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Abstract

Nepbhrolithiasis is a common disorder worldwide. E-cadherin (CDH1) is involved in epithelial cell-cell interactions and
plays important roles in the etiology of nephrolithiasis. We hypothesized that variants in the CDH71 gene are
associated with risk of nephrolithiasis. In a hospital-based case-control study of 127 nephrolithiasis patients and 152
controls frequency matched by age and sex, we genotyped the functional -160C>A (rs16260) polymorphism and
assessed its associations with risk of nephrolithiasis in a Chinese population. We found that the CA/AA genotypes
were associated with a significantly decreased risk of nephrolithiasis (OR = 0.53, 95%Cl = 0.32-0.87), compared with
the CC genotype, particularly among subgroups of BMI > 24 kg/m? (OR = 0.38, 95%CI = 0.17-0.85), age < 57 years
(OR = 0.47, 95%CI = 0.24-0.93), and men (OR = 0.56, 95%CI = 0.29-0.99). Our results suggest that the CDH1
polymorphism is involved in the etiology of nephrolithiasis and thus may be a marker for genetic susceptibility to
nephrolithiasis.
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Introduction

Nephrolithiasis is a common nephrologic disorder, with a
lifetime incidence of ~10% [1]. In China, the prevalence rate of
nephrolithiasis is around 6% for men and 4% for women.
Nephrolithiasis can cause severe acute back pain and
sometimes leads to severe complications such as
pyelonephritis or acute renal failure [2]. Nephrolithiasis is a
complex disease resulting from an interaction between
environmental and genetic factors. Although the etiology of
nephrolithiasis is largely unknown, recent epidemiological
investigations have showed that hypercalciuria, urinary tract
infection, alkaline urine, westernized diet, and obesity are
associated with nephrolithiasis [3—-5]. However, only a part of
the exposed individuals develop nephrolithiasis in their lifetime,
suggesting that genetic susceptibility also play a role in
nephrolithiasis.

E-cadherin (CDH1) plays a critical role in the establishment
and maintenance of intercellular adhesion, cell polarity, and
tissue architecture, which is expressed in almost all epithelial
cells, including renal tubule cells [6,7]. Deregulation of CDH1 in
conjunction with renal cell injury, caused by oxalate crystals
may contribute to the development of nephrolithiasis [8].
Polymorphisms within gene promoter regions can have
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profound effects on the transcriptional efficiency of genes.
Several polymorphisms have been identified within the CDH1
gene. Of these, a well known single nucleotide polymorphism
(SNP) -160C>A (rs16260) has been identified in the promoter
region, which has shown a 10~68% decreased level of
transcriptional activity of the A allele compared to the C allele
[9,10].

In spite of the advances in the knowledge of pathogenesis,
little is know about the effect that genetic susceptibility has on
the occurrence of nephrolithiasis. Because the CDH1 gene is
responsible for Ca?*-dependent cell-cell adhesion and plays an
important for the establishment and maintenance of normal
epithelial polarity and organization, we hypothesized that the
CDH1 -160C>A polymorphism is associated with risk of
nephrolithiasis. To test this hypothesis, we investigated the
correlation of CDH71 gene polymorphism with risk of
nephrolithiasis in a case-control study in a Chinese population.

Materials and Methods
Study subjects

Informed consent was obtained from all subjects and this
study was approved by the Institute Review Board of Shanghai
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Jiaotong University. This was a hospital-based case-control
study conducted at Shanghai First People’s Hospital of
Shanghai Jiaotong University. A total of 127 nephrolithiasis
cases and 152 controls were recruited, which were blood
unrelated Han Chinese. All the patients were diagnosed on the
basis of ultrasonographic and radiographic findings. Patients
who showed symptoms of urinary tract infections, renal failure,
chronic diarrhea, or cancer were excluded. The stone
composition was analyzed by infrared spectroscopy. The
controls were healthy volunteers with no history of familial
urinary stone disease, and no history of renal calcification at
health screening. All controls of appropriate age and sex for
frequency matching with the cases were recruited and included
if they gave their informed consent. After interview, about 5 mL
venous blood sample was collected from each subject.

Genotyping

Genomic DNA was isolated from leucocytes of venous blood
by proteinase K digestion and phenol/chloroform extraction.
The CDH1 -160C>A polymorphism was determined by using
the polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) method. The PCR primers for the
CDH1 -160C>A polymorphism were 5-
TCCCAGGTCTTAGTGAGCCA-3 (forward) and 5'-
GGCCACAGCCAATCAGCA-3’ (reverse). The PCR reactions
were performed in a total volume of 20ul containing 50ng
genomic DNA, 1xTaq Buffer, 0.02mmol/L of MgCl,, 0.05mmol/L
of dNTP mix, 10pmol/ul of each primer and 1U Taq DNA
polymerase. After initial denaturation at 95°C for 5 min, the
reaction was carried out at 95°C denaturation for 30 sec, 50°C
annealing for 40 sec, and 72°C extension for 45 sec for a total
of 34 cycles, and a final elongation at 72°C for 10 min. The
amplified products were incubated with 5U of Hphl (New
England Biolabs) restriction enzyme at 37°C overnight. The
restriction fragments were then analyzed by electrophoresis in
3% agarose gel stained with 0.5% ethidium bromide and
photographed under UV illumination. Genotype analysis was
performed by two persons independently in a blind fashion.
About 10% of the samples were randomly selected for
repeated genotyping for confirmation, and the results were
100% concordant.

Statistical analyses

Differences in the distributions of demographic
characteristics and frequencies of genotypes of the CDH1
-160C>A polymorphism between the nephrolithiasis cases and
controls were evaluated by using the Student's t-test (for
continuous variables) or x2-test (for categorical variables). The
associations between the CDH17 -160C>A genotypes and risk
of nephrolithiasis were estimated by computing odds ratios
(ORs) and their 95% confidence intervals (Cls) from
unconditional logistic regression analysis with the adjustment
for age and sex. Hardy-Weinberg equilibrium (HWE) was
tested using a goodness-of-fit x>-test. For the stratification by
age, the age cutoff of 57 years was used in this study. P < 0.05
was considered statistically significant, and all statistical tests
were two sided. All the statistical analyses were performed with
the software SAS 9.1.3 (SAS Institute, Cary, NC, USA).
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Table 1. Demographic and selected variables among
nephrolithiasis cases and controls.

Variables Cases (n =127) Controls (n=152) p

n % n %
Age (years) (mean * SD) 56.7 + 10.2 57.3+11.5 0.709
BMI (kg/m?2) (mean + SD) 239+3.0 23.8+3.1 0.831
Sex
Male 83 65.4 96 63.2 0.709
Female 44 34.6 56 36.8
Results

The frequency distributions of selected characteristics of the
cases and controls are presented in Table 1. There were no
differences between the cases and controls on age and sex (all
P > 0.050). The age of the subjects ranged from 21 to 81
years. The mean age of the patients was 56.7 + 10.2 years; the
controls had a similar age distribution (57.3 £ 11.5 years). Men
accounted for 65.4% of the patients and 63.2% of the controls.
Furthermore, there was no significant difference in the body
mass index (BMI) between the healthy subjects (23.8 + 3.1
kg/m?) and nephrolithiasis patients (23.9 + 3.0 kg/m?) (P =
0.831).

As shown in Table 2, the frequencies of the CC, CA, and AA
genotypes were 68.5, 26.8, and 4.7%, respectively, among the
cases, and 53.9, 36.2, and 9.9%, respectively, among the
controls (P = 0.034). The CDH1 A allele frequency was 0.181
among the cases and 0.280 among the controls, and the
difference was statistically significant (P = 0.006). The
observed genotype frequencies among the controls were in
agreement with the Hardy-Weinberg equilibrium (P = 0.209).
Logistic regression analysis revealed that the CA genotype, but
not the AA genotype, was associated with a significantly
decreased risk of nephrolithiasis, compared with the CC
genotype (OR = 0.57, 95%CI = 0.34-0.97 for CA versus CC;
and OR = 0.37, 95%CI = 0.14-1.01 for AA versus CC). The A
allele was associated with the decreased risk of nephrolithiasis
in a dose—response manner (P, = 0.010). Furthermore, a
significant decreased risk of nephrolithiasis was found in the
combined genotypes CA/AA compared with the CC genotype
(OR =0.53, 95%CI = 0.32-0.87).

We further evaluated the effect of CDH71 -160C>A
polymorphism on nephrolithiasis risk stratified by age, sex, and
BMI (Table 3). We found that the decreased risk associated
with the combined genotypes CA/AA were slightly more evident
among young men with BMI > 24 kg/m? (OR = 0.47, 95%CI =
0.24-0.93 for age < 57 years, OR = 0.38, 95%CI = 0.17-0.85 for
BMI > 24 kg/m?, and OR = 0.56, 95%CI = 0.29-0.99 among
men). However, none significant gene-environment interaction
was observed (data not shown).

Discussion

In this hospital-based case-control study, we investigated the
association of the CDH1 -160C>A polymorphism and risk of
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Table 2. Distribution of genotypes of CDH71 -160C>A

polymorphism and their associations with risk of
nephrolithiasis.
Cases (n= Controls (n OR (95%
Genotypes 127) =152) P OR (95% CI) CI)?
n % n %
cc 87 685 82 539 1.00 1.00
0.58 0.57
CA 34 268 55 362 0.043
(0.35-0.98)  (0.34-0.97)
0.38 0.37
AA 6 47 15 99  0.055
(0.14-1.02)  (0.14-1.01)
0.54 0.53
CA/AA 40 315 70 461 0013
(0.33-0.88)  (0.32-0.87)
Aallele  0.181 0.280 0.006
Ptrend 0.010

@ Adjusted for age and sex.

Table 3. Stratified analyses on association between the
CDH1 -160C>A polymorphism and risk of nephrolithiasis.

Adjusted
OR (95%
Variables CA/AA versus CC cn?
cc CA/AA

Cases Controls Cases Controls

n (%) n (%) n (%) n (%)
Age
(years)
oo 44 35 0.47 23 40 0.47

(65.7) (46.7) (0.24-0.93) (34.3) (53.3) (0.24-0.93)

57 43 47 0.61 17 30 0.61

>

(71.7)  (61.0) (0.29-1.26)  (28.3)  (39.0) (0.29-1.26)
BMI
(kg/m2)
<o 37 34 0.58 26 41 0.58

(58.7)  (45.3) (0.29-1.14)  (41.3)  (54.7) (0.29-1.14)
e 50 48 0.38 14 29 0.38

(78.1)  (62.3) (0.17-0.85)  (21.9) (37.7) (0.17-0.85)
Sex
o 58 56 0.56 25 40 0.56

ale

(70.0)  (58.3) (0.29-0.99) (30.0) (41.7) (0.29-0.99)

29 26 0.47 15 30 0.47
Female

(65.9) (46.4) (0.20-1.06)  (34.1)  (53.6) (0.20-1.06)

2 Adjusted for age and sex.

nephrolithiasis in a Chinese population. We found that the
CA/AA genotypes were associated with a significantly
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decreased risk of nephrolithiasis, and the association was more
evident in young men with BMI > 24 kg/m?.

Hypercalciuria is one of the main risk factors for
nephrolithiasis. Most patients with nephrolithiasis have calcium-
containing stones [11]. Therefore, the physiological processes
that influence calcium delivery to the kidney may influence
stone formation. CDH1, an epithelial cellular junction protein
expressed in renal tubule cells, contributes to the maintenance
of epithelial development, organization, and cell integrity [8]. Li
et al. (2000) reported that the -160C>A polymorphism has a
significant effect on transcriptional activity of the promoter
region; they demonstrated the in-vitro consequence of this
polymorphism in decreasing gene transcription [9]. In
particular, the A allele variant was demonstrated to reduce the
transcriptional activity by 68%, indicating the possible role of
this polymorphism as a novel genetic marker for
nephrolithiasis. In the present study, we found that individuals
who carried the combined CA/AA genotypes had a decreased
risk of nephrolithiasis compared with those with the CC
genotype. The possible explanation is that the A allele may
result in the reduced urine calcium with the decreased
formation of calcium oxalate crystals [12].

It has been reported that the some specific polymorphisms
may be correlated with the increased risk of nephrolithiasis. For
example, specific polymorphisms of the genes encoding
vitamin D receptor (VDR) [13-16], vascular endothelial growth
factor (VEGF) [17], androgen and estrogen receptors [18],
calcium-sensing receptor (CASR) [19], matrix Gla protein
(MGP) [20], and fibronectin (FN 1) [21] were suggested to be a
risk factor for nephrolithiasis. For the CDH7 polymorphism,
Tsai et al. analyzed 148 patients with calcium oxalate stone
and 103 healthy controls for the polymorphism in the CDH1 3'-
UTR, they found that a significantly increased risk of
nephrolithiasis in a dominant model [22]. However, in a case-
control study composed of 143 patients with nephrolithiasis and
1568 controls, Yilmaz et al. did not observe this polymorphism
had an increased risk of nephrolithiasis among the Turkish
population. In this study, we found that the -160C>A
polymorphism was significantly associated with a decreased
risk of nephrolithiasis in a Chinese population. The
discrepancies between our current study and published studies
might reflect differences in disease etiology and ethnic
population [23]. Other factors such as selection bias, different
matching criteria may also play a role.

Several limitations of this study should be addressed. Our
study was hospital-base study design, we cannot rule the
possible of selection bias of subjects that may have been
associated with a particular genotype. However, we applied
rigorous epidemiological design by limiting factors of selection
subjects and used further statistical adjustment to minimize the
potential biases. In addition, our sample size is moderate, and
the statistical power of the study is limited, especially for
subgroup and interaction analyses. Therefore, large
population-based prospective studies with ethnically diverse
populations are warranted to further elucidate the impact of
CDH1 polymorphism on nephrolithiasis susceptibility.

September 2013 | Volume 8 | Issue 9 | €73109



Author Contributions

Conceived and designed the experiments: MT SX QZ JZ EB.
Performed the experiments: MT SX. Analyzed the data: MT

References

. Takeichi M

. Trinchieri A, Ostini F, Nespoli R, Rovera F, Montanari E et al. (1999) A

prospective study of recurrence rate and risk factors for recurrence
after a first renal stone. J Urol 162: 27-30. doi:
10.1097/00005392-199907000-00007. PubMed: 10379732.

. Coe FL, Evan A, Worcester E (2005) Kidney stone disease. J Clin

Invest 115: 2598-2608. doi:10.1172/JCI26662. PubMed: 16200192.

. Amato M, Lusini ML, Nelli F (2004) Epidemiology of nephrolithiasis

today. Urol Int 72 Suppl 1: 1-5. doi:10.1159/000076582. PubMed:
15133324.

. Ramello A, Vitale C, Marangella M (2000) Epidemiology of

nephrolithiasis. J Nephrol 13 Suppl 3: S45-S50. PubMed: 11132032.

. Serio A, Fraioli A (1999) Epidemiology of nephrolithiasis. Nephron 81

Suppl 1: 26-30. doi:10.1159/000046295. PubMed: 9873211.

(1991) Cadherin cell adhesion receptors as a
morphogenetic regulator. Science 251: 1451-1455. doi:10.1126/
science.2006419. PubMed: 2006419.

. Jang JH, Yang ES, Min KJ, Kwon TK (2012) Inhibitory effect of butein

on tumor necrosis factor-alpha-induced expression of cell adhesion
molecules in human lung epithelial cells via inhibition of reactive
oxygen species generation, NF-kappaB activation and Akt
phosphorylation. Int J Mol Med 30: 1357-1364. PubMed: 23064245.

. Ojakian GK, Ratcliffe DR, Schwimmer R (2001) Integrin regulation of

cell-cell adhesion during epithelial tubule formation. J Cell Sci 114:
941-952. PubMed: 11181177.

. Li LC, Chui RM, Sasaki M, Nakajima K, Perinchery G et al. (2000) A

single nucleotide polymorphism in the E-cadherin gene promoter alters
transcriptional activities. Cancer Res 60: 873-876. PubMed: 10706097.

. Nakamura A, Shimazaki T, Kaneko K, Shibata M, Matsumura T et al.

(2002) Characterization of DNA polymorphisms in the E-cadherin gene
(CDH1) promoter region. Mutat Res 502: 19-24. doi:10.1016/
S0027-5107(02)00024-6. PubMed: 11996968.

. Chou YH, Li CC, Wu WJ, Juan YS, Huang SP et al. (2007) Urinary

stone analysis of 1,000 patients in southern Taiwan. Kaohsiung J Med
Sci  23: 63-66. doi:10.1016/S1607-551X(09)70376-6. PubMed:
17339167.

. de Water R, Noordermeer C, Houtsmuller AB, Nigg AL, Stijnen T et al.

(2000) Role of macrophages in nephrolithiasis in rats: an analysis of
the renal interstitium. Am J Kidney Dis 36: 615-625. doi:10.1053/ajkd.
2000.16203. PubMed: 10977795.

. Leaf DE, Korets R, Taylor EN, Tang J, Asplin JR et al. (2012) Effect of

vitamin D repletion on urinary calcium excretion among kidney stone

PLOS ONE | www.plosone.org

SX.

CDH1 Polymorphism and Nephrolithiasis

Contributed reagents/materials/analysis tools: MT SX QZ

JZ EB. Wrote the manuscript: MT SX.

20.

21.

22.

23.

formers. Clin J Am Soc Nephrol 7: 829-834. doi:10.2215/CJN.
11331111. PubMed: 22422535.

. Ferreira LG, Pereira AC, Heilberg IP (2010) Vitamin D receptor and

calcium-sensing receptor gene polymorphisms in hypercalciuric stone-
forming patients. Nephron Clin Pract 114: c¢135-c144. doi:
10.1159/000254386. PubMed: 19887834.

. Rendina D, Mossetti G, Viceconti R, Sorrentino M, Castaldo R et al.

(2004) Association between vitamin D receptor gene polymorphisms
and fasting idiopathic hypercalciuria in recurrent stone-forming patients.
Urology 64: 833-838. doi:10.1016/j.urology.2004.05.013. PubMed:
15491743.

. Heilberg IP, Teixeira SH, Martini LA, Boim MA (2002) Vitamin D

receptor gene polymorphism and bone mineral density in hypercalciuric
calcium-stone-forming ~ patients.  Nephron  90:  51-57.  doi:
10.1159/000046314. PubMed: 11744805.

. Chen WC, Chen HY, Wu HC, Wu MC, Hsu CD et al. (2003) Vascular

endothelial growth factor gene polymorphism is associated with calcium
oxalate stone disease. Urol Res 31: 218-222. doi:10.1007/
s00240-003-0325-2. PubMed: 12719950.

. Chen WC, Wu HC, Lin WC, Wu MC, Hsu CD et al. (2001) The

association of androgen- and oestrogen-receptor gene polymorphisms
with urolithiasis in men. BJU Int 88: 432-436. doi:10.1046/j.1464-410X.
2001.02319.x. PubMed: 11564035.

. Chou YH, Woon PY, Chen WC, Hsu YW, Chang JM et al. (2011) A

genetic polymorphism (rs17251221) in the calcium-sensing receptor
gene (CASR) is associated with stone multiplicity in calcium
nephrolithiasis. PLOS ONE 6: e25227. doi:10.1371/journal.pone.
0025227. PubMed: 21966463.

Lu X, Gao B, Liu Z, Tian X, Mao X et al. (2012) A polymorphism of
matrix Gla protein gene is associated with kidney stone in the Chinese
Han population. Gene 511: 127-130. doi:10.1016/j.gene.2012.09.112.
PubMed: 23046575.

Tsujihata M, Miyake O, Yoshimura K, Kakimoto K, Takahara S et al.
(2001) Comparison of fibronectin content in urinary macromolecules
between normal subjects and recurrent stone formers. Eur Urol 40:
458-462. doi:10.1159/000049816. PubMed: 11713403.

Tsai FJ, Wu HC, Chen HY, Lu HF, Hsu CD et al. (2003) Association of
E-cadherin gene 3'- UTR C/T polymorphism with calcium oxalate stone
disease. Urol Int 70: 278-281. doi:10.1159/000070135. PubMed:
12740491.

Hirschhorn JN, Lohmueller K, Byrne E, Hirschhorn K (2002) A
comprehensive review of genetic association studies. Genet Med 4:
45-61. doi:10.1097/00125817-200203000-00002. PubMed: 11882781.

September 2013 | Volume 8 | Issue 9 | €73109


http://dx.doi.org/10.1097/00005392-199907000-00007
http://www.ncbi.nlm.nih.gov/pubmed/10379732
http://dx.doi.org/10.1172/JCI26662
http://www.ncbi.nlm.nih.gov/pubmed/16200192
http://dx.doi.org/10.1159/000076582
http://www.ncbi.nlm.nih.gov/pubmed/15133324
http://www.ncbi.nlm.nih.gov/pubmed/11132032
http://dx.doi.org/10.1159/000046295
http://www.ncbi.nlm.nih.gov/pubmed/9873211
http://dx.doi.org/10.1126/science.2006419
http://dx.doi.org/10.1126/science.2006419
http://www.ncbi.nlm.nih.gov/pubmed/2006419
http://www.ncbi.nlm.nih.gov/pubmed/23064245
http://www.ncbi.nlm.nih.gov/pubmed/11181177
http://www.ncbi.nlm.nih.gov/pubmed/10706097
http://dx.doi.org/10.1016/S0027-5107(02)00024-6
http://dx.doi.org/10.1016/S0027-5107(02)00024-6
http://www.ncbi.nlm.nih.gov/pubmed/11996968
http://dx.doi.org/10.1016/S1607-551X(09)70376-6
http://www.ncbi.nlm.nih.gov/pubmed/17339167
http://dx.doi.org/10.1053/ajkd.2000.16203
http://dx.doi.org/10.1053/ajkd.2000.16203
http://www.ncbi.nlm.nih.gov/pubmed/10977795
http://dx.doi.org/10.2215/CJN.11331111
http://dx.doi.org/10.2215/CJN.11331111
http://www.ncbi.nlm.nih.gov/pubmed/22422535
http://dx.doi.org/10.1159/000254386
http://www.ncbi.nlm.nih.gov/pubmed/19887834
http://dx.doi.org/10.1016/j.urology.2004.05.013
http://www.ncbi.nlm.nih.gov/pubmed/15491743
http://dx.doi.org/10.1159/000046314
http://www.ncbi.nlm.nih.gov/pubmed/11744805
http://dx.doi.org/10.1007/s00240-003-0325-2
http://dx.doi.org/10.1007/s00240-003-0325-2
http://www.ncbi.nlm.nih.gov/pubmed/12719950
http://dx.doi.org/10.1046/j.1464-410X.2001.02319.x
http://dx.doi.org/10.1046/j.1464-410X.2001.02319.x
http://www.ncbi.nlm.nih.gov/pubmed/11564035
http://dx.doi.org/10.1371/journal.pone.0025227
http://dx.doi.org/10.1371/journal.pone.0025227
http://www.ncbi.nlm.nih.gov/pubmed/21966463
http://dx.doi.org/10.1016/j.gene.2012.09.112
http://www.ncbi.nlm.nih.gov/pubmed/23046575
http://dx.doi.org/10.1159/000049816
http://www.ncbi.nlm.nih.gov/pubmed/11713403
http://dx.doi.org/10.1159/000070135
http://www.ncbi.nlm.nih.gov/pubmed/12740491
http://dx.doi.org/10.1097/00125817-200203000-00002
http://www.ncbi.nlm.nih.gov/pubmed/11882781

	The -160C>A Polymorphism in e-Cadherin Is Associated with the Risk of Nephrolithiasis
	Introduction
	Materials and Methods
	Study subjects
	Genotyping
	Statistical analyses

	Results
	Discussion
	Author Contributions
	References


