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Background. Both circulating and urinary miRNAs may represent a potential noninvasive molecular biomarker capable of
predicting chronic kidney disease, and, in the present study, we will investigate the serum and urinary levels of miR-155 in patients
with nephrolithiasis. Methods. Serum and urinary levels of miR-155 are quantified in 60 patients with nephrolithiasis; the result
was compared to 50 healthy volunteers. Estimated glomerular filtration (eGFR) was calculated and, by simple regression analysis,
the correlations of miR-155/eGFR and miR-155/CRP (C-reactive protein) levels were analyzed as well. Results.Themedian levels of
serum and urinary levels of miR-155 are significantly higher in nephrolithiasis patients than in controls. eGFR inversely correlates
with urinary level of miR-155; CRP positively correlates with urinary miR-155. Urinary level of miR-155 inversely correlates with
urinary expression of interleukin- (IL-) 1𝛽, IL-6, and tumor necrosis factor- (TNF-) 𝛼 and positively correlates with urinary
expression of regulated upon activation, normal T-cell expressed, and secreted (RANTES). Conclusion. Serum and urinary levels of
miR-155 were significantly elevated in patients with nephrolithiasis, and the upregulation of miR-155 was correlated with decline of
eGFR and elevation of CRP.Our results suggested thatmiR-155might play important roles in the pathophysiology of nephrolithiasis
via regulating inflammatory cytokines expression. Further study on themolecular pathogenicmechanism and larger scale of clinical
trial are required.

1. Introduction

Nephrolithiasis is a condition involving the development of
stones in the kidney; it is a common disease with a prevalence
of 5–8% worldwide [1]. The exact cause and etiology of
nephrolithiasis remained unclear. The risk factors for devel-
oping nephrolithiasis include genetics, age, sex, geography,
seasonal factors, diet, and occupations [2]. No specific predic-
tive biomarker for the disease come on the scene and many
patients are diagnosed late after marked symptoms such
as renal colic and hematuria appear. A reliable biomarker
for nephrolithiasis which could predict earlier diagnosis,
treatment, or better monitoring is greatly demanded.

The underlying mechanisms of immune response acti-
vation in the etiology of nephrolithiasis have been recently
proposed however not clarified [3]. MicroRNAs (miRNAs)
are noncoding, single-stranded RNA molecules of 21 to 23

nucleotides in length; miRNAs regulate gene expression at
posttranscriptional level by degrading or blocking translation
ofmessenger RNA (mRNA) andplay important roles inmany
physiological and pathological processes [4, 5]. A number
of miRNA species, notably miR-155, have been shown to
regulate multiple steps in the development and function of
lymphocytes and myeloid cell [6, 7].

The role of miRNA in the pathogenesis of nephrolithiasis
remains as yet unelucidated. A previous study that used
miRNA microarray technology revealed intrarenal dysregu-
lation of a number of miRNA species in patients with neph-
rolithiasis [8]. Our previous studies showed that intrarenal
levels of proteins related to epithelial-mesenchymal transition
(EMT), such as TWIST and E-cadherin, were diversely regu-
lated and correlated with disease severity and deterioration
of renal function in patients with nephrolithiasis [9], and
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literatures reported that urinary level of EMT relatedmiRNA,
such as miR-200a, miR-200b, and miR-429, was reduced and
the degree of reduction correlated with disease severity in
progression of chronic kidney disease [10]. To date, therewere
no studies that have examined in detail the urinary miRNAs
profiles in the patients of nephrolithiasis. In the present study,
we will compare the serum and urinary levels of immune-
relatedmiRNA-155 (miR-155) levels between the patientswith
nephrolithiasis and healthy controls.

2. Materials and Methods

2.1. Patients. We conducted a case control study between July
2011 and September 2012 in Tongji University Tenth Peoples’
Hospital. Patients who were diagnosed as nephrolithiasis
during the period were enrolled in this study. Briefly, they
were diagnosed by ultrasonography and radiography. No
case was found by X-ray to have radiolucent stones or by
clinical evaluation to have cystine or uric acid stones. If
stone specimens were removed by surgery or obtained after
medical treatment or shock-wave lithotripsy, composition of
the stones was confirmed by infrared spectroscopy (Spec-
trumRX I Fourier Transform-Infrared System, Perkin-Elmer,
USA) [11]. All patients were followed every two months
for at least 12 months. And renal function was assessed at
every visit. Clinical data include serum creatinine and urine
routinewas determined by the responsible physicians and not
affected by the study. All physicians were blinded from the
results of miRNA measurements.

Normal controls were randomly selected from subjects
receiving general health examinations at the same hospital
during the same period. The controls had no past history
of nephrolithiasis and no clinical findings of stones, which
was confirmed by plain abdominal X-ray and abdominal
ultrasound. Both cases and controls were excluded if they
had a history of chronic urinary tract infection, renal failure,
chronic diarrhea, gout, renal tubular acidosis, autoimmune
diseases, primary and secondary hyperparathyroidism, and
cancer. And they were excluded if they had history of
inflammatory disorders and recent inflammations. All study
subjects were living in Shanghai. The study was approved by
the Institutional Review Board of Tongji University Shanghai
Tenth People’s Hospital, and written informed consent was
obtained from all participants.

2.2. Samples Collection and Assays. Since literature reported
that staghorn nephrolithiasis was usually correlated with
decline of estimated glomerular filtration (eGFR), we mea-
sured overfasting serum levels of creatinine (Cr) in each
patients (Wako Pure Chemical Industries, Osaka, Japan) and
the eGFR was calculated by the equation [12]:

eGFR (mL/min /1.73m2) = 194 × Cr−1.094 × age−0.287

in males,

eGFR (mL/min /1.73m2)=194× Cr−1.094× age−0.287× 0.739

in females.
(1)

Whole blood samples (3mL) were collected in admission
and processed for the isolation of serum within 4 h of
collection. The blood was centrifuged at 2000 g for 10min at
room temperature. Serumwas then transferred to RNase-free
tubes and stored at −80∘C.

Urine specimen was collected and processed immedi-
ately. Urine sample was centrifuged at 3000 g for 30 min-
utes and at 13000 g for 5 minutes at 4∘C. Supernatant was
discarded and the urinary cell pellet was lysed by RNA lysis
buffer (Qiagen Inc., Ontario, Canada). Specimens were then
stored at −80∘C until use.

RNA was isolated by using a Trizol-based miRNA iso-
lation protocol in which 300 𝜇L serum was mixed with
1200𝜇LTrizol (Invitrogen, USA). After the addition of Trizol,
we supplemented the serum with 2 𝜇L synthetic cel-lin-4
(Shanghai GenePharma, China) and subsequently mixed it
with 200𝜇L chloroform.The organic and aqueous phase was
separated by centrifugation. The aqueous phase containing
the RNA was carefully removed, and RNA was precipitated
as described previously [13]. RNA was solubilized by the
addition of 25𝜇L RNase-free water.

TaqMan microRNA Reverse Transcription Kit (Applied
Biosystems, Foster City, CA, USA) and High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Foster City,
CA, USA) were used for reverse transcription. For miRNA,
0.5 𝜇g total RNA was mixed with 1 𝜇L specific primers,
0.05 𝜇L 100mMdNTPs (with dTTP), 0.5𝜇L 10x reverse tran-
scription buffer, 0.33 𝜇L (50U) MultiScribe Reverse Tran-
scriptase, and 0.66 𝜇L RNase inhibitor (20U/𝜇L) and made
up to 5 𝜇L with H

2
O. Reverse transcription was performed

at 16∘C for 30 minutes, 42∘C for 30 minutes, and 85∘C for
5 minutes. For mRNA, 3 𝜇g total RNA was mixed with 2𝜇L
specific primers, 0.8 𝜇L 100mMdNTPs (with dTTP), 2 𝜇L 10x
reverse transcription buffer, 1𝜇L (50U) MultiScribe Reverse
Transcriptase, 1𝜇LRNase inhibitor (20U/𝜇L) andmade up to
20𝜇LwithH

2
O.Reverse transcriptionwas performed at 25∘C

for 10 minutes, 37∘C for 120 minutes, and 85∘C for 5 minutes.
Serum and urinary levels of miR-155, together with

urinary mRNA of interleukin-1𝛽 (IL-1𝛽), interleukin-6 (IL-
6), tumor necrosis factor-𝛼 (TNF-𝛼), and regulated upon
activation, normal T-cell expressed, and secreted (RANTES),
were quantified by RT-QPCR using the ABI Prism 7900
SequenceDetection System (Applied Biosystems, Foster City,
CA, USA). Commercially available TaqMan primers and
probes, including 2 unlabeled PCR primers and 1 FAMTM
dye-labeled TaqManMGB probe, were used for all the targets
(all from Applied Biosystems). For mRNA expression, the
primer and probe set was deliberately designed across the
intron-exon boundary so as not to detect probable genomic
DNA. For RT-QPCR, 2.5 𝜇L universal master mix, 0.25𝜇L
primer and probe set, 0.33 𝜇L cDNA, and 1.92 𝜇L H

2
O were

mixed to make a 5𝜇L reaction volume. Each sample was run
in triplicate. RT-QPCR was performed at 50∘C for 2 minutes
and 95∘C for 10 minutes, followed by 40 cycles at 95∘C for
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15 seconds and 60∘C for 1 minute. 𝛽-Glucuronidase (GUSB,
Applied Biosystems) and RNU48 (Applied Biosystems) were
used as house-keeping genes to normalize the mRNA and
miRNA expression, respectively [14, 15]. Results were ana-
lyzed with Sequence Detection Software version 2.3 (Applied
Biosystems). In order to calculate the differences of expres-
sion level for each target among samples, the ΔΔCT method
for relative quantitation was used. Average expression level of
normal blood samples and urine from normal subjects was
used as calibrator for serum and urinary expression and the
expression level of targets was a ratio relative to that of the
controls.

2.3. Statistical Analysis. All the results were presented in
mean ± standard deviation for data normally distributed and
median and interquartile range (IQR) for the others. Since
data of gene expression levels were highly skewed, either log
transformation or nonparametric statistical methods were
used. We used Mann-Whitney 𝑈 test to compare gene
expression levels between groups and Spearman’s rank-order
correlations to test associations between gene expression
levels and clinical parameters. SPSS software (Version 17.0,
SPSS Inc., Chicago, IL, USA) was used for statistical analyses
and 𝑃 < 0.05 was considered statistically significant.

3. Results

This study included 60 nephrolithiasis patients and 50 normal
healthy people in the control group. The mean (±SD) of age
of patient in the study and control groups was 46.5 ± 14.2
and 44.6 ± 12.8 years, respectively. The ratio of male/female
was 37/23 in the study group and 35/15 in the control group.
Thedemographic and baseline clinical data of both groups are
summarized in Table 1. There were no significant differences
in these parameters between patients and control. Calcium
oxalate and calcium phosphate were most prevalent in the
nephrolithiasis patients (83%). Urine characteristics of both
groups, including urine volume, PH, and uric acid, were listed
in Table 1.

3.1. Levels of miRNA-155 in Serum and Urine. To date, there
is no suitable reference miRNA available for normalization
of expression in urine supernatant. Mostly, small RNAU6
(RNU6B) and RNU48 were used as reference genes when
voided urine was analyzed, but neither was regularly detected
in urine supernatant. Only the study by Hanke et al. reports
individual miRNA-miR-152 detection in all urine samples
and its use as an endogenous control [16]. So, we usedmedian
and interquartile range (IQR) for the others to quantify the
expression profile of miRNA-155.

As compared to healthy control, the serummiR-155 levels
were significantly higher in nephrolithiasis patients (3.83,
IQR from 2.55 to 8.29) versus 1.67, IQR from 0.43 to 3.24,
𝑃 < 0.01 (Figure 1(a)). Similarly, nephrolithiasis patients
group had a significantly higher urinary levels of miR-155
(3.36, IQR from 1.69 to 6.02 versus 0.99, IQR from 0.76 to
1.44, 𝑃 < 0.01) than healthy cohorts (Figure 1(b)).

Table 1: General characteristics of nephrolithiasis patients and
healthy controls.

Factor Nephrolithiasis
(𝑛 = 60)

Healthy controls
(𝑛 = 50)

Age (years) 46.5 ± 14.2 44.6 ± 12.8

Gender (male/female) 37/23 35/15
Body weight (kg) 61.65 ± 10.86 64.84 ± 10.52

Height (m) 1.69 ± 0.09 1.71 ± 0.08

Body mass index (kg/m2) 22.45 ± 5.88 23.58 ± 4.36

Urine volume (mL/24 h) 1456 ± 530.8 1162 ± 495.6

Specific gravity 1020 ± 7.6 1022 ± 8.2

Urine creatinine (g/24 h) 1.7 ± 0.7 1.6 ± 0.8

Urine pH 6.20 ± 0.46 6.12 ± 0.68

Urine uric acid (mg/24 h) 665 ± 152 678 ± 140

Blood pressure
Systolic (mmHg) 140 ± 11.58∗ 126 ± 9.6

Diastolic (mmHg) 85.3 ± 10.5∗ 80.6 ± 8.4

eGFR (mL/min/1.73m2) 87.6 ± 44.36 —
CRP (mg/L) 10.12 ± 6.15∗ 3.2 ± 1.48
∗
𝑃 < 0.01 patients compared with healthy controls.

3.2. Correlations between Urinary miR-155 Levels and Clinical
Parameters. Since only 30 healthy controls provided us with
the serum samples for detection of miR-155, however, all
patients and healthy controls donated urine samples for
study; it seems that the detection of urine samples is non-
invasive and more popular and acceptable by subjects. We
analyzed correlations between urinary miR-155 levels and
clinical parameters including C-reactive protein, estimated
glomerular filtration (eGFR). Urinary levels of miR-155 sig-
nificantly and inversely correlate with the eGFR (𝑟 = −0.432,
𝑃 < 0.01), and urinary levels of miR-155 positively correlate
with serumCRP (𝑟 = 0.266,𝑃 < 0.01); the details were shown
in Figure 2.

3.3. Correlations between Urinary miR-155 Levels and Urinary
Cytokine Gene Expression. By simple regression analysis of
the parameters, we found that urinary levels of miR-155
inversly correlate with urinary expression of IL-1𝛽, IL-6, and
TNF-𝛼, and positively correlate with urinary expression of
RANTES (Figure 3).

4. Discussion

Our study investigated the serum and urinary levels of miR-
155 in nephrolithiasis patients and initially found that the
miR-155 expressions in the patients with nephrolithiasis were
significantly higher than those in normal subjects. The miR-
155 levels inversely correlate with the eGFR and positively
correlate with serum CRP. In addition, by a simple regression
analysis, we demonstrated that urinary miR-155 levels signif-
icantly and positively correlated with urinary expression of
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Figure 1: Comparison of serum (a) and urinary (b) levels of miR-155 between patients with nephrolithiasis and normal controls. Data are
compared by Mann-Whitney 𝑈 test. Levels are represented as ratio to the average of controls.
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Figure 2: Relation between urinary levels of miR-155 and (a) estimated glomerular filtration (eGFR) and (b) CRP. Data are compared by
Spearman’s rank correlation coefficient.

RANTES and significantly and negatively correlated with IL-
1𝛽, IL-6, and TNF-𝛼, which suggests the potential inflamma-
tory pathways involved in etiology of human nephrolithiasis.

In the past studies, it has been reported that multiple
miRNAs play important roles in the pathogenesis of a variety
of kidney diseases. For instances, a panel of urine miRNAs
was identified as potential biomarkers for monitoring graft
function and anticipating progression to chronic allograft
dysfunction (CAD) in kidney transplant [17]. miR-15a and
miR-17 are linked to polycystic kidney disease [18, 19] and
miR-21, miR-192,miR-216, andmiR-377 are linked to diabetic
nephropathy [20–23]. To our knowledge, this is the first study
suggesting the participation of miR-155 in the pathophysiol-
ogy of nephrolithiasis. It is already known that miR-155 has

been detected in end-stage renal failure patients and there is
no clarification of the mechanism of miR-155 in promoting
kidney disease progression [24].

In Saikumar et al.’s study, urinary levels of miR-155 could
be a useful biomarker in acute kidney injury (AKI) patients.
miR-155 was correlated with elevated levels of urinary kidney
injury molecule-1 (KIM-1). Similarly, cystatin C, neutrophil
gelatinase-associated lipocalin (NGAL), IL-18, and kidney
injury molecule-1 (KIM-1) were elevated in ICU patients
with prerenal AKI compared to those without AKI [25]. As
already known, the etiology of renal calculi is closely related
to acute/chronic renal tubular injuries and subsequent crystal
deposition and Randall’s plaque formation. Furthermore, it
has been demonstrated that miR-155 is important in the
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Figure 3: Relation between the urinary levels of miR-155 and (a) IL-1𝛽, (b) IL-6, (c) TNF-𝛼, and (d) RANTES. Data are compared by
Spearman’s rank correlation coefficient.

pathogenesis of chronic kidney disease, including activation
of pathways associated with inflammation, fibrosis, extracel-
lular matrix accumulation, and endothelial dysfunction [26].
However, whether miR-155 is elevated or decreased in kidney
stone patients, no relative studies emerged until our present
investigation.

The role of miR-155 has been well documented in the
regulation of the inflammatory response in models of exper-
imental autoimmune encephalomyelitis, graft versus host
disease, alcoholic liver disease, and rheumatoid arthritis [27–
30]. Considering the fact that ischemia-reperfusion injury
is an inflammatory event and miR-155 is involved in the
pathogenesis of ischemia-reperfusion injury, we included
miR-155 as a candidate in our study [31].

miR-155 regulates the expression of adhesion molecules
in inflammatory endothelial cells (ECs) as well as inflam-
mation response in ECs mediated by and angiotensin 𝛼
[32]. Another study revealed that miR-155 and angiotensin
𝛼 type 1 receptor (AT1R) are coexpressed in ECs and vas-
cular smooth-muscle cells and their expression is negatively
correlated with the expression of the endogenous AT1R [33].
A silent polymorphism (+1166 A/C) in the human AT1R

has been shown to be associated with cardiovascular disease
(CVD), whichmight bemediated by enhanced AT1R activity.
Therefore, miR-155 might be responsible for endothelial
activation and increased CVD risk [34]. In a latest meta-
analysis of cohort study, kidney stones were associated with
increased cardiovascular risk. In fact, the association between
nephrolithiasis and many chronic kidney diseases suggests
a common causative link. There are indications that stone
formation can lead to hypertension, diabetes, chronic disease,
and myocardial infarct. The reverse also appears to be true in
that diabetes and hypertension can lead to stone formation.
The production of reactive oxygen species (ROS) and the
development of oxidative stress (OS) are common features
of many renal and cardiovascular diseases including, hyper-
tension, diabetes, metabolic syndrome, and nephrolithiasis.
So, we can hypothesize that oxidative stress produced by
one disease may lead to another disease under suitable
conditions. And also, in a recent study, Tian et al. reported
a new regulatory pathway of YY1/HDACs/miR-155/HBP1
in macrophage-derived foam cell formation during early
atherogenesis; in this study, the potential role of miR-155 in
mediating oxLDL-induced lipid uptake and reactive oxygen
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species (ROS) production of macrophages is demonstrated
[35].

Overwhelming evidence has proved the involvement
of miR-155 in the regulation of both innate and adaptive
immune responses [4, 5]. Given the importance of renal
immune response in the pathophysiology of kidney stones,
we investigated the correlations betweenmiR-155 and impor-
tant proinflammatory cytokines: IL-1𝛽, IL-6, and TNF-𝛼, a
chemokine (RANTES) in the urine sediment. In line with the
previous studies which showed that both miR-146a and miR-
155 exerted a regulation activity to limit the overproduction
of proinflammatory cytokines [36], we found urinary levels
of miR-155 negatively correlated with the expression of IL-1𝛽,
IL-6, and TNF-𝛼 in patients with nephrolithiasis. Our result
supports the hypothesis that the upregulation of miR-155
results in suppression of IL-1𝛽 and IL-6 production. On the
contrary, we found that urinary levels of miR-155 positively
correlated with RANTES. The effect of miR-155 on RANTES
expression and function in nephrolithiasis requires further
study.

There are a few limitations of our study. First, it was a
relatively small retrospective biomarker qualification study
with 60 nephrolithiasis patients. Larger studies will be needed
to confirm the expression profiles of miR-155 in this popula-
tion. Second, we detected the levels of miR-155 using whole
blood and urine sediment without determining the cellular
sources for each of them. Since miR-155 is related to immune
response, it may be expressed in multiple cell types, and
future studies would be necessary to investigate its expression
level in specific cell type. Thirdly, we did not conduct a
function study of miR-155. The underlying mechanism of
the changes and correlations observed in this study needs
further investigation. Finally, the present study is only cross-
sectional in design, and it is possible that miR-155 levels
alter with disease progression and therapy. Whether there is
correlation between nephrolithiasis size, position, and miR-
155 expression level, future studies are needed.

In conclusion, we found that both serum and urinary
levels of miR-155 are upregulated in nephrolithiasis patients.
The investigation of miR-155 suggests that urologists should
be concerned about previous neglected renal function dete-
rioration in clinical kidney stone patients and it greatly
enhances our understanding of tubular injury in etiology of
nephrolithiasis. Further validation of various inflammatory
cytokines implies that the urinary levels ofmiR-155 correlated
with inflammatory events in nephrolithiasis cohort, which
suggested that miR-155 might play an important role in the
pathophysiology of human nephrolithiasis and further study
is needed.
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“Role of miR-155 in the regulation of lymphocyte immune
function and disease,” Immunology, vol. 142, no. 1, pp. 32–38,
2014.

[8] J. Hou, “Lecture: new light on the role of claudins in the kidney,”
Organogenesis, vol. 8, no. 1, pp. 1–9, 2012.

[9] M. Liu, Y. Z. Liu, Y. Feng et al., “Novel evidence demon-
strates that epithelial-mesenchymal transition contributes to
nephrolithiasis-induced renal fibrosis,” Journal of Surgical
Research, vol. 182, no. 1, pp. 146–152, 2013.

[10] G. Wang, B. C. Kwan, F. M. Lai et al., “Intra-renal expression
of microRNAs in patients with IgA nephropathy,” Laboratory
Investigation, vol. 30, no. 4, pp. 171–179, 2011.

[11] M. Decoster, J. C. Bigot, J. L. Carre et al., “Epidemiologic study
of urinary calculi in Western France,” Presse Medicale, vol. 31,
no. 3, pp. 113–118, 2002.

[12] T. Terami, J. Wada, K. Inoue et al., “Urinary angiotensinogen is
a marker for tubular injuries in patients with type 2 diabetes,”
International Journal of Nephrology and Renovascular Disease,
vol. 6, pp. 233–240, 2013.

[13] JE. Freedman, B. Ercan, and KM. Morin, “The distribution of
circulating microRNA and their relation to coronary disease,”
F1000Res, vol. 1, no. 50, 2012.

[14] S. Bhandari, N. Watson, E. Long et al., “Expression of somato-
statin and somatostatin receptor subtypes 1-5 in human normal
and diseased kidney,” Journal of Histochemistry and Cytochem-
istry, vol. 56, no. 8, pp. 733–743, 2008.

[15] C. Chen, R. Tan, L. Wong, R. Fekete, and J. Halsey, “Quan-
titation of microRNAs by real-time RT-qPCR,” Methods in
Molecular Biology, vol. 687, pp. 113–134, 2011.

[16] M. Hanke, K. Hoefig, H. Merz et al., “A robust methodology to
study urine microRNA as tumor marker: MicroRNA-126 and
microRNA-182 are related to urinary bladder cancer,” Urologic
Oncology, vol. 28, no. 6, pp. 655–661, 2010.

[17] DG. Maluf, CI. Dumur, JL. Suh et al., “The urine microRNA
profile may help monitor post-transplant renal graft function,”
Kidney International, vol. 85, no. 2, pp. 439–449, 2014.

[18] S. Lee, T. Masyuk, P. Splinter et al., “MicroRNA15a modulates
expression of the cell-cycle regulator Cdc25A and affects hep-
atic cystogenesis in a rat model of polycystic kidney disease,”
Journal of Clinical Investigation, vol. 118, no. 11, pp. 3714–3724,
2008.

[19] V. Patel, D. Williams, S. Hajarnis et al., “MiR-17∼92 miRNA
cluster promotes kidney cyst growth in polycystic kidney
disease,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 110, no. 26, pp. 10765–10770, 2013.

[20] S. Hagiwara, A. McClelland, and P. Kantharidis, “MicroRNA
in diabetic nephropathy: renin angiotensin, aGE /RAGE, and
oxidative stress pathway,” Journal of Diabetes Research, vol. 2013,
Article ID 173783, 11 pages, 2013.

[21] E. Brennan, C.McEvoy, andD. Sadlier, “The genetics of diabetic
nephropathy,” Genes, vol. 4, no. 4, pp. 596–619, 2013.

[22] M. Kato, S. Putta, M. Wang et al., “TGF-𝛽 activates Akt kinase
through a microRNA-dependent amplifying circuit targeting
PTEN,” Nature Cell Biology, vol. 11, no. 7, pp. 881–889, 2009.

[23] G. Tonolo and S. Cherchi, “Tubulointerstitial disease in diabetic
nephropathy,” International Journal of Nephrology and Renovas-
cular Disease, vol. 7, pp. 107–115, 2014.

[24] H. Wang, W. Peng, X. Shen, Y. Huang, X. Ouyang, and Y.
Dai, “Circulating levels of inflammation-associatedmir-155 and
endothelial-enriched Mir-126 in patients with end-stage renal

disease,” Brazilian Journal of Medical and Biological Research,
vol. 45, no. 12, pp. 1308–1314, 2012.

[25] J. Saikumar, D. Hoffmann, T. Kim et al., “Expression, circu-
lation, and excretion profile of microRNA-21, -155, and -18a
following acute kidney injury,” Toxicological Sciences, vol. 129,
no. 2, pp. 256–267, 2012.

[26] A. M. Piccinini and K. S. Midwood, “Endogenous control
of immunity against infection: tenascin-C regulates TLR4-
mediated inflammation via microRNA-155,” Cell Reports, vol. 2,
no. 4, pp. 914–926, 2012.

[27] G. Murugaiyan, V. Beynon, A. Mittal, N. Joller, and H. L.
Weiner, “Silencing microRNA-155 ameliorates experimental
autoimmune encephalomyelitis,” The Journal of Immunology,
vol. 187, no. 5, pp. 2213–2221, 2011.

[28] P. Ranganathan, C. E. A.Heaphy, S. Costinean et al., “Regulation
of acute graft-versus-host disease bymicroRNA-155,”Blood, vol.
119, no. 20, pp. 4786–4797, 2012.

[29] S. Bala and G. Szabo, “MicroRNA signature in alcoholic liver
disease,” International Journal of Hepatology, vol. 2012, Article
ID 498232, 6 pages, 2012.

[30] R. Leng, H. Pan, W. Qin, G. Chen, and D. Ye, “Role of
microRNA-155 in autoimmunity,” Cytokine and Growth Factor
Reviews, vol. 22, no. 3, pp. 141–147, 2011.

[31] J. V. Bonventre and A. Zuk, “Ischemic acute renal failure: an
inflammatory disease?” Kidney International, vol. 66, no. 2, pp.
480–485, 2004.

[32] T. Staszel, B. Zapała, A. Polus et al., “Role of microRNAs in
endothelial cell pathophysiology,” Polish Archives of Internal
Medicine, vol. 121, no. 10, pp. 361–366, 2011.

[33] M. M. Martin, E. J. Lee, J. A. Buckenberger, T. D. Schmittgen,
and T. S. Elton, “MicroRNA-155 regulates human angiotensin
II type 1 receptor expression in fibroblast,” Journal of Biological
Chemistry, vol. 281, no. 27, pp. 18277–18284, 2006.

[34] Y. Liu, S. Li, Z. Zeng et al., “Kidney stones and cardiovascular
risk: a meta-analysis of cohort studies,” American Journal of
Kidney Diseases, 2014.

[35] F. J. Tian, L. N. An, G. K. Wang et al., “Elevated microRNA-155
promotes foam cell formation by targeting HBP1 in atherogen-
esis,” vol. 103, no. 1, pp. 100–110, 2014.

[36] M. Ceppi, A.M. Pereira, I. Dunand-Sauthier et al., “MicroRNA-
155 modulates the interleukin-1 signaling pathway in activated
human monocyte-derived dendritic cells,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 106, no. 8, pp. 2735–2740, 2009.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


