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ABSTRACT
Introduction: Rheumatoid arthritis (RA) is a chronic, systemic autoimmune disease characterized 
by autoantibody production, joint inflammation and bone destruction. Nearly 1/3 of RA patients 
with the active disease also exhibit a normal range of ESR and CRP. Here we assessed the 
performance and clinical significance of soluble CD24 (sCD24) as a biomarker of disease activity 
in RA.
Methods: A total of 269 RA patients, 59 primary Sjogren’s syndrome (SS) patients, 81 systematic 
lupus erythematosus (SLE) patients, 76 osteoarthritis (OA) patients and 97 healthy individuals (HC) 
were included in this study. Soluble CD24 in sera were detected by ELISA. Therefore, the 
concentration of sCD24 was analyzed in RA patients with different disease activity statuses.
Results: The sCD24 was significantly increased in RA (2970 pg/mL), compared to other rheumatic 
diseases (380-520 pg/mL) and healthy individuals (320 pg/mL). Moreover, sCD24 was elevated in 
66.67% of early RA and 61.11% of seronegative RA patients. In addition, sCD24 was significantly 
correlated with the disease duration and inflammatory indicators.
Conclusion: The sCD24 could be an inflammatory biomarker in RA patients, especially in early 
and seronegative patients.

Introduction

Rheumatoid arthritis (RA) is a common chronic inflam-
matory disease characterized by cartilage and bone 
destruction, leading to progressive disability [1]. It 
affects 0.28-1% of the population worldwide [2–4]. 
Nearly 50% of RA patients confront permanent work 
disability within 2 to 3 years after diagnosis, which 
highlights the importance of RA management strate-
gies [5,6]. In detail, preserving articular function and 
preventing disability requires evaluation of disease 
activity. In the clinic, erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP) have been used to 
evaluate disease ability [7]. However, nearly 1/3 of RA 
patients with the active disease also exhibit a normal 
range of ESR and CRP. Furthermore, research has 

highlighted the timely diagnosis of early RA would 
improve the prognosis of RA [8]. Therefore, current 
inflammatory markers are unsatisfying in warning of 
the presence and indicating disease activity of RA, 
exposing the urgent need for novel sensitive biomark-
ers to alert and evaluate RA disease activity.

CD24, known as heat-stable antigen (HSA), is a cell 
surface glycosyl -phosphatidylinositol-anchored protein 
[9]. It plays a pivotal role in discriminating immune 
responses triggered by damage-associated molecular 
pattern (DAMP) from the pathogen-associated molecu-
lar pattern (PAMP) through binding to Siglec-10 in 
human or Siglec-G in murine [10]. Moreover, CD24 was 
found highly abundant in multiple malignant tumors, 
even as a new prognostic marker for ovarian cancer. 
Furthermore, targeting CD24 signaling could be a new 
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immunotherapy for cancer, especially triple-negative 
breast cancer [11]. Meanwhile, in autoimmune dis-
eases, previous studies have demonstrated that CD24 
participate in the development of multiple autoim-
mune diseases, including rheumatoid arthritis (RA), 
systemic lupus erythematosus (SLE), multiple sclerosis 
(MS) and experimental autoimmune encephalomyelitis 
(EAE) through in vitro and animal experiments [12–16]. 
Beyond this point, it has been reported that dinucleo-
tide deletion in CD24 protects against autoimmune 
disease [17].Furthermore, the CD24V/V genotype was 
found a high prevalence in RA patients [16]. However, 
the participation of CD24 in autoimmune diseases, 
especially rheumatoid arthritis, remains elusive. Here 
we investigated the clinical significance of soluble 
CD24 in early and seronegative RA patients through a 
retrospective study.

Methods

Patients and samples

Sera samples of 269 RA patients, 59 primary Sjogren’s 
syndrome (SS) patients, 81 systematic lupus erythema-
tosus (SLE) patients, 76 osteoarthritis (OA) patients and 
97 healthy individuals were collected between 2013 
and 2018 as part of patient routine care at the 
Department of Rheumatology and Immunology, Peking 
University People’s Hospital. Corresponding medical 
records, demographic and clinical characteristics of 
patients were also collected and used for analysis. Sera 
from patients and healthy donors were aliquoted and 
stored at −80 °C until further analysis.

The strict inclusion criteria include the 2010 
American College of Rheumatology (ACR) and European 
League Against Rheumatism (EULAR) classification cri-
teria for RA, SLICC Revision of ACR 2009 criteria for 
SLE, ACR 2012 criteria for SS, and ACR 1995 criteria for 
OA. The study was approved by the Research Ethics 
Committee at Peking University People’s Hospital 
(2020PHB197-01), Beijing, China. Informed consent was 
provided from all patients and healthy donors.

Enzyme-linked immunosorbent assay

The serum levels of soluble CD24 (sCD24) in patients 
and healthy individuals were detected and quantitated 
by enzyme-linked immunosorbent assay (ELISA). 
Commercially available human CD24 ELISA kits 
(Cloud-clone, Wuhan, China) were used according to 
the manufacturer’s instructions. The results were mea-
sured on a SyngeryTM 4 Multi-Mode Microplate Reader 
with software GEN5CH 2.0 (BioTek, Winooski, VT).

Diagnostic value analysis of the sCD24 for RA

The receiver-operating characteristic curve (ROC) anal-
ysis was performed with the statistical software SPSS 
25 (SPSS Inc., Chicago, IL) to evaluate the diagnostic 
utility of the concentration of sCD24 for RA as esti-
mated by the area under the ROC curve (AUC). The 
optimal positive cut-off value in the study was recom-
mended by the ROC curve and Youden index analyses.

Correlation analysis

The Spearman’s rank correlation test was performed 
with the GraphPad Prism 8 (GraphPad Software Inc.) to 
evaluate the correlation between the concentration of 
sCD24 and the manifestations of RA patients, including 
age, disease duration, disease activity (DAS 28), tender 
joint count (TJC), swollen joint count (SJC), 
anti-citrullinated peptide antibody (ACPA), rheumatoid 
factor (RF), erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP) and serum IgA, IgM, IgG. 
Besides, Spearman’s rank correlation test was also per-
formed to assess the correlation between the sCD24/
RF ratio and manifestations of RA patients.

Statistical analysis

The serum concentration of CD24 was compared 
among RA patients and controls and the significant 
differences was evaluated by a non-parametric 
Kruskal-Wallis test followed by Dunn’s post-test for 
multiple comparisons. The Spearman’s rank correlation 
test was performed to evaluate the correlation between 
the concentration of sCD24 in serum and the manifes-
tations of RA patients. 269 RA patients were recruited 
in this study for the detection of CD24. However, some 
clinical and laboratory features were missed for some 
patients. Therefore, there is a bit of inconsistency 
between the ELISA detection and the correlation or 
subgroup analysis. The threshold titers for ACPA, RF, 
ESR and CRP were 20 U/mL, 20 IU/mL, 20 mm/h and 
20 mg/L, separately. All statistical analyses were con-
ducted by GraphPad Prism 8 (GraphPad Software Inc.) 
and SPSS 25 (SPSS Inc.). All statistical analyses with 
p-value < 0.05 were considered statistically significant 
(*p < 0.05, **p < 0.01, ***p < 0.001, N.S., not significant).

Results

Characteristics of RA patients

A total of 269 RA patients were recruited for this study, 
with a median age of 53.3, and 85.5% female (230/269.) 
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Detailed characteristics of RA patients are shown in 
Table 1. The RA patients had a mean disease duration 
of 8.77 years, ranging from 2 months to 40 years and 
the mean disease activity score (DAS 28) was 3.11, 
ranging from 1.04 to 8.12. Meanwhile, the control 
including 59 SS patients, 81 SLE patients, 76 OA 
patients and 97 healthy controls were recruited as 
well, corresponding clinical and laboratory characteris-
tics were also shown in Table 1.

Soluble CD24 (sCD24) was significantly increased 
in RA

We first evaluated sCD24 levels in patients with RA and 
other rheumatic diseases including SS, SLE and OA. As 
shown in Figure 1A, the serum sCD24 in RA patients 
(2970 ± 5780 pg/mL) was significantly higher than those 
from healthy individuals (320 ± 490 pg/mL) and patients 
with SS (380 ± 490 pg/mL), SLE (460 ± 590 pg/mL), and 
OA (520 ± 1090 pg/mL) (p < 0.001).

Next, receiver-operating characteristic curve (ROC) 
analysis was performed to assess the discriminating 
power of sCD24 for RA. The area under the ROC curve 
(AUC) was 0.8631 (95% CI extending from 0.834 to 
0.892) (Figure 1B). The optimal cut-off value (802.8 pg/

mL) revealed a sensitivity of 61.71% and specificity of 
85.35% for sCD24 in RA diagnosis.

According to the cut-off value, all the RA patients 
were divided into sCD24-positive and negative groups. 
Consequent analysis showed that the therapy of DMARDs 
and NSAIDs medication was significantly higher in the 
sCD24-negative group, shown in Supplementary Table 1.

sCD24 is associated with disease activity

Successively, the correlation between sCD24 and multiple 
clinical and laboratory manifestations of RA patients was 
revealed by Spearman’s correlation analysis. The sCD24 
positively correlates with ESR (r = 0.3184, *p = 0.0292), CRP 
(r = 0.3061, *p = 0.0364), and DAS28 (r = 0.2892, p = 0.0513) 
(Figure 2 and Table 2). These results suggest sCD24 was 
a disease activity marker in RA patients.

Interestingly, as shown in Figure 3A, the sCD24 con-
centration in low disease activity is comparable with 
that in high disease activity RA patients. Consequently, 
we divided RA patients according to ESR and CRP lev-
els, it appears the positive rate of sCD24 in RA patients 
with normal ESR and CRP reached 64.23% (88/137), 
compared to the group with increased ESR and CRP of 
50.98% (26/51) and the group with increased ESR or 

Table 1.  Baseline characteristics of patients and healthy controls in this study.
Characteristics RA (n = 269) SS (n = 59) SLE (n = 81) OA (n = 76) HC (n = 97)

Age, median, yrs 54 (12-86) 63 (32-78) 35 (18-71) 67.5 (40-95) 28(28-62)
Gender, female/male 230/39 58/1 74/7 57/20 53/44
Duration, median, yrs 5.5 (0.20-42) 9.5 (2-30) 5 (0.25-26) 1 (0.5-20) –
TJC of 28 joints, median 2 (0-28) 0 (0-24) – 3 (0-11) –
SJC of 28 joints, median 1 (0-28) 0 (0-1) – 0 (0-2) –
DAS28, median 3.11 (1.04-8.12) – – – –
ESR, median, mm/h 17(2.0-165) 25 (2-120) 8 (1-123) 8 (1-90) –
CRP, median, mg/L 3.73 (0.20-141.60) 3.47 (0.33-191) 0.5 (0.22-103.32) 1.43 (0.28-66.46) –
ACPA, median 164.75 (0.21-3642.75) 4.17 (1.51-20.65) – 3.81 (1.12-40.55) –
RF, median 84.95 (19-11800) 20.6 (19-719) – <20 (<20-33.5) –
RF-IgA, median 6.36 (0-744.82) 14 (2.31-233.56) 1.45 (0-12.24)
RF-IgG, median 10.44 (0-554.55) 4.23 (2.39-87.35) – 2.16 (0-41.99) –
MCV, median 61.52 (0.96-1871.97) 5.88 (2.2-7.58) – 3.44 (0-12.92) –
GPI, median 0.12 (0-170) 0 (0-5.43) – 0 (0-0.08) –
IgM, median 1.20 (0.19-35.20) 1 (0.11-7.5) 0.76 (0.12-3.35) 0.86 (0.26-12.70) –
IgG, median 13.6 (5.30-36.79) 15.45 (5.8-65.5) 14 (7.20-30.30) 11.8 (2.97-20.7) –
IgA, median 2.52 (0.62-35.24) 2.74 (0.98-8.01) 2.37 (0.08-6.11) 2.6 (0.80-4.27) –
C3 – – 0.76 (0.24-1.01) – –
C4 – – 0.16 (0.01-0.41) – –
ANA – 0-1:320 1:40-1:1000 – –
Anti-dsDNA – – 21.1 (4.5-201) – –
AnuA – – 13.85 (0-337.34) – –
Urine protein – – 0.14 (0.01-4.34) – –
β2-GPI – – 6.02 (0-398.97) – –
ACL – – 4.2 (0.9-41) – –
Ro-52 – 0-3+ – – –
Anti-SSA – 3+ (0-3+) – – –
Anti-SSB – 0 (0-3+) – – –
Anti-α-Fodrin – 7.04 (0-58.18) – – –

RA rheumatoid arthritis, SS primary Sjogren’s syndrome, SLE systematic lupus erythematosus, OA osteoarthritis, HC healthy controls, TJC tender joint 
counts, SJC Swollen joint counts, DAS28 disease activity score 28, ESR erythrocyte sedimentation rate (mm/h), CRP C-reactive protein (mg/L), ACPA 
anti-cyclic citrullinated peptide antibody (U/mL), RF rheumatoid factor (IU/mL), MCV anti-mutated citrullinated vimentin antibody (U/mL), GPI 
glucose-6-phosphate isomerase (mg/L), ANA anti-nuclear antibody (titer), Anti-dsDNA anti-double-strand DNA (IU/mL), AnuA anti-nucleosome antibody 
(RU/mL), β2-GPI β2-glycoprotein I (RU/mL), ACL anti-cardiolipin antibody (U/mL), Anti-α-Fodrin (RU/mL).

https://doi.org/10.1080/07853890.2023.2246370
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Figure 1.  The prevalence and discrimination capacity of sCD24 for RA patients. A: The serum levels of sCD24 were detected in 
patients with RA than those of healthy individuals (n = 97, ***p < 0.001), and patients with sjogren’s syndrome (SS, n = 59, ***p < 0.001), 
systemic lupus erythematosus (SLE, n = 81, ***p < 0.001), and osteoarthritis (OA, n = 76, ***p < 0.001). B: ROC analysis was performed 
to evaluate the performance of sCD24 in the diagnosis of RA. The area under the ROC curve (AUC) was 0.8631 (95% CI extending 
from 0.834 to 0.892, std. Error = 0.014). kruskal–wallis test followed by dunn’s posttest for multiple comparisons, ***p < 0.001.

Figure 2. C orrelation between serum level of soluble CD24 with RA patient clinical manifestation and laboratory features. The 
plots demonstrate laboratory features of RA including ESR (A), CRP (B), and RF-IgG isotype (C). and disease activity score of 28 
for RA (D). Spearman’s correlation analysis was performed between sCD24 concentration and each of these parameters. ESR, CRP 
and RF-IgG showed a strong positive correlation with soluble CD24 in RA serum. *p < 0.05, **p < 0.01 (two-tailed spearman’s rank 
correlation test). n: the number of sCD24-positive patients; N: the number of total patients. −: normal; +: increased. ***p < 0.001 
(kruskal–wallis test followed by dunn’s posttest for multiple comparisons).
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CRP of 62.90% (39/62) (Figure 3B). Furthermore, the 
laboratory features among three groups were signifi-
cantly different, shown in Table 3.

sCD24 is an inflammatory marker in ESR/CRP 
normal patients

Within the RA patients, 72.5% (195/269) of them with 
normal ESR and/or CRP. While 64.62% (126/195) of 
these patients exhibited an increased sCD24, most of 
which were with high and moderate disease activity 
according to DAS28 (Figure 3C).

Furthermore, there were 50.93% (137/269) of RA 
patients with double-negative ESR and CRP levels, 64.23% 
(88/137) of them were sCD24-positive whereas 17.52% 
(24/137) were in high and moderate disease activity, 
shown in Figure 3D. Among these ESR and CRP 
double-negative RA patients, the sCD24/RF ratio exhibits 
a significantly positive correlation with ESR, ACPA, IgM, 

Table 2.  Association between sCD24 and RA patient clinical 
and immunological features.

Spearman’s Correlation

r p
Age −0.1412 0.3437
Duration −0.08411 0.5858
TJC 0.2166 0.4541
SJC 0.2629 0.3225
DAS28 0.2982 0.0513
ESR 0.3184 0.0292*
CRP 0.0361 0.0364*
ACPA −0.07037 0.6421
RF 0.1650 0.2733
RF-IgA −0.07719 0.8122
RF-IgG 0.4545 0.0079**
GPI 0.1685 0.3333
MCV 0.3056 0.1667
IgA 0.2464 0.1112
IgG 0.1517 0.3313
IgM 0.2171 0.1620

TJC tender joint counts, SJC Swollen joint counts, DAS28 disease activity 
score 28, ESR erythrocyte sedimentation rate (mm/h), CRP C-reactive pro-
tein (mg/L), ACPA anti-cyclic citrullinated peptide antibody (U/mL), RF 
rheumatoid factor (IU/mL), GPI glucose-6-phosphate isomerase (mg/L), 
MCV anti-mutated citrullinated vimentin antibody (U/mL).

Figure 3. S ignificance of sCD24 for disease activity evaluation in ESR/CRP normal RA patients. A: the distribution of sCD24 among the 
different disease Activities of RA patients. High: high disease activity (DAS28 > 5.1, n = 31); moderate: moderate activity group (5.1 ≥ DAS28 > 3.2, 
n = 87); low: low activity group (DAS28 ≤ 3.2, n = 140). the positive rates of sCD24 were also analyzed. B: according to ESR and CRP, divide 
the RA patients into three groups, the positivity of sCD24 was shown in each group. C: the distribution of DAS28 in negative ESR and/or 
CRP patients. D: the concentration of sCD24 in ESR/CRP double-negative patients. n: the number of sCD24-positive patients, N: total num-
ber of RA patients of the category; ***p < 0.001 (kruskal–wallis test followed by dunn’s posttest for multiple comparisons).
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IgA and DAS28, as shown in Supplementary Table 2. 
Therefore, sCD24 could be an option to evaluate RA dis-
ease activity in ESR and CRP double-negative patients.

sCD24 is a sensitive disease marker in low disease 
activity RA

According to DAS28, the RA patients were grouped 
into 3 groups: the high activity group (DAS28 > 5.1, 31 
patients), the moderate activity group (3.2 < DAS28 ≤ 5.1, 
87 patients) and the low activity group (DAS28 ≤ 3.2, 
140 patients). We further compare the positive rate of 
sCD24 with ESR and CRP in all three groups. In the 
high disease activity RA group, the positivity of ESR, 
CRP and sCD24 was observed in 67.74%, 41.94% and 
61.29% of RA (Figure 4A). A same situation was also 
found in the moderate activity group with 80.46% for 
ESR, 40.23% for CRP and 56.32% for sCD24 (Figure 4B). 
However, in the low disease activity group, only sCD24 
was still significantly increased in a large proportion of 
RA patients with 14.29% for ESR, 3.57% for CRP and 
62.86% for sCD24, as shown in Figure 4C, suggesting 
that sCD24 could be a more sensitive disease activity 
marker in RA patients with low disease activity.

sCD24 is an inflammatory indicator in early and 
seronegative RA

The diagnosis of early RA and seronegative RA has 
long been challenged in clinical. According to the 

disease duration, the RA patients were divided into 
two groups: early RA (ERA, disease duration < 2 years, 
51 patients) and established RA (disease duration ≥ 
2 years, 177 patients). The laboratory features between 
early and established RA were similar (Supplementary 
Table 3). We further compare the positive rate of 
sCD24, ACPA and RF in two groups. In ERA groups, 
positive sCD24, ACPA and RF were found in 66.67%, 
84.31% and 56.86% of RA patients, respectively. While 
in established RA groups, the positivity of sCD24, ACPA 
and RF was 62.15%, 85.88% and 76.84%, respectively 
(Figure 4D). Compared with the positivity of ACPA and 
RF in ERA, sCD24 could be more sensitive in ERA 
diagnosis.

According to the serum level of ACPA and RF, the 
RA patients were divided into three groups: seroposi-
tive RA (ACPA + and RF+, 175 patients), semi- 
seronegative RA (ACPA + or RF+, 55 patients) and 
seronegative RA (ACPA- and RF-, 18 patients). We fur-
ther compare the positive rate of sCD24, ACPA and RF 
in three groups. In seropositive RA, positive sCD24 was 
found in 61.85% of RA patients. While in semi- 
seropositive RA groups, the positivity of sCD24, ACPA 
and RF was 63.64%, 12.73% and 87.27%, respectively. 
And in seronegative RA, positive sCD24 was found in 
61.11% of patients (Figure 4F). And the laboratory fea-
tures among the three groups were significantly differ-
ent, shown in Table 4. These results suggest sCD24 
showed a considerable value for identifying seroneg-
ative RA.

Table 3. C linical and immunological features of RA patients among ESR/CRP groups.
ESR + CRP+ (n = 52) ESR+/-CRP-/+ (n = 61) ESR-CRP- (n = 137) p-value in Kruskal-Wallis test

Female/male 41/11 58/3 115/22 **
Age 63.5 (12-86) 58 (26-81) 50 (17-86) **
Duration 10.5 (0.3-40) 6 (0.2-40.5) 4.25 (0.4-42) **
ESR 64 (23-165) 33 (4.39-114) 10 (2-19) **
CRP 44.54 (21.24-141.6) 3.86 (0.21-125.41) 1.62 (0.2-16) **
ACPA 172.78 (0.21-284.32) 179.83 (0.21-275.69) 147.43 (1.73-3642.75) **
RF 96.4 (<20-4420) 111 (<20-11180) 24.15 (<20-3550) **
RF-IgA 3.66 (0-67.59) 8.95 (0-744.82) 5.11 (0-410.85) **
RF-IgG 11.54 (0-554.55) 14.45 (0-329.92) 8.28 (0-212.85) **
MCV 28.84 (2.24-1064.23) 332.26 (0-1610.55) 62.66 (0-1871.97) **
GPI 0.28 (0-170) 0.11 (0-17) 0.07 (0-32.55) **
IgG 14.8 (6.7-29.7) 14.5 (7.9-31.4) 13 (5.3-36.79) **
IgM 1.23 (0.31-35.2) 1.4 (0.57-6.57) 1.17 (0.19-3.95) **
IgA 2.85 (1.14-6.77) 2.67 (1.38-7.76) 2.33 (0.62-35.24) **
High disease activity 

(DAS28 ≥ 5.1)
13 (25%) 7 (11.42%) 9 (6.57%) **

Med. disease activity 
(5.1 > DAS28 ≥ 3.2)

35 (67.31%) 32 (52.46%) 16 (11.68%) **

Low disease activity 
(3.2 > DAS28)

3 (5.77%) 22 (36.06%) 112 (81.75%) **

  Glucocorticoids 15 (28.85%) 7 (11.47%) 15 (10.95%) **
 D MARDs 34 (65.38%) 46 (75.41%) 100 (72.99%) **
 NS AIDs 27 (51.92%) 21 (34.43%) 32 (23.36%) **
 N o treatment 4 (7.69%) 3 (4.92%) 10 (7.30%) **

TJC tender joint counts, SJC Swollen joint counts, ESR erythrocyte sedimentation rate (mm/h), CRP C-reactive protein (mg/L), ACPA anti-cyclic citrullinated 
peptide antibody (U/mL), RF rheumatoid factor (IU/mL), MCV anti-mutated citrullinated vimentin antibody (U/mL), GPI glucose-6-phosphate isomerase 
(mg/L), DAS28 disease activity score 28, DMARDs disease-modifying antirheumatic drugs, NSAIDs non-steroidal anti-inflammatory drugs.

https://doi.org/10.1080/07853890.2023.2246370
https://doi.org/10.1080/07853890.2023.2246370
https://doi.org/10.1080/07853890.2023.2246370
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Figure 4. S ignificance of sCD24 for disease activity evaluation in ACPA/RF negative RA patients. A: High: high activity group; B: 
Moderate: moderate activity group; C: Low: low activity group. D: the distribution of sCD24, ACPA and RF in early and established 
RA patients. E: according to disease duration, divide the RA patients into early (ERA) and established RA two groups, the positivity 
of sCD24 was shown in each group. F: the distribution of sCD24 in seropositive (ACPA +, RF +), semi-seronegative (ACPA ±, RF 
−/+) and seronegative (ACPA -, RF -) RA patients. n: the number of sCD24-positive patients, N: total number of RA patients of 
the category; ***p < 0.001 (kruskal–wallis test followed by dunn’s posttest for multiple comparisons).

Table 4. C linical and immunological features of RA patients among ACPA/RF groups.
Seropositive (n = 175) Semi-seropositive (n = 55) Seronegative (n = 18) p-value in Kruskal-Wallis test

Female/male 151/24 46/9 14/4 **
Age 54 (22-83) 54 (17-86) 52 (20-86) *
Duration 6 (0.2-42) 3 (0.4-37) 3.5 (0.3-30) **
ESR 20 (2-165) 10 (2-76) 28 (2-91) **
CRP 4.69 (0.2-141.6) 1.63 (0.21-58.51) 13.15 (0.34-128.8) **
ACPA 176.1 (21.78-284.46) 84.31 (0.21-3642.75) 4.67 (<20) **
RF 124 (20-11800) <20 (-4720) <20 *
RF-IgA 8.18 (0-744.82) 1.71 (0-209.28) 3.53 (1-7.79) **
RF-IgG 13.6 (0-554.55) 4.23 (0-101.54) 4.84 (0.74-9.66) **
MCV 210.77 (0-1610.55) 11.76 (0-1871.97) 3.1 (0.61-15.14) **
GPI 0.135 (0-20.39) 0.06 (0-170) 0 (0-0.08) **
IgG 13.7 (5.3-36.79) 13.2 (7-28.5) 13.4 (7.3-21.3) **
IgM 1.24 (0.192-35.2) 1.15 (0.35-3.95) 1.15 (0.31-3.62) *
IgA 2.265 (0.95-35.24) 2.21 (1.09-7.45) 1.71 (0.62-4.21) **
High disease activity 

(DAS28 ≥ 5.1)
21 (12.35%) 4 (7.41%) 5 (33.33%) **

Med. disease activity 
(5.1 > DAS28 ≥ 3.2)

63 (37.06%) 11 (20.37%) 5 (33.33%) **

Low disease activity 
(3.2 > DAS28)

86 (50.59%) 39 (72.22%) 5 (33.33%) **

  Glucocorticoids 28 (16%) 2 (3.63%) 4 (22.22%) **
 D MARDs 122 (69.71%) 35 (63.63%) 13 (72.22%) **
 NS AIDs 55 (31.42%) 16 (29.09%) 7 (38.89%) **
 N o treatment 14 (8%) 5 (9.09%) 2 (11.11%) **

TJC tender joint counts, SJC Swollen joint counts, ESR erythrocyte sedimentation rate (mm/h), CRP C-reactive protein (mg/L), ACPA anti-cyclic citrullinated 
peptide antibody (U/mL), RF rheumatoid factor (IU/mL), MCV anti-mutated citrullinated vimentin antibody (U/mL), GPI glucose-6-phosphate isomerase 
(mg/L), DAS28 disease activity score 28, DMARDs disease-modifying antirheumatic drugs, NSAIDs non-steroidal anti-inflammatory drugs.
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Discussion

This is the first study to assess the serum concentration 
of CD24 in rheumatic disease. Our study demonstrated 
that elevated sCD24 levels are associated with the dis-
ease activity of RA patients. In addition, there was a 
significant difference between the serum CD24 levels in 
participants with RA as compared to disease controls 
and healthy subjects. We also identified sCD24 as an 
inflammatory biomarker for RA by consequent analysis. 
In clinical practice, sCD24 levels may serve as a supple-
ment marker in the initiation and partial seronegative 
RA. Meanwhile, the significant elevation of sCD24 levels 
in RA may expose a new therapeutic target for RA.

CD24 is known to interact with Siglec-10 on innate 
immune cells to dampen damaging inflammatory 
responses to infection, sepsis, and graft versus host 
disease [10, 18–20]. While the host can discriminate 
DAMPs from PAMPs via CD24-Siglec-10 signaling. Apart 
from these findings, CD24-Siglec-10 signaling also reg-
ulates the macrophage-mediated immune response to 
cancer and tumour-expressed CD24 promoting 
immune evasion of cancer cells [21–23]. Intriguingly, 
the blockade of CD24-Siglec-10 signaling seems prom-
ising immunotherapy in several cancers [10].

CD24 was first discovered in 1978, initially named 
heat-stable antigen for its stability upon heat inactiva-
tion [9]. And CD24 was found expressed in multiple 
cells, especially immature cells. Subsequent research 
has demonstrated that CD24 is an important 
co-stimulatory factor in promoting T cell proliferation 
and CD24 is also critical for the survival of autoreactive 
T cells in negative selection occurred in the thymus 
[24]. For B cells, CD24 expression is pivotal for B cell 
maturation and deletion of specific precursor B cells in 
the bone marrow [25]. It’s well-established that both T 
and B cells cooperatively and separately participate in 
the progression of autoimmune disease [26].

Accumulative evidence has found a tight associa-
tion between CD24 and autoimmune disease. CD24 
gene polymorphisms have been linked to the disease 
risks for developing autoimmune diseases, including 
RA, SLE, and MS [17]. Typically, the CD24 polymor-
phisms result in increased incidence or severity of the 
disease. And CD24V/V genotype and CD24 V allele were 
found to increase the susceptibility to RA [16, 27].

Moreover, CD24 expression was found among a 
diversity of cells, such as B cells, immature T cells, 
granulocytes and monocytes. And the altered cellular 
function of CD24-expressing regulatory B cells was 
also demonstrated in RA patients [28]. In RA patients, 
CD19+CD24hiCD38hi B cells lose the ability to inhibit 
the differentiation of Th17 cells and the 

transformation of Treg cells [29,30]. The Th17 and IL17 
pathways have been implicated in augmenting RA 
progression [31]. Furthermore, active RA patients have 
less circulating CD19+CD24hiCD38hi Breg cells, and fur-
ther investigations suggest that Breg cells have com-
promised regulatory function in suppressing 
autoreactive responses and aberrant inflammation [32].

However, the origin of the elevated sCD24 in RA 
serum is less known. Considering the wide-expressed 
CD24 among the cells, we assumed there is an overac-
tivated enzyme that released the CD24 from the cell 
membrane and consequently altered the corresponding 
signaling pathway which may participate in autoimmu-
nity [33]. This hypothesis needs further research.

There are several limitations to this study. Firstly, 
this is a retrospective study and the majority of the 
recruited RA patients are outpatients, implying that 
the disease has been treated and plateaued. Thus, our 
results were weakened when comparing the clinical 
and laboratory features among the RA patients. The 
other weakness is the variation of CD24 concentration 
before and after treatment is less known and requires 
further research.

In conclusion, soluble CD24 serves as a sensitive 
inflammatory marker to assess disease activity in RA, 
especially in RA with normal ESR and CRP. And it could 
supplement the diagnosis of early and seronegative 
RA. The accumulation of circulating CD24 in RA serum 
and its correlation with disease activity implicates its 
participation in RA development. Further investigation 
of the pathologic role of CD24 in RA progression is 
necessary.
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