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Purpose: Nonalcoholic fatty liver disease (NAFLD) is closely related to lipid metabolism 
and insulin resistance. The current research mainly attempted to verify the clinical value of 
LncRNA plasmacytoma variant translocation 1 (PVT1), and whether microRNA regulates 
lipid metabolism and insulin resistance to participate in NAFLD.
Patients and Methods: 81 patients with NAFLD and 78 healthy individuals were enrolled 
in this study. In addition, C57BL/6 mice were fed a high-fat diet to establish NAFLD model in 
vivo. Serum PVT1 and miR-20a-5p expression in NAFLD patients and mice were assessed by 
RT-qPCR. ROC curves determine the diagnostic value of PVT1 and miR-20a-5p. NAFLD 
mice were subjected to IPGTT to detect changes in insulin sensitivity, and the common 
indicators of lipid metabolism and insulin resistance were also evaluated. Dual-luciferase 
reporter assay verified the regulation mechanism of PVT1 and miR-20a-5p.
Results: PVT1 was upregulated in NAFLD patients and mice, while miR-20a-5p was 
decreased. Their expression trends were similar in patients with HOMA-IR ≥2.5. What’s 
more, miR-20a-5p, FBG, ALT, and HOMA-IR were independently correlated with PVT1. 
And PVT1 and miR-20a-5p show high clinical diagnostic value. Bodyweight, insulin 
sensitivity, lipid metabolism inductors were increased in NAFLD mice, but these increases 
were attenuated by PVT1 elimination. Finally, miR-20a-5p might function as the possible 
miRNA target of PVT1 via the binding sites at 3ʹ-UTR and negatively regulated by it.
Conclusion: PVT1 and miR-20a-5p are potential clinical biomarkers of NAFLD, and PVT1 
promotes the occurrence of NAFLD by regulating insulin sensitivity and lipid metabolism, 
which may be achieved by targeting miR-20a-5p.
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Introduction
Nonalcoholic fatty liver disease (NAFLD) refers to the presence of fatty liver 
disease in individuals without excessive alcohol consumption and other causes of 
disease that can lead to fatty liver disease.1 The global prevalence of NAFLD is 20– 
30%,1 and the prevalence of asymptomatic patients is 17–22%.2 Research predicts 
that one-third of the people worldwide have NAFLD.2 NAFLD is initially an 
abnormal accumulation of triglycerides in the liver, and the vast majority of patients 
gradually develop non-alcoholic steatohepatitis, fibrosis, cirrhosis, and even liver 
cancer.3 Insulin resistance, metabolic syndrome, diabetes, and dyslipidemia are all 
risk factors for NAFLD.4 Despite the liver biopsy being recognized as the gold 
standard for NAFLD evaluation, it is related to the risk of adverse events.5 

Therefore, exploring new diagnostic biomarkers and finding key therapeutic targets 
is of great significance to the treatment and drug development of NAFLD.
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The long non-coding RNA (LncRNA) molecules are 
over 200 nucleotides in length, and the coding is limited or 
absent. Specific dysregulation LncRNA participates in the 
pathological process of NAFLD, such as NEAT1,6 H19,7 

MAYA.8 LncRNA plasmacytoma variant translocation 1 
(PVT1) has 1716 nucleotides located in the chr8q24.21 
region,9 which is overexpressed in various cancers.10 And 
PVT1 sponge miR-365 promotes autophagy in hepatocellu-
lar carcinoma (HCC),11 and is up-regulated in hepatitis 
B virus-positive HCC tissue or cell lines to promote its 
progression.12 What’s more, obesity and diabetes are impor-
tant risk factors for NAFLD, and PVT1 is associated with 
the reduction of fatty acid synthesis and fatty acid oxidation 
in obesity13,14 and is involved in type I and II diabetic end- 
stage renal disease and diabetic retinopathy.15,16 However, 
the role of PVT1 in NAFLD is currently missing.

As another non-coding RNA molecule, microRNAs 
(miRNAs) are 19–25 nucleotides, and several miRNAs 
have been identified in NAFLD, including miR-135a- 
3p,17 miR-34a,18 and miR-122.19 Among many miRNAs, 
miR-20a-5p has been described to play a role in the 
autophagy of diabetes (a common complication of 
NAFLD).20 Among NAFLD, miR-20a-5p is significantly 
declined in NAFLD patients and is markedly correlated 
with severe NAFLD.21 In addition, miR-20a-5p improves 
lipid overaccumulation in NAFLD by inhibiting fatty acid 
translocation enzyme CD36.22 In addition to liver disease, 
miR-20a-5p was also decreased in other diseases, such as 
next-generation sequencing and microarray analysis 
showed that the expression of microRNA-20a-5p (miR- 
20a-5p) was decreased in multiple sclerosis.23 

Furthermore, PVT1 can affect the miR-20a-5p has been 
demonstrated in septic acute kidney injury24 and pancrea-
tic ductal adenocarcinoma.25 Whether PVT1 promotes 
steatosis in NAFLD through regulation of miR-20a-5p 
has not been reported.

Based on the aforementioned research, we explore the 
potential clinical value of PVT1 in NAFLD and its role in 
lipid metabolism and insulin resistance of mice models 
and preliminarily explore the potential mechanism of 
action of PVT1 and miR-20a-5p to provide a new perspec-
tive for treatment of NAFLD.

Patients and Methods
Ethics Statement
The informed agreement signed by all participants has 
been obtained before the study. The animal experiments 

in this study were carried out following the “Laboratory 
Animal Care and Use” of the National Institutes of Health. 
C57BL/6 mice (male, 8 weeks old) weighing 25–35 
g were acquired from Shanghai Experimental Animal 
Research Center. They reared under a 12 h light-dark 
cycle and controlled temperature (25 ± 1°C) and humidity 
(55 ± 5%). Water and food were freely obtained. Our 
experimental protocol was approved by the Affiliated 
Hospital of Qingdao University, and the animal experi-
ments were carried out by the guidelines of the animal 
care and Ethics Committee of our hospital.

Participants Data
A total of 81 NAFLD patients (46 males and 35 females, 
median age of 56 [49, 64] years) who were diagnosed for 
the first time in the Affiliated Hospital of Qingdao 
University from June 2017 to July 2019 were included. 
The diagnosis of NAFLD patients is based on 
B ultrasound results and the World gastroenterology 
Organization (WGO) Global Guidelines for 
Nonalcoholic Fatty liver and Nonalcoholic 
Steatohepatitis in 2014.26 Patients with no prior treatment 
or medication, no history of alcohol consumption, and no 
viral hepatitis or autoimmune hepatitis were enrolled in 
the study. Furthermore, patients with metabolic diseases 
(except diabetes), cancer, primary cholangitis, and drug- 
induced liver disease were also excluded. 78 healthy 
invidious (35 males, 43 females, median age of 61 [50, 
66] years) from the healthy examination center of our 
hospital were selected as the control group. They have 
normal liver ultrasound effects, and age range of patients, 
excluding hepatitis carriers, metabolic diseases, and indi-
viduals with renal failure, heart failure, or other major 
medical conditions. The current research protocol is 
authorized by the Affiliated Hospital of Qingdao 
University Medical Ethics Committee and implemented 
by Helsinki. All recruited personnel have signed written 
informed consent.

Clinical Evaluation
Peripheral venous blood was collected from all subjects 
after fasting, and the levels of alanine aminotransferase 
(ALT), total cholesterol (TC), triglyceride (TG), high- 
density lipoprotein cholesterol C (HDL-C), low-density 
lipoprotein cholesterol C (LDL-C), fasting blood glucose 
(FBG) were discovered by the automatic biochemical 
analyzer. In addition, insulin resistance index [homeostasis 
model assessment for insulin resistance (HOMA-IR)] was 
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calculated using HOMA model: (fasting insulin (mIU/L) × 
fasting glucose (mmol/L)/22.5.27,28

Serum Collection
5 mL upper limb venous blood was taken from the sub-
jects. Centrifuge after standing collected the upper serum 
sample, place it in 1.5 mL RNase/DNase free EP tubes, 
and stored at −80°C.

Mouse Model of NAFLD
After 1 week of adaptive feeding, 40 C57BL/6 mice were 
randomly divided into control, HFD, si-NC, and si-PVT1 
four groups, with 10 mice in each group. The mice in the 
control group were fed a normal standard diet (20% kcal 
protein, 10% kcal fat, and 70% kcal carbohydrate). The 
remaining groups of mice were fed a high-fat diet (HFD, 
20% kcal protein, 60% kcal fat, and 20% kcal protein) for 
12 weeks to establish the NAFLD model. What’s more, to 
analyze the regulatory effect of PVT1 on NAFLD, small 
interfering RNA (siRNA) targeting PVT1 (si-PTV1, 5ʹ- 
GCUUGGAGGCUGAGGAGUUTT-3ʹ) was injected into 
the tail vein in vivo once a week for 8 weeks according to 
previous research.29 Dissolve 50 μg si-PVT1 or negative 
control si-NC with 50 μL in vivo transfection agent 
Enrtranster TM in 100μL glucose solution according to 
the manufacturer’s requirements. The body weight of the 
mice was calculated weekly. At the end of the experiment, 
a blood sample was taken from the eyeballs for biochem-
ical testing.

Animal Biochemical Analysis
Animal blood was placed at room temperature for 20 min, 
centrifuged, and serum was collected and stored at −80°C. 
Subsequently, the changes of TG, TC, ALT, AST, and 
other indicators were detected by biological analysis 
instruments. Intraperitoneal glucose tolerance test 
(IPGTT) was performed 12 h after fasting in mice. 
Glucose (2 g/kg) was injected intraperitoneally, and 
blood glucose levels were measured through the rail vein 
and Accu-Check at 0, 30, 60, 90, 120 min after injection.

Quantitative Real-Time Polymerase Chain 
Reaction (RT-qPCR)
TRIzol LS isolated and purified total RNA from serum 
samples, and detected its concentration and purity. The 
ratio ofA260/A280 is in the range of 1.8–2.1 to deter-
mine the purity of RNA. Then, reverse transcription of 

the extracted RNA was performed using the HiFiScript 
cDNA synthesis Kit and miRNA cDNA synthesis Kit 
(CWbiotech, Beijing, China). Then the template, primer, 
and UltraSYBR Mixture Kit or miRNA qPCR assay Kit 
were mixed for PCR amplification on Bio-Rad CFX96 
Touch qPCR detection system. The levels of PVT1 and 
miR-20a-5p were normalized to GAPDH or U6, respec-
tively. And they were measured by the 2−ΔΔCt. The 
specific primer sequences used were as follows: PVT1 
forward: 5ʹ-CAGCACTCTGGACGGAC −3ʹ and reverse: 
5ʹ-CAACAGGAGAAGCAAACA-3ʹ; miR-20a-5p for-
ward: 5ʹ-GTAAAGTGCTTATAGTGCAG-3ʹ and reverse: 
5ʹ-GTCGTATCCAGTGCGTGTCG-3ʹ; U6 forward: 5ʹ- 
CTCGCTTCGGCAGCACA-3ʹ and reverse: 5ʹ-AACG 
CTTCACGAATTTGCGT-3ʹ.

Dual-Luciferase Reporter Gene Assay
Genes targeted by PVT1 and miR-20a-5p were predicted 
and analyzed by bioinformatic websites https://starbase. 
sysu.edu.cn/. Subsequently, PVT1 containing miR-20a- 
5p binding sequences or PVT1 containing mutational site 
was subcloned to the pmirGLO vector (Promega, USA) 
to construct the pmirGLO-Wild type-PVT1 (WT-PVT1) 
and pmirGLO-mutational-PVT1 (MUT-PVT1), respec-
tively. The commonly used tool cell 293T was inoculated 
into 24-well plates and cultured overnight. miR-20a-5p 
mimic or inhibitor was mixed with WT-PVT1 or MUT- 
PVT1 respectively. And the transfection reagent of lipo-
fectamine 2000 was supplemented, and the mixture was 
gently beaten and stood at room temperature, and then 
dropped into the cells. 48 h later, the cells were har-
vested and lysed. The luciferase assay kit (Genomeditech 
Co., Shanghai, China) was used to determine the lucifer-
ase activity.

Statistical Analysis
Each experiment was tested in triplicate for statistical 
analysis. Normally distributed Values are displayed as 
mean ± SD, while not normally distributed values are 
presented as medians (25th, 75th percentile). SPSS 23.0 
and GraphPad Prism 6 software were performed to chart 
drawing and data analysis. Comparisons between two 
groups were assessed by t-test (for data with normal dis-
tribution), and the Mann–Whitney U-test was applied to 
determine the differences between the two groups in case 
of non-normal distribution. What’s more, comparisons of 
multiple groups were conducted by one-way ANOVA 
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followed by the Tukey’s test. Values of P < 0.01 were 
examined statistically significantly.

Results
Clinicopathological Data of Participants
Initially, we analyzed basic clinical information of 81 
NAFLD patients and 78 healthy individuals. There was 
no dramatic difference in gender and age between the two 
groups (P > 0.05). However, BMI, ALT, TC, LDL-C, and 
HOMA-IR of NAFLD patients were increased than of 
healthy patients, and HDL-C was reduced than that of 
healthy patients (P < 0.05, Table 1).

The Levels of PVT1 and miR-20a-5p in 
NAFLD Patients
Subsequently, serum PVT1 levels in participants were 
measured by RT-qPCR. It was found that serum PVT1 in 
NAFLD patients (1.46±0.28) was significantly elevated 
than that in healthy individuals (1.03±0.27) (P < 0.001, 
Figure 1A). Then, to further analyze the role of PVT1 in 
insulin resistance, NAFLD patients were divided into 
HOMA-IR ≥ 2.5 groups and HOMA-IR < 2.5 groups 
based on the traditional definition of insulin resistance 
(HOMA-IR ≥ 2.5). Results showed that serum PVT1 
level in NAFLD patients with HOMA-IR ≥ 2.5 (1.61 
±0.24) was significantly higher than that in the HOMA- 
IR < 2.5 groups (1.29±0.22) (P < 0.05, Figure 1B). These 
results indicated that PVT1 has been crucial in NAFLD 
and possibly associated with insulin resistance.

Similarly, we also analyzed the levels of miR-20a-5p 
and revealed that miR-20a-5p of NAFLD patients (0.64 

±0.17) was significantly decreased than that in healthy 
individuals (1.01±0.25) (P < 0.05, Figure 1C). This is the 
opposite of the PVT1 level in NAFLD patients, but it is 
consistent with the low expression of miR-20a-5p in the 
literature. In addition, we also discovered that serum miR- 
20a-5p in patients with HOMA-IR ≥ 2.5 (0.58±0.17) was 
substantially lower than that in patients with HOMA-IR < 
2.5 (0.72±0.15) (P < 0.05, Figure 1D), which is also 
opposite of the level of PVT1 in HOMA-IR groups. 
Results suggest that declined miR-20a-5p in patients may 
be associated with decreased insulin resistance.

Serum PVT1 and miR-20a-5p Acted as 
a Diagnostic Marker in NAFLD Patients
To explore the clinical diagnostic value of PVT1 and miR- 
20a-5p in NAFLD patients, the ROC curves were drawn. 
As shown in Figure 2A, PVT1 can significantly identify 
NAFLD patients from healthy individuals. The AUC of 
ROC was 0.895, sensitivity and specificity were 84.0% 
and 84.6%, respectively, showing high clinical diagnostic 
ability. Similarly, miR-20a-5p significantly distinguishes 
healthy individuals from NAFLD patients with an AUC 
of 0.892, a sensitivity of 93.8%, and a specificity of 80.8% 
(Figure 2B). These results confirm the potential clinical 
value of PVT1 and miR-20a-5p as diagnostic biomarkers 
for NAFLD.

Correlation of Serum PVT1 with Clinical 
Data
To further analyze the involvement of PVT1 in NAFLD, we 
conducted multiple linear regression analyses to explore the 

Table 1 Basic Clinical Data of Participants

Indicators Participants P value

Healthy Individuals (n = 78) NAFLD Group (n = 81)

Gender (Female/ Male) 43/35 35/46 0.133

BMI (kg/m2) 22.29± 2.82 27.25± 2.87 < 0.001
Age (years) 61 (50, 66) 56 (49, 64) 0.084

FBG (mg/dl) 93.50 ± 11.48 114.51 ± 40.06 < 0.001

ALT (U/l) 17.57 ± 9.08 28.50 ± 19.45 < 0.001
TC (mg/dl) 179.00 ± 34.02 228.48 ± 31.32 < 0.001

TG (mg/dl) 96.57 (82.40, 116.07) 186.95 (149.73, 217.96) < 0.001

HDL-C (mg/dl) 69.98 (63.02, 77.71) 63.79 (55.67, 74.23) 0.008
LDL-C (mg/dl) 112.89 ±29.38 124.49 ±24.36 0.007

HOMA-IR 1.47 ± 0.71 3.97 ± 2.35 < 0.001

Note: Data are expressed as n, or mean ± standard deviation, or median (quartile range). 
Abbreviations: NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; FBG, fasting blood glucose; ALT, alanine transaminase; TC, total cholesterol; TG, 
triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment insulin resistance.
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correlation between PVT1 level and clinical characteristics 
in NFALD patients. We found that the clinical indicators 
FBG, ALT, HOMA-IR, and miR-20a-5p were independently 
correlated with PVT1 (P < 0.05, Table 2). What’s more, we 

also analyzed the relationship between clinical information 
and HOMA-IR, an indicator of insulin resistance. The 
results showed that PVT1 (OR = 3.323, 95% CI = 1.160– 
9.516, P < 0.05, Table 3) and miR-20a-5p (OR = 0.311, 95% 

Figure 1 Serum PVT1 and miR-20a-5p levels in NAFLD patients. (A) RT-qPCR was performed to detect the levels of PVT1 in NAFLD patients and healthy individuals. (B) 
PVT1 levels in the HOMA-IR ≥ 2.5 and HOMA-IR < 2.5 groups were analyzed. (C) RT-qPCR was performed to discover the levels of miR-20a-5p in NAFLD patients and 
healthy individuals. (D) Serum miR-20a-5p in the HOMA-IR ≥ 2.5 groups and HOMA-IR < 2.5 groups were explored. ***P< 0.001 versus the healthy individual’s groups or 
HOMA-IR < 2.5 groups.

Figure 2 Clinical diagnostic value of PVT1 and miR-20a-5p in NAFLD patients. (A) PVT1 can significantly distinguish NAFLD patients from healthy individuals. (B) miR-20a- 
5p can dramatically distinguish healthy individuals and NAFLD patients, showing high clinical diagnostic value.
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CI = 0.105–0.916, P < 0.05, Table 3) were independent risk 
factors for insulin resistance. This suggests that PVT1 and 
miR-20a-5p may be involved in abnormal metabolism and 
insulin resistance in NAFLD patients.

PVT1 Regulates Lipid Metabolism and 
Insulin Resistance in NAFLD Mice
To confirm our hypothesis, we constructed the NAFLD 
model through a high-fat diet (HFD) based on previous 
studies and inhibited the expression of PVT1 in vivo. This 
finding confirmed that the HFD group significantly increased 
the expression of PVT1, but when si-PVT1 was injected 
in vivo, the expression of PVT1 was inhibited (P < 0.001, 
Figure 3A). We tested the bodyweight of the mice for 8 

weeks and confirmed that compared with the control group, 
HFD significantly increased the weight of mice, while inhi-
biting PVT1 slowed down the weight gain of the mice (P < 
0.001, Figure 3B). To confirm the relationship between 
PVT1 and insulin sensitivity in NAFLD, we examined 
changes in IPGTT levels in mice. Glucose concentration in 
HFD mice increased significantly over time. When PVT1 
was inhibited, the glucose concentration was significantly 
inhibited (P < 0.001, Figure 3C). These founds indicated 
that PVT1 may affect NAFLD by affecting insulin sensitiv-
ity. Subsequently, whether PVT1 regulates NAFLD lipid 
metabolism and liver damage was detected. Results showed 
that Triglyceride, Cholesterol, ALT, and AST were markedly 
elevated, and their levels were dramatically reduced when 

Table 2 Multiple Linear Regression Analysis on Variables 
Associated with lncRNA PVT1

Characteristics Coefficient Standard 
Error

t P-value

MiR-20a-5p −0.615 0.122 −5.036 <0.001

BMI (kg/m2) 0.003 0.005 0.556 0.580
FBG (mg/dl) 0.001 0.000 3.021 0.004

ALT (U/l) 0.002 0.001 3.064 0.003

TC (mg/dl) 0.003 0.017 0.207 0.837
TG (mg/dl) 0.043 0.026 1.637 0.106

HDL-C (mg/dl) 0.013 0.034 0.371 0.712
LDL-C (mg/dl) −0.007 0.022 −0.308 0.759

HOMA-IR 0.045 0.007 5.986 <0.001

Abbreviations: BMI, body mass index; FBG, fasting blood glucose; ALT, alanine 
transaminase; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipo-
protein cholesterol; LDL-C, low-density lipoprotein cholesterol; HOMA-IR, home-
ostasis model assessment insulin resistance.

Table 3 Relationship Between Different Variables and HOMA-IR

Characteristics OR 95% CI P value

LncRNA PVT1 3.323 1.160–9.516 0.025
MiR-20a-5p 0.311 0.105–0.916 0.034

Gender (Female/ Male) 1.271 0.440–3.676 0.658

BMI (kg/m2) 1.741 0.580 −5.226 0.323
Age (years) 1.528 0.513–4.549 0.447

FBG (mg/dl) 1.379 0.490–3.877 0.542

ALT (U/l) 1.578 0.564–4.413 0.385
TC (mg/dl) 1.458 0.529–4.018 0.465

TG (mg/dl) 1.199 0.391–3.681 0.751
HDL-C (mg/dl) 1.801 0.623–5.205 0.277

LDL-C (mg/dl) 1.033 0.366–2.914 0.952

Abbreviations: BMI, body mass index; FBG, fasting blood glucose; ALT, alanine 
transaminase; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipo-
protein cholesterol; LDL-C, low-density lipoprotein cholesterol; HOMA-IR, home-
ostasis model assessment insulin resistance.

Figure 3 PVT1 regulates lipid metabolism and insulin resistance in NAFLD mice. (A) RT-qPCR has accessed the expression of PVT1 after a high-fat diet and PVT1 inhibition. 
(B) Effects of PVT1 on body weight of mice after high-fat diet. (C) Effects of PVT1 on blood glucose levels in high-fat diet mice. Regulation of PVT1 on lipid metabolism 
inductors Triglyceride (D), Cholesterol (E), ALT (F), and AST (G). ***P< 0.001 versus the control groups; ##P<0.01, ###P<0.001 versus the HFD groups.
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PVT1 was inhibited (P < 0.001, Figure 3D–G). Our findings 
confirmed that PVT1 participates in NAFLD by affecting 
insulin sensitivity and lipid metabolism.

miR-20a-5p Was a miRNA Target of PVT1
Clinical results confirmed that the expression of PVT1 is 
related to miR-20a-5p, and its expression level is the oppo-
site. So we further confirmed the relationship between them. 
Bioinformatics software confirmed the existence of potential 
binding sites between the PVT1 and miR-20a-5p 
(Figure 4A). A dual-luciferase reporter analysis was per-
formed, and it was confirmed that miR-20a-5p mimics 
depleted the luciferase activity of WT-PVT1, while miR- 
20a-5p inhibitors elevated the luciferase activity. However, 
they did not affect the MUT-PVT1 luciferase activity (P < 
0.001, Figure 4B). What’s more, we also found that miR- 
20a-5p was elevated in the HFD group, but this elevation 
was significantly inhibited by the PVT1 depletion (P < 
0.001, Figure 4C). This finding suggests that PVT1 may 
participate in NAFLD through miR-20a-5p negative target 
regulation.

Discussion
In recent years, with the deepening of LncRNA research, the 
importance of the abnormal expression level of LncRNA in 
diseases has gradually attracted people’s attention. Studies 
have indicated that LncRNA could not only serve as an 
essential molecule in controlling gene expressions such as 
chromosome modification and transcription but also partici-
pate in abnormal levels of steatosis, oxidative stress, inflam-
mation, insulin resistance, and other pathological processes. 
In NAFLD, 381 LncRNA have been confirmed to be highly 

expressed,30 and LncRNA MEG3 has also been described to 
be elevated to participate in insulin resistance level in 
NAFLD and the aging of liver endothelial cells.31 In addi-
tion, the increase of LncRNA GAS5 is involved in the 
advanced liver fibrosis of NFALD. There is no doubt that 
LncRNA plays an indispensable role in NAFLD.

PVT1 is a LncRNA located in the 8q24.21 region of the 
human chromosome, and its potential role in cancer has been 
widely reported. Such as endometrial cancer,32 bladder 
cancer,33 and ovarian cancer.34 The latest research found 
that PVT1 is engaged in the progression of hepatitis B virus- 
positive liver cancer,12 and can regulate the diabetes-related 
disease, a common complication of NAFLD. For example, 
PVT1 is upregulated in diabetic cataracts, and is related to 
cell function,35 and inhibits podocyte injury and apoptosis in 
diabetic nephropathy through FOXA1.36 In addition, obesity 
is caused by abnormal lipid metabolism. PVT1 promotes the 
synthesis and inhibits the oxidation of fatty acids in 
obesity.13,14 Based on the above literature, the role of 
PVT1 in NAFLD has aroused our interest. Therefore, we 
tested the serum PVT1 of the enrolled population and found 
that its level was abnormally elevated.

Previous studies have confirmed that PVT1 can partici-
pate in the occurrence of acute kidney injury in sepsis and 
pancreatic ductal adenocarcinoma through the targeted reg-
ulation of miR-20a-5p,24,25 and miR-20a-5p has been 
reported to be involved in NAFLD.22 Therefore, we specu-
lated whether PVT1participates in the progression of 
NAFLD by affecting miR-20a-5p. Consistent with the results 
of previous studies, miR-20a-5p was significantly reduced in 
patients. Although LncRNA and miRNA lack tissue specifi-
city in clinical application, however, the urine PCA3 

Figure 4 PVT1 acted as the sponge of miR-20a-5p. (A) The depiction of the schematic on the recombinant luciferase plasmid. (B) Verification of targeted binding of miR- 
20a-5p and PVT1. (C) miR-20a-5p was negatively regulated by PVT1 in NAFLD model mice. ***P< 0.001 versus the control groups; ###P<0.001 versus the HFD groups.
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(PROGENSA) as a lncRNA has been approved by the FDA 
for the diagnosis of prostate cancer.37 Recent studies have 
highlighted that the interaction and co-regulation of these 
ncRNAs may be involved in the progression of NAFLD 
and have great potential as new diagnostic biomarkers.38 

Subsequently, we analyzed the clinical diagnostic value of 
abnormal levels of PVT1 and miR-20a-5p and found that 
both can significantly distinguish healthy individuals from 
NFALD patients, which may be a new biomarker for the 
diagnosis of NAFLD.

The specific pathogenesis of NAFLD is complex, and 
its mechanism is far from being elucidated,39 but insulin 
resistance and lipid metabolism both play crucial roles in 
its progression.40,41 Therefore, to further confirm our con-
jecture, we divided NAFLD patients into two groups based 
on the traditional task of insulin resistance. We found that 
patients with reduced insulin sensitivity have reduced 
PVT1 levels and increased miR-20a-5p. HOMA-IR, 
FBG, ALT, and miR-20a-5p were independent risk factors 
for PVT1. Therefore, we clinically confirmed that PVT1 
may be engaged in the progression of NAFLD by regulat-
ing lipid metabolism and insulin sensitivity.

The establishment of the NAFLD model through HFD 
has been very mature in NAFLD studies.42 Therefore, we 
established a NAFLD mice model through a high-fat diet. 
Consistent with the clinical expression level, PVT1 was 
significantly increased, but si-PVT1 inhibited its expression. 
In addition, the HFD group increased body weight, while the 
elimination of PVT1 slowed the level of body weight gain. 
The IPGTT method was used to detect insulin sensitivity 
during glucose metabolism.43 In our study, its level was 
generally higher in the HFD group, while the decrease in 
PVT1 alleviated the increase in glucose levels. Similar 
results were obtained for more important lipid metabolism 
and liver injury indicators, confirming that PVT1 may parti-
cipate in NAFLD by affecting insulin sensitivity and lipid 
metabolism. Subsequently, the luciferase reporter gene assay 
confirmed the targeting relationship between miR-20a-5p 
and PVT1. Moreover, the miR-20a-5p level in the serum of 
mice was negatively regulated by PVT1.

The results of current research should be interpreted with 
consideration of the following limitations. Such as failure to 
provide timely histological features of liver in NAFLD mice, 
will be the focus of our further studies. Secondly, due to the 
small sample size of the subjects, the mean value and SD of 
clinical data may large differ greatly. What’s more, although 
there was no significant difference in gender distribution 
between our two groups in this study, there was a high 

proportion of male patients with NAFLD. Considering that 
male is risk factor for NAFLD, our research conclusion needs 
to be confirmed in a larger sample. Previous studies have 
shown that high-fat diet-induced animal models of NAFLD 
are pathologically and phenotypically similar to human 
NAFLD, although they can greatly improve the ability to 
understand the mechanisms controlling the progression of 
human NAFLD. However, it cannot fully reflect human 
NAFLD, so we hold a reserved attitude towards the research 
results of this model.

Conclusion
In conclusion, PVT1 elevated in NAFLD patients and 
mice, while miR-20a-5p decreased significantly. In 
patients with HOMA-IR ≥ 2.5, the expression levels of 
PVT1 and miR-20a-5p were opposite. Moreover, PVT1 
and miR-20a-5p have potential diagnostic value. All in all, 
we confirmed for the first time that PVT1 may participate 
in the pathological process of NAFLD by affecting miR- 
20a-5p to regulate insulin sensitivity and lipid metabolism.
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