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Purpose: Non-alcoholic fatty liver disease (NAFLD) is a disease associated with genetic-
environmental-metabolic stress, which severely damages the liver function of patients. This
study aimed to explore the significance and probable functions of HCG18 in NAFLD.
Patients and Methods: The expression of HCG18 and miR-197-3p was tested by qRT-
PCR. The clinical signification of HCG18 was provided by the ROC curve and Pearson
correlation. The corresponding mechanism was punctuated by the luciferase reporter assay
and HFD-managed mice.

Results: HCG18 expression was higher in the patients with NAFLD than in controls and in
individuals with HOMA-IR score >2.5 than those with HOMA-IR score <2.5. HCG18
expression in NAFLD patients was related to BMI, HOMA-IR, ALT, FBG, TC, and TG.
HCGI18 showed satisfactory predictive accuracy in differentiating NAFLD patients and
patients with HOMA-IR >2.5. Besides, HCG18 had protective impacts on blood glucose
and fat deposition but not on body weight. MiR-197-3p is a direct gene of HCG18, and
a reverse correlation was found between miR-197-3p and HCG18. Furthermore, miR-197-3p
regulated the influence of HCG18 on insulin resistance and lipid accumulation.
Conclusion: Increased levels of HCG18 might be an alternate indicator for NAFLD
patients. The HCG18-miR-197-3p axis exerted effects on the progression of fat sedimenta-
tion and glucose disorder in NAFLD.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most common clinical liver
disease, and its pathological changes have a broad coverage.'> Metabolic syn-
dromes such as obesity, type 2 diabetes, hyperinsulinemia, and dyslipidemia are
considered to be the main factors for the occurrence of NAFLD.** Studies have
shown that more than 90% of obese individuals have NAFLD and more than
70% have NAFLD.’ With the increase in the number of obese people, the
prevalence of NAFLD has risen sharply, influencing about 25% of the total
population worldwide.” A recent meta-analysis revealed the prevalence of
NAFLD in China was about 32.9% in 2018.° NAFLD is characterized by marked
inflammation and liver function impairment caused by intrahepatic fat accumula-
tion, which can progress to hepatic fibrosis and cirrhosis.” As a wide spectrum of
clinical parameters, NAFLD may trigger fibrosis, cirrhosis, and advanced hepa-
tocellular carcinoma.® NAFLD has an important relationship with liver cancer
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and will become the main cause of liver cancer.
Therefore, NAFLD has become a public health problem
that cannot be ignored.” Liver biopsy is the gold standard
for the diagnosis of NAFLD, but its procedure is trau-
matic and cannot be widely carried out clinically.'
Therefore, screening specific indicators that are related
to the diagnosis of NAFLD has become the focus of
attention.

NAFLD is a common liver disease with high heritabil-
ity and several molecular pathways lead to the pathogen-
esis of NAFLD.'""'? Owing to intensive research in recent
years, it has been found that IncRNA plays an important
regulatory role in much pathological development and
physiological processes, and its expression in the liver
and its relationship with liver diseases have increasingly
become the focus of research.!>!* Besides, IncRNAs are
quite stable in human serum and specific IncRNAs may
serve as non-invasive predictors.'> The levels of IncRNA
ARSR both in the serum are significantly elevated in
NAFLD patients compared with the healthy controls.'®
In a microarray of IncRNAs, 1735 IncRNAs are found
aberrantly expressed in the NAFLD patients relative to
that in healthy liver specimens.'” NAFLD in rodents is
usually caused by a high-fat diet (HFD), which stimulates
the excessive accumulation of fat in the liver and is com-
monly used to explore the mechanism underlying
NAFLD.'® The levels of IncRNA NEATI are raised in
the NAFLD mice models and it could facilitate lipid
accumulation via miR-146a-5p.'” Several researchers
have examined the importance of IncRNA HCGIS8 in
liver diseases. For instance, in a previous subject of hepa-
tocellular carcinoma, the expression of HCG18 is raised in
the tumor tissues and accelerates tumor progression by
targeting miR-214-3p.?° In another analysis of hepatocel-
lular carcinoma, the expression of HCG18 is differently
expressed.”' It seems that HCG18 may participate in the
progression of liver dysfunction. Although some relation-
ship between HCG18 and hepatocellular carcinoma has
been unveiled, the mechanism of HCG18 involved in the
development of NAFLD is still unsolved.

The purpose of this study was to investigate the expres-
sion level of serum HCG18 in patients with NAFLD and
the diagnostic role of HCG18. The correlation with liver
lipid metabolism indicators was analyzed to assess the
significance of serum HCG18 expression in screening for
liver metabolic abnormalities. The role and potential reg-
ulatory mechanism of HCG18 were explored in NAFLD
mice by further studying its action as a miRNA sponge.

Materials and Methods

Patient Collection

We collected 101 healthy individuals and 116 NAFLD
patients from Yidu Central Hospital of Weifang.
According to a previous diagnosis of NAFLD, all
NAFLD individuals were identified.”* The exclusion cri-
teria were as follows: (1) patients with autoimmune hepa-
titis, viral hepatitis, or drug-induced liver disease, (2)
individuals taking drugs that protect the liver, reduce fat
or cause liver fat deposition, (3) people with secondary
liver function damage, and (4) people with a history of
alcoholism. This study was performed in accordance with
the Declaration of Helsinki and the protocols of our design
were approved by the Ethics Committee of Yidu Central
Hospital of Weifang. Written informed consents were col-
lected from all participants. The homeostasis model of
assessment for IR index (HOMA-IR) was analyzed based
on the clinical information collected from each individual.
The blood samples were collected from all participants and
the serum specimens were isolated for the following

experiments.

NAFLD Animal Model Construction

Male C57B1/6 mice (5 weeks old, weighing 17-19 g) were
provided by Junke Bioengineering company (Nanjing,
China) and were adopted in an atmosphere with humidity
of 30-70% at 21 £ 2°C. To detect the function of HCG18,
adaptive feeding mice were randomly divided into four
groups, including the normal feed (ND) group, HFD
group, small interfering negative control (si-NC) group, si-
HCG18 group. A further mechanism of HCGI18 was
revealed by the following three groups: si-HCG18, si-
HCG18 + antagomir NC, and si-HCG18 + miR-197-3p
antagomir. A total of five mice were included in each
group. The mice except those in the ND group were fed
with high-fat food, containing 20% protein, 40% fat (soy-
bean oil and lard), and 40% carbohydrate for 8 weeks. The
mice in the ND group were fed with normal fat content
(12%) food for constantly 8 weeks. The protocols of diets
for all mice were based on a previous study.*

The sequences of antagomir NC and miR-197-3p
antagomir and lentiviruses expressing si-NC and si-
HCG18 were purchased from GenePharma (Shanghai,
China). All mice in each group were injected with the
corresponding reagent weekly for 8 weeks after HFD

treatment. The weight of each mouse was recorded every
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7 days. The blood sample was injected and some charac-
ters were also detected after 8§ weeks.

All procedures involving experimental animals were in
line with the Guide for the Care and Use of Laboratory
Animals of the Institute for Laboratory Animal Research.
In addition, this study also was approved by the Ethics
Committee of Yidu Central Hospital of Weifang.

Quantitative PCR

According to the manufacturer’s instructions, a standard
method was conducted to extract total RNA from serum
via an extreme speed RNA extraction kit (HaiGene,
Harbin, China). The concentration and purity of RNA
samples were clarified by NanoDrop. The mixture of
Probe One-Step RT-qPCR Kit (TAKARA, Tokyo, Japan)
and total RNA was used to detect the levels of HCG18 on
Roche LightCycler 480 (Roche, Basel, Switzerland). For
miR-197-3p, the cDNA was amplified from total RNA
using miRNA 1st strand cDNA synthesis kit (by stem-
loop) (Vazyme, Nanjing, China). A 2xmiRNA qPCR mas-
ter mix (Sangon Biotech, Shanghai, China) was applied in
the quantitative expression of miR-197-3p on Roche
LightCycler 480 (Roche, Basel, Switzerland). After ampli-
fication, a melting curve was generated to evaluate the
efficiency of primer pairs at the end of each PCR cycle.
And the amplification of only one product in qRT-PCR
was confirmed by a melting curve analysis. The relative
expression levels of HCG18 and miR-197-3p were deter-
mined by normalizing them to the internal genes B-actin
and U6 respectively.*** The relative expression of
HCGI18 and miR-197-3p was calculated using the
2-DeltaDeltaCt method. As for mRNA expression of
IL18, the detection kits and protocols were the same as
the detection of HCG18 expression.

Characteristics of C57BI/6 Mice

For the intraperitoneal insulin tolerance test (IPITT),
a total of 0.75 IU/kg insulin was injected intraperitoneally
into the mice after 8-hours of fasting. The blood glucose
concentration was detected 5 times every 30 minutes by
a glucometer. And some other significant characters of
mice were detected and recorded after all experiments.

Luciferase Activity Report

The transfected sequences, including miR-197-3p mimic,
miR-197-3p inhibitor, and corresponding negative control
(miR-NC) were purchased from GenePharma (Shanghai,
China). The psiCHECK?2 vectors carrying wide type (WT)

and mutation (MUT) of HCG18 were from the Genecreate
company (Wuhan, China). For detection of the relationship
between IL18 and miR-197-3p, the carriers with WT-IL18
and MUT-IL18 were purchased from the same company.
Different psiCHECK2 carriers were co-transfected with
miR-197-3p mimic, miR-197-3p inhibitor, and miR-NC
respectively. Then, the luciferase activity was verified
using a dual-luciferase reporter assay system (Promega,
Madison, WI, USA).

Statistical Analysis

The differences between two groups such as the HOMA-
IR < 2.5 group and HOMA-IR > 2.5 group were calculated
by the Student’s ¢-test on SPSS software. Pearson correla-
tion was conducted to investigate the relationship between
HCG18 and parameters of NAFLD patients. The predic-
tive value of HCG18 was unveiled by the area under the
curve (AUC) of receiver operator characteristic (ROC).
The comparison among four groups or six groups was
analyzed by one-way ANOVA on the GraphPad software.

Results

Baseline Features of Subjects

We collected the clinical data of patients after confirming
their inclusion in the study. The NAFLD group consisted
of 60 females and 56 males with an average age of 49.80 +
9.74 years old. After analysis, the age and gender in the
NAFLD group had no significant difference from those
features in the healthy group (Table 1, P > 0.05). The
levels of BMI, HOMA-IR, alanine transaminase (ALT),
FBG, total cholesterol (TC), and triglycerides (TG) were
elevated in the NAFLD group compared with healthy
individuals (Table 1, P < 0.01).

HCGI8 Levels in NAFLD Patients

The concentration of HCGI18 in serum samples from
NAFLD patients was assessed to reveal the expression of
HCG18 in NAFLD patients. Compared with the levels of
HCG18 in the control group, HCG18 was highly expressed
in the NAFLD group (Figure 1A, P < 0.001). Furthermore,
in the group of NAFLD, the patients were divided into two
groups based on the values of HOMA-IR. There were 45
patients in the HOMA-IR < 2.5 group and 71 patients in the
HOMA-IR > 2.5 group. The expression of HCG18 was
raised in the HOMA-IR > 2.5 patients relative to HOMA-
IR < 2.5 patients (Figure 1B, P <0.001).
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Table | Clinical Features of Subjects
Parameters Healthy Individuals (n = 101) NAFLD Group (n = 116) P value
Gender (Female/ Male) 52/49 60/56 0.972
Age (years) 48.54 £ 9.69 49.80 + 9.74 0.343
BMI (kg/m?) 21.92 + 3.00 27.84 + 298 < 0.001
HOMA-IR 1.22 £ 0.09 3.62 £ 2.51 < 0.001
ALT (1U/1) 22.16 +2.09 39.58 + 6.19 < 0.001
FBG (mg/dl) 90.63 £ 13.18 108.70 + 35.40 < 0.001
TC (mg/dl) 178.94 + 23.53 196.11 + 46.84 0.001
TG (mg/dl) 106.62 + 15.33 130.61 + 38.00 < 0.001

Abbreviations: NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; HOMA-IR, homeostasis model assessment insulin resistance; ALT, alanine transaminase;

FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides.

Correlation Between HCGI18 and
NAFLD

Through the Pearson correlation, the relationship
between HCG18 expression and NAFLD was uncov-
ered (Table 2). The result demonstrated that the
HCG18 was pertinent to the BMI (r = 0.604,
P < 0.001), HOMA-IR (r = 0.717, P < 0.001), ALT
(r=0.631, P <0.001), FBG (r = 0.726, P < 0.001), TC
(r=0.802, P < 0.001), and TG (r = 0.634, P < 0.001).
However, no relationships were found between HCG18
and gender (r = 0.058, P = 0.533) and age (r = 0.008,
P =0.929).

Predictive Significance of HCG18 for

NAFLD Patients

The levels of HCG18 were identified as a promising
prognostic indicator in differentiating NAFLD patients
from the healthy group by the result of ROC which
showed that the AUC was 0.934 (Figure 2A). More
importantly, Figure 2B illustrated that the AUC of
HCG18 was 0.881 which showed the levels of HCG18
could distinguish NAFLD patients with high insulin
resistance from patients with NAFLD < 2.5.
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Table 2 Correlation Between IncRNA HCGI8 and Clinical
Characteristics

Characteristics Correlation with IncRNA P-value
HCGI8 (r)

Gender (Female/ 0.058 0.533
Male)

Age (years) 0.008 0.929
BMI (kg/m?) 0.604 < 0.001
HOMA-IR 0.717 < 0.001
ALT (1U/1) 0.631 < 0.001
FBG (mg/dl) 0.726 < 0.001
TC (mg/dl) 0.802 < 0.001
TG (mg/dl) 0.634 < 0.001

Abbreviations: NAFLD, nonalcoholic fatty liver disease; BMI, body mass index;
HOMA-IR, homeostasis model assessment insulin resistance; ALT, alanine transa-
minase; FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides.

Influence of HCGI8 on HFD Mice

In the serum specimens of HFD mice, the expression of
HCG18 was increased while si-HCG18 could successfully
reduce the levels of HCG18 (Figure 3A, P < 0.001). In addi-
tion, some characteristics were detected to provide the function
of HCG18 on NAFLD, including body weight, insulin resis-
tance level, and lipid metabolism. The analysis of body weight

propounded that HFD management could elevate body weight

w
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Figure | The expression of HCGI8 of (A) all clinical patients and (B) patients with HOMA-IR = 2.5. ***P < 0.001.
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Figure 3 The roles of HCG18 on the NAFLD animal models. (A) The reduced expression of HCG 8 in HFD mice was reversed by the si-HCG18. The impacts of HCG18 on (B)
body weight, (C) blood glucose, (D) triglyceride, (E) cholesterol, (F) ALT, and (G) AST. *¥*P < 0,001, relative to ND group; %P < 0.01, #¥&p < 0001, relative to HFD group.

(Figure 3B, P < 0.001), whereas, the silenced HCG18 had no
significant impacts on the increased body weight (Figure 3B,
P>0.05). Regarding insulin resistance, HFD might contribute
to the enhancement of blood glucose in mice, however, inter-
ference with HCG18 ameliorated the levels of blood glucose
(Figure 3C, P < 0.001). Besides, the concentration of TG,
cholesterol, ALT, and AST was elevated in the HFD group
while the suppression of HCG18 mitigated the increased ten-
dencies of these indicators (Figure 3D-G, P <0.01).

miR-197-3p Serves as a ceRNA of

HCGIS8

Further study about the ceRNA of HCG18 was conducted
to clarify the underlying mechanism. The finding of the
predictive target was exhibited in Figure 4A, which pro-
posed that the binding sites between HCG18 and miR-197-
3p. The miR-197-3p inhibitors reduced the Iluciferase
activity, while the overexpression of miR-197-3p raised

the activity, which validated the predictive results
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Figure 4 (A) The binding sites between HCGI8 and miR-197-3p. (B) The exhibition of luciferase report. (C) The reduced expression of miR-197-3p in the serum
samples of NAFLD patients. (D) The levels of HCGI8 were inverse proportion to miR-197-3p. (E) The si-HCGI8 reversed the expression of miR-197-3p in the HFD
mice. ¥P < 0.01, ¥¥P < 0.001, relative to control group, healthy individuals, or ND group; ¥&P < 0.001, relative to HFD group.

(Figure 4B, P < 0.001). Moreover, the expression of miR-
197-3p in the serum of NAFLD patients was accessed by
gqRT-PCR, and its correlation with HCG18 was also ana-
lyzed. As shown in Figure 4C, the expression of miR-197-
3p was lessened in the serum from NAFLD patients when
compared with the healthy group (P < 0.001). The Pearson
result reflected the negative correlation between miR-197-
3p expression and HCGI8 levels in NAFLD patients
(Figure 4D, r = 0.6636, P < 0.0001). More importantly,
in the HFD-managed mice, the Si-HCG18 inhibited the
reduced miR-197-3p levels caused by HFD treatment
(Figure 4E, P < 0.01), further identifying the relationship
between HCG18 and miR-197-3p.

miR-197-3p Mediated the Impacts of
HCGI18 on HFD Mice

The co-transfection experiments were conducted in the HFD
mice and the finding of qRT-PCR indicated that the expres-
sion of miR-197-3p was suppressed by the co-transfection of
si-HCG18 and miR-197-3p antagomir (Figure 5A,
P < 0.001). The body weight in the si-HCG18 group was
not influenced by the treatment of si-HCG18 and miR-197-
3p (Figure 5B, P > 0.05). The co-transfection of si-HCG18
and miR-197-3p antagomir reversed the levels of glucose
caused by si-HCGIS8 in the HFD-triggered mice models
(Figure 5C, P < 0.001). Importantly, the miR-197-3p was

proved to mediate the function of HCG18 on lipid metabo-
lism by the findings the intervention of miR-197-3p reversed
the ascended levels of TG, cholesterol, ALT, and AST
(Figure 5SD-G, P < 0.01).

ILI8 Was a Target of miR-197-3p

The putative sites between IL18 and miR-197-3p were
shown in Figure 6A. Luciferase reporter assay elucidated
that miR-197-3p mimic could suppress the luciferase
activities and miR-197-3p inhibitor enhanced the lucifer-
ase activities in the WT-IL18 group (Figure 6B,
P < 0.001). Besides, the mRNA expression of IL18 was
elevated in the HFD-fed mice compared with the ND
group (Figure 6C, P < 0.001). Besides, si-HCG18 inter-
ference inhibited the expression of IL18, whereas, the co-
transfection of si-HCG18 and miR-197-3p antagomir
reversed the decreased mRNA expression of IL18
(Figure 6C, P < 0.001).

Discussion

NAFLD is a chronic progressive liver disease, which
belongs to simple hepatic steatosis and may develop into
severe liver cirrhosis.?® Therefore, it is important to under-
stand the pathogenesis of NAFLD and develop effective
treatment methods. LncRNA plays a significant role in
various physiological and pathological processes.”’ At
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Figure 5 (A) MiR-197-3p antagomir inhibited the increased expression of miR-197-3p induced by si-HCGI18 in HFD mice. MiR-197-3p suppressed the impacts of HCGI8
on (B) body weight, (C) blood glucose, (D) triglyceride, (E) cholesterol, (F) ALT, and (G) AST. %P < 0.01, 4P < 0.001, relative to HFD group.
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present, IncRNA imbalance has been discovered in the liver
of obese mice and severe NAFLD patients induced by HFD
or genetic factors, which suggests the potential role of
IncRNA in the development of liver dysfunction caused
by diet regulation.”® Recent studies have shown that various
IncRNAs are identified as important regulatory factors in
and fat
formation.'>?° In addition, IncRNA 1is considered as

lipid metabolism, fat factor expression,
a potential therapeutic target and biomarker for human
liver diseases including NAFLD.**>! Therefore, in this
study, we focused on the abnormal expression of HCG18
and studied the regulation of HCG18 on lipid metabolism
and insulin resistance of NAFLD by targeting miR-197-3p.

In our study, the expression of HCG18 was increased
in the NAFLD patients, insisting that HCG18 might play
a fundamental role in the NAFLD. Furthermore, compared
to the HOMA-IR < 2.5 group, the abundance of HCG18
expression was also found in the HOMA-IR > 2.5, indicat-
ing the levels of HCG18 might be associated with insulin
resistance. This result was further clarified by demonstrat-
ing that the HCG18 was closely associated with the levels
of BMI, HOMA-IR, ALT, FBG, TC, and TG.
A microarray study about hepatocellular carcinoma
patients finds that the expression of HCG18 is enriched
in the tumor tissues compared with the adjacent healthy
samples.”’ LncRNA has become a candidate biological
marker for a variety of diseases, especially as a non-
invasive biomarker with special value in the prediction
and diagnosis of liver diseases.'” The plasma IncRNA
LeXis is identified as an alternative biomarker of
NAFLD by the ROC curve, which indicates IncRNA has
prognostic possibility.>?> In hepatocellular carcinoma,
LINCO02518 may act as an indicator to ease the diagnosis
of patients with hepatocellular carcinoma.’* In the present
study, the diagnostic significance of HCG18 was also
analyzed and the finding unveiled that HCG18 expression
could discriminate NAFLD patients from healthy indivi-
duals and differentiate patients with HOMA-IR > 2.5 from
HOMA-IR < 2.5 group.

More and more studies have emphasized the role of
IncRNA in gene regulation of liver function and diseases.
Many liver pathologies related to NAFLD, including liver
inflammation, structural damage, and lipid deposition, are
regulated by one or more IncRNA. Blncl is found highly
expressed in the NAFLD mice and participates in the
regulation of insulin resistance in the progression of
NAFLD.* MEG3 is found to mediate lipid deposition of
NAFLD by inhibiting the levels of miR-21.>° The

function of HCG18 on mice models, such as bone loss
and tumor xenografts has been examined by many
investigators.*®*” Our data established NAFLD mice and
found HFD was a trigger for the increased levels of
HCG18, which further verified the clinical findings.
Moreover, the absence of HCG18 could reverse the bad
effects of HFD on weight, glucose, and lipid deposition,
indicating disruption of HCGI18 might have mitigated
impacts on NAFLD.

The interaction between IncRNA and miRNA mediates
several disorders, including NAFLD. A study written by
Sun et al provides that NEAT1 has a progressive effect on
the NAFLD by binding miR-140.® H19 might participate
in the lipid metabolism of the NAFLD by regulating miR-
130a. Our result demonstrated that miR-197-3p might be
a target of HCGI18 in the mediation of NAFLD and the
inverse association between them further underlined this
finding. In gastric cancer, the relationship between HCG18
and miR-197-3p is identified and this pathway facilitates
the development of gastric cancer.®” In a conclusion of
miRNA array, miR-197-3p is lowly expressed in the
NAFLD patients and related to the pericellular fibrosis in
4041 1y addition, miRNA
might be a ceRNA of IncRNA, which plays an important

patients with steatohepatitis.

role in the biological process and other vital activities.**
Our experiments confirmed that in the HFD-engendered
mice, the knockdown of miR-197-3p reversed the ameli-
oration of silenced HCG18 on blood glucose and fat accu-
mulation, which also provided the underlying protective
roles of miR-197-3p in NAFLD.

In the present study, IL18 was certified as a target gene
of miR-197-3p. In hepatitis B virus infection, IL-18 is one
of the possible target genes for miR-197-3p, which is
consistent with our finding.*® In addition, we found the
expression of IL18 was raised in the HFD-fed mice, which
indicated that IL-18 might participate in the development
of NAFLD. Besides, the alternation of HCG18 expression
and miR-197-3p could change the mRNA expression of
IL18. In a previous study, increased IL-18 expression has
been observed in NAFLD, indicating Its role and impor-
tance as a biomarker of liver disease.** Zhang et al report
that the serum expression of IL18 in patients with liver
cancer and fatty liver disease is significantly elevated,
suggesting IL18 may act as an activator of liver
diseases.*> Some limitations also exist in this study, for
instance, the lack of liver tissue study and the NAFLD

staging of experimental mice.
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Conclusion
Herein, the levels of HCG18 were at high levels and
correlated with the expression of miR-197-3p. A close

relationship between HCGI18 and

characteristics of

NAFLD was identified and HCG was a diagnostic marker
for NAFLD patients. MiR-197-3p was a crRNA of
HCG18 and mediated the function of HCG18 on insulin
resistance and fat accumulation.
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