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Abstract: Objectives: To investigate whether combined measurement of serum galectin-9 and urinary monocyte
chemoattractant protein-1 (MCP-1) can serve as non-invasive biomarkers for assessing disease activity in systemic
lupus erythematosus (SLE) and for the early identification of lupus nephritis (LN). Methods: This retrospective study
included 148 SLE patients hospitalized between June 2022 and May 2025. Patients were divided into three groups:
inactive SLE group (n=48), active SLE without LN group (n=40), and active SLE with LN group (n=60). Serum galec-
tin-9, urinary MCP-1, and routine indices (e.g., complement levels, autoantibodies) were measured at admission.
Results: Serum markers increased progressively with disease progression: galectin-9 levels (8.59 + 0.63 vs. 9.68 +
1.87vs.11.72 + 2.14 ng/mL) and urinary MCP-1 levels (1.58 + 0.42 vs. 2.85 + 0.92 vs. 10.45 + 3.18 pg/mg creati-
nine, all P<0.05). Correlation analysis showed that both biomarkers were associated with SLE disease activity (both
P<0.05). Regarding the diagnosis of LN, the area under the curve (AUC) was 0.782 for galectin-9 and 0.796 for
MCP-1. Combined detection further improved diagnostic performance, yielding an AUC of 0.866. Moreover, urinary
MCP-1 levels were significantly higher in patients with proliferative LN than in those with non-proliferative LN (12.36
+ 3.28 vs. 8.25 + 2.84 pg/mg creatinine; P<0.001). Conclusions: Combined assessment of serum galectin-9 and
urine MCP-1 provides a non-invasive approach for evaluating overall disease activity in SLE and may facilitate early
identification of LN. Compared to traditional indicators, this strategy had superior diagnostic accuracy.
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immune disease biomarkers, early diagnosis

Introduction

Systemic lupus erythematosus (SLE) is a com-
plex autoimmune disease characterized by ab-
normal immune system activation and multi-
system involvement, with the kidneys being
among the most frequently affected organs [1].
Consequently, lupus nephritis (LN) represents
one of the most common complications of SLE.
The clinical manifestations of SLE are highly
heterogeneous. While some patients present
with mild symptoms such as rash or joint pain,
others may develop severe organ damage [2].
About 60% of SLE patients develop LN, which
remains a major cause of morbidity and mortal-
ity [3].

In recent years, immunosuppressive agents
such as mycophenolate mofetil (MMF) have
been increasingly applied in clinical practice.
However, the management of SLE remains chal-
lenging [4]. Despite advanced understandings
of the pathogenic roles of immune complexes,
cytokines, and complement activation [5], ac-
curate assessment of disease activity remains
difficult. Commonly used scoring tools like SLE
disease activity index (SLEDAI) have inherent
limitations in subjectivity and specificity. More-
over, early diagnosis of LN still largely relies on
renal biopsy, an invasive procedure associated
with risks and potential sampling bias, which
may limit its ability to detect early kidney in-
flammation in a timely manner [6]. Therefore,
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there is an urgent need to identify reliable, non-
invasive biomarkers for monitoring disease
activity and facilitating early detection of renal
damage.

Recent studies have increasingly focused on
the molecular mechanisms underlying SLE
and LN, both of which are closely related to
dysregulation of innate and adaptive immune
responses [7]. Galactin-9, a [B-galactoside-
binding lectin, plays an important role in
immune regulation by promoting helper T cell
apoptosis and inducing regulatory T-cell differ-
entiation, thereby modulating immune homeo-
stasis [8]. Under inflammatory conditions, the
expression of galectin-9 is usually upregulated
and contributes to the regulation of dendritic
cell function [9]. Monocyte chemoattractant
protein-1 (MCP-1) is a key chemokine responsi-
ble for recruiting monocytes and T lymphocytes
to the site of inflammation [10]. In renal injury,
MCP-1 levels are significantly elevated in renal
tubular epithelial cells and mesangial cells, fur-
ther promoting inflammatory cell infiltration
and contributing to the progression of LN [11].
Evidence suggests that serum galectin-9 le-
vel may reflect disease severity, while urinary
MCP-1 has been recognized as a sensitive
marker of active renal inflammation [12, 13].
However, studies evaluating the combined de-
tection of serum galectin-9 and urinary MCP-1
for assessing overall SLE disease activity and
identifying LN remain limited.

To address this gap, this study aimed to evalu-
ate the clinical significance of serum galectin-9
and urinary MCP-1 in assessing SLE disease
activity and facilitating the early diagnosis of
LN. This study represents a novel attempt to
explore whether this novel biomarker combina-
tion can serve as a reliable and non-invasive
tool for improving disease monitoring and early
detection of renal injury, allowing more person-
alized and effective clinical management for
SLE patients.

Materials and methods
Study objects and design

This retrospective study included a total of 148
patients with SLE who were admitted to
Liangshan Yi Autonomous Prefecture Hospital
of Integrated Traditional Chinese and Western
Medicine between June 2022 and May 2025.
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All patients fulfilled the 2019 European Lea-
gue Against Rheumatism/American College of
Rheumatology (EULAR/ACR) classification cri-
teria for SLE [14]. Disease activity was as-
sessed using the Systemic Lupus Erythema-
tosus Disease Activity Index (SLEDAI) as re-
commended by the American College of Rheu-
matology and the Systemic Lupus International
Collaborating Clinics (SLICC) [15]. The revised
SLEDAI-2000 scoring system was applied in
this study [16].

Based on SLEDAI-2000 scores and renal biop-
sy findings for LN, patients were divided into
three groups: an inactive SLE group (n=48), an
active SLE without LN group (n=40), and an
active SLE with LN group (n=60). Inactive SLE
was defined as a SLEDAI score <4 with no clini-
cal or serological evidence of disease activity.
Active SLE without LN was defined as a SLEDAI
score >4 in the absence of renal involvement
(24-hour proteinuria <500 mg and negative
renal biopsy findings). Active SLE with LN was
defined as a SLEDAI score >4 with LN. Renal
involvement was classified according to the
International Society of Nephrology/Renal Pa-
thology Society (ISN/RPS) criteria [17].

Exclusion criteria: (1) pregnancy or lactation;
(2) presence of other autoimmune diseases;
(3) end-stage renal disease (estimated glomer-
ular filtration rate [eGFR] <15 mL/min/1.73
m?), severe hepatic dysfunction (Child-Pugh
B/C), or malignancy; (4) active infection; (5)
thrombotic events or treatment for antiphos-
pholipid syndrome within the past 3 months;
(6) use of corticosteroids (prednisone 210 mg/
day), immunosuppressants, nonsteroidal anti-
inflammatory drugs (NSAIDs), or biologics with-
in the past 3 months; (7) major surgery or trau-
ma within the past 3 months; (8) renal injury
unrelated to LN (e.g., diabetic nephropathy,
amyloidosis).

The indications for renal biopsy in active SLE
patients (SLEDAI >4) included: (1) persistent
24-hour urinary protein excretion >0.5 g; (2)
acute deterioration of renal function (serum
creatinine increase >30% or eGFR decrease
>30%); (3) active urinary sediment on urinalysis
(including hematuria, leukocyte casts, or granu-
lar casts). Renal biopsies were performed with-
in 72 hours of hospital admission. The preli-
minary diagnosis of all pathology slides was
independently completed by a senior renal
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pathologist with over 15 years of experience in
renal pathology diagnosis at our institution.

Laboratory procedures

All samples were collected within 24 hours of
patient admission prior to the initiation of any
immunosuppressive treatment. Fasting was
not required for sample collection; however,
patients were advised to avoid high-protein
meals on the day of sample collection to mini-
mize variations in urine protein levels. Venous
blood (7 mL) was drawn from the antecubital
vein between 7:00 AM and 9:00 AM on the first
morning after admission. For 24-hour urine col-
lection, patients were provided with sterile con-
tainers and instructed to collect all urine over a
complete 24-hour period, starting from the first
morning void and ending with the first void the
following morning.

(A) Routine blood tests: Complete blood count
(CBC) and erythrocyte sedimentation rate (ESR)
were measured using an automated hematolo-
gy analyzer (XT-1800i, Sysmex, Japan) and an
ESR analyzer (Monitor-100, Alifax, Italy), respec-
tively. Liver function indices (alanine amino-
transferase [ALT], aspartate aminotransferase
[AST], total bilirubin, albumin [ALB]), c-reactive
protein (CRP), and renal function indicators
(serum creatinine and eGFR) were measured
using an automated biochemical analyzer
(Cobas €601, Roche, France).

(B) Complement and autoantibody testing:
Serum complement C3 and C4 levels were
determined by nephelometry (BN ProSpec,
Siemens, Germany). Antinuclear antibodies
(ANA) were detected by indirect immunofluor-
escence (EUROIMMUN Hep-2 cell slides, Ger-
many), with a positive threshold defined as a
titer 21:160. Anti-double-stranded DNA (anti-
dsDNA) antibodies were measured using an
ELISA kit (Quantikine ELISA Kit, Catalog No.
MBS269122, MyBioSource, USA; positive thre-
shold >30 IU/mL).

(C) Serum galectin-9 measurement: Serum ga-
lectin-9 concentrations were quantified utilizing
a human galectin-9 ELISA kit (Catalog No.
DGAL90, R&D Systems, USA) according to the
manufacturer’s instructions. Optical density
was measured at 450 nm with a reference
wavelength of 630 nm using a microplate read-
er (Infinite M200 Pro, Tecan, Switzerland).
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(D) 24-hour proteinuria: 24-hour urine protein
was measured using an automated biochemi-
cal analyzer (AU5800, Beckman Coulter, USA)
with a urine protein quantification kit (Catalog
No. OSR6136, Beckman Coulter, USA).

(E) Urine MCP-1 detection: Urine MCP-1 levels
were measured using the Quantikine Human
MCP-1 ELISA kit (Catalog No. DCPOO, R&D
Systems, USA) according to protocols describ-
ed by the manufacturer. Urinary creatinine con-
centrations were measured using the Beckman
Coulter AUS800 analyzer (USA) and expressed
as pg/mg creatinine.

Ethics statement

The study was approved by the Ethics Com-
mittee of Liangshan Yi Autonomous Prefecture
Hospital of Integrated Traditional Chinese and
Western Medicine. All procedures were con-
ducted in accordance with the ethical guide-
lines detailed in the Declaration of Helsinki. To
protect patient privacy, all personally identifi-
able information was anonymized, and only
clinical features and outcome data related to
the study were retained for analysis. Given the
retrospective nature, the requirement for in-
formed consent was waived by the Ethics
Committee.

Statistical methods

Statistical analyses were performed using
SPSS software (version 29.0; SPSS Inc., Chi-
cago, IL, USA). Categorical variables were pre-
sented as frequencies and percentages [n (%)]
and compared between groups using the x2
test. Continuous variables were first assessed
for normality using the Shapiro-Wilk test. All
continuous variables were in a normal distribu-
tion and were presented as mean * standard
deviation (SD). Comparisons among multiple
groups were conducted using one-way analysis
of variance (ANOVA), followed by Tukey’s hon-
estly significant difference (HSD) test for post
hoc pairwise comparisons. The complete sta-
tistical details, including t-values and x? values,
are provided in the Tables S1, S2, S3.

Correlation analyses were performed to assess
the relationships between variables and SLE
disease activity. Pearson correlation analysis
was used to evaluate the linear relationship
between continuous variables, while Spearman
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correlation was used to assess the monotonic
relationship between categorical variables.

To identify independent predictors of LN among
SLE patients, multivariate logistic regression
analysis was performed, considering LN status
as the dependent variable. In constructing the
multivariate logistic regression model, the se-
lection of independent variables was based on
the following steps: First, variables significantly
associated (P<0.1) with LN status in the uni-
variate analysis (serum galectin-9 and urinary
MCP-1), along with key variables considered
potentially relevant to LN based on clinical
knowledge (anti-dsDNA positivity and comple-
ment C3), were included in the initial candi-
date variable set. Subsequently, a forward like-
lihood ratio method was employed for variable
selection, with an inclusion criterion of P<0.05
and an exclusion criterion of P>0.1. This auto-
mated stepwise regression process aimed to
identify the most significant independent pre-
dictors while controlling for model complexity
and avoiding overfitting. The diagnostic perfor-
mance of serum galectin-9, urine MCP-1, and
their combined use for identifying LN was as-
sessed by constructing receiver operating char-
acteristic (ROC) curves and calculating the area
under the curve (AUC).

Due to the retrospective design of the study,
the sample size was not calculated a priori but
was based on the actual available data collect-
ed. However, a post hoc evaluation of sample
size adequacy was performed. In the multivari-
ate logistic regression analysis, LN status was
defined as the outcome variable, with 60
events observed, and four independent vari-
ables included (C3, anti-dsDNA positivity, se-
rum Galectin-9, and urine MCP-1). The events
per variable (EPV) ratio was 60/4=15, exceed-
ing the commonly used threshold (EPV>10),
suggesting that the sample size was adequate
to avoid overfitting.

Results
Basic characteristics

Baseline demographic and clinical characteris-
tics of the three groups are detailed in Table 1.
No significant differences were observed in sex
or age distribution among groups. Body mass
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index (BMI) was significantly higher in both
active SLE groups than in the inactive group
(both P<0.05).

In terms of comorbidities, the prevalence of
hypertension was significantly higher in both
active groups, especially in the LN group (both
P<0.05). However, no significant differences
were observed in the prevalence of diabetes
mellitus or cardiovascular disease among the
three groups.

The proportions of patients receiving cortico-
steroids, hydroxychloroquine, MMF, and azathi-
oprine (AZA) in the active groups were signifi-
cantly higher than that in the inactive group (all
P<0.05). A similar trend was observed in the
cumulative corticosteroid dose and disease
duration. The SLEDAI score progressively in-
creased with disease activity (P<0.05).

Notably, the SLICC/ACR Damage Index was sig-
nificantly higher in the active SLE with LN group
compared to the inactive SLE group (P<0.05),
while no significant difference was found
between the active SLE without LN group and
the inactive group. These findings demonstrate
that, as SLE progresses from an inactive state
to an active state (with or without LN), disease
activity, medication requirements, and com-
plications such as hypertension and kidney
involvement substantially increase.

Laboratory indicators

Comparison of laboratory indices among the
three groups are presented in Table 2. There
were no significant differences in ALT, AST,
total bilirubin, or ALB among the three groups
(all P>0.05). In contrast, platelet count, white
blood cell count (WBC), hemoglobin levels,
ESR, CRP, proteinuria, serum creatinine, eGFR,
C3, and C4 levels differed significantly across
groups, showing progressive alterations from
inactive SLE to active SLE with LN (all P<0.05).
Specifically, WBC, hemoglobin, ESR, CRP, pro-
teinuria, serum creatinine, eGFR, C3, and C4
levels were notably altered in both active gr-
oups compared to the inactive group. Further-
more, proteinuria, serum creatinine, eGFR, C3,
C4, and anti-dsDNA positivity showed signifi-
cant differences between the active SLE with-
out LN and active SLE with LN groups (all
P<0.05).
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Active SLE without LN group

Active SLE with LN group

Indicator Inactive SLE group (n=48) (n=40) (n=60)
Female/Male [n (%)] 40 (83.33%)/8 (16.67%) 35 (87.50%)/5 (12.50%) 52 (86.67%)/8 (13.33%)
Age (years) 36.15 + 6.84 37.48 £5.02 38.72+ 721
BMI (kg/m?) 23.85+3.21 25.67 +4.12* 26.13 + 3.35%
Ethnicity [n (%)]
Yi 26 (54.16%) 21 (52.50%) 30 (50.00%)
Han 20 (41.67%) 15 (37.50%) 26 (43.33%)
Others 2 (4.17%) 4 (10.00%) 4 (6.67%)
Family history of SLE [n (%)] 5 (10.42%) 3 (7.50%) 9 (15.00%)
Smoking history [n (%)] 8 (16.67%) 7 (17.50%) 11 (18.33%)

Drinking history [n (%)]
Comorbidities [n (%)]
Hypertension
Diabetes
Cardiovascular disease
Medication history [n (%)]
Corticosteroids
HCQ
MMF
AZA

Cumulative corticosteroids dose (mg, prednisone equivalent)

Disease duration (months)
SLEDAI (scores)

SLICC SLE damage index (scores)
LN pathological grading [n (%)]

Class |

Class Il
Class Il
Class IV
Class V

5 (10.42%)

12 (25.00%)
4 (8.33%)
3 (6.25%)

18 (37.50%)
28 (58.33%)
5 (10.42%)
2 (4.17%)

1250.53 £ 320.15
85.16 + 20.36

2.88+0.52
4.15+1.03

6 (15.00%)

15 (37.50%)
5 (12.50%)
1(2.50%)

28 (70.00%)*
30 (75.00%)
12 (30.00%)*

8 (20.00%)*
1450.75 + 350.24*
96.24 + 22.15*
9.19 + 2.32*
4.37 +0.78

8 (13.33%)

36 (60.00%)*,#
9 (15.00%)
7 (11.67%)

45 (75.00%)*
48 (80.00%)*
28 (46.67%)*

15 (25.00%)*
1820.61 + 420.18* #
107.37 + 25.83* #
14.75 + 3.14* #
4.62 + 0.95*

7 (11.67%)
18 (30.00%)
25 (41.67%)
8 (13.33%)
2 (3.33%)

SLE, Systemic Lupus Erythematosus; LN, Lupus Nephritis; BMI, Body Mass Index; HCQ, Hydroxychloroquine; MMF, Mycophenolate Mofetil; AZA, Azathioprine; SLEDAI, Systemic Lupus
Erythematosus Disease Activity Index; SLICC, Systemic Lupus International Collaborating Clinics; *P<0.05, compared to the inactive SLE group; #P<0.05, compared to the active

SLE without LN group.
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Table 2. Comparison of laboratory indicators among the three groups

Active SLE without LN

Active SLE with LN

Indicator Inactive SLE group (n=48) group (n=40) group (n=60)
Platelets (x10°%/L) 245.36 + 52.14 238.36 + 47.62 225.24 + 45.28*
WBC (x10°/L) 6.52 +1.83 552+ 1.67* 5.34 + 1.53*
Hemoglobin (g/L) 125.36 + 12.45 112.45 + 10.36* 110.47 + 10.82*
ESR (mm/h) 18.45 +5.18 24.45 + 6.21* 26.69 + 7.53*
CRP (mg/L) 3.52+1.12 4.87 + 1.53* 5.87 + 1.55* #
ALT (U/L) 25.08 £5.41 26.54 +5.23 2715 +5.51
AST (U/L) 24.56 + 4.83 25.81 +5.05 26.34 £5.33
Total bilirubin (mg/dL) 0.85 +0.15 0.88 + 0.16 0.91+0.18
ALB (g/L) 4.27 £0.35 419 +£0.32 4.14 +0.37
Proteinuria (g/24 h) 0.25 +0.08 0.29 + 0.08* 1.22 £ 0.35%,#
Serum creatinine (mg/dl) 0.72 +£0.15 0.85 £ 0.18* 1.18 + 0.24* #
eGFR (mL/min/1.73 m?) 117.63 + 15.45 108.45 + 12.36* 88.52 + 20.14* #
C3(g/L) 1.05+0.16 0.85 +0.14* 0.78 + 0.12* #
C4 (g/L) 0.18 + 0.05 0.14 + 0.03* 0.12 £ 0.03*,#

SLE, Systemic Lupus Erythematosus; LN, Lupus Nephritis; WBC, White Blood Cell Count; ESR, Erythrocyte Sedimentation Rate;
CRP, C-Reaction Protein; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; ALB, Albumin; eGFR, estimated

Glomerular Filtration Rate; C3, Complement3; C4, Complement4; *P<0.05, compared to the inactive SLE group; #P<0.05,
compared to the active SLE without LN group.

o =3 positive
ANA positivity [n(%)] E= negative
Active SLE
with LN group
3.33
Active SLE
without LN group
Inactive SLE group
I T T T T T T T T T T T T T T T 1
0 50 100
= positive
Anti-dsDNA positivity [n(%)] &= negative
Active SLE
with LN group
Active SLE %*
without LN group
Inactive SLE group *#
I T T T T T T T T T T T T T T T 1
0 50 100

Figure 1. Autoantibody positivity in study cohort. SLE, Systemic Lupus Erythematosus; LN, Lupus Nephritis; ANA,
Antinuclear Antibodies; dsDNA, double-stranded Deoxyribonucleic Acid. Data are presented as the number (n) of
positive cases and their percentage within the group. Inactive SLE group, n=48; Active SLE without LN group, n=40;
Active SLE with LN group, n=60. Comparisons between groups were performed using the Chi-square test. *, P<0.05
compared to the inactive SLE group; #, P<0.05 compared to the active SLE without LN group.

the active SLE with LN group, indicating a higher
level of disease activity and severity (Figure 1).
Overall, these findings suggest a clear trend of

ANA positivity was consistently high across
all groups. In contrast, anti-dsDNA positivity
increased significantly from the inactive SLE to
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Figure 2. Comparison of serum galectin-9 and urinary MCP-1 level among the three groups. A: Serum Galectin-9
(ng/ml); B: Urinary MCP-1 (pg/mg creatinine). SLE, Systemic Lupus Erythematosus; LN, Lupus Nephritis; MCP-1,
Monocyte Chemoattractant Protein-1. *P<0.05 compared to the inactive SLE group; #P<0.05 compared to the ac-

tive SLE without LN group.

worsening hematologic and immunological indi-
ces as SLE progresses from an inactive state to
active disease with renal involvement.

Serum galectin-9 and urinary MCP-1

Comparisons of serum galectin-9 and urinary
MCP-1 levels among the three groups are sh-
own in Figure 2. Serum galectin-9 levels pro-
gressively increased as disease activity of SLE
increased, showing significant inter-group dif-
ferences (8.59 + 0.63 ng/mL in the inactive
group, 9.68 + 1.87 ng/mL in the active but
without LN group, and 11.72 + 2.14 ng/mL in
the active with LN group; all P<0.001). Similar
trend was observed in urinary MCP-1 levels,
with significant inter-group differences (1.58 +
0.42 pg/mg creatinine in the inactive group,
2.85 + 0.92 pg/mg creatinine in the active but
without LN group, and 10.45 + 3.18 pg/mg
creatinine in the active with LN group; all
P<0.001). These results suggest that both
serum Galectin-9 and urinary MCP-1 increase
in parallel with SLE disease activity and are
markedly elevated in patients with LN.

Correlation analysis
In the inactive SLE and active SLE without

LN groups (Figure 3), BMI, corticosteroid use,
MMF use, AZA use, cumulative corticosteroid
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dose and disease duration were positively cor-
related with disease activity (all P<0.05). The
SLEDAI scores were strongly positively corre-
lated with serum galectin-9 and urine MCP-1
levels (all P<0.001), suggesting close associa-
tions with disease activity. In contrast, WBC,
and complement C3 and C4 were negatively
correlated with disease activity. ESR, CRP, pro-
teinuria and serum creatinine were positively
associated with disease activity. Anti-dsDNA
antibody positivity was also positively correlat-
ed with disease activity. These results indicate
that serum galectin-9 and urine MCP-1 may
serve as valuable biomarkers for assessing
SLE disease activity. Similar to established
markers such as SLEDAI scores, complement
levels, and inflammatory markers, these bio-
markers may be involved in the pathophysiolo-
gy of SLE and may provide utility in monitoring
disease progression and treatment response.

In the inactive SLE and active SLE with LN
groups (Figure 4), BMI, hypertension, cortico-
steroid use, MMF use, AZA use, HCQ use,
cumulative corticosteroid dose, and disease
duration were positively correlated with dis-
ease activity (all P<0.05). Notably, SLEDAI
scores, serum galectin-9, and urinary MCP-1
were strongly correlated with disease activity
(all P<0.001). Conversely, WBC count, hemo-
globin, eGFR, C3, and C4 (all P<0.001) were

Am J Transl Res 2026;18(2):1489-1503
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Correlation Coefficients (rho) P-Values
WBC(x10°/L) -0.265 WBC(x10°/L)
Urinary MCP-1 (pg/mg creatinine) Urinary MCP-1 (pg/mg creatinine)
SLEDAI (scores) SLEDAI (scores)
Serum Galectin-9 (ng/ml) 0.338 Serum Galectin-9 (ng/ml)
Serum creatinine (mg/dl) 0.343 Serum creatinine (mg/dl)
Proteinuria (g/24h) 0.286 Proteinuria (g/24h)
MMF [n(%)] 0.247 MMF [n(%)]
Hemoglobin (g/L) _ Hemoglobin (g/L)
E ESR (mm/h) 0.440 ﬁ ESR (mm/h)
@ eGFR (mL/min/1.73m2) -0.319 @ eGFR (mL/min/1.73m2)
§ Disease duration (months) 0.234 § Disease duration (months) 2.79e-02
Cumulative corticosteroids dose (mg, prednisone equivalent) 0.279 Cumulative corticosteroids dose (mg, prednisone equivalent)
CRP (mg/L) 0.447 CRP (mg/L)
Corticosteroids [n(%)] 0.324 Corticosteroids [n(%)]
C4 (g/L) C4 (g/L)
C3(glL) C3(glL)
BMI (kg/m2) 0.235 BMI (kg/m2) 2.73e-02
AZA [n(%)] 0.248 AZA [n(%)]
Anti-dsDNA positivity [n(%)] 0.240 Anti-dsDNA positivity [n(%)] 2.46e-02

Figure 3. Correlation analysis of serum galectin-9, urinary MCP-1, and SLE disease activity between inactive SLE group and active SLE without LN group. BMI,
Body Mass Index; HMMF, Mycophenolate Mofetil; AZA, Azathioprine; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; WBC, White Blood Cell Count;
ESR, Erythrocyte Sedimentation Rate; CRP, C-Reaction Protein; eGFR, estimated Glomerular Filtration Rate; C3, Complement3; C4, Complement4; dsDNA: double-
stranded Deoxyribonucleic Acid; MCP-1, Monocyte Chemoattractant Protein-1.
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Correlation Coefficients (rho) P-Values
WBC(x10°L) -0.325 WBC(x10%L)
Urinary MCP-1 (pg/mg creatinine)
SLICC SLE damage index (scores)
SLEDAI (scores)

Serum Galectin-9 (ng/ml)

Urinary MCP-1 (pg/mg creatinine)
SLICC SLE damage index (scores)
SLEDAI (scores)

Serum Galectin-9 (ng/ml)

Serum creatinine (mg/dl) Serum creatinine (mg/dl)
Proteinuria (g/24h) Proteinuria (g/24h)

Platelets (x10°/L) 0215 Platelets (x10°/L)

MMF [n(%)] 0.391 MMF [n(%)]

Hypertension [n(%)] 0.350 Hypertension [n(%)]

Hemoglobin (g/L)

HCQ [n(%)]

ESR (mm/h)

eGFR (mL/min/1.73m2)
Disease duration (months)

Hemoglobin (g/L)

HCQ [n(%)]

ESR (mm/h)

eGFR (mL/min/1.73m2)
Disease duration (months)

Variables
Variables

Cumulative corticosteroids dose (mg, prednisone equivalent) Cumulative corticosteroids dose (mg, prednisone equivalent)

CRP (mg/L) CRP (mg/L)

Corticosteroids [n(%)] Corticosteroids [n(%)]

C4 (g/L) C4 (g/L)

C3 (g/L) C3 (g/L)

BMI (kg/m2) 0.315 BMI (kg/m2)

AZA [n(%)] 0.284 AZA [n(%)]

Anti-dsDNA positivity [n(%)] 0.473 Anti-dsDNA positivity [n(%)]
Value—1.U-—D.5 0.0 0.!0 valueU.UDD 010.020.030.040.05

Figure 4. Correlation analysis between serum galectin-9, urinary MCP-1, and SLE disease activity between inactive SLE group and active SLE with LN group. BMI,
Body Mass Index; HMMF, Mycophenolate Mofetil; AZA, Azathioprine; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; WBC, White Blood Cell Count;
ESR, Erythrocyte Sedimentation Rate; CRP, C-Reaction Protein; eGFR, estimated Glomerular Filtration Rate; C3, Complement3; C4, Complement4; dsDNA, double-
stranded Deoxyribonucleic Acid; MCP-1, Monocyte Chemoattractant Protein-1.
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Table 3. Multivariate logistic regression analysis of the risk factors for SLE combined with LN

Indicator Coefficient Std. Error Wald Stat P OR 95:36?' ?J?oo/poe(il
C3 (g/L) -3.215 1.024 9.857 0.002 0.040 0.005 0.304
Anti-dsDNA positivity [n (%)] 1.576 0.642 6.025 0.014 4835 1.374 17.016
Serum Galectin-9 (ng/ml) 0.284 0.098 8.392 0.004 1.328 1.096 1.610
Urinary MCP-1 (pg/mg creatinine) 0.042 0.011 14562 <0.001 1.043 1.021 1.065
C3, Complement3; dsDNA, double-stranded Deoxyribonucleic Acid; MCP-1, Monocyte Chemoattractant Protein-1.

Table 4. ROC analysis of risk factors for early diagnosis of LN

Indicator thrBezf\EJI d Sensitivities Specificities AUC Y;L:jdein F1 score
C3 (g/L) 0.850 0.675 0.725 0.685 0.400 0.648
Anti-dsDNA positivity [n (%)] 0.500 0.725 0.775 0.742 0.500 0.725
Serum Galectin-9 (ng/ml) 9.850 0.783 0.833 0.782 0.500 0.742
Urinary MCP-1 (pg/mg creatinine) 6.150 0.823 0.875 0.796 0.658 0.824

AUC, Area Under the Curve; C3, Complement3; dsDNA, double-stranded Deoxyribonucleic Acid; MCP-1, Monocyte Chemoat-

tractant Protein-1.

negatively correlated with disease activity. ESR,
CRP, proteinuria, serum creatinine, and anti-
dsDNA positivity (all P<0.001) were all posi-
tively correlated. These results demonstrate
that serum galectin-9 and urinary MCP-1 are
strongly associated with disease activity and
severity in SLE patients, particularly those with
LN.

Multivariate logistic regression analysis

Multivariate logistic regression analysis was
performed to identify independent risk fac-
tors for LN among patients with SLE (Table 3).
Lower C3 (P=0.002) and anti-dsDNA positi-
vity (P=0.014) were independently associated
with increased LN risk. Furthermore, elevated
serum galectin-9 (P=0.004) and urinary MCP-1
levels (P<0.001) were also identified as inde-
pendent risk factors. The Hosmer-Lemeshow
goodness-of-fit test yielded a P value of 0.78,
indicating adequate model calibration.

ROC analysis

ROC analysis was conducted to evaluate the
diagnostic performance of each risk factor for
early detection of LN (Table 4). C3 demon-
strated an AUC of 0.685, with an optimal
cutoff of 0.850 g/L, yielding a sensitivity of
0.675 and specificity of 0.725. Anti-dsDNA
positivity had an AUC of 0.742, with a cutoff
of 0.500, sensitivity of 0.725 and specificity of
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0.775. Serum galectin-9 achieved an AUC of
0.782, with an optimal cutoff of 9.850 ng/ml,
sensitivity of 0.783, and specificity of 0.833.
Urinary MCP-1 showed a slightly higher AUC of
0.796, with a cutoff of 6.150 pg/mg creatinine,
sensitivity of 0.823, and specificity of 0.875.
These results indicate that both serum galec-
tin-9 and urinary MCP-1 are effective biomark-
ers for the early detection of LN, with urinary
MCP-1 demonstrating marginally better perfor-
mance in terms of sensitivity, specificity, and
overall discriminatory power.

Joint testing model

The combined diagnostic model incorporating
serum galectin-9 and urinary MCP-1 demon-
strated improved diagnostic performance, with
an AUC of 0.866 (Figure 5). The ROC curve
approached the upper left corner, reflecting
a favorable balance between sensitivity and
specificity.

Subgroup analysis

In the group of the active SLE with LN (n=60),
patients were further divided into a non-prolif-
erative LN group (Class I/1l/V, n=27) and a pro-
liferative LN group (Class lll/IV, n=33), based
on the ISN/RPS pathologic grading criteria
(Table 5). Hypertension did not show a notable
difference between groups (P=0.244). How-
ever, significant differences were observed in
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ROC Curve -
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tion improves diagnostic effi-
ciency and provides a more
comprehensive basis for clini-
cal decision-making, potential-
ly facilitating earlier and more
precise interventions.

In patients with active SLE, we
observed significantly elevated
serum galectin-9 levels, par-
ticularly in patients with biop-
sy-confirmed LN. Galactin-9 is
involved in various immune
regulatory processes, includ-
ing induction of pro-inflamma-
tory Thl cell apoptosis, en-
hancement of Treg cell func-
tion, and modulation of den-
dritic cell activity [18]. Its
upregulation may therefore re-
present a complex regulatory
response to systemic inflam-
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Figure 5. ROC curve of joint testing. ROC, Receiver Operating Characteristic;

AUC, Area Under the Curve.

SLEDAI score (P=0.002), proteinuria (P<0.001),
serum creatinine (P<0.001), eGFR (P=0.01),
C3 (P=0.007), anti-dsDNA positivity (P=0.047),
serum galectin-9 (P=0.006), and urinary MCP-1
(P<0.001). These findings underscore the dis-
tinctions in disease severity and renal involve-
ment between non-proliferative and prolifera-
tive LN types, emphasizing the importance of
these markers for differentiating LN classes.

Discussion

The results of this study support that the com-
bined detection of serum galectin-9 and uri-
nary MCP-1 can significantly improve the non-
invasive assessment of SLE. These two bio-
markers not only reflect overall disease activity,
but also demonstrate unique value in the early
identification of LN, a critical determinant of
patient prognosis. Galactin-9 mainly reflects sy-
stemic immune disorders, while urinary MCP-1
more directly reflects local renal inflammation.
Combining these two provides a more compre-
hensive view of the pathologic processes un-
derlying disease progression and kidney injury
from different perspectives. Compared to tradi-
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dence has linked elevated ga-
lectin-9 level to SLE disease
activity. For example, reports
have shown that its elevation
is associated with disease re-
currence and the presence of anti dsDNA anti-
bodies [20]. Our research further extends these
observations by demonstrating that galectin-9
is not only associated with overall SLE disease
activity but also closely related to the presen-
ce and histologic severity of LN. These findings
suggest that galectin-9 is not merely a bystand-
er in the disease process. Instead, it may
actively participate in the immune dysregula-
tion leading to target organ damage, especially
renal involvement. Correlation between galec-
tin-9 and complement depletion (C3, C4) and
anti-dsDNA positivity further supportits involve-
ment in the core immunopathogenic cascade in
SLE [21]. Galectin-9 may serve as a key molec-
ular link between innate immune activation
(such as complement system and IFN signa-
ture) and adaptive immune dysregulation [22].

Notably, in the analyses of Table 3 (comparison
between inactive group and active SLE without
LN group) and Table 4 (comparison between
inactive group and active SLE with LN group),
the correlation coefficients between serum
galectin-9 and SLEDAI scores differ. This differ-
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Table 5. Comparison of clinical and laboratory characteristics between active SLE patients with non-
proliferative and proliferative LN (n=60)

Non-Proliferative LN group  Proliferative LN group

Indicator (class I/11/V, n=27) (class lll/IV, n=33) vx P

Age (years) 37.85 £ 6.92 38.72+7.15 0.479 0.634
Female/Male [n (%)] 22 (81.48%)/5 (18.52%) 30 (90.91%)/3 (9.09%) 0.472 0.492
Hypertension [n (%)] 14 (51.85%) 22 (66.67%) 1.358 0.244
SLEDAI score 13.25+2.84 15.87 + 3.26 3.287 0.002
Proteinuria (g/24h) 0.98 + 0.22 1.42 £0.45 4.883 <0.001
Serum creatinine (mg/dL) 1.05+0.21 1.28 + 0.26 3.664 <0.001
eGFR (mL/min/1.73 m?) 95.36 + 18.25 82.15 + 19.63 2.677 0.010
C3 (g/L) 0.82+0.11 0.73+0.13 2.800 0.007
Anti-dsDNA positivity [n (%)] 18 (66.67%) 29 (87.88%) 3.937 0.047
Serum Galectin-9 (ng/mL) 10.85 + 1.92 12.42 +2.25 2.880 0.006
Urinary MCP-1 (pg/mg creatinine) 8.25+2.84 12.36 + 3.28 5.123 <0.001

LN, Lupus Nephritis; SLE, Systemic Lupus Erythematosus; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index;
eGFR, estimated Glomerular Filtration Rate; C3, Complement3; dsDNA, double-stranded Deoxyribonucleic Acid; MCP-1, Mono-

cyte Chemoattractant Protein-1.

ence is primarily due to the varying spectrum
of disease activity in the analyzed populations.
The SLEDAI score range in the population of
Table 3 is relatively limited, whereas Table 4,
which includes patients with more active LN,
exhibits a broader range and greater variability
in SLEDAI scores. This wider range of disease
activity results in a stronger positive correla-
tion between galectin-9 and SLEDAI. These
findings underscore that serum galectin-9 is
closely associated with SLE disease activity,
particularly in patients with higher disease
activity and major organ involvement such as
the kidneys, where this association becomes
more pronounced.

In patients with active LN, urinary MCP-1 levels
were markedly elevated, further supporting the
role of MCP-1 as a major regulator of renal
inflammation. MCP-1 primarily functions by
recruiting monocytes/macrophages and T
cells, which are critical effector cells in the
pathogenesis of LN [23]. Previous studies had
shown that urine MCP-1 is a sensitive marker of
acute renal attack in LN [24]. Consistent with
these reports, in this study, urinary MCP-1 was
significantly elevated in LN patients compared
to inactive and active SLE patients without LN,
indicating its high specificity for kidney injury.
Our findings not only confirm but also extend
existing evidence by demonstrating a positive
correlation between urinary MCP-1 and SLE dis-
ease activity. This relationship suggests that
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urinary MCP-1 directly reflects the severity of
inflammatory reaction in the kidney and the
degree of renal function damage [25]. Elevated
urinary MCP-1 levels often precede definitive
histologic damage on biopsy and is therefore
an important biomarker for early diagnosis of
LN [26]. In patients with proliferative LN, uri-
nary MCP-1 levels were significantly higher than
those of non-proliferative LN, providing strong
evidence that this chemokine is associat-
ed with the most aggressive and destructive
forms of kidney inflammation, which are typi-
cally characterized by capillary necrosis and
endocapillary proliferation [27].

The innovation of this study lies in the com-
bined application of galectin-9 and MCP-1 for
disease evaluation. Although each biomarker
has demonstrated diagnostic value for LN,
their combined assessment achieved signifi-
cantly improved diagnostic performance. This
improvement may stem from the fact that they
each reflect different but interrelated patholog-
ic processes. Serum galectin-9 reflects system-
ic immune dysregulation and overall disease
burden, whereas urinary MCP-1 more directly
reflects local inflammatory response in the kid-
neys [28]. The combined detection model ef-
fectively compensates for the limitations of
commonly used biomarkers, which are often
insensitive to early subclinical renal involve-
ment and have difficulties in distinguishing
renal-specific activity from systemic disease
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activity [29]. The joint model achieved higher
AUC values than those of individual markers,
indicating that, compared to traditional sero-
logica indicators, such as single markers, anti-
dsDNA antibodies, or complement levels, si-
multaneous detection of these two can provide
more comprehensive and accurate disease
information. This discovery is also in line with
the consensus that SLE and LN are driven by
multiple overlapping pathogenic mechanisms.
Therefore, a multiindices biomarker strategy is
essential for comprehensive evaluation [30]. In
multiple logistic regression analysis, even af-
ter adjusting for known predictive factors such
as proteinuria, serum creatinine, eGFR, and
complement levels, serum galectin-9 and uri-
nary MCP-1 remained independently associat-
ed with LN, further highlighting their unique and
cumulative clinical value.

In addition to their diagnostic value, our correla-
tion analysis also found a close relationship
between these two biomarkers and the degree
of SLE disease activity. In both groups of active
SLE, galectin-9 and MCP-1 levels were positive-
ly correlated with disease activity, further sup-
porting their use as reliable indicators for as-
sessing overall SLE activity [31]. Notably, the-
se biomarkers, especially urinary MCP-1, also
demonstrated value for distinguishing between
proliferative and non-proliferative LN. This has
significant clinical implications, as proliferative
LN is generally associated with a poor progno-
sis and often requires more aggressive immu-
nosuppressive therapy. A non-invasive app-
roach to obtain information related to renal
pathologic subtypes is expected to reduce the
need for repeated renal biopsies. This non-
invasive tool is particularly suitable for long-
term treatment response monitoring or disease
classification evaluation, providing a more con-
venient basis for clinical management.

Although the results of this study are encourag-
ing, some limitations should be acknowledged.
First, this is a retrospective, single-center study,
which may have limited the generalizability of
the findings and introduced selection bias.
Although strict exclusion criteria facilitated a
more focused analysis of biomarker signals
associated with SLE/LN activity, it also result-
ed in a relatively homogeneous study popula-
tion. Consequently, this study may not fully rep-
resent the heterogeneity of SLE patients in real
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clinical settings, particularly those with severe
comorbidities or recent use of immunosuppres-
sants. Second, this study adopted a cross-sec-
tional design with assessment of biomarker
levels at a single time point only. To monitor
disease progression, predict recurrence, or ev-
aluate treatment response, longitudinal stud-
ies with repeated measurements before, dur-
ing, and after disease recurrence are required
to track their dynamic changes and prognostic
value. Third, although SLEDAI-2000 is a widely
used evaluation tool, it has certain limitations.
Future studies may use novel indices, such as
SELENA-SLEDAI or BILAG-2004, to further vali-
date the results of this study. Additionally, in
the subgroup analysis of LN, patients were
classified only into proliferative and non-prolif-
erative subgroups. Although this classification
has significant clinical guidance value, the lim-
ited sample size in each specific pathological
stage (Classes I-V) precluded a more detailed
analysis of the gradient relationship between
serum galectin-9, urinary MCP-1, and the se-
verity of pathologic damage. Future studies
with larger sample size, particularly including a
broader distribution of pathological classes,
are warranted to verify the potential of these
two biomarkers in distinguishing fine patho-
logic types of LN and predicting disease
progression.

Conclusion

Combined measurement of serum galectin-9
and urinary MCP-1 represents a promising non-
invasive tool for assessing SLE disease acti-
vity and aiding the early diagnosis of LN. By
simultaneously reflecting both systemic and
renal-specific inflammatory signals, this dual-
biomarker approach demonstrated superior
diagnostic performance than individual mark-
ers or conventional indicators. While these pre-
liminary findings are encouraging, they require
validation in larger, prospective, and multi-
center studies. Future research should focus
on longitudinal evaluation, mechanistic explo-
ration of the precise roles of these molecules in
LN pathogenesis, and rigorous assessment of
their clinical utility in improving patient man-
agement and outcome.
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Table S1. Comparison of all data between the inactive SLE and active SLE without LN groups

Indicator Inactn(/iill_g)group Active SLE(vr:EZ%t;t LN group 1y p
Female/Male [n (%)] 40 (83.33%)/8 (16.67%) 35 (87.50%)/5 (12.50%) 0.301 0.583
Age (years) 36.15 + 6.84 37.48 +5.02 1.048 0.298
BMI (kg/m?) 23.85+3.21 25.67 £4.12 2.326 0.022
Ethnicity [n (%)] 0.431 0.512

Han 46 (95.83%) 36 (90.00%)

Others 2 (4.17%) 4 (10.00%)
Family history of SLE [n (%)] 5 (10.42%) 3 (7.50%) 0.010 0.919
Smoking history [n (%)] 8 (16.67%) 7 (17.50%) 0.011 0.918
Drinking history [n (%)] 5 (10.42%) 6 (15.00%) 0.419 0.517
Comorbidities [n (%)]

Hypertension 12 (25.00%) 15 (37.50%) 1.603 0.205

Diabetes 4 (8.33%) 5 (12.50%) 0.084 0.773

Cardiovascular disease 3 (6.25%) 1 (2.50%) 0.107 0.744
Medication history [n (%)]

Corticosteroids 18 (37.50%) 28 (70.00%) 9.237 0.002

HCQ 28 (58.33%) 30 (75.00%) 2.697 0.101

MMF 5 (10.42%) 12 (30.00%) 5.368 0.021

AZA 2 (4.17%) 8 (20.00%) 3.972 0.046
Cumulative corticosteroids dose 1250.53 £ 320.15 1450.75 + 350.24 2.799 0.006
(mg, prednisone equivalent)
Disease duration (months) 85.16 + 20.36 96.24 + 22.15 2.442 0.017
SLEDAI (scores) 2.88 + 0.52 9.19 +2.32 16.887 <0.001
SLICC SLE damage index (scores) 4,15 +1.03 4.37+£0.78 1.104 0.273
Platelets (x10°%/L) 245.36 + 52.14 238.36 + 47.62 0.653 0.516
WBC (x10°/L) 6.52 +1.83 5.52 +1.67 2.642 0.010
Hemoglobin (g/L) 125.36 + 12.45 112.45 + 10.36 5.223  <0.001
ESR (mm/h) 18.45 +5.18 24.45 +6.21 4947  <0.001
CRP (mg/L) 3.52+1.12 4.87 +1.53 4.651 <0.001
Proteinuria (g/24 h) 0.25 + 0.08 0.29 + 0.08 2.488 0.015
Serum creatinine (mg/dl) 0.72 £0.15 0.85 +0.18 3.537 <0.001
eGFR (mL/min/1.73 m?) 117.63 + 15.45 108.45 + 12.36 3.035 0.003
C3 (g/L) 1.05 +0.16 0.85+0.14 6.082 <0.001
C4 (g/L) 0.18 £ 0.05 0.14 £ 0.03 5.520 <0.001
ANA positivity [n (%)] 45 (93.75%) 40 (100%) 1.038 0.308
Anti-dsDNA positivity [n (%)] 15 (31.25%) 22 (55.00%) 5.051 0.025
Serum Galectin-9 (ng/ml) 8.59 + 0.63 9.68 + 1.87 3.545 <0.001
Urinary MCP-1 (pg/mg creatinine) 1.58 +0.42 2.85 +0.92 8.093 <0.001

SLE, Systemic Lupus Erythematosus; LN, Lupus Nephritis; BMI, Body Mass Index; HCQ, Hydroxychloroquine; MMF, Mycopheno-
late Mofetil; AZA, Azathioprine; SLEDAI, Systemic Lupus Erythematosus Activity Index; SLICC, The Systemic Lupus International
Collaborating Clinics Damage Index; WBC, White Blood Cells; ESR, Erythrocyte Sedimentation Rate; CRP, C-Reaction Protein;
eGFR, estimated Glomerular Filtration Rate; C3, Complement 3; C4, Complement 4; ANA, Antinuclear Antibodies; dsDNA,
double-stranded Deoxyribonucleic Acid; MCP-1, Monocyte Chemoattractant Protein-1.



Galectin-9 and MCP-1 in SLE and lupus nephritis

Table S2. Comparison of all data between the inactive SLE and active SLE with LN groups

Indicator Inactn(/i:SLIl_g)group Active SL(En\;vgg)LN group 1y p
Female/Male [n (%)] 40 (83.33%)/8 (16.67%) 52 (86.67%)/8 (13.33%) 0.235 0.628
Age (years) 36.15 + 6.84 38.72+ 721 1.879 0.063
BMI (kg/m?) 23.85+3.21 26.13 +3.35 3.5680 <0.001
Ethnicity [n (%)] 0.020 0.888

Han 46 (95.83%) 56 (93.33%)

Others 2 (4.17%) 4 (6.67%)
Family history of SLE [n (%)] 5 (10.42%) 9 (15.00%) 0.497 0.481
Smoking history [n (%)] 8 (16.67%) 11 (18.33%) 0.051 0.821
Drinking history [n (%)] 5 (10.42%) 8 (13.33%) 0.214 0.643
Comorbidities [n (%)]

Hypertension 12 (25.00%) 36 (60.00%) 13.23  <0.001

Diabetes 4 (8.33%) 9 (15.00%) 1.119 0.29

Cardiovascular disease 3(6.25%) 7 (11.67%) 0.398 0.528
Medication history [n (%)]

Corticosteroids 18 (37.50%) 45 (75.00%) 15.429 <0.001

HCQ 28 (58.33%) 48 (80.00%) 6.004 0.014

MMF 5 (10.42%) 28 (46.67%) 16.514 <0.001

AZA 2 (4.17%) 15 (25.00%) 8.727 0.003
Cumulative corticosteroids dose 1250.53 £ 320.15 1820.61 + 420.18 7.766 <0.001
(mg, prednisone equivalent)
Disease duration (months) 85.16 + 20.36 107.37 £ 25.83 4.867 <0.001
SLEDAI (scores) 2.88 + 0.52 14.75 + 3.14 28.810 <0.001
SLICC SLE damage index (scores) 415 +1.03 4.62 + 0.95 2.493 0.014
Platelets (x10°%/L) 245.36 + 52.14 225.24 + 45.28 2.145 0.034
WBC (x10°/L) 6.52 +1.83 5.34 +1.53 3.662 <0.001
Hemoglobin (g/L) 125.36 + 12.45 110.47 + 10.82 6.645 <0.001
ESR (mm/h) 18.45 +5.18 26.69 + 7.53 6.720 <0.001
CRP (mg/L) 3.52+1.12 5.87 + 1.55 9.112  <0.001
Proteinuria (g/24 h) 0.25 + 0.08 1.22 +0.35 20.705 <0.001
Serum creatinine (mg/dl) 0.72 £0.15 1.18 £ 0.24 12.186 <0.001
eGFR (mL/min/1.73 m?) 117.63 + 15.45 88.52 + 20.14 8.255  <0.001
C3 (g/L) 1.05 £ 0.16 0.78 £ 0.12 9.439 <0.001
C4 (g/L) 0.18 £ 0.05 0.12 £ 0.03 6.466  <0.001
ANA positivity [n (%)] 45 (93.75%) 58 (96.67%) 0.066 0.798
Anti-dsDNA positivity [n (%)] 15 (31.25%) 47 (78.33%) 24177  <0.001
Serum Galectin-9 (ng/ml) 8.59 + 0.63 11.72 £ 2.14 10.769 <0.001
Urinary MCP-1 (pg/mg creatinine) 1.58 +0.42 10.45 + 3.18 21.367 <0.001

SLE, Systemic Lupus Erythematosus; LN, Lupus Nephritis; BMI, Body Mass Index; HCQ, Hydroxychloroquine; MMF, Mycopheno-
late Mofetil; AZA, Azathioprine; SLEDAI, Systemic Lupus Erythematosus Activity Index; SLICC, The Systemic Lupus International
Collaborating Clinics Damage Index; WBC, White Blood Cells; ESR, Erythrocyte Sedimentation Rate; CRP, C-Reaction Protein;
eGFR, estimated Glomerular Filtration Rate; C3, Complement 3; C4, Complement 4; ANA, Antinuclear Antibodies; dsDNA,
double-stranded Deoxyribonucleic Acid; MCP-1, Monocyte Chemoattractant Protein-1.



Galectin-9 and MCP-1 in SLE and lupus nephritis

Table S3. Comparison of all data between the active SLE without LN and active SLE with LN groups

Active SLE without LN group Active SLE with LN group

Indicator (n=40) (n=60) t/x? P
Female/Male [n (%)] 35 (87.50%)/5 (12.50%) 52 (86.67%)/8 (13.33%) 0.015 0.903
Age (years) 3748 £ 5.02 38.72+ 721 1.012 0.314
BMI (kg/m?) 25.67 +4.12 26.13 £ 3.35 0.613 0.541
Ethnicity [n (%)] 0.051 0.821

Han 36 (90.00%) 56 (93.33%)

Others 4 (10.00%) 4 (6.67%)
Family history of SLE [n (%)] 3 (7.50%) 9 (15.00%) 0.667 0.414
Smoking history [n (%)] 7 (17.50%) 11 (18.33%) 0.011 0.915
Drinking history [n (%)] 6 (15.00%) 8 (13.33%) 0.055 0.814
Comorbidities [n (%)]

Hypertension 15 (37.50%) 36 (60.00%) 4.862 0.027

Diabetes 5 (12.50%) 9 (15.00%) 0.125 0.724

Cardiovascular disease 1 (2.50%) 7 (11.67%) 1.636 0.201
Medication history [n (%)]

Corticosteroids 28 (70.00%) 45 (75.00%) 0.304 0.581

HCQ 30 (75.00%) 48 (80.00%) 0.35 0.554

MMF 12 (30.00%) 28 (46.67%) 2.778 0.096

AZA 8 (20.00%) 15 (25.00%) 0.339 0.561
Cumulative corticosteroids dose 1450.75 + 350.24 1820.61 + 420.18 4.601 <0.001
(mg, prednisone equivalent)
Disease duration (months) 96.24 + 22.15 107.37 £ 25.83 2.231 0.028
SLEDAI (scores) 9.19 +2.32 14.75 + 3.14 10.171  <0.001
SLICC SLE damage index (scores) 4.37+£0.78 4.62 + 0.95 1.395 0.166
Platelets (x10°%/L) 238.36 + 47.62 225.24 + 45.28 1.391 0.167
WBC (x10°/L) 5.52 + 1.67 5.34 +1.53 0.547 0.585
Hemoglobin (g/L) 112.45 + 10.36 110.47 + 10.82 0.915 0.363
ESR (mm/h) 24.45 +6.21 26.69 + 7.53 1.561 0.122
CRP (mg/L) 4.87 +1.53 5.87 + 1.55 3.178 0.002
Proteinuria (g/24 h) 0.29 + 0.08 1.22+0.35 19.687 <0.001
Serum creatinine (mg/dl) 0.85+0.18 1.18 £+ 0.24 7.826 <0.001
eGFR (mL/min/1.73 m?) 108.45 + 12.36 88.52 + 20.14 6.128  <0.001
C3(g/L) 0.85+0.14 0.78 £ 0.12 2.601 0.011
C4 (g/L) 0.14 + 0.03 0.12 £ 0.03 2.787 0.006
ANA positivity [n (%)] 40 (100.00%) 58 (96.67%) 0.191 0.662
Anti-dsDNA positivity [n (%)] 22 (55.00%) 47 (78.33%) 6.109 0.013
Serum Galectin-9 (ng/ml) 9.68 + 1.87 11.72 £ 2.14 4911 <0.001
Urinary MCP-1 (pg/mg creatinine) 2.85+0.92 10.45 + 3.18 17466 <0.001

SLE, Systemic Lupus Erythematosus; LN, Lupus Nephritis; BMI, Body Mass Index; HCQ, Hydroxychloroquine; MMF, Mycopheno-
late Mofetil; AZA, Azathioprine; SLEDAI, Systemic Lupus Erythematosus Activity Index; SLICC, The Systemic Lupus International
Collaborating Clinics Damage Index; WBC, White Blood Cells; ESR, Erythrocyte Sedimentation Rate; CRP, C-Reaction Protein;
eGFR, estimated Glomerular Filtration Rate; C3, Complement 3; C4, Complement 4; ANA, Antinuclear Antibodies; dsDNA,
double-stranded Deoxyribonucleic Acid; MCP-1, Monocyte Chemoattractant Protein-1.



