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Serum RGC-32 in children
with systemic lupus erythematosus
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Childhood-onset systemic lupus erythematosus (SLE) can be more severe than adult patients. Early
diagnosis and accurate evaluation of the disease are very important for the patients. Response

gene to complement-32 (RGC-32) protein is the downstream regulator of C5b-9 complex which is

the terminal pathway of complement activation. Complement system plays a very important role

in the pathogenesis of SLE. RGC-32 in patients with SLE has not been reported yet. We aimed to
examine the clinical value of RGC-32 in children with SLE. A total of 40 children with SLE and another
40 healthy children were enrolled for this study. Clinical data were obtained prospectively. Serum
RGC-32 was determined by ELISA. We found that serum RGC-32 was significantly elevated in children
with SLE than that in the healthy group. Serum RGC-32 was significantly higher in the children with
moderately/severely active SLE than that in the children with no/mildly active SLE. Furthermore,
serum RGC-32 level correlated positively with C-reactive protein, erythrocyte sedimentation rate and
ferritin and correlated negatively with white blood cell counts and C3. RGC-32 may be involved in the
pathogenesis of SLE. RGC-32 might become a good biomarker in the diagnosis and evaluation of SLE.

Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease in children affecting skin, serosa,
joints, kidney, central nervous system and nearly every organ. Its etiology is complicated'. The prevalence
of SLE varies according to genetic background and living environment. The global average prevalence rate
is 12/100,000-39/100,000. Childhood-onset SLE accounts for about 20% of all SLE patients, with most cases
diagnosed between the ages of 12 and 14 years. However, diagnosis before the age of 5 years is rare. Childhood-
onset SLE patients may experience more severe symptoms and the mortality rate is higher than that of adults®”.
Early diagnosis and correct assessment of the disease severity are crucial for effective management of SLE. Many
studies have been conducted in recent years to investigate the pathogenesis of SLE and identify biomarkers that
can specifically evaluate disease activity.

Response gene to complement-32 (RGC-32) is an important complement response gene. It has been found
that RGC-32 protein may play an extremely important role in cell cycle regulation, complement-mediated inflam-
matory response, tumor metastasis, tissue cell differentiation and tubulointerstitial fibrosis*. Numerous studies
on the pathogenesis of SLE indicate that abnormalities in complement activation and immune complex (IC)
clearance serve as the basis®. RGC-32 is the downstream regulator of C5b-9 complex which is the terminal
pathway of complement activation. Furthermore, RGC-32 is relevant to the differentiation of Th17 cells which is
involved in the pathology of SLE. In vitro, RGC-32 promotes the differentiation of human Th17 cells, suggesting
that RGC-32 signaling may enhance disease expression in SLE by promoting abnormalities in the Th17 pathway*.
Thus, RGC-32 may be implicated in the pathogenesis of SLE. The purpose of this study is to explore the clinical
value of RGC-32 protein in evaluating the disease activity of SLE.

Methods

Study designs and participants. Patients admitted to Shanghai Children’s Hospital from September 2019
to December 2020 were enrolled. All the patients met the Systemic Lupus International Collaborating Centers
(SLICC) criteria for SLE in 2012. Another 40 healthy children matched with the age and gender of the SLE
group who went through routine medical examination in the same period were selected as the healthy control
group. The laboratory and clinical data including gender, age, clinical symptoms, systemic lupus erythematosus
disease activity index-2000 (SLEDAI-2K) score, complete blood count, erythrocyte sedimentation rate (ESR),
ferritin, complement, autoantibodies were collected. The diagnosis of lupus nephritis was based on the Ameri-
can College of Rheumatology (ACR) guideline in 2012 (more than 0.5 g of proteinuria per day or greater than
3 +by dipstick, and/or the presence of cellular casts, including red blood cells, hemoglobin, granular, tubular, or
mixed in urinary sediment)®.
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Experimental detection. Peripheral venous blood samples were collected from the patients and
healthy control group. The serum RGC-32 level was detected by Human Response gene to complement 32
protein(C13orfl5) ELISA kit (Cusabio biotech). The operation process was strictly in accordance with the
instructions of the kit.

Statistical analysis. SPSS 23.0 software was used for data processing and statistical analysis. The counting
data was presented as frequency and rate, and the y2 test was used for comparative analysis. The continuous data
conforming to the normal distribution were represented as mean and standard deviation, and the independent
sample ¢ test was used for comparison. The continuous data that did not conform to the normal distribution
were represented as median and quartile M (Q1, Q3), and the Mann-Whitney test was used for comparison.
Spearman correlation analysis was used to analyze the correlation between indicators. The diagnostic value of
RGC-32 in SLE was analyzed by receiver operating characteristic curve (ROC curve). P<0.05 was considered
statistically significant.

Ethical approval and informed consent. This study was reviewed and approved by the Ethics Review
Committee of Shanghai Children’s Hospital (NO. 2020R015-E01). All methods were performed in accordance
with the ethical standards of our institutional research committee and with the 1964 Helsinki declaration. Writ-
ten informed consent was obtained from the participants’ legal guardian.

Results

Baseline information. In this study, a cohort of 40 children diagnosed with SLE was analyzed. Of these
patients, 9 were male and 31 were female, with females accounting for 77.5% of the total patient population.
The clinical data of the patients was presented in Table 1. The average age of the patients was 11.88 £3.11 years
old. Among the patients, 7 had fever, 11 presented rash, 5 presented alopecia, 2 presented oral ulcer, 2 presented
serositis, 1 presented neurologic symptoms, and 2 presented synovitis. 21 patients had proteinuria, while 18 had
hematuria.

Level of RGC-32 in children with SLE and healthy control group. The expression of RGC-32 pro-
tein in 40 patients and 40 healthy children was detected. The serum concentrations of RGC-32 between the two
groups were shown in Table 2. A significant difference was detectable. The level of RGC-32 in children with
SLE was 326.12 (212.47, 753.43) pg/ml, and that of healthy controls was 148.29 (110.28, 178.46) pg/ml. RGC-32
expression was higher in patients with SLE (Z=- 4.657, P<0.001).

Analysis of diagnostic value of RGC-32 in SLE. The area under the curve (AUC) of RGC-32 for the
diagnosis of SLE was 0.803 (95% CI 0.699-0.906) (P <0.05, Fig. 1). Based on the sensitivity and (1- specificity) of
the coordinates of the ROC curve, the Youden index was calculated. The cutoff value of RGC-32 in the diagnosis

Indicator Value
Female/n (%) 31(77.5)
Age/year (X+s) 11.88+3.11
Fever/n (%) 7 (17.5)
Rash/n (%) 11 (27.5)
Alopecia/n (%) 5(12.5)
Oral ulcer/n (%) 2(5)
Serositis/n (%) 2(5)
Neurologic symptoms/n (%) 1(2.5)
Synovitis/n (%) 2(5)
Proteinuria/n (%) 21 (52.5)
Hematuria/n (%) 18 (45)

Table 1. General clinical data of the Children of SLE. SLE systemic lupus erythematosus.

Item SLE group (n=40) Control group (n=40) Z value P value
RGC-32/pg.mL"* 326.12 (212.47, 753.43) 148.29 (110.28, 178.46) - 4.657 <0.001*

Table 2. Comparison of RGC-32 between SLE group and control group. RGC-32 response gene to
complement-32, SLE systemic lupus erythematosus. Data are represented as interquartile range and the Mann-
Whitney test is used for comparison. *P value below 0.05 indicates statistical significance.
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Figure 1. ROC curve of RGC-32 in diagnosing patients with SLE.

of SLE was 206.4 pg/mL. When the expression level of RGC-32 was more than 206.4 pg/mL, the sensitivity and
specificity for the diagnosis of SLE were 77.5% and 85%.

Level of RGC-32 in patients between different subgroups. Among the 40 patients, a total of 39
patients’ laboratory data were complete. There were 21 cases with no/mild activity (SLEDAI<10) and 18 cases
with moderate/severe activity (SLEDAI>10). Comparison of serum RGC-32 in these two groups was made.
The serum level of RGC-32 was 275.84 (114.86, 459.47) pg/ml in no/mildly active group and 528.07 (235.47,
1010.00) pg/ml in moderately/severely active group. RGC-32 was significantly higher in the moderately/severely
active group than that in no/mildly active group (Z=2.217, P=0.027).

There were 16 cases with positive anti-dsDNA antibody and 23 cases with negative result. Comparison of
serum RGC-32 in these two groups was made. The serum level of RGC-32 in patients with positive anti-dsDNA
antibody was 522.18 (332.15, 948.78) pg/ml and that in patients with negative anti-dsDNA antibody was 226.12
(125.31, 623.00) pg/ml. RGC-32 was significantly higher in the positive group (Z=2.712, P=0.007).

Meanwhile, there were 23 cases with lupus nephritis and 16 cases without lupus nephritis. However, the
level of RGC-32 in patients without lupus nephritis was 326.12 (242.00, 592.00) pg/ml and that in children with
lupus nephritis was 322.68 (133.16, 778.19) pg/ml. There was no significant difference between the two groups
(Z=0.542, P=0.587) (Table 3).

Correlation analysis between serum RGC-32 level and clinical disease activity index. The cor-
relation between serum RGC-32 and other clinical indexes was analyzed by Spearman correlation analysis. The
result was illustrated in Table 4. Serum RGC-32 level correlated positively with CRP, ESR and ferritin (r=0.336,
0.349 and 0.402, p=0.036, 0.030 and 0.012) and correlated negatively with WBC counts and C3 (r=-0.517 and
- 0.466, p=0.001 and 0.003). It was not correlated with hemoglobin or platelet (r=— 0.291 and 0.004, p=0.072
and 0.979).

Discussion
Childhood-onset SLE is known to exhibit greater disease severity than adult-onset SLE. Timely diagnosis and
precise disease evaluation are imperative for effective management of the condition. There is a need for reliable,
widely applicable and minimally invasive biomarkers to assist in diagnosing the disease and optimizing manage-
ment. Currently, researches on childhood-onset SLE biomarkers have been active, with multiple gene-based and
blood-based biomarkers being investigated, including the interferon signature, methylation status, neutrophil
extracellular traps, S100 proteins, and complement split products’. These promising biomarkers hold potential
for improving the diagnosis and treatment of childhood-onset SLE. However, before they can be implemented
in clinical care, further intensive study is required in additional patient cohorts. Therefore, it is necessary to
discover new biomarkers that can be combined with existing ones to enhance the accuracy of diagnosis and
efficacy of treatment.

Complement system activation is an important feature of SLE. High levels of IC formed by autoantibodies
and antigen are widely deposited on the blood vessel walls of glomerulus, joints and other organs in patients
with SLE. It strongly activates the complement system and causes inflammatory damage. Therefore, patients with

Scientific Reports |

(2023) 13:11047 | https://doi.org/10.1038/s41598-023-38092-y nature portfolio



www.nature.com/scientificreports/

Clinical feature ‘ n ‘ RGC-32/pg.mL"!
SLEDAI

<10 21 275.84 (114.86, 459.47)
>10 18 528.07 (235.47, 1010.00)
Z value 2217

P value 0.027*

Anti dsDNA antibody

Positive 16 522.18 (332.15, 948.78)
Negative 23 226.12 (125.31, 623.00)
Z value 2.712

Pvalue 0.007*

Lupus nephritis

No 16 326.12 (242.00, 592.00)
Yes 23 322.68 (133.16, 778.19)
Z value 0.542

Pvalue 0.587

Table 3. Comparison of RGC-32 in patients with SLE between different groups. RGC-32 response gene to
complement-32, SLE systemic lupus erythematosus, SLEDAI systemic lupus erythematosus disease activity
Index. Data are represented as interquartile range and the Mann-Whitney test is used for comparison. *P value
below 0.05 indicates statistical significance.

WBC counts Hemoglobin Platelet CRP ESR Ferritin C3
r -0.517 -0.291 0.004 0.336 0.349 0.402 - 0.466
P 0.001* 0.072 0.979 0.036* 0.030* 0.012* 0.003*

Table 4. Correlation analysis between RGC-32 and other indicators of activity. RGC-32 response gene
to complement-32, WBC white blood cell, CRP C-reactive protein, ESR erythrocyte sedimentation rate.
Spearman correlation analysis was used. *P value below 0.05 indicates statistical significance.

active SLE often show the decrease of serum complement level. The decrease of serum C3 and/or C4 is also one
of the disease activity indexes of SLE, which is an item in the SLEDAI score. The different complement activation
pathways converge at the activation of C5 and then form the membrane attack complex C5b-9. C5b-9 is involved
in the pathogenesis of SLE and lupus nephritis, but the specific mechanism is still unknown.

RGC-32 was first cloned by Beada et al.%. It is an important complement response gene. Human RGC-32 gene
is located at 13q14.11 and encodes RGC-32 protein, which is distributed in many tissues and organs of human
body and participates in normal physiological functions. RGC-32 protein participates in inflammatory progress’.
Fosbrink et al. showed that C5b-9 can induce the expression of RGC-32'°. If the RGC-32 gene of human endothe-
lial cells and smooth muscle cells was knocked out in vitro, the cell proliferation mediated by C5b-9 was stopped,
suggesting that RGC-32 protein was the downstream regulator of cell proliferation and inflammatory process
induced by C5b-9. The results of our study showed that the expression of RGC-32 in pediatric patients with SLE
was significantly higher than that in healthy children, especially in children with high disease activity. Meanwhile,
anti-dsDNA antibody is often used independently to judge the disease activity of SLE. In this study, it was found
that the serum RGC-32 level in the SLE anti-dsDNA positive group was significantly higher than that in the
negative group. Therefore RGC-32 is probably involved in the pathogenesis of SLE.

Many studies have found RGC-32 to be implicated in the pathogenesis of a number of other autoimmune
diseases. Kim et al. found that the levels of RGC-32mRNA in the skin of psoriatic lesions were significantly
lower than those in the skin of healthy individuals''. Chen et al. found that RGC-32 may play an important role
in regulating the cell cycle progression of chondrocytes in the context of the hypoxic joint microenvironment in
patients with rheumatoid arthritis'>. Thus, RGC-32 may be involved in other autoimmune diseases. The differ-
ence of RGC-32 between SLE and other autoimmune diseases needs to be further investigated.

The research on the pathogenesis of SLE has made lots of progress in recent years. But no specific biomarker
for SLE has been widely recognized and accepted. C3 is a traditional index of disease activity. However, the
level of complement is not only related to the consumption of complement activation, but also to the rate of
complement synthesis. In the process of inflammatory reaction, the consumption and synthesis of complement
increase significantly in the same time. The product during complement activation is considered as a more
specific biological marker of SLE'*. Many studies have shown that Clr, Cls, C4a-d, Bb, C3a-d, C5a, C5b-9 and
other products are more specific to complement activation than C3 and C4'*. Porcel et al. showed that in 61 SLE
patients C5b-9 had the highest correlation with disease activity score among various complement activation
products'®. The research results of Chiu et al. on 41 SLE patients also showed that the levels of C5b-9, C3a and
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C4 were significantly different between mild and moderate severe SLE patients. Among them C5b-9 was most
correlated with the severity of the disease (P<0.0005)'¢. RGC-32 is the downstream regulator of C5b-9 complex,
and its expression in SLE has not been reported yet. The results of our study showed that RGC-32 level was cor-
related positively with C-reactive protein, ESR and ferritin and correlated negatively with WBC counts and C3.
We can see RGC-32 is related to some commonly used laboratory indexes that can reflect the disease activity. But
the sample size of this study is relatively small and the data do not conform to the normal distribution. Therefore,
the results need more data for further verification.

Huang et al. showed that RGC-32 played a critical role in transforming growth factor- induced epithelial-
mesenchymal transition of renal tubular cells'”'®. Niu et al. found that RGC-32 protein may be involved in the
tubulointerstitial lesions of children with IgA nephropathy, especially in the course of the epithelial-mesenchymal
transition induced by TGF-p'. RGC-32 plays an important role in the occurrence of renal injury. Contrary to
expectation, in this study we compared the two groups of patients with and without lupus nephritis, and found
that there was no significant difference in serum RGC-32 levels between the two groups. In the future, further
research on the expression of RGC-32 protein in kidney is needed to clarify the significance of RGC-32 in the
pathogenesis of lupus nephritis.

Data availability
The data sets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.

Received: 8 April 2023; Accepted: 3 July 2023
Published online: 08 July 2023

References
1. Trindade, V. C., Carneiro-Sampaio, M., Bonfa, E. & Silva, C. A. An update on the management of childhood-onset systemic lupus
erythematosus. Paediatr. Drugs. 23, 331-347 (2021).
2. Barsalou, J., Levy, D. M. & Silverman, E. D. An update on childhood-onset systemic lupus erythematosus. Curr. Opin. Rheumatol.
25, 616-622 (2013).
3. Aggarwal, A. & Srivastava, P. Childhood onset systemic lupus erythematosus: How is it different from adult SLE?. Int. J. Rheum.
Dis. 18, 182-191 (2015).
4. Vlaicuy, S. I et al. RGC-32 and diseases: The first 20 years. Immunol. Res. 67, 267-279 (2019).
5. Walport, M. J. Complement and systemic lupus erythematosus. Arthritis Res. 4, S279-5293 (2002).
6. Hahn, B. H. et al. American College of Rheumatology guidelines for screening, treatment, and management of lupus nephritis.
Arthritis Care Res. (Hoboken). 64, 797-808 (2012).
7. Cody, E. M. & Brunner, H. I. Biomarkers in childhood-onset systemic lupus erythematosus. Rheum. Dis. Clin. N. Am. 48, 271-285
(2022).
8. Badea, T. C., Niculescu, E L, Soane, L., Shin, M. L. & Rus, H. Molecular cloning and characterization of RGC-32, a novel gene
induced by complement activation in oligodendrocytes. J. Biol. Chem. 273, 26977-26981 (1998).
9. Tegla, C. A. et al. RGC-32 is a novel regulator of the T-lymphocyte cell cycle. Exp. Mol. Pathol. 98, 328-337 (2015).
10. Fosbrink, M. et al. Response gene to complement 32 is required for C5b-9 induced cell cycle activation in endothelial Cells. Exp.
Mol. Pathol. 86, 87-94 (2009).
11. Kim, H.J. et al. Decreased expression of response gene to complement 32 in psoriasis and its association with reduced M2 mac-
rophage polarization. J. Dermatol. 46, 166-168 (2019).
12. Chen, Y.]. et al. Systematic analysis of differential expression profile in rheumatoid arthritis chondrocytes using next-generation
sequencing and bioinformatics approaches. Int. J. Med. Sci. 15, 1129-1142 (2018).
13. Myriam, M. et al. Plasma C4d as marker for lupus nephritis in systemic lupus erythematosus. Arthritis Res. Ther. 19, 266 (2017).
14. Illei, G. G., Tackey, E., Lapteva, L. & Lipsky, P. E. Biomarkers in systemic lupus erythematosus: II. Markers of disease activity.
Arthritis Rheum. 50, 2048-2065 (2004).
15. Porcel, J. M. et al. The value of complement activation products in the assessment of systemic lupus erythematosus flares. Clin.
Immunol. Immunopathol. 74, 283-288 (1995).
16. Chiu, Y. Y., Nisihara, R. M., Wiirzner, R,, Kirschfink, M. & Messiasreason, I. J. SC5b-9 is the most sensitive marker in assessing
disease activity in Brazilian SLE patients. Investig. Allergol. Clin. Immunol. 8, 239-244 (1998).
17. Huang, W. Y. et al. RGC-32 mediates transforming growth factor-beta-induced epithelial-mesenchymal transition in human renal
proximal tubular cells. J. Biol. Chem. 284, 9426-9432 (2009).
18. Shen, Y. L. et al. Response gene to complement 32 regulates the G2/M phase checkpoint during renal tubular epithelial cell repair.
Cell Mol. Biol. Lett. 21,19 (2016).
19. Niu, X. L. et al. Expression of response gene to complement 32 in renal tissue of children with IgA nephropathy and its significance.
China J. Nehprol. 27, 479-483 (2011).

Acknowledgements

This study was supported by the Youth Foundation of Shanghai Children’s Hospital (2018YQN003), Natural Sci-
ence Foundation of Shanghai Children’s Hospital (No. 2020YGZMO1) and Medical and Industrial cross research
Foundation of Shanghai Jiao Tong University (YG2021QN118).

Author contributions

B.H. contributed to collecting data, preparing figures, drawing tables, and writing; D.E. contributed to collecting
data and analyzing data. X.N. contributed to collecting data and analyzing data. W.H contributed to study design-
ing and writing. S.H. contributed to study designing, writing and revising. All authors have read and agreed to
the published version of the manuscript.

Competing interests
The authors declare no competing interests.

Scientific Reports |

(2023) 13:11047 | https://doi.org/10.1038/s41598-023-38092-y nature portfolio



www.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to W.H. or S.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |  (2023) 13:11047 | https://doi.org/10.1038/s41598-023-38092-y nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Serum RGC-32 in children with systemic lupus erythematosus
	Methods
	Study designs and participants. 
	Experimental detection. 
	Statistical analysis. 
	Ethical approval and informed consent. 

	Results
	Baseline information. 
	Level of RGC-32 in children with SLE and healthy control group. 
	Analysis of diagnostic value of RGC-32 in SLE. 
	Level of RGC-32 in patients between different subgroups. 
	Correlation analysis between serum RGC-32 level and clinical disease activity index. 

	Discussion
	References
	Acknowledgements


