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Abstract DNase II is an important enzyme for DNA
fragmentation and degradation during programmed cell
death and, consequently, a potential candidate gene for
genetic study of systemic lupus erythematosus (SLE).
Genetic associations of DNase II with SLE and related
phenotypes were examined in Korean patients with SLE.
A total of 350 Korean SLE patients and 330 healthy
subjects were enrolled. Direct DNA sequencing and
TaqMan were employed. Logistic regression analyses
were performed to examine the genetic association with
SLE and related phenotypes. Through direct sequencing
in 24 Korean individuals, six sequence variants were
identified: one in the 5¢ flanking region, four in exons
(including one nonsynonymous), and one in the 3¢
flanking region. Four of these polymorphisms were se-
lected for a larger-scale genotyping (350 SLE patients
and 330 normal controls). No significant associations
with the risk of SLE were detected. However, further
analyses of association with the risk of renal disorder
among SLE patients revealed several positive associa-
tions. One promoter SNP (–1066G>C), +2630T>C
(Ser145Ser), +6235G>C and one haplotype showed
weak associations with the risk of nephritis among SLE
patients.
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Introduction

Systemic lupus erythematosus (SLE) is characterized by
the accelerated apoptosis of peripheral lymphocytes and
the impaired clearance of apoptotic cells. The combi-
nation of these defects results in the release of increased
amounts of nucleosomes with abnormally methylated
and GC-rich DNA and, consequently, an autologous
stimulation that could bypass tolerance to systemic
autoimmune diseases (Huck et al. 1999). The etiology of
SLE is very complex, involving both environmental and
genetic factors and probably also a synergistic relation-
ship between these factors. Genetic factors are likely to
play a significant role in susceptibility to SLE in deter-
mining the disease expression and in the autoantibody
profiles of individuals with SLE (Wakeland et al. 2001).

Deoxyribonuclease II, Lysosomal (DNase II, MIM
126350), located on chromosome 19p13.2-q13.4, is an
important enzyme for DNA fragmentation and degra-
dation during programmed cell death. Because DNase II
is directly implicated in engulfment-mediated DNA, it is
very likely that a generalized deficiency in DNA clear-
ance due to the disruption of DNase II expression will
lead to some form of autoimmune dysfunction, in par-
ticular, SLE. DNase II hydrolyzes the phosphodiester
backbone of DNA molecules by a single-strand cleavage
mechanism (Baker et al. 1998; Lyon et al. 1996). In mice,
the inefficient clearance of nuclear antigens can predis-
pose them to autoimmune diseases such as SLE (Robson
and Walport 2001). Classical symptoms of SLE include
moderate-to-high levels of anti-DNA antibodies (to
both double- and single-stranded DNA) and excessive
protein in the urine (proteinuria and glomerulonephritis)
(Robson and Walport 2001).

Despite the functional importance of the DNase II
gene, polymorphisms of DNase II have not been fully
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examined. In an effort to discover polymorphism(s) in
genes in which variant(s) might be implicated in clinical
manifestations of SLE, we scrutinized the genetic poly-
morphisms in DNase II by direct sequencing. Here we
present six genetic variants found in DNase II, among
which four were genotyped on a larger scale (n=680),
and the results of association analyses with phenotypes
of SLE in the Korean population.

Materials and methods

Subjects

A total of 350 Korean SLE patients who fulfilled the
1997 American College of Rheumatology (ACR) criteria
for SLE (Hochberg 1997) were consecutively enrolled
between September 1998 and February 2002 from the
Hospital for Rheumatic Diseases, Hanyang University,

Seoul, Korea. The following clinical and laboratory data
were obtained: gender, age, age at first symptom onset
and clinical diagnosis, ACR diagnosis, and Systemic
Lupus International Collaborating Clinics/American
College of Rheumatology (SLICC/ACR) damage index
(Gladman et al. 1996). Renal disorder was defined as
persistent proteinuria greater than 0.5 g per day or
greater than 3+ if quantitation not performed or cel-
lular casts according to ACR criteria and found in
36.2% of patients with SLE (Hochberg 1997). Renal
biopsy was performed in 56% of patients with renal
disorder and revealed class II (2.4%), III (7.2%), IV
(28.0%), V (8.8%), III+V (4.0%), and IV+V (5.6%)
according to the World Health Organization (WHO)
classification of lupus nephritis (Churg et al. 1995). As a
control group, we included 330 healthy ethnically mat-
ched subjects in our examination of the genetic associ-
ation of polymorphisms with susceptibility to SLE and
related phenotypes. Testing for antinuclear antibodies
(Abs) was carried out by indirect immunofluorescence
using IT-1 cells; anti-dsDNA Abs by Crithidia lucilliae
assay; and anti-Sm, -SSA (Ro), -SSB (La), and -RNP
(ribonuclear protein) Abs by double immunodiffusion.

Sequencing and genotyping analysis
of the DNase II gene

We sequenced the whole coding sequence of the DNase
II gene, including the promoter region (�1.5 kb), to

Fig. 1 Gene maps and haplotypes of DNase II. Coding exons are
marked by black blocks and 5¢ and 3¢ untranslated regions (UTRs)
by white blocks. The first base of the translation start site is denoted
as nucleotide +1. Asterisks indicate polymorphisms genotyped in a
larger population (n=680). The frequencies of polymorphisms not
subjected to larger-scale genotyping were based on sequence data
(n=24). a Polymorphisms identified in DNase II on chromosome
19p13.2-q13.4 (Reference Genome Sequence NT_011295.10).
b Haplotypes of DNase II. c Linkage disequilibrium coefficients
(|D¢| and r2) among DNase II polymorphisms
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discover genetic variants in 24 Korean DNA samples
using a DNA analyzer (ABI PRISM 3700, Applied
Biosystems, Foster City, CA, USA). Eleven primer sets
of DNase II for the amplification and sequencing anal-
ysis were designed based on GenBank sequences (Ref.
Genome seq. for DNase II; NT_011295.10). Information
regarding the primers used is available on our Web site
(http://www.snp-genetics.com/user/additional_list.asp).
Sequence variants were verified by chromatograms. For
genotyping of polymorphic sites, amplifying primers and
probes were designed for TaqMan (Livak 1999). Infor-
mation regarding the primers is also available on our
Web site (http://www.snp-genetics.com/user/addi-
tional_list.asp).

Statistics

We examined Lewontin’s D¢ (|D¢|) and the linkage dis-
equilibrium coefficient r2 between all pairs of biallelic
loci (Hedrick 1987). Haplotypes of each individual were
inferred using the algorithm developed by Stephens et al.
(2001) (PHASE), which uses a Bayesian approach
incorporating a priori expectations of haplotypic struc-
ture based on population genetics and coalescent theory.
Genetic effects of inferred haplotypes were analyzed in
the same way as polymorphisms. The genotype distri-
butions of DNase II polymorphisms and haplotypes
between SLE patients and normal subjects and among
SLE patients were analyzed with logistic regression
models while controlling for age (continuous variable),
gender (male=0, female=1), and/or disease duration
(continuous variable) as covariates.

Results and discussion

In order to clarify the association of DNase II poly-
morphisms with SLE, we scrutinized the genetic poly-
morphisms in the whole coding sequence of DNase II,
including the –1,500-bp promoter region, by direct
sequencing in 24 Korean individuals. Six sequence
variants were identified: one in the 5¢ flanking region,
four in exons (including one nonsynonymous), and one
in the 3¢ flanking region. The frequencies in the Korean
population are shown in Fig. 1a. Although –75G>A,
which altered the promoter activity, was previously re-
ported in the Japanese population (Yasuda et al. 2000),
we could not identify it in this study. Two major hapl-
otypes accounted for over 92% of distribution (Fig. 1b)
and were used in further analysis.

Several complete linkage disequilibriums (LDs)
(|D¢|=1 and r2 „ 1) were identified among polymor-
phisms in DNase II (Fig. 1a, c). Four of these poly-
morphisms were selected for larger-scale genotyping
(n=680) by considering their allele frequencies, haplo-
type-tagging status, and LD coefficients among poly-
morphisms. The associations between DNase II
polymorphisms and the clinical profiles of SLE were
analyzed. Although no significant associations with the
risk of SLE were detected (please see additional Table
ad1 at our Web site, http://www.snp-genetics.com/
user/additional_list.asp), further analyses of association
with renal disorder [as defined by ACR SLE criteria
(Hochberg 1997)], which is important SLE phenotype,
revealed that the –1066G>C, +2630T>C (Ser145Ser),
+6235G>C, and the most common haplotype (ht1;

Table 1 Logistic analysis of DNase II polymorphisms with the risk of nephritis using age, disease duration, and gender as covariates
among systemic lupus erythematosus (SLE) patients

Loci rsSNP Genotype Nephritis Analyzing model

Codominant Dominant Recessive

Yes No OR (95% CI)a Pa OR (95% CI)a Pa OR (95% CI)a Pa

�1066G>C rs11085823 G 54(44.3%) 79(36.7%)
GC 58(47.5%) 101(47.0%) 0.68(0.47–0.98) 0.04 0.71(0.43–1.17) 0.18 0.41(0.19–0.91) 0.03
C 10(8.2%) 35(16.3%)

+2630T>C rs2293682 58(47.5%) 80(36.9%)
(Ser145Ser) CT 54(44.3%) 107(49.3%) 0.68(0.47–0.99) 0.04 0.64(0.39–1.06) 0.08 0.53(0.24–1.2) 0.13

C 10(8.2%) 30(13.8%)
+2901G>A – G 121(96.8%) 206(95.8%)
(Val206Ile) AG 4(3.2%) 8(3.7%) 0.56(0.17–1.82) 0.33 0.61(0.16–2.26) 0.46 .

A 0(0.0%) 1(0.5%)
+6235G>C rs4804209 G 55(44.4%) 68(31.3%)

CG 55(44.4%) 113(52.1%) 0.69(0.48–1.00) 0.05 0.59(0.36–0.98) 0.04 0.68(0.33–1.39) 0.29
C 14(11.3%) 36(16.6%)

ht1 –/– 15(12.4%) 40(18.9%)
ht1/– 56(46.3%) 108(50.9%) 0.70(0.49–1.01) 0.05 0.64(0.32–1.28) 0.21 0.62(0.37–1.04) 0.07
ht1/ht1 50(41.3%) 64(30.2%)

ht2 –/– 61(50.4%) 88(41.5%)
ht2/- 50(41.3%) 100(47.2%) 0.79(0.54–1.16) 0.22 0.73(0.44–1.2) 0.21 0.77(0.33–1.8) 0.55
ht2/ht2 10(8.3%) 24(11.3%)

a P values and odds ratios (95% CI) of three alternative models (codominant, dominant, and recessive models) by logistic regression
analyses controlling for age, gender, and disease duration as covariates
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G-T-G-G, frequency=0.599) showed weak associations
with the risk of renal disorder among SLE patients
(Table 1).

SLE is a clinically heterogeneous autoimmune dis-
order that predominantly affects women (approximately
90% of SLE patients) and is much more prevalent and
severe in African Americans compared with European
Americans (Kaslow and Masi 1978). The etiology of
SLE is complex, involving both environmental and
genetic factors and, likely, a synergistic relationship
between the two. High heritability (>66%) (Lawrence
et al. 1987), higher concordance rates among monozy-
gotic twins (25–69%) compared with dizygotic twins and
other full siblings (2–3%) (Deapen et al. 1992), and
familial aggregation (Sestak et al. 1999) all support the
genetic component of this disease. Several genetic fac-
tors appear to play roles in SLE susceptibility, deter-
mining certain serologic and clinical characteristics of
the disease (Wakeland et al. 1999).

DNase I removes DNA and attacks double-stranded
DNA and produces 5¢ phosphoryl oligonucleotides at
sites of high cell turnover whereas DNase II hydrolyzes
DNA under acidic conditions (Bernardi 1971). Our
previous study revealed that one nonsynonymous SNPs
in exon 8, +2373A>G (Gln244Arg), was significantly
associated with an increased risk of the production of
anti-RNP and anti-dsDNA antibodies among SLE
patients (Shin et al. 2004). The present study provides,
for the first time, information about genetic polymor-
phisms in DNase II and positive associations of those
polymorphisms with important lupus phenotype (renal
disorder) among SLE patients in the Korean popula-
tion. The effects of DNase II genetic polymorphisms on
the risk of renal disorder among SLE patients were not
dramatic in the present study. Therefore, it may be
argued that Bonferroni correction should be applied to
the P values obtained. If Bonferroni correction were
strictly adopted, associated P values could not retain
the significance [the threshold of significance would be
0.004 (six polymorphisms and two phenotypes ana-
lyzed)]. However, although there is a chance of type 1
error due to multiple comparisons, the associations
detected in this study might be worth noting when
considering the facts (1) that the comparisons were not
totally independent of each other due to tight LDs
among SNPs/haplotype, and (2) multiple positive
associations were detected in a single gene. In addition,
epistatic analyses were performed using DNASE I and
DNASE II polymorphisms with renal disorder. The
genotype DNASE I+2373A>G, which showed signif-
icant association with antibody production in SLE
patients, was used for analysis. No apparent differences
were detected (please see Table ad2 at our Web site
http://www.snp-genetics.com/user/additional_list.asp).
Further biological and/or functional evidence would be
needed to confirm the suggested association of DNase
II polymorphisms with nephritis among SLE patients
in this study.

In summary, we have identified six polymorphic sites
in the DNase II gene, and two common haplotypes were
constructed with four genotyped polymorphisms. Sta-
tistical analyses revealed that SNPs and haplotypes in
the DNase II gene are associated with renal disorder
among SLE patients. We suggest that polymorphisms in
the DNase II gene might play important roles in con-
trolling renal disorder among SLE patients. The poly-
morphism/association information identified in this
study would be useful for further genetic studies of other
autoimmune diseases.
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