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Abstract

Introduction: The function of the C60rf120 gene, which encodes an N-glyco-
sylated protein, remains unknown. The study was performed to characterize
the utility of the C60rf120 gene in carbon tetrachloride-induced acute liver
injury and to elucidate the potential underlying mechanisms by establishing
a C60rf120 gene-knockout (C60rf1207-) rat model.

Material and methods: C6orf1207 and wild-type (WT) rats were intraperi-
toneally administered with CCl, (1 : 1 v/v in olive oil, 2 ul/g). Rats were sac-
rificed 24 h after CCl, administration. Liver tissues were collected for H&E,
IHC, gRT-PCR, and Western blot analysis.

Results: C6orf120 gene deficiency may be vulnerable to CCl,-induced acute
liver injury in rats as indicated by the high levels of alanine aminotransferase
(WT: 388.7 £55.96 vs. C60rf1207: 915.9 +118.8, p < 0.001) and greater de-
gree of pathological damage. Quantitative reverse transcription polymerase
chain reaction showed that the mRNA levels of inflammation-associated cy-
tokines, such as interleukin (IL)-1B, IL-6, and tumor necrosis factor (TNF)-a,
in liver tissues were increased in C60rf1207~ rats compared with those in
WT rats. Moreover, western blot showed that the protein expression of cy-
tokines nucleotide-binding oligomerization domain leucine rich repeat and
pyrin domain containing 3 (NLRP3), caspase-1, IL-1B, nuclear factor-kB, c-Jun
N-terminal kinases, and Bax were increased in C6orf1207~ rats compared
with those in WT rats.

Conclusions: C6orf1207 rats were susceptible to CCl,-induced liver injury,
which may be related to NLRP3 inflammasome and JNK signaling pathway
activation.
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Introduction

Acute liver injury (ALI) has been recognized as one of the most com-
mon global health problems and can be caused by hepatitis B viral infec-
tion, drug abuse, alcoholism, toxins, and other factors [1]. Long-term liver
damage can progress to end-stage liver diseases, such as cirrhosis, chron-
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ic liver failure, and hepatocellular carcinoma [2].
However, there is currently no clinically effective
drug for treating liver damage because the molec-
ular mechanisms are still unclear. In recent years,
increasing evidence has demonstrated that the
molecular mechanisms of ALl are associated with
regulatory T cell differentiation, NLRP3 activation,
and apoptosis [3-5]. NLRP3 inflammasome-driven
inflammatory damage is involved in the pathogen-
esis of various liver diseases, such as drug-induced
liver injury, alcoholic liver disease, non-alcohol-
ic fatty liver disease, and liver cancer [6]. During
the development of liver injury, the NLRP3 inflam-
masome signaling pathway is activated and pro-
motes the secretion of pro-inflammatory cytokines
and chemokines and the subsequent recruitment
of neutrophils and immune cells [7]. However,
the regulatory mechanisms of the NLRP3 inflam-
masome signaling pathway during the pathologi-
cal process of ALl are poorly understood.

The C60rf120 gene encodes a secreted N-gly-
cosylated protein with largely unknown func-
tions. In our team’s previous work, we revealed
that C60RF120 protein has an immunoregulatory
function and is mainly expressed in liver tissues.
Therefore, we prepared C60rf120-knockout rats
and revealed the regulatory role of C60rf120 in
the pathogenesis of concanavalin A-induced au-
toimmune hepatitis [4]. There are many etiologies
of liver injury, such as drugs, immunity and toxins.
Drug-induced toxicity is the most common cause
of ALI [8]. However, the role of C60rf120 in drug-in-
duced ALl has not been thoroughly investigated.
Here, we hypothesized that Cé6orf120 is involved
in the pathological process of drug-induced ALI.

The abuse of traditional Chinese medicine
(TCM) is the main cause of DILI [9]. For DILI, there
is currently no specific treatment, and the funda-
mental reason for the poor efficacy of so-called
liver-protecting drugs is that the mechanism is
unclear. Carbon tetrachloride (CCl,) is a classical
chemical hepatotoxin that is widely used to in-
duce acute hepatitis damage with an activated
inflammation response [10]. CCl,-induced hepatic
injury closely imitates the pathological changes
and molecular mechanisms observed in patients
suffering from drug-induced ALI [11]. In this study,
we established a CCl,-induced ALI model and ex-
plored the underlying mechanisms of C60rf120
involved therein.

Material and methods

Animals and models

Male wild-type (WT) Sprague Dawley rats
(weighing 200-220 g, 6-8 weeks of age) were
obtained from the Laboratory Animal Center of
Health Science Center, Peking University. Male

C6orf120-knockout (C60rf1207) Sprague Dawley
rats (weighing 200-220 g, 6-8 weeks of age) were
supplied by Suzhou Saiye Biotechnology Co., Ltd.
using TALEN-mediated gene knockout technology.
The rats used in this study were fed in the Animal
Center of Health Science Center, Peking University
in a specific-pathogen-free environment. Five rats
were housed in each cage and the temperature was
controlled at 20-25°C at a humidity of 50 +15%.
Corncob padding, feed, and water were treated by
high-temperature and high-pressure sterilization.
All rats were observed for a week before the begin-
ning of the experiment and randomly divided into
four groups (n = 8 per group). WT and Céorf120™”
rats were intraperitoneally administered with a sin-
gle dose of CCl, (1: 1 v/vinolive oil, 2 pl/g) for 24 h
to establish CCl,-induced acute liver damage based
on previously described protocols [12]. The control
rats were injected with the same dose of olive oil.
Rats were euthanized 24 h after CCl, injection and
liver tissues and blood samples were collected for
analysis. All animal experiments complied with the
National Institutes of Health Guide for the Care and
Use of Laboratory Animals [13].

Hematoxylin and eosin (H&E) staining
and immunohistochemistry (IHC)

Rat liver tissues were dissected and fixed in
10% formalin. After dehydration and paraffin em-
bedding, the liver tissues were cut into 4-um sec-
tions and stained with H&E. The sections were im-
aged under a microscope (Zeiss AG, Oberkochen,
Germany). The pathological grading of liver injury
was evaluated by two independently trained au-
thors (Mei-xin Gao and Xin-cheng Song) who were
blinded to the group assignment.

For IHC analysis, rabbit anti-rat C6orf120 (Bior-
byt) and anti-rat cleaved caspase-3 (Cell Signaling
Technology) were used as primary antibodies. Bi-
otinylated goat anti-rabbit 1gG was used as the
secondary antibody (ZSGB-BIO, Beijing, China).
Image) software (NIH, Bethesda, MD, USA) was
used to assess the expression of Céorf120 and
cleaved caspase-3 by analyzing positive staining.

Alanine aminotransferase (ALT)/aspartate
aminotransferase (AST) assessment

Serum samples were separated from blood by
centrifugation at 2,000 rpm for 10 min at 4°C. ALT
and AST levels in WT and C60rf1207" rats were
detected by a HITACHI apparatus according to the
manufacturer’s protocols.

Quantitative reverse transcription
polymerase chain reaction (qRT-PCR)

Total RNA was isolated from rat liver with TRIzol
reagent (TaKaRa Biotechnology Co., Ltd., Dalian,
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Table 1. Primer sequences used in RT-PCR

Gene (ID) Primer sequences

Forward: ATCTCACAGCAGCATCTCGACAAG
Reverse: CACACTAGCAGGTCGTCATCATCC

IL-1B

IL-6 Forward: TTCCAGCCAGTTGCCTTCTT
Reverse: AAGCCTCCGACTTGTGAAGTG

TNF-a Forward: GCGATGTGGAACTGGCAGAGG
Reverse: GCCACGAGCAGGAATGAGAAGAG
GAPDH Forward: CAATGACCCCTTCATTGAC

Reverse: GATCTCGCTCCTGGAAGATG

China) according to the manufacturer’s instruc-
tions. ¢cDNA was synthesized using TransScript
First-Strand cDNA Synthesis SuperMix (TransGen
Biotech, Beijing, China). RT-PCR was performed to
analyze the expression levels of target genes us-
ing the PrimeScript RT reagent kit (TaKaRa, Shiga,
Japan) according to standard protocols. The 7500
real-time PCR System (Applied Biosystems) was
used to analyze the mRNA expression of glyceral-
dehyde 3-phosphate (GAPDH), interleukin (IL)-1p,
IL-6, and tumor necrosis factor (TNF)-a. GAPDH
was amplified as a reference gene. The sequences
of the primers are listed in Table I.

Western blot

Liver tissues from WT and Cé6orf1207" rats
were immediately excised and mixed with tissue
protein lysis buffer (Beyotime, Shanghai, China)
containing 1 mM phenylmethane sulfonyl flu-
oride (Beyotime Biotechnology, ST506). After
centrifugation, the proteins were denatured and
the protein was loaded onto sodium dodecyl sul-
fate-polyacrylamide gels (10%) for electrophoretic
separation and then transferred onto Immobilon
polyvinylidene fluoride membranes (Sigma; EMD
Millipore, Billerica, MA, USA; cat. no. P3313). After
blocking with 5% skim milk in Tris-buffered saline
containing 0.1% Tween 20 (TBST), the membranes
were incubated at 4°C overnight with primary anti-
bodies against C6orf120, NLRP3, caspase 1, IL-1B,
nuclear factor-kB, Bcl-2, and Bax (Abcam), as well
as cleaved caspase-3, p-c-Jun N-terminal kinase
(Cell Signaling Technology). The membranes were
washed with TBST three times. Then, they were
incubated with secondary antibodies (ZF-0316,
ZSGB-BIO, Beijing, China) for 2 h at room tempera-
ture. The finally obtained immunoreactive protein
bands were imaged using the Tanon Imaging
system (Tanon Science and Technology Co., Ltd.,
Shanghai, China).

Induction of hepatocyte apoptosis and flow
cytometry

Primary hepatocytes were isolated using
a modification of the two-step collagenase per-

fusion method as mentioned previously [14]. The
purification of hepatocytes was achieved via cen-
trifugation over Percoll [15]. The hepatocytes in
the experimental group were treated with medi-
um containing 1% (v/v) CCl,[16] and the control
group was cultured in Dulbecco’s modified Eagle
medium. The cells were plated in 6-well plates at
a density of 5 x 10° cells/well and cultured under
a humidified atmosphere of 5% CO, at 37°C for
24 h. After 24 h of CCl, induction, the hepatocytes
were harvested and Annexin V and 7-aminoacti-
nomycin D (Biolegend) were added to stain apop-
totic cells. The stained cells were quantified using
the BD FACSCalibur flow cytometer.

Statistical analysis

Data are presented as the mean + SEM, and
were assessed by Student’s t-test or two-way
analysis of variance with GraphPad Prism version
5.01 (San Diego, CA, USA). P < 0.05 is considered
to be statistically significant.

Results
Expression of C60RF120 in CCl,-induced ALI

To investigate whether C60rf120 is involved
in the development of ALl in rats, the protein ex-
pression of C60rf120 from rat liver tissues was
determined by western blot 24 h after CCl, injec-
tion. The results showed that C60RF120 expres-
sion was significantly elevated in WT rats treated
with CCl, compared with that of the control group
(p < 0.05) (Figures 1 A and B). Consistent with
the results of western blot, IHC indicated that the
ratio of C6orf120-positive cells in liver tissues of
CCl,-treated rats was higher than that in the con-
trol group (p < 0.01) (Figures 1 C and D).

Liver injury was aggravated in C6orf1207~
rats

To evaluate the extent of liver damage, the
pathological changes in CCl,-induced WT and
C60orf1207" rats were assessed by histopathology
(Figures 2 A and B). In C60rf1207~ rats, H&E stain-
ing of liver tissues revealed severe pathological
changes, as indicated by spotty or bridging necro-
sis, inflammatory cell infiltration, and ballooning
degeneration compared with CCl,-treated WT rats
(p < 0.001). Moreover, we tested the liver function
of WT and C6orf127rats 24 h after CCl, injection.
Both types of rats displayed hepatic dysfunction,
as evidenced by increased ALT and AST levels
(Figures 2 C and D). The level of ALT was much
higher in C6orf1207~ rats (WT: 388.7 +55.96 vs.
C6orf1207: 915.9 +118.8, p < 0.0001). Addition-
ally, the levels of serum AST were increased in WT
and C6orf1207"rats after CCl, administration, but
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Figure 1. Expression of C60RF120 in liver tissues. A — Western blot of C6ORF120 in liver tissues. B — Relative den-
sity of C6ORF120 protein bands (n = 4). C— IHC of C60RF120 expression in liver tissues. D — Ratio of positive cells

there was no significant difference between the
two groups (p > 0.05) (Figure 2 D).

mMRNA levels of IL-1B, IL-6, and TNF-o. were
increased in liver tissues of C6orf1207- rats

Hepatic injury induced by CCl, is usually ac-
companied by an inflammatory reaction. To inves-
tigate whether C60rf120 is involved in the inflam-
matory response caused by CCl,, inflammatory
cytokines in liver tissues were evaluated by gRT-
PCR. The results showed that the expression levels
of IL-1B, IL-6, and TNF-a. in liver tissues increased
significantly in C6orf1207~ rats compared to those
in WT rats (p < 0.001) (Figures 3 A-C).

Expression of NLRP3 inflammasome was
increased in C6orf1207" rats

The NLRP3 inflammasome signaling pathway
plays a crucial role in the modulation of liver in-
flammation [17]. To elucidate the possible mo-
lecular mechanisms of C6orf120 in CCl,-induced

liver damage, the expression of NLRP3, caspase-1,
and IL-1pB in liver tissues was detected by west-
ern blot. The results showed that the expression
levels of NLRP3, caspase-1, and IL-1B were dis-
tinctly upregulated in C6orf120” rat liver tissues
compared with those in WT rats (p < 0.001, p <
0.001, p < 0.05, respectively) (Figures 4 A-D).
Moreover, since NF-kB exerts essential functions
in the inflammation process, we further evaluated
the effect of C60rf120 on the expression of NF-«B.
Western blot demonstrated that Céorf120 defi-
ciency upregulated p-NF-kB expression in liver tis-
sues (WT: 0.7380 +0.01607 vs. C60rf1207: 0.9665
+0.002297, p < 0.001) (Figures 4 E and F).

C60rf120 deficiency exacerbated CCl,-
induced hepatocellular apoptosis

To evaluate the possible function of the
C60rf120 gene on CCl,-induced apoptosis, the ex-
pression levels of cleaved caspase-3 were deter-
mined by western blot. The results showed that the
expression of cleaved caspase-3 was significantly
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Figure 2. Assessment of liver injury. A — H&E staining of liver sections. B — Histological score of WT and C6orf1207~

rats (n = 8). Serum ALT (C) and (D) serum AST levels

upregulated in C6orf120~ rats compared to WT
rats 24 h after CCl, injection (WT: 0.3333 +0.03779
vs. C60rf1207: 1.106 +0.08313, p < 0.001). In the
control group, the expression of cleaved caspase-3
was higher in C6orf1207-rats than in WT rats (WT:
0.1693 +0.05706 vs. C60rf1207: 0.4276 £0.02145,
p < 0.05) (Figures 5 A and B). IHC analysis of liver
tissues showed a similar trend (p < 0.05) (Figures
5 Cand D). To further clarify whether the C60rf120
gene is correlated with mitochondrial apoptosis,
the protein levels of Bcl-2 and Bax were detected.
The results showed that the expression of Bcl-2
was similar between WT and C6orf1207 rats (p >
0.05) (Figures 5 E and F). However, the expression
of Bax was apparently elevated in C6orf1207~rats
compared to WT rats (WT: 1.200 +0.02455 vs.
C60rf1207~: 1.532 +0.05585, p < 0.01) (Figures 5 E
and G), resulting in an imbalance in the Bcl-2/Bax
ratio (p < 0.05) (Figure 5 H).

Expression of JNK was increased in
C6orf120" rats

IJNK activation is tightly correlated with CCl,-in-
duced mitochondrial dysfunction and hepatotox-

icity. The expression level of p-JNK was detected
to evaluate whether C60rf120 suppresses JNK ac-
tivation against hepatocytic death in CCl,-induced
liver injury. The results showed that the p-JNK ex-
pression was significantly increased in C6orf1207-
rats compared with WT rats (WT: 1.098 +0.01627
vs. C6orf1207: 1.517 +0.06239, p < 0.001) (Fig-
ures 6 A and B). Additionally, compared with JNKT,
JNK2 appeared to be markedly activated.

To further clarify the role of C6orf120 deficien-
cy in hepatocellular apoptosis in vivo, primary
hepatocytes from WT and C6orf120 rats were
isolated and cocultured with CCl, (1% v/v) for
24 h. Hepatocellular apoptosis analysis by flow cy-
tometry showed that the frequency of apoptosis
was significantly increased in hepatocytes derived
from C60rf1207"rats compared with hepatocytes
from WT rats (p < 0.001) (Figures 6 C and D).

Discussion

In this study, we revealed for the first time that
C6orf1207~ rats were more susceptible to acute
hepatic damage compared with WT rats, and
the possible molecular mechanism of C6orf120
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against CCl,-induced ALI might be related to the
suppression of inflammation and apoptosis (Fig-
ure 7).

Carbon tetrachloride, a common hepatotox-
in, has been widely applied to establish classical
experimental liver injury models [18]. C60rf1207~
and WT rats were treated with CCl, for 24 h to
induce AL, resulting in markedly increased ALT
levels compared with those in WT rats, whereas
there was no difference in AST levels. ALT is lo-
cated in the cytoplasm of hepatocytes, and AST is
located in both the cytoplasm and mitochondria.
When hepatocytes suffer from acute damage, en-
zymes are mainly secreted from the cytoplasm
and in turn ALT increases. When hepatocytes
suffer from sustained or severe injury, enzymes
from both the cytoplasm and mitochondria are
released, resulting in a significant increase in AST
[19]. Histopathological analysis via H&E staining
further showed more severe degeneration and ne-
crosis of hepatocytes in C6orf120~ rats compared
with those in WT rats, confirming that C6orf1207
rats were susceptible to CCl,-induced liver injury
than WT rats.

CCl,-induced liver injury is closely associated
with the inflammatory response [20]. CCl, and
its metabolites probably stimulate Kupffer cells,
which can secrete pro-inflammatory cytokines
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Figure 3. Cytokine and chemokine levels in liver tis-
sues. Relative mRNA level of (A) IL-1B, (B) IL-6, and
(C) TNF-a in liver tissues

such as IL-1B, IL-6, and TNF-a.. The pro-inflamma-
tory cascade causes hepatocyte damage via the
activation of macrophages and infiltration of neu-
trophils. In this study, the mRNA levels of IL-1j,
IL-6, and TNF-a in liver tissues were significantly
increased in C60rf1207" rats compared with those
in WT rats, suggesting that C6orf120 exerted
hepatoprotective functions against CCl,-induced
ALl by attenuating the secretion of pro-inflamma-
tory cytokines.

To study the anti-inflammatory mechanism
of C60rf120, the expression of p-NF-kB was also
determined. The NF-«xB signaling pathway plays
an essential role in the pathological process of
CCl,-induced acute liver damage [21, 22] and in
mediating the secretion of inflammatory cyto-
toxins that aggravate liver damage. Our results
showed that C60rf120 deletion increased the ex-
pression of p-NF-«B in liver tissues. To further in-
vestigate the protective mechanism of C60rf120,
the involvement of NLRP3 inflammasomes in liver
injury was investigated. NLRP3 inflammasomes
are multi-protein complexes composed of intra-
cellular pattern recognition receptors and are
associated with the maturation and secretion
of pro-inflammatory cytokines [23]. During the
pathological process of acute liver damage,
Kupffer cells or resident macrophages are activat-
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ed and trigger inflammatory responses through
common signaling pathways including NLRP3
inflammasomes, caspase-1, and IL-1B [24, 25].
In this study, 24 h after CCl, administration, the
expression levels of NLRP3, caspase-1, and IL-1f
were significantly increased in Céorf1207 rats
compared with those in WT rats. Furthermore,

increased levels of cytokines such as IL-1p can ac-
tivate the downstream NF-kB signaling pathway,
which can upregulate the expression of NLRP3 in-
flammasomes and the secretion of pro-inflamma-
tory cytokines that aggravate inflammatory injury
[26]. Our findings indicated that C6orf1207 rats
may be vulnerable to CCl,-induced liver injury by
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routes of cell death. To the best of our knowledge, patocyte apoptosis was involved in CCl,-induced
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Figure 6. C60rf120 suppressed CCl,-induced hepatic injury by inhibiting JNK signaling pathways. A — Western blot
of p-JNK expression. B — Relative density of p-JNK protein bands
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ALl. Members of the Bcl-2 family, including Bcl-2
and Bax, are predominant regulators of the pro-
cess of mitochondrial apoptosis. Bax is one of
the most essential pro-apoptotic proteins that in-
duces apoptosis, while Bcl-2 is an anti-apoptotic
protein that inhibits Bax-induced apoptosis [29].
Caspase-3 is considered to be the most important
terminal cleavage enzyme in apoptosis and an im-
portant part of cytotoxic T cell killing mechanisms.

Activated Bax can stimulate caspase-3 and ulti-
mately lead to caspase-dependent apoptosis [30].
In this study, the expression of Bax was markedly
increased in C60rf1207 rats compared with that
in WT rats, whereas the expression of Bcl-2 was
similar between the two groups. The results indi-
cated that C60rf120 may inhibit CCl,-induced liv-
er injury by suppressing mitochondrial apoptotic
pathways. Meanwhile, the expression of cleaved
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Figure 7. Diagram of the possible mechanism of C6orf12

caspase-3 was obviously elevated in C6orf1207~
rats compared with WT rats. Taken together, these
observations suggested that Céorfl120 protects
against CCl,-induced ALl by regulating the mito-
chondrial apoptosis-associated molecules Bcl-2
and Bax to suppress caspase-3-dependent apop-
totic signaling.

To further explore the mechanism of Cé6orf120
in hepatocyte apoptosis, the JNK signaling path-
way was investigated. Several studies have
shown that JNK signaling is vital in CCl,-induced
mitochondrial dysfunction and hepatocyte death
[31, 32]. In the process of CCl,-induced liver inju-
ry, sustained activation of JNK further promotes
the transcription and expression of downstream
apoptosis-related target genes, which trigger
apoptosis via the mitochondrial pathway. Further-
more, p-JNK can directly mediate mitochondrial
pathways by inhibiting the expression of Bcl-2
and promoting the expression of Bax in the cy-
toplasm [33]. Dhanasekaran et al. [34] reported
that sustained activation of JNK induced Bcl-2
family-mediated apoptosis. In this study, C6orf120
deficiency aggravated the activation of p-JNK and
downstream signaling pathways, suggesting that
C60rf120 could prevent CCl,-induced liver injury
by inhibiting JNK signaling.

There were some limitations in our study. First,
it was widely reported that drug-induced liver in-
jury was partly associated with immunoreaction.
While our study only involved molecular biology
research, experiments associated with immu-
nological mechanisms are currently under way.
Secondly, because C60rf120 is mainly expressed
in liver and spleen tissues, the protective func-
tion of C60rf120 in spleen tissues should be as-
sessed. Thirdly, we did not conduct experiments
to demonstrate whether the expression of NLRP3
is directly related to C6orf120. Fourthly, if a group
of previous CCl, treatment had been added, the
conclusion would have been sound and robust.

0in CCl,-induced liver injury in rats

In conclusion, we demonstrated the poten-
tial protective mechanism of Céorfl20 against
CCl,-induced hepatic damage. The hepatoprotec-
tive effects of C60rf120 are associated with the
downregulation of NLRP3 inflammasome and JNK
signaling pathways. This study revealed the regu-
latory role of C60rf120 in the pathogenesis of ALI,
highlighting a potential therapeutic target.
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