
rospective nature of this study, we did not directly assess 
our hypothesis that the mechanism of disease activity 
affects the production of CXCL1 in  vitro. We will con-
tinue to examine CXCL1 levels in kidney tissues collected 
from LN patients and to assess the role of CXCL1 serum 
levels in a mouse model.

In conclusion, our study provides a clinical evalua-
tion of the CXCL1 serum levels in SLE patients. CXCL1 
serum concentrations could be used to differentiate dis-
ease activity between SLE and LN. Furthermore, the 
co-occurrence of IgG ANA and HA IgG ANAs may be 
associated with the CXCL1 levels in patients with SLE. 
Therefore, the chemokine CXCL1 may be implicated in 
the pathogenesis/inflammatory process in lupus.

Acknowledgements
The authors would like to thank Dr YuLi of Zhongshan Hospital, School of 
Medicine, Xiamen University for providing valuable advice and suggestion on 
data analysis.

Authors’ contributions
Conceived and designed the experiments: Y-LZ, Q-DL, Y-QL. Performed the 
experiments: L-Y, X-LW, X-XL, Y-JL. Analyzed the data: Y-LZ, W-BL, YX. Contrib-
uted reagents/materials/analysis tools: S-DY, YZ. Wrote the paper: Y-LZ. Revised 
the manuscript critically for important intellectual content: Y-LZ. All authors 
read and approved the final manuscript.

Funding
This work was supported by the Natural Science Foundations of Fujian 
Province (2017J01378, 2018J01355, 2021J01064 and 2021J011325) and by the 
Medical and Health guidance project of Xiamen (3502Z20214ZD1059).



Page 10 of 10Zeng et al. BMC Immunology           (2021) 22:82 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Availability of data and materials
The datasets generated and analysed during the current study are not publicly 
available due to limitations of ethical approval involving the patient data and 
anonymity but are available from the corresponding author on reasonable 
request.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Ethics Committee of Zhongshan 
Hospital, Medical College Xiamen University, and conforms to the ethical 
guidelines of the Declaration of Helsinki. Requirement for individual patient 
consent forms was waived due to the retrospective, observational nature of 
the study.

Consent for publication
Not applicable.

Competing interests
The authors report no competing of interests.

Author details
1 Center of Clinical Laboratory, Zhongshan Hospital, School of Medicine, 
Xiamen University, Xiamen 361004, China. 2 Ultrasonography Department, 
Zhongshan Hospital of Xiamen University, Xiamen 361004, China. 3 Depart-
ment of Obstetrics and Gynecology, Zhongshan Hospital of Xiamen University, 
Xiamen 361004, China. 4 Institute for Laboratory Medicine, The 900Th Hospital 
of Joint Logistic Support Force, Fuzhou 350025, China. 

Received: 19 August 2021   Accepted: 30 November 2021

References
 1. Zeng Y, Lin Y, Wang X, et al. Assessment of a high-avidity IgG ANAs for the 

diagnosis and activity prediction of systemic lupus erythematosus. Clin 
Rheumatol. 2020;39:2619–29.

 2. 2016 ACR/ARHP annual meeting abstract supplement. Arthritis Rheuma-
tol 2016; 68(S10): 1–4550.

 3. Fritzler MJ, Salazar M. Diversity and origin of rheumatologic autoantibod-
ies. Clin Microbiol Rev. 1991;4(3):256–69.

 4. Zeng Y, Zhang Y, Lin Y, Wang X et al. The CXCL13 chemokine serves 
as a potential biomarker to diagnose systemic lupus erythematosus 
with disease activity. Clin Exp Med 2021; 1–9. https:// doi. org/ 10. 1007/ 
s10238- 021- 00707-x.

 5. Kim HA, Jeon JY, Choi GS, et al. The antichromatin antibodies can be 
useful as a diagnostic tool and disease activity marker of systemic lupus 
erythematosus in Koreans. Clin Immunol. 2008;128(2):277–83.

 6. de Lema GP, Maier H, Nieto E, et al. Chemokine expression precedes 
inflammatory cell infiltration and chemokine receptor and cytokine 
expression during the initiation of murine lupus nephritis. J Am Soc 
Nephrol. 2001;12(7):1369–82.

 7. Kulkarni O, Anders HJ. Chemokines in lupus nephritis. Front Biosci. 
2008;13:3312–20.

 8. Howe HS, Leung BPL. Anti-cytokine autoantibodies in systemic lupus 
erythematosus. Cells. 2019;9(1):72.

 9. Richmond A, Thomas HG. Purification of melanoma growth stimulatory 
activity. J Cell Physiol. 1986;129(3):375–84.

 10. Bechara C, Chai H, Lin PH, Yao Q, Chen C. Growth related oncogene-alpha 
(GRO-alpha): roles in atherosclerosis, angiogenesis and other inflamma-
tory conditions. Med Sci Monit. 2007;13(6):RA87–90.

 11. Kanapathippillai P, Hedberg A, Fenton CG, Fenton KA. Nucleosomes 
contribute to increase mesangial cell chemokine expression during the 
development of lupus nephritis. Cytokine. 2013;62(2):244–52.

 12. Wang H, Knight JS, Hodgin JB, et al. Psgl-1 deficiency is protective against 
stroke in a murine model of lupus. Sci Rep. 2016;6:28997.

 13. Aringer M, Costenbader K, Daikh D, et al. 2019 European League Against 
Rheumatism/American College of Rheumatology classification criteria for 
systemic lupus erythematosus. Ann Rheum Dis. 2019;78(9):1151–9.

 14. Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH. Derivation 
of the SLEDAI. A disease activity index for lupus patients. The committee 
on prognosis studies in SLE. Arthritis Rheum. 1992;35(6):630–40.

 15. Hochberg MC. Updating the American College of Rheumatology revised 
criteria for the classification of systemic lupus erythematosus. Arthritis 
Rheum. 1997;40(9):1725.

 16. Gordon C, Jayne D, Pusey C, et al. European consensus statement on 
the terminology used in the management of lupus glomerulonephritis. 
Lupus. 2009;18(3):257–63.

 17. Furuse S, Fujii H, Kaburagi Y, et al. Serum concentrations of the CXC 
chemokines interleukin 8 and growth-regulated oncogene-alpha are ele-
vated in patients with systemic sclerosis. J Rheumatol. 2003;30(7):1524–8.

 18. Lisi S, Sisto M, Lofrumento DD, D’Amore M, De Lucro R, Ribatti D. A 
potential role of the GRO-α/CXCR2 system in Sjögren’s syndrome: 
regulatory effects of pro-inflammatory cytokines. Histochem Cell Biol. 
2013;139(2):371–9.

 19. Rovin BH. The chemokine network in systemic lupus erythematous 
nephritis. Front Biosci. 2008;13:904–22.

 20. Greisen SR, Schelde KK, Rasmussen TK, et al. CXCL13 predicts dis-
ease activity in early rheumatoid arthritis and could be an indica-
tor of the therapeutic “window of opportunity.” Arthritis Res Ther. 
2014;16(5):434–43.

 21. Lee S-S, Singh S, Link K, Petri M. High-sensitivity C-reactive protein as an 
associate of clinical subsets and organ damage in systemic lupus erythe-
matosus. Semin Arthritis Rheum. 2008;38(1):41–54.

 22. Yip J, Aghdassi E, Su J, et al. Serum albumin as a marker for disease 
activity in patients with systemic lupus erythematosus. J Rheumatol. 
2010;37(8):1667–72.

 23. The 10th International Congress on SLE April 18–21 2013, Buenos Aires, 
Argentina Oral Presentations. Lupus 2013; 22(1_suppl): 1–196.

 24. Riedel JH, Paust HJ, Krohn S, et al. IL-17F promotes tissue injury in autoim-
mune kidney diseases. J Am Soc Nephrol. 2016;27(12):3666–77.

 25. Brown HJ, Lock HR, Wolfs TG, Buurman WA, Sacks SH, Robson MG. Toll-like 
receptor 4 ligation on intrinsic renal cells contributes to the induction of 
antibody-mediated glomerulonephritis via CXCL1 and CXCL2. J Am Soc 
Nephrol. 2007;18(6):1732–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s10238-021-00707-x
https://doi.org/10.1007/s10238-021-00707-x

	Chemokine CXCL1 as a potential marker of disease activity in systemic lupus erythematosus
	Abstract 
	Objectives: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Study participants
	Quantification of CXCL1 levels and other laboratory parameter testing
	Statistical analysis

	Results
	Study participant characteristics
	Comparisons of serum CXCL1 concentrations and anti-dsDNA IgG levels before and after treatment in SLE group
	Relationship between serum CXCL1 concentrations in SLE patients with different disease activities, LNnon-LN patients, activeinactive LN patients, and high-aviditylow-avidity IgG ANA patients
	Correlation analysis of CXCL1 serum levels with laboratory parameters in study participants and factors that influence CXCL1 levels as assessed by multiple linear stepwise regression analysis
	CXCL1 potentially represents a diagnostic marker to distinguish active SLE from inactive SLE and LN from non-LN

	Discussion
	Acknowledgements
	References


