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Low-dose ionizing radiation attenuates high
glucose-induced hepatic apoptosis and immune factor
release via modulation of a miR-155-SOCS1 axis
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Abstract. Diabetic liver injury (DLI) can result in several
diseases of the liver, including steatohepatitis, liver fibrosis,
cirrhosis, and liver cancer. Low-dose ionizing radiation (LDIR)
has hormetic effects in normal/disease conditions. However,
whether LDIR has a beneficial effect on DLI has not been
assessed previously. MicroRNA (miR)-155 and its target gene
suppressor of cytokine signaling 1 (SOCSI1) play critical roles
in modulating hepatic proliferation, apoptosis, and immunity.
However, whether a miR-155-SOCSI axis is involved in high
glucose (HG) induced hepatic damage remains to be deter-
mined. In the present study, mouse hepatocyte AMLI2 cells
were treated with 30 mM glucose (HG), 75 mGy X-ray (LDIR),
or HG plus LDIR. The expression levels of miR-155 and SOCS1
were determined by reverse transcription-quantitative PCR
and western blotting. Additionally, apoptosis was measured
using flow cytometry. The release of inflammatory factors,
including TNF-a, IL-1f, IL-6, IL-10, and IFN-vy, after HG
and/or LDIR treatment was detected by ELISA. The results
showed that HG may induce hepatic apoptosis by upregulating
the levels of miR-155 and downregulating the levels of SOCSI.
HG also stimulated the secretion of TNF-a, IL-1f, IL-6, and
IL-10. However, LDIR blocked the HG-induced activation of a
miR-155-SOCS] axis and suppressed the release of inflamma-
tory factors. These results indicated that a miR-155-SOCSI axis
plays a role in HG-induced liver injury, and LDIR may exert a
hepatoprotective effect by regulating the miR-155-SOCS] axis.

Introduction
In China, the morbidity and mortality rates of patients with

diabetes are increasing on a yearly basis, and diabetes has
become a major threat to the health of the Chinese populace (1).
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Diabetic liver injury (DLI) is a major complication of type 2
diabetes mellitus (T2DM) caused by a variety of factors, such as
hyperglycemia, insulin resistance, dyslipidemia, oxidative stress,
and inflammation (2). During the development of diabetes, DLI
can progress from simple fatty liver to non-alcoholic steato-
hepatitis, liver fibrosis, cirrhosis, and even liver cancer (3).
Ionizing radiation (IR) is one of the most important
environmental factors. High-dose ionizing radiation (HDIR)
may cause severe tissue and organ damage and induce apop-
tosis. HDIR may also cause genomic instability and promote
tumorigenesis (4). Low-dose ionizing radiation (LDIR) is typi-
cally defined as <0.2 Gy at low linear energy transfer (LET)
or <0.05 Gy at high LET (5). LDIR has been shown to exhibit
a hormetic and adoptive effect (6-8). Studies have shown that
LDIR is associated with cell growth and development, immu-
noregulation, and disease prevention (9). Our previous study
also indicated that LDIR stimulated the proliferation of normal
cells, such as rat mouse bone marrow hematopoietic progenitor
cells, mesenchymal stem cells, and several normal human cell
lines (9,10), instead of promoting tumorigenesis (10).
MicroRNA-155 (miRNA/miR-155) resides within the
B-cell integration cluster gene on human chromosome 21 (11).
miR-155 is one of the most multifunctional miRNAs, and its
sequence is highly conserved in evolution. It has been shown
that miR-155 is abnormally expressed in several physiological
and pathological processes, including hematopoietic lineage
differentiation, immune response, inflammation, and tumori-
genesis (12). miR-155 is also closely related to the proliferation,
differentiation, invasion, and prognosis of tumor cells (13). A
large number of studies have shown that abnormal expression
of miR-155 is closely associated with viral hepatitis, alcoholic
liver disease, non-alcoholic steatohepatitis, liver fibrosis,
hepatocellular carcinoma, and other liver diseases (14-17).
Substantial evidence indicates that miR-155 plays a crucial
role in the pathogenesis of diabetes and its complications (18).
For example, El Samaloty et al (19) reported a higher expres-
sion level of miR-155 in patients with chronic hepatitis C virus
(HCV) infection, but a significant decrease in diabetic HCV
patients; Bai er al (20) reported that miR-155 expression was
increased in patients with diabetic nephropathy compared to
T2DM patients without diabetic nephropathy. However, there
is limited research that focuses on the impact of LDIR on
diabetes and its associated complications (21-23). In particular,
whether LDIR may modulate the expression of miR-155
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during the treatment of diabetes and its complications should
be assessed. Therefore, in the present study, the effect of HG
on hepatocytes and how the miR-155-SOCSI axis impacted
the behavior of hepatocytes during this process was assessed.
Additionally, the protective effect of LDIR on hepatocytes
via the regulation of miR-155-SOCSI axis was assessed. The
aim of the present was to explore a novel potential strategy for
protection against and treatment of DLI.

Material and methods

Cell lines and cell culture. Mouse AMLI12 hepatocytes were
obtained from Procell Life Science and Technology Co., Ltd.
Cells were grown in DMEM/F12 supplemented with 10% FBS
(Procell Life Science and Technology Co., Ltd.) and penicillin
(100 U/ml)-streptomycin (100 pg/ml) (Life-ilab). To construct
a high glucose-induced hepatocyte injury model, AMLI12 cells
were cultured in normal glucose (NG) (5.6 mM + 194 mM
mannitol to adjust for osmotic pressure) or HG (30 mM) to
120 h (24,25). All cells were maintained in a humidified 37°C
incubator with 5% CO,.

Low-dose ionizing radiation. AMLI12 cells received a total
dose of 75 mGy X-ray at a dose rate of 25 mGy/min using an
X-RAD 320 (Precision X-RAD; Precision X-Ray). Following
LDIR, the tissue culture medium was replaced and the cells
were further cultured under the same conditions until cells
were required for subsequent experiments.

Apoptosis assay. Apoptosis was analyzed using an Annexin
V-FITC Apoptosis Detection Kit (BD Biosciences). According
to the manufacturer's instructions, 1x10° AMLI12 cells were
washed with binding buffer and stained with 50 pl staining
solution containing 5 u#1 Annexin V-FITC and 5 ul PI at room
temperature for 15 min in the dark. Apoptosis was measured
using a FACScan flow cytometer (BD Biosciences) and
analyzed using FlowJo software (version 10.0; FlowJo LLC).

Transfection of miR-155 mimics, miR-155 inhibitor, and siRNA
targeting SOCSI1. AMLI12 cells were transfected with a 21
(siSOCS1#1) or 19 (siSOCS1#2) base-pair siRNA targeting
SOCS1 [5'-CTACCTGAGTTCCTTCCCCTT-3' (26) and
5-ACACTCACTTCCGCACCTT-3' (27)] using X-tremeGENE
siRNA transfection reagent (MilliporeSigma), according to the
manufacturer's protocol. At 48 h-post siRNA transfection, total
protein was collected from the transfected cells and the expres-
sion levels of SOCS1 were western blotting. The siRNA sequence
with the better interference result was chosen for subsequent
experiments. miR-155 mimics, NC-mimics, miR-155 inhibitor,
and NC-inhibitor were synthesized by Guangzhou RiboBio Co.,
Ltd. and transfected into cells at a concentration of 10 nmol/ml
with X-tremeGENE siRNA transfection reagent. The subse-
quent experiments were performed at 48 h post-transfection.

RNA extraction and reverse transcription quantitative-PCR
(RT-qPCR). According to the manufacturer's instructions, total
RNA was extracted from cultured AMLI12 cells using an Eastep
Super Total RNA Extraction kit (Promega Corporation), and
1 ug total RNA was used for cDNA synthesis using a TransScript
miRNA RT Enzyme Mix (TransGen Biotech Co., Ltd.).

gPCR was used to detect the enrichment of miRNAs using
an Eastep qPCR MasterMix (Promega Corporation) according
to the manufacturer's instructions. Data were analyzed using
the 224% method (28), and U6 snRNA expression was used as
the endogenous control. The forward sequences of the primers
were: miR-155, 5'-ttaatgctaattgtgatagg-3' and for U6, 5'-CTC
GCTTCGGCAGCACATA-3". The reverse primers were
included in the cDNA synthesis kit.

Western blot analysis. AMLI12 cells were washed twice with
ice-cold PBS and total protein was collected using RIPA lysis
buffer (Beyotime Institute of Biotechnology). Protein concen-
tration was determined with an enhanced bicinchoninic acid
protein assay kit (Beyotime Institute of Biotechnology). A total
of 25-50 ug protein was loaded on a 5-12% SDS gel and resolved
SDS-PAGE (Epizyme) and transferred to a PVDF membrane
(MilliporeSigma). Subsequently, the membranes were blocked
in TBST containing 5% BSA at room temperature for 1 h
after which the blots were probed with primary antibodies
against SOCSI (cat. no. 3950; 1:1,000; all from Cell Signaling
Technology, Inc.) and 3-actin (cat.no.81115; 1:1,000; ProteinTech
Group, Inc.) at 4°C overnight. Subsequently, the membranes
were incubated with horseradish peroxidase-conjugated
secondary antibodies (cat. no. PR30012; 1:3,000; ProteinTech
Group, Inc.), and the peroxidase activity was visualized using
an enhanced chemiluminescence reagent (Life-ilab). The mean
band intensity was determined using densitometry analysis in
Quantity One software (version 4.6; Bio-Rad Laboratories, Inc.).

Dual-luciferase reporter assay. Luciferase assays were
implemented by adopting the Dual-Luciferase Reporter Assay
System (Promega Corporation) in accordance with the manu-
facturer's instructions. The wild type (WT) or mutant (MT)
SOCS1 3'-UTR sequences including the miR-155 targeting
site were inserted into the pGL3 vector (Invitrogen; Thermo
Fisher Scientific, Inc.) to construct pGL3-luc-SOCSI-WT and
pGL3-luc-SOCS1-MT. AMLI12 cells were transfected with
50 ng pGL3-luc-SOCSI-WT/MT, 5 pmol miR-155 mimic
or NC mimics (control,) and 5 ng Renilla luciferase using
adopting Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) and seeded in a 96-well plate. The luciferase
activities were detected 48 h post-transfection on a GloMax
system (Promega Corporation).

ELISA.Mouse TNF-a (cat.no. MTAOOB),IL-1f3 (cat.no. MLBOOC),
IL-6 (cat. no. M6000B), IL-10 (cat. no. M1000B), and IFN-y
(cat. no. MIF00) were detected according to the manufacturer's
protocol of the ELISA kits (R&D Systems China Co., Ltd.).

Statistical analysis. Data are presented as the mean + SD
of at least three repeats. SPSS 19.0 (IBM Corp.) was used to
analyze the experimental data. Differences between groups
were compared using a Student's t-test or a one-way ANOVA
followed by a post hoc LSD or Tukey's test. P<0.05 was
considered to indicate a statistically significant difference.

Results

LDIR attenuates HG-induced miR-155 upregulation. Previous
studies indicated that the levels of miR-155 were upregulated
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Figure 1. miR-155 expression levels following the treatment with HG and/or LDIR. AMLI12 cells were treated with HG for 24,48, 72,96, or 120 h, with 75 mGy
LDIR, or with HG for 48 h followed by LDIR, after which the miR-155 expression levels were determined. (A) HG treatment increased the expression levels of
miR-155, which peak at 48 h post-HG treatment. (B) LDIR alone did not affect the expression levels of miR-155. (C) LDIR suppressed the HG-induced miR-155
upregulation. "P<0.05, “P<0.01, “"P<0.001. NS, not significant; HG, high glucose; NG, normal glucose; LDIR, low-dose ionizing radiation; miR, microRNA.

in T1IDM and downregulated in T2DM patients (19,29-31).
However, whether miR-155 levels are altered in DLI remains
to be determined. To determine whether miR-155 could be
induced by HG in hepatocytes, AMLI12 cells were treated
with 30 mM glucose for 24, 48, 72, 96, and 120 h, and the
expression levels of miR-155 were measured. As shown in
Fig. 1A, the levels of miR-155 were upregulated following HG
treatment, with expression peaking at 48 h post-HG treatment,
where it was 2x higher than that in the NG group, P<0.001.

To determine whether LDIR affected the HG-induced
miR-155 upregulation, AMLI12 cells were irradiated with
75 mGy X-ray, and it was found that single LDIR treatment
did not affect the levels of miR-155 in AMLI12 cells (Fig. 1B).
Next, the cells were treated with HG for 48 h, after which
they were irradiated with 75 mGy X-ray, and the expression
of miR-155 was determined. Interestingly, it was found that
LDIR significantly suppressed the HG-induced miR-155
upregulation in AML-12 cells (Fig. 1C).

LDIR alleviates HG-induced AMLI?2 cell apoptosis. Diabetes
may induce apoptosis in multiple types of cells, including
podocytes, cardiomyocytes, Schwann cells, and hepato-
cytes (32-35). In the present study, AMLI12 cell apoptosis
following HG treatment was assessed. After AMLI12 cells
were cultured in medium containing 30 mM glucose for 48 h,
cell apoptosis was determined by flow cytometry. As shown in
Fig. 2A, compared with the NG group, HG treatment signifi-
cantly induced cell apoptosis (42.6 vs. 0.88%, P<0.001). Next,
whether LDIR could alleviate the HG-induced cell apoptosis
was assessed. AMLI12 cells treated with HG for 48 h were
irradiated with 75 mGy X-ray. The flow cytometry results
showed that LDIR did not induce cell apoptosis, but signifi-
cantly decreased the HG-induced cell apoptosis (Fig. 2A,
42.6 vs. 13.84%, P<0.001). Transfection of miR-155 mimics
induced apoptosis in AMLI12 cells and LDIR decreased the
miR-155-induced cell apoptosis (Fig. 2B, 25.09 vs. 14.24%,
P<0.001). Moreover, it was found that miR-155 inhibitor

decreased the HG-induced cell apoptosis (Fig. 2C, 38.68 vs.
13.11%, P<0.001).

LDIR attenuates HG- or miR-155-induced SOCSI suppres-
sion. SOCSI has been reported to be a regulatory target protein
of miR-155 (36); Fig. 3A shows the predicted miR-155 binding
site on the 3' UTR of SOCSI. Next, luciferase reporter assays
were performed to determine the relation between miR-155
and SOCSI. Luciferase reporter plasmids including WT or
MT SOCSI1 3-UTR were constructed (Fig. 3A). As shown in
Fig. 3B, the normalized luciferase activity of the WT SOCSI1
3'-UTR was significantly reduced when co-transfected with
miR-155 mimics. However, the luciferase activity of the MT
3'-UTR was not affected. These outcomes suggest SOCSI is a
direct target of miR-155 in AMLI2 cells.

Since it was demonstrated that miR-155 inhibitor may
disturb HG-induced cell apoptosis, it was speculated that
LDIR may alleviate HG-induced cell apoptosis through a
miR-155-SOCSI axis. First, the expression levels of SOCS1
in AMLI2 cells treated with HG and LDIR were determined.
The western blotting results showed that HG significantly
suppressed the expression of SOCS1, whereas LDIR attenu-
ated this process (Fig. 3C, P<0.001). As a target of miR-155,
the expression levels of SOCS1 were suppressed by the
transfection of miR-155 mimics. However, LDIR disturbed
the communication between miR-155 and SOCSI, and this
resulted in the recovery of SOCSI expression levels (Fig. 3D).
Similarly, miR-155 inhibitor may have also disturbed the
suppression of SOCSI that was induced by HG (Fig. 3E).

LDIR suppresses the HG-induced release of inflammatory
factors. It has been reported that HG treatment may signifi-
cantly elevate the expression levels of inflammatory factors
in endothelial cells (37,38). In the present study, the effects
of LDIR on HG-induced inflammation in hepatocytes were
detected using ELISA kits. The levels of TNF-a, IL-1f,
IL-6, and IL-10 were significantly elevated by HG treatment



4 FAN et al: LDIR ATTENUATES HIGH GLUCOSE INDUCED HEPATIC APOPTOSIS

A = B
g g
20 i
g g
-3 8 1.0
2 15 =
H 2
5 =
g 0 2
2 o 05
g 5 &
g €
o o
888 5 85
ECE -1
EEE 4532
g I
= z
C NG HG LDIR HG+LDIR 50
CIELTES 2R I CTER Gzzmen| |, {Griae czoeew |, {OT6 0% azioan
10° 10 10°q 10
40
10t 10° 10° 10° -
£
10° 10° 10° 10° ]
} ) g
107 1074 107y
. . 10
10 104 10"y
o |04 58 7% QI0TI% o |04 53 7% 0312 8% QI0.15% |04 79 8% Q33 Ta% o g ? € +i@
o 1w 1w o1t w1t o 10t 1w o1t ot 1t 10 o 1w o1w? 1wt w1t g 28
D MNC mimics LOIR NC mirnics+LOIR mif-155 mimics miFR-155 mimics+LDIR
PREIEIY az1es%| {0133 QZITT% | . {O1350% Qz108% |  O1E05% QzIeTR | . 101503% Q9 %% 30
1079 1079 1079 1077 1077
i 4 4 ' 4
191 R 104 S s 107 B et e 1074 »
10° 10° 10° 10° Z
1 : ]
1074 1074 1074 1074 §10
] ] 2
10" 10" 10" 10"+
P [ TE TR QI0IT% | o Jousags T 3.0.83% [TETY . QID 5% Jousaan Q3638% | o loesT o Q34 26% o
Ol ipZ a3 T4 ars Tl T3 and  ar PR P raan PR R R R ol 2 3 e te [
o w1 w1t o ' 1w* 1w 10t 10 o 10" 10* 1w0* 10t w0 o 10" 10f 10° 1wt o 1w 10t 10 1wt g 58 ET58
E T ELT3
g £ Eg
E HG NG inhibitor HG+miR-185 inhibitor ” £ £
LRSS Gz 0% GiTER Qza s o
10% 10°7 =
40
|[|“| —_
=
=30
10* i
2. <

H

=3

O4T9.4%

Q4ALO% asmess| o a132%
o 1w wf o' 1wt 10° o 1w 1wt o' ot ot
FITC

HG+NG
inhibitor
nhibitor

HG+miA-155

Figure 2. LDIR attenuated HG or miR-155-induced cell apoptosis. AMLI2 cells were treated with HG for 48 h, with 75 mGy LDIR, or transfected with
miR-155 mimics or miR-155 inhibitor, and cell apoptosis was determined by flow cytometry. (A and B) Relative miR-155 expression levels following transfec-
tion with miR-155 mimics and miR-155 inhibitor. (C) LDIR significantly attenuated the HG-induced cell apoptosis. (D) Transfection of miR-155 mimics
induced cell apoptosis, which was attenuated by LDIR. (E) Transfection of miR-155 attenuated the HG-induced cell apoptosis. “P<0.01, ““P<0.001. NS, not
significant; HG, high glucose; LDIR, low-dose ionizing radiation; miR, microRNA; NC, negative control.

(Fig. 4A; P<0.001, P<0.001, P<0.001, and P<0.05, respec-
tively). However, the levels of IFN-y were not affected by HG
treatment (P>0.05). LDIR reduced the levels of TNF-a., IL-1f,
IL-6, and IL-10, compared with cells treated with HG alone
(Fig. 4A, P<0.001, P<0.01, P<0.01, and P<0.05, respectively).
SOCSI has been reported to negatively regulate the expres-
sion of several inflammatory factors (39,40). In the present
study, two siRNA sequences were used to knockdown SOCS1
expression, independently, and siSOCS1#1, which exhibited
the better knockdown efficiency, was used for subsequent
experiments (Fig. 4B). The release of inflammatory factors in
SOCSI1 knockdown cells was measured, and it was found that
the levels of TNF-a, IL-1f, IL-6, and IL-10 were significantly
increased (Fig. 4C, P<0.01). Since miR-155 is a negative regu-
lator of SOCSI, here, it was demonstrated that in HG-treated
AMLI12 cells, the overexpression of miR-155 mimics signifi-
cantly reduced the levels of TNF-a, IL-1p, IL-6, and IL-10
(Fig. 4D, P<0.001, P<0.001, P<0.05, and P<0.01, respectively).

Discussion

The liver is the largest gland in the body and is pivotal for
substance metabolism. The liver is one of the organs that
is involved in diabetes injury. In patients with T2DM, the
incidence of non-alcoholic fatty liver disease ranges from
50-70% (41), and approximately 20-30% of these patients show
abnormal liver function (42). In addition, the rate of cirrhosis
in diabetics is 1-3x higher than that in healthy individuals (42).
Several drugs, such as liraglutide, exenatide, and lixisenatide,
have been synthesized with the aim of reducing triacylglyc-
erol, total cholesterol, and low-density lipoprotein cholesterol
levels in the blood of T2DM patients. These drugs have also
been shown to exert a protective effect against T2DM-induced
hepatic steatosis and liver damage by inhibiting oxidative
stress and various inflammatory responses (43-45). Compared
with the development of drugs, there are no studies that have
focused on the treatment of DLI patients using physical
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Figure 3. LDIR attenuates the HG- or miR-155-induced reduction in SOSCI expression. (A) Bioinformatics analysis showed that the 3' UTR of SOCSI
contained a likely miR-155 binding site that was conserved in mice. (B) Dual-luciferase assays confirmed that the SOCS1 3'-UTR was a direct target of
miR-155 in AMLI12 cells. (C) Western blotting results indicated that HG suppressed the expression of SOCSI, which was reversed by LDIR. (D) Transfection
of miR-155 mimics reduced the expression of SOCS1 and LDIR reversed this. (E) Transfection of miR-155 inhibitor reversed the HG-induced SOCSI1 suppres-

sion. “'P<0.01,

methods, to the best of our knowledge. Several studies have
tried to use LDIR to treat diabetes, where it has been shown
to exert a favorable effect in animal experiments (21,22,46);
however, using LDIR to treat DLI has not been previously
reported on, to the best of our knowledge.

Epidemiological, preclinical, and clinical studies high-
light the beneficial effects of LDIR in healthy and diseased
conditions (47,48). Several studies have reported the hormetic
effects of LDIR, which increases the longevity of organ-
isms (49), reduces tumor metastasis and mortalities (50,51),
improves neuronal function (52), improves the condition of

"P<0.001. HG, high glucose; LDIR, low-dose ionizing radiation; miR, microRNA; SOCSI, suppressor of cytokine signaling 1.

patients with T2DM (53), and even improves the health of
patients with COVID-19 (54). Takehara et al (21) reported that
in a diabetic mouse model, pre-treatment with LDIR inhibited
alloxan-induced diabetes and delayed the onset of hypergly-
cemia by elevating antioxidant levels and protecting pancreatic
cells. Zhang et al (46) reported that in a diabetic nephropathy
(DN) mouse model, treatment with LDIR cured the DN by
upregulating the expression of the renal antioxidant enzyme
superoxide dismutase-1 (SOD-1). In the present study, it was
first demonstrated that LDIR may protect against DLI through
suppression of a miR-155/SOCSI axis. HG may induce hepatic
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Figure 4. LDIR attenuated the HG-induced release of inflammatory factors through regulation of a miR-155-SOCSI axis. AMLI2 cells were treated by HG for
48 h, 75 mGy LDIR, transfected with siSOCSI, or transfected with miR-155 mimics, after which, the release of five inflammatory factors, including TNF-a,
IL-1p, IL-6,IL-10, and IFN-y was detected by ELISA. (A) LDIR suppresses the HG-induced release of TNF-a, IL-1, IL-6, and IL-10, but did not affect the
release of IFN-y. (B) SOCSI expression was knocked down by transfection of siSOCS1 in AMLI12 cells. (C) Knockdown of SOCSI expression upregulated the
release of TNF-a, IL-1, IL-6, and IL-10. (D) Transfection of miR-155 mimics suppressed the HG-induced release of TNF-a, IL-1f, IL-6, and IL-10. "P<0.05,
“P<0.01, ""P<0.001. HG, high glucose; NG, normal glucose; zLDIR, low-dose ionizing radiation; miR, microRNA; SOCS1, suppressor of cytokine signaling

1; si, small interfering; CT, control.

apoptosis by upregulating the levels of miR-155 and down-
regulating the levels of SOCSI protein. HG also stimulated the
secretion of TNF-a, IL-1, IL-6, and IL-10. However, LDIR
blocked the HG-induced activation of miR-155/SOCS1 axis
and suppressed the release of inflammatory factors (Fig. 5).
miR-155 exerts different biological functions in different
cell types and disease models. In certain tumors, it acts as
an oncogene to promote cell proliferation, invasion, and
metastasis (55-58), whereas, in other tumors, it acts as a
tumor suppressor to inhibit cell proliferation and promote
apoptosis (59,60). Li et al (61) reported that triptolide could

significantly induce the expression of miR-155 both in normal
human hepatocytes and in rodent liver tissues, and inhibition
of miR-155 mitigated the hepatic damage caused by triptolide.
According to the results of the present study, HG-induced
miR-155 could also damage AMLI12 hepatocytes, and inhibi-
tion of miR-155 mitigated this damage, consistent with the
findings of Li et al (61).

Additionally, miR-155 is an important regulator of inflam-
mation and immunity. Preclinical studies and clinical trials have
indicated that miR-155 levels are altered in several types of liver
disease, such as alcoholic liver injury, infectious liver injury, and
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Figure 5. Proposed model on how LDIR protects against HG-induced liver
injury. LDIR, low-dose ionizing radiation; HG, high glucose. HG, high
glucose; LDIR, low-dose ionizing radiation; miR, microRNA; SOCSI,
suppressor of cytokine signaling 1.

viral hepatitis (62). Sarkar et al (63) reported that miR-155 expres-
sion was downregulated in HBV-infected serum samples and liver
biopsy; Bala et al (64) demonstrated that chronic alcohol treatment
induced a time-dependent increase in the levels of miR-155 in
macrophages in vivo and in vitro; and Dai et al (65) demonstrated
that the expression of miR-155 was decreased in serum and liver
tissue samples from patients with cirrhosis. SOCS is an important
inhibitor of cytokine signaling pathways and also a key physi-
ological regulator of natural and acquired immunity systems (66).
SOCSI is one of the most frequent modulatory targets of miR-155.
The miR-155/SOCSI axis, which is known to inhibit the JAK-STAT
pathway, plays a critical role in the regulation of cell proliferation,
inflammatory responses, and viral replication (15,36,67,68). The
miR-155/SOCSI axis is also reported to play a role in diabetes.
Lin et al (69) reported that the levels of miR-155 are lower in
T2DM patients. They indicated that miR-155 positively modulated
glucose uptake through coordination with SOCSI1, and overex-
pression of miR-155 in transgenic mice resulted in hypoglycemia,
and improved glucose tolerance and insulin sensitivity. Several
transcription factors, including NF-xB, AP-1, and STAT3, have
been identified as positive regulators of miR-155; however, the
exact signaling pathways remain unclear (18).

In conclusion, in the present study, it was shown that
LDIR may exert a hepatoprotective effect by regulating a
miR-155-SOCSI axis. Pretreatment with LDIR may abrogate
the HG-induced activation of the miR-155-SOCSI axis and
suppress the release of inflammatory factors. Considering that
there are many diabetic patients in China and there is still a lack
of effective preventative measures for diabetic liver disease,
the present study provides a potential therapeutic strategy for
the treatment of DLI. However, due to the lack of direct human
studies, the therapeutic efficacy of LDIR remains contested.
Moreover, the present study was a preliminary in vitro study,
and to obtain a more accurate conclusion, further in vivo
experiments are still required.
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