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Abstract

Uric Acid (UA) nephrolithiasis is a constant threat to worldwide public health, its underlying
pathogenesis is not elucidated yet. We previously identified that the overexpression of Urate Transporter
1 (URAT1) in the kidney was closely related with the UA nephrolithiasis, but the up-regulation
mechanism was unclear. The aim of this study was to identify the possible miRNAs involved in
regulating the renal expression of URAT1 in UA Stone Formers (UASF). MiRNAs microarray analysis
revealed seven down-regulated miRNAs in the renal cortex of UASF compared with normal controls.
Bioinformatic analysis suggested miR-1291, only one of the candidate miRNAs, could bind the 3'UTR of
URAT1 gene. Furthermore, the down-regulated MiR-1291 and overexpression of URAT1 in the kidney
of UASF were detected with real-time PCR. Thus, we inferred that the URAT1 gene was modulated by
miR-1291, which was involved in up-regulated renal expression of URAT1 in UASF. More persuasive
conclusion needs further research.
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Introduction
Uric Acid (UA) nephrolithiasis constantly accounts for 5-10%
of all urinary calculi [1]. The underlying pathophysiology of
UA nephrolithiasis is complex and unclear, despite much
investigation on the subject. In our previous study, significantly
higher expression of Urate transporter 1 (URAT1, encoded by
SLC22A12) was found in the renal cortex of UA Stone Formers
(UASF) compared to normal controls, which might be
involved in the development of UA stones [2]. However, the
mechanism of the up-regulated expression of URAT1 is still
unclear and need further research.

MicroRNAs (miRNAs) as a large family of highly conserved
non-coding RNA consist of approximately 22 endogenous
nucleotides. They can modulate target gene expression by
inhibiting translation or inducing mRNA degradation at the
post-transcriptional level, result in preventing target protein
synthesis. MiRNAs play important roles in multiple
physiological and pathological processes [3]. For example,
miR-9 and miR-374 can significantly inhibited the gene
expression of CLDN14 in the thick ascending limb of the
human kidney, which is a key regulator for renal Ca2+

homeostasis [4]. The synonymous variant in CLDN14 gene is
associated with kidney stones, which may due to CLDN14
escaping from miRNAs suppression [5]. A recent report

showed that miR-34a could inhibit the gene expression of
SLC22A12 in HEK293 cells [6]. However, it is still not known
whether miRNAs are involved in regulation of SLC22A12
expression in the renal tissue. The aim of this study was to
investigate the possible miRNAs targeting SLC22A12 in
patients with UA nephrolithiasis.

Materials and Methods

Study participants
The study was approved by the ethics committee of Southwest
Hospital Affiliated to Third Military Medical University. All
participants were adult male and provided informed consent
voluntarily. A total of 13 pairs of renal specimens were
collected from patients in this study: patients with UA
nephrolithiasis (group I) and normal controls (group II), who
were recruited from inpatients of our center of urology from
December 2013 to February 2015. UASF underwent
Percutaneous Nephrolithotomy (PCNL) for stone removal. The
renal samples of UASF were collected through percutaneous
renal biopsy under ultrasound guided during the PCNL.
Patients with recurrent urinary stones were excluded. Normal
samples were obtained from patients who received emergency
partial or radical nephrectomy owing to acute renal trauma, and
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who were healthy before accidents. The removed renal cortex
was regarded as normal controls. Subjects were excluded when
who were accompanied by documented familial inherited,
gastrointestinal, liver or other renal disorders. Moreover, all
participants did not receive any medications that may affect
UA metabolism before this study. The informed consent was
obtained from the College Ethics Committee.

Isolation and quality control of RNA samples
Total RNAs were extracted from samples of renal cortex using
Trizol reagent (Life Technologies, USA) following the
manufacturer’s protocols. In order to determine the
concentration and quality of isolated RNA samples, total
RNAs more than 5 μg of total RNAs were measured by the
NanoDrop 2000 spectrophotometer (Thermo Scientific, USA)
at 230 nm, 260 nm, 280 nm. The light source was Xenon flash
lamp. And the operating power consumption was 12-18 W.
Samples were required to meet the criteria of OD260/280>1.6
and OD260/230>1.0 [7].

MiRNA microarray analysis
In order to screen the MiRNAs of differential expression
between samples of two groups, equal amounts of RNA
samples from UASF and normal groups (n=9, respectively)
were subjected to microarray analysis using the Human
miRNA OneArray v5 (Phalanx Biotech, Hsinchu, Taiwan).
Data were analysed with Rosetta Resolver System software
(Rosetta Biosoftware, USA). Significantly differentially
expressed miRNAs (intensity difference between two samples
≥ 1000, individual intensity ≥ 500, absolute Log2 fold change
≥ 1, and false discovery rate<0.05) were identified between the
case-control groups, in which the down-regulated miRNAs
were recognized as the candidate miRNAs.

Bioinformatic analysis
To reveal potential interactions between the candidate miRNAs
and URAT1, bioinformatic analysis was performed via internet
databases: TargetScan v5.1 (http://www.targetscan.org),
miRanda (http://www.microrna.org/microrna/home.do), PicTar
(http://pictar.mdc-berlin.de). The 3’ UTR sequences of URAT1
were examined to determine whether selected microRNAs
showed “seed” matches (complementary at positions 2-8) and
the minimum free energy was lower than 20 kcal/mol by using
RNAhybrid application (http://bibiserv.techfak.uni-
bielefeld.de/rnahybrid/). We only considered as potential
miRNAs those who were all found match with URAT1 by
three of these algorithms.

Quantitative real-time PCR
The extracted RNA of renal cortex was reversely transcribed
using M-MLV-RTase (Promega, Madison, WI), according to
the manufacturer’s instructions. The resulting cDNA was used
for real-time PCR using the Applied Biosystems SYBR Green
Master PCR Mix (Thermo Fisher Scientific) on the TP800
qPCR System (Takara Bio, Otsu, Japan). To normalize the data

for quantification of URAT1 mRNA and the miR-1291, we
used Glyceraldehyde 3-Phosphate Dehydrogenase (GAPDH)
and U6, respectively. The 2-ΔCT was used as the relative
quantitation value of target genes to calculate the fold change.
The primers sequences used in real-time PCR were as follows:
URAT1, 5’-CCC CAC ACC CGT CCA CCT G-3’ (forward)
and 5’-GGG CTG GGT TTG GGG GTT AAG-3’ (reverse);
miR-1291, 5’-ACA CTC CAG CTG GGT GGC CCT GAC
TGA AGA CC-3’ (forward) and 5’-TGG TGT CGT GGA
GTC G-3’ (reverse); GAPDH, 5’-TGA CTT CAA CAG CGA
CAC CCA-3’ (forward) and 5’-GGA GTG TTG GAG AAG
TCA TAT TAC-3’ (reverse); U6, 5’-CTC GCT TCG GCA
GCA CAT AT-3’ (forward); and 5’-TTG CGT GTC ATC CTT
GCG-3’ (reverse). Each experiment was performed in triplicate
and repeated three times.

Statistical analysis
All data were expressed as the mean ± SD. Statistical
calculations were performed with SPSS 16.0 software (IBM,
Armonk, NY). The Student t test was used to evaluate the
differences between groups. Statistical significance was
accepted as P<0.05.

Results

Clinical characteristics of participants
This study included 13 patients with UA stones and 13 normal
controls. Clinical characteristics of the participants are
summarized in Table 1. The demographic data suggested the
mean age and Body Mass Index (BMI) were significantly
higher in group I than group II (p<0.05), moreover,
hypertension, hyperuricemia and diabetes were more prevalent
in UASF compared with normal group. There were no
significant differences in the incidence of BMI. According to
the results of blood biochemical and urinalysis, higher serum
concentrations of creatinine and UA, lower urine PH were
observed in UASF group than normal controls (p<0.05).

MiRNAs of differential expression in the renal tissue
of UASF
MiRNAs expression profiles were analysed through comparing
between the UAFS and normal groups. The differential
miRNAs were shown in Table 2. Five up-regulated miRNAs
and eleven down-regulated miRNAs were identified in renal
tissue of UASF compared with normal controls. Because up-
regulation of URAT1 expression was observed in the renal
tissue of UASF in our previous study, we hypothesized that
URAT1 expression may be at least partly regulated by
miRNAs, therefore, the down-regulated miRNAs were
identified as recognized as the candidates.

Prediction of the promising miRNAs regulating the
expression of SLC22A12 gene
In order to identify the promising miRNAs regulating their
target gene SLC22A12, the 11 down-regulated miRNAs were
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subsequently tested through bioinformatic analysis online.
Among them, we found that miR-1291 was the only promising
miRNA regulating the gene expression of SLC22A12. The
possible target gene locus was identified between the
miR-1291 and the sequences of SLC22A12 3’ UTR (Figure 1).

Figure 1. A miR-1291 binding site was identified in SLC22A12- 3’
UTR through bioinformatic analysis online.

Gene expression of MiR-1291and SLC22A12 in renal
tissues
To confirm the result of prediction, the expression levels of
miR-1291 and SLC22A12 were measured in the clinical
samples by quantitative real-time PCR. The results suggested
that the expression of miR-1291 was significantly lower in
UAFS specimens than in the normal controls, instead,
SLC22A12 was expressed significantly higher in renal samples
of UAFS (P<0.05, Figure 2). Therefore, we believed that
miR-1291 as a promising candidate was involved in regulation
of SLC22A12 expression in the renal tissue.

Figure 2. Gene expression of miR-1291 and URAT1 in UASF and
normal controls. (A) Relative expression level of miR-1291 was
significant lower in UASF compared with normal controls (0.0010 ±
0.0004 and 0.0023 ± 0.0007, respectively). (B) Gene expression level
of URAT1 was significant higher in UASF compared with normal
controls (0.91 ± 0.35 and 0.58 ± 0.17, respectively). *p<0.05.

Table 1. Clinical characteristics of the participants in this study.

Variable Group I (N=13) Group II (N=13)

Demographic data   

Age (y) 50.31 ± 6.64▲ 43.08 ± 7.46

BMI (kg/m2) 25.68 ± 5.03 23.61 ± 4.55

Diabetes n (%) 4 (30.8) ▲ 0

Hyperuricemia n (%) 8 (61.5)▲ 2 (15.4)

Hypertension n (%) 2 (15.4)▲ 1 (7.7)

Clinical parameters   

Serum creatinine (umol/L) 76 ± 21 69 ± 19

Serum uric acid (μmol/d) 477 ± 94▲ 290 ± 71

Serum calcium (mmol/L) 2.19 ± 0.22 2.27 ± 0.25

Urine pH 5.61 ± 0.43▲ 6.57 ± 0.46

BMI: body mass index. p<0.05 vs. normal controls (group II).

Table 2. Differential miRNAs in UASF vs. normal controls.

Systematic name Fold change (log2) P value

Up-regulated   

hsa-miR-3178 1.007638 0.037762

hsa-miR-4792 1.001515 0.007695

hsa-miR-5001-5p 1.011976 0.046798

hsa-miR-4539 1.10463 0.023836

hsa-miR-4481 1.255189 0.004011

Down-regulated   

hsa-miR-10a-5p -1.07322 0.036769

hsa-miR-125a-3p -1.02711 0.021644

hsa-miR-126-3p -1.13046 0.046756

hsa-miR-1291 -1.92469 0.017088

hsa-miR-194-5p -2.30172 0.012721

hsa-miR-200a-3p -1.27005 0.00763

hsa-miR-29b-3p -1.44356 0.006351

hsa-miR-30a-5p -1.82887 0.002699

hsa-miR-3607-5p -1.41846 0.02697

hsa-miR-4284 -1.75396 0.024658

hsa-miR-5195-5p -1.29395 0.005093

Discussion
The pathogenetic mechanisms for UA nephrolithiasis are
diverse. According to the etiologies, it may be roughly divided
into idiopathic, acquired, or idiopathic. Three urinary disorders
have been always considered as the main factors for the
development of UA nephrolithiasis: low urinary pH,
hyperuricosuria and low urinary volume [8]. In the previous
clinical studies, the relationship between UA nephrolithiasis
and acidic urine has been recognized [2,9,10]. In addition, the
epidemiologic studies revealed that UA nephrolithiasis was
closely related to the metabolic syndrome (obesity and type 2
diabetes mellitus) [11,12]. Low urinary pH resulting from
insulin resistance is also recognized as a significant role in its
pathophysiologic mechanisms [13]. In this study, we also
found the high prevalence of obesity or diabetes in patients of
UA stones. However, the other urinary abnormalities,
hyperuricosuria and low urinary volume, were not identified
through 24 h urinalysis of UAFS in the clinical investigations,
despite the higher plasma UA concentration [2,9,10]. The
pathomechanism of the unexpected urate “low-excretion” is
not elucidated currently. Our previous study suggested that it
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may be association with up-regulated expression of URAT1 in
the kidney [2].

UA is the end production of purine degradation in humans,
which can scavenge the potentially harmful reactive oxygen
species, but hyperuricemia or hyperuricosuria may lead to UA
nephrolitiasis. The homeostasis of blood-urine UA levers is
mainly regulated by the urate transporting proteins in the
human kidney. URAT1 play a key role in the renal urate
handling, which is encoded by SLC22A12 and located in the
proximal tubular epithelial cells. Plasmic UA can be freely
filtered in the glomerulus, about 90% of filtered urate is
subsequently reabsorpted by URAT1 [14]. In the past decade,
much evidence deriving from genome-wide association studies
suggested that the mutations or polymorphisms of SLC22A12
gene were closely associated with disorders of the urate
metabolism, such as renal hypouricemia and hyperuricosuria,
which could promote the formation of UA nephrolithiasis
[15,16]. But as was mentioned above, excessive renal UA
excretion or hyperuricosuria was not found in the clinical
studies of UASF. Negri et al. [17] thought that impairment in
renal urate excretion associated with increased serum UA was
also a characteristic of UASF, which resembled patients with
primary gout, but the underlying pathogenesis is still unclear.
Our previous study found higher expression of URAT1 in the
renal cortex of UASF compared with patients with calcium
oxalate stones or normal controls, which might been involved
in the abnormality of renal urate handling [2]. Doshi et al. [18]
also reported that the cause of MetS-associated hyperuricemia
appears to be associated with increased URAT1 protein in the
mice kidney. However, the molecular mechanism for up-
regulated URAT1 is not still elucidated.

MiRNAs attract extensive attention due to their ability to
negatively regulate about 30% of all protein-coding genes.
Recently, Sun et al. reported that miR-34a could inhibit the
gene expression of SLC22A12 in HEK293 cells [6]. In this
study, five down-regulated miRNAs were indentified in renal
cortex of UASF compared with normal controls by miRNA
microarray analysis. We subsequently predicted the target
genes of the candidate miRNAs through bioinformatic analysis
and found that miR-1291 could bind the 3'UTR of SLC22A12
gene. Furthermore, expression of MiR-1291 and URAT1 in the
renal cortex of UASF were detected with real-time PCR, the
results showed their negative correlation. The above results
suggested that miR-1291 might regulate the expression of
SLC22A12 gene in the renal cortex, the down-regulation of
miR-1291 was involved in the over-expression of URAT1 in
the kidney of UASF. Unfortunately, the further experiments
was interrupted due to insufficient financial support, we could
not provide more strong evidence to identify that URAT1
protein expression was regulated by miR-1291 in renal cells.

Conclusions
Altogether, this study showed the clinical characteristics of
patients with UA nephrolithiasis. High plasma UA
concentration, low urinary PH and relatively low-excretion of
urate by the kidney were associated with UASF. In our

previous study, up-regulated protein expression of URAT1 was
thought to contribute to the abnormality of renal urate handling
in UASF. According to the present evidence, we inferred that
the down-regulation of miR-1291 might be involved in
regulating the renal expression of URAT1 in UASF. More
persuasive conclusion needs further research.
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