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Introduction
Type 2 diabetes mellitus (T2DM) is a major kind of diabetes mellitus. This study aimed to analyze the
regulatory effect of long noncoding RNA NBR2 on pancreatic  cell function and the related
mechanisms, and to analyze the clinical significance of abnormal NBR2 expression in patients with
T2DM.
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Material and methods
The expression levels of NBR2 and microRNA-19a-3p (miR-19a-3p) were measured using
quantitative Real-Time PCR. The glucose-stimulated insulin secretion was measured using ELISA
kit, and cell proliferation was examined using Cell Counting Kit-8 (CCK-8) assay. A dual-luciferase
reporter assay was used to confirm the relationship between NBR2 and miR-19a-3p. The diagnostic
values of NBR2, miR-19a-3p and NBR2 combined with miR-19a-3p were assessed by receiver
operating characteristic (ROC) curves.
Results
The insulin secretion and proliferation of INS-1 cells were inhibited by NBR2 overexpression, and
were promoted by NBR2 knockdown. MiR-19a-3p, which was inhibited by NBR2 overexpression,
directly mediated the regulatory effects of NBR2 on INS-1 cell function. Increased serum NBR2 level
and decreased serum miR-19a-3p level were found in T2DM patients, and a negative correlation was
found between NBR2 and miR-19a-3p. The fasting plasma glucose of T2DM patients was positively
correlated with serum NBR2 and negatively correlated with serum miR-19a-3p. Both serum NBR2
and miR-19a-3p had certain diagnostic accuracy, whereas, the combined detection of the serum
NBR2 and miR-19a-3p showed more considerable diagnostic accuracy.
Conclusions
Our findings indicated that NBR2/miR-19a-3p axis regulates pancreatic β cell function, while may be
novel biomarkers for the diagnosis of T2DM.
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Abstract
Introduction: Type 2 diabetes mellitus (T2DM) is a major kind of diabetes mellitus. This study aimed
to analyze the regulatory effect of long noncoding RNA NBR2 on pancreatic  cell function and the
related mechanisms, and to analyze the clinical significance of abnormal NBR2 expression in patients
with T2DM.
Material and methods: The expression levels of NBR2 and microRNA-19a-3p (miR-19a-3p) were
measured using quantitative Real-Time PCR. The glucose-stimulated insulin secretion was measured
using ELISA kit, and cell proliferation was examined using Cell Counting Kit-8 (CCK-8) assay. A dualluciferase reporter assay was used to confirm the relationship between NBR2 and miR-19a-3p. The
diagnostic values of NBR2, miR-19a-3p and NBR2 combined with miR-19a-3p were assessed by
receiver operating characteristic (ROC) curves.
Results: The insulin secretion and proliferation of INS-1 cells were inhibited by NBR2 overexpression,
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and were promoted by NBR2 knockdown. MiR-19a-3p, which was inhibited by NBR2 overexpression,
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directly mediated the regulatory effects of NBR2 on INS-1 cell function. Increased serum NBR2 level
and decreased serum miR-19a-3p level were found in T2DM patients, and a negative correlation was
found between NBR2 and miR-19a-3p. The fasting plasma glucose of T2DM patients was positively
correlated with serum NBR2 and negatively correlated with serum miR-19a-3p. Both serum NBR2 and
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miR-19a-3p had certain diagnostic accuracy, whereas, the combined detection of the serum NBR2 and
miR-19a-3p showed more considerable diagnostic accuracy.

Conclusions: Our findings indicated that NBR2/miR-19a-3p axis regulates pancreatic β cell function,
while may be novel biomarkers for the diagnosis of T2DM.

Keywords: NBR2; MiR-19a-3p; Type 2 diabetes mellitus; Pancreatic β cell; Proliferation; Insulin
secretion; Diagnosis

Introduction
Type 2 diabetes mellitus (T2DM) is characterized by insulin resistance or insufficient insulin secretion,
leading to hyperglycemia, which accounts for approximately 90% of all types of diabetes mellitus (1, 2).
The global prevalence of T2DM continues to rise, with corresponding increases in morbidity and
mortality, placing an increasing burden on the health care system (3). The pancreatic β cells play key role
in glucose homeostasis by secreting insulin, the only hormone capable of lowering the blood glucose
concentration (4).In addition, the abnormal function of pancreatic β cells was mainly manifested as
insensitivity to the elevation of blood glucose and the weakened ability of insulin secretion (5). Thus, the
β cell function was thought to play a major role in the pathogenesis of T2DM (6). Therefore, exploring
ways to improve pancreatic β-cells may help improve T2DM.
Long noncoding RNAs (LncRNAs) are over 200 nucleotides in length and can regulate gene
expression at epigenetic, transcriptional, and posttranscriptional levels (7). LncRNAs have been
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increasingly recognized to regulate pancreatic β cell development and insulin secretion. For example,
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Feng et al. found that LncRNA DANCR plays a crucial role in the regulation of the cell proliferation and
insulin production of INS-1 cells (8). The overexpression of LINC-P21 inhibited insulin secretion in
response to glucose stimulation and the proliferation of INS-1 cells (9). In addition, it is noteworthy that
in a study of LncRNAs associated with insulin resistance in T2DM, NBR2 was found to significantly
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increase in T2DM patients (10), however, the role of NBR2 in the pathological mechanism of T2DM has
not been deeply studied in this study. Besides, in the previous study, the biological effects and clinical
values of NBR2 on β cells in T2DM have not been studied.

MicroRNAs (miRNAs) are small 22-25 nucleotides long non-coding RNAs and regulate target gene
expression by degrading the corresponding mRNA and/or suppressing their translation (11). A study
summarized the Previous studies have found that miRNAs are related to the regulation of pancreatic β
cell function. For example, microRNA-96 overexpression could enhance proliferation and suppress
apoptosis of pancreatic β cell (12). Song et al. found that microRNA-26a overexpression might prevented
the β cell dysfunction (13). And microRNA-125b-5p upregulation enhanced the insulin sensitivity and
elevate the pancreatic β cell proliferation (14). Moreover, microRNA-19a-3p (miR-19a-3p) was
demonstrated to be bound by NBR2, mediating the biological function of NBR2 in acute liver failure
(ALF) (15). Furthermore, miR-19a-3p was found to promote pancreatic β-cell proliferation and insulin
secretion (16). Therefore, we speculated that NBR2 may also have a relationship with the function of
pancreatic β cell.
Thus, this study aimed to analyze the regulatory effect of NBR2 on pancreatic β cell proliferation and
insulin secretion, and the related mechanisms, and to evaluate the clinical significance of abnormal
expression of NBR2 in patients with T2DM. It is hoped to provide new biomarkers and molecular targets

for the diagnosis and treatment of T2DM on the basis of further understanding of the pathological
mechanism of T2DM.
Materials and methods
Cell culture and transfection
The pancreatic β cell line INS-1 was purchased from the Cell Bank of Type Culture Collection of
Chinese Academy of Sciences (Shanghai, China). Then they were cultured in Dulbecco’s modified
Eagle’s medium (DMEM, Invitrogen, Thermo Fisher Scientific, CA, USA) supplemented with 10% fetal
bovine serum (FBS, Gibco, CA, USA), and maintained in a humidified incubator with 5% CO 2 at 37℃.
The pcDNA3.1-NBR2, NBR2 small interfering RNA (NBR2 siRNA), its negative control (NC siRNA),
miR-19a-3p mimic and the mimic negative control (mimic NC) were synthesized from GenePharma
(Shanghai, China). The above vectors were transfected into INS-1 cells using Lipofectamine 3000

Patients and serum sample collection
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subsequent experimental analyses after 48 h of transfection.
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(Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s protocols, and were used for the

A total of 106 T2DM patients admitted to Affiliated Hospital of Weifang Medical University from

Pr
ep

2017 to 2019 were recruited as study subjects. In addition, 62 healthy volunteers who received physical
examination and had normal glucose tolerance were recruited as healthy controls. Venous blood was
collected from each participant and centrifuged for the extraction of serum, which was stored at -80℃
for further use. The T2DM was diagnosed based on the fast plasma glucose (FPG) test (blood samples
were collected after 12h of fasting) and OGTT examination. The subjects who have FPG ≥ 7.0 mM
(126mg/dL) and/or 2h plasma glucose value (2h PG) ≥ 11.1 mM (200mg/dL) from the OGTT test were
diagnosed as T2DM patients (17). The demographic and general clinical data of the subjects were
recorded and compared and showed in Table 1, indicating that T2DM patients and healthy controls were
matched in terms of age, gender and body mass index (BMI), and the general clinical data included total
cholesterol (TC), triglyceride (TG), high density lipoproteins (HDL), low density lipoproteins (LDL),
glycosylated hemoglobin (HbA1c), and oral glucose tolerance test (OGTT) at 0 h and 2h. This study was
approved by the Ethics Committee of Affiliated Hospital of Weifang Medical University and each
participant provided a written informed consent.
RNA extraction and quantitative real-time PCR (qRT-PCR)
The TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used to extract total RNA from INS-1 cells
and serum. The purity and concentration of the RNA were evaluated by a NanoDrop 2000 (Thermo

Fisher Scientific, Inc.). First-stranded cDNA was synthesized using a PrimeScript RT reagent kit
(TaKaRa, Japan).
The levels of NBR2 and miR-19a-3p were measured using qRT-PCR, which was carried out using a
SYBR Green I Master Mix kit (Invitrogen, Thermo Fisher Scientific, Inc.) and a 7300 Real-Time PCR
System (Applied Biosystems; Thermo Fisher Scientific, Inc.). All the protocols were performed
following the manufacturer’s instructions. The NBR2 and miR-19a-3p expression were normalized to
GAPDH and U6, respectively. The primer sequences used for qRT-PCR were presented in Table 2.
Relative expression levels were calculated using 2-ΔΔCt method.
Glucose-stimulated insulin secretion assay
After cell transfection, the INS-1 cells were seeded into 96-well plates and further cultured for 24 h.
Then the cells were treated with a concentration of 3.3 mM and 16.7 mM glucose for 1 h to stimulate
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Cell proliferation assay
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insulin secretion. And secretion of insulin was detected using ELISA kit.

After cell transfection, the cell proliferation was examined using the Cell Counting Kit-8 (CCK-8).
The stable transfected INS-1 cells were seeded into 96-well plates at a density of 3 × 103 cells/well, and
then cultured in a humidified incubator at 37℃. The CCK-8 reagent was added in the cells after incubated
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for 24, 48 and 72 h, and was further incubated for 2 h. The cell proliferation was measured by reading
the absorbance at a wavelength of 450 nm using a micro-plate analyzer (Bio-Rad Laboratories, Inc.).
Dual-luciferase reporter assay

The putative binding site of miR-19a-3p was found at the sequence of NBR2, and a dual-luciferase
reporter assay was conducted. The wild-type (WT) 3’-UTR containing the binding site of miR-19a-3p or
mutant-type (MUT) 3’-UTR were integrated into the luciferase reporter vector (NBR2-WT and NBR2MUT). Then the NBR2-WT and NBR2-MUT were separately co-transfected into INS-1 cells with miR19a-3p mimic or mimic NC using Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA, USA). After
48h transfection, relative luciferase activity was measured using a Dual-Luciferase Reporter Assay
System (Promega). All the procedures followed the manufacturer’s instructions.
Statistical analysis
All the statistical analyses were carried out by SPSS 21.0 software (SPSS, Inc., Chicago, USA) and
GraphPad Prism 7.0 software (Inc., Chicago, USA). All data were presented as mean ± standard deviation
(SD). Differences between groups were analyzed using Student’s t test, Chi-square test or one-way
ANOVA followed by Tukey’s test. The correlation between indicators in T2DM patients was assessed

using Pearson correlation coefficient. The receiver operating characteristic (ROC) curves were plotted to
assess the diagnostic value of NBR2, miR-19a-3p and NBR2 + miR-19a-3p. A P  0.05 indicated
statistically significant.
Results
Baseline characteristics of the study subjects
The baseline characteristics of the patients with T2DM (n = 106) and healthy subjects (n = 62) were
included in Table 1. No differences were observed between T2DM patients and healthy subjects in
gender, age, BMI, TC, TG, HDL and LDL (all P > 0.05), while the T2DM patients had significant
elevated levels of HbA1c and high OGTT (at 0 h and 2 h) results compared with the healthy subjects (all
P  0.001).
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Effects of NBR2 on pancreatic β cell insulin secretion and proliferation
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The expression level of NBR2 was measured using qRT-PCR. As shown in Figure 1A, the expression
of NBR2 in the INS-1 cells was increased in cells transfected with pcDNA3.1-NBR2, while was
decreased in cells transfected with NBR2 siRNA (all P  0.001). The insulin secretion in response to
glucose stimulation was significantly decreased in NBR2-overexpressed cells, while was significantly
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increased in NBR2-silenced cells compared with the secretion of insulin in untransfected cells (Figure
1B, all P  0.05). Then we evaluated the proliferation of INS-1 cells. From the Figure 1C, we found that
the proliferation was inhibited by the NBR2 overexpression, and was promoted by the NBR2 knockdown
(all P  0.05).

MiR-19a-3p directly mediates the regulatory effects of NBR2 on pancreatic β cell function
To confirm the interaction between NBR2 and miR-19a-3p, a luciferase reporter assay was performed.
The binding sequence between NBR2 and miR-19a-3p was shown in Figure 2A. As presented in Figure
2B, the miR-19a-3p expression was promoted by the miR-19a-3p mimic compared with that in
untransfected cells (P  0.001). In INC-1 cells, the relative luciferase activity in NBR2-WT group was
inhibited by miR-19a-3p overexpression (P  0.05), whereas no changes were observed in luciferase
activity in NBR2-MUT group (Figure 2C), suggesting the direct binding of miR-19a-3p to NBR2. As
shown in Figure 2D, the NBR2 overexpression could inhibit, and NBR2 knockdown could promote the
expression of miR-19a-3p in INS-1 cells (all P  0.001). Then we co-transfected regulatory vectors of
NBR2 and miR-19a-3p expression levels in INS-1 cells, and found that miR-19a-3p could significantly
reverse the inhibitory effect of NBR2 overexpression on the miR-19a-3p expression (Figure 2E, all P 
0.001). From the Figure 2F and G, the repressed insulin secretion and cell proliferation caused by NBR2
overexpression were reversed by the overexpression of miR-19a-3p (all P  0.05).

Expression of the NBR2/miR-19a-3p axis in patients with T2DM
We detected the expression levels of NBR2 and miR-19a-3p in the serum of healthy volunteers and
T2DM patients. As shown in Figure 3A, the expression level of serum NBR2 was markedly upregulated
in T2DM patients compared with that in healthy volunteers (P  0.001). And as shown in Figure 3B, the
expression level of serum miR-19a-3p was markedly downregulated in T2DM patients compared with
that in healthy volunteers (P  0.001). From the Figure 3C, a negative correlation was found between
serum miR-19a-3p level and serum NBR2 level (r = -0.858, P  0.001).
Correlation of the NBR2/miR-19a-3p axis with FPG in T2DM patients
The correlation of serum NBR2 level and serum miR-19a-3p level with FPG were analyzed in T2DM
patients. We found that FPG was positively correlated with the serum NBR2 level (Figure 4A, r = 0.725,
P  0.001), while was negatively correlated with the serum miR-19a-3p level (Figure 4B, r = -0.685, P

t

 0.001).
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Diagnostic performance of the NBR2/miR-19a-3p axis in patients with T2DM

The ROC curve for the NBR2 level was shown in Figure 5A, and the area under the curve (AUC) was
0.924 with the sensitivity and specificity of 79.25% and 91.94%, respectively. The AUC for miR-19a-3p
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level was 0.902 with the sensitivity and specificity of 79.25% and 87.10%, respectively (Figure 5B).
The ROC curve for the NBR2 + miR-19a-3p levels was shown in Figure 5C, and the AUC was 0.945
with the sensitivity and specificity of 86.79% and 87.10%, respectively. The above results indicated that
both serum NBR2 and miR-19a-3p had certain diagnostic accuracy, however, the combined detection of
the serum NBR2 and miR-19a-3p revealed more considerable diagnostic accuracy in distinguishing
T2DM patients from healthy subjects.
Discussion

During the pathogenesis of T2DM disease which is a comprehensive metabolic disease, abnormal
function of pancreatic β cells reduced function of secreting insulin. Consequently, it is necessary to search
for the regulatory molecular targets of pancreatic β cell function. LncRNAs have been stated to regulate
pancreatic β cell function. For instance, a study by Wang et al. revealed that lncEif4g was a functional
regulator of INS-1E β cells in cell viability, insulin production (18). LncRNA-3134 was found to regulate
the proliferation and insulin secretion of pancreatic β cell (19). However, the role of NBR2 in pancreatic
β cells remains unclear. In our study, the results indicated that NBR2 overexpression could suppress the
insulin secretion and proliferation, NBR2 knockdown promoted the insulin secretion and proliferation.
Of note, it has also been reported that NBR2 has the regulatory effects on cell biological function of
different cell types. For instance, NBR2 overexpression inhibited the viability and migration of non-

small cell lung cancer cells (20). A study by Bai et al. revealed that NBR2 could inhibit the proliferation
of colorectal cancer cells (21). Therefore, we considered that NBR2 might be a functional molecule in β
cell function and might be a potential therapeutic target for T2DM by regulating pancreatic β cell function.
Growing evidence revealed that the dysregulation of miRNAs could affect the function of pancreatic
β cell. For example, miR-22 enhanced the viability and inhibited apoptosis of β cells (22). The miR125b-5p upregulation enhanced insulin sensitivity and promoted pancreatic β cell proliferation (14). A
study by Wang et al. found that miR-30d upregulation promoted β cell proliferation (23). Importantly, Li
et al. found that miR-19a-3p promoted pancreatic β cell proliferation and insulin secretion (16). And the
results of our study also indicated that miR-19a-3p overexpression could promote insulin secretion and
proliferation of INS-1 cells. In addition, previous evidence has demonstrated the regulatory effects of
miR-19a-3p on cell biological function in different cell types, such as prostate cancer (PCa) cells (24)
and osteosarcoma cells (25). Therefore, miR-19a-3p might regulate the β cell function. Furthermore,
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numerous studies have highlighted the mediator role of miRNAs in the mechanisms of LncRNAs
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biological function (26, 27). And miRNAs mediating the effect of LncRNAs on β cell biological function
has been demonstrated. For instance, Cao et al. found that LINC-P21 could regulate the cell viability and
insulin secretion of pancreatic β cell, which was mediated by miR-766-3p (9). LncRNA DANCR/miR33a-5p axis played important role in regulating the cell growth and insulin production of INS-1 cells (8).
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In our study, the correlation between NBR2 and miR-19a-3p was found by a luciferase reporter assay.
NBR2 overexpression could inhibit the expression of miR-19a-3p in INS-1 cells and the inhibitory
effects of NBR2 overexpression on insulin secretion and cell proliferation were reversed by the
overexpression of miR-19a-3p. In the ALF, it was also found that miR-19a-3p was bound by NBR2,
mediating the biological function of NBR2 (15). Thus, NBR2 might inhibit the proliferation and insulin
secretion of INS-1 cells by sponging miR-19a-3p.

After explore the regulatory effect of NBR2/miR-19a-3p on pancreatic β cell biological function and
the related mechanisms, we evaluated the clinical significance of NBR2/miR-19a-3p axis in patients with
T2DM. Increasing studies have documented the important roles of LncRNAs and miRNAs in the
progression of T2DM, such as LncRNA NONRATT021972 (28), miR-125a-5p (29), and LINCP21/miR-766-3p (9). Besides, in a study of LncRNAs associated with insulin resistance in T2DM, NBR2
was found to be significantly increased in T2DM patients (10). And our study found the increase in serum
NBR2 level and decrease in serum miR-19a-3p level in T2DM patients compared with that in healthy
subjects. In addition, positive correlation was found between serum NBR2 level and FPG, and negative
correlation was found between serum miR-19a-3p level and FPG in T2DM patients. These findings
indicated that NBR2 and miR-19a-3p might be involved in the progression of the T2DM.
Some LncRNAs and miRNAs that aberrantly expressed in disease progression have potentials to serve

as diagnostic biomarkers for various human diseases, including T2DM. For instance, LncRNA-P21
levels might help to screen PCa from the benign disease (30). The miR-29 family could serve as the
diagnosis biomarker of many cancers (31). Besides, LncRNA ENST00000550337.1 (32), miR-181b and
miR-126-p (33) have been found to be diagnostic biomarkers for T2DM. Moreover, a review article
summarized recent research findings on the roles of lncRNAs in cancers of organs with endocrine
functions, including pancreas, ultimately suggesting that lncRNAs may be biomarkers for cancers with
organs with endocrine functions (34). In this study, due to the dysregulation of NBR2 and miR-19a-3p
levels, we explored the clinical values of them for the diagnosis of T2DM patients using ROC curves.
The results revealed that both serum NBR2 and miR-19a-3p had certain diagnostic accuracy, while the
detection of serum NBR2 combined with miR-19a-3p revealed more considerable diagnostic accuracy
to screen T2DM patients who did not develop any clinical symptoms from healthy subjects. Besides, a
study found that NBR2 might be the candidate biomarker for diagnosis of medial temporal lobe epilepsy
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(35). The diagnostic significance of dysregulation miR-19a-3p has also been identified in other diseases,

biomarkers for T2DM.
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such as gastric cancer (36) and ovarian cancer (37). Thus, NBR2 and miR-19a-3p might be novel

It is known that 19a-3p could regulate pancreatic β cell function through inhibiting SOCS3 (16).
Besides, a study has indicated that miR-19a negatively regulated autophagy attenuation in hepatocytes
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by regulating NBR2 and AMPK/PPARα signaling (15). Therefore, NBR2/miR-19a-3p axis binding the
SOCS3 as well as AMPK signaling might be the further mechanism of T2DM pancreatic β cells, which
will be investigated in further study. Additionally, a limitation of this study was the small sample size
and future studies are needed with a large research cohort.
Conclusion

In conclusion, the overexpression of NBR2 inhibited the insulin secretion and proliferation of
pancreatic β cell by sponging miR-19a-3p. In addition, the expression of serum NBR2 and miR-19a-3p
was abnormal in T2DM patients and might be candidate diagnostic biomarkers to screen T2DM patients
who did not develop any clinical symptoms from healthy subjects. Thus, the NBR2/miR-19a-3p axis
regulated pancreatic β cell function and might provide novel biomarkers for T2DM. The results of this
study will help us to further understand the pathogenesis of T2DM, and the development of
pharmacological strategies that can regulate the expression of NBR2/miR-19a-3p axis may improve the
treatment of T2DM
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Figure legends
Figure 1. Effects of NBR2 on pancreatic β cell insulin secretion and proliferation. A. The relative
expression level of NBR2 was increased by pcDNA3.1-NBR2, while was decreased by NBR2 siRNA.
B. Glucose-stimulated insulin secretion was inhibited by NBR2 overexpression, while was enhanced by
NBR2 knockdown in INS-1 cells. C. The proliferation was inhibited by the NBR2 overexpression, and
was promoted by the NBR2 knockdown. (*P  0.05, **P  0.01, ***P  0.001)
Figure 2. MiR-19a-3p directly mediated the regulatory effects of NBR2 on pancreatic β cell function. A.
A complementary binding site of NBR2 and miR-19a-3p. B. The miR-19a-3p expression was promoted
by the miR-19a-3p mimic compared with that in untransfected cells. C. Relative luciferase activity was
detected in INS-1 cells co-transfected with NBR2-WT or NBR2-MUT and miR-19a-3p NC or miR-19a
-3p mimic by dual-luciferase reporter assay. D. NBR2 overexpression suppressed and NBR2 knockdown
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enhanced the expression of miR-19a-3p in INS-1 cells. E. miR-19a-3p overexpression reversed the
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inhibitory effect of NBR2 overexpression on the miR-19a-3p expression in INS-1 cells. F. The insulin
secretion inhibited by NBR2 overexpression was reversed by miR-19a-3p overexpression. G. The cell
proliferation inhibited by NBR2 overexpression was reversed by miR-19a-3p overexpression. (*P  0.05,
**P  0.01, ***P  0.001 vs. Untransfected; #P  0.05, ###P  0.001 vs. pcDNA3.1-NBR)
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Figure 3. Relative expression of the NBR2/miR-19a-3p axis in T2DM patients. A. The expression level
of serum NBR2 in T2DM patients and healthy volunteers. B. Serum miR-19-5p expression in T2DM
patients and healthy volunteers. C. A negative correlation was found between serum miR-19a-3p level
and serum NBR2 level (r = -0.858, P  0.001). (***P  0.001)
Figure 4. Correlation of the NBR2/miR-19a-3p axis with FPG in T2DM patients (r = 0.725, P  0.001).
A. A positive correlation was found between serum NBR2 level and FPG. B. A negative correlation was
found between serum miR-19a-3p level and FPG (r = -0.685, P  0.001).
Figure 5. Diagnostic performance of the NBR2/miR-19a-3p axis in T2DM patients. A. A ROC curve of
NBR2. B. A ROC curve of miR-19a-3p. C. A ROC curve of NBR2 + miR-19a-3p. AUC, area under the
curve.

Table 1 Baseline characteristics of the study subjects
Healthy controls

T2DM patients

(n = 62)

(n = 106)

Female

26

47

Male

36

59

0.762

Age (years)

47.129 ±13.255

48.660 ±16.031

0.526

BMI (kg/m2)

24.069 ± 3.976

24.844 ±6.476

0.395

TC (mM)

4.581 ±0.722

4.673 ±0.621

0.384

TG (mM)

2.279 ±0.830

2.504 ±1.352

0.238

HDL (mM)

1.264 ±0.286

1.192 ±0.293

0.123

LDL (mM)

2.353 ±1.110

2.641 ±0.990

0.084

HbA1c (%)

5.564 ±0.796

OGTT 0h (mM)

4.856 ±0.455

OGTT 2h (mM)

5.825 ±1.537

Variables

P value

t

Gender

< 0.001

9.189 ±2.141

< 0.001

15.251 ±3.558

< 0.001
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9.138 ±2.520

BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL, high density lipoproteins; LDL,
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low density lipoproteins; HbA1c, glycosylated hemoglobin; OGTT, oral glucose tolerance test.

Table 2. Primer sequences used for qRT-PCR
Gene
NBR2

miR-19a-3p

GAPDH

Forward

5'-GGAGGTCTCCAGTTTCGGTA-3'

Reverse

5'-TTGATGTGTGCTTCCTGGG-3'

Forward

5'-GCCGAGTGTGCAAATCTAT-3'

Reverse

5'-CTCAACTGGTGTCGTGGA-3'

Forward

5'-CCATGGGGAAGGTGAAGGTC-3'

Reverse

5'-GAAGGGGTCATTGATGGCAAC-3'

Forward

5'-CTCGCTTCGGCAGCACA-3'

Reverse.

5'-CTCGCTTCGGCAGCACA-3'
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Correlation of the NBR2/miR-19a-3p axis with FPG in T2DM patients (r = 0.725, P  0.001).

Powered by TCPDF (www.tcpdf.org)

Pr
e

pr

in

t

Diagnostic performance of the NBR2/miR-19a-3p axis in T2DM patients.

Powered by TCPDF (www.tcpdf.org)

