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Abstract. — OBJECTIVE: The aim of this study
was to investigate the role of the Wnt pathway in
regulating the IL-34 level of lupus nephritis (LN) pa-
tients, and to explore the underlying mechanism.

MATERIALS AND METHODS: Human me-
sangial cells (HMCs) of LN patients were select-
ed. The expression level of IL-34 was detected by
quantitative Real Time-Polymerase Chain Reac-
tion (QRT-PCR) and Western blot, respectively.
Subsequently, HMCs were treated with the Wnt
pathway antagonist, DDK1. Meanwhile, the IL-34
level in DDK1 transfected HMCs was then detect-
ed. In addition, the viability of HMCs treated with
DDK1 was detected by cell counting kit-8 (CCK-8)
and colony formation assay, respectively.

RESULTS: Both the mRNA and protein levels
of IL-34 were significantly upregulated in HMCs
of LN patients. Higher expression of 3-catenin
was observed in HMCs of LN patients than those
of controls, which was reduced after DDK1 treat-
ment. Meanwhile, IL-34 level in HMCs of LN pa-
tients was significantly downregulated after
DDK1 treatment. In addition, DDK1 treatment re-
markably increased the proliferative ability and
colony formation ability of HMCs in LN patients.

CONCLUSIONS: IL-34 is highly expressed in
HMCs of LN patients and is negatively regulat-
ed by the Wnt pathway. Furthermore, HMCs via-
bility is remarkably enhanced after blocking the
Wnt pathway.
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Introduction

Systemic lupus erythematosus (SLE) is a chro-
nic autoimmune disease caused by multiple factors
related to heredity, estrogen, infection, injury and
environment. These factors lead to continuous acti-
vation of a variety of inflammatory genes, resulting
in pathological inflammation that mediates tissue
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damage, repair and proliferation in the body"?. SLE
involves multiple organ tissue damage, including
kidneys, blood vessels, skin, joints and hematopo-
ietic systems. Among the affected organs in SLE,
the kidney is the most serious one. Kidney injury is
almost observed in every SLE patient from patholo-
gical biopsy’. Some studies*’ have shown that about
60% of SLE patients suffer from lupus nephritis
(LN). LN is one of the most common comorbidities
of SLE. Meanwhile, it is also the leading cause of
SLE-related deaths. Although the pathogenesis of
SLE has been widely studied, further in-depth re-
searches are still needed to elucidate the occurrence
and progression of LN.

The pathogenesis of LN is very complicated, and
its exact mechanism is still unclear. It is generally
believed that abnormal activation of the autoimmu-
ne system in SLE resulted from genetic, endocrine
and environmental factors (infection, ultraviolet
radiation, etc.) further leads to the occurrence of
LN. In addition, inflammation is also considered
a vital factor in SLE-induced kidney injury®. Cur-
rently, LN belongs to a type of nephritis caused
by the deposition of immune complexes. Typical
symptoms of LN include hematuria, proteinuria,
renal dysfunction and others. It is estimated that
5-10% of LN patients may deteriorate within 10
years, eventually developing into end-stage renal
disease and renal failure’®. Previous researches on
the pathogenesis of LN have indicated that patien-
ts with immune-regulatory dysfunction are easily
invaded by exogenous antigens or endogenous an-
tigens. Subsequently, abnormal proliferation of B
lymphocytes allows the production of multiple au-
toantibodies. This may eventually lead to the for-
mation of immune complexes after binding to cor-
responding antigens. Furthermore, these immune
complexes finally deposit in different parts of the
glomerulus, leading to LN°.
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The pathological development of LN has been
widely investigated. Some studies have shown
that stem cell maintenance, multiple embryonic
developments, and immune-related signaling
networks all participate in the pathogenesis of
LN. Abnormalities of the Wnt pathway have been
observed in many autoimmune diseases, inclu-
ding renal diseases. Wnt exerts a crucial role in a
series of physiological processes, such as cell pro-
liferation, differentiation, apoptosis, survival, ne-
crosis and migration'®!!, In the cascade reaction of
the classical Wnt signaling pathway dependent on
B-catenin, extracellular Wnt blocks the degrada-
tion of complexes by binding to Frizzled and LDH
receptor-related proteins. This finally leads to the
accumulation of cytoplasmic p-catenin. When a
certain amount is reached, B-catenin translocates
into the cell nucleus and activates the transcrip-
tion as well as the expression of downstream ge-
nes. Accumulating evidence has proved the spe-
cific function of the Wnt/B-catenin pathway in
autoimmune diseases, embryonic development
and tumorigenesis'>"®. Previous researches'!"”> of
secondary nephritis mainly focused on LN and
diabetic nephritis. However, the potential role of
the Wnt pathway in LN remains unclear.

IL-34 is a homo-dimeric secreted protein belon-
ging to the novel interleukin, which is one of the
major ligands of colony-stimulating factor CSF-1R.
It can directly bind to CSF-1R, and serve similar
but independent biological functions of CSF-1'.
IL-34 shows a similar biological role to CSF-1. It
mainly regulates the proliferation, activation, sur-
vival, chemotaxis and secretion of corresponding
cytokines in mononuclear/macrophages, such as
IL-6 and IL-87". Macrophage-mediated inflam-
matory damage is greatly involved in the pathoge-
nesis of LN**?!. Some studies**?* have shown that
activated macrophages are observed in proliferati-
ve and fibrotic renal tissues. Moreover, the biolo-
gical effects of IL-34 on macrophages and cellular
inflammatory damage suggest its underlying im-
portant role in the pathogenesis of LN.

Materials and Methods

Cell Culture

Human mesangial cells (HMCs) were cultu-
red in Hyclone Roswell Park Memorial Institute
(RPMI) Medium Modified-1640 (HyClone, South
Logan, UT, USA) containing 10% fetal bovine se-
rum (FBS) (Gibco, Grand Island, NY, USA) in a
37°C, 5% CO, incubator.

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

Total RNA was extracted from HMCs ac-
cording to the instructions of TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). Extracted
RNA was reversely transcribed into comple-
mentary deoxyribose nucleic acid (cDNA) in
strict accordance with Primescript RT Reagent
(TaKaRa, Otsu, Shiga, Japan). QRT-PCR was
performed using SYBR® Premix Ex TaqTM
(TaKaRa, Otsu, Shiga, Japan) and StepOne
Plus Real-time PCR System (Applied Biosy-
stems, Foster City, CA, USA). Specific qRT-
PCR reaction conditions were: 94°C for 30 s,
55°C for 30 s and 72°C for 90 s, for a total of
40 cycles. The relative expression level of the
target gene was calculated by the 244t method.
B-actin was used as an internal reference in the
quantitative analysis of IL-34 and PB-catenin
expression. Primers used in this study were
as follows: 1L-34, F: 5°- OCTTTGGGAAAC-
GAGAATTTGGAGA-3’, R: 5-GCAATCCT-
GTAGTTGATGGGGAAG-3’; B-catenin, F:
5>-TTCACTCTAGGAATGAAGGTGTGG-3,
R: 5’>-CGTTTCTTGTAATCTTGTGGCTTG-3’;
B-actin: F: 5-CCTGGCACCCAGCACAAT-3’,
R: 5-GCTGATCCACATCTGCTGGAA-3".

Western Blot

Total protein was extracted using cell lysa-
te (RIPA; Beyotime, Shanghai, China). Protein
samples were separated by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto polyvinyli-
dene difluoride (PVDF) membranes (Millipo-
re, Billerica, MA, USA). After blocking in the
blocking solution for 1 h, the membranes were
incubated with primary antibodies at room tem-
perature for 2 h. After washing with Tris-Buf-
fered Saline and Tween 20 (TBST), the mem-
branes were incubated with the corresponding
secondary antibody for 2 h at room temperatu-
re. Immunoreactive bands were visualized by
enhanced chemiluminescence (ECL) and analy-
zed using Image J software.

Cell Counting Kit-8 (CCK-8) Assay

Cells (100 pL) were seeded into 96-well plates
and maintained in a 5% CO, incubator at 37°C.
Briefly, 10 pL CCK-8 (Dojindo Laboratories, Ku-
mamoto, Japan) reagent was added in each well,
followed by incubation for 1-4 hours in the dark.
Optical density (OD) value at the wavelength of
450 nm was measured using a microplate reader.
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Colony Formation Assay

After transfection for 24-48 h, the cells were
seeded into 6-well plates at a density of 500 cells
per well, followed by culture in complete medium
for 2 weeks. Subsequently, the cells were washed
with phosphate-buffered saline (PBS) twice and
fixed with 2 mL methanol for 20 min. Then the
cells were washed with PBS and stained with
0.1% crystal violet staining solution for 20 min.
Finally, formed colonies were observed and cap-
tured using a microscope.

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 figu-
re editing. Experimental data were expressed by
x+s. Categorical data were analyzed by chi-squa-
re test. p<0.05 was considered statistically signifi-
cant (*p<0.05, **p<0.01).

Results

IL-34 Was Upregulated in HMCs of LN
Patients

We first detected the expression level of 1L-34
in HMCs of LN patients by qRT-PCR and Western
blot, respectively. Results showed that compared
with those of controls, both the mRNA (Figure 1A)
and protein (Figure 1B) levels of IL-34 in HMCs
of LN patients were significantly higher (»<0.05).

DDK1 Blocked Wnt Pathway by
Inhibiting (-Catenin Expression

B-catenin is a key molecule in the Wnt pa-
thway. In our study, we detected the expression le-

vel of B-catenin in HMCs. Results found that the
expression of B-catenin in HMCs of LN patients
was significantly higher than that of controls, sug-
gesting the activation of the Wnt pathway. Sub-
sequently, HMCs were treated with DDKI, the
antagonist of the Wnt pathway. DDK1 treatment
remarkably downregulated B-catenin expression
in HMCs of LN patients, suggesting that the Wnt
pathway was blocked (p<0.01, Figure 2).

IL-34 was Downregulated in HMCs of LN
Patients after Blocking Wnt Pathway

To elucidate the effect of the Wnt pathway on
IL-34 level, we detected the expression level of
IL-34 in HMCs of LN patients after DDK1 tre-
atment. Results indicated that after DDK1 treat-
ment, the [L.-34 level was markedly downregula-
ted in HMCs of LN patients (p<0.01, Figure 3).

Enhanced Proliferation in HMCs of LN
Patients After Blocking Wnt Pathway

The viability of HMCs in LN patients was de-
termined by CCK-8 and colony formation assay,
respectively. As expected, the proliferative ability
(Figure 4A) and colony formation ability (Figure
4B) in HMCs of LN patients after DDK1 treat-
ment were significantly promoted (p<0.05).

Discussion

SLE is an autoimmune disease; meanwhile, LN
is a common complication of SLE. Pathologically,
LN is mainly an immune complex-mediated glo-
merular disease?*?*.

In 2004, Renal Pathology Society proposed
that renal glomerular diseases were classified into
6 types, including class I disease (minimal me-
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Figure 1. Upregulated mRNA (A4) and protein (B) levels of IL-34 in HMCs of LN patients (p<0.05).
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Figure 2. Expression level of B-catenin was upregulated in HMCs of LN patients, which was remarkably downregulated after

DDKI1 treatment (p<0.01).

sangial glomerulonephritis), class Il disease (me-
sangial proliferative glomerulonephritis), class 111
disease (focal glomerulonephritis), class IV dise-
ase (diffuse proliferative nephritis), class V dise-
ase (membranous glomerulonephritis) and class
VI (advanced sclerosing lupus nephritis). Among
them, class IV and V are the most serious, which
exert the strongest activity. In addition to glome-
rular lesions, LN also presents the symptoms of
tubulointerstitial nephritis, intrarenal vascular
disease and immunological necrotic glomerulo-
nephritis®2%. A variety of autoantibodies have
been found in LN patients. Meanwhile, immune
complexes composed of anti-DNA antibodies are
deposited in different parts of the glomerulus.
Chemotactic compounds C3a and C5a are sub-
sequently produced by activated complements,
eventually leading to an influx of neutrophils and
monocytes. These changes are histologically cha-
racterized by mesangial foci and diffuse prolife-
rative glomerulonephritis®’.

As the main ligand of colony-stimulating fac-
tor CSF-1R, IL-34 is capable of activating ma-
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crophages, as well as promoting the proliferation,
differentiation, aggregation and secretion of the
corresponding cell active factors'?. Studies have
shown that IL-34 and CSF-1 have different ef-
fects on macrophages. 1L-34 strongly activates
CSF-1R tyrosine site, FAK and MAPK, instead
of CSF-1%. Meanwhile, compared with CSF-1, TL-
34 plays different roles in macrophage function.
IL-34 can stimulate the production of MCP-1 rele-
ased by macrophages. However, this effect of 1L-
34 is remarkably weaker than that of CSF-1. Com-
pared with CSF-1, IL-34 exerts stronger effects
on promoting the expressions of complement 3a
receptor (C3aR1) and cell membrane chemokine
receptor (CCR2)**. An animal experiment has
pointed out that the mRNA level of IL-34 in LN
mice is remarkably higher®'. In the present work,
we found that IL-34 level in HMC cells of LN pa-
tients was significantly higher than that of con-
trols, indicating high expression of 1L-34 in the
serum of LN patients. Moreover, we believed that
the inflammatory injury response occurred in the
pathological process of LN.
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Figure 3. IL-34 level in HMCs of LN patients was downregulated after DDK1 treatment (»p<0.01).
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Figure 4. Higher proliferative ability (4) and colony formation ability (B) were observed in HMCs of LN patients after DDK1

treatment (p<0.05).

A growing number of studies have shown that
disordered Wnt/B-catenin pathway is involved in
the development of various diseases, including
autoimmune diseases. Several key molecules in
the Wnt/B-catenin pathway have been used as
diagnostic and prognostic markers. Investigations
have indicated that Wnt is of great significance
in skeletal development and homeostasis in adole-
scents. Meanwhile, its dysregulation is associated
with bone pathology®'. Our findings revealed that
the 1L-34 level was negatively regulated by the
Wnt pathway. Moreover, the blockage of the Wnt
pathway significantly improved the proliferation
of HMCs in LN patients.

Conclusions

We demonstrated that IL-34 was highly expres-
sed in HMCs of LN patients and was negatively
regulated by the Wnt pathway. The viability of
HMCs was remarkably enhanced after blocking
the Wnt pathway. Our study might provide novel
therapeutic targets for the treatment of LN.
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