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Triiodothyronine alleviates alcoholic liver disease injury through
the negative regulation of the NLRP3 signaling pathway
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Abstract. The aim of the present study was to investigate
the effect and mechanism of triiodothyronine (T3) on alco-
holic liver disease (ALD)-induced injuries in mice. A total
of 40 male C57/BL6 mice were randomly divided into the
Control, ALD, ALD+T3 and ALD+T3+AMP-activated
protein kinase inhibitor (CC) groups. Mice were admin-
istered alcohol (4 g/kg/day) intragastrically for 4 weeks
except for Control group. Mice in the ALD+T3 group were
given T3 (0.1 mg/kg/day) while mice in ALD+T3+CC group
were given T3 (0.1 mg/kg/day) and CC (10 mg/kg/day) for
1 week. Control and ALD groups were treated with saline.
Liver tissue and blood samples were obtained for testing.
Alanine aminotransferase (ALT), aspartate aminotransferase
(AST) and total bilirubin (TBIL) levels were determined and
morphological changes in the liver tissues were observed
under the optical microscope. Inflammatory factors, including
IL-1p and transforming growth factor (TGF)-f/1, a-smooth
muscle actin (SMA) and protein levels of nucleotide-binding
oligomerization domain, leucine rich repeat containing family,
pyrin domain containing 3 (NLRP3), caspase-1 and pro-IL-1p
were measured. Serum ALT, AST and TBIL levels in the
ALD+T3 group were significantly reduced compared with
the ALD group, while they were significantly increased in the
ALD+T3+CC group (P<0.05). The number of hepatic lobules
in the ALD+T3 group was significantly reduced compared
with the ALD group, whereas the number in the ALD+T3+CC
group was significantly increased (P<0.05). IL-1f and TGF-f1
levels in the ALD+T3 group were significantly decreased
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compared with the ALD group; however, levels in the
ALD+T3+CC group were significantly increased compared
with the ALD+T3 group (P<0.05). In addition, it was revealed
that the expression of a-SMA mRNA and protein in the
ALD+T3 group was significantly decreased compared with
the ALD group, whereas it was significantly increased in
the ALD+T3+CC group compared with the ALD+T3 group.
Expression of NLRP3, caspase-1, IL-1f3 and TGF-f1 in the
ALD+T3 group was significantly decreased compared with the
ALD group, while expression was significantly increased in
the ALD+T3+CC group. Conversely, compared with the ALD
group, expression of pro-IL-1p was significantly increased in
the ALD+T3 group and decreased in the ALD+T3+CC group.
In conclusion, T3 may reduce the inflammatory response and
severity of liver cirrhosis in mice with ALD by negatively
regulating the NLRP3 signaling pathway.

Introduction

Alcoholic liver disease (ALD), characterized by liver metabolic
disorder, is an acute, chronic liver injury caused by long-term
heavy drinking (1). The incidence of ALD has steadily
increased in the last 10 years and it is now the second major
cause of liver damage, secondary only to viral hepatitis (2).
Acetaldehyde, the toxic product of alcohol metabolism, is the
primary cause of ALD (3). According to previous studies,
the interleukin-1p (IL-1p) signaling pathway serves a role in
lipid hepatitis, oxidative stress injury and apoptosis caused by
chronic alcohol intake (4); its role is correlated with activation
of the nucleotide-binding oligomerization domain, leucine rich
repeat containing family, pyrin domain containing 3 (NLRP3)
inflammasome (5).

NLRP3 has previously been reported as a key mediator of
pro-inflammatory cytokine release (6). A number of studies have
demonstrated that NLRP3 may also activate hepatic stellate
cells and increase the severity of liver fibrosis; these mecha-
nisms may be associated with the upregulation of transforming
growth factor-p1 (TGF-f1) expression (7). Previous reports have
confirmed that NLRP3 upregulates the expression of caspase-1,
which mediates the transformation of pro-IL-1f into IL-1f (8,9).
It has also been reported that triiodothyronine (T3) alleviates
oxidative stress, inflammation and apoptosis caused by hepatic
ischemia-reperfusion injury, and its mechanism of action is
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associated with negative regulation of the NLRP3 signaling
pathway (10). Furthermore, Lycium barbarum has been reported
to inhibit the NLRP3 inflammasome signaling pathway, thereby
reducing alcohol-induced liver cell damage (11). Previous
studies have confirmed that changes in thyroxine levels are
associated with the severity of liver damage (10,12). Serum
and free T3 concentrations gradually decrease as the severity
of liver disease increases, while their concentrations gradually
increase as liver function improves following treatment (10).
Serum thyroxine levels are generally low in patients with
non-alcoholic hepatitis and are improved following the applica-
tion of thyroxine receptor agonists (1). However, the mechanism
of action remains unclear. It was revealed that liver function
was significantly improved in patients with alcoholic cirrhosis
following T3 treatment (2,12). To study the underlying mecha-
nism, the following animal experimental study was performed.

Materials and methods

Patients and treatments. A total of 10 patients (male: female,
7:3; mean age, 50+4.5 years) with liver cirrhosis admitted to
Jining First People's Hospital (Jining, China) were randomly
selected from March to September 2016. The inclusion criteria
were as follows: i) Compliance with the diagnostic criteria of
alcoholic cirrhosis (13); ii) good medication compliance; iii) no
serious complications. Exclusion criteria: i) liver cirrhosis
caused by hepatitis B virus (HBV) or lithiase; ii) patients
with contraindication of T3; iii) patients with thyroid diseases
that affect this experiment. Blood samples were collected
from median vein of elbow prior the treatment and alanine
transaminase (ALT) and aspartate transaminase (AST) levels
was measured. Patients were treated with T3 (0.1 mg/kg/day,
orally before eating) for 2 weeks. Further blood samples were
collected and the ALT/AST content was measured again.

Animals and treatments. A total of 40 male C57/BL6 (age,
8 weeks; weight, 20-25 g) mice were purchased from Beijing
Vital River Laboratory Animal Technology Co., Ltd. (Beijing,
China), housed in a temperature controlled room (21+2°C),
relative humidity 40-60%, on a 12 h light/dark cycle and
provided with standard mice chow and water. Mice had free
access to water and food. Mice were randomly divided into
four groups: Control (n=10), ALD (n=10), ALD+T3 (n=10) and
ALD+T3+ AMP-activated protein kinase inhibitor (CC; n=10).
CC is a commonly used inhibitor of the AMP-associated
pathway (9). With the exception of the control group, all
mice were treated with alcohol by gavage (4 g/kg/day) for
4 weeks. Mice in the control group were treated with saline
of the same volume. Afterwards, the ALD+T3 group was also
treated with T3 by gavage (0.1 mg/kg/day) for 1 week, while
the ALD+T3+CC group was treated with T3 (0.1 mg/kg/day)
and CC (10 mg/kg/day) by gavage for 1 week. Mice in the
control and ALD groups were administered with the same
amount of normal saline by gavage for 1 week. Following the
successful establishment of the ALD model, mice were anes-
thetized with 10% chloral hydrate (0.01 ml/g) and euthanized
by asphyxiation. In brief, anesthetized mice were placed in a
sealed chamber and a CO, input device was connected. CO,
was continuously injected at a flow rate of 30% volume per
minute until the CO, concentration in the chamber reached
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100%. Following sacrifice, blood samples were collected from
the tail and centrifuged at 2,500 x g, 4°C for 10 min to separate
the serum, which was stored at -80°C for subsequent analysis.
Liver tissues were harvested via thoracotomy and the left lobes
were fixed in 4% formaldehyde solution for standby applica-
tion at room temperature for 24 h. The remaining liver tissues
were cut into small pieces (2x2 mm) and stored at -80°C prior
to subsequent analysis. The present study was approved by the
Medical Ethics Committee of Jining First People's Hospital
and was performed in accordance with the regulations and
procedures regarding human and animal subject protection.
Patients or their guardians have provided written informed
consent for publication.

Detection of serum ALT, AST and total bilirubin (TBIL). Serum
transaminases (including ALT and AST) and TBIL levels may
be used as indices for measuring liver damage (14). Serum
samples from mice in each experimental group were analyzed
using a fully automatic biochemical analyzer (Mindray,
Shenzhen, China). The serum samples were diluted (1:10)
using normal saline to the same ratio to detect the ALT, AST
and TBIL content and the results were analyzed.

Detection of IL-13, TGF-1 and a-smooth muscle actin
(a-SMA) in liver tissues. Levels of IL-1p3, TGF-p1 and a-SMA
were detected in liver tissues from mice in each group using
the classical immunohistochemical method (MLBOOC,
MBI100B, MAB1420; R&D Systems, Inc., Minneapolis, MN,
USA) as previously described (15). The results were statisti-
cally analyzed using SPSS version 18.0 (SPSS, Inc., Chicago,
IL, USA).

Pathological changes in liver tissues. Liver tissues were fixed
with 10% formaldehyde solution at room temperature for
24 h, embedded in paraffin and sectioned into 5 ym thickness
according to previous methods (16), followed by hematoxylin
and eosin staining as previously described (16). Pathological
changes in liver tissues were observed under an optical
microscope (magnification, x400) and the number of hepatic
pseudo-lobules in each visual field selected a random was
counted and compared by eye, followed by relevant statistical
analysis using SPSS version 18.0 (SPSS, Inc.).

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). Frozen liver tissue samples from mice
in each group were thawed at room temperature and lysed
using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) for RNA detection. RNA was extracted
using the RNeasy Plus Mini kit (Qiagen, Inc., Valencia,
CA, USA). Relevant primer sequences of IL-1f (9), TGF-f31
and a-SMA (17) were as used in previous studies (Table I).
Extracted RNA was reverse transcribed into cDNA by RT kit
(K1622, Thermo Fisher Scientific, Inc., Waltham, MA, USA)
and amplified by PCR using the following protocol: 95°C for
30 sec, followed by 40 cycles of 95°C for 5 sec and 60°C for
31 sec. nRNA expression in each group was calculated using
the 2244 method (18).

Western blotting. Frozen liver tissue samples from mice
in each experimental group were thawed and protein was
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Table I. Primer sequences for reverse transcription-quantitative polymerase chain reaction.

Gene Direction Sequence (5'-3")
Interleukin-1§3 Forward AAAGCTCTCCACCTCAATTGG
Reverse TCGTTGCTTGTCTCTCCTTA
Transforming growth factor-1 Forward GCGGACTACTATGCTAAAGAGG
Reverse GTAGAGTTCCACATGTTGCTCC
o-smooth muscle actin Forward TGACCCAGATTATGTTTGAGACC
Reverse CCAGAGTCCAGCACAATACCA
GAPDH Forward GCGGGCGCTGGAGGAGAA
Reverse GGATCTTCATGAGGTAGTCAGTC

extracted using a radioimmunoprecipitation lysis buffer
[PBS, 0.5% NP-40, 0.5% sodium deoxycholate, 0.1% sodium
dodecyl sulfate, 5.5% [-glycerophosphate, 1 mM dithiothreitol
and complete protease and phosphatase inhibitors (Roche
Diagnostics, Basel, Switzerland)]. BCA was used to quantify
the protein content. Protein lysate (50 ug) was separated
using 10% SDS-PAGE gels. Following, proteins were trans-
ferred to polyvinylidene difluoride membranes. Membranes
were blocked with 5% milk at room temperature for 2 h.
Membranes were incubated overnight at 4°C with primary
antibodies: Pro-IL-1f (1:500; ab14374; Abcam, Cambridge,
MA, USA), IL-1f (1:500; ab150777; Abcam), TGF-31 (1:500;
ab64715; Abcam), a-SMA (1:500; ab124964; Abcam), NLRP3
(1:500; ab214185; Abcam), caspase-1 (1:500; ab1872; Abcam)
and GAPDH (1:500; ab37168; Abcam). Followed by 1 h
incubation at room temperature with goat-anti rabbit (1:500;
sc2004; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) or
goat anti-mouse (1:500; sc2005; Santa Cruz Biotechnology,
Inc.) horseradish peroxidase-conjugated secondary antibodies.
Bands were quantified by densitometry using a Biosens SC-750
Gel Documentation system (Shanghai Bio-Tech Co., Ltd.,
Shanghai, China) and the relative expression of pro-IL-1f,
IL-1B, TGF-B1, a-SMA, NLRP3 and caspase-1 were deter-
mined. GAPDH was used as the internal reference.

Statistical analysis. SPSS software version 18.0 (SPSS, Inc.)
was used to analyze data, and all data are presented as the
mean * standard deviation. The difference between two
experimental groups was analyzed using a t-test and multiple
group comparisons were performed using one-way analysis
of variance followed by a least significant difference post hoc
test. P<0.05 was considered to indicate a statistically signifi-
cant difference. Each experiment was repeated for three times.

Results

T3 improves liver function and reduces serum transaminase
(ALT/AST) content in patients with ALD. It was revealed
that patients' ALT/AST content following T3 application
was significantly decreased compared with prior to the oral
administration of T3 (P<0.05; Fig. 1).

T3 improves liver function and ameliorates liver damage in
mice with alcoholic cirrhosis. The results demonstrated that
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Figure 1. Comparison of serum ALT and AST in patients with alcoholic
cirrhosis pre and pro T3. Data are presented as the mean =+ standard deviation.
“P<0.05. ALT, alanine transaminase; AST, aspartate transaminase; pre, prior
to application; pro, post application; T3, triiodothyronine.

serum ALT/AST (Fig. 2A) and TBIL (Fig. 2B) levels in the
ALD+T3 group were significantly reduced compared with
those in the ALD group (P<0.05), whereas ALT/AST levels
in the ALD+T3+CC group were significantly increased
compared with those in the ALD+T3 group (P<0.05). These
results suggest that T3 may effectively reduce the levels of
liver enzymes and bilirubin in mice with alcoholic cirrhosis
and have a significant protective effect on the liver.
Morphological analysis was performed on liver tissues
collected from mice in each experimental group. It is accepted
that pseudo-lobules are a pathological feature of liver
cirrhosis (19). A number of hepatic lobules were observed
in the experimental groups (Fig. 2C). The number of
pseudo-lobules observed in the ALD+T3 group was signifi-
cantly reduced compared with the ALD group (P<0.05), while
the number of pseudo-lobules observed in the ALD+T3+CC
group was significantly increased compared with the ALD+T3
group (P<0.01). These results suggest that T3 may alleviate
the severity of liver fibrosis in mice with alcoholic cirrhosis.
Taken together, these findings suggest that triiodothyronine
improves liver function and alleviates the severity of alcoholic
liver cirrhosis in mice, while its effect may be blocked by CC.

T3 downregulates IL-15 and TGF-f31 in liver tissues. IL-1f (4)
and TGF-p1 (20) are important inflammatory mediators
associated with the occurrence and development of alcoholic
cirrhosis. Western blotting (Fig. 3A) and ELISA analysis
revealed that the expression of IL-1f (Fig. 3B) and TGF-p1
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Figure 2. Comparison of serum (A) ALT, AST and (B) TBIL levels in each group (n=10). (C) Liver tissue samples were observed under an optical microscope
(magnification, x400) following hematoxylin and eosin staining and (D) the number of pseudo-lobules in each group was counted and compared (n=10 visual
fields). Data are expressed as the mean + standard deviation; black arrows indicate pseudo lobules. "P<0.05 and “P<0.01. ALT, alanine transaminase; AST,
aspartate transaminase; TBIL, total bilirubin; ALD, alcoholic liver disease; T3, triiodothyronine; CC, AMP-activated protein kinase inhibitor.

(Fig. 3C) mRNA and protein was significantly decreased in
the ALD+T3 group compared with the ALD group (P<0.05).
However, expression in the ALD+T3+CC group was signifi-
cantly increased compared with the ALD+T3 group (P<0.05).
These results suggest that T3 may effectively ameliorate the
inflammatory response in mice with alcoholic cirrhosis and
that this effect may be countered by CC.

T3 reduces the expression of a-SMA in liver tissues. Previous
studies have demonstrated that the occurrence and develop-
ment of liver cirrhosis is associated with the activation of
hepatic stellate cells (21), which results in colloid and depo-
sition. A key marker of hepatic stellate cell activation is the
production of a-SMA (22). In the present study, western
blotting revealed that the expression of a-SMA protein in the
ALD+T3 group was significantly decreased compared with the
ALD group (P<0.05); however, it was significantly increased
in the ALD+T3+CC group compared with the ALD+T3 group
(P<0.05; Fig. 4). These results suggest that T3 may effectively
reduce the a-SMA content in the liver tissues of mice with
alcoholic cirrhosis. It was also revealed that the level of

a-SMA mRNA was significantly decreased in the ALD+T3
group compared with the ALD group (P<0.01), whereas it was
significantly increased in the ALD+T3+CC group compared
with the ALD+T3 group (P<0.05). These results reveal that
T3 significantly reduces the expression of a-SMA mRNA
and protein in ALD mice and alleviates the severity of liver
cirrhosis.

T3 negatively regulates the NLRP3-Caspase-1-pro-IL-1(3-
IL-1p signaling pathway and the NLRP3-TGF-f1 signaling
pathway. To further study the molecular mechanism by which
T3 alleviates liver damage in ALD mice, various associated
proteins were detected. Western blotting (Fig. 5A) revealed
that the expression of NLRP3, Caspase-1, IL-1f and TGF-f1
in the ALD+T3 group was significantly decreased compared
with the ALD group (P<0.05), whereas it was significantly
increased in the ALD+T3+CC group compared with the
ALD+T3 group (P<0.05; Fig. 5B). Conversely, the expression
of pro-IL-1f was significantly increased in the ALD+T3 group
compared with the ALD group and significantly increased in
the ALD+T3+CC group compared with the ALD+T3 group
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Figure 3. (A) Expression of IL-18 and TGF-f1 protein in each group as
measured by western blotting. Data was quantified and the protein and
mRNA expression of (B) IL-1p and (C) TGF-f1 in the liver tissues from
each group was compared (n=10). Data are expressed as the mean + standard
deviation. "P<0.05. IL, interleukin; TGF, transforming growth factor; ALD,
alcoholic liver disease; T3, triiodothyronine; CC, AMP-activated protein
kinase inhibitor.

(both P<0.05). Previous studies have demonstrated that NLRP3
activates pro-caspase-1 into caspase-1, which can mediate
hepatocyte apoptosis (23) and promote the transformation of
pro-IL-1f into IL-1p8, which aggravates inflammatory injury
in liver tissues. These results suggest that T3 alleviates liver
injury in mice with alcoholic cirrhosis via negative regulation
of the NLRP3 signaling pathway; however, this effect may be
blocked by CC.

Discussion

A total of 10 patients with liver cirrhosis were randomly
selected and their ALT/AST levels were detected. Patients
were treated with T3 (0.1 mg/kg/day) orally for 2 weeks.
Further blood samples were taken and ALT/AST content prior
to and following treatment was compared. It was revealed
that ALT/AST content was significantly decreased in patients
following T3 application compared with the baseline. Animal
studies were performed to investigate the potential mechanisms
that may be responsible for this.

It was observed that T3 significantly reduced serum
transaminase and TBIL levels in ALD mice, which indicated
that T3 effectively reduced the liver damage caused by ALD.
However, the effect of T3 treatment was significantly blocked
by CC. In addition, morphological observations of liver tissues
revealed that the number of hepatic lobules in the ALD+T3
group was significantly reduced compared with the ALD
group, whereas they were significantly increased in the
ALD+T3+CC group, which suggested that T3 alleviates the
severity of liver fibrosis in ALD mice. These results indicate
that T3 improved liver function and reduced the severity of
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liver cirrhosis in ALD mice, while this effect was blocked by
CC. The possible mechanism responsible for the effect of T3
on ALD mice was then investigated.

Previous studies have demonstrated that chronic alcohol
ingestion causes liver injury and increases the levels of
ALT/AST and TBIL (24,25). Animal experiments have
also revealed that the increase in ALT/AST and TBIL may
be associated with inflammation and apoptosis triggered
by endoplasmic reticulum stress (26,27). It was recently
reported that T3 ameliorates ischemia-reperfusion injury by
suppressing NLRP3 activation (28,29). Therefore the authors
hypothesized that the protective effects of T3 in ALD may
involve inflammatory mediators and apoptosis factors.

IL-1§ (4) and TGF-B1 (20) are important inflammatory
mediators that serve a role in the occurrence and development
of ALD. In the present study, T3 significantly reduced the
expression of IL-1p and TGF-pf1 mRNA and protein in the
liver tissues from ALD mice, whereas its effect was blocked
by CC. These results suggest that the initial effect of T3 on
ALD was to reduce the expression of IL-1p and TGF-p1. It
has been previously reported that NLRP3 is a key mediator
of proinflammatory cytokine release (28). Previous studies
have reported that caspase-1 promotes the transformation of
pro-IL-1p into IL-1B, which aggravates liver damage (7,8). It
has also been reported that NLRP3 upregulates the expres-
sion of caspase-1 (28). Based on these previous studies, the
authors investigated whether the expression of IL-1f in ALD
was associated with the regulation of the NLRP3-caspase-1
signaling pathway.

It was demonstrated that the expression of NLRP3,
caspase-1 and IL-1f3 in liver tissues was significantly decreased
following T3 application in ALD mice, whereas the expres-
sion of pro-IL-1f was significantly increased. This suggests
that T3 negatively regulates the NLRP3-caspase-1 signaling
pathway, thereby significantly reducing the expression of
IL-1P. Previous study has reported that NLRP3 induces the
activation of hepatic stellate cells, which is essential in the
development of liver cirrhosis caused by ALD (30). The
present study revealed that the mRNA and protein expres-
sion of a-SMA in the ALD group was significantly increased
compared with the control group. Following the application
of T3, a-SMA expression in the liver tissues of the mice was
significantly decreased; however, the effect of T3 was blocked
by CC. a-SMA is an important marker of hepatic stellate cell
activation (21), therefore these results suggest that T3 inhibits
the production of TGF-31 and reduces the activation of hepatic
stellate cells, thereby downregulating the expression of a-SMA
and alleviating the severity of liver cirrhosis.

Evidence suggests that the NLRP3 inflammasome serves
a key role in the occurrence and development of tissue
fibrosis (31). Gasse et al (32) demonstrated that the NLRP3
inflammasome existed in an activated state and was necessary
during bleomycin-induced pulmonary fibrosis. In addition,
previous studies have revealed that the NLRP3 inflammasome
mediates the occurrence of fibrosis in systemic sclerosis** and
this can lead to cardiac infarction (33). A previous study using
mice with a deleted NLRP3 gene revealed that the NLRP3
inflammasome induced liver fibrosis (33). Therefore, the
NLRP3 downregulation observed in the present study may
alleviate the severity of liver fibrosis in ALD. It has also been
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Figure 4. (A) Expression of a-SMA protein in each group as determined by western blotting. (B) Data was quantified and the protein and mRNA expression
of a-SMA in liver tissues from each group was performed (n=10). Data are expressed as the mean + standard deviation. "P<0.05 and “P<0.01. SMA, smooth
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Figure 5. (A) Protein expression of NLRP3, caspase-1, pro-IL-13, IL-1p and TGF-f1 as measured using western blotting. (B) Data was quantified using densi-
tometry analysis (n=10). Data are expressed as the mean + standard deviation. "P<0.05. IL, interleukin; NLRP3, nucleotide-binding oligomerization domain,
leucine rich repeat containing family, pyrin domain containing 3; TGF, transforming growth factor; ALD, alcoholic liver disease; T3, triiodothyronine;

CC, AMP-activated protein kinase inhibitor.

reported that the NLRP3 inflammasome regulates the activa-
tion of hepatic stellate cells (34); studies have confirmed that
activation of the NLRP3 inflammasome with monosodium
urate crystals upregulates the expression of TGF-B1 and
collagen-1 (6). In the present study, the expression of NLRP3,
TGF-B1 and a-SMA protein was significantly decreased
following the application of T3, which may be blocked by CC.
This indicates that T3 alleviates liver fibrosis in ALD, and that
this is associated, at least in part, with negative regulation of
the NLRP3-TGF-p1 signaling pathway.

In conclusion, T3 alleviates the damage caused by ALD
and its role may be associated with the fact that T3 negatively
regulates the NLRP3 signaling pathway, thereby downregu-
lating IL-1p and TGF-B1 and reducing the activation of stellate
cells. These findings provide a basis for a novel treatment

option; in the future, hormone therapy may be used to relieve
injury caused by alcoholic cirrhosis. However, there are
several limitations in the present study, most notably the fact
that only in vivo experiments were performed. These results
should be supported by corresponding in vitro experiments.
Further investigation is required to clarify the role of T3 and
confirm its mechanism of action through in vitro experiments.
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