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Background: Diabetic nephropathy (DN) is one of the most significant long-term complications of diabetes mellitus (DM),
and it is a primary risk factor for end-stage renal disease. MicroRNAs (miRNAs) play important roles in regulat-
ing the expression of genes, including interleukin-6R (IL-6R), which has been reported to be involved in the de-
velopment of DNDN. The aim of this study was to identify the dysregulation of miRNA and its target responsi-
ble for the development of DN in DM.

Material/Methods: We collected the kidney tissues from patients with DN (N=36) and control patients (N=28), and performed real-
time PCR and Western blot analysis to determine the expression of IL-6R. Computational analysis and luciferase
assay were used to identify the miRNA that regulates IL-6R. To explore the association between rs12976445
polymorphism and risk of DN, we enrolled 594 DM patients with (N=282) or without DN (N=312), and studied
the association between a variant in miR-125a and risk of DN in DM.

Results: The expression of IL-6R was barely detected in the control groups, while in the DN group, the IL-6R was clear-
ly detectable. Next, miR-125a was identified as a regulator of IL-6R by using informatics analysis and lucifer-
ase assay. A single-nucleotide polymorphism (rs12976445) in pri-miR-125a has been shown to compromise
the mature processing of miR-125a, and we showed that the expression levels of miR-125a was comparable
between individuals carrying TT and CT, and when combined into 1 group, the miR-125a expression was ap-
proximately 3 times lower than in the CC group. We found significant differences regarding rs12976445 gen-
otype distribution between the DN and the control (OR=1.45, 95% C..=1.02-2.08, p<0.05) with the possible
confounding factors adjusted for by using logistic regression analysis.

Conclusions: We identified miR-125a as a direct regulator of IL-6R, and the genotype of rs12976445 might be a novel pre-
dictor of the development of DN in DM.
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Background

Diabetic nephropathy (DN) is one of the most important long-
term complications of diabetes, and it is the primary cause of
end-stage renal disease and deaths in diabetic patients [1].
The major clinical characteristics of DN includes progressively
decreasing glomerular filtration rate (GFR) and persistent albu-
minuria, with macroalbuminuria (>300mg/day) indicating DN
progression and microalbuminuria (30 to 300 mg of albumin
in urine per day) representing early DN [2]. The main patho-
logical characteristics of DN are expansion and hypertrophy
in the tubular compartments and glomerular mesangium, as
well as buildup of extracellular matrix (ECM) proteins and dys-
function of podocytes. There are several mechanisms, such as
protein kinase C, advanced glycation end-products, hypergly-
cemia, oxidative stress, poly (ADP-ribose) polymerase activa-
tion, and inflammation, which are thought to account for the
development and pathogenesis of DN [3]. Unfortunately, the
hidden molecular pathogenesis is not completely identified.

Interleukin 6 (IL-6) is a multi-potent cytokine; its main func-
tion appears to induce proliferation and differentiation of B
lymphocyte and acute inflammatory responses. IL-6 has been
shown to enhance the differentiation and growth of a wide
range of cells, including renal mesangial cells [4]. The aberrant-
ly enhanced proliferation of renal mesangial cells may lead to
basement membrane thickening and mesangial matrix expan-
sion, which is a major histological characteristic of diabetic ne-
phropathy [5-7]. Actually, thickening of basement membrane
and mesangial proliferation can be observed in early-stage ne-
phropathy [8]. IL-6 may be very important in mesangial pro-
liferation in patients who have glomerular renal disease [4,9].
IL-6 acts on a receptor that consists of 2 subunits, gp130 and
IL-6 receptor (IL-6R). First, IL-6 binds to the IL-6R, and this com-
plex subsequently binds to the gp130 subunit [10,11]. Elevated
concentrations of IL-6R have been observed in both DN [12]
and type Il diabetes mellitus (DM) [13].

MicroRNAs (miRNAs) consist of short non-coding RNAs that
regulate physiological and pathological processes by suppress-
ing expression of target gene via blocking protein translation
or promoting degradation of mRNA. Recently, studies have
discovered key properties for specific miRNAs in a battery of
biological and cellular processes, such as proliferation, devel-
opment, and differentiation [14]. Although the role of miRNAs
has been identified in the pathogenesis of many human dis-
eases, their function in diabetes and DN is less understood.
Earlier reports have shown that single-nucleotide polymor-
phisms (SNPs) in miRNA genes may interfere with the inter-
action between miRNAs and mRNAs of target genes, or com-
promise the processing of mature miRNA [15-18], which may
contribute to susceptibility to certain human diseases [19,20].
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In this study, we confirmed the differential expression of IL-
6R in DN and identified miR-125a as a regulator of IL-6R. It
has been previously shown that a SNP (rs12976445) is pres-
ent in the pre-miR-125a gene, and compromises the mature
processing of the miRNA, which leads to an increased risk of
autoimmune thyroid conditions [21] and repeated pregnancy
loss [22]. Based on the evidence mentioned above, we stud-
ied the association between rs12976445 polymorphism and
risk of DN in the patients with DM.

Material and Methods

Preparation of human kidney sample

Renal biopsies were performed to collect renal tissue sam-
ples from 36 DM patients who had DN, and 28 controls in our
hospital. The controls included in this study were the patients
confirmed with renal carcinoma who underwent nephrectomy
and did not have diabetes, hypertension, and other co-exist-
ing conditions. After all participants signed informed consent,
renal biopsies (DN patients) or nephrectomy surgery (con-
trols, mainly kidney cortexes) were performed to collect kid-
ney tissues for real-time polymerase chain reaction (PCR) and
Western blot analysis. In addition, peripheral blood samples
were collected from 594 DM patients with (N=282) or with-
out (N=312) DN. The demographic and clinicopathological fea-
tures are described in Table 1. Written consent was obtained
from each participant, and the approval of this study was ob-
tained from the Ethics Committee on Human Research of The
People ‘s Hospital in Hanzhong (Hanzhong, China).

Real-time PCR analysis

Total RNA was isolated from renal tissue samples or the cultured
cells by using TRIzol (Invitrogen, Carlsbad, CA). Complementary
DNA (cDNA) was then synthesized by using SuperScript IlI
(Invitrogen, Carlsbad, CA). The expression of miR-125a and
IL-6R mRNA was measured in the human tissue samples and
cultured cells. An ABI PRISM7500 system (Applied Biosystems,
Foster City, CA) was used to perform a quantitative PCR. Each
experiment was repeated 3 times.

Rs12976445 polymorphism genotyping

DNA extraction kit (Sangong, Shanghai, China) was used to
extract genomic DNA from the peripheral blood samples.
NanoDrop 1000 Spec-trophotometer (Thermo Fisher Scientific,
DE) was used to determine the quantity and quality of the iso-
lated genomic DNA. Next, the target chromosome segment
was PCR-amplified using the primer set: 5’-CCA TCG TGT GGG
TCT CAA G-3’ and 5°-TCT TTC ACA GTG GAT CCT CTG AC-3".
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Table 1. Demographic and clinicopathological features of the participants recruited in this study.

DM with nephropathy DM without nephropathy

N 282 312
CSex(Male) 227 a9
CAgelyeary s263:86 5137493
Csmoking®®) 412 230
Durationof DM (years) ~ 778¢789 889814
 Duration of DMN (months) 13211023 o
CeGR(mUmin) 59352364 1043542578
TG (mmo)  2asss& 178s148
CcHOL(mmoy) sgeto 5321
CHDL(mmoOV) 14123 l7s113
WL(mmol) 334134 356143
| Urinary protein excretion (g/24h)  334x2% 00530012
HbAC®%®)  83s234  s1s256
Seumabumin(g) 20341226  4849+1398
 Serum creatinine (umoll) 1486547828 681242932

DM - diabetes mellitus; DMN — diabetic nephropathy.

Subsequently, the genotype of rs12976445 polymorphism was
determined by using direct Sanger sequencing.

Cell culture

Human glomerular mesangial IP15 cell line were purchased
from Chinese Academy of Sciences Cell Bank (Shanghai, China).
Cells were incubated in RPMI-1640 medium containing 10%
fetal bovine serum (FBS) and were placed in a humidified in-
cubator at 37°C with an atmosphere of 95% air and 5% CO,.
All experiments used cells at passages from 3 and 8.

Transient transfection

Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA) was used
to perform the transient transfections as specified in the man-
ufacturer’s protocol. miRNA oligonucleotide was transfected
for function loss experiment as per a designated protocol. In
brief, cells were plated in 6-well plates and grew to 80% con-
fluency. Next, the culture media was supplemented with miR-
125a mimics, IL-6R specific siRNA or a matched miRNA negative
control (Genepharma, Shanghai, China) at a final concentra-
tion of 50 nM. At 6 h after transfection, the medium was re-
plenished with RPMI-1640.

In vitro cell proliferation assay

The colorimetric procedure was performed to assess cell viabil-
ity by using the Cell Counting Kit-8 (Dojindo, Shanghai, China),

following the manufacturer’s instruction. The absorbance was
measured at 450 nm using a microplate reader. Five duplicate
wells were determined for all experiments for each group.

Luciferase reporter gene assay

Human genomic DNA was used for amplification of full-length
3’-UTR of IL-6D by PCR and the clone into luciferase report-
er vector (Promega, Madison, WI). The Quick Change XL site-
directed mutagenesis kit (Stratagene, La Jolla, CA) was used
to introduce the mutations into the putative binding sites at
91-99 bp and 621-627 bp of the 3’UTR of IL-6R. The reporter
constructs and miR-negative control or miR-125a mimic were
used for co-transfection of renal mesangial cells. The cells
were incubated for 24 h, and then the activities of luciferase
were determined in a luminometer using the Dual-Luciferase
Reporter Assay System (Promega, Madison, WI) as per the
manufacturer’s instructions.

Western blot

RIPA buffer was used to lyse the human tissues or cells, and to-
tal cellular protein was centrifuged and obtained. The concen-
tration was determined by the BCA method. After separation
by SDS-PAGE, proteins were transferred to PVDF membranes
(0.45 mm, Millipore), and then wash with TBST, blockage with
5% skim milk powder dissolved in TBST for 1 h, the PVDF mem-
branes were cultured with primary antibodies against IL-6R or
B-actin (Santa Cruz, CA, USA) (Dilution 1:1500 for both primary
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IL-6R m—

B-actin

Diabetic nephropathy Controls

mRNA expression level of IL-6R

Controls

Diabetic nephropathy

Figure 1. (A) The expression of IL-6R was barely detectable in
the controls groups, but was clearly detectable in the
DN groups; (B) The mRNA expression level of IL-6R was
substantially upregulated in the tissue samples from
DN patients compared with the controls.

antibodies) at 4°C overnight with dilutions as per the instruc-
tion of the manufacturer. The internal reference was B-actin.
After washing with TBST, the PVDF membranes were cultured
with secondary antibodies conjugated with horseradish per-
oxidase (HRP) for 1 h at 37°C. Chemiluminescence (ECL) re-
agent (Pierce, Thermo Scientific, Rockford, IL,) was used to de-
tect the protein bands.

Statistical analysis

A goodness-of-fit 2 test in controls was used to assess Hardy-
Weinberg equilibrium (HWE) for the genotype. The differences
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in distributions of demographic characteristics between cas-
es and controls were determined using Pearson’s Ty? test. The
strength of correlation between the polymorphism and DN risk
odds ratios (ORs) and 95% confidence intervals (95% Cls) were
determined by univariate logistic regression model. After adjust-
ment for age, sex, smoking status, duration of DM, or DN (as de-
scribed in Table 1), a multivariate logistic regression model was
used for the calculation of adjusted ORs and 95% Cls. Statistical
significance was set at P<0.05 that was 2-sided, and SPSS 19.0
(SPSS, Chicago, IL) was used to perform all statistical analyses.

Results

In this study, we collected the kidney tissues from the pa-
tients with DN (N=36) and the control patients (N=28), and
performed realtime PCR and Western blot analysis to deter-
mine the expression of IL-6R that had been previously re-
ported to be functionally involved in the development of dia-
betic nephropathy [23]. As expected, the expression of IL-6R
was barely detected in the controls groups, while in the DN
groups, the IL-6R was clearly detectable (Figure 1A). Similarly,
the mRNA expression level of IL-6R was substantially upregu-
lated in the tissue samples from DN patients compared with
the controls (Figure 1B).

To identify the potential regulator of IL-6R in the kidneys, we
searched the miRNA database (www.mirdb.org) and identify
miR-125a as a possible regulator of IL-6R with 2 putative bind-
ing sites (91-99 bp and 621-627 bp) within the 3’UTR of the
gene. To test it, a luciferase assay reporter system was set up
by amplifying and inserting the 3’UTR of IL-6R into pGL3 that
contained downstream firefly luciferase. To identify the real
binding site responsible for the interaction, the 2 putative bind-
ing sites were mutated individually (mutant-1 and mutant-2)
and combinatively (mutant-3) as described in Figure 2. Next,

Hsa-miR-125a target IL-6R
IL-6R 3'UTR (621-627)

Hsa-miR-125a

IL-6R 3'UTR (91-99)

Introduction of mutations to replace the seed sequences
Mutant-1

IL-6R 3'UTR (621-627)

Mutant-2
IL-6R 3"UTR (91-99)

Mutant-3
IL-6R 3" UTR (91-99)
IL-6R 3'UTR (621-627)

5’ ~GGTGAATAATACAGTATCTCAGGGC-3’
LT
3’ ~AGUGUCCAAUUUCCCAGAGUCCCU-5’

T
5" ~TGCCATGCCAGCTTATCTCAGGGG-3’

5" ~GGTGAATAATACAGTAAGAGUCCCC-3’

5’ ~TGCCATGCCAGCTTAAGAGUCCCG—3

5’ ~TGCCATGCCAGCTTAAGAGUCCCG-3’
5" ~GGTGAATAATACAGTAAGAGUCCCC-3’

Figure 2. MiR-125a was identified as a possible
regulator of IL-6R via 2 putative
binding sites (91-99 bp and 621-627
bp) within the 3’UTR of the gene.
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Figure 3. The luciferase activity was significantly decreased in
the cells transfected with miR-125a mimics and wild-
type, mutant-1, and mutant-2 IL-6R 3’UTR, whereas
the luciferase activity was similar between the cells
transfected with mutant-3 IL-6R 3’UTR and the
controls.

the constructs carrying either wild-type or the mutated 3’'UTR
of IL-6R were transfected into the cultured mesangial cells that
overexpressed miR-125a or the scramble control sequence.
As presented in Figure 2, we found that the luciferase activity
was significantly decreased in the cells transfected with miR-
125a mimics and wild-type, mutant-1, and mutant-2 IL-6R
3’UTR, whereas the luciferase activity was similar between
the cells transfected with mutant-3 IL-6R 3’'UTR and the con-
trol (Figure 3), suggesting that either of the binding sites was
sufficient for a full interaction between miR-125a and IL-6R.

To further verify the regulatory association between miR-125a
and IL-6R, we examined the expression of miR-125a in the
above-mentioned DN patients and controls, and we showed that
the expression of miR-125a was significantly downregulated in
DN patients compared with the controls (Figure 4A). We then
regrouped the samples based the rs12976445 polymorphism

IL-6R  E———
B-actin
Scramble miR-125a IL-6R specific
control mimics siRNA
B 15—
<
5 1.0
g
s
=
205+
=
S
0.0
Scramble miR-125a IL-6R specific
control mimics siRNA

Figure 5. (A) Protein expression level of IL-6R was significantly
downregulated by introduction of miR-125a mimics
and anti-IL-6R siRNA; (B) The mRNA of IL-6R was also
substantially lower in the cells transfected with miR-
125a mimics and anti-IL-6R siRNA compared with the
control.

genotypes, and we found that 35, 24, and 5 participants were
genotyped as CC, CT, and TT, respectively. As shown in Figure 4B,
the expression levels of miR-125a was comparable between
TT and CT, so we merged those 2 groups into 1, which was
significantly lower than the CC group.

To further validate IL-6R as a target of miR-125a, we exam-
ined the endogenous expression in mesangial cells transfected
with miR-125a and IL-6R specific siRNA by using Western blot
and real-time PCR analysis. We found that the protein expres-
sion level of IL-6R was significantly downregulated by intro-
duction of miR-125a mimics and anti-IL-6R siRNA (Figure 5A);

A B
4 4

mRNA expression level of miR-125a
|

mRNA expression level of miR-125a
1

0— 0—

Figure 4. (A) The expression of miR-125a was
significantly downregulated in DN
patients compared with the controls;
(B) The expression levels of miR-125a
was comparable between TT and CT.

Diabetic nephropathy Controls (€& TC+1T
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100—

50—

Proliferation rate (% of control)

miR-125a
mimics

Scramble
control

IL-6R specific
SiRNA

Figure 6. The viability of the cells transfected with miR-125a and
IL-6R specific siRNA were significantly lower than that
of the cells transfected with scramble control.

and, consistent with this, the mRNA of IL-6R was also substan-
tially lower in the cells transfected with miR-125a mimics and
anti-IL-6R siRNA compared with the control (Figure 5B). To test
the effect of downregulation of IL-6R on the proliferation of
mesangial cells, we evaluated the viability of the cells trans-
fected with miR-125a and IL-6R specific siRNA. As shown in
Figure 6, the viability of the cells transfected with miR-125a
and IL-6R specific siRNA were significantly lower than that of
the cells transfected with scramble control.

To explore the association between rs12976445 polymorphism
and risk of DN, we enrolled 594 DM patients with (N=282) or
without DN (N=312). The distributions of rs12976445 poly-
morphism were in Hardy-Weinberg equilibrium among the
case group and the controls. As the expression levels of miR-
125a was similar between TT and CT, and genotype frequency
is low, we combined the 2 genotype groups together in com-
parison with the wild-type group (CC). The demographic and
clinicopathological parameters in the 2 groups are presented
in Table 1. As shown in Table 2, significant differences were
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noted regarding genotype distribution of rs12976445 between
the DN and the controls (OR=1.45, 95% C.l.=1.02-2.08, p<0.05)
with the possible confounding factors adjusted for by using
logistic regression analysis.

Discussion

A major complication of DM is DN. A study reported that either
environmental or genetic factors may cause various pathophys-
iological cascades correlated with development of DN [24]. In
the past decade, studies have suggested that inflammation
plays an important role in the occurrence and progression of
such kidney injury [24,25]. Researchers first found inflamma-
tory cytokines was associated with the pathogenesis of DN in
1991 [26]. Later, studies have shown that intrinsic renal cells
(glomerular, mesangial, tubular epithelial, and endothelial cells)
have the ability to synthesize proinflammatory cytokines [27].
As a major modulator of inflammation, Interleukin-6 (IL-6) is
elevated in DM patients with DN, and is also presented at in-
creased concentrations in patients with pronounced protein-
uria when compared to patients with microalbuminuria [28].
The experimental animal models of DN showed over-activa-
tion of IL-6 signaling pathway in the kidney of the patients
with DN [29]. In this study, we performed real-time PCR and
Western blot analysis to determine the expression of IL-6R in
the kidney tissues from the patients with DN and the control
patients, and we found that the expression of IL-6R was bare-
ly detected in the controls groups, while in the DN groups, the
IL-6R was clearly detectable. Similarly, the mRNA expression
level of IL-6R was substantially upregulated in the tissue sam-
ples from DN patients compared with the controls. To identi-
fy the potential regulator of IL-6R in the kidneys, we searched
the miRNA database online and identified miR-125a as a pos-
sible regulator of IL-6R, with 2 putative binding sites (91-99
bp and 621-627 bp) within the 3’UTR of the gene. To iden-
tify the real binding site responsible for the interaction, the
2 putative binding sites were mutated individually (mutant-1

Table 2. Significant differences were noted regarding genotype distribution of rs12976445 between the subjects with or without DMN
with the possible confounding factors adjusted by using logistic regression analysis.

DM with nephropathy DM without nephropathy

(N=282) (N=312) P value Adjusted OR (95%Cl)

cc 185 (65.62%) 230 (73.71%)
oo @aew 78 @so0w
T 6 Q1% s Q2%
CoCombined
””””” «« 18 (ese2%) 230 (371% oo 100
””””” ant o7 (a3s%) 82 (629% 1450102208
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and mutant-2) and combinatively (mutant-3), and we found
that the luciferase activity was significantly decreased in the
cells transfected with miR-125a mimics and wild-type, mu-
tant-1, and mutant-2 IL-6R 3’UTR, whereas the luciferase ac-
tivity was similar between the cells transfected with mutant-3
IL-6R 3’UTR and the controls (Figure 3), indicating that either
of the binding sites was sufficient for a full interaction be-
tween miR-125a and IL-6R. To further validate IL-6R as a tar-
get of miR-125a, we examined the endogenous expression in
mesangial cells transfected with miR-125a and IL-6R specific
SiRNA by using Western blot and real-time PCR analysis, and
we found that protein and mRNA expression level of IL-6R was
significantly downregulated by introduction of miR-125a mim-
ics and anti-IL-6R siRNA.

Suzuki et al. [30] investigated renal samples from patients
with DN and observed over-activation of the IL-6/IL-6R sig-
naling pathway in interstitium, mesangium, tubules, and in-
filtrating cells, which might be responsible for the abnormal-
ly enhanced proliferation of mesangial cells [31]. In line with
this, it has also been shown that stimulation of the IL-6/IL-6R
signaling pathway promoted proliferation of mesangial cells
and fibronectin, which subsequently increased the permea-
bility of glomerular endothelial cell [24,25]. To test the effect
of downregulation of IL-6R on the proliferation of mesangial
cells, we evaluated the viability of the cells transfected with
miR-125a and IL-6R specific siRNA, and we found that the vi-
ability of the cells transfected with miR-125a and IL-6R specif-
ic siRNA were significantly lower than that of the cells trans-
fected with scramble control.

MiR-125a, located at chromosome 19q13.41, has been report-
ed to be involved in pathogenesis of many human diseases as
well as development of organs [32,33]. Accumulating studies
have suggested that miR-125a is associated with the patho-
genesis of human cancers, such as lung, gastric, and breast
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cancers [32,34-36]. miR-125a may act as either an oncogene
or a tumor suppressor, depending on the cellular context. For
instance, the downregulation of miR-125a was observed in
some cancers, such as leukemia [32] and lung cancer [35,36],
where the increased expression suppressed the proliferation of
cancer cells and promoted apoptosis. Recent evidence showed
that mature miRNA processing and mature miR-125a expres-
sion may be disrupted by the T allele of rs12976445, result-
ing in augmented production of target genes, including LIFR
and ERBB2 [22, 38]. It has been previously shown that a SNP
(rs12976445) is present in the pre-miR-125a gene, and it com-
promises the mature processing of the miRNA, which leads to
an increased risk of autoimmune thyroid conditions [21] and
repeated pregnancy loss [22]. In this study, we studied the
association between rs12976445 polymorphism and risk of
DN in a total of 594 DM patients with (N=282) or without DN
(N=312), and we found that rs12976445 was significantly as-
sociated with DN (OR=1.45, 95% C.I.=1.02-2.08, p<0.05) after
the possible confounding factors were adjusted for by using
logistic regression analysis.

Conclusions

Our results showed that miR-125a is a key player in the de-
velopment of DN via targeting IL-6R, and underexpression of
miR-125a promoted proliferation of mesangial cells by releas-
ing the inhibition on IL-6R. Downregulation of miR-125a could
be, at least partially, attributed to the presence of rs12976445
polymorphism, which compromises the mature processing of
the miRNA, demonstrating that miR-125a is a promising nov-
el diagnostic and therapeutic target for DN.
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