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Background: Lupus nephritis (LN) is the most common and severe clinical
manifestation of systemic lupus erythematosus (SLE) with considerable
morbidity/mortality and limited treatment options. Since kidney biopsy is a
relative hysteretic indicator, it is indispensable to investigate potential
biomarkers for early diagnosis and predicting clinical outcomes of LN
patients. Extracellular proteins may become the promising biomarkers by the
secretion into body fluid. Our study linked extracellular proteins with lupus
nephritis to identify the emerging biomarkers.

Methods: The expression profiling data were acquired from the Gene
Expression Omnibus (GEO) database. Meanwhile, the two gene lists
encoding extracellular proteins were collected from the Human Protein Atlas
(HPA) and UniProt database. Subsequently, the extracellular protein-
differentially expressed genes (EP-DEGs) were screened out, and the key EP-
DEGs were determined by MCODE, MCC, and Degree methods via the
protein—protein interaction (PPI) network. The expression level, immune
characteristics, and diagnostic value of these candidate biomarkers were
investigated. Finally, the Nephroseq V5 tool was applied to evaluate the
clinical significance of the key EP-DEGs.

Results: A total of 164 DEGs were acquired by comparing LN samples with
healthy controls based on GSE32591 datasets. Then, 38 EP-DEGs were
screened out through the intersection between DEGs and extracellular
protein gene lists. Function enrichment analysis indicated that these EP-
DEGs might participate in immune response and constitute the extracellular
matrix. Four key EP-DEGs (LUM, TGFBI, COL1A2, and POSTN) were eventually
identified as candidate biomarkers, and they were all overexpressed in LN
samples. Except that LUM expression was negatively correlated with most of
the immune regulatory genes, there was a positive correlation between the
remaining three biomarkers and the immune regulatory genes. In addition,
these biomarkers had high diagnostic value, especially the AUC value of the
LUM-TGFBI combination which reached almost 1 (AUC = 0.973),
demonstrating high accuracy in distinguishing LN from controls. Finally, we
found a meaningful correlation of these biomarkers with sex, WHO class, and
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renal function such as glomerular filtration rate (GFR), serum creatinine level,

and proteinuria.

Conclusion: In summary, our study comprehensively identified four key EP-
DEGs exerting a vital role in LN diagnosis and pathogenesis and serving as
promising therapeutic targets.
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Introduction

Lupus nephritis (LN) is the most common and severe
clinical manifestation of systemic lupus erythematosus (SLE)
leading to irreversible renal impairment with considerable
morbidity/mortality and limited treatment options (1-3). It is
estimated that 10%-20% of LN patients eventually develop end-
stage renal disease (ESRD) (4, 5). The pathogenesis of LN
remains poorly understood due to immune and non-immune
mechanisms (6). It is triggered by the deposition of nucleic acid-
containing substances in the glomerulus leading to the activation
of complement and renal interstitial cells and the recruitment of
inflammatory cells (7). The salient features of LN include highly
correlated systemic inflammation, the deposition of immune
complexes, the activation of inflammasome, type I interferon-
mediated endothelial dysfunction (8, 9), complement-mediated
injury (10), and thrombophilia. When a patient develops
hematuria, proteinuria, or renal function abnormality, the
definitive renal biopsy is required for LN diagnosis.

Currently, none of the new biomarkers being superior to the
estimated glomerular filtration rate (GFR) or proteinuria have
been applied in clinical practice. Meanwhile, an early diagnosis
of LN is difficult, and renal biopsy may not predict the prognosis
of LN. Development of suitable biomarkers with high sensitivity
and specificity has provided significant insights regarding
diagnosis, prognosis, treatment selection, and personalized
treatment strategies for patients. Consequently, it is

Abbreviations: AUC, area under the curve; BP, biological process; CC,
cellular component; ccRCC, clear cell renal cell carcinoma; DEGs,
differentially expressed genes; ECM, extracellular matrix; EP-DEGs,
extracellular protein-differentially expressed genes; ESRD, end-stage renal
disease; GEO, gene expression omnibus; GFR, glomerular filtration rate; GO,
Gene Ontology; HPA, human protein atlas; IgAN, IgA nephropathy; KEGG,
Kyoto Encyclopedia of Genes and Genomes; LN, lupus nephritis; MCC,
maximal clique centrality; MCODE, molecular complex detection; MF,
molecular function; PCA, principal components analysis; PPI, protein—
protein interaction; ROC, receiver operating characteristic; SLE, systemic

lupus erythematosus.

Frontiers in Immunology

02

desperately needed to explore the reliable biomarkers
contributing to accurately evaluating disease status and
guiding the selection of precision therapies for LN patients.
Substantial evidence exists to support the changes of specific
extracellular proteins in various body fluids that can be used as
potential predictors for disease development and progression.
Some small molecules can be recognized in human body fluids
and tissues, which may be considered as the potential
biomarkers or therapeutic targets in LN patients (11-15).
Consequently, it has created our immense interest in finding
potential biomarkers that can provide meaningful information
in diagnosis, prognosis, and clinical treatment for LN patients.

Some studies have found that extracellular proteins can be
considered as novel biomarkers and therapeutic targets in many
diseases, including renal dysfunction (16), renal damage (17),
hyperthyroid heart disease (18), and pulmonary arterial
hypertension (19). In addition, extracellular proteins serve as
biomarkers for diagnosis and the development and progression
in multiple cancer types, involving lung cancer (20), prostate
cancer (21), melanoma (22), and ovarian cancer (23).
Extracellular proteins serving as potential biomarkers have
important biological function and participate in the
pathogenesis of SLE and LN. Recent research suggests that
extracellular HMGB1 has been defined as an important
biomarker and new therapeutic target in SLE (24). Interferon
(IFN) o, a key cytokine, deriving from selectively activated
neutrophils exerts a crucial role in the pathogenesis of SLE
(25). Further studies in LN pathogenesis elucidate that IL-16 is
designated as a potential biomarker and treatment target
according to urine proteomics and renal single-cell
transcriptomics (26).

In this study, we first explored the differentially expressed
genes (DEGs) between LN patients and healthy individuals
based on the dataset GSE32591 acquired from the Gene
Expression Omnibus (GEO) database. Next, we screened out
the extracellular protein-differentially expressed genes (EP-
DEGs) via the intersection between DEGs and extracellular
proteins. A total of 164 DEGs were obtained, of which 38
DEGs were identified as EP-DEGs for further analysis. Gene
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Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) analyses were subsequently conducted to identify the
biological function and pathway enrichment. We further
determined the key EP-DEGs as the potential biomarkers such
as LUM, TGFBI, COL1A2, and POSTN via the establishment of
the protein-protein interaction (PPI) network. Additionally, we
investigated the expression level, immune characteristics, and
diagnostic value of these candidate biomarkers. Finally, the
correlations between these biomarkers and clinicopathological
features such as sex, WHO class, and renal function were
analyzed. The aim of this study was to explore key
extracellular proteins that might serve as the potential
biomarkers in the diagnosis and prognosis of LN patients, as
well as the emerging therapeutic targets laying the foundation
for improving the treatment effects.

Materials and methods
Data acquisition and process

The research strategy was shown as a flowchart in Figure 1. The
dataset GSE32591 was obtained from the GEO database (http://
www.ncbinlm.nih.gov/geo/). The platform for GSE32591 was
GPL14663 (Affymetrix GeneChip Human Genome HG-U133A
Custom CDF), which contained 64 LN kidney biopsy samples and
29 healthy control samples (27). Gene symbols were recognized
through a normalized conversion of all probes according to the
platform annotation information. Probes corresponding to more
than one gene were eliminated, and the average value would be

GEO database
GSE32591
(Control/LN patients)

10.3389/fimmu.2022.915784

calculated for the case of genes corresponding to more than one
probe. We used “limma” (28) and “sva” (29) packages to remove
the batch effect. Principal component analysis (PCA) was
conducted using the “PCA” package.

Identification of DEGs

DEGs between the LN sample and control groups were
identified utilizing the “Limma” package setting the criteria
“adjusted P < 0.05 and Fold Change > 2,” which were
exhibited via volcano plots and heatmaps.

Screening of EP-DEGs

We downloaded two extracellular protein gene lists from the
Human Protein Atlas (HPA) database (30) and the UniProt
database (GO:0005576) (31), respectively (Supplementary Data
1). A Venn diagram (32) was utilized to separately perform the
intersection between LN-DEGs and the two extracellular protein
gene lists, then HPA-DEGs and UniProt-DEGs were identified.
Here, we combined the results of two intersections (HPA-DEGs
and UniProt-DEGs) to screen out EP-DEGs for further analysis.

Function enrichment analysis

Gene enrichment analysis was performed using GO and
KEGG by means of “ggplot2”, “GO plot”, and “Cluster Profiler”

exDrIZ:;:Ztlages Extracellular proteins (EP)
P! (DEng T °|(HPA and Uniprot database)

Y

Extracellular protein-

differentially expressed genes

(EP-DEGs)

\4

GO and KEGG
analysis

PPI network
Identification of key EP-DEGs
(LUM/TGFBI/COL1A2/POSTN)

Gene expression analysis
Immune characteristics analysis
Diagnostic value analysis

Clinical correlation analysis
(GFR/Serum Creatinine/
Proteinuria/Sex/WHO Class)

FIGURE 1
Flow diagram of the study.
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packages. We successively conducted GO and KEGG
enrichment analyses of LN-DEGs and EP-DEGs. Furthermore,
GO enrichment of EP-DEGs involved in the biological process
(BP), cellular component (CC), and molecular function (MF)
was exhibited using a circle graph.

PPI network construction of EP-DEGs
and identification of the key extracellular
protein genes

A PPI network of EP-DEGs was created via the STRING
website (https://string-db.org/) (33), which was visualized
using Cytoscape (version 3.8.0). Then, the Molecular
Complex Detection (MCODE) method was utilized to
explore the functional gene clusters in the PPI network (34).
Meanwhile, the top 10 node genes were respectively acquired
according to the score calculated by “Maximal Clique
Centrality (MCC)” and “Degree” methods using the
CytoHubba plug-in via Cytoscape. Finally, the intersection of
these genes obtained from the three methods (MCODE, MCC,
and Degree) was taken to identify the key EP-DEGs, which
were displayed via a Venn diagram.

Gene expression, immune
characteristics, and diagnostic
value analysis

We first investigated the expression levels of the key EP-
DEGs between LN samples and controls. Furthermore, the
correlations between the expression of key EP-DEGs and
immunoregulatory genes such as chemokines, chemokine
receptors, and MHC genes were analyzed by Spearman’s
correlation analysis. In addition, the receiver operating
characteristic (ROC) curve was applied to assess the diagnostic
value of the key EP-DEGs in LN patients, which was conducted
via the “pROC” package. Then, we calculated the value of the
area under the curve (AUC). The higher the AUC value is, the
better the diagnostic value is. Generally, an AUC value of 0.5-0.7
reveals a low effect, an AUC value of 0.7-0.9 reveals a middle
effect, and an AUC value above 0.9 reveals a high effect.

Clinical correlation analysis

The Nephroseq V5 tool (http://v5.nephroseq.org/) was
utilized to investigate the relevance between the expression of
the key EP-DEGs and the clinicopathological features such as
sex, WHO class, and renal function indexes in the patients with
LN. Then, visualization was performed utilizing the
“ggplot2” package.
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Statistics analysis

Student’s t-test or Wilcoxon rank-sum test was applied to
assess differences between the two groups. Correlations between
gene expression and clinical data were conducted by Spearman’s
correlation analysis. All R packages mentioned above were
operated under R software version v4.0.3, and statistical
significance was acknowledged in case of P < 0.05.

Results

Identification of DEGs and
biological function

After standardizing the microarray data of GSE32591
(Figure 2A), we identified 164 DEGs in GSE32591, which
contained 137 upregulated and 27 downregulated differential
genes (Figure 2B; Supplementary Data 2). The significant
differences between the LN and control groups were confirmed
by PCA (Figure 2C). Subsequently, we performed hierarchical
clustering analysis for displaying DEGs by heatmap (Figure 2D).
Additionally, we further performed KEGG and GO enrichment
analyses, which indicated that DEGs primarily participated in
defense response to virus, MHC protein complex, antigen
binding, and influenza A (Figure 2E).

Screening of EP-DEGs

A total of 40 HAP-DEGs and 65 UniProt-DEGs were
screened out by means of a Venn diagram, and 38 EP-DEGs
were determined after the intersection between HAP-DEGs and
UniProt-DEGs (Figure 3A). The distribution of EP-DEGs was
depicted by the volcano plot shown in Figure 3B, containing 30
upregulated and eight downregulated genes (Supplementary
Data 3). The top 20 EP-DEGs ranked by “adj.P.Value” are
displayed in Table 1. The expression heatmap of EP-DEGs is
exhibited in Figure 3C.

Function enrichment analysis of
EP-DEGs

GO and KEGG enrichment analyses of 38 EP-DEGs were
performed respectively. The results of GO enrichment analysis
indicated that EP-DEGs were chiefly enriched in humoral
immune response, extracellular structure organization,
collagen-containing extracellular matrix, and extracellular
matrix structural constituent (Figure 4A). Simultaneously,
KEGG analysis confirmed that EP-DEGs were mostly enriched
in protein digestion and absorption, amoebiasis, staphylococcus

frontiersin.org


https://string-db.org/
http://v5.nephroseq.org/
https://doi.org/10.3389/fimmu.2022.915784
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhou et al.

GSE32591

10.3389/fimmu.2022.915784

ELIN
M Control

Up-regulation: 137 genes
Down-regulation: 27 genes

A Up-regulatior)
¥ Down-regulation

v

v v

]

~Log10 (p.adjust)

8

6

od
2] e R :
o] .

-3

-2 -1 0 1 2 3

Log2 (fold change)

Group
| ® Control
® LN

Expression

202 4

FIGURE 2

Group

« Control
® LN

=100t
-100

T T T
-50 50 100

PC1 (65.4%)

E GO+KEGG

type | interferon signaling pathway

response to virus

49

defense response to virus

blood microparticle:
MHC protein complex:
MHC class Il protein complex:

20

BP
cc

E MF
[ KEGG

MHC class Il receptor activity
peptide antigen binding

El

antigen binding

Leishmaniasis

Epstein—Barr virus infection

PLEN]

Influenza A

T

0 5 10 15 20 25 30
-Log 1 (p-adjust)

Identification of DEGs between the LN sample and control groups in the GSE32591 dataset and function enrichment analysis. (A) Box plot
displaying gene probe expression levels. (B) Volcano plot of DEGs between LN patients and controls. The top 10 differentially expressed genes
are marked on the plot. (C) PCA of the samples. (D) Expression heatmap of all screened DEGs. (E) GO and KEGG enrichment analyses of DEGs.

aureus infection, and complement and coagulation cascades
(Figure 4B). Furthermore, a circle graph was applied for
exhibiting the top five pathways of BP, CC, and MF,
respectively (Figures 5A-C).

Construction of the PPI network and
identification of hub genes

A PPI network involving 38 EP-DEGs was constructed
utilizing STRING and visualized by Cytoscape (Figure 6A).
Subsequently, we explored functional modules by means of the
MCODE plug-in via Cytoscape, and a total of eight candidate
genes were screened out from EP-DEGs (Figure 6B). Meanwhile,
top 10 hub genes were obtained by two topological methods
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including MCC and Degree, utilizing the CytoHubba plug-in via
Cytoscape (Figures 6C, D). The detailed gene information of top
10 EP-DEGs is exhibited in Table 2. Finally, four key genes such
as LUM, TGFBI, COL1A2, and POSTN were determined by the
intersection of the three methods (Figure 6E).

Gene expression analysis

The four EP-DEGs (LUM, TGFBI, COL1A2, POSTN) were
defined as the potential biomarkers. We first evaluated the
expression level of the four biomarkers between LN and
healthy controls. As shown in Figures 7A-D, the four genes
were all dramatically upregulated in LN samples, compared to
the controls.
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FIGURE 3

Identification of DEGs encoding extracellular proteins (EP-DEGs). (A) Venn diagram of 40 HPA-DEGs obtained based on the intersection
between HPA database-extracellular proteins and LN-DEGs. Meanwhile, a Venn diagram of 65 UniProt-DEGs obtained based on the intersection
between UniProt database-extracellular proteins and LN-DEGs. Finally, 38 EP-DEGs were screened out based on the intersection between
HPA-DEGs and UniProt-DEGs. (B) Volcano plot of EP-DEGs between LN patients and controls. (C) Expression heatmap of screened EP-DEGs.

TABLE 1 The top 20 EP-DEGs between the LN sample and control groups in GSE32591.

Gene symbol logFC AveExpr adj.P.Value
Cl1QA 2712928 7.708666 2.85E-11
C1QB 2346039 7.491719 1.92E-08
LY96 1.806014 5.82231 4.58E-08
TGFBI 1.474979 7.952755 8.3E-08
KLK1 -1.37425 7.726793 3.39E-07
COL6A3 1.849268 6.625157 6.77E-07
NMI 1.560511 8.064883 7.24E-06
FGL2 1.401285 9.054541 1.82E-05
CFB 1.184815 7.391285 2E-05
RNASE6 1.656417 6.609036 2.22E-05
CD14 1497218 8.287886 2.68E-05
LYZ 221924 7.454621 2.75E-05
ALB -2.06514 8.569382 4.99E-05
COL1A2 1.73149 7.048733 5.77E-05
GDF15 -1.29125 7.579357 8.17E-05
IGKC 2.087748 10.6152 0.000572
LY86 1.074905 7.441597 0.00058
COL3AL 1.646891 8.054652 0.000887
UMOD -1.87458 10.65982 0.000945
COL4A2 1.107447 8.005439 0.001234

AveExpr represents the mean expression level of the gene in all samples. The rank of the top 20 EP-DEGs is based on adj.P.Value.

Frontiers in Immunology 06 frontiersin.org


https://doi.org/10.3389/fimmu.2022.915784
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhou et al. 10.3389/fimmu.2022.915784
A EP-DEG-GO
humoral immune response 4 .
extracellular structure organization - )
extracellular matrix organization 4 [ ) %
protein processing . p.adjust
protein activation cascade - . == 0.0016
0.0012
collagen—containing extracellular matrix - ) 0.0008
blood microparticle - [ ) 0.0004
i ] (@]
collagen trimer [ ) g Counts
cytoplasmic vesicle lumen [ ] 05
secretory granule lumen - [ ] O 10
O
extracellular matrix structural constituent 4 )
antigen binding [ ]
glycosaminoglycan binding4{ @ %
extracellular matrix structural constituent | ®
conferring tensile strength
immunoglobulin receptor binding 4 ®
0110 015 0.20 0,25 0.30 0.35 0.40
GeneRatio
B EP-DEG-KEGG
Protein digestion and absorption
& P . p.adjust
[ 4e-04
Amoebiasis . 3e-04
2e-04
Staphylococcus aureus infection . 1e-04
Counts
O 40
Complement and coagulation cascades - . O 45
O so
Pertussis {®
T T T T T
0.18 0.19 0.20 0.21 0.22 0.23
GeneRatio
FIGURE 4

Function enrichment analysis of EP-DEGs. (A) GO enrichment analysis of EP-DEGs in BP, CC, and MF processes (BP, biological process; CC,
cellular component; MF, molecular function). (B) KEGG enrichment analysis of EP-DEGs. The size of the circles indicates the number of genes.

The larger the circle, the greater the number of genes.

Immune characteristics analysis of the
potential biomarkers

To further ascertain the immune characteristics of these
potential biomarkers, we performed the correlation analyses
between the key EP-DEG expression and immunoregulatory
genes, including chemokines (Figure 8A), chemokine receptors
(Figure 8B), and MHC genes (Figure 8C) in LN samples.
Notably, we uncovered that LUM expression was negatively
associated with most immune regulation genes in LN.
However, the expression levels of TGFBI, COL1A2, and
POSTN were all positively associated with most of these
immune regulation genes. Taken together, the four candidate
biomarkers exhibited potential immune properties, suggesting
that these EP-DEGs might exert a crucial role in immune
regulation in LN.
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Diagnostic value analysis of the potential
biomarkers in LN

AUGC, an indicator of inherent validity of diagnostic tests, is
characterized with sensitivity and specificity (35). The AUC value of
single genes had a moderate accuracy in the diagnosis of LN, such as
LUM (AUC = 0.685), TGFBI (AUC = 0.887), COL1A2 (AUC =
0.779), and POSTN (AUC = 0.713). However, the AUC values of
any combination of the two genes were significantly increased
within a certain range (0.767-0.973). The AUC value could exceed
0.9 by any combination of three genes. Notably, the AUC value of
LUM-TGEFBI provided a significant boost in prediction
performance (AUC = 0.973). In addition, the AUC value of the
LUM-TGFBI-COL1A2 combination already reached 0.974, which
was the same as the value of the four gene combinations (LUM-
TGFBI-COL1A2-POSTN) (Figure 9). In summary, the four EP-
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DEGs had high AUC values for the diagnosis of LN patients,
especially the combination of LUM-TGFBI, which indicated that
they could serve as potential diagnostic biomarkers for LN patients.

Correlation analysis of the key
extracellular proteins with the
clinicopathological features in LN

To further illuminate the clinical significance of the key
extracellular proteins in LN, we conducted the correlation
analyses of LUM, TGFBI, COL1A2, and POSTN expression
with several clinicopathological features based on the Nephroseq
database. The results demonstrated that LUM/COL1A2
expression was negatively correlated with glomerular filtration
rate (GFR) (Figure 10A, B). Meanwhile, there was a significantly
positive correlation between LUM expression and serum
creatinine level (Figure 10C). Additionally, a high POSTN/
COLI1A2 expression was predictive of increased proteinuria
(Figures 10D, E). In addition, TGFBI/COL1A2/POSTN
expression was upregulated in the higher WHO class of LN
patients (Figures 10F-H), which indicated that these genes might
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predict a worse kidney damage in patients with LN. Finally, we
detected a connection of high LUM/TGFBI/COL1A2/POSTN
expression to female LN patients (Figures 10I-L).

Discussion

LN, a severe complication of SLE, is shown to be the leading
cause of morbidity and mortality in SLE owing to the progression
of ESRD (36). The histopathologic examination of kidney biopsies
in LN has an indispensable role in diagnosis and assessment of
therapeutic outcomes. However, there are also limitations to
kidney biopsies. The problems of kidney biopsy involving
bleeding risk, infection, and other puncture complications are
well known. In addition, histology does not identify the potential
change of specific active biological pathways. Histological class
transformations are common when performing the repeat renal
biopsy (37). Sometimes, biopsy specimen is unobtainable, and the
sample may not be representative of the entire kidney. Since
kidney biopsy is a relative hysteretic indicator, there is a pressing
need for a less invasive and easy-to-access biomarker with high
diagnostic value.
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TABLE 2 The top 10 EP-
using the CytoHubba plug-in via Cytoscape.

DEGs ranked by MCC and Degree method

Leveraging differentially expressed extracellular proteins in
LN samples and healthy controls, our study identified the key
EP-DEGs as the potential biomarkers for diagnosis and clinical

Rank MCC Degree

outcomes of LN patients. We first found the following: (1) there
1 LUM ALB were 164 DEGs between LN samples and healthy controls based
2 TGFBI A2M on the GSE32591 dataset, including 137 upregulated and 27
3 POSTN LuM downregulated differential genes; (2) 38 EP-DEGs were screened
4 COL1A2 TGEBI out through the intersection between DEGs and extracellular
5 COL3A1 C1QB protein gene lists. GO enrichment analysis determined that these
6 COLGA3 CD14 EP-DEGs might participate in immune response and constitute
7 COL4A2 c1Qa the extracellular matrix in the onset and development of LN. In
8 COL4AL LYz addition, the circle graph also displayed EP-DEGs enriched with
o C1QB POSTN multiple biological processes, including humoral immune
10 CIQA COL1A2
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response, extracellular structure organization, protein
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activation cascade, protein processing, and extracellular matrix
organization, which further specified the potential biological
function of these EP-DEGs.

After the intersection of three gene sets obtained from
different methods (MCODE, MCC, and Degree) based on the
PPI network, four key EP-DEGs (LUM, TGFBI, COL1A2, and
POSTN) were eventually identified as candidate biomarkers.
Until now, however, the potential biological function of the four
candidate biomarkers in LN has never been fully understood, but
they have been reported in several other diseases. As a member
of small leucine-rich proteoglycans, lumican (LUM) has been
reported to participate in a variety of biological processes,
including tissue homeostasis, cell proliferation, differentiation,
and extracellular matrix (ECM) remodeling (38, 39). Research
has indicated that polymorphisms in LUM are linked with the
development and clinical manifestations of SLE (40). A study
has confirmed that TGFBI serving as a ubiquitination substrate
is reduced in clear cell renal cell carcinoma (ccRCC) (41). As a
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member of the collagen family, COL1A2 is significantly
upregulated in metastatic ccRCC (42). Moreover, periostin
(POSTN) has been identified as one of key genes and is
significantly upregulated in IgA nephropathy (IgAN) with
enhancing mesangial cell proliferation (43).

Recent research has indicated that the expression of
COLI1A2 and the pro-inflammatory cytokines is significantly
increased in mesangial cells under inflammation conditions in
LN, which participates in LN-associated fibrosis (44).
Furthermore, periostin plays a crucial role in the platelet-
derived growth factor (PDGF)-induced proliferation of
mesangial cells and the accumulation of the extracellular
matrix in lupus nephritis (45). Moreover, periostin has been
identified as a novel biomarker, which is linked with the
chronicity index and renal function of the patients with LN
(46). Thus, COL1A2 and POSTN perform a vital role in the
pathogenesis of LN and also serve as promising
therapeutic targets.
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Using identification of the extracellular protein approach, we
discovered the four unrecognized biomarkers (LUM, TGEFBI,
COL1A2, and POSTN). It is noteworthy that these biomarkers
were all overexpressed in LN samples compared to the control
group. Meanwhile, the immune characteristics of these potential
biomarkers were further analyzed. We uncovered that there was
a good correlation between the four EP-DEGs and immune
regulation genes, including chemokines, chemokine receptors,
and MHC genes in LN, suggesting that the four EP-DEGs
possessed strong immune characteristics. This was consistent
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with chemokine/chemokine receptor expression observed in LN
patients contributing to macrophage infiltration and influencing
the inflammatory process (47, 48). Furthermore, the diagnostic
value of these biomarkers was also investigated. We were
surprised to find that the AUC value of the LUM-TGFBI
0.973), which
demonstrated high accuracy in distinguishing LN from

combination reached almost 1 (AUC =
controls. The ideal biomarkers in LN could accurately detect

the clinical changes of nephritis activity and longitudinally
monitor posttreatment effects. We further conducted the
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FIGURE 9
The diagnostic value of LUM, TGFBI, COL1A2, and POSTN in LN patients.

correlation analysis of the four biomarkers with several
clinicopathological features to elucidate the clinical significance
of these candidates in LN patients. Notably, we found a
meaningful correlation of these biomarkers with sex, WHO
class, and renal function such as GFR, serum creatinine level,
and proteinuria. Overall, these differentially expressed
extracellular proteins were first identified in LN diagnosis and
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pathogenesis and thus considered potential biomarkers and
therapeutic targets.

We acknowledged that our study had some limitations. First,
despite that we collected as many samples as possible in this
research, it was also limited by the small sample size (64 LN, 29
controls). Therefore, future work with a larger sample size is
required to validate this trend. Second, four key EP-DEGs (LUM,
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0.001 and ns, no significance).

TGFBI, COL1A2, and POSTN) were eventually identified as
candidate biomarkers based on the bioinformatics analysis, which
were also needed to be further confirmed experimentally.
Meanwhile, additional research is further performed to confirm
the diagnostic value and clinical significance of these candidates in
blood and urine specimens. However, our study revealed that the
four key EP-DEGs had high diagnostic value in LN patients, and
their potential biological function was further explored via the
Nephroseq clinical database. Thus, it is reasonable to think that the
four key EP-DEGs play a potential role in LN diagnosis and
pathogenesis and are expected to be therapeutic targets. Further
research with sufficient clinical samples will be carried out to
identify the clinical evidence of these biomarkers in LN patients.

In summary, this study linked extracellular proteins with
lupus nephritis-related DEGs, identifying the potential roles of
the four key EP-DEGs in LN diagnosis and pathogenesis, and
promising EP-DEGs as therapeutic targets. Further research is
needed to complement and determine the clinical applicability
of these candidates in LN.
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