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Peripheral Blood miR-937 May Serve as
a Biomarker for Metabolic Disorders by Targeting AMPKα
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SUMMARY
Background: The current study mainly evaluated whether peripheral blood miR-937 could be a biomarker to differentiate patients with metabolic disorders and healthy controls.
Methods: The peripheral blood was collected with patients with hyperglycemia, hyperlipidemia and healthy control. The relative peripheral blood miR-937 level in patients with metabolic disorders and healthy individuals
were evaluated by real-time PCR. Receiver operating characteristic curve (ROC) analysis and Spearman’s correlation coefficient were applied to evaluate whether miR-937 could be a potential biomarker for metabolic disorders. Dual luciferase reporter assay was performed to identify the possible target genes of miR-937.
Results: First, miR-937 was significantly increased (8.02 ± 8.27) in the peripheral blood of hyperglycemia patients.
The level of miR-937 of patients with hyperlipidemia (13.7 ± 14.72) was also enhanced obviously compared with
healthy controls (1 ± 1.35). ROC analysis showed that the peripheral blood levels of miR-937 could screen patients
with hyperglycemia or hyperlipidemia from healthy controls. Furthermore, peripheral blood miR-937 level positively correlated with serum glucose level (r = 0.556, p < 0.01) as well as total serum TG/TC levels (r = 0.455,
p < 0.01). Dual luciferase reporter assay indicated that miR-937 suppressed the relative luciferase activity of pmirGLO-AMPKα-3’UTR.
Conclusions: The upregulation of circulating miR-937 level may cause a metabolism disorder by suppressing the
expression of AMPKα. miR-937 could be a potential biomarker to differentiate patients with metabolism syndrome from healthy controls.
(Clin. Lab. 2019;65:xx-xx. DOI: 10.7754/Clin.Lab.2018.181113)
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INTRODUCTION
Metabolic syndrome is a group of interrelated disorders
including hyperglycemia, hyperlipidemia, and obesity
and hypertension together, which is becoming a major
public and clinical problem worldwide [1]. Metabolic
syndrome is tightly related to cardiovascular disease,
and is considered a major risk factor for type 2 diabetes
mellitus (T2DM), which affected nearly 30% of Europeans [2], almost 40% of Americans [3], and threatens
public health worldwide. Hyperinsulinemia is a main
characteristic of metabolic syndrome. It is caused by an
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Invitrogen). Detailed qRT-PCR procedure was describeed as follows: 50 cycles of 95°C (10 seconds), 55°C (10
seconds), 72°C (5 seconds); 99°C (1 second); 59°C (15
seconds); 95°C (1 second), then 95°C for 10 minutes;
then cooling to 40°C. The cDNA preparations were routinely tested by real-time PCR based on the SYBR
Green I method, according to the manufacturer’s instructions (TaKaRa). The amplification and detection of
specific products were performed according to the manufacturer’s protocol with the iQ5 system (BioRad). The
U6 small nucleolar RNA was used as an internal control. The relative gene expression was normalized to U6
small nucleolar RNA. Each reaction was performed in
triplicate, and analysis was performed by the 2−ᇞᇞCT
method. The primers used in the current study were listed as follows:
miR-937-RT:
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA
CTGGATACGACCCAGCC;
U6-RT:
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA
CTGGATACGACAAATATG;
miR-937-F: GCGCGCGTGAGTCAGGGTGG;
U6-F: GCGCGTCGTGAAGCGTTC;
Universal reverse primer: GTGCAGGGTCCGAGGT.

over secretion of insulin and is considered one important pathogenesis of T2DM and cardiovascular dysfunction [4-7].
miRNAs are noncoding endogenous, single-stranded
RNAs. They consist of 18 - 25 nucleotides and regulate
gene expressions by repression of target genes [8].
miRNAs participate in many cell processes, which are
correlated with many diseases such as T2DM, obesityinduced hyperlipidemia, and nonalcoholic fatty liver
disease (NAFLD) [9]. Recently, increasing evidence
suggests that miRNA plays an important role in the development of metabolic syndrome [10,11]. For example, miR-223 is a reporter of diet-induced obesity [10],
miR-103 accelerates fat cell development [11]. Therefore, miRNAs are potential biomarkers of metabolic
syndrome and endocrine signaling molecules.
In the present study, we mainly focused on miR-937,
which is shown to inhibit the proliferation of gastric
cancer cells [12] and contribute to the proliferation of
lung cancer cells [13]. However, whether circulating
miR-937 regulates the progression of metabolic disorders has been poorly understood. For the first time, we
showed that peripheral blood miR-937 level is significantly increased in patients with metabolic syndrome.
Receiver operating characteristic curve (ROC) analysis
confirmed that miR-937 could differentiate patients
with hyperglycemia or hyperlipidemia from healthy
controls. Further study showed that AMPK was the target gene of miR-937. These results indicate that circulating miR-937 could potentially be a non-invasive biomarker of metabolic disorders.

Cell culture
Two hundred ninety-three T cells and HepG2 cells were
cultured in Dulbecco's Modified Eagles Medium
(DMEM; Gibco, Grand Island, NY, USA) containing
10% heat-inactivated fetal calf serum (FCS; Gibco),
streptomycin (100 mg/mL; Gibco), and penicillin
(100 units/mL; Gibco) to a density of 2 x 103 cells/cm2
in flasks at 37°C with 5% CO2.

MATERIALS AND METHODS
Patient samples
Patient samples were collected from the Research
Ethics Committee of Beijing Hospital, and written consent was obtained from all patients.
Peripheral blood from patients was divided into three
groups, including hyperlipidemia (fasting blood TG
higher than 1.7 mM and fasting blood TC higher than
6.0 mM, n = 27), hyperglycemia (fasting blood glucose
higher than 6.1 mM, n = 24), and healthy controls (n =
33). Physical examinations, biochemical measurements,
and body mass index (BMI) calculations were listed in
Table 1.
One milliliter of blood was collected from each patient
into a anticoagulation tube with ethylenediaminetetraacetic acid.

miRNA target prediction and dual-luciferase reporter assay
TargetScan (https://www.targetscan.org) was used to
determine the potential target gene of miR-937. The 3’
untranslated region (3’UTR) of AMPK containing the
binding site of miR-937, was cloned into the pmirGLO
plasmid. After 293 cells were seeded for 24 hours, miR937 or scramble were cotransfected with blank pmirGLO or pmirGLO-AMPKα-3’UTR by vigofect (Vigorous, Beijing, China) according to the instructions. The
luciferase activity was analyzed with the Dual-Luciferase Reporter Assay System (E1910; Promega).
Western Blot
Cell lysates (15 µg of protein) were separated by 10%
SDS-PAGE, transferred to PVDF membranes (Millipore), blocked with 8% nonfat dry milk, and probed
with the antibodies at 4°C overnight. The blots were incubated with HRP-conjugated anti-IgG, followed by detection with ECL (Millipore). The antibodies against
AMPKα and GAPDH were purchased from Cell Signaling.

RNA isolation and real time PCR
Total RNA was harvested with RNAVzol LS (Vigorous, Beijing, China) according to the specific instructions to isolate small RNAs. The concentration and the
purity of the RNA samples were monitored by a NanoDrop spectrophotometer (ND-1000, Nanodrop Technologies). RNA was reverse transcribed into cDNA using
the Prime-Script one-step qRT-PCR kit (C28025-032,
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Table 1. Biochemical index for patients and healthy controls.
Variable

Normal

Hyperglycemia

Hyperlipidemia

Total subjects (n)

33

24

27

Gender (male/female)

17/16

9/15

10/17

Age (years)

57.3 ± 3.91

58.6 ± 4.29

55.08 ± 5.25

BMI (kg/m2)

25.00 ± 3.12

26.73 ± 3.20

25.52 ± 3.80

GLU (mmol/L)

4.99 ± 0.98

8.01 ± 1.20

5.82 ± 0.82

HBA1C (%)

5.35 ± 0.07

6.26 ± 0.63

6.06 ± 0.47

AST (U/L)

18.90 ± 7.33

21.36 ± 8.16

20.11 ± 8.40

ALT (U/L)

14.27 ± 6.32

20.51 ± 11.60

15.67 ± 11.72

AST/ALT
HDL-cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
Total cholesterol (mmol/L)
Triglycerides (mmol/L)

1.44± 0.54

1.18 ± 0.40

1.47 ± 0.47

1.56 ± 0.86

1.50 ± 0.29

1.76 ± 0.26

2.27 ± 0.34

3.64 ± 1.08

3.88 ± 0.90

4.26 ± 0.53

5.53 ± 0.89

7.02 ± 0.25

0.90 ± 0.31

1.66 ± 0.64

1.53 ± 1.57

* - p < 0.05, ** - p < 0.01, *** - p < 0.001 vs. healthy controls.

Figure 1. Upregulation of miR-937 in the peripheral blood of patients with hyperglycemia and hyperlipidemia.
*** - p < 0.001 vs. healthy controls.

for Windows, Version 20.0. Armonk, NY, USA).
Spearman’s correlation coefficient was used to test the
correlation between the expression of miRNA-937 and
clinical index (IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY, USA). p < 0.05 was considered
significant.

Statistics
The data are represented as the mean ± standard error
(SD). The two-tailed unpaired Student’s t-tests were
used for comparisons of two groups. ROC curves were
used to assess miR-937 as a biomarker, and the area under the curve (AUC) was reported (IBM SPSS Statistics
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Figure 2. miR-937 could screen patients with metabolic disorders from healthy controls.
(A) ROC analysis showed that the peripheral blood levels of miR-937 may screen patients with hyperglycemia with healthy controls. (B) The
peripheral blood levels of miR-937 could differentiate patients from hyperlipidemia from healthy controls.

Figure 3. Peripheral blood miR-937 positively correlated with serum GLU and TG/TC levels.
(A) The level of miR-937 in peripheral blood was positively related to serum glucose level (r = 0.592, p < 0.01). (B) The level of peripheral blood
miR-937 significantly correlated with total serum TG/TC levels (r = 0.423, p < 0.01).

937 in the peripheral blood of hyperglycemia patients
was increased to 8.02 ± 8.27 compared with healthy
controls (1 ± 1.35). Meanwhile, the level of miR-937
was much higher in the peripheral blood of hyperlipidemia patients (13.7 ± 14.72) (Figure 1) compared with
healthy controls. These results indicated that miR-937
was upregulated in patients with metabolic disorders.

RESULTS
Upregulation of miR-937 in the peripheral blood of
patients with hyperglycemia and hyperlipidemia
We evaluated the peripheral blood level of miR-937 in
patients with hyperglycemia or hyperlipidemia as well
as controls by using real-time PCR. The level of miR4
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Figure 4. miR-937 targets AMPKα and regulates its expression.
(A) Dual luciferase reporter assay indicated that miR-937 significantly suppressed the relative luciferase activity of pmirGLO-AMPKα-3’UTR.
(B) The expression of AMPKα was decreased after HepG2 cells were transfected with miR-937 mimics for 48 hours. *** - p < 0.001 vs. control.

miR-937 could screen patients with metabolic disorders from healthy controls
We then evaluated whether miR-937 could be a potential biomarker for patients with metabolic disorders.
ROC analysis showed that the peripheral blood levels of
miR-937 could differentiate patients with hyperglycemia from healthy controls, with a ROC curve area of
0.875 (95% confidence interval: 0.771 - 0.979; p <
0.001) (Figure 2A). Furthermore, the peripheral blood
level of miR-937 could distinguish patients with hyperlipidemia from healthy controls, with a ROC curve area
of 0.878 (95% confidence interval: 0.784 - 0.971; p <
0.001) (Figure 2B).

miR-937 targets AMPKα and regulates its expression
Based on TargetScan, there is a conserved binding site
identified in the 3’UTR of AMPKα, which is a key regulator in glucose and lipid metabolism. Then, we cloned
the 3’UTR containing the binding sites of miR-937 into
the pmirGLO plasmid (Figure 4A). Dual luciferase reporter assay showed that miR-937 obviously suppressed
the relative luciferase activity of pmirGLO-AMPKα3’UTR (Figure 4A). We then transfected miR-937 mimics into HepG2 cells for 48 hours. The expression level
of AMPKα decreased compared with negative controls
(Figure 4B). These results confirmed that mir-937 targeted AMPKα and regulated its expression.

Peripheral blood miR-937 positively correlated with
serum glucose and TG/TC levels
We evaluated whether the level of peripheral blood
miR-937 was related to serum TG/TC or glucose levels
by correlation analysis. The level of miR-937 in peripheral blood was related to serum glucose level (r = 0.556,
p < 0.01) (Figure 3A). Meanwhile, the level of peripheral blood miR-937 was significantly correlated with total
serum TG/TC levels (r = 0.455, p < 0.01) (Figure 3B).
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DISCUSSION
At present, the number of obese people has increased
dramatically, rendering metabolic syndrome as an increasingly important problem [14]. Many studies have
shown that miRNAs are involved in the regulation of
metabolism by affecting insulin signaling, lipogenesis,
and lipid metabolism [15,16]. Therefore, miRNAs may
be potential therapeutic targets. miRNAs are widely
present in human peripheral blood, urine, and other liquid samples [17-19]. miRNAs in peripheral blood can

5

Chunxiao Yang et al.

be stably present at room temperature [20]. In the current study, we assessed whether miR-937 could distinguish between normal and metabolic syndrome populations. MiR-937 showed a statistically significant increase in hyperglycemia and hyperlipidemia patients
compared to healthy controls. ROC analysis also demonstrated that miR-937 could distinguish between
healthy controls and patients with metabolic disorders.
At the same time, miR-937 was positively correlated
with blood glucose and TG/TC levels. These results indicate that peripheral blood miR-937 appears to be a
candidate biomarker for metabolic disorders. It is well
known that miRNAs regulate metabolism by regulating
target genes [21,22]. Therefore, we predicted possible
target genes of miR-937. Interestingly, a conserved
binding site was identified in the 3’UTR of an important
metabolic regulator, AMPKα. AMPKα regulates the activities of a number of key metabolic enzymes, inhibits
the activation of autophagy, inflammation, ER and oxidative stress, which are involved in the pathogenesis of
insulin resistance [23-25]. We confirmed that AMPKα
is the target of miR-937 gene by luciferase assay and
western blot. We then suggest that enhanced circulating
miR-937 levels may result in a disorder of glycolipid
metabolism in multiple organs by inhibiting the expression of AMPKα.
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