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ARTICLE INFO ABSTRACT

Keywords: Membranous nephropathy (MN) is the most common primary glomerular disease (PGD) in the world. Currently,
Gene MN still lacks specific diagnostic markers and effective treatment strategy. It is speculated that the occurrence of
MN MN is mainly related to environmental and genetic factors. The pathological manifestations of MN patients are
HLA diverse, significant differences in response to treatment options, and more reports on young MN patients suggest
PLA2R . . . . . . .

THSD7A the importance of genes in the pathogenesis and diagnosis of MN. We will propose a novel perspective on the

Gene marker

important role of genes in the pathogenesis of MN baced on the latest research.

1. Introduction

Membranous nephropathy (MN) is a nomenclature of pathological
diagnosis, first described in 1959. In 1959, Heymann et al. first estab-
lished the classic MN rat model, Heymann nephritis model, and they
uncovered that the pathogenesis of MN is due to the deposition of
immune complexes in situ in podocytes, and the target antigen is
megalin, which is a rat podocyte antigen [1]. However, megalin is
absent in the epithelial cells of MN patients, and anti-megalin antibody
is not detected in the serum. Until 2002, the first podocyte antigen of
human MN, the neonatal-neutral endopeptidase (NEP) was first found
in a neonate born with membranous nephropathy. Maternal antibodies
of neutral endopeptidase crossed the placenta and bound to fetal po-
docytes, then the immune complex was formed on the epithelial, in-
duced the disease, neonatal MN, antenatally [2].

In 2009, Beck et al. demonstrated that the M-type phospholipase A2
receptor 1 (PLA2R1) is the major human target antigen of IMN. The
anti-PLA2R1 antibodies were found in 70% of the IMN patients [3]. In
2014, Tomas et al. found the antibody of THSD7A in the serum of
European and Boston PLA2R1-negative IMN patients [4]. The discovery
of PLA2R1 and THSD7A autoantibodies has made us more convinced
that the immune system plays an important role in the pathogenesis of
MN. At present, MN is considered to be an autoimmune disease, which
is mainly caused by autoantibodies recognizing glomerular podocyte
target antigen. Electron compact deposits under the foot process and
the epithelium can activate the complement system to form a mem-
brane attack complex that causes podocyte damage. Systematically

detection of target antigens is a key to uncover the pathogenesis of MN.
The discoveries and researches of potential target antigens of the pa-
thogenesis of MN may contribute to the specific and targeted diagnosis
and treatment of MN patients [5].

The incidence of MN has increased rapidly in recent years. The
kidney biopsy data from Nanjing, China, showed that the prevalence of
MN increases from 8.89% in 1979-2002 to 18.42% in 2003-2013 [6].
And, from 1983 to 2015, MN in Hong Kong, China has accounted for
23.6% of nephrotic syndrome (NS) was reported in 2018 [7]. MN
overlaps in 20% of cases of nephrotic syndrome in adults, and it is the
leading cause of recurrent glomerulopathy after kidney transplantation
(approximately 40%) [8]. And, MN is the most common primary glo-
merular disease (PGD) in Shandong, China which was reported in 2017
(about 43.3%) [9]. In Chinese elderly (=65 years old), MN is also the
most common PGD reported in 2014 [10].

Moreover, idiopathic membranous nephropathy (IMN) accounts for
about 70-80% of MN [8]. And a data of 43.7 million Chinese hospi-
talized patients showed that the proportion of IMN in hospitalized PGN
patients was increasing (from 4.5% in 2010 to 8.8% in 2015) [11].

It is speculated that the increase of MN may relate to the environ-
mental pollution and the genetic anticipation of risk genes. The kidneys
are particularly susceptible to environmental pollution and 20% cardiac
output is delivered to the kidneys. Therefore, the environmental toxins
will be concentrated while the kidneys are filtering the blood. The study
by Hou et al. suggested that the occurrence of MN is related to PM2.5
[12]. A large cohort study of 2 million US veterans found that long-term
exposure to PM2.5, PM10, nitrogen dioxide and carbon monoxide is
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associated with the development of CKD [13].

Particulate matter of environmental pollution can be inhaled
through the respiratory tract, and particles with a diameter of 5 um or
less are easily deposited in the bronchioles and alveoli. Thereby the
particles can destroy the airway epithelial barrier by several pathways,
induced oxidative stress, phagocytosis impairment of alveolar cells,
inflammatory cell infiltration and immune dysfunction. Lung in-
flammatory mediators may spill into the circulation, cause systemic
inflammation, oxidative stress and other organ damage. PM2.5 de-
posited in the alveoli can also activate the autonomic nervous system.
Thus, the particulate matter cause autonomic nervous system dys-
function, systemic oxidative stress and organ damage. In addition, de-
posited ultrafine particles may be transferred directly to the circulatory
or lymphatic system then lead to coagulation and fibrinolysis dys-
function and non-pulmonary tissue impairment [14]. Importantly,
several studies have unraveled that inhaled particles whose diameter is
30nm or less can be transferred from the lungs to the circulation
system, and will be selectively accumulated in the inflammation site of
vascular, while it be filtered and excreted by the kidneys [15].

However in places where PM2.5 is relatively low, such as south-
western China, the incidence of MN also increases. Fig. 1 showed that
the environmental factors were excluded, while genetic factors played a
major role in the progress of MN. With the development of genomics,
we have more information of the genes involved in the disease. It has
been found that the polymorphism of C1Q is related to the genetic
anticipation of renal amyloidosis in Japan and Portugal [16]. MN is also
a disease that tends to be younger. It is mainly observed in the middle-
aged and elderly population past, however, it is still predisposed in
youth as well as some children now, a study has collected 7962 renal
biopsy data from children aged 0-18 in 115 hospitals in China between
2004 and 2014, the study found that MN is the third leading cause of
NS in girls and the second leading cause of NS in children aged 13-18
[17]. This phenomenon might be related to the early onset of the
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biological manifestation of the genotypes that appear in the middle-
aged and elderly. We speculate that the risk genes associated with MN
are involved in the phenomenon of MN genetic anticipation, as a result
of the MN patients became younger and younger. Unfortunately, there
is no relevant research report yet, and our team is working on patients
with familial membranous nephropathy. And there is no report on the
risk genes involved in the genetic anticipation of MN, and our team is
working in the field, familial membranous nephropathy as well.

Although we know the importance of gene polymorphism in the
progress of MN, and PLA2R and TSHD7A have a high sensitivity and
specificity, albeit without genetic diagnosis markers.
Immunosuppressive agents and non-specific reduction in proteinuria
are the criteria used in the clinical treatment of MN [18]. On the other
hand, we found that some patients with MN have different responses to
hormones and immunosuppressive agents, although the clinical and
pathological features are similar. Some patients do not respond to im-
munosuppressive therapy, and some II-III IMN patients are better than I
IMN in clinical immunosuppressive therapy. A third of IMN patients
went into remission spontaneously, a third went into remission after
treatment, and a third exhibited continuous aggravation after treat-
ment. This suggested that individual heterogeneity and genetic poly-
morphism might be crucial factors that lead to differences in efficacy,
necessitating an in-depth interpretation of the genetic polymorphism of
MN for a clinically precise treatment and individualized medication
(Fig. 1).

Genetic polymorphism refers to the simultaneous or frequent pre-
sence of =2 different genotypes or alleles in the same biological po-
pulation [19]. This polymorphism is derived from the difference in the
copy number of the repeats in the genome or from single copy sequence
variation, known as copy number variant (CNV) and single nucleus
polymorphism (SNP); the most common and deeply investigated poly-
morphism is SNP [20]. In recent years, the gene polymorphism of IMN
has been studied extensively [21,22]. Thus, herein, we presented recent
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Table 1
Risk genes of IMN in different races.
Gene name SNP database ID Location Race Published year Author
DQA1 SNP rs9272729 2:3942806 European ancestry 2016 Sekula P
SNP rs28383345 2:3938519 Chinese Han 2017 Qin XS
SNP rs2187668 2:3939169 French/Dutch/Chinese Han/British/Spanish/South Asians 2011; Stanescu HC;
2017; Qin XS;
2017; Cui Z;
2015; Ramachandran R;
2014 Bullich G
DQB1*0602 Japanese 2016 Thiri M
DRB1*1501 6p21.32 Japanese, Chinese Han 2017; Cui Z;
2016; Thiri M;
2017 Le WB
DRB1*0301 6p21.32 Chinese Han 2017 Cui Z
DRB3*0202 6p21.3 Chinese 2017 Le WB
TNF-a —308A 6p21.23 Bergamo 2007 Thibaudin D
TNFd2 6p21.23 Caucasians 2007 Thibaudin D
TAP1B 1994 Chevrier D
THSD7A 7p21.3 2016; Larsen CP;
2014; Tomas NM;
2018; Ren S;
2017 Wang J
PLA2R SNP rs35771982 2:160028907 Chinese/Japanese/Caucasians 2018; Kaga H;
2014; Saeed M;
2013 LvJ
SNP rs17830558 2:160021853 European ancestry 2016 Sekula P
SNP rs4664308 2:160060986 Chinese/Spanish/Rench/Dutch/British/South Asians/Indian 2017; Cui Z;
2014, Bullich G;
2017; Sanjana G;
2013 LvJ
SNP rs3749119 2:160062509 Japanese/South Asians/Indian 2015; Ramachandran R;
2016; Thiri M;
SNP rs3749117 2:160028931 Chinese/South/Asians/Dutch/Indian 2015; Ramachandran R;
2017; Sanjana G;
2013 LvJ
SNP rs3792189 2:160029361 Dutch 2017 Sanjana G
SNP rs3792192 2:160030364 Dutch 2017 Sanjana G
SNP rs6722275 2:160036749 Dutch 2017 Sanjana G
SNP rs2715928 2:160057088 Japanese 2016 Thiri M
SNP rs16844715 2:160058595 Japanese 2016 Thiri M
IL-4590T 5q31.1 Bergamo 2015 Giacomelli M
IL-4 —33T 5q31.1 Bergamo 2015 Giacomelli M
IL-10 —1082G 1g32.1 Bergamo 2015 Giacomelli M
IL-6 C-572G SNP rs1800796 7:22726627 Taiwanese Han 2010 Chen SY
STAT4 SNP rs3024912 2:191028361 2011 Chen SY
SNP rs3024908 2:191029415 2011 Chen SY
MBL2 O allele of exon 1 10q21.1 Brazilian 2018 do Nascimento Costa DM
MBL2 A/O genotype 10q21.1 Brazilian 2018 do Nascimento Costa DM
TLR9 SNP rs352139 3:52224356 Taiwanese 2013 Chen YT
SNP rs352140 3:52222681 Taiwanese 2013 Chen YT
TLR4 SNP rs10983755 9:117702392 Taiwanese 2010 Chen SY
SNP rs1927914 9:117702447 Taiwanese 2010 Chen SY
SNP rs10759932 9:117702866 Taiwanese 2010 Chen SY
SNP rs11536889 9:117715853 Taiwanese 2010 Chen SY
UG G38A Taiwanese children 2018 Kilic BD
NPHS1 SNP rs401824 19:35852007 Taiwanese 2010 Lo WY
SNP rs437168 19:35843517 Taiwanese 2010 Lo WY
MYH9 SNP rs12107 22:36281936 Taiwanese/Xinjiang Uygur 2013; Chen YT;
2016 Guo Y
PAI-1 4G5G/4G4G 7q22.1 Chinese 2008 Chen CH

evidence from both preclinical and clinical studies to propose a genetic
polymorphism perspective on IMN.

2. Genes localized on HLA complex class II and III

Human lymphocyte antigen (HLA) is a highly polymorphic allo-
geneic antigen. It belongs to the class of glycoproteins and is non-
covalently bound by an a heavy chain (glycosylated) and a 3 light
chain, localized on chromosome 6p21-23. HLA antigen has become an
emerging research area in immunogenetics, immunobiology, and bio-
chemistry [23]. HLA is classified into class I, II, and III antigens, ac-
cording to the location and function [24]. The gene of HLA class I is in
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the order of three positions B, C, and A, class II is composed of three
sub-regions, DP, DQ, and DR, and class III is mainly composed of C2,
C4A, C4B, and Bf. The HLA locus was first described to be related to MN
in 1979 [25].

2.1. Genes located on HLA class II

HLA-DQ a-chain 1 (HLA-DQA1) is one of the maximally studied
genes located on HLA class II. Some researchers explored the associa-
tion between HLA complex genes and MN in 323 MN patients of
European ancestry and 345 healthy controls. In addition, HLA-DQA1
159272729 was founded to be significantly associated with MN patients
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of European ancestry by a combined approach of GWAS, genotype
imputation, HLA imputation. However, the study could not deduce
whether the MN patients were IMN or SMN or both [26].

Some researchers performed independent genome-wide association
studies of single nucleotide polymorphisms (SNPs) in patients with IMN
in 3 Caucasian, 75 French, 146 Dutch, and 335 British patients. The
results revealed that the HLA complex class II HLA-DQA1l (SNP
rs2187668), located on chromosome 6p21, was significantly associated
with IMN patients in 3 Caucasians (P = 1.8 X 10™°, P = 5.6 x 10~ %,
and P = 5.2 x 1073 in the French, Dutch, and British patients, re-
spectively); also, the HLA-DQA1 rs2187668 is closely related to IMN in
Caucasians. This allele can promote an autoimmune response against
some targets such as PLA2R1 [27]. Also, another study was conducted
on the association between HLA SNPs and IMN in Chinese Han popu-
lation, and the HLA-DQA1 rs2187668 and rs28383345 were correlated
with IMN in 509 patients and 601 healthy controls independently and
significantly [28]. Moreover, HLA-DQA1 rs2187668 was associated
with IMN in another case-control study with 261 IMN patients and 599
healthy controls of Han Chinese origin [29]. HLA-DQA1 rs2187668 was
also validated as a risk factor of IMN in Spanish and South Asians co-
horts [30,31]. The mechanism stated that the HLA-DQA1l was sig-
nificantly associated with high circulating anti-PLA2R1 antibodies in a
European cohort [32].

HLA-DRBI1 also is one of the most studied genes located on HLA
class II. DRB1*1501 and DRB1*0301 were identified as independent
risk alleles for IMN in a case-control study with 261 IMN patients and
599 healthy controls of Chinese Han origin. Also, interaction between
154664308 of PLA2R and HLA-DRB1*1501/DRB1*0301 facilitated the
same among argininel3, alanine71 encoded by DRB1*1501, lysine71
encoded by DRB1*0301, and T cell epitopes of PLA2R. Furthermore,
these structural models suggested that the association between HLA and
IMN might be related to the interaction between HLA and circulating
anti-PLA2R1 antibodies [29]. HLA-DRB1*1501 and HLA-DQB1*0602
are strongly associated with IMN in a study with 53 patients and 419
healthy controls of Japanese ethnicity [33].

HLA-DRB1*1501 and HLA-DRB3*0202 confirmed the increased risk
of IMN related to PLA2R, independently and strongly. However, no
significant increase in the risk of IMN was noted after adjusting for
HLA-DRB1*1501 and HLA-DRB3*0202. This evidence demonstrated a
robust and independent association between HLA-DRB1*1501 and
HLA-DRB3*0202 with IMN related to PLA2R in the Chinese population.
The study also validated the findings in another independent experi-
ment with 293 IMN patients related to PLA2R and 285 healthy controls
[341.

The risk SNPs of HLA in different races are shown in Table 1.

TAP gene is localized on the HLA class II gene region, and the
product encoded by the TAP gene is involved in the initiation and
regulation of the immune response [35]. Another study reported that
the frequency of TAP1 B allele was significantly higher in patients with
MN as compared to the controls (44 MN patients and 70 healthy con-
trols) [36]. However, the study did not provide information whether
the MN patients were IMN or SMN or both.

2.2. Genes located on HLA class III

TNF-a is a pro-inflammatory factor produced by macrophages and
monocytes. The human TNF-a gene is localized at 6p21.33 and is linked
to the HLA gene in the HLA class III region between the HLA-B and
HLA-C2 sites, consisting of TNFa and TNF(. The biological activity of
TNFa accounts for 70-95% of the total activity of TNF [37]. The
—308A of TNF-a gene was significantly increased in IMN patients as
compared to healthy controls in a study of Bergamo with 45 IMN pa-
tients and 124 healthy controls, thereby suggesting that the poly-
morphism of TNF-a is related to IMN in Bergamo species.

The polymorphism and distribution of —308 TNF-a and TNFd were
analyzed in a case-control study comprising of 100 Caucasians patients
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with IMN and 232 Caucasians controls. The results showed that TNFd2
allele was significantly associated with the occurrence/initiation of
IMN in Caucasians [38]. In addition, high-frequency A-allele of TNF-a
was associated with high serum levels of TNF-a in IMN patients [39].
The HLA risk genes of IMN are shown in Table 1.

3. PLA2R gene: highly anticipated in detection and treatment

M-type phospholipase A2 receptor 1 (PLA2R1) is a type I trans-
membrane receptor and belongs to the mammalian mannose receptor
family, and is mainly expressed in podocytes [40]. The in situ immune
complex is formed by the binding of PLA2R autoantibodies that are
expressed in IMN patients on the surface of podocytes. Subsequently,
the complement system will be activated through the bypass and
mannose-binding lectin pathway, resulting in the formation of C5b9
attacking membrane complex, which damages the podocytes [41]. The
M-type PLAZR gene is located on chromosome 2q23-24. The poly-
morphism might affect the function of the PLA2R gene, and the genetic
variation encoding the PLA2R protein is related to the development of
IMN [42]. Also, many SNPs within PLA2R were studied among different
races.

In 2009, the main target antigen of IMN was found to be the M-type
phospholipase A2 receptor 1 (PLA2R1). The anti-PLA2R1 antibodies
were found in 70% of the IMN patients, but no anti-PLA2R antibodies
were found in the secondary membranous nephropathy (SMN), disease
control, and healthy subjects, suggesting that M-type PLA2R is closely
related to the occurrence of IMN [3]. Reportedly, the detection rate of
PLA2R was 82% in Chinese IMN patients [43], 74% in Iranian IMN
patients, and 53% in Japanese IMN patients [44,45].

A study from Japan included 58 patients with IMN, 26 patients with
secondary MN (SMN), and 50 patients with other diseases. The in-
vestigators selected 6 SNPs in PLA2R1, and the genomic DNA of per-
ipheral monocytes from each patient was used for sequencing. The re-
sults showed a strong genetic association between IMN and SNP
rs35771982 within PLA2R1 in 2017. The study also found a common
variant in PLA2R1, especially rs35771982 that regulates the progress of
IMN with HLA-DQA1 in Caucasians [46]. A large case-control study
involving 1512 participants explored the relevance of different sub-
types in MN patients with PLA2R-positive and negative. Subsequently,
four independent analyses were conducted, and the most relevant SNP
was found to be PLA2R1 SNP rs35771982 in MN patients with PLA2R-
positive (P =1.4 x 107 '*, odds ratio = 1.98); the PLA2R1 poly-
morphism was associated with PLA2R-positive MN patients, pre-
dominantly in Caucasians, while no association with MN was detected
in African Americans [47]. The only drawback is the study does not
provide information that the MN patients were IMN or SMN or both.

A prospective study analyzed the association of PLA2R with IMN
among Indians. A total of 114 adult IMN patients were enrolled, and
PLA2R was assessed by enhanced glomerular staining on fresh frozen
tissue before treatment and after 6 and 12 months of therapy. 5 SNPs
(rs4664308, rs3749119, rs3749117, rs3828323, and rs2187668) were
genotyped by TagMan assay, and 95 healthy participants served as the
controls. The result demonstrated that > 2/3rd of the Indians are PLA2-
positive as assessed by enhanced glomerular staining, and SNPs
rs3749119, rs3749117, and rs4664308 in PLA2R1 were significantly
associated with IMN. The patient containing risk genes have high levels
of PLA2R [30].

A Spanish study recruited 89 IMN patients and 286 individuals
without renal dysfunction. A case-control study was performed, and the
effect of PLA2R1 rs4664308 on the clinical prognosis and renal function
was analyzed; the PLA2R1 rs4664308 was confirmed as a risk factor of
IMN [31]. Thus, PLA2R1 rs4664308 is found to be a robust SNP asso-
ciated with IMN in Rench, Dutch, and British cohort [48].

A study about PLA2R1 polymorphism was conducted in Japan in
2016. A total of 15 PLA2R1 SNPs were precisely positioned among 53
IMN patients and 419 healthy controls, of which SNP rs3749119
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showed a strong correlation with IMN in Japan. The study demon-
strated that PLA2R1 rs2715928 and rs16844715 were strongly asso-
ciated with IMN [42]. Also, PLA2R1 SNP rs3749119 was significantly
associated with IMN in South Asians [39].

Furthermore, three SNPs rs35771982, rs3749117, and rs4664308 of
PLA2R1 were genotyped in 2132 Chinese individuals, including 1112
patients with IMN and 1020 healthy controls. The results showed that
these SNPs are related to the occurrence of IMN in Chinese individuals;
among those carrying the two risk SNPs, 73% had anti-PLA2R anti-
bodies, and 75% expressed PLA2R in the glomeruli [49]. The SNP
rs3749117 showed a significant association with IMN in Dutch and
South Asian cohort [30,48].

Another study showed that SNPs rs3792189, rs3792192 and
1s6722275 on chromosome 2 were localized within PLA2R1 and were
significantly associated with IMN in the Dutch cohort [48]. Also, the
PLA2R1 rs17830558 was demonstrated as a risk locus for MN as de-
tected by genome-wide association studies (GWAS) in 323 MN Eur-
opean ancestry cases and 345 controls except for the MN patients in-
volved in this study are IMN or SMN patients or both is not known [26].

Patients with a high-risk genotype had high anti-PLA2R levels [30].
IMN caused by PLA2R might causes changes in amino acids, which
alters the molecular structure of PLA2R, exposing the epitope of PLA2R,
stimulating the body to produce specific anti-PLA2R antibodies, and
leading to the onset of IMN. Fig. 1 illustrates the risk SNPs of PLA2R in
different races. The PLA2R risk genes of IMN are shown in Table 1.

4. THSD7A: new prospects for genetic diagnosis

Thrombospondin type-1 domain-containing 7A (THSD7A) is ex-
pressed in placental vascular endothelial cells and plays a role in en-
dothelial cell migration and angiogenesis. A previous study evaluated
the expression of THSD7A by immunofluorescence staining of kidney
biopsy samples and concluded that THSD7A is expressed in podocyte
foot processes [50].

The antibodies of THSD7A were detected by Tomas et al. in 2014 in
European and Boston IMN patients' serum using anti-PLA2R1-negative.
Simultaneously, immunohistochemistry of renal biopsy samples
showed that THSD7A is a 250-kDa glomerular protein localized to po-
docytes. The study proved that THSD7A is the second self-antigen in-
volved in the pathogenesis of adult IMN [4]. Another meta-analysis in
2017 showed that the detection rate of THSD7A was about 3% in all
IMN patients and 10% in PLA2R1-negative IMN patients. Moreover, in
patients with THSD7A-positive, the incidence of malignancies varied
from 6% to 25% [51]. Reportedly, about 2% were THSD7A-positive
among 578 Chinese patients with IMN, and 16% were THSD7A-positive
in PLA2R1-negative IMN patients [52]. Similarly, enhanced granular
expression of THSD7A was 9.1% as detected in 92 Japanese IMN pa-
tients [53].

Although there is no relevant report on the polymorphism of
THSD7A gene, THSD7A has already revealed its potential as a marker
for genetic diagnosis in related IMN research. The combined application
of THSD7A and PLA2R gene detection is expected to provide important
reference value for the diagnosis of IMN.

5. Genes related to cytokines
5.1. IL-4, IL-6, and IL-10

IL-4 is a cytokine produced by activated T cells and mast cells. It
enhances the expression of HLA class II antigen. IL-10 is primarily
produced by Th2 cells that play an immunoregulatory role by inhibiting
the macrophages [54]. The frequencies for —590T and — 33T alleles of
IL-4 gene were significantly increased in IMN patients as compared to
healthy controls in the study with 45 IMN patients and 124 healthy
controls from Bergamo race. Also, the frequency of —1082G allele of
the IL-10 gene was increased in the subgroup of patients with CD4,/CD8
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ratio > 2. Thus, it was deduced that the polymorphic variants of IL-4
and IL-10 genes are associated with the pathogenesis of IMN [55].

Some researchers investigated the effect of IL-6C-572G SNP
rs1800796 on MN in Taiwanese Han population, which included 265
controls and 106 IMN patients. The IL-6C-572G SNP was genotyped by
restriction fragment length polymorphism assay. The result showed a
significant difference between the genotype and allele frequency dis-
tributions of IL-6C-572G SNP between IMN patients and controls.
Individuals with IL-6C-572G SNP C allele or CC genotype showed a high
risk of IMN [56].

5.2. STAT4 gene polymorphisms

Signal transducer and activator of transcription 4 (STAT4) is a
member of the STAT family. STAT is involved in a variety of cytokine-
mediated JAK/STAT signaling pathways and is closely related to cell
proliferation, apoptosis, and immune regulation [57]. The association
between three STAT4 gene polymorphisms (rs3024912, rs3024908, and
rs3024877) and the susceptibility to MN was analyzed in 403 Taiwa-
nese individuals (138 MN patients and 265 healthy controls). The result
showed a different distribution of STAT4 rs3024912 and rs3024908,
and the MN patients with GG genotype at rs3024912 SNP have a high
risk of renal failure. The pity is that the author does not provide in-
formation that the MN patients involved in this study were IMN or SMN
or both, still, this phenomenon also indicated that STAT4 rs3024912
and rs3024908 are the underlying reasons for MN [58].

6. Other susceptibility genes
6.1. Mannose-binding lectin2 (MBLZ2) gene polymorphisms

Mannose-binding lectin (MBL) is a glycoprotein widely distributed
in plants and animals. It causes the cells to aggregate or precipitate
glycoconjugates. Also, it can identify N-galactosamine and mannose on
the surface of various pathogenic microorganisms, and then, activate
MASP-1, MASP-2, C4, C2, and C3, which activates the complement
system [59].

The polymorphisms of exon 1 (codons 52, 54, and 57) in MBL2 gene
and single base polymorphisms at positions —550 (HL) and —221 (XY)
in the promoter region were analyzed in 60 patients (35 IMN and 25
SMN) and 101 controls from Brazilian. The results showed that MN
patients carry the O allele of exon 1 variant at a frequency of 2.54-fold
and the A/O genotype at a frequency of 11.16-fold as compared to the
control group. The MN patients with combined genotypes (YA/O, XA/
0, and O/0) are often associated with defective MBL production [60].

6.2. Urokinase plasminogen activator (uPA) gene polymorphism

The human uPA gene is localized on chromosome 10. uPA binds to
uPA receptor (uPAR), triggers the cleavage of plasminogen to plasmin,
and reduces the fibrinolysis of the kidney [61].

The level of urinary uPA in patients with fibrotic deposits in the
glomeruli was significantly lower than in those without fibrotic de-
posits. Moreover, the decreased levels of urinary uPA and plasminogen
activity in the glomeruli contribute to the process of glomerular disease
[62].

The association between the 3’-UTR C/C genotype of the urokinase
gene and end-stage renal disease (ESRD) or acquired immune system
tumor in IMN patients in Taiwan has been reported. Another study
about the association between 3’-UTR and IMN was conducted in 91
patients and 105 healthy controls from Taiwan. Although no significant
difference was observed in the distribution of 3-UTR genotype in IMN
patients and healthy controls, the urokinase gene 3’-UTR C/C genotype
was correlated with ESRD or acquired immune system tumor in IMN
Taiwanese patients [63].
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6.3. Toll-like receptor 9 (TLR9) and Toll-like receptor 4 (TLR-4) gene
polymorphisms

TLR9 belongs to the Toll-like receptor family and is expressed on the
organelles' membrane of innate immune cells. It mainly recognizes the
bacterial or viral unmethylated CpG DNA in the cytoplasm and induces
the production of pro-inflammatory cytokines by triggering the MyD88-
dependent signal transduction pathway [64]. Previous studies showed
that the level of TLR9 increased in lupus nephritis and glomerulus [65].

A study investigated the TLR9 gene polymorphisms in 397
Taiwanese individuals (134 MN patients and 263 healthy controls) as
detected by polymerase chain reaction. The result showed that AA
genotype at SNP rs352139 and GG genotype at SNP rs352140 were
significantly associated with Taiwanese IMN patients; also, IMN pa-
tients with A-G type were susceptible to the decrease in renal function.
These SNPs are promising markers of the susceptibility to IMN in
Taiwanese patients after 27 years of follow-up [66].

TLR4 is localized on 9q32-33. TLR4 recognizes Gram-negative li-
popolysaccharide (LPS) and heat-shock proteins (HSP) released by host
necrotic cells [67].

A study analyzed the association between TLR4 gene polymorphism
and clinical manifestations and pathogenesis of IMN, constituting 134
MN patients and 263 healthy controls. The TLR4 gene polymorphism
was typed by a specific polymerase chain reaction method. Although,
whether the MN patients are IMN or SMN patients or both is not pro-
vided in this study. A significant differences in TLR4 gene rs10983755
A/G (P < .001) and rs1927914 A/G (P < .05) between control and
MN patients was founded in this study. Also, the distribution of
rs10759932 C/T and rs11536889 C/T polymorphisms were sig-
nificantly different in both groups. The proteinuria ratio of patients
with non-AA genotype was significantly higher than that of AA. These
results suggested that the genotype distribution of the TLR4 gene in MN
patients and healthy controls are related to the pathogenesis of MN
[68].

6.4. Uteroglobin (UG) gene polymorphism

UG regulates the concentration of progesterone into the blastocyst
[69]. UG gene polymorphism (G38A) has a critical role in the devel-
opment of childhood idiopathic nephrotic syndrome (INS) after in-
vestigating the distribution of AA, GG, and AG genotypes in the UG
gene, and the polymorphism of G38A was related to the steroid re-
sponse in Taiwanese children [70].

6.5. NPHS1 gene polymorphisms

Nephrin is a cell adhesion protein specifically expressed in the
rhizosphere membrane of renal podocytes. The normal structural
function of the podocytes and the integrity of the glomerular filtration
barrier is maintained by the adhesion of Nephrin protein and signal
transduction composed of Nephrin and podocin [71]. The association
between SNPs (rs401824, rs437168, and rs3814995) at chromosomal
loci 41034749 (5’ UTR), 41026259 (exonl7), and 41034052 (exon 3)
and MN was assessed in 389 Taiwanese individuals (132 MN patients
and 257 healthy subjects). The results showed a significantly different
distribution of rs437168 in MN patients and healthy controls, and the
AA genotype of rs401824 and GG genotype of rs437168 was associated
with the low remission in MN patients [72]. However, the present study
did not provide the information on whether the MN patients involved
were IMN or SMN or both.

6.6. MYH9 gene polymorphisms
MYH9 gene is localized on chromosome 22 [73]. It encodes non-

muscle myosin IIA (NMMHC-IIA) protein, a hexamer composed of two
heavy chains and two pairs of light chains, expressed in glomerular
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podocytes and mesangial cells [74,75]. A study with 135 MN patients
and 265 healthy controls analyzed the association between MYH9 gene
polymorphisms (rs7078 and rs12107) and the susceptibility to MN in
Taiwanese individuals. The results implied that rs12107 might be re-
lated to the occurrence of MN in Taiwanese patients, and those with AA
genotype at the rs12107 SNP have a higher risk of renal failure as
compared to other MN patients [76]. However, that the study did not
demonstrate whether the MN patients were IMN or SMN or both. In
addition, some studies reported that MYH9 gene rs12107 locus CC
genotype and C allele are associated with the susceptibility to IMN as
observed in Xinjiang Uygur population [77].

6.7. PAI-1 gene polymorphisms

Plasminogen activator inhibitor-1 (PAI-1) is a major regulator of the
fibrinolytic system. It acts as an antifibrinolytic agent by binding to
plasminogen activator that reduces the fibrin degradation and main-
tains the balance between fibrinolytic and coagulation systems in
human blood. The PAI-1 activity plays a major role in renal tissue fi-
brosis [78]. Some studies investigated the correlation between PAI-1
gene polymorphisms and IMN in 246 individuals (104 IMN patients and
142 healthy controls) and found that patients with IMN carrying 4G5G
and 4G4G of the PAI-1 gene have a high risk of vascular-related com-
plications and reduced renal function as compared to patients with
5G5G of the PAI-1 gene [79].

6.8. ACE, AGT, eNOS

Association between ACE/AGT/eNOS genes and IMN patients in
Chinese Xinjiang Uygur was explored in 135 Xinjiang Uygur (45 IMN
patients, 45 Uygur patients, and 45 Uygur healthy controls) in 2016.
The results showed that ACE/AGT/eNOS genes are not the risk factors
of IMN patients in Chinese Xinjiang, but are associated with the pro-
gress of IMN [80]. The risk genes of IMN are shown in Table 1.

The diagnosis of MN has made a breakthrough, and the discovery of
PLA2R antibody makes the non-invasive diagnosis of MN possible.

However, the mechanism of IMN is yet unknown. IMN is not only
related to environmental factors but also genetic factors. Large sample
validation experiments and mechanism need further exploration with
respect to IMN studies. At present, our center has started the gene se-
quencing of early-onset IMN patients in order to further understand the
influence of gene polymorphism on the occurrence and treatment re-
sponse of young and early-onset IMN patients. Nevertheless, IMN gene
polymorphism and individualized medication need further investiga-
tion to achieve accurate the treatment of MN, to improve the clinical
efficacy of IMN patients, to reduce the side effects of
munosuppressive therapy, and to improve the outcome of IMN patients.
In addition, the exploration of biomarkers and gene polymorphisms is
essential in pla2R and TSHD7A double-negative IMN patients.
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