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ABSTRACT
Membranous glome- ] ] ) o ) .
rulonephritis (MN); Idiopathic membranous nephropathy (MN) is one common cause of idiopathic nephrotic syn-
Single nucleotide drome in adults; 25% of MN patients proceed to end-stage renal disease. In adults, membranous
polymorphisms nephropathy is a lead cause of nephrotic syndrome, with about 75% of the cases idiopathic.
(SNPs); Secondary causes include autoimmune disease, infection, drugs and malignancy. Three hy-
Haplotype

potheses about pathogenesis have surfaced: preformed immune complex, in sitfu immune com-
plex formation, and auto-antibody against podocyte membrane antigen. Pathogenesis does in-
volve immune complex formation with later deposition in sub-epithelial sites, but definite
mechanism is still unknown. Several genes were recently proven associated with primary mem-
branous nephropathy in Taiwan: IL-6, NPHS1, TLR-4, TLR-9, STAT4, and MYH9. These may
provide a useful tool for diagnosis and prognosis. This article reviews epidemiology and lends
new information on K/IRREL?2 (rs443186 and rs447707) polymorphisms as underlying causes of
MN; polymorphisms revealed by this study warrant further investigation.

1. Introduction This review highlights candidate genes
studied over these past three years in Taiwan and
Idiopathic membranous nephropathy (MN), common discusses their implications in MN pathogenesis.

cause of nephrotic syndrome, accounts for about 40%

of adult cases with clinical presentation of severe pro-

teinuria, edema, hypoalbuminuria and hyperlipidemia
[1]. Its characteristics include basement membrane
thickening and subepithelial immune deposits without
cellular proliferation or infiltration [2]. Prior study
suggested MN as causing chronic kidney disease
(CKD) and as final result of end-stage renal disease
(ESRD) [3]. Therapy such as nonspecific antiproteinu-
ric measures and immunosuppressive drugs yielded
disappointing results, heightening interest in new ther-
apeutic targets [4]. Taiwan has the highest prevalence
of ESRD worldwide; MN may be one cause [5-7].
Genetic and environmental factors may contribute to
progression and renal fibrosis in most renal diseases.
Identifying genetic mechanisms related to high inci-
dence of MN is crucial to current situation in Taiwan.

2. Genetic association studies on MN
over three years in Taiwan

Table 1 displays characteristics of genetic polymor-
phisms in MN research across three years in Taiwan.
Genes were discussed previously, all involved in path-
ogenesis: STAT4, TLRY, IL-6, TLR4, TRPC6, NPHSI,
and MYH9 [8-14]. Our new information about poly-
morphisms on MYD88, ACTN4, and KIRREL? relates
to MN susceptibility. Figure 1 shows distributions of
genotypic and allelic frequencies of 27 polymorphisms
on 10 genes in normal population in Taiwan. We
observed rs3024908 polymorphism on STAT4 gene
without G/G genotype; rs1060186 and rs12986337 on
ACTN4 without A/A and C/C genotype, respectively;
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Table 1 - Characteristics of polymorphisms in study of idiopathic membranous
nephropathy over these past three years in Taiwan.

Gene name

SNP database ID Location

Variation Legend References

STATS

TLES

MYD&8*

IL-6

TLE4

TRPCE

NPHS1

ACTHN4*

KIRRELZ*

MYHS

rs3024908
53024912
rs3024877

rs352140
rs352139

rs7744

rs1800756

rs10983755
rs1927914

rs10759932
rs11536889

rs3824935
rs17096918
14326755

rs4013824
rs437168
153814995

rs1060186
rs374585%
rs12986337

rsd443186
rsdd 7707
rsd46014

rs12107
rs11703176
152269530
rs7078

2:1918%4141
2:191893087
2:19130488%

3:52256697
3:52258372

3:38184021
722766246
9:120464670
9:120464725

9:120465144
9:120475131

11:101456002
11:101453995
11:101449358

19:36342909
19:36334419
19:36342212

19:35221295
19:39196745
19:39215172

19:36345351
19:36347400
19:36348078

22:36677982
22:36678476
22:36684358
22:36677914

3UTR(G/T)
3 UTR(AIG)
intron 15(A/G)

exon 2(C/T)
intron 1{C{T)

3UTR(A/G)
C-572G

5'UTR(A/G)
5'UTR(A/G)
5" UTR(C/T)
3UTR(C/G)

FUTR(CIT)
intron 1{C/T)
intron 1{4/G)

5'UTR(AIG)
exon 3(C/T)
exon 17(A/G)

3 UTR(AIG)
exon 5(C/T)
exon 16{C/T)

5'UTR(AIC)
5'UTR(AIG)
exon 1{A/C)

FUTR(AIG)
S UTRAIG)
FUTR(AIC)
exon 34(TiG)

Chenetal, 2011 [8]

Chenet al, 2013 [9]

Chen et al, 2010 [10]

Chen et al, 2010 [11]

Chenet al, 2010 [12]

Lo et al, 2010 [13]

Chenetal, 2013 [14]

*: Unpublished new results by authors
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and rs2269530 on MYH9 without G/G genotype in
normal population. We assessed genotypic and allelic
frequencies of these in MN cases and controls (Table 2)
to find strong links between MN and rs3024908 on
STAT4 gene, rs352139 on TLRY, 1rs1800796 on IL-6,
rs10983755 and rs1927914 on TLR4, rs437168 on
NPHS1, and rs443186 on KIRREL2. LD and Haplo-
type block structure were estimated via 27 polymor-
phisms on 10 MN-linked genes (Fig. 2). According to
chromosome type, structures appeared as (a) Chr2 (b)
Chr3 (c) Chr9 (d) Chrll (e) Chrl9 (f) Chr22. Color
scheme of linkage disequilibrium (LD) map is based
on standard D'/LOD option in Haploview software, LD
blocks calculated by CI method.

3. Transducer and Activator of Tran-
scription 4 (STAT4)

The signal transducer and activator of transcription 4
(STAT4) gene, located on chromosome 2q32.2-32.3,
encodes a transcription factor essential to inflammation
in various immune-mediated diseases [15]. STAT4
plays a key role in regulating immune response by
transmitting signals activated in response to cytokines
like Type 1 IFN, IL-12, and IL-23 [16]. STAT4 is vital
for IL-12 inducing naive CD4+ T differentiation of
into Thl cells that drive chronic inflammation by se-
creting high levels of cytokines like IFN-y and TNF-a
[17]. STAT4 haplotype characterized by rs7574865
exhibited strong linkage with rheumatoid arthritis (RA),
systemic lupus erythematosus (SLE), and autoimmune
disease: e.g., systemic sclerosis, Sjogren’s syndrome,
Type 1 diabetes [18-22]. SY Chen et al. (2011) re-
ported significant difference in genotype frequency at
rs3024908 SNP in MN patients versus controls (p =
0.014); those with GG genotype at rs3024912 SNP
face higher risk of kidney failure in MN cases (ad-
justed odds ratio [OR] = 3.255; 95% confidence inter-
val [CI] = 1.155-9.176, p = 0.026) [8].

4, Toll-like receptor 9 (TLR-9)

Toll-like receptors (TLRs) play a central role in re-
sponse of both the innate and adaptive immune system
to microbial ligands [23]. Glomerular disease is trig-
gered or exacerbated by microbes that activate the
immune system by Toll-like receptor (TLR) ligation
[24-25]. Exaggerated TLR activation associates with
injury,
end-stage renal failure, acute renal transplant rejection,

ischemic kidney damage, acute kidney
acute tubulointerstitial nephritis and delayed allograft
function [25]. TLRY is implicated in initiation and
progression of kidney disease (human and experimen-
tal): e.g., crescetic, lupus nephritis, glomerulonephritis,

IgA nephropathy [26-28]. YT Chen et al. (2013) cited
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AA genotype at 15352139 SNP or GG at rs352140 SNP
indicating higher risk of MN (odds ratio [OR]=1.55;
95% confidence interval [CI]=1.02-2.35, at rs352139
SNP; OR=1.57; 95% CI=1.03-2.39, at 1s352140 SNP);
A-G haplotype raised susceptibility to decreased
creatinine clearance rate and serious tubule-interstitial
fibrosis [9].

5. Interleukin-6 (IL-6)

Mounting evidence hints pro-inflammatory cytokines
like tumor necrosis factor and interleukin-1 (IL-I),
playing a crucial role in lupus nephritis and prolifera-
tive IC glomerulonephritis [29-31]. Interleukin-6
(IL-6) is also implicated in manifestations of neph-
ropathy [32-33]. Urinary IL-6 stimulated proliferation
of rat mesangial cells yielding IL-6 in vitro [32]. Uri-
nary IL-6 has been identified as a marker of renal IL-6
production [34]: high levels of it arise in 30-50% of
IgA nephropathy cases [32-33]. IL-6 may thus act as
an autocrine growth factor in the mesangium and dys-
regulated IL-6 production in mesangial proliferation
linked with glomerulonephritis. Among Taiwan’s Han
Chinese, data show starkly different genotype and
allele frequency at IL-6 C-572G SNP in MN cases
versus controls (p=1.6E-04 and 1.7E-04, respectively).
People with C allele or with CC genotype at IL-6
C-572G SNP show higher risk of MN (OR=2.42 and
2.71; 95% CI=1.51-3.87 and 1.60-4.60, respectively)
[10].

6. Toll-like receptors 4 (TLR-4)

Toll-like receptors (TLRs), a key element of human
innate immune response, up-regulate proinflammatory
cytokines and co-stimulatory molecules as a first line
host defence [35]. TLRs are cited as key components
of pathogen-recognition process mediating inflamma-
tory response [36]. TLR4 interacts with ligands such as
heat-shock proteins [37]; TLR4 polymorphisms re-
portedly link with inflammatory disease and/or cancer:
e.g., Crohn’s disease, ulcerative colitis, cervical cancer
[38-40]. Recent report indicated significant difference
of TLR4 gene 1510983755 A/G (p < 0.001) and
rs1927914 A/G (p < 0.05) polymorphisms between
controls and MN patients. Distributions of rs10759932
C/T and rs11536889 C/T polymorphisms differed sig-
nificantly. Higher triglyceride level arose in non-GG
versus GG group. Genotype of non-AA had a far high-
er proteinuria ratio than AA group [11].

7. Nephrin (NPHS1)
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Fig. 1 - Distributions of genotypic and allelic frequencies of polymorphisms in normal population in

Taiwan.
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Table 2 - Genotypic and allelic frequencies of polymorphisms in MGN patients versus controls.

Genotype
frequency Allele frequency
Patient
Gene dhSNP ID with MG Control (%) pralue  Patientwith MGN (%) Conirel (%9) pvalue
(%)
1 heter 2 1 heter 4 1 2 1 d

STATA(CKr2) 3024908 (GMA)  425)  33(241)  100(73) 0Oy 7H90)  1SR(T09  0OL4*  Al(15) 3T THI4S)  453E45) 0869
=A024P12(TIG) 31228 75(551) 30(Z21)  66(25) 127(481) TL269) 0388 135496) 13WS04) 26005090  259(49.1) 0725
BI024ETT(GAL) 36(26.0) TOS0T) 3B 6L(2EL)  I3R(523) 65(246) 0797 14X514) 134(486) 2600492 263(50%) 0552

TLES (Chr 3) 1352030 (GHAY 16(119) S1(3B1) 67(500) 28106 133(502) 104(39.2) 0067+  S3(3L0) IES(600) 189357 341(A43) 0187
1352040 (GHA)  T0(522) 4(35®) 16(119) I03(411) 127¢483) 28(I06) 0057  183(T00) S0(205) 343(A52) 183(348) 0162

MYDZE(Chr3)  wTP440AI0)  44330) TS(S64) 141050 93356 13MSLS BL(ILS) 0958 163613) 103387 323(619)  199(381) 0870

L6 (Chr T) mIS00796 (CIGY 84(79.2) 20(129)  2(19)  155(585) 95(358) 15(57) =0.001* 182(827) 24(113)  405(764) 125(236) <0.001*

TLRA (Chr 9) sl09E3755 (A13) 860y  75(560) 51(381)  12(45 98370y 155(385) <=0.001*  91(340) 177(66E) 12202300 408(77.00  0.001*

©1027014 (A/3) 44(328) 67(00) 23(172) 121(457) 1040392 40(151) 0045+  155(578) 113(422) S46(A53) 134(34T)  0.039%
wl0730932 (CIT) &(60)  S6(418) T0(522)  12(46)  ON3EH) 154586 0465 TS 19A(731) 1202300 A0SR0 0230
1536880 (CIT) 6430  45(338) 82(617) 1142 T5(RT 1T5(670) 0559 ST 200(72E)  OT(186) 4514 0341

TEPCE (Che 11) 3224035 (TIC)  0(0)  16(119) U12(281)  4(15) 43(163) 26(321) 0126  252(940) 16(60)  475(903) 52097 0063
wITOOE01Z (CIT) 32(230) 74(352) 22(208)  64(242) 141(534) 50(223) 0030  132(515) 130(485) 260(508) 250(401) 0284
wAIETSS(GIL) 25(1RT) T4(352) 3IS(2EL) W4T 1340306 92(347) 0152 124(463) 144(53T)  212(400) HE(E00) 0090

HPHSI(Che18) 401824 (AU 113(319) 240174) 107 196740} 63(238) 623 0158 250(906) 26094)  455(85%) 750142 0054
sAITIEE (AU O(D) 25125 U015 1(04)  SL06 18306900 0.026*  25(93)  245(907) 230157 447(24%  0.012*
wWITLAP95 (CITY  18(136) S1(386) 634770 4163 106(412) 1090424 0572 £%330) 1906700 190(370) 24630) 0260

ACTNA(Chr 190 1060186 (GUA) 5504010 22(599) 0 105(39.6)  160(60.4) 1] 0519 192(70) 82(30) 3700699y 1600301y 0939
w3T45850 (TICY  18(133)  T73(337)  45(33) 440167 1254730 95(36) 0.444 109¢40) LE3(60) 2153(403) 315597y D942
12986337 (TICY 125(926) 10074 ] 242917 2233 a 07347 260(963) 10037 S06(95.8)  22(42) 0752

KIRRELZ (Chr 19) 12443186 (Crh) 00y 260191y 110(80%) 5018 75(285) 183(698) O0015* 246904 26(96)  441(838) E85(162)  0.011*
w07 (ANGY  B3(ALD) 43(321) E&(60)  138(521) SE(3T0) 29109 0103 20070 5902203 34706 156(29.4)  0.026*
146014 (Cik) 00y 150112y 119(888)  1(04) 30(114) 233(883) 0872 53944 15(54) A6 (R4D)  32ED 0793

MYHY(Chr 22) 112107 {GiA) 96T7) 53303 Ti(54) B3 13492y 1110419y 0069 TI263) 1990737  I76(332) 3540668 0.045¢
w0376 (CIA)  9(6.7) 0¢0y 125933  22(83) g0y 45917 0576 1867 250(93.3) 4423y 4360917y D429
2260530 (TiGy  51(38.1) 83(619) {I1{1)] 100(37.7)  165(62.3) g0y 0550 185(65) 83(31) 3650687y 165(313) 0963
w7078 (CIT) 115(858)  19(142) 00y 221844y 42156 0oy 0640 2499297 19071 4240924 4276) 0654

STAT4 MYDS8 TLR4
(a) Chr2 - ; {b) Chr3 : , (¢) Chr 9 i 1
8 @ r s g o B OB
ST T E & 8 &g
BN £y B SRS =
2 ] 2 = = = = 2 2 2
Block 1 (11 kb) BIBC;“ a 40;4 2] Block 1 (13 kb)
1 2 1 2
TRPC6 NPHS1 KIRREL?2 ACTN4 MYH9
(d) Chr 11 — (e) Chr 19 f— 1 (f) Chr 22 1 )
8 5 8 g § 3 g 5 z B § 8 =
E 2 3 5 E & & & B8 & § 8 =G C
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Fig. 2 - LD and haplotype block structure of genes associated with MN by different chromosomes: (a) Chr2
(b) Chr3 (c) Chr9 (d) Chr11 (e) Chr19 (f) Chr22. Color scheme of linkage disequilibrium LD map is based
on standard D'/LOD option in Haploview software, LD blocks calculated based on CI method.
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This signaling adhesion protein is believed to play a
vital role in modulating renal function [41]. Research
on nephrin function initially focused on interaction of
slit diaphragm structural components (SD) [42]. Recent
research demonstrates nephrin as involved in signal
processes critical to podocyte function, survival and
differentiation [43]. Polymorphisms in NPHS1 demon-
stratrably play a pivotal role in progression of renal
failure [44]. Mutations of NPHS1 or NPHS2 reportedly
associate with severe nephrotic syndrome that pro-
gresses to end-stage renal failure in children [45].
R229Q, a NPHS1 variant, meant 20-40% higher risk of
focal segmental glomerulosclerosis in European popu-
lations [46]. Lo et al., 2010 reported significant differ-
ence in genotype frequency distribution of rs437168
polymorphism between MN patients and controls.
Their results also showed frequency of G allele sig-
nificantly higher in the MN group; stratified analysis
linked high disease progression in AA genotype of
rs401824 and GG genotype of rs437168 patients with
low rate of remission [13].

8. Myosin Heavy Chain 9 (MYH9)

This gene, expressed in glomerular podocytes and
mesangial cells, encodes nonmuscle myosin IIA [47,
48]. Currently, 44 of it mutations have been reported
[49], possibly involving either N-terminal motor or
C-terminal tail domain of MYH9 gene encoding for
the heavy chain of nonmuscle myosin-IIA. The
MYH9 haplotypes show replicated association with
risk and protection [50, 51]. They are proven as asso-
ciated with kidney disease in African Americans and
European Americans [52, 53]; MYH9 also affects
kidney function in Europeans [54]. Results portend
statistically significant difference in allele frequency
distribution at rs12107 between MN cases and con-
trols (p = 0.04). Persons with AA genotype at rs12107
SNP who contract MN face higher risk of kidney
failure than other MN cases (adjusted odds ratio: 1.63;
95% confidence interval: 1.08-2.48, p = 0.02). C-A
haplotype is susceptible to MN [14].

9. Kin of IRRE Like 2 (Drosophila)
(KIRREL2)

This protein exhibits sequence resembling that of
several cell adhesion proteins: e.g., Drosophila RST
(irregular chiasm C-roughest), mammalian KIRREL

(akin to irregular chiasm C-roughest; NEPHI1),
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NPHS!1 (nephrin). The former, a complex gene with
mutations originally assigned to separate loci, has
alleles originally assigned to irregular chiasm locus,
affecting axonal migration in the optic lobes. Other
alleles, originally assigned to the roughest locus, link
with reduced apoptosis in the retina, inducing rough-
ened appearance of the compound eye [55] and [56].
The mammalian KIRREL/NEPH1 and NPHS1 genes
both encode components of the glomerular slit dia-
phragm in kidneys [57], [58] and [59]. We noted sig-
nificant difference in genotype frequency distribution
of rs443186 polymorphism between MN patients and
controls. Data showed frequency of C allele at
rs443186 and A allele at rs447707 definitely higher in
the MN group. Data indicate individuals with AA
genotype at rs443186 SNP face higher risk of MN
(Table 2).

10. Conclusion

Genetic susceptibility plays a major role in patho-
genesis [60]. Research efforts, including GWASs,
have been invested worldwide to identify susceptibil-
ity genes for several diseases. GWASs are considered
as a powerful and promising approach [61]. Candidate
gene approach along with an appropriate analysis
remains the method of choice to evaluate genes of
interest conferring susceptibility to specific disease.
Most genes contributing to MN susceptibility remain
unidentified; well-organized approach like GWASs
may obtain definite conclusions regarding such genes
in the near future.
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