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Association Study of a Proliferation-inducing Ligand,
Spermatogenesis Associated 8, Platelet-derived Growth
Factor Receptor-alpha, and POLB Polymorphisms with
Systemic Lupus Erythematosus in Chinese Han Population
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Background: Systemic lupus erythematosus (SLE) is a prototypic autoimmune disease with complex genetic inheritance. This study was conducted
to examine whether the association of a proliferation-inducing ligand (APRIL), spermatogenesis associated 8 (SPATAS), platelet-derived growth
factor receptor-alpha (PDGFRA), and DNA polymerase beta (POLB) with SLE can be replicated in a Chinese Han population.

Methods: Chinese SLE patients (n = 1247) and ethnically and geographically matched healthy controls (n = 1440) were genotyped for
the APRIL, SPATAS, PDGFRA, and POLB single-nucleotide polymorphisms (SNPs), rs3803800, rs8023715, rs1364989, and rs12678588
using the Sequenom MassARRAY System.

Results: The Chinese Han SLE patients and controls had statistically similar frequencies of alleles and genotypes of four gene
polymorphisms. Moreover, no association signal was detected on different genetic models (additive, dominant, and recessive, all, P> 0.05)
or in SLE subgroups stratified by various clinical manifestations (all, P> 0.05).

Conclusions: Different genetic backgrounds from different ancestries and various populations may result in different genetic risk factors
for SLE. We did not detect any significant association with SNPs of APRIL, SPATAS8, PDGFRA, and POLB.
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INTRODUCTION of SLE. During the course of these studies, >50 commonly
occurring single-nucleotide polymorphisms (SNPs) were
found to be associated with SLE, including human leukocyte
antigen (HLA) regions HLA-DRB1-HLA-DQA1,
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HLA-DQBI-HLA-DQAZ2,'! and HLA-DQB2,! as well as
non-HLA genes (RasGRP3,5 STAT4,!"! IRF5-TNPO3,5!
ETS1,® IKZF1,5 and TNFAIP3™).

A proliferation-inducing ligand (APRIL, also called
TNFSF13), anewly identified member of the tumor necrosis
factor ligand family, is a Type Il membrane binding protein
of 250 amino acids. APRIL binds to two of three B-cell
activating factor (BAFF) receptors (B-cell maturation antigen
and transmembrane activator and CAML interactor [TACI])
and is supposed to have a regulatory role in B-cell
proliferation.”? The treatment of lupus prone (NZB6W)
F1 mice with a soluble TACI-immunoglobulin fusion
protein (soluble decoy receptor for BAFF and APRIL)
inhibits the development of proteinuria and prolongs
survival of the animals.[' GWAS revealed linkages of
the chromosomal regions 13932, 17p12-qll, and 17p13
with SLE. These regions contain the genes encoding
BLyS (13932), APRIL (17p13.1), and TACI (17p11.2).111-131
These findings led us to consider APRIL as a strong candidate
susceptibility gene to autoimmune disease.

Spermatogenesis associated 8 (SPATAS) is a protein coding
gene. At present, a database of citations about SPATAS
gene is limited; however, recently, a GWAS of a European
population with SLE showed an association between disease
susceptibility and SPATAS8.I"*l A genome-wide interaction
study also showed that SPATAS was associated with HDL
level in Rotterdam study.['!

PDGF signaling pathways containing platelet-derived growth
factor receptor-alpha (PDGFRA) and platelet-derived growth
factor receptor-beta (PDGFRB) act to promote local cell
proliferation, synthesis of extracellular matrix, chemotaxis, and
cytokine production and play a regulatory role in inflammation.
Both PDGFRA and PDGFRB are expressed in renal glomeruli
and in the interstitium. Signaling through the PDGFRA
pathway can activate interstitial and mesangial cells, which can
lead to renal fibrosis and tubulointerstitial scarring.[') The most
significant evidence of an association with lupus nephritis was
observed with rs1364989, located 83 kb from PDGFRA.!'"

POLB, which was localized to chromosome 8p11.2, encodes
a DNA polymerase (Pol-f) that is involved in the repair of
single-strand breaks as a part of the base excision and repair
pathway.['8 POLB gene mutation and overexpression have
been reported in various cancers.!'*?% In one recent study, a
POLB Y265C/C mouse model developed an autoimmune
pathology that strongly resembled SLE.*"

Further characterizing the heritability of SLE is challenging
because of the large amount of genetic and phenotypic
heterogeneity. Different genetic variations and molecular
pathways may be of varying importance in different patients.
This study was conducted to examine whether the association
of APRIL, SPATAS, PDGFRA, and POLB with SLE can
be replicated. To address these issues, we carried out a
polymorphism of these SNPs and analyzed the association
with SLE in Chinese Han.

MEeTHODS

Patients and controls

A total of 1247 SLE patients (female/male = 1143/104) and
1440 racially and geographically matched healthy controls
(female/male = 1317/123) were recruited in our study, and all
participants were unrelated and self-reported Han Chinese. All
the patients of SLE were diagnosed in Peking Union Medical
College Hospital (PUMCH) according to the criteria of the
American College of Rheumatology (ACR). Eligible patients
fulfilled at least four of the ACR 1982 revised criteria for SLE
diagnosis,?” and the clinical examination data (autoantibody
productions, lupus nephritis, and complement) were recorded
for each patient. The control group was recruited from healthy
physical examination participants without any autoimmune
and systemic disorders, and family history of SLE. The study
was approved by the Ethics Committee of the PUMCH.

Genotyping

Genomic DNAwasextracted from 2 ml ethylenediaminetetraacetic
acid anticoagulated peripheral blood samples using DNA
isolation kits (Bioteke, Beijing, China) according to the
manufacturer’s instructions and stored at —80°C until use.
SNP genotyping was genotyped using Sequenom MassArray
System (Sequenom, San Diego, CA, USA) at Beijing DNALead
Co. LTD. according to the manufacturer’s protocol. Primers for
the multiplex polymerase chain reaction and for locus-specific
single-base extension were designed by the MassArray Assay
Design 4.0 software (Sequenom, San Diego, CA, USA). Allele
detection was performed by matrix-assisted laser desorption
ionization-time-of-flight mass spectrometry. The resultant
mass spectrogram data were analyzed using MassArray Typer
software (Sequenom, USA).

Statistical analysis

The four SNPs were tested for Hardy—Weinberg
equilibrium (HWE) in the patient and control populations, and
any SNP that deviated from HWE (P <0.05 in the control group)
was excluded from subsequent analyses. Genotype and allele
frequencies of cases and controls were assessed by Chi-square
test based on 2 x 3 and 2 X 2 contingency tables. For genetic
model (additive, dominant, and recessive) testing, genotype
frequencies were analyzed by logistic regression model that
adjusted for gender and age. Subphenotype stratification
analysis was performed by doing three comparisons: patients
having a certain subphenotype with all controls, patients
without the subphenotype with all controls, and patients with
and without the subphenotype. All data were analyzed using
PLINK v1.07 (http://pngu.mgh.harvard.edu/Bpurcell/plink/).
The odds ratio and 95% confidence interval were calculated,
and P < 0.05 was considered statistically significant.

ResuLts

Characterization of enrolled cases and statistical test
of Hardy—Weinberg equilibrium

The characteristics of cases are listed in Table 1.
The age distribution between cases (34.7 = 12.6)
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and controls (39.3 + 12.5) was not statistically
significant (Mann—Whitney U-test, P = 0.84), and the two
groups showed balanced gender composition (female:male
ratio was 10.9 and 10.7 in cases and controls, respectively).
In addition, no deviation from HWE was detected for all
SNPs in control population.

Association between gene polymorphisms and systemic
lupus erythematosus

Genotype and allele frequencies for patients and controls
of the four SNPs in HWE are shown in Table 2. There
was no significant difference in the genotype frequencies
of both SNPs (all, P> 0.05), and similar results were also
observed in the comparison of allele frequency. Even though
the P =0.04 in the allele frequency of SPATS (rs8023715),
it does not reach the preset Bonferroni correction of the
Pvalue. Based on three genetic models (additive, dominant,
and recessive), genotype distributions for both SNPs were
tested [Table 3], and no significant difference was detected
in any genetic models.

Correlation between systemic lupus erythematosus
single-nucleotide polymorphisms and the subphenotypes
of systemic lupus erythematosus

We also looked for associations between the SNPs in HWE
and different clinical manifestations of SLE. Patients were

Table 1: Clinical symptoms of SLE patients stratified
information, n = 1247

Characteristics Positive* (%) Negative' (%)
Lupus nephritis 650 (52.1) 597 (47.9)
Anti-Sm antibodies 315(25.3) 932 (74.7)
Anti-SSA antibodies 756 (60.6) 491 (39.4)
Anti-SSB antibodies 149 (11.9) 1098 (88.1)
Anti-RNP antibodies 491 (39.4) 756 (60.6)
Anti-dsDNA antibodies 589 (47.2) 658 (52.8)
Low complement 736 (59.0) 511 (41.0)

*Patients positive for a certain phenotype; "Patients negative for a
certain phenotype. SLE: Systemic lupus erythematosus.

stratified based on seven subphenotypes of SLE including
nephritis, anti-SSA/B antibodies, RNP, anti-dsDNA antibody,
anti-Sm antibody, and low complements. In our SLE
sample, most of the patients had manifestation of anti-SSA
antibody (60.6%) and low complement (59.0%), and fewer
patients were positive for anti-SSB antibody (11.9%). The
results of subphenotype-based association studies are listed
in Table 4, and no SNP was observed to be associated with
the seven clinical manifestations (all, 7> 0.05).

Discussion

The major aim of this study was to determine whether
previously identified SLE susceptibility SNPs were also
associated with SLE in northern Han Chinese. We observed
some significant differences from the previous findings in
Caucasian Europeans. In this study, all SNPs we selected
have negative association with the SLE, and in subphenotype
analysis, all SNPs failed to achieve positive associations with
any clinical manifestation.

APRIL and BAFF are both members of the TNF ligand
superfamily. Chu ez al.”¥ showed a strong correlation
between disease activity of SLE and the level of BAFF and
APRIL mRNA expression in CD19" B and plasma cells.
Stohl®¥ reported that APRIL may enhance the longevity of
autoantibody-producing plasma cells in an SLE host, and its
neutralization may, therefore, result in decreased production
of autoantibodies. In a previous report, Treamtrakanpon
et al.®! revealed that serum levels of APRIL were higher
in the patients with proteinuria than in others without
proteinuria which supported the pivotal role for APRIL
in lupus nephritis patients. Recently, Koyama et a/.l>®
identified two novel polymorphisms at the APRIL codons
67 in exon 1 (rs11552708) and 96 in exon 2 (rs3803800) in
a Japanese population. These two SNPs were not significant
linkage disequilibrium (2 = 0.175). Moreover, Lee et al.*”
reported that these two SNPs were not associated with SLE
in European-American population. Our study showed that it
was consistent with European-American population.

Table 2: SNPs associated with 1247 SLE patients and 1440 healthy controls

SNPs/Location Groups Genotype frequency (%) Va P Allele frequency (%) P OR (95% CI)
AA AG A G
1s3803800 (exon) Case 132(10.6) 539 (43.2) 558(44.7) NA NA 862 (35.1) 1655(67.3) 091 1.04(0.54-2.01)
Control 140 (9.7) 598 (41.5) 691 (48.0) 878 (30.7) 1980 (69.3)
AA AC A C
1s8023715 (intergenic region) ~Case 4(0.3) 97 (7.8)  1126(90.3) 3.90 0.14 105(4.3) 2349(95.7) 0.04 0.77 (0.60-0.99)
Control 8(0.6) 139(9.7) 1274 (86.6) 155(5.5) 2687 (94.5)
1T TC T C
151364989 (intron) Case 3(02) 127(102) 1095(87.8) 1.14 0.7 133(54) 2317(94.6) 0.98 1.00(0.79-1.27)
Control 7(0.5) 142(9.9) 1284 (89.2) 156 (5.4) 2710 (94.6)
AA AG A G
1512678588 (exon) Case 0(0) 17(1.4)  1212(97.2) 2.03 036 17(0.7)  2441(99.3) 0.54 0.96 (0.84-1.09)
Control 0(0) 19(1.3) 1410 (97.9) 19(0.7) 2839 (99.3)

NA: Not applicable; SNPs: Single-nucleotide polymorphisms; OR: Odds ratio; CI: Confidence interval; SLE: Systemic lupus erythematosus.
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Table 3: Genetic models and statistical analysis

SNPs Additive model Dominant model Recessive model

P OR (95% CI) P OR (95% CI) P OR (95% CI)
153803800 0.91 1.04 (0.54-2.01) 0.91 1.04 (0.54-2.01) NA NA
58023715 0.05 0.78 (0.61-1.00) 0.06 0.77 (0.59-1.01) 0.37 0.58 (0.17-1.92)
151364989 0.98 1.00 (0.79-1.26) 0.86 1.02 (0.80-1.31) 0.32 0.50 (0.13-1.94)
1512678588 0.54 0.96 (0.84-1.10) 0.31 0.92 (0.79-1.08) 0.50 1.13 (0.79-1.63)

NA: Not applicable; OR: Odds ratio; CI: Confidence interval; SNPs: Single-nucleotide polymorphisms.

Table 4: Association of 4 SNPs with SLE analyzed by subphenotype stratification

Subphenotypes Comparison rs3803800 (APRIL) rs8023715 (SPATA8) rs1364989 (PDGFRA) rs12678588 (POLB)
PS OR(95%Cl) P OR(95%Cl) P OR(95%Cl) P OR(95%CI)

Lupus nephritis  P* (1 = 650) versus N (n=597) 0.67 0.81 (0.31-2.11) 0.74 0.94 (0.63-1.39) 0.21 0.80 (0.56—1.13) 0.26 1.12 (0.92-1.36)
P (n=650) versus C (n = 1440)  0.88 0.94 (0.41-2.15) 0.07 0.75 (0.54-1.03) 0.45 0.89 (0.66—1.20) 0.88 1.01 (0.86-1.19)

N (n=597) versus C! (n = 1440) 0.73 1.15(0.52-2.55) 0.17 0.80 (0.58-1.10) 0.46 1.11 (0.83—1.49) 0.24 0.90 (0.77-1.07)

Anti-SSA P (n=756) versus N (n=451)  0.89 0.93(0.35-2.46) 0.08 1.45(0.952.21) 0.63 1.09(0.76-1.57) 0.29 1.11 (0.91-1.36)
P (n="756) versus C (n = 1440)  0.98 1.01(0.47-2.18) 0.38 0.88 (0.66-1.17) 0.82 1.03 (0.78-1.36) 0.99 1.00 (0.86-1.17)

N (n=451) versus C (n = 1440) 0.86 1.08 (0.45-2.59) 0.01 0.61 (0.41-0.89) 0.73 0.94 (0.68—1.31) 0.24 0.90 (0.75-1.08)

Anti-SSB P (n=149) versus N (n=1098)  0.96 0.97 (0.22-4.25) 0.18 1.43(0.84-2.45) 0.77 0.92(0.53-1.60) 0.97 1.01 (0.75-1.35)
P (n=149) versus C (n = 1440)  0.99 1.01(0.23-4.36) 0.85 1.05(0.63-1.76) 0.79 0.93 (0.54—1.60) 0.81 0.97 (0.72-1.29)

N (n=1098) versus C (n = 1440) 0.90 1.05(0.53-2.06) 0.02 0.73 (0.56-0.96) 0.96 1.01(0.79-1.29) 0.55 0.96 (0.84—1.10)

Anti-RNP P(n=491) versus N (n=756)  0.01 3.64(1.28-10.4) 0.54 1.13(0.76-1.68) 0.61 1.10(0.77-1.56) 0.63 1.05 (0.86-1.28)
P (n=491) versus C (n = 1440)  0.09 1.85(0.89-3.82) 0.27 0.83 (0.59-1.16) 0.75 1.05(0.77-1.45) 0.89 0.99 (0.83-1.18)

N (n="756) versus C (n = 1440)  0.17 0.51 (0.19-1.36) 0.04 0.73 (0.54-0.99) 0.78 0.96 (0.73—1.27) 0.44 0.94 (0.81-1.10)

Anti-Sm P(n=315)versus N (n=932)  0.01 3.30(1.27-8.58) 0.83 0.95(0.60-1.50) 0.08 1.40 (0.96-2.04) 0.62 1.06 (0.85-1.32)
P (n=315) versus C (n = 1440)  0.05 2.17(0.98-4.81) 0.17 0.74 (0.49-1.13) 0.18 1.27(0.89-1.81) 1.00 1.00 (0.81-1.23)

N (n=932) versus C (n = 1440)  0.32 0.66 (0.29-1.50) 0.08 0.78 (0.59-1.03) 0.47 0.91 (0.70-1.18) 0.45 0.95 (0.82-1.10)

Anti-dsDNA P (n=589) versus N (1 =658)  0.31 0.60 (0.22-1.63) 0.41 1.18 (0.80-1.75) 0.17 0.78 (0.55-1.11) 0.32 1.10 (0.91-1.34)
P (n=589) versus C (n = 1440)  0.58 0.77 (0.31-1.94) 0.28 0.84 (0.61-1.15) 0.36 0.86 (0.63—1.18) 0.90 1.01 (0.86-1.20)

N (n=658) versus C (n=1440) 0.51 1.29 (0.61-2.71) 0.04 0.71 (0.51-0.98) 0.48 1.11(0.84-1.47) 0.29 0.92 (0.78-1.08)

Low P(n=736) versusN (z=511)  0.51 1.14(0.76-1.71) 0.05 0.38 (0.14-1.03) 0.97 1.01(0.70-1.44) 0.51 0.94 (0.77-1.14)
complement P ( =736) versus C (n=1440) 031 0.62 (0.25-1.56) 0.17 0.81 (0.60-1.10) 1.00 1.00 (0.76-1.32) 0.39 0.93 (0.80-1.09)
N (n=511) versus C (n = 1440)  0.19 1.64 (0.78-3.46) 0.58 0.71 (0.50-1.01) 0.97 0.99 (0.72-1.37) 0.98 1.00 (0.84—1.19)

*SLE patients positive for a certain subphenotype;

fSLE patients negative for a certain subphenotype; ‘Healthy controls; *Chi-square test for allele

frequency comparisons between stratified groups. OR: Odds ratio; CI: Confidence interval; SLE: Systemic lupus erythematosus; SNPs: Single-nucleotide
polymorphisms; APRIL: A proliferation-inducing ligand; SPATAS8: Spermatogenesis associated 8; PDGFRA: Platelet-derived growth factor
receptor-alpha; POLB: DNA polymerase beta.

Rs8023715 of SPATAS is an A/C single-nucleotide variation
on human chromosome 15, and its function was not clearly
identified. It was reported that it was associated with SLE in
European.!" However, in our study, the result showed that
the SNP in SPATAS gene has negative association with SLE,
which was different from previous studies. After analyzing
the allele frequency data from HapMap phase 3, there was
no obvious difference in Chinese, European, and African
populations (minor allele frequency A: 7%, 9%, and 10%;
respectively).

Overproduction of PDGF gene is known to be increased in
kidney tissue from patients with proliferative forms of GN,
including LN, IgA nephropathy, and Henoch—Schénlein
purpura in human.?®*! Chung et al.'! reported that PDGFRA
gene showed a significant enrichment of LN regulated
transcripts with 12 of 79 molecules being differentially
expressed using ingenuity pathway analysis; meanwhile, the
study confirmed that PDGFRA was the main node of LN

gene using GePS (Gene Expression Pattern Scanner,http://
bioinf.xmu.edu.cn/software/geps/ geps.php) software, the
study also showed that rs1364989 in PDGFRA had an
association with LN in European. These data suggest that
PDGFRA gene may mediate the pathogenesis of LN and may
influence the development of LN in human. Therefore, we
selected rs1364989 in our analysis of northern Han Chinese
samples; however, these associations were not observed
in the present study. We inferred that the allele frequency
differences of rs1364989 in Chinese, European, and African
populations might be the reason for the inconsistencies
between the association signals in these populations (minor
allele frequency T: 5%, 22%, and 49%; respectively).

A replication study of a previous GWAS suggested that an
SNP linked to the POLB gene is associated with SLE.B
Within the 33 kb POLB gene, as many as 567 SNPs have
been identified. However, only 34 SNPs are in or near the
coding region (22 are found in exons), and only two have
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been confirmed in larger cohorts. These two germline POLB
mutants (R137Q; rs12678588 and P242R; rs3136797) have
been reported to be present in as much as 0.6% and 2.4% of
the human population, respectively.?'! An earlier study on
the Pol-B (R137Q) mutant (rs12678588) suggested that the
R137Q mutation impairs function of the purified protein.
Unfortunately, our current study failed to confirm association
of these SNPs with SLE development.

We did not detect any significant association with SNPs
of APRIL, SPATAS, PDGFRA, and POLB. There are
several reasons to explain the difference between Chinese
and European. First, the genetic basis of SLE is complex
since numerous genes are implicated and the magnitude
of the effect of each gene is quite small, which suggests
that the interaction or the additive effect of several genes
is necessary to reach the threshold for the development
of SLE. Second, we only assessed one SNP each for four
genes. The results obtained by this study may not completely
represent the association between these SNPs and SLE risk.
Third, even if the differences between cases and controls are
large, the fact that some genes are associated with specific
lupus manifestations rather than with disease susceptibility.
Finally, ethnic diversity also has an important role in the
heterogeneity of the genetic associations given that a sizable
number of them do not cross racial barriers.

In conclusion, genetic predisposition in SLE is complex.
It is important to underscore that ethnicity has been shown
to exert a significant role in both disease susceptibility and
disease expression. Understanding population differences
in genetic susceptibility for a complex disease like SLE
will improve our understanding of the disease and improve
clinical intervention. Future large-scale mapping and
sequencing in this region will help clarify true causal
genomic elements.

Financial support and sponsorship
This work was supported by the grant from the National
Natural Science Foundation of China (No. 81501413).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Mok CC, Lau CS. Pathogenesis of systemic lupus erythematosus.
J Clin Pathol 2003;56:481-90. doi: 10.1136/jcp.56.7.481.

2. Wakeland EK, Liu K, Graham RR, Behrens TW. Delineating
the genetic basis of systemic lupus erythematosus. Immunity
2001;15:397-408. doi: 10.1016/S1074-7613(01)00201-1.

3. Danchenko N, Satia JA, Anthony MS. Epidemiology of systemic
lupus erythematosus: A comparison of worldwide disease burden.
Lupus 2006;15:308-18. doi: 10.1191/09612033061u2305xx.

4. Zeng QY, Chen R, Darmawan J, Xiao ZY, Chen SB, Wigley R,
et al. Rheumatic diseases in China. Arthritis Res Ther 2008;10:R17.
doi: 10.1186/ar2368.

5. HanJW, Zheng HF, Cui Y, Sun LD, Ye DQ, Hu Z, et al. Genome-wide
association study in a Chinese Han population identifies nine new
susceptibility loci for systemic lupus erythematosus. Nat Genet
2009;41:1234-7. doi: 10.1038/ng.472.

6. Chung SA, Taylor KE, Graham RR, Nititham J, Lee AT,

20.

21.

22.

23.

Ortmann WA, et al. Differential genetic associations for systemic
lupus erythematosus based on anti-dsDNA autoantibody
production. PLoS Genet 2011;7:¢1001323. doi: 10.1371/journal.
pgen.1001323.

Graham RR, Cotsapas C, Davies L, Hackett R, Lessard CJ, Leon JM,
et al. Genetic variants near TNFAIP3 on 6q23 are associated
with systemic lupus erythematosus. Nat Genet 2008;40:1059-61.
doi: 10.1038/ng.200.

Yang W, Shen N, Ye DQ, Liu Q, Zhang Y, Qian XX, et al. Genome-wide
association study in Asian populations identifies variants in ETS1 and
WDFY4 associated with systemic lupus erythematosus. PLoS Genet
2010;6:¢1000841. doi: 10.1371/journal.pgen.1000841.

Marsters SA, Yan M, Pitti RM, Haas PE, Dixit VM, Ashkenazi A.
Interaction of the TNF homologues BLyS and APRIL with the TNF
receptor homologues BCMA and TACI. Curr Biol 2000;10:785-8.
doi: 10.1016/S0960-9822(00)00566-2.

. Gross JA, Johnston J, Mudri S, Enselman R, Dillon SR, Madden K,

et al. TACI and BCMA are receptors for a TNF homologue
implicated in B-cell autoimmune disease. Nature 2000;404:995-9.
doi: 10.1038/35010115.

. Cantor RM, Yuan J, Napier S, Kono N, Grossman JM, Hahn BH, et al.

Systemic lupus erythematosus genome scan: Support for linkage at
1923, 2933, 16q12-13, and 17g21-23 and novel evidence at 3p24,
10q23-24, 13q32, and 18q22-23. Arthritis Rheum 2004;50:3203-10.
doi: 10.1002/art.20511.

. Johansson CM, Zunec R, Garcia MA, Scherbarth HR, Tate GA,

Paira S, et al. Chromosome 17pl2-ql1 harbors susceptibility loci
for systemic lupus erythematosus. Hum Genet 2004;115:230-8.
doi: 10.1007/300439-004-1145-3.

. Nath SK, Kelly JA, Namjou B, Lam T, Bruner GR, Scofield RH, et al.

Evidence for a susceptibility gene, SLEV1, on chromosome 17p13
in families with vitiligo-related systemic lupus erythematosus. Am J
Hum Genet 2001;69:1401-6. doi: 10.1086/324470.

. Armstrong DL, Zidovetzki R, Alarcon-Riquelme ME, Tsao BP,

Criswell LA, Kimberly RP, et al. GWAS identifies novel SLE
susceptibility genes and explains the association of the HLA region.
Genes Immun 2014;15:347-54. doi: 10.1038/gene.2014.23.

. van Leeuwen EM, Smouter FA, Kam-Thong T, Karbalai N, Smith AV,

Harris TB, et al. The challenges of genome-wide interaction studies:
Lessons to learn from the analysis of HDL blood levels. PLoS One
2014;9:€109290. doi: 10.1371/journal.pone.0109290.

. Ostendorf T, Eitner F, Floege J. The PDGF family in renal

fibrosis. Pediatr doi:  10.1007/

s00467-011-1892-z.

Nephrol 2012;27:1041-50.

. Chung SA, Brown EE, Williams AH, Ramos PS, Berthier CC,

Bhangale T, et al. Lupus nephritis susceptibility loci in women with
systemic lupus erythematosus. J Am Soc Nephrol 2014;25:2859-70.
doi: 10.1681/ASN.2013050446.

. Dogliotti E, Fortini P, Pascucci B, Parlanti E. The mechanism of

switching among multiple BER pathways. Prog Nucleic Acid Res
Mol Biol 2001;68:3-27. doi: 10.1016/S0079-6603(01)68086-3.

. Miyamoto H, Miyagi Y, Ishikawa T, Ichikawa Y, Hosaka M, Kubota Y.

DNA polymerase beta gene mutation in human breast cancer. Int J
Cancer 1999;83:708-9. doi: 10.1002/(SICI)1097-0215(19991126)
83:5<708:AID-1JC24>3.0.CO;2-C.

Zhao GQ, Wang T, Zhao Q, Yang HY, Tan XH, Dong ZM. Mutation
of DNA polymerase beta in esophageal carcinoma of different
regions. World J Gastroenterol 2005;11:4618-22. doi: 10.3748/wjg.
v11.i30.4618.

Senejani AG, Liu Y, Kidane D, Maher SE, Zeiss CJ, Park HJ, et al.
Mutation of POLB causes lupus in mice. Cell Rep 2014;6:1-8.
doi: 10.1016/j.celrep.2013.12.017.

Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF,
et al. The 1982 revised criteria for the classification of systemic lupus
erythematosus. Arthritis Rheum 1982;25:1271-7. doi: 10.1002/art.
1780251101.

Chu VT, Enghard P, Schiirer S, Steinhauser G, Rudolph B,
Riemekasten G, ef al. Systemic activation of the immune system
induces aberrant BAFF and APRIL expression in B cells in
patients with systemic lupus erythematosus. Arthritis Rheum
2009;60:2083-93. doi: 10.1002/art.24628.

.Chinese Medical Journal | September 5,2016 | Volume 129 | Issue 17




24.

25.

26.

27.

28.

Stohl W. Systemic lupus erythematosus and its ABCs (APRIL/BLyS
complexes). Arthritis Res Ther 2010;12:111. doi: 10.1186/ar2976.
Treamtrakanpon W, Tantivitayakul P, Benjachat T, Somparn P,
Kittikowit W, Eiam-ong S, et al. APRIL, a proliferation-inducing
ligand, as a potential marker of lupus nephritis. Arthritis Res Ther
2012;14:R252. doi: 10.1186/ar4095.

Koyama T, Tsukamoto H, Masumoto K, Himeji D, Hayashi K,
Harada M, et al. A novel polymorphism of the human APRIL
gene is associated with systemic lupus erythematosus.
Rheumatology (Oxford) 2003;42:980-5. doi: 10.1093/rheumatology/
keg270.

Lee YH, Ota F, Kim-Howard X, Kaufman KM, Nath SK.
APRIL polymorphism and systemic lupus erythematosus (SLE)
susceptibility. Rheumatology (Oxford) 2007;46:1274-6. doi: 10.1093/
rheumatology/kem093.

Gesualdo L, Di Paolo S, Milani S, Pinzani M, Grappone C, Ranieri E,

29.

30.

31.

et al. Expression of platelet-derived growth factor receptors in
normal and diseased human kidney. An immunohistochemistry and
in situ hybridization study. J Clin Invest 1994;94:50-8. doi: 10.1172/
JCI117348.

Matsuda M, Shikata K, Makino H, Sugimoto H, Ota K, Akiyama K,
et al. Gene expression of PDGF and PDGF receptor in various
forms of glomerulonephritis. Am J Nephrol 1997;17:25-31.
doi: 10.1159/000169067.

Sheng YJ, Gao JP, Li J, Han JW, Xu Q, Hu WL, et al. Follow-up
study identifies two novel susceptibility loci PRKCB and 8pl11.21
for systemic lupus erythematosus. Rheumatology (Oxford)
2011;50:682-8. doi: 10.1093/rheumatology/keq313.

Yamtich J, Speed WC, Straka E, Kidd JR, Sweasy JB, Kidd KK.
Population-specific  variation in haplotype composition and
heterozygosity at the POLB locus. DNA Repair (Amst) 2009;8:579-84.
doi: 10.1016/j.dnarep.2008.12.005.

Chinese Medical Journal | September 5, 2016 | Volume 129 | Issue 17 -




