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Abstract. – OBJECTIVE: The aim of this 
study was to investigate the expression levels 
of toll-like receptor 9 (TLR9) and interleukin-23 
(IL-23) in renal tissue and serum of patients with 
lupus nephritis (LN), and to explore their clini-
cal correlation.

PATIENTS AND METHODS: LN patients and 
healthy controls were enrolled in the experi-
mental group and the control group, respective-
ly. Blood samples, serum, and peripheral blood 
mononuclear cells (PBMCs) were collected. Re-
nal lesion tissues and adjacent normal tissues 
of LN patients were harvested from a renal tis-
sue biopsy. Serum level of IL-23 was detected 
by enzyme-linked immunosorbent assay (ELI-
SA). Expression of IL-23 in PBMCs was deter-
mined by quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR) and Western blot, re-
spectively. Meanwhile, TLR9 expression in renal 
tissues was accessed by immunohistochemis-
try staining. Subsequently, 24-h protein urine, 
renal tubular pathological activity index, eryth-
rocyte sedimentation rate (ESR), serum comple-
ment C3 level, and blood albumin level of LN pa-
tients were recorded. Also, the correlation be-
tween TLR9 expression and these pathological 
indexes was measured by correlation analysis. 

RESULTS: Serum level of IL-23 in LN patients 
was significantly higher than that of healthy 
controls. Similarly, the mRNA and protein ex-
pressions of IL-23 in PBMCs of LN patients 
were markedly higher than those of healthy con-
trols. IL-23 expression was positively correlat-
ed with renal tubular pathological activity index 
of LN patients. Meanwhile, TLR9 was highly ex-
pressed in renal tissues of LN patients. Further-
more, TLR9 expression was positively correlat-
ed with 24-h protein urine, renal tubular patho-
logical activity index and ESR, whereas nega-
tively correlated with serum complement C3 lev-
el and blood albumin level of LN patients.

CONCLUSIONS: IL-23 is highly expressed in 
the serum of LN patients, and its expression is 
closely related to the occurrence of LN. Also, 

the expression of TLR9 is up-regulated in the 
tubulointerstitium of LN patients, which is cor-
related with relevant clinical indexes.
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Introduction

Systemic lupus erythematosus (SLE) is a com-
mon autoimmune disease, which produces abun-
dant autoantibodies severely involving multiple 
organs1,2. It is reported that the incidence and 
prevalence rate of SLE are 1-5/100,000 and 20-
150/100,000, respectively. Females aging from 30-
40 years old are more susceptible to SLE than 
males3. Nearly half of SLE patients may experi-
ence kidney damage, manifesting as lupus nephri-
tis (LN), which is a common complication of SLE. 
LN patients present abnormal urine test results, 
typical symptoms of nephritis or nephropathy, and 
even end-stage renal failure. Furthermore, recent 
studies have found that the majority of LN patients 
eventually die from renal failure4.

LN is a glomerular disease mediated by im-
mune complexes. Deposition of immune com-
plexes into different parts of the glomerulus may 
activate complement to produce chemotactic 
compounds, thereby leading to the aggregation 
of neutrophils and monocytes. Immune com-
plexes can also activate glomerular cells and 
infiltrating macrophages, eventually producing 
inflammatory cytokines such as interleukin-6 
(IL-6), IL-18, IL-23 and transforming growth 
factor alpha (TGF-α). These cytokines further 
aggravate kidney damage and play an important 
role in the development of LN5,6.

The cells are mainly divided into Th1 cells 
and Th2 cells. Th1 cells are involved in cellu-
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lar immunity and delayed hypersensitivity in-
flammatory response. Th2 cells assistant B cells 
to differentiate into antibody-secreting cells and 
participate in humoral immune response7. Mean-
while, Th17 cells are newly discovered Th cells 
that are capable of secreting IL-17. Studies have 
shown that IL-17 level is remarkably elevated in 
the involved organs during the occurrence and 
progression of autoimmune diseases8. IL-23 is a 
cytokine composed of a heterodimer, which can 
be secreted by various tissues and cells4,9. In the 
pathogenic development of LN, naïve T lympho-
cytes are transformed into Th17 cells under the 
stimulation of various cytokines such as IL-23. 
Th17 cells secrete a large number of cytokines, 
including interferon-γ, and IL-17. Subsequently, 
IL-17 recruits neutrophils and monocytes to the 
lesion site, which in turn produces multiple in-
flammatory factors. Therefore, Th17 cells play a 
crucial role in the progressive aggravation of LN.

Toll-like receptors (TLRs) are the first identified 
receptors, which can recognize microbial products 
and initiate natural immunity10. To date, the Toll-
like receptor family has 13 subtypes in mammals11. 
However, only TLRs 1-10 has been found in hu-
man body12. TLRs are irreplaceable regulators 
of innate immune responses, which exert their 
biological functions by identifying a series of 
pathogen-associated conserved molecules13,14. As a 
member of the TLRs, Toll-like receptor 9 (TLR9) 
is expressed on the surface of human plasmacytoid 
dendritic cells (pDCs), B lymphocytes, T lympho-
cytes, monocytes, neutrophils, and other immune 
cells. TLR9 is widely expressed in human spleen, 
pancreas, and kidney. Meanwhile, its exogenous 
ligands are mainly nucleotide sequence CpG-DNA 
and hypo-methylated nucleic acid sequence. These 
exogenous ligands specifically recognize and ac-
tivate TLR9, further initiating MyD88-dependent 
IKK/NF-κB, PI3K/Akt and/or MAPK/AP-1 path-
ways. Finally, the expressions of NF-κB and IFN 
are activated to release relative inflammatory fac-
tors15. The aim of this study was to explore the 
clinical significance of IL-23 and TLR9 in the 
pathogenesis of LN.

Patients and Methods

Subjects and Sample Collection
Totally 35 LN patients and 35 healthy controls 

were enrolled in the experimental group and the 
control group, respectively. Blood samples of LN 
patients were harvested before and after treat-

ment. Venous blood samples of healthy controls 
were collected as well. Blood samples were cen-
trifuged at 3000 rpm/min for 10 min, and serum 
was collected and preserved at -20°C for subse-
quent use. Besides, 8 mL venous samples were 
harvested from each subject, and anti-coagulant 
was performed using citric acid at 4°C. Peripheral 
blood mononuclear cells (PBMCs) were isolated 
within 2 h and preserved at -70°C. This study was 
approved by the Ethics Committee of the Affili-
ated Hospital of Jining Medical College. Signed 
written informed consents were obtained from all 
participants before the study.

Renal Tissue Preparation
Renal lesion tissues and adjacent normal renal 

tissues (2 cm away from lesion tissue) were har-
vested from a renal tissue biopsy. Collected tis-
sues were fixed in 10% neutral buffered formalin 
for 1-2 days. After washing with phosphate-buff-
ered saline (PBS; Beyotime, Shanghai, China), 
the tissues were dehydrated and embedded in 
paraffin.  

Enzyme-Linked Immunosorbent 
Assay (ELISA)

Serum samples were collected, and the con-
centration of cytokines was detected using ELI-
SA detection kit (BioLegend, San Diego, CA, 
USA). Optical density (OD) at the wavelength of 
A562 nm and A450 nm was detected. 

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

Total RNA was extracted in accordance with 
the instructions of the TRIzol kit (Invitrogen, 
Carlsbad, CA, USA). Subsequently, extracted 
RNA was reverse transcribed into complemen-
tary deoxyribose nucleic acid (cDNA) according 
to the instructions of PrimeScript RT reagent 
Kit (TaKaRa, Otsu, Shiga, Japan). QRT-PCR 
reaction conditions were as follows: 94°C for 
30 s, 55°C for 30 s, and72°C for 90 s, for a 
total of 40 cycles. The expression level of the 
target gene was calculated by the 2-ΔΔCT method 
and analyzed using 7300 System SDS Software 
(Thermo Fisher Scientific, Waltham, MA, USA). 
Primer sequences used in this study were as fol-
lows: IL-23, F: 5’-GGACTGAGGCTTGGAATC 
-3’, R: 5’-TGTGGAGATGGCTGTGAC-3’; TLR9, 
F: 5’-CTGCGTTTTGTCGAAGACCA-3’, R: 
5’-TGGACTTCCTGCTGGAGGTG-3’; GAPDH: 
F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, R: 
5’-ATCCGTTGACTCCGACCTTCAC-3’.
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Western Blot
Total protein was extracted using cell lysate 

(RIPA) (Beyotime, Shanghai, China). Protein 
samples were separated by sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE) gel and transferred onto polyvinylidene 
difluoride (PVDF) membranes (Millipore, Biller-
ica, MA, USA). After blocking with the blocking 
solution for 1 h, the membranes were incubated 
with primary antibodies at 4°C overnight. After 
washing with Tris-Buffered Saline and Tween20  
(TBST; Beyotime, Shanghai, China), the mem-
branes were incubated with the corresponding 
secondary antibody at room temperature for 2 
h. Immunoreactive bands were visualized by the 
enhanced chemiluminescence (ECL) method.

Immunohistochemistry
All samples were fixed in 10% neutral form-

aldehyde solution, embedded in paraffin and cut 
into 4 μm slices. Immunohistochemistry was per-
formed using the Envision method. The slices were 
dewaxed, hydrated, and incubated with 3% H2O2 
at room temperature. Antigenic heat repair was 
carried out, followed by the incubation with TLR9 
antibody at 4°C overnight. Subsequently, the tissue 
samples were incubated with IgG at 37°C for 2 h. 

Diaminobenzidine (DAB) was used for the color 
reaction, and then, the neutral resin was sealed and 
dried. Three fields were randomly selected for each 
sample, and TLR9-positive cells were observed. 

Statistical Analysis
Statistical Product and Service Solutions (SPSS) 

22.0 software (IBM, Armonk, NY, USA) was used 
for all statistical analysis. GraphPad Prism5.0 (La 
Jolla, CA, USA) was used for figure editing. Ex-
perimental data were expressed as x– ± s. The χ2-
test was used to compare the differences between 
two different groups. The Spearman correlation 
analysis was performed to explore the correla-
tion between TLR9 expression and pathological 
indexes of LN patients. p < 0.05 was considered 
statistically significant.

Results

IL-23 Levels in Serum and PBMCs of 
LN Patients

Compared with the control group, the serum 
level of IL-23 in LN patients was remarkably 
higher (92 pg/mL vs. 623 pg/mL, p < 0.01, Figure 
1A). Similarly, both the mRNA and protein levels 

Figure 1. IL-23 level in serum and PBMCs of LN patients. A, The serum level of IL-23 in LN patients and healthy controls 
was detected by ELISA. B, The mRNA and protein levels of IL-23 in PBMCs of LN patients and healthy controls.
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of IL-23 in PBMCs of LN patients were signifi-
cantly elevated than healthy controls (p < 0.05, 
Figure 1B and 1C). 

Correlation Between Serum Level of 
IL-23 and Renal Tubular Pathological 
Activity Index of LN Patients

To explore the correlation between serum level 
of IL-23 and renal tubular pathological activity 
index of LN patients, the Spearman correlation 
analysis was conducted. Results showed that the 
serum level of IL-23 was positively correlated 
with renal tubular pathological activity index of 
LN patients (r = 0.614, p < 0.01, Figure 2).

TLR9 Expression in Renal Tissues of 
LN Patients

Renal tissues of LN patients and healthy con-
trols were collected, and TLR9 expression was 
detected. Immunohistochemistry staining showed 
that the positive expression of TLR9 in renal tis-
sues of LN patients was significantly higher than 
healthy controls (p < 0.05, Figure 3A). QRT-PCR 
data also found significantly higher mRNA level 
of TLR9 in renal tissues of LN patients when 
compared with healthy controls (p < 0.05, Figure 
3B).

Correlation Between TLR9 
Expression in Renal Tissues and 
Clinical Indexes of LN Patients

To investigate the relationship between TLR9 
expression in renal tissues and clinical indexes 
of LN patients, we recorded 24-h protein urine, 
renal tubular pathological activity index, ESR, 

serum complement C3 level, and blood albumin 
level of LN patients. Results indicated that TLR9 
expression was positively correlated with 24-h 
protein urine, renal tubular pathological activity 
index, and ESR, whereas negatively correlated 
with serum complement C3 level and blood albu-
min level of LN patients (p < 0.01, Table I).

Discussion

SLE is an autoimmune disease involving many 
organs and systems in the body. The main patho-
genesis of SLE includes genetic defects16, envi-
ronmental factors17, abnormal sex hormones18, 
abnormal immune response19, and others. It is 

Figure 2. Correlation between serum level of IL-23 and renal 
tubular pathological activity index of LN patients. Serum 
level of IL-23 was positively correlated with renal tubular 
pathological activity index of LN patients (r = 0.614, p < 0.01).

Figure 3. TLR9 expression in renal tissues of LN patients. A, Immunohistochemistry staining showed higher positive 
expression of TLR9 in renal tissues of LN patients than healthy controls. B, QRT-PCR data showed higher mRNA level of 
TLR9 in renal tissues of LN patients compared with healthy controls.
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known to all that LN is a serious complication 
of SLE. Most LN is an immune complex-medi-
ated glomerular disease20. Immune complexes 
composed of anti-dsDNA antibodies are depos-
ited in different parts of the glomerulus, which 
activate complements to produce chemotactic 
compounds C3a and C5a. This may eventually 
lead to the influx of neutrophils and monocytes. 
Meanwhile, these pathological changes are his-
tologically characterized by mesangial foci and 
diffuse proliferative glomerulonephritis21. Im-
mune complex deposition also initiates autoim-
mune damage22. Impaired glomerular cells and 
infiltrating macrophages produce inflammatory 
factors, such as TNF-α, IFN-γ, and IL-623. These 
cytokines can further aggravate renal damage 
in the development of LN24. Based on the patho-
logical classification, LN is divided into 6 types, 
including: class I disease (minimal mesangial 
glomerulonephritis), class II disease (mesangial 
proliferative glomerulonephritis), class III dis-
ease (focal glomerulonephritis), class IV disease 
(diffuse proliferative nephritis), class V disease 
(membranous glomerulonephritis), and class VI 
(advanced sclerosing lupus nephritis). In addition 
to glomerular lesions, LN can also be manifested 
as the symptoms of tubulointerstitial nephritis, 
intrarenal vascular disease, and immunological 
necrotic glomerulonephritis25.

During the occurrence and development of 
LN, naïve T lymphocytes are transformed in-
to Th17 cells under the stimulation of various 
cytokines. Th17 cells are activated to secrete a 
large number of cytokines, such as interferon-γ 
and IL-17. Meanwhile, IL-17 recruits neutrophils 
and monocytes to the lesion site, where multiple 
pro-inflammatory factors are produced. There-
fore, Th17 cells are involved in the progressive 
aggravation of LN, accompanied by a compen-
satory rise of FOXP3 expression26. Since many 
different types of cells can secrete IL-23 and 
IL-17, the specific roles of IL-23 and IL-17 in LN 
development are needed to be further explored. 
However, the underlying mechanism of each type 
of cells in LN development remains unknown. 
Currently, single cell sequencing technology can 
be utilized to identify the specific role of immune 
cells in LN27.

As a member of the TLRs family, TLR9 exerts 
its function by specifically recognizing the ab-
errant methylation of exogenous or endogenous 
DNA sequences. Some studies have found that 
TLR9 pathway participates in the occurrence and 
progression of LN28. TLR9 is activated by rec-

ognizing endogenous or exogenous un-methylat-
ed CpG-DNA sequences. Abnormally activated 
TLR9 pathway further initiates innate and spe-
cific immunity29,30. Subsequently, inflammatory 
response induces the production of downstream 
inflammatory factor MCP-1, resulting in tissue 
damage. The specific role of the TLR9 pathway 
involves a large number of inflammatory factors 
and inflammatory cells. Activation of TLR9 stim-
ulates MCP-1 production through the JNK/IL-1R 
pathway29,31,32. MCP-1 is primarily responsible for 
the directional chemotaxis of immune cells. Also, 
chemokines can control the flow and migration 
of immune cells by their differential expressions.

Our findings showed that the serum and mR-
NA expression levels of IL-23 in LN patients were 
significantly increased. This suggested that IL-18 
exerted an important role in the development of 
LN. Meanwhile, overexpressed TLR9 was also 
involved in the development of LN. Therefore, it 
was believed that the TLR9 pathway might be a 
new therapeutic target for LN, which still needed 
further validation.

Conclusions

We showed that IL-23 was highly expressed 
in the serum of LN patients, which was closely 
related to the occurrence of LN. Besides, TLR9 
was highly expressed in tubulointerstitial of LN 
patients and correlated with clinical indexes.
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