
Abstract. In several experimental studies, it has been suggested
that discoidin domain receptor 1 (DDR1) plays an important
role in the regulation of mesangial proliferation, glomerular
basement membrane thickening, renal fibrosis, and in the
development of inflammation in several tissue types, including
renal tissues. The present study was conducted to investigate
the association between single nucleotide polymorphisms
(SNPs) of the DDR1 gene and childhood IgA nephropathy
(IgAN). The genotyping data of 180 childhood IgAN
patients and 336 controls showed significant differences in the
frequency of rs1264319 (dominant model, P=0.040).
Subgroup analysis revealed that development of proteinuria
(>4 and ≤4 mg/m2/h; n=131 and 49) was significantly
associated with rs2267641 (codominant model, P=0.004;
dominant, P=0.024; recessive, P=0.010) and rs9468844
(codominant model, P=0.003; dominant, P=0.017; recessive,
P=0.012). Furthermore, rs1264319 frequencies were
significantly different in those with pathologically mild and
advanced disease subgroups (n=162 and 18; codominant and
dominant model, P=0.022). Our results suggest that DDR1
gene is associated with increased susceptibility, pathological
advancement, and the development of proteinuria in
childhood IgAN.

Introduction

Various types of collagen are known to modulate mesangial
cell proliferation, and extracellular matrix (ECM) remodeling is
known to be a key event in progression and reversal of kidney
diseases. Discoidin domain receptors 1 and 2 (DDR1 and 2) are

receptor tyrosine kinases, and are distinguished by the discoidin
module in their extracellular domain. This is a homology region
that was originally identified in the protein discoidin I from
Dictyostelium discoideum (1-4), and uniquely both DDR1
and DDR2 ligate collagens. The DDR1 has been found to be
activated by all collagens tested to date, including those of the
basement membrane, such as type IV collagen, whereas DDR2
is only activated by fibrillar collagens (3-5). Messenger RNA
(mRNA) expression of DDR1 is predominantly observed in
epithelial cells, particularly those from the kidney, lung, gastro-
intestinal tract, and brain. However, little is known about the
precise cellular distribution of DDR1 protein (1,3,5-10). After
binding collagen, DDR1 is dimerized, and phosphorylated as
tyrosine kinase, which leads to P38MAP/kinase activation,
which means that it is the only collagen receptor known to
display direct intracellular signaling activity. In addition,
in vitro studies suggest that DDR1 is a major mediator of the
inflammatory response, because it is essential for the maturation
and differentiation of monocytes to macrophages (4).

Several studies have examined in vitro and in vivo effects
of DDR1 (5). A study of DDR1-null mouse mesangial cells,
concluded that DDR1 might be involved in the proliferative
stage of renal disorders (1). Furthermore, the localization of
DDR1 protein in rat kidney was consistent with a role in cell-
matrix interactions, and also suggested its involvement in
kidney injury (11). In addition, in a study on DDR1-deficient
mice, it was suggested that DDR1 plays an important role in
maintaining the structural integrity of the glomerular basement
membrane (3), and in another in vivo study in DDR1-null mice,
DDR1 was found to participate in proteinuria, glomerular
fibrosis, and renal inflammation (2,4). Recently, DDR1 was
suggested as a powerful regulator of collagen deposition in
ECM and elucidated their multifaceted role in ECM remodeling
(12).

IgA nephropathy (IgAN) is the most commonly occurring
form of chronic glomerulonephritis (GN) in pediatric patients,
and the extent and intensity of glomerular injury in response
to mesangial IgA deposition are extremely variable, and the
extent of this response determines levels of subsequent
mesangial cell proliferation and interstitial fibrosis, which lead
to the development and progression of IgAN. 

DDR1 seems to be related with glomerular basement
membrane integrity, podocyte slit diaphragm maintenance,
mesangial proliferation and adhesion, and renal fibrosis. These
relations eminently demonstrate the importance attached to
the DDR1 gene with respect to the pathogeneses of nephro-
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pathies. However, few studies have been conducted on poly-
morphisms of DDR1 in IgAN, especially in children. Thus,
the present study was conducted to investigate associations
between polymorphisms of the DDR1 gene and childhood
IgAN. 

Materials and methods

Patients and controls. We examined a total of 180 Korean
pediatric patients with biopsy proven IgAN [11.82±4.87 years
(mean age ±SD); 102 boys, 11.84±4.87 years; 78 girls,
11.81±4.90 years] and 336 healthy controls (36.40±8.32 years;
151 males, 36.40±12.04 years; 185 females, 37.63±8.13 years).
Patients were detected by school screening urinalysis and most
of them showed no symptom of GN other than abnormalities in
urinalysis. Accordingly, they were supposed to have relatively
early stage disease. At our center, we perform a renal biopsy in
all patients with i) unexplained prolonged isolated hematuria
or proteinuria of a duration ≥12 months, ii) concomitant
hematuria and proteinuria for >3 months, iii) a second episode
of gross hematuria with decreased serum C3 and C4 levels, or
iv) decreased renal function. Among the 180 IgAN patients,
3 patients had family history of chronic GN, membranous
GN, IgAN, and lupus nephritis, respectively. The healthy
controls were also recruited based on routine screening
findings. This screening included the completion of a
questionnaire, which addressed the presence of symptoms
and medical history, in addition to blood pressure, electro-
cardiography, abdominal sonography, and laboratory test
findings, such as, complete blood count, fasting glucose level,
total cholesterol, triglyceride, HDL-cholesterol, rheumatoid
factor, hepatitis viral markers, hemoglobin A1C, liver enzymes,
blood urea nitrogen, creatinine, electrolytes, and urinalysis
findings (protein, glucose, and occult blood). Control candidates
with an abnormal result for any item were excluded. This study
was approved by the ethics review committee of the Medical
Research Institute, Kyung Hee University Medical Center,
Seoul. Written informed consent was obtained from all subjects
and parents or legal guardians.

Patient subgroups. To determine the nature of the association
between SNPs of DDR1 SNPs and the development of
proteinuria, we divided patients into subgroups according to the
presence of the largest amount of proteinuria during the course
of IgAN being analyzed (proteinuria >4 and ≤4 mg/m2/h,
n=131 and 49, respectively).

IgAN patients were also subgrouped into mild and
advanced disease groups to evaluate the contribution made
by DDR1 SNPs to disease progression and pathologic
findings (n=162 and 18, respectively). Members of the
advanced disease group had at least one of the following,
interstitial fibrosis, tubular atrophy, or global sclerosis by
kidney biopsy as pathological markers. 

The demographic characteristics of subgroups of IgAN
patients are demonstrated in Table I. Small differences in
subgroup numbers were caused by the loss of some clinical data.

Clinical characteristics of patients. We investigated amounts
of proteinuria, presence of gross hematuria as a first symptom,
and follow-up period from the onset of hematuria or proteinuria

on the school screening to the date of kidney biopsy. Moreover,
we used modified activity and chronicity indices of lupus
nephritis to evaluate pathological findings objectively and
semi-quantitatively. The grading criteria used to classify
histologic activity were: (i) mesangial proliferation (0, none;
1, mild focal; 2, mild diffuse; 3, moderate to severe diffuse);
(ii) cellular crescents (0, none; 1, 1-10% of all glomeruli; 2,
11-20%; 3, 21-30%; 4, 31-40%; 5, ≥40%); (iii) interstitial
mononuclear cell (MNC) infiltration (0, none; 1, focal; 2,
multifocal; 3, diffuse); and (iv) electron-dense deposits by
EM (0, none; 1, a few; 2, occasional; 3, frequent; 4, heavy).
The grading criteria used to classify chronicity included (i)
global glomerular sclerosis (0, none; 1, 1-20% of all glomeruli;
2, 21-40%; 3, 41-60%; 4, 61-80%; 5, ≥80%); (ii) segmental
glomerular sclerosis (0, none; 1, 1-20% of all glomeruli; 2,
21-40%; 3, 41-60%; 4, 61-80%; 5, ≥80%); (iii) tubular atrophy
(0, none; 1, focal; 2, multifocal; 3, diffuse); and (iv) interstitial
fibrosis (0, none; 1, focal; 2, multifocal; 3, diffuse).

SNP selection and genotyping. A total of 11 SNPs of the DDR1
gene were selected based on the findings of extensive data-
base searches (http://www.ebi.ac.uk/ensemble/, http://ncbi.
nlm.nih.gov/SNP), based on heterozygosity >0.1 and a minor
allele frequency (MAF) of >0.05. Eleven SNPs in DDR1
were selected; one in its promoter (rs9461638), one in its 5-
untranslated region (UTR) (rs1264326), 5 in its synonymous
region (rs2229933, rs1049622, rs1264319, rs1049623,
rs2267641), 2 in its 3-UTR (rs1049628, and rs8408), and 2 in its
3-near gene (rs9468843, and rs9468844). The 11 candidate
SNPs are illustrated in Fig. 1.

DNA was isolated from peripheral blood sample using
Core One Blood Genomic DNA Isolation Kits (CoreBioSystem,
Seoul). SNP genotyping was conducted by direct sequencing.
Genomic DNA was amplified using specific primers for the
11 DDR1 gene SNPs. Only the primers of SNPs that were
shown to have significant association are listed here, rs1264326
(sense, 5'-GGTGCTGATAGTATCCACAGCTGTA-3';
antisense, 5'- TCTTGAGAGAGACTACATGGTAGGG-3';
470 bp), rs2267641 (sense, 5'-GATGCCACCAAGAATGC
CAGGTG -3'; antisense, 5'- TCACACATTCCTTATCCCA
GGCC -3'; 623 bp), and rs9468843 (sense, 5'-TGGACATCTC
TAGTGTAGCTGCC-3'; antisense, 5'-AGGAGGACTCAGT
AGACCTCTAC-3'; 503 bp). The samples were sequenced
using an ABI Prism 377 automatic sequencer (PE Applied
Biosystems, Foster City, CA), and sequence data were analyzed
using SeqManII software (DNAStar Inc., Madison, WI).

Statistical analysis. The significant subgroup differences with
respect to clinical characteristics were determined using the
Student t-test for continuous variables and the Mann-Whitney
U test for activity and chronicity indices using SPSS, version
15.0 (Chicago, IL). P-values of <0.05 were regarded as
statistically significant.

We analyzed 11 DDR1 SNPs, rs9461638, rs1264326,
rs2229933, rs1049622, rs1264319, rs1049623, rs2267641,
rs1049628, rs8408, rs9468843, and rs9468844, in the
180 patients and in 336 controls. Compliance with the Hardy-
Weinberg equilibrium (HWE), for all SNPs, was assessed using
SNPstats software in both of patients and controls, relations
found were adjusted for gender only. But, comparisons
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between IgAN subgroups were adjusted for gender and age.
Linkage disequilibrium (LD) block of polymorphisms was
tested using Haploview (version 4.1). We used SNPstats,
HapAnalyzer version 1.0 and SNPanalyzer (ISTech Inc.,
Goyang, Korea) to calculate odds ratios, 95% confidence
intervals (CIs), and P-values and permutation testing was
also performed (13). 

Results

Clinical characteristics of study subjects. As shown in Table I,
certain variables were analyzed (e.g., amount of proteinuria,
follow-up period, activity index, and chronicity index) in
each patient subgroup. The proteinuria >4 mg/m2/h group
showed proteinuria levels of mean 35.76±56.01 mg/m2/h (vs.
2.05±1.03 mg/m2/h) and showed higher activity and chronicity
indices (P=0.002 and 0.031, respectively). The patients with
markers of advanced disease had significantly more proteinuria
(55.24±59.94 vs. 23.34±47.93 mg/m2/h, P=0.046) and a longer
follow-up period (46.99±43.44 vs. 16.80±20.97 months)
from detection by school screening tests to the time of kidney
biopsy (P<0.001). In addition, activity index was also higher
in the advanced disease group.

Genotype and allele frequencies of the target gene. The
genotypic distributions of all SNPs in this study were consistent
with the Hardy-Weinberg equilibrium (P>0.05). Genotyping
data of the 180 patients and the 336 controls showed a
significant association between rs1264319 (dominant model,

P=0.040) and the presence of IgAN by logistic regression
analysis after adjusting for gender (Table II).

When we assessed genetic association between the 11 SNPs
and the presence of proteinuria of >4mg/m2/h, rs2267641
(codominant model, P=0.004; dominant model, P=0.024;
recessive model, P=0.010) and rs9468843 (codominat model,
P=0.003; dominant model, P=0.071; recessive model, P=0.012)
showed statistically significant allele frequency differences
(Table III).

Furthermore, we found a significant genetic association
between pathologic advancement of IgAN and rs1264319
(codominant and dominant model, P=0.022), this same SNP
was found to be a susceptibility marker for IgAN (data not
shown). 

Haplotype analysis. As shown in Fig. 2, in the measurement
of pair-wise linkage disequilibrium (LD), one LD block was
identified by the Gabriel method (14), but no LD block showed
statistically significant overall haplotype associations with
IgAN using Haploview (data not shown). In the haplotype
analysis, the SNP of rs1264326 was excluded, because of its
low minor allele frequency in the Korean population.

Discussion

During this analysis of the clinical data of IgAN patients,
several notable findings were obtained. First, the proteinuria
was found to be associated with the chronicity index (e.g.,
presence of advancement markers). Also, the advanced disease
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Table I. Analysis of demographic findings in IgA nephropathy patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Subgroups Proteinuria (mg/m2/h) P-value Advanced disease markers P-value

––––––––––––––––––––––––– –––––––––––––––––––––––––
>4 ≤4 (+) (-)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
n (%) 131 (72.6) 49 (27.4) 18 (10.0) 162 (90.0)
M:F 85:46 17:32 15:3 87:75
Mean age ±SD (years) 11.82±4.88 11.91±4.92 11.93±4.96 11.82±4.88 
Gross hematuria [n (%)] 23 (17.6) 5 (10.2) 4 (22.2) 24 (14.8)
Proteinuria (mg/m2/h) 35.76±56.01 2.05±1.03 <0.001 55.24±59.94 23.34±47.93 0.046
Follow-up period (months) 18.18±26.56 24.22±22.78 0.938 46.99±43.44 16.80±20.97 <0.001
Activity index 2.96±1.82 2.02±1.60 0.002a 4.17±1.79 2.54±1.74 0.001a

Chronicity index 0.23±0.80 0.04±0.29 0.031a 1.78±1.48 0.00±0.00 <0.001a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aMann-Whitney U test performed comparing mean activity and chronicity indices between patient subgroups. Other continuous variables were
compared using Student t-test.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Gene mapping of single nucleotide polymorphisms (SNPs) of the DDR1 gene.
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Table II. Logistic regression analysis of DDR1 polymorphisms in control and IgAN patients with adjustment for gender.a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
SNP Genotype IgAN Control Models OR (95% CI) P-value

n=180 (%) n=336 (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
rs9461638 C/C 58 (32.2) 87 (27.8) Codominant 1.16   (0.90-1.50) 0.260
Promoter C/G 85 (47.2) 149 (47.6) Dominant 1.22   (0.82-1.82) 0.340

G/G 37 (20.6) 77 (24.6) Recessive 1.23   (0.78-1.92) 0.370
rs1264326 G/G 179 (99.4) 334 (99.4) Codominant 1.28   (0.19-8.66) 0.790
5-UTR T/G 1   (0.6) 1   (0.3) Dominant 0.99 (0.09-11.20) 1.000

T/T 0 (0) 1   (0.3) Recessive NA    (0.00-NA) 0.400
rs2229933 C/C 58 (32.4) 87 (26.7) Codominant 1.16   (0.90-1.51) 0.250
Leu94Leu C/G 84 (46.9) 163    (50) Dominant 1.30   (0.87-1.94) 0.210

G/G 37 (20.7) 76 (23.3) Recessive 1.14   (0.73-1.78) 0.560
rs1049622 T/T 58 (32.6) 89 (27.3) Codominant 1.16   (0.89-1.50) 0.270
Ser175Ser T/C 83 (46.6) 160 (49.1) Dominant 1.27   (0.85-1.89) 0.240

C/C 37 (20.8) 77 (23.6) Recessive 1.15   (0.73-1.79) 0.540
rs1264319 G/G 158 (88.3) 273 (81.5) Codominant 1.33   (0.84-2.12) 0.220
Ser496Ser A/G 16   (8.9) 61 (18.2) Dominant 1.72   (1.01-2.95) 0.040

A/A 5   (2.8) 1   (0.3) Recessive 0.13   (0.01-1.13) 0.029
rs1049623 G/G 74 (41.1) 127 (38.6) Codominant 1.06   (0.81-1.37) 0.690
Val599Val A/G 79 (43.9) 149 (45.3) Dominant 1.09   (0.75-1.58) 0.660

A/A 27    (15) 53 (16.1) Recessive 1.05   (0.63-1.74) 0.850
rs2267641 A/A 72 (40.2) 150 (46.3) Codominant 0.85   (0.65-1.12) 0.250
Pro645Pro A/C 82 (45.8) 135 (41.7) Dominant 0.79   (0.54-1.15) 0.210

C/C 25    (14) 39    (12) Recessive 0.86   (0.50-1.49) 0.600
rs1049628 T/T 57 (31.7) 88 (26.9) Codominant 1.16   (0.89-1.50) 0.270
3-UTR T/C 86 (47.8) 161 (49.2) Dominant 1.24   (0.83-1.85) 0.300

C/C 37 (20.6) 78 (23.9) Recessive 1.19   (0.76-1.86) 0.440
rs8408 C/C 57 (31.8) 88 (27.2) Codominant 1.15   (0.89-1.49) 0.290
3-UTR T/C 85 (47.5) 159 (49.1) Dominant 1.24   (0.83-1.85) 0.300

T/T 37 (20.7) 77 (23.8) Recessive 1.17   (0.75-1.83) 0.490
rs9468843 T/T 72 (40.5) 151 (46.6) Codominant 0.84   (0.64-1.10) 0.200
3-near T/C 81 (45.5) 136    (42) Dominant 0.79   (0.54-1.14) 0.210

C/C 25    (14) 37 (11.4) Recessive 0.81   (0.47-1.39) 0.440
rs9468844 C/C 57 (31.7) 88 (26.5) Codominant 1.15   (0.89-1.49) 0.280
3-near C/G 86 (47.8) 167 (50.3) Dominant 1.27   (0.85-1.89) 0.250

G/G 37 (20.6) 77 (23.2) Recessive 1.14   (0.73-1.78) 0.560
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aEleven single nucleotide polymorphisms (SNPs) of DDR1 are shown, which was genotyped from DDR1 in 180 patients with IgAN from the
Kyung Hee Medical Center, Seoul, Korea and 336 control subjects. Total number of each SNP is different, because genotypes of some SNPs
are unreadable.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Haplotype block organization of the DDR1 gene. Each box represents
linkage disequilibrium (LD) (range 0-1) between pairs of single-nucleotide
polymorphism (SNP) markers as generated by Haploview. Black shading
indicates strong LD (no number entry means a score 1). Gray shading indicates
‘uninformative’, and white indicates strong evidence of recombination.
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markers were found to be accompanied with higher levels of
proteinuria, which means that the presence and amount of
proteinuria may be related to renal disease progression.
Second, the activity index was significantly higher in both of
proteinuria and advanced disease groups. Third, the follow-
up period of IgAN patients was significantly longer in the
advanced disease group. This finding suggests the effort for
detection of IgAN at an early stage should be made to prevent
progression of disease. To detect and treat chronic kidney
diseases in asymptomatic children, school urinalysis screening
was instituted in 1998 for children aged 6 to 18 in Korea
(15-17). 

The role of DDR1 in the progression of renal failure has
been examined in DDR1-null mice in the angiotensin II
(Ang II)-induced model of renal disease. Wild-type mice
developed hypertension, perivascular inflammation, glomerular
sclerosis, and severe proteinuria, but in DDR1-deficient mice,

proteinuria, glomerular fibrosis, and renal inflammation were
significantly blunted (2,4). Immunostaining for lymphocytes,
macrophages, and the abnormal accumulations of collagens I
and IV were prominent in the renal cortex of wild-type animals,
but negligible in DDR1-null mice. Interestingly, DDR1-null
mice showed blunted chemokine response to lipopolysaccharide
and an enhanced survival against lipopolysaccharide-induced
mortality. Thus, it was concluded that DDR1 might participate
in fibrosis by amplifying Ang II-induced collagen synthesis
(2,4). 

The extracellular portion of DDR1 is responsible for
binding collagen, and when collagen is bound, its intracellular
portion is activated which leads to the induction of inflammatory
response and collagen synthesis, which enhances collagen
binding and further increases inflammation. This positive
feedback leads to the development of fibrosis (4). Unfortunately,
insufficient evidence is available on the effects of DDR1
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Table III. Logistic regression analysis of DDR1 polymorphisms in IgA nephropathy patients with proteinuria (>4 or ≤4 mg/m2/h)
after adjustment for gender and age.a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
SNP Genotype >4 mg/m2/h ≤4 mg/m2/h Models OR (95% CI) P-value

n=131 (%) n=49 (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
rs9461638 C/C 45 (34.6) 13 (26.5) Codominant 1.13 (0.70-1.82) 0.620
Promoter C/G 58 (44.6) 26 (53.1) Dominant 1.40 (0.65-2.98) 0.380

G/G 27 (20.8) 10 (20.4) Recessive 0.96 (0.41-2.24) 0.920
rs2229933 C/C 45 (34.6) 13 (27.1) Codominant 1.13 (0.70-1.82) 0.620
Leu94Leu C/G 58 (44.6) 25 (52.1) Dominant 1.36 (0.64-2.91) 0.420

G/G 27 (20.8) 10 (20.8) Recessive 0.98 (0.42-2.30) 0.960
rs1049622 T/T 45 (34.6) 13 (27.7) Codominant 1.13 (0.70-1.82) 0.630
Ser175Ser T/C 58 (44.6) 24 (51.1) Dominant 1.33 (0.62-2.84) 0.460

C/C 27 (20.8) 10 (21.3) Recessive 1.01 (0.43-2.36) 0.990
rs1264319 G/G 112 (86.2) 45 (93.8) Codominant 0.45 (0.13-1.49) 0.140
Ser496Ser A/G 13    (10) 3   (6.2) Dominant 0.45 (0.12-1.65) 0.200

A/A 5   (3.8) 0      (0) Recessive 0.00 (0.00-NA) 0.180
rs1049623 G/G 60 (46.1) 14 (28.6) Codominant 1.39 (0.86-2.26) 0.180
Val599Val A/G 51 (39.2) 27 (55.1) Dominant 1.98 (0.95-4.13) 0.063

A/A 19 (14.6) 8 (16.3) Recessive 1.06 (0.41-2.71) 0.910
rs2267641 A/A 46 (35.7) 26 (53.1) Codominant 0.46 (0.26-0.80) 0.004
Pro645Pro A/C 60 (46.5) 21 (42.9) Dominant 0.45 (0.22-0.91) 0.024

C/C 23 (17.8) 2   (4.1) Recessive 0.19 (0.04-0.86) 0.010
rs1049628 T/T 45 (34.6) 12 (24.5) Codominant 1.19 (0.73-1.92) 0.480
3-UTR T/C 58 (44.6) 27 (55.1) Dominant 1.59 (0.73-3.43) 0.230

C/C 27 (20.8) 10 (20.4) Recessive 0.96 (0.41-2.24) 0.920
rs8408 C/C 45 (34.9) 12 (24.5) Codominant 1.19 (0.74-1.92) 0.480
3-UTR T/C 57 (44.2) 27 (55.1) Dominant 1.60 (0.74-3.46) 0.220

T/T 27 (20.9) 10 (20.4) Recessive 0.95 (0.41-2.22) 0.900
rs9468843 T/T 46 (35.7) 26 (54.2) Codominant 0.44 (0.25-0.78) 0.003
3-near T/C 60 (46.5) 20 (41.7) Dominant 0.42 (0.21-0.86) 0.017

C/C 23 (17.8) 2   (4.2) Recessive 0.19 (0.04-0.88) 0.012
rs9468844 C/C 45 (34.6) 12 (24.5) Codominant 1.19 (0.73-1.92) 0.480
3-near C/G 58 (44.6) 27 (55.1) Dominant 1.59 (0.73-3.43) 0.230

G/G 27 (20.8) 10 (20.4) Recessive 0.96 (0.41-2.24) 0.920
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aTen single nucleotide polymorphisms (SNPs) of DDR1 were genotyped in 180 IgAN patients. Total numbers of SNP differ, because genotypes
of some SNPs were not determined. rs1264326 was excluded from the analysis because of its low minor allele frequencies.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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antagonists, and no pharmacologic inhibitor for DDR1 is
available yet. 

Several genes, such as Cosmc, megsin, IL5RA, TNFRSF6B,
IL-1 cluster, TFRC, haem oxygenase-1, Fcgr3b, angiotensin-
converting enzyme, and endothelin-A receptor are known to
be related with the development of IgAN (18-20). The present
study suggests that the rs1264319 SNP of DDR1 confers
susceptibility to IgAN and that it is a predictive marker of the
pathological progression of IgAN. However, DDR1 has not
been previously reported to be a susceptibility gene in IgAN,
especially in children. 

As described above, DDR1 appears to play a crucial role
in the control of ECM and tissue fibrosis. Furthermore,
rs1264319 was found to be associated with the biopsy-based
progression of IgAN. These results concur with those of
previous studies, in which DDR1 gene polymorphisms were
suggested to be related with disease progression (1-4). In
addition, we found that rs2267641 and rs9468843 were
significantly associated with the development of proteinuria
during the course of IgAN. Accordingly, we believe that
DDR1 may have an effect on both of the development of
proteinuria and disease progression, because proteinuria and
an advancement of glomerulonephritis are known to be closely
related. Nevertheless, this study failed to demonstrate an
association between DDR1 haplotype and disease frequency.

These discrepancies could be produced by the mean age
difference between our cases and controls (11.82±4.87 vs.
36.40±8.32 years, respectively) as a limitation of this study
in terms of the allele frequency differences in case-control
genotype and haplotype analysis. 

However, we were unable to enroll age-matched controls.
Because IgAN is known to develop in the third decade, and
thus, healthy controls aged >20 years old were required to
avoid the recruitment of individuals with undetected or sub-
clinical IgAN. Accordingly, the presence of a substantial age
gap between cases and controls appears unavoidable in studies
on pediatric IgAN. Other workers have also utilized adult
controls in studies on SNPs in childhood IgAN (18,19).

DDR1 is a possible susceptibility marker of diseases other
than renal diseases, such as schizophrenia, ovarian cancer,
juvenile oligoarthritis, hearing loss, Churg-Strauss syndrome,
small cell lung carcinoma, and endometrial cancer (6-10,21,22).
Notably, in one study on schizophrenia (9), in which rs1049623
was found to be a susceptibility marker, but this SNP was
found to have no significance in the present study. On the
other hand, rs2267641 was found to be a significant candidate
SNP in the present study, but had significance only as a
haplotype (rs1049623, rs2267641, and rs2239518). However,
the other SNPs that showed significant associations in our
study (rs1264319 and rs9468843) have not been previously
reported to be single or haplotype markers.

Among the SNPs found to be significantly associated
with the pathogenesis of IgAN in the present study, rs1264319
and rs2267641 are located in the exon regions. But, they are
known as synonymous SNPs and it is very difficult to explain
the expected function of these SNPs in the pathogenesis of
disease although recently some reports have been issued that
synonymous SNPs have an important role in the protein
activities and specificities without influencing amino acid
sequences (23,24).

Even though previous studies contradict our finding
(6-10,21,22), these studies nevertheless suggested that the
DDR1 gene participates in the development and progression
of diseases, such as, auto-inflammatory and renal diseases. 

To our knowledge, DDR1 related polymorphisms have
not been previously examined in IgAN. However, it is
evident that DDR1 is important during the development and
progression of IgAN, and thus, we suggest that more DDR1
gene polymorphisms should be investigated. Also, to determine
associations more reliably and to reduce age bias, a study on
an older IgAN patient group is required. Furthermore, further
studies are required to determine the roles of synonymous
SNPs.

Summarizing, in the present study, associations were found
between rs1264319 and disease susceptibility and progression.
Furthermore, rs2267641 and rs9468843 were found to be
associated with the development of proteinuria during the
disease course.
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