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Abstract
Hypocitraturia is a profound risk for kidney stone formation and recurrence. Sodium-dicarboxylate cotransporter-1 (NaDC-1) 
is a main transporter responsible for citrate reabsorption in renal proximal tubules. To investigate an association of sodium-
dicarboxylate cotransporter-1 (NaDC-1) polymorphism with hypocitraturia in Thai patients with nephrolithiasis (NL). 
Exonic SNPs in NaDC-1 were screened in peripheral blood DNA of 13 NL patients. The rs11567842 (A/G) variant was 
found and further genotyped in 145 NL patients and 115 non-stone forming controls. NL patients had significantly lower 
level of urinary citrate than the controls. Based on logistic regression, hypocitraturia was significantly associated with urinary 
stone formation (adjusted OR 8.34, 95% CI 4.63–15.04). Significant association of urinary citrate level with rs11567842 
genotype was found only in the NL group. NL patients with GG genotype had significantly higher urinary citrate than those 
with AA and AG genotypes. GG carrying patients had significantly reduced risk for hypocitraturia (adjusted OR 0.15; 95% 
CI 0.05–0.48, AA as reference). In selected 15 calcium oxalate stone patients, AA carriers had significantly higher intrarenal 
NaDC-1 mRNA than GG and AG carriers. Homozygous GG of rs11567842 SNP in NaDC-1 gene was a protective genotype 
for hypocitraturia in kidney stone patients. The findings suggested that patients with AA genotypes were more susceptible 
to hypocitraturia than those with GG, hence carrying a higher risk for kidney stone recurrence.
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Introduction

Low urinary citrate excretion or hypocitraturia is a pro-
found metabolic risk factor for urinary stone formation and 
recurrence, therefore, elevation of urinary citrate is a key 
therapeutic target. Urinary stone disease is a multifactorial 
condition involving both genetic and environmental risk 
factors. Genetic susceptibility of urolithiasis (Taguchi et al. 
2017) and hypocitraturic phenotype (Mossetti et al. 2003; 
Shah et al. 2005; Zhu et al. 2010) have been documented. 
Renal handling of urinary citrate excretion is mainly regu-
lated by expression and function of sodium-dicarboxylate 
cotransporter 1 (NaDC-1) that is encoded by SLA13A2 
gene (Unwin et al. 2004). Urine acidification and increased 
NaDC-1 expression accelerate reabsorption of citrate and 
subsequently cause hypocitraturia. However, majority of 
hypocitraturic stone formers have normal urine pH, indicat-
ing that other factors are involved in the regulation of cit-
rate reabsorption (Strohmaier et al. 2012). Evidence shows 
that potassium citrate drug successfully rises urinary citrate 
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through two main mechanisms- the first mechanism is its 
alkalinizing action (by converting citrate into bicarbonate) 
and the second one is increased excretion of unmetabolized 
citrate (Sakhaee et al. 1992). Potassium citrate is capable of 
down-regulating NaDC-1 expression in the kidneys of ethyl-
ene glycol (EG)-induced nephrolithic rats, and hence elevat-
ing urinary citrate excretion (He et al. 2004). In contrast, 
increase in renal expression of NaDC1 mRNA and decreases 
in urinary pH and citrate were found in the nephrolithic rats 
induced by chronic acid ingestion (Okamoto et al. 2007a). 
Our recent immunohistochemical study showed that intrare-
nal NaDC-1 expression in nephrolithiasis (NL) patients who 
had low urine pH was significantly higher than those with 
high urine pH (pH 7.4) (Chuaypen et al. 2013). Furthermore, 
we found that NaDC-1 protein expression in the acid-treated 
HK-2 cells (pH 6.8) was significantly higher than that in the 
untreated control cells. In addition, genetic polymorphism 
of NaDC-1 (I550V or rs11567842 SNP) is associated with 
urinary citrate excretion as demonstrated in the Japanese 
calcium stone formers (Okamoto et al. 2007b). In vitro 
experiment shows that this rs11567842 SNP has a modest 
effect on the function of NaDC-1, as it causes decreases in 
protein abundance (about 20%) and transport activity (Pajor 
and Sun 2010). Hitherto, association of NaDC-1 polymor-
phism with its intrarenal expression in NL patients has not 
been reported.

In this study, we investigated the association of 
rs11567842 SNP with hypocitraturia in Thai NL patients 
and non-stone forming individuals. Intrarenal expression of 
NaDC-1 mRNA in the kidney tissues of selected calcium 
oxalate (CaOx) stone patients was determined to preliminar-
ily find the association of NaDC-1 mRNA expression with 
the rs11567842 genotypes.

Materials and methods

Subjects and specimen collection

One hundred and forty-five NL patients and 115 non-stone 
forming individuals were recruited for the study. Stone 
patients were admitted to Khon Kaen Hospital, Khon Kaen 
province, and Sunpasit Prasong Hospital, Ubon Ratchathani 
province. All patients had positive KUB X-ray imaging or 
intravenous pyelogram (IVP) or both for diagnosing kid-
ney stones. Control subjects had no history of urinary stone 
formation. Non-stone forming status of the controls were 
ensured by direct interview and the questionnaire contain-
ing questions related to sign and symptom of kidney stone 
disease. All control subjects verbally confirmed that they 
had no history of urinary stone disease. Subjects with 
chronic recurrent urinary infection, genetic stone disease 
and malignancies were excluded. The 24-h urine samples 

(pre-operation) were collected from all patients and con-
trols using thymol as preservative. Urinary citrate levels 
were measured by standard enzymatic methods. Heparin-
ized blood samples were collected for DNA extraction. 
Some patients had stone specimens available for stone type 
analysis (by Fourier transform infrared spectroscopy, FTIR). 
Fifteen patients with CaOx stones had renal tissues available 
for analysis of NaDC-1 mRNA expression.

Written informed consents were obtained from all par-
ticipants prior to specimen collection. The research pro-
tocol was approved by the ethics committee of Faculty of 
Medicine, Chulalongkorn University, of Sunpasit Prasong 
Hospital and of Thai traditional and alternative medicine, 
Ministry of Public Health, Thailand.

Genotyping SLC13A2 gene polymorphisms

Genomic DNA was extracted from peripheral blood samples 
using QIAamp DNA Blood Mini Kits (QIAGEN) accord-
ing to the manufacturer’s protocol. DNA concentration was 
determined by absorption at 260 nm (NanoDrop 2000 Spec-
trophotometer, USA). Initially, 13 DNA samples from NL 
patients were amplified using specific primers for exonic 
regions of SLC13A2 gene to screen for candidate SNPs 
(Supplementary Table 1). The PCR products were electro-
phoresed in 1.5% agarose gel, purified using the ExoSAP-IT 
(USP Corporation, USA), and sent to the Macrogen, Inc., 
Korea for sequencing. The sequences were analyzed by 
mutation surveyor V4.0.9 software. Based on the sequenc-
ing result of these 13 NL patients, three genotypes (AA, AG, 
GG) of rs11567842 (A/G) SNP in exon 12, and only one 
genotype (AA) of rs16964363 (A/C) were observed (Sup-
plementary Table 1). We, therefore, opted to investigate only 
rs11567842 (A/G) SNP in this study.

For the rest of DNA samples from cases and controls, 
rs11567842 (A/G) SNP were genotyped using PCR-restric-
tion fragment length polymorphism (PCR-RFLP). Exon 12 
was amplified by forward primer: 5′-ACG​GGA​GGA​CTT​
CCC​AGA​GA-3′ and reverse primer: 5′-CAG​GCG​CAC​ACA​
TAT​GCG​CA-3′ with annealing temperature of 60 °C, 30 
PCR cycles. The PCR products (520 bp) were cut by Bcl-I 
(5′-T˅GATCA-3′, underlined A is a polymorphic base) at 
50 °C, overnight. Genotypes were identified according to 
the band patterns: AA (2 bands; 358 and 162 bp: complete 
cut), AG (3 bands; 520, 358 and 162 bp: partial cut) and GG 
(1 band; 520 bp: uncut). The genotypes identified by PCR-
RFLP were confirmed by DNA sequencing (Fig. 1).

NaDC‑1 mRNA measurement in stone‑containing 
kidney tissues

Kidney tissues near stones (stones-adjacent renal tissues) 
were collected during the operation (wedge-resection at 
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surgery) from NL patients who admitted to Khon Kaen 
Hospital. These patients had large stones and the func-
tion of their kidneys were severely impaired. Therefore, 
opened surgery for stone removal and nephrectomy were 
performed. Performing opened surgery and kidney tissue 
collection were dependent upon the urologist’s decision. 
Fifteen kidney tissue samples obtained from 15 CaOx stone 
patients were available to investigate intrarenal expression 
of NaDC-1 mRNA using quantitative RT-PCR. Mean of cor-
rected creatinine clearance (CCr) of these 15 patients were 
58.8 ± 23.4 (range 13–113.6) mL/min/1.73 m2. Total RNA 
was isolated from kidney tissues using RNA isolation kit 
(Promega, USA), and converted to cDNA using reverse tran-
scriptase. Real time PCR (LigthCycler, Germany) was car-
ried out using forward primer: 5′-GGT​GAC​CAA​GCT​TGA​
TAA​TGG-3′ and reverse primer: 5′-CTC​ATG​CAC​TGG​GTG​
AGG​T-3′ (QuantiTect SYBR Green PCR Master Mix, Qia-
gen, Germany) and yielded 105 bp products. PCR condition 
was 95 °C, 15 s for denaturation, 57 °C, 20 s for annealing 
and 72 °C for extension (45 cycles). Beta-2-microglobulin 
(B2M) was used as reference gene. Calibrator was a sample 
of non-cancerous renal tissues as described in our previous 
study (Boonla et al. 2008). The 2−ΔΔC

t value of each sam-
ple indicated a relatively normalized ratio (NR) of NaDC-1 
mRNA expression.

Statistical analysis

Data were presented as mean ± SD or median (interquar-
tile range, IQR) as appropriated. Two-samples t-test or 
Mann–Whitney test was performed for comparing means or 
median of age, body mass index (BMI) and urinary citrate 

between NL and control groups. Receiver operating char-
acteristic (ROC) curve analysis was performed to select the 
appropriate cut-off of urinary citrate level for distinguishing 
NL patients from control subjects. Association of genotypes 
with stone development and hypocitraturic phenotype were 
assessed using Chi square test. Kruskal–Wallis test followed 
by Dunn’s multiple comparison test was performed to test 
the difference of urinary citrate among genotypes. Odds 
ratios (OR) were derived from logistic regression model in 
order to quantify the strength of association of each genotype 
with hypocitraturia. GraphPad Prism 5 and Stata 12 were 
used for graphs and statistical computation. P value < 0.05 
was considered as statistically significant.

Results

A total of 260 subjects were recruited for the study, divided 
into NL patients (n = 145) and non-stone forming controls 
(n = 115). Sex distribution between patients and controls 
were not significantly different (Table 1). Mean age of 
NL patients was higher than controls (50.99 ± 11.66 vs. 
44.32 ± 13.81 years, P < 0.001). One hundred and seven 
controls and 128 patients had body mass index (BMI) 
data available, and we found that the NL patients had sig-
nificantly greater BMI than the controls (25.56 ± 4.86 vs. 
23.26 ± 3.83 kg/m2, P = 0.001).

Low urinary citrate excretion in NL patients

Level of urinary citrate in NL patients was significantly 
lower than non-stone forming controls (median (IQR): 0.55 
(0.66) vs. 1.34 (0.88) mmol/day, P < 0.001) (Fig. 2). ROC 
curve analysis (Supplementary Fig. 1) revealed an area under 
curve (AUC) of 0.803 (95% CI 0.749–0.857). This indicates 
that urinary citrate determination had a moderate accuracy 
(0.7 < AUC ≤ 0.9) (Greiner et al. 2000) to distinguish NL 
patients from non-stone forming individuals. Based on our 
previous hospital-based study and research experiences 
(Saepoo et al. 2009), we selected cut-off value of 1.04 mmol 
(200 mg)/day to define hypocitraturia for Thai peoples, and 
used this cut-off in the subsequent analysis. Additionally, 
study by Hussein et al. in Malaysian peoples used a simi-
lar reference value of urinary citrate (1.05 mmol/day) for 
defining hypocitraturia (Hussein et al. 2013). In the present 
study, prevalence of hypocitraturia (< 1.04 mmol/day) were 
found at 32.17 and 78.62% in control and patient groups, 
respectively. As expected, hypocitraturia was significantly 
associated with NL (Chi square test, P < 0.001). Logistic 
regression adjusted for age and sex revealed that hypocitratu-
ric individuals had approximately 8 times (adjusted OR 8.34, 
95% CI 4.63–15.04) higher risk for kidney stone develop-
ment than those with normocitraturia.

Fig. 1   Specific recognition sequence of Bcl-I restriction enzyme 
highlighted the variation site of rs11567842 (A/G) SNP (upper 
panel). Representative PCR-RFLP results of AA (358 and 162  bp), 
AG (520, 358 and 162 bp) and GG (520 bp, uncut) genotypes (mid-
dle panel). Representative sequencing data to confirm the validity of 
RFLP analysis for AA, AG and GG genotypes (lower panel)
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Association of rs11567842 (A/G) SNP 
with hypocitraturia in NL patients

Major allele that found in both NL and control groups 
was A allele. Frequencies of A and G alleles in NL 
patients were 0.69 and 0.31, while in controls were 0.71 
and 0.29, respectively (Table 1). In NL groups, AA, AG 
and GG genotypes were accounted for 74 (51.03%), 51 
(35.17%) and 20 (13.79%) (Hardy–Weinberg equilibrium, 
P = 0.027). In controls, AA, AG and GG genotypes were 
accounted for 58 (50.43%), 48 (41.74%) and 9 (7.83%) 
(Hardy–Weinberg equilibrium, P = 0.831). Association of 
the genotype with NL was not observed (Chi square test, 
P = 0.249). Likewise, logistic regression controlled for age 
and sex showed no association of the genotypes with NL 
development in G codominance mode (Adjusted OR for 
AG = 0.86; 95% CI 0.50–1.49, P = 0.599), for GG = 1.76; 
95% CI 0.72–4.30, P = 0.214, AA as reference (Table 2). 
Also, significant association of genotypes with NL devel-
opment was not observed neither in G dominance nor G 
recessive modes.

Level of urinary citrate among these three genotypes 
were significantly different only in the NL group, but not in 
controls. GG-carried NL patients had significantly higher 
urinary citrate level than those carried AA or AG (Fig. 3). 
In control group, urinary citrate levels among AA, AG and 
GG carriers were comparable.

Table 1   Demographic data and 
rs11567842 (A/G) genotype 
frequency of the studied 
subjects

BMI body mass index, CCr creatinine clearance, CaOx calcium oxalate, CaP calcium phosphate, UA uric 
acid, MAP magnesium ammonium phosphate

Characteristics Non-stone forming 
controls

Nephrolithiasis patients P values

Number of subjects 115 145
Gender 0.272
 Males 43 (37.4%) 64 (44.1%)
 Females 72 (62.6%) 81 (55.9%)

Age (years) 44.3 ± 13.8 51.0 ± 11.7 < 0.001
BMI (kg/m2) (107 controls vs. 128 NL) 23.3 ± 3.8 25.6 ± 4.9 0.001
Corrected CCr (mL/min/1.73 m2) (52 con-

trols vs. 103 NL)
131.5 ± 129.0 58.0 ± 116.4 < 0.001

Stone types (88 stone samples available) 88 (100)
 CaOx (pure + mixed with CaP) 60 (68.2)
 CaP 10 (11.4)
 UA 14 (15.9)
 MAP (struvite) 4 (4.5)

Allele frequency
 A allele 164 (0.7) 199 (0.7)
 G allele 66 (0.3) 91 (0.3)

Genotype frequency (%) 0.249
 AA 58 (50.4) 74 (51.0)
 AG 48 (41.8) 51 (35.2)
 GG 9 (7.8) 20 (13.8)

Fig. 2   Comparison of 24-h urine citrate levels between NL patients 
(n = 145) and non-stone forming controls (n = 115). Patients with kid-
ney stones had significantly lower excretory level of urine citrate than 
the controls (P < 0.001). Medians (IQR) of urinary citrate levels in 
NL and control groups were 0.55 (0.66) and 1.34 (0.88) mmol/day, 
respectively
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We further categorized subjects into two groups, hypoci-
traturia and normocitraturia. rs11567842 genotypes was 
significantly associated with hypocitraturia in NL patients 
(Chi square test, P < 0.001), but not in controls (Chi square 
test, P = 0.714). Logistic regression adjusted for age and sex 
showed that NL patients with GG genotype had reduced risk 
for hypocitraturia compared with those with AA genotype 
(Adjusted OR for GG = 0.15; 95% CI 0.05–0.48, P = 0.001, 
AA as reference in G codominant mode) (Table 3). In other 
word, NL patients with AA had 6.67 (1/0.15) times higher 
risk for hypocitraturia than those with GG. In G dominance 
mode, no significant association of genotype with hypocitra-
turia was observed. However, in G recessive mode patients 
with GG had significantly reduced risk for hypocitraturia 
compared with those carried AA and AG (Adjusted OR 
for GG = 0.13; 95% CI 0.04–0.38, P < 0.001, AA and AG 
as reference), meaning that the AA and AG carriers had a 
greater risk for hypocitraturia (7.68 (1/0.13) times) than the 

GG carriers (Table 3). Crude OR of each genotype obtained 
from univariate analysis revealed a similar result (Supple-
mentary Table 2). Our current finding suggests that GG is a 
protective genotype for low urinary citrate excretion in NL 
patients.

In non-stone forming controls, protective effect of GG 
genotype on hypocitraturia was not observed neither in G 
codominant, G dominant nor G recessive modes (Table 3). 
Therefore, we conclude that association of rs11567842 
(A/G) SNP with urinary citrate excretion is pronounced only 
in the stone forming individuals.

Low intrarenal expression of NaDC‑1 mRNA in CaOx 
NL patients with GG genotype

In 15 CaOx NL patients, expression of NaDC-1 mRNA 
in stone-adjacent renal tissues was measured. Level of 
intrarenal NaDC-1 mRNA in patients with AA genotype 

Table 2   rs11567842 (A/G) 
genotype and risk for 
nephrolithiasis regarding to 
modes of inheritance (A major 
allele)

All odds ratios (OR) and 95% confidence intervals (95%CI) were calculated by logistic regression
a Adjusted for age and sex

Model of inheritance Crude OR (95% CI) P value Adjusted OR (95% CI)a P value

G codominance
 AA 1.00 1.00
 AG 0.83 (0.49–1.40) 0.493 0.86 (0.50–1.49) 0.599
 GG 1.74 (0.74–4.11) 0.205 1.76 (0.72–4.30) 0.214

G dominance
 AA 1.00 1.00
 AG and GG 0.98 (0.60–1.59) 0.923 01.01 (0.61–1.67) 0.982

G recessive
 AA and AG 1.00 1.00
 GG 1.88 (0.82–4.31) 0.134 1.87 (0.79–4.43) 0.153

Fig. 3   Urinary citrate levels 
compared among different 
rs11567842 (A/G) genotypes in 
NL and non-stone forming con-
trol groups. NL patients with 
GG genotype had significantly 
higher level of urinary citrate 
compared to those with AA and 
AG genotypes (a). In control 
group, urinary citrate levels 
among AA, AG and GG carriers 
were not significantly differ-
ent (b). Significant P values 
(< 0.05) were obtained from 
Dunn’s multiple comparison 
test after Kruskal–Wallis test. 
Hypocitraturia or low urinary 
citrate excretion is defined as 
having urinary citrate level less 
than 1.04 mmol or 200 mg per 
day
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(n = 9) was significantly higher than those with AG (n = 3) 
(P = 0.0091) and GG (n = 3) (P = 0.0318) genotypes 
(Fig. 4). Although sample size was relatively small, the 
current data suggested that low urinary citrate excretion 
in patients with AA genotype might be explained by high 
expression of NaDC-1 mRNA in their kidneys. Also, intra-
renal NaDC-1 transcript in patients with AA genotype was 
significantly greater than those with AG and GG (n = 6) 
(P = 0.0028). Power analysis for independent sample 
t-test of these two groups (means: 1.94 vs. 0.18, n: 9 vs. 
6) revealed the power of 97.00%.

Discussion

Hypocitraturia is the most common feature found in kidney 
stone patients. We sorted out whether this stone risk factor 
had a genetic susceptibility. We screened for exonic varia-
tions in NaDC-1 gene in 13 NL patients and found a can-
didate SNP in exon 12, rs11567842 (A/G). It causes amino 
acid change from isoleucine (I) to valine (V) at the position 
of 550, so-called p.I550V. The AA, AG and GG genotypes 
in NL patients was accounted for 51, 35 and 14%, respec-
tively, indicating that GG was a minor genotype in Thai 
population (only 8% found in control group). Association 
of this SNP with NL was not observed in this study simi-
lar to the study by Okamoto et al. (2007b). Therefore, it is 
reasonable to conclude that rs11567842 SNP is likely not a 
direct genetic risk for kidney stone formation. However, this 
rs11567842 SNP was strongly associated with hypocitraturic 
phenotype in NL patients. Our data clearly demonstrated that 
NL patients with AA had significantly lower urinary citrate 
level than those with GG. We concluded that AA genotype 
was susceptible to the hypocitraturic trait, whereas GG was 
a protective genotype for hypocitraturia. Once hypocitra-
turia occurred, it increases risk (approximately 8 times) to 
develop NL compared with normocitraturia. Interestingly, 
we preliminarily found that AA-carrying patients had sig-
nificantly higher renal expression of NaDC-1 mRNA than 
GG-carrying patients. This might explain an increased risk 
for hypocitraturia in AA carriers. Increased NaDC-1 expres-
sion causes increased reabsorption of citrate, hence resulting 
in low urinary citrate excretion. However, this speculation 
requires further experimental proof.

Hypocitraturia as a main etiological cause of NL is well 
recognized. We confirmed again herein that hypocitraturia 
increased risk for NL development. However, the urinary 
citrate levels in our study (median (IQR): 105.00 (126.98) 
mg/day in NL group and 258.36 (169.61) mg/day in con-
trol group) were relatively low compared with the western 

Table 3   Multivariate 
analysis to quantify the risk 
of hypocitraturia in each 
rs11567842 (A/G) genotype 
regarding to modes of 
inheritance

a Logistic regression controlled for age and sex

rs11567842 (A/G) geno-
type (A major allele)

Nephrolithiasis (n = 145) Controls (n = 115)

Adjusted OR (95% CI)a P value Adjusted OR (95% CI)a P value

G codominance
 AA 1.00 1.00
 AG 1.62 (0.57–4.62) 0.365 1.20 (0.53–2.71) 0.662
 GG 0.15 (0.05–0.48) 0.001 0.58 (0.11–3.11) 0.521

G dominance
 AA 1.00 1.00
 AG and GG 0.68 (0.30–1.53) 0.346 1.08 (0.49–2.38) 0.844

G recessive
 AA and AG 1.00 1.00
 GG 0.13 (0.04–0.38) < 0.001 0.53 (0.10–2.73) 0.447

Fig. 4   Expression levels of NaDC-1 mRNA in stone-adjacent renal 
tissues of CaOx NL patients compared among AA, AG and GG carri-
ers. Patients with AA genotype had significantly higher level of intra-
renal NaDC-1 mRNA than patients with AG and GG genotypes
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studies that used a cut-off of 320 mg/day to define hypocitra-
turia (Caudarella and Vescini 2009; Pak 1994). We did ROC 
analysis and selected an appropriate cut-off for Thai popula-
tion at 200 mg/day. According to this cut-off, hypocitraturia 
in our study was found at 32 and 79% in controls and NL 
patients, respectively. Diversity of stone disease across coun-
tries worldwide is likely due to nutritional-environmental 
and socio-political-economic factors (Pak et al. 1997). A 
retrospective study by Maloney et al. in the US found that 
hypocitraturia (< 320 mg/day) was found in all Asian stone 
formers (100%), whereas in white stone formers hypocitra-
turia was only accounted for 68% (Maloney et al. 2005). 
Furthermore, they found that urinary citrate level in Asian 
patients (333 ± 199 mg/day) was significantly lower than the 
white patients (520 ± 262 mg/day). Although it is still lack 
of direct evidence, we speculate that a lower level of urinary 
citrate in NL patients in Thailand relative to those in western 
countries might be delineated by differences in ethnicity, 
lifestyle, dietary habit as well as socioeconomic status.

We previously showed that increase in intrarenal expres-
sion of NaDC-1 was associated with decrease in citrate 
excretion in NL patients and also demonstrated that pro-
ton (acid condition) was capable of upregulating NaDC-1 
expression in HK-2 cells (Chuaypen et al. 2013). Association 
of the p.I550V polymorphism in NaDC-1 gene with urinary 
citrate excretion was well documented in Japanese recurrent 
renal calcium stone formers (Okamoto et al. 2007b), and 
AA genotype was associated with low urinary citrate excre-
tion. We speculate that AA-carrying patients predispose to 
develop acidic urine that leads to upregulation of NaDC-1 
and subsequently causes hypocitrauria. However, further 
experiments are required to warrant this speculation.

In control group, the observed allele frequencies of A 
(0.71) and G (0.29) were different from that found in Japa-
nese non-stone forming controls (0.56 and 0.44, respec-
tively) (Okamoto et al. 2007b). This suggests that allele 
frequency of rs11567842 SNP varies among ethnic groups. 
However, our finding was consistent with the result of Oka-
moto’s study that showed that the AA-carrying NL patients 
had significantly lower urinary citrate levels than the GG 
carriers. We think that increased risk for hypocitraturia in 
patients with AA genotype may lead to increased risk for 
stone recurrence. Therefore, hypocitraturic NL patients with 
AA genotype are recommended to increase consumption of 
citrate-rich diets or adequately receive citrate supplement to 
correct the hypocitraturic condition and prevent the recur-
rence of urinary calculi.

Pajor and Sun used COS-7 heterologous expression sys-
tem and demonstrated that the G variant of rs11567842 
impaired the protein localization and caused about 20% 
decrease in number of NaDC-1 transporter at the plasma 
membrane resulting in reduction of sodium/citrate trans-
port activity (Pajor and Sun 2010). This might explain an 

increased urinary citrate level in the GG carriers relative to 
the AA carriers. We demonstrated that patients with AA had 
higher expression of NaDC-1 mRNA in their affected kid-
neys than those with GG. This might imply that AA carriers 
have higher expression of NaDC-1 protein in renal tubular 
cells leading to higher reabsorption of citrate and higher risk 
of hypocitraturia, compared with the GG carriers. Although 
there is no statistically significant evidence to show associa-
tion of AA genotype with kidney stone formation, AA geno-
type is indeed associated with the hypocitraturia. Persistent 
and long standing hypocitraturia may gradually enhance 
the development of urinary stones in individuals with AA 
genotype.

Limitations of the present study should be mentioned. 
Sample size used to investigate renal expression of NaDC-1 
mRNA was relatively small (n = 15), and data of their stone 
sizes were not available. Protein expression of NaDC-1 in 
renal tissue samples was not explored. Functional study of 
rs11567842 variant was not investigated. The data of stone 
episode was not available. Therefore, correlation between 
recurrent episode and urinary citrate and genetic variation 
were not evaluated. We did not measure urine pH of the 
studied subjects, therefore, association of urine pH with 
urine citrate could not be assessed. Although the mean age 
of the studied NL patients was significantly higher than the 
controls, we controlled this confounding factor by statistic 
approach using logistic regression to quantify the strength of 
association of rs11567842 SNP with risks for NL and hypoc-
itraturia. Non-stone forming condition in control group was 
not ensured by imaging means (e.g., ultrasound). It was only 
based on direct interview.

In conclusion, we demonstrated that the AA genotype 
of rs11567842 SNP in NaDC-1 gene was associated with 
hypocitraturia in Thai NL patients. This was consistent 
with the study in Japanese patients (Okamoto et al. 2007b). 
Our preliminary data showed that intrarenal expression of 
NaDC-1 mRNA in AA-carrying patients was significantly 
higher than the GG-carrying patients. Although it is a very 
preliminary finding and requires further verification, it might 
imply that increased NaDC-1 mRNA expression is responsi-
ble for hypocitraturic phenotype in AA carriers. Therefore, 
NL patients with AA genotype are recommended to increase 
consumption of high citrate-containing food or prescribed 
with citrate supplement in order to elevate urinary citrate 
level and prevent the development of recurrent calculi.
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