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Background: It has been reported that lncRNA MEG8 can be induced by glucose in mice

model of kidney injury, indicating its role in diabetic nephropathy (DN). This study was

carried out to explore the role of MEG8 in DN.

Materials and Methods: The expression of MEG8 and miR-770-5p in plasma samples

from DN patients (n = 66), diabetic patients (DM patients with no complications, n = 66) and

healthy controls (n = 66) was detected by RT-qPCR. The interaction between MEG8 and

miR-770-5p in podocyte cells was evaluated by transient transfections. Cell apoptosis under

high-glucose treatment was detected by cell apoptosis assay.

Results: MEG8 and miR-770-5p were upregulated in plasma of DM patients and were

further upregulated in DN patients. MEG8 was positively correlated with miR-770-5p. In

podocyte cells, high-glucose treatment resulted in increased expression levels of MEG8 and

miR-770-5p. In podocyte cells, overexpression of MEG8 resulted in upregulated expression

of miR-770-5p and decreased methylation of the miR-770-5p gene. Cell apoptosis analysis

showed that overexpression of MEG8 and miR-770-5p resulted in increased cell apoptotic

rate under glucose treatment. In addition, combined overexpression of MEG8 and miR-770-

5p showed stronger effects.

Conclusion: MEG8 may upregulate miR-770-5p through methylation to promote DN by

promoting cell apoptosis.
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Introduction
Diabetes mellitus (DM) is one of the major public health concerns with increasing

incidence rate in recent years.1 International Diabetes Federation (IDF) estimated that

there were about 415 million people with diabetes in 2015, and this number will be

increased to 642 million by 2040.2 DM is a chronic disease that causes multiple

complications that affect almost all important organs in the human body.3 In

a considerable portion of DM patients, hyperglycemia causes damages to the kidney,

which filters blood, leading to the development of diabetic nephropathy (DN).4 Lesions

caused by DN are usually irreversible.5 Without timely treatment, DN will eventually

develop into end-stage renal failure, which is related to the high mortality rate.6,7

Novel therapeutic approaches are needed to improve the treatment of DN.8 With the

increased understanding of the molecular mechanisms of DN, various molecular

players have been characterized in this disease.8 In effect, some molecular players,

such as Sirt1 and IL-17a, have been identified as potential targets for the treatment of
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DN.9,10 Although non-coding RNAs (ncRNAs) encode no

protein products, they regulate gene expression and partici-

pate in the development and progression of human

diseases.11,12 Therefore, ncRNAs, such as lncRNAs, are

also potential targets for the treatment of DN. It has been

reported that lncRNA MEG8 and miR-770-5p both promote

DN,13,14 indicating the potential interactions between them.

This study was carried out to investigate the interaction

between MEG8 and miR-770-5p in DN.

Materials and Methods
Patients and Healthy Controls
This study enrolled 66DNpatients (36males and 30 females;

44 to 69 years old; mean age 56.7 ± 5.2 years old), 66 DM

patients (36 males and 30 females; 44 to 69 years old; mean

age 56.6 ± 5.4 years old) and 66 healthy controls (36 males

and 30 females; 44 to 69 years old; mean age 56.8 ± 5.3 years

old) at Weifang People’s Hospital between June 2017 and

June 2019. The Ethics Committee of Weifang People’s

Hospital approved this study before the enrollment of

patients and controls. All the experimental procedures were

conducted in accordance with the Declaration of Helsinki.

All DN andDMpatients were diagnosed for the first time and

no initiated therapy or other clinical disorders were observed.

All participants received systemic physiological exams. The

healthy controls showed normal functions for all critical

organs. DN and DM patients were excluded from other

severe clinical disorders. All participants provided written

form of the informed consent. See Table 1 for the basic

information of three groups of participants.

Blood Extraction and Preparation of

Plasma Samples
All patients and controls were fasted for more than 12 h,

followed by extraction of blood (5 mL) from the elbow

vein. To prepare plasma samples, blood samples were

centrifuged in EDTA tubes at 1200 g at room temperature

for 18 min. The supernatant, which was plasma, was

collected and immediately subjected to RNA isolations.

Podocytes
Human podocyte cell line CIHP-1 (Ximbio) was used.

Cells were cultivated in a medium composed of FBS

(10%) and RPMI-1640 (90%) supplemented with Insulin-

Transferrin-Selenium and Pen/Strep. Cells were cultured at

37 °C with 5% CO2. Cells were collected from passage 3

to 6 to be used in the following experiments. In cases of

high-glucose treatment, CIHP-1 cells were cultivated in

fresh medium containing 10, 20 and 40 mM D-glucose

(Sigma-Aldrich) for 48 h before use.

Cell Transfection
MEG8 expressing vector was constructed by Sangon

(Shanghai, China) with pcDNA3.1 vector as backbone. To

overexpressmiR-770-5p, mimic of miR-770-5p and negative

control (NC) miRNAwere synthesized by Sangon. Vector (1

µg) and/or miRNA (40 nM) was transfected into CIHP-1

cells using Lipofectamine 2000 (Invitrogen) following the

manufacturer’s instructions. Untransfected cells were used as

Control (C) cells. NC miRNA- or empty vector-transfected

cells were NC cells. Cells collected at 48 h post-transfection

were used in subsequent experiments.

RNA Preparations
Total RNAs were isolated from CIHP-1 cells and plasma

samples using Ribozol (Invitrogen). To harvest miRNAs,

RNA samples were precipitated and washed using ice-cold

85% ethanol. RNA samples were digested with DNase I at

37 °C for 1 h to digest genomic DNAs. RNA integrity was

checked using a Urea-PAGE gel (6%).

RT-qPCR
A reverse transcription system (A5003, Promega

Corporation) was used to reverse transcribe RNA samples

into cDNA samples. The qPCRs reactions were prepared

using QuantiTect SYBR Green PCR Kit (QIAGEN). Human

Table 1 Basic Information of Three Groups of Participants

Indexes DN DM Control

Cases 66 66 66

Males 36 36 36

Females 30 30 30

Duration of

diabetes (years)

11.8 ± 3.3 6.9 ± 3.5 NA

BMI (kg/m2) 24.14 ± 2.06 23.76 ± 2.22 22.91 ± 1.39

Systolic blood

pressure (mmHg)

134.38 ±

7.11

128.34 ± 4.98 127.41 ± 4.36

Diastolic blood

pressure (mmHg)

81.33 ± 4.54 77.36 ± 7.36 77.14 ± 4.99

Fasting blood sugar

(mg/dL)

153.37 ±

34.24

123.54 ±

51.78

63.11 ± 33.12

HbA1c (mmol/

mol)

83.77 ± 9.78 71.71 ± 8.41 35.71 ± 4.41

Serum urea 30.10 ± 6.56 22.55 ± 6.84 18.324 ± 4.12

Serum Creatinine 1.18 ± 0.29 0.92 ± 0.20 0.83 ± 0.11
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18S rRNAwas used as the internal control to determine the

expression levels of MEG8. The expression levels of mature

miR-770-5p were determined through the following

steps: 1) addition of poly (A) to mature miRNAs; 2) reverse

transcriptions; 3) qPCRs. All of the three steps were per-

formed using All-in-OneTM miRNA qRT-PCR Detection Kit

(Genecopoeia). U6 was used as the internal control of miR-

770-5p. Primer sequences were as following: 5ʹ-

CTCTGTGAATCAGGAGAGAAGAGA-3ʹ (forward) and

5ʹ-TTCACCTTGGGGAAATGACCA-3ʹ (reverse) for

MEG8; 5ʹ-GTAACCCGTTGAACCCCATT-3ʹ (forward)

and 5ʹ-CCATCCAATCGGTAGTAGCG-3ʹ (reverse) for

MEG8 for 18S rRNA. Forward primer of miR-770-5p was

5ʹ-TCCAGTACCACGTGTCAGGGCCA-3ʹ. U6 forward

primer and universal reverse primers were from the kit.

Three replicates were included in each experiment. Ct values

were normalized using 2−ΔΔCT method.

Cell Apoptosis Assay
CIHP-1 cells were collected from each transfection group

at 48 h post-transfection. Cells were cultivated in medium

containing 40 nM D-glucose for 48 h, followed by wash-

ing with ice-cold PBS. After that, Annexin V-FITC

(Dojindo, Japan) and propidium iodide (PI) were used to

stain the cells for 20 min in dark. Finally, flow cytometry

was used to analyze apoptotic (early apoptosis) cells.

Methylation-Specific PCR (MSP)
CIHP-1 cells were subjected to genomic DNA isolation

using Monarch® Genomic DNA Purification Kit (NEB).

EZ DNA Methylation-GoldTM kit (ZYMO) was used to

convert DNA samples. Taq 2X Master Mix (M0270, NEB)

was used to perform all PCRs to analyze the methylation

of miR-770-5p. MSP primers were designed to clone

methylated miR-770-5p gene and non-MSP primers were

used to clone un-methylated miR-770-5p gene. MSP pri-

mers were: 5ʹ-AGGAGCCACCTTCCGAGC-3ʹ (forward)

and 5ʹ-AAGAGCAGACCCCTGAGG-3ʹ (reverse). Non-

MSP primers were: 5ʹ-AGGAGTTATTTTTCGAGT-3ʹ

(forward) and 5ʹ-AAAAACAAACCCCTAAAA’ (reverse).

Statistical Analysis
Comparisons among multiple groups were explored by

ANOVA Tukey’s test. Data of triplicates were expressed as

mean ormean ± standard deviation (SD) values. Linear regres-

sion analysis was performed for correlation analysis.

Differences were considered as statistically significant when

p < 0.05.

Results
The Expression of MEG8 and miR-770-5p

Were Both Upregulated in DN
The expression of MEG8 and miR-770-5p in plasma from

DN patients (n = 66), DM patients (n = 66) and controls (n

= 66) were detected by RT-qPCR. RT-qPCR results

showed that, compared to the Control group, DN and

DM groups exhibited significantly higher expression levels

of MEG8 (Figure 1A, p < 0.01) and miR-770-5p (Figure

1B, p < 0.01). Moreover, DN group also exhibited signifi-

cantly higher expression levels of MEG8 and miR-770-5p

in comparison to that in DM group (p < 0.05).

The Expression of MEG8 and miR-770-5p

Were Positively Correlated Only Across

Plasma Samples from DN Patients
Correlations between the expression levels of MEG8 and

miR-770-5p across plasma samples from DN patients

Figure 1 The expression of MEG8 and miR-770-5p were both upregulated in DN. Expression of MEG8 (A) and miR-770-5p (B) in plasma from DN patients (n = 66), DM

patients (n = 66) and controls (n = 66) were analyzed by RT-qPCR. Mean values of 3 replicates were presented. *p < 0.05; **p < 0.01.
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(Figure 2A), DM patients (Figure 2B) and controls (Figure

2C) were analyzed by linear regression. It was observed

that the expression of MEG8 and miR-770-5p were posi-

tively correlated only across plasma samples from DN

patients, but not DM patients and controls.

MEG8 Upregulated the Expression of

miR-770-5p in CIHP-1 Cells by Reducing

the Methylation of miR-770-5p
To explore the interaction between MEG8 and miR-770-

5p in DN, CIHP-1 cells were treated with 40 nM

D-glucose for 48 h to mimic DN, followed by transfec-

tions of MEG8 expression vector or miR-770-5p mimic.

Transfections were confirmed by RT-qPCR (Figure 3A,

p < 0.05). It was observed that cells with MEG8 expres-

sion vector transfection also exhibited upregulation of

miR-770-5p (Figure 3B, p < 0.05), while cells with over-

expression of miR-770-5p showed no significantly altered

expression of MEG8 (Figure 3C, p > 0.05). MSP was

performed to assess the effects of overexpression of

MEG8 on the methylation of miR-770-5p. Compared to

cells transfected with empty vector, cells transfected with

MEG8 expression vector exhibited obviously reduced

methylation of miR-770-5p (Figure 3D).

Glucose-Inducible MEG8 and miR-770-5p

Promoted Glucose-Mediated Apoptosis

of CIHP-1 Cells
CIHP-1 cells were cultivated in medium containing 10, 20

and 40 mM D-glucose for 48 h, followed by determination

of the expression of MEG8 and miR-770-5p by RT-qPCR.

It was observed that D-glucose treatment resulted in

Figure 2 MEG8 and miR-770-5p were positively correlated only across plasma samples from DN patients. Correlations between the expression levels of MEG8 and miR-

770-5p across plasma samples from DN patients (A), DM patients (B) and controls (C) were analyzed by linear regression.
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increased expression levels of MEG8 (Figure 4A) and

miR-770-5p (Figure 4B) in a dose-dependent manner

(p < 0.05). Cell apoptosis assay was performed to explore

the role of MEG8 and miR-770-5p in regulating the apop-

tosis of CIHP-1 cells. It was observed that overexpression

of MEG8 and miR-770-5p resulted in increased cell apop-

totic rate under glucose treatment. In addition, combined

overexpression of MEG8 and miR-770-5p showed stron-

ger effects (Figure 4C).

Discussion
This study investigated the interaction between MEG8 and

miR-770-5p in DN. We found that MEG8 and miR-770-5p

were both upregulated in DN. Moreover, MEG8 and miR-

770-5p were both inducible by high glucose and the role of

MEG8 in promoting the apoptosis of human podocytes is

likely associated with miR-770-5p.

A recent study reported that the expression of MEG8

could be induced by glucose in mice model of kidney

injury,14 indicating its role in DN. In this study, we showed

that MEG8 was upregulated in DN and its expression in

human podocytes was upregulated by treatment with high

glucose. In addition, overexpression of MEG8 resulted in

increased apoptotic rate of podocytes. In the kidneys of DN

patients, apoptosis of podocytes is accelerated, leading to

kidney injury.15,16 Therefore, glucose-inducible MEG8 may

promote the development of DN by promoting the apopto-

sis of podocytes. Interestingly, MEG8 was also upregulated

in DM patients without obvious complications. Therefore,

MEG8 may also participate in other types of diabetic

Figure 3 MEG8 upregulated the expression of miR-770-5p in CIHP-1 cells by reducing the methylation of miR-770-5p. To explore the interaction between MEG8 and miR-

770-5p in DN, CIHP-1 cells were treated with 40 nM D-glucose for 48 h to mimic DN, followed by transfections of MEG8 expression vector or miR-770-5p mimic.

Transfections were confirmed by RT-qPCR (A). The effects of MEG8 expression vector transfection on the expression of miR-770-5p (B), and the effects of overexpression

of miR-770-5p on MEG8 (C) were also analyzed by RT-qPCR. MSP was performed to analyze the effects of overexpression of MEG8 on the methylation of miR-770-5p. In

MSP, MSP primers were designed to clone methylated miR-770-5p gene and non-MSP primers were used to clone un-methylated miR-770-5p gene in cells transfected with

MEG8 expression vector or empty pcDNA3.1 vector. PCR products were subjected to 1% agarose gel electrophoresis, followed by ethidium bromide staining (D). Mean ±

SD values of 3 replicates were presented. U, un-methylation; M, methylation; *p < 0.05.
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complication. Future studies are needed to further explore

the role of MEG8 in diabetic complications.

MiR-770-5p was reported to target TP53 regulated inhi-

bitor of apoptosis 1 to induce the apoptosis of podocytes,

thereby promoting the development of DN.13 Consistent

with previous studies, this study reported the upregulation

of miR-770-5p in DN and its enhancing effects on glucose-

induced apoptosis of podocytes. Interestingly, our study

showed that miR-770-5p could be upregulated in podocytes

by MEG8, and the upregulation of miR-770-5p by MEG8 is

at least partially achieved through the role of MEG8 in

reducing the methylation of miR-770-5p gene. However,

the interaction between miR-770-5p and MEG8 is likely

DN-specific. This is because miR-770-5p and MEG8 were

only closely correlated across DN patients but not DM

patients and healthy controls. Interestingly, cell apoptosis

analysis showed that MEG8 overexpression has slightly

stronger effects on cell apoptosis in comparison to over-

expression of miR-770-5p. It may be caused by the different

overexpression rates of these two factors. Another possibi-

lity is that MEG8 may also interact with other apoptotic

factors. Further studies are needed.

It has been reported that MEG8 is overlapped with

miR-379 microRNA cluster and 14q32 miRNA cluster.

MiRNAs in miR-379 microRNA cluster are upregulated

in kidney and glomeruli from diabetic mice and mesangial

cells treated with HG and TGF-b. In addition, it is known

that miR-379 can target EDEM3 and ATF3 to regulate ER

Figure 4 Glucose-inducible MEG8 and miR-770-5p promoted glucose-mediated apoptosis of CIHP-1 cells. CIHP-1 cells were cultivated in medium containing 10, 20 and 40

mM D-glucose for 48 h, followed by determining the expression of MEG8 (A) and miR-770-5p (B) by RT-qPCR. Cell apoptosis assay was performed to explore the role of

MEG8 and miR-770-5p in regulate the apoptosis of CIHP-1 cells (C). Mean ± SD values of 3 replicates were presented. *p < 0.05.
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stress.17 14q32 miRNA cluster plays critical roles in kid-

ney fibrosis.18 Our future studies will explore the interac-

tions between MEG8, miR-379 and 14q32 miRNA cluster

in DN.

Conclusions
In conclusion, miR-770-5p and MEG8 are both upregu-

lated in DN and they may induce glucose-induced apop-

tosis of podocytes to participate in DN. In addition, MEG8

may upregulate miR-770-5p by reducing the methylation

of miR-770-5p gene.
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