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LncRNA FTX represses the progression 
of non‑alcoholic fatty liver disease 
to hepatocellular carcinoma via regulating 
the M1/M2 polarization of Kupffer cells
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Abstract 

Background:  The effect of lncRNA FTX on non-alcoholic fatty liver disease (NAFLD) conversion to hepatocellular 
carcinoma (HCC) is unclear.

Methods:  In our study, C57BL/6 mice was fed with high fat diet for obtaining NAFLD mouse model, and diethylni-
trosamine induced the formation of HCC tumor. The expression of iNOS and CD206 in tissues were examined using 
immunohistochemistry. In addition, qRT-PCR was implemented to detect the expression of FTX and mRNAs. The 
percentage of M1 and M2 Kupffer cells (KCs) were determined using flow cytometry. The pathological change in liver 
tissues was displayed by H&E staining. Besides, immunofluorescence assay was performed to ensure the primary KCs 
through labeling F4/80.

Results:  Here, we found that the expression of FTX and the ratio of M1/M2 KCs in liver tissues from NAFLD-trans-
formed HCC (NAFLD-HCC) patients lower than in liver tissues from NAFLD patients. Subsequently, we revealed that 
the expression of FTX and M1/M2 KCs ratio were downregulated during NAFLD conversion to HCC. Importantly, 
increasing of FTX inhibited HCC tumor growth, improved liver damage and promoted M1 polarization of KCs during 
NAFLD conversion to HCC, while these effects of FTX were reversed by inactivating of KCs. Finally, in vitro experiments, 
our data indicated that FTX facilitated the M1 polarization of KCs.

Conclusion:  In conclusion, our results demonstrated that upregulation of FTX suppressed NAFLD conversion to HCC 
though promoting M1 polarization of KCs. Our findings presented a new regulatory mechanism for NAFLD conver-
sion to HCC, and provided a new biomarker for inhibiting this conversion.

Keywords:  Hepatocellular carcinoma, lncRNA FTX, Non-alcoholic fatty liver disease, Kupffer cell

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creat​iveco​
mmons​.org/licen​ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat​iveco​mmons​.org/publi​cdoma​in/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer in the world, and about one million new 
cases of HCC were diagnosed annually [1]. Cirrhosis is 
the primary risk factor for HCC. In China, hepatitis B 
virus, as one of the most common reason in cirrhosis, 
has been considered as the major contributor to HCC [2]. 
Whereas, with the dissemination of anti-viral treatment, 
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the changes of HCC causer is ongoing. Increasing evi-
dence have demonstrated that the number of patients 
with HCC induced by non-alcoholic fatty liver disease 
(NAFLD) is increasing, NAFLD is expected to become 
a leading reason of the incidence and mortality in HCC 
[3]. However, the underlying molecular mechanism of 
NAFLD conversion to HCC remains unclear.

Macrophage involves in the progression of many malig-
nant tumors via acting as a major component of innate 
cellular immunity [4]. It has been known that according 
to the stimulation of microenvironmental, macrophage 
can differentiate into two types: classically activated 
M1 macrophage and alternatively activated M2 mac-
rophage, which have the opposite function in inflam-
matory responses [5]. M1 macrophage promotes the 
progression of inflammation through secreting pro-
inflammatory cytokines, such as TNF-α and IL-1β, 
while M2 macrophage is anti-inflammatory via induc-
ing lowly expressed IL-12 and highly expressed of IL-10 
and TGFβ [6]. Importantly, it has been indicated that M1 
macrophage represses the progression of cancer, while 
M2 macrophage promotes the progression of cancer 
[7]. Kupffer cell (KC) is the biggest macrophage as well 
as the sessile resident live macrophage [8]. It has been 
reported that the cell number of KCs in HCC tissues is 
lower than matched normal tissues, and KCs could effec-
tively repress the proliferation of HCC cell lines [9]. In 
addition, Wang et al. proposed that the M1/M2 ratio in 
KCs is decreased in NAFLD-transformed HCC (NALFD-
HCC) patients, and increasing M1 polarization of KCs 
remarkably inhibits the development of NAFLD to HCC 
[10]. However, the change of KCs polarization and accu-
rate role of KCs in the progression of NAFLD to HCC 
remain unclear.

Long non-coding RNAs (lncRNAs) belong to non-
coding RNA with more than 200 nucleotides in length. 
A growing reliable evidence demonstrated that lncRNAs 
are associated with the progression of multiple malig-
nant tumors including HCC [11]. Such as, it has been 
indicated that lncRNA PARP1 is highly expressed in 
HCC tissues, and facilitates the progression of HCC via 
increasing the expression of PARP1 [12]. While, another 
lncRNA, NKILA, has been proved to be decreased in 
HCC tissues, and increasing the expression of NKILA 
significantly enhances the anti-cancer effects of baica-
lein in HCC though targeting to its downstream targets 
[13]. Furthermore, a series of lncRNAs have been also 
indicated to aberrantly express in NAFLD, and these 
lncRNAs may be linked with the development of NAFLD 
[14]. A recent research has shown that the lncRNA FTX 
is upregulated in liver tissues from high fat diet (HFD)-
induced NAFLD mouse [15]. However, the effect of FTX 
on NAFLD progression is unclear. Interestingly, Liu et al. 

proved that FTX is downregulated in HCC tissues, and 
increasing the expression of FTX could repress HCC pro-
gression via targeting to minichromosome maintenance 
protein 2 and miR-347a [16].

In this present study, we investigated the effect of FTX 
on KCs polarization and the role of it in the progression 
of NAFLD to HCC. Here, we found that FTX was down-
regulated in NAFLD-HCC tumors tissues, and upregula-
tion of FTX suppressed the development of NAFLD to 
HCC via promoting M1 polarization of KCs. Our data 
indicated that FTX maybe a novel biomarker for NAFLD-
HCC treatment.

Materials and methods
Clinical samples
Fresh liver tissues in 20 patients with NAFLD, and 25 
cases of NAFLD-HCC and matched paracancerous tis-
sues were obtained from The Second Affiliated Hospital 
of Nanchang University, and frozen in liquid nitrogen 
until to use in next experiments. All patients signed the 
informed consent, and all studies were accomplished in 
accordance with the guidelines of pathological specimen 
handing. Moreover, the clinical study protocol was sup-
ported by the medical ethics committee of The Second 
Affiliated Hospital of Nanchang University.

NAFLD model
Two weeks old C57BL/6 mice were purchased from 
Charles River (Beijing, China), and fed with HFD 
(MD12032, Medicinece, Jiangsu, China) for 16 weeks to 
make the NAFLD model. Subsequently, diethylnitrosa-
mine (DEN, N0258, Sigma, St. Louis, MO) with 45 mg/
kg i.p. in PBS was injected into NAFLD mouse model via 
intraperitoneal. All liver tissues were separated at 8, 16 
and 36  weeks later for HFD feeding and 20 weeks later 
for DEN treatment, separately. The animal studies were 
approved by the Institutional Animal Care and Use Com-
mittee of the Second Affiliated Hospital of Nanchang 
University.

NAFLD‑HCC model
NAFLD-HCC mouse model was induced as pervi-
ous [17]. 45  mg/kg DEN was injected into 2  weeks old 
C57BL/6 mice by intraperitoneal injection. Then, the 
mice were randomly fed with HFD or normal diet (Medi-
cinece, Jiangsu, China) at their 8 weeks old, and the feed-
ing method was continued 10 weeks. Meanwhile, at their 
8  weeks old, 5 × 107 transducing units of lentiviruses 
encoding pcDNA-FTX (LV-FTX) in PBS or its negative 
control (LV-NC) together with 10  μg/g gadolinium III 
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(GdCl3, 10138-52-0, Sigma) were used to treat the HCC 
mouse via tail vein injection.

Cell culture and treatment
Liver tissue was perfused with 37  ℃ D-Hanks solu-
tion (Gibco, Grand Island, NY) through portal vein, and 
then D-Hanks was replaced with 37 ℃ 0.5 mg/ml colla-
genase IV (Sigma) in Dulbecco’s Modified Eagle Medium 
(DMEM, Gibco) when the color of liver changed from 
dark red to khaki. At 5  min later, separating the liver 
and cutting it into 1  mm pieces in 5  ml collagenase IV 
solution, and then the pieces were digested for 15  min 
at 37 ℃. Subsequently, the cell suspension was crushed 
though a 70 μm cell strainer followed by centrifuging for 
twice at 4 ℃ with a condition of 68 g centrifugal force and 
5 min. Next, one centrifugation cycle at 1400 g for 30 min 
was performed to purify the non-parenchymal cells in 
an 8.2–17.6% Optiprep gradient. All cells at the interface 
were collected, and maintained with anti-CD11b micro-
beads (Miltenyi Biotec, Bergisch Gladbach, Germany) 
for 15  min followed by separating using the LS MACS 
columns (Miltenyi Biotec). At last, immunofluorescence 
assay was used to ensure the KCs though labeling F4/80. 
FTX siRNA and its scramble sequences were transfected 
into KCs stimulated with 0.25 mmol free fatty acid (FFA), 
respectively, using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA).

Quantitative RT‑PCR (qRT‑PCR) assay
Total RNAs were extracted from human liver tis-
sues, animal liver tissues or KCs using TRIzol rea-
gent (Invitrogen), and then reverse-transcripted 
into cDNA employing the SuperScript One-Cycle 
cDNA Kit (Qiagen, Hilden, Germany). For quantita-
tive PCR assay, the amplification was measured using 
a SYBR Premix Ex Taq kit (Takara Bio, Shiga, Japan) 
on Applied Biosystems 7500 Fast Real-Time PCR sys-
tem (Applied Biosystems, Foster City, CA, USA). The 
primer sequences we used as follows: lncRNA FTX: 
5′-GTG​TCT​CTC​TCT​CTC​TCT​CTCTT-3′ (forward), 
5′-CCT​CTT​CAG CAG​TAG​CAT​AGT​T-3′ (reverse); 
TNFα: 5′-CTG​CCT​GCT​GCA​CTT​TGG​AG-3′ (for-
ward); 5′-ACA​TGG​GCT​ACA​GGC​TTG​TCACT-3′ 
(reverse); iNOS: 5′-CTC​ACT​G GGA​CAG​CAC​AGA​
A-3′ (forward), 5′-TGG​TCA​AAC​TCT​TGG​GGT​T 
C-3′ (reverse); IL-10: 5′-TGC​CTT​CAG​CAG​AGT​GAA​
GA-3′ (forward), 5′-GTC​TTG​GTT​CTC​AGC TTGGG-
3′ (reverse); CD206: 5′-TTC​GGT​GGA​CTG​TGG​ACG​
AGCA-3′ (forward); 5′-ATA​AGC​CAC​CTG​CCA​CTC​
CGGT-3′ (reverse); Arg-1: 5′-CAT​ATC​TGC​CAA​AG 
ACA​TCG​TG-3′ (forward), 5′-GAC​ATC​AAA​GCT​CAG​
GTG​AATC-3′ (reversed); GAPDH: 5′-ACC​ACA​GTC​

CAT​GCC​ATC​AC-3′ (forward), 5′-TCC​ACC​ACC​CTG​
TT GCT​GTA​-3′ (reverse). FTX and mRNA were nor-
malized to GAPDH. All reactions were repeated three 
times, and the data were calculated using the 2−∆∆Ct 
method. All operates were carried out according to the 
manufacturer’s instructions.

Immunohistochemistry assay
Human liver tissues were obtained and embedded using 
paraffin, and then were cutted into 4 μm slices. Next, all 
slices were conventionally dewaxed, and incubated with 
100 ℃ citrate buffer (pH 6.0) for 40  min. Then, 10  min 
later for maintaining with 3% H2O2 at room temperature, 
the slices were incubated with primary antibodies against 
iNOS (Abcam, Cambridge, MA) and CD206 (Abcam) 
at 4 ℃ for overnight. Subsequently, the slices were incu-
bated with secondary HRP-conjugated antibody (Abcam) 
for 1 h, fresh diaminobenzidine (Merck, Whitehouse Sta-
tion, NJ) solution for 5 min, and hematoxylin for 3 min. 
At last, all slices were observed under a Leica microscope.

Flow cytometry assay
Flow-cytometry assay were implemented to ensure 
the percentage of M1 and M2 KCs in liver tissues. The 
liver tissues were isolated, grind and centrifuged with a 
3000  r/min speed for 10  min. Next, the precipitation 
were incubated with collagenase IV and DNase I solu-
tion, and then the liver cells were obtained though den-
sity gradient centrifugation. Subsequently, the cells were 
stained with FITC-iNOS and PE-CD68, and the fluores-
cence intensity was measured by a Flow Cytometer Cyan 
(Beckman Coulter).

H&E staining assay
Hematoxylin–Eosin/HE staining kit (Solarbio, Shanghai, 
China) was used to display the pathological change of 
liver tissues in animal. Liver sections were stained using 
hematoxylin solution for 5–10  min after dewaxed and 
hydrated, and then combined with 1% hydrochloric acid 
ethanol for 30 s. Double distilled water was used to wash 
the slices which then were stained using the eosin solu-
tion for suitable time. Next, the slices were washed, dehy-
drated, sealed and subsequent observed.

Detect the levels of ALT and AST
The production of alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) were measured by 
enzymatic colorimetric methods.

Immunofluorescence assay
KCs were fixed by pre-cooled 4% paraformaldehyde 
for 30 min, infiltrated by 0.1% Triton X-100 for 10 min, 
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blocked by 1% BSA (Sigma) for 30  min, incubated with 
primary antibody against F4/80 (Abcam) at 4  ℃ over-
night, and maintained with rhodamine-conjugated goat 
anti-rabbit antibody (Invitrogen) for 30 min, successively. 
Next, all cells were stained by DAPI (Invitrogen), and 
photographed using a confocal microscope.

ELISA assay
ELISA assay was carried out to ensure the levels of 
TNF-α and IL-10 in cell culture supernatant according 
to the manufacturer’s introductions. TNF-α and IL-10 
ELISA kits were purchased from eBioscience (San Diego, 
Calif ).

Data analysis
All analyses were performed though SPSS v12.0 software, 
and all data are presented as mean ± standard deviation 
(SD). The difference of two groups was ensured by stu-
dent’s t test, and one-way analysis of variance was used 
for multiple groups. p-values of less than 0.05 was con-
sidered as a statistically significant. All data were ensured 
by the experiments which repeated at least three times.

Results
FTX expression and M1/M2 KCs ratio were decreased 
in NAFLD‑HCC
Firstly, we ensured the expression of FTX and the per-
centage of M1 and M2 KCs in diseased liver tissues from 
NAFLD and NAFLD-HCC patients and adjacent nor-
mal tissues from NAFLD-HCC patients. As shown in 
Fig. 1a, the expression of FTX was significantly decreased 
in tumor tissues. Moreover, the immunohistochemis-
try results indicated that the number of iNOS-positive 
cells was downregulated in tumor tissues, while CD206-
positive cells was increased (Fig.  1b). Consistently, the 
results of flow cytometry analysis displayed that the 
percentage of M1 KCs was downregulated in tumor tis-
sues, while M2 KCs was upregulated (Fig. 2a). The ratio 
of M1/M2 KCs was notably decreased in tumor tissues 
(Fig.  2b). Moreover, we further found that the expres-
sion of iNOS mRNA and TNF-α mRNA were decreased 
in tumor tissues, while CD206 mRNA and IL-10 mRNA 
were increased (Fig. 2c). All in all, our data demonstrated 
that the expression of FTX and the ratio of M1/M2 KCs 
were decreased in tumor tissues of NAFLD-HCC.

FTX expression and M1/M2 KCs ratio were decreased 
during NAFLD conversion to HCC
To investigate the variation of FTX expression and M1/
M2 KCs ratio during NFLAD conversion to HCC, we 
established NAFLD mouse model using HFD. After 
treated with HFD for 8, 16 and 36  weeks, and DEN for 
20 week, all animals were euthanized, and then the liver 

tissues were isolated for next experiments. Our results 
indicated that the expression of FTX was increased in 
HFD groups, while inhibited by DEN (Fig. 3a). Hence, we 
thought that the expression of FTX was downregulated 
during NAFLD to HCC conversion. Besides, as shown 
in Fig. 3b, the percentage of M1 KCs in liver tissues was 
notably upregulated in HFD group, but reduced after 
DEN treatment. Oppositely, M2 KCs percentage was 
upregulated in HFD group, and facilitated by DEN treat-
ment. HFD resulted in the upregulation of M1/M2 kCs 
ratio, while DEN combined HFD to induce the decreasing 
of M1/M2 KCs ratio (Fig. 3c). Next, we further displayed 
that HFD upregulated the expression of iNOS mRNA, 
TNF-α mRNA, CD206 mRNA and IL-10 mRNA, among 
these factors, the expression of iNOS mRNA and TNF-α 
mRNA were inhibited by DEN, however, CD206 mRNA 
and IL-10 mRNA expression were further upregulated 
by DEN (Fig. 3d). Overall, the ratio of M1/M2 KCs was 
increased in NAFLD compared with normal, while it was 
decreased in the process of NAFLD to HCC conversion.

FTX repressed the progression of NAFLD to HCC
It has been demonstrated that GdCl3 could effectively 
induce the inactivation of KCs [18]. Here, to explore the 
effect of FTX on the conversion of NAFLD to HCC, LV-
FTX with or without GdCl3 were used to treat the ani-
mals fed with HFD at 6 weeks after injection of 45 mg/kg 
DEN. The liver tissues were isolated from each animals 
after 10  weeks later of continuing HFD feed. As shown 
in Fig.  4a, the tumors formation were significantly sup-
pressed by FTX increasing, while GdCl3 treatment could 
reverse the inhibitory effect of FTX increasing on tumor 
formation. The H&E staining results indicated that over-
expression of FTX notably improved the injury of liver 
tissues induced by NAFLD-HCC, however, GdCl3 treat-
ment repressed FTX increasing-induced the improve-
ment of liver damage (Fig.  4b). Increasing of FTX 
limited NAFLD conversion to HCC through targeting 
KCs activations. Besides, the production of liver func-
tion indicator, ALT and AST, in serum was measured, 
the results shown that ALT and AST were upregulated 
in HCC group, and increasing of FTX could inhibit the 
production of ALT and AST (Fig.  5a, b). Furthermore, 
the expression of FTX was significantly downregulated 
in liver tissues from NAFLD-HCC mouse, but lentivi-
rus infection effectively increased the expression of FTX 
(Fig. 5c). The flow cytometry data displayed that the per-
centage of M1 and M2 KCs were upregulated in HCC 
group, and overexpression of FTX significantly increased 
M1 and decreased M2 KCs. Meanwhile, GdCl3 treat-
ment exacerbated the decreasing of M2 KCs induced 
by FTX overexpression (Fig.  5d). The genes expression 
of iNOS, TNF-α, CD206 and IL-10 also were promoted 
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in HCC groups, and increasing of FTX facilitated iNOS 
and TNF-α genes expression, while repressed CD206 
and IL-10 genes expression. Importantly, regardless 
of whether FTX increasing or not, GdCl3 treatment 
decreased the expression of CD206 and IL-10 genes 
(Fig.  5e). Overall, overexpression of FTX significantly 
inhibited the growth of tumor and improved the liver 
damage during NAFLD conversion to HCC via promot-
ing KCs polarization to M1 phenotype.

Decreasing of FTX promoted M2 polarization of KCs
To ensure the role of FTX in KCs polarization, we used 
FFA to induce the primary KCs transfected with FTX 
siRNA or its scramble sequence. Firstly, we identified the 
primary KCs though immunofluorescence assay, and the 
results displayed that we obtained the KCs successfully 
(Fig.  6a). Meanwhile, FFA increased the expression of 
FTX in KCs, while limited by FTX siRNA (Fig. 6b). Next, 
we detected the genes expression of iNOS, CD206 and 
Arg-1. As shown in Fig. 6c, FFA leaded to the increase in 
iNOS mRNA and decrease in CD206 mRNA and Arg-1 
mRNA, while their expression obviously reversed by FTX 

Fig. 1  The expression of FTX and the number of M1 polarized KCs were decreased in NAFLD-HCC. a The expression of FTX was measured by 
qRT-PCR assay. b The cell number of iNOS-positive and CD206-positive were ensured by immunohistochemistry. Here, iNOS is one of markers of M1 
polarized KCs and CD206 is one of markers of K2 polarized KCs. **p < 0.01
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Fig. 2  M1 polarization of KCs was repressed in NAFLD-HCC, but M2 polarization of KCs was promoted. a Flow cytometry assay was fulfilled to 
measure the percentage of M1 and M2 KCs. b The ratio of M1/M2 KCs was analyzed. c The expression of iNOS, TNF-α, CD206 and IL-10 mRNAs were 
detected using qRT-PCR. Here, iNOS and TNF-α were used to represent M1 KCs, and CD206 and IL-10 were used to represent M2 KCs. *p < 0.05, 
**p < 0.01

Fig. 3  FTX expression and the value of M1/M2 KCs were reduced during NAFLD conversion to HCC. a qRT-PCR assay was applied to detect the 
expression of FTX in liver tissues from each animals. b, c The percentage of M1 and M2 KCs were ensured by flow cytometry and analyzed. d The 
expression of iNOS, TNF-α, CD206 and IL-10 mRNAs were measured by qRT-PCR. *p < 0.05, **p < 0.01 and ##p < 0.01
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silencing. Furthermore, our data demonstrated that FFA 
promoted the production of TNF-α and inhibited IL-10, 
however, silencing of FTX could repress FAA-induced 

TNF-α increasing and IL-10 decreasing (Fig.  6d). Alto-
gether, FTX promoted M1 polarization of KCs and FTX 

Fig. 4  FTX increasing limited tumor formation and liver damage during NAFLD conversion to HCC. a All liver tissues were isolated and the tumors 
formation on it were showed. Arrow indicated the formed tumor. b HE staining was performed to measure the pathological change in liver tissues
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silencing significantly promoted KCs polarization to M2 
phenotype.

Discussion
Primary liver cancer is the second most common reason 
of cancer mortality worldwide. HCC accounts for more 
than 90% of all cases of primary liver cancer, and repre-
sents a major health problem [19]. With the research of 
HCC, NAFLD has been considered as the major contrib-
utor to HCC formation. While the precise mechanism 
during NAFLD conversion to HCC is unclear [20]. Accu-
mulating reports have shown that altered lncRNAs play 

a curial role in the progression of HCC. For instance, the 
expression small nucleolar RNA host gene 16 (SNHG16) 
has been proved to be increased in tumor tissues and cell 
lines of HCC, and inhibition the expression of SNHG16 
could repress the sorafenib resistance, proliferation, 
migration and invasion of HCC cell lines [21]. Another 
lncRNA, AWPPH, has been demonstrated to be upreg-
ulated in HCC, and increased AWPPH promotes the 
growth and metastasis of tumor [22]. Besides, a growing 
reliable studies have demonstrated that the development 
of NAFLD also regulated by a series of lncRNAs like 
NEAT1. It has been indicated that NEAT1 is upregulated 

Fig. 5  FTX increasing repressed NAFLD conversion to HCC via activating M1 polarization of KCs. a, b The production of ALT and AST in serum were 
measured by enzymatic colorimetric methods. c The expression of FTX in liver tissues was examined using qRT-PCR. d The percentage of M1 and 
M2 KCs were ensured using the flow cytometry. e The expression of iNOS, TNF-α, CD206 and IL-10 mRNAs were detected by qRT-PCR. **p < 0.01, 
#p < 0.05, ##p < 0.01 and $$p < 0.01



Page 9 of 11Wu et al. Cancer Cell Int          (2020) 20:266 	

in NAFLD mouse model, and inhibition the expression 
of NEAT1 could effectively inhibit the progression of 
NAFLD [23]. However, rare lncRNA have been reported 
during NAFLD to HCC conversion, the role and mecha-
nism of action of lncRNAs in the conversion of NAFLD 
to HCC has not be fully understood. In this present study, 
we certificated that the expression of FTX in human 
NAFLD-HCC tissues was downregulated. Interestingly, 
we found that the expression of FTX was upregulated 
in NAFLD animals liver tissues, but was decreased in 
NAFLD-HCC animals liver tissues. Hence, we considered 
that the expression of FTX was downregulated during the 
conversion of NAFLD to HCC. Based on this conclusion, 
we asked that whether this change of FTX expression 
associated with the conversion of NAFLD to HCC. Next, 
we revealed that increasing of FTX effectively repressed 
the growth of tumor and improved the liver damage in 
NAFLD-HCC, thus to inhibit the progression of NAFLD 
to HCC. Interestingly, we further found that FTX inhib-
ited the conversion through targeting KCs activation.

Liver is a complex organ which consisted by a series 
of cells such as KCs. They are the resident macrophage 
and account for about 20–25% of non-parenchymal 
cells in liver. KCs play an important role in the innate 
immune response [24]. Accumulation researches have 
indicated that KCs polarization is a crucial regulator 
to inflammatory response. It has been demonstrated 
that long-term HFD could induce the increasing of 
M1 polarization of KCs and promote the expression of 
pro-inflammatory such as TNF-α, balancing the per-
centage of M1 and M2 KCs could prevent the devel-
opment of NAFLD [25]. However, how about the role 
of KCs polarization in the conversion of NAFLD to 
HCC remains unclear. Recently, Wang et  al. demon-
strated that the ratio of M1/M2 KCs in NAFLD-HCC 
tissues was downregulated, silencing the expression 
of SNHG20 could delay the progression of NAFLD to 
HCC via regulating the polarization in macrophages 
[10]. This study demonstrated that lncRNA may regu-
late the progression of NAFLD to HCC by targeting to 
the polarization of KCs. In this present study, we dem-
onstrated that the values of M1/M2 KCs was down-
regulated in the process of NAFLD to HCC conversion, 

Fig. 6  FTX increased M1 polarized KCs. a The primary KCs were ensured by immunofluorescence assay labeled F4/80. b The expression of FTX was 
measured using qRT-PCR. c The expression of iNOS, CD206 and Arg-1 mRNAs in KCs were measured by qRT-PCR. d The production of TNF-α and 
IL-10 in cell culture supernatant were detected using ELISA assay. **p < 0.01, ##p < 0.01 and #p < 0.05



Page 10 of 11Wu et al. Cancer Cell Int          (2020) 20:266 

and increasing the expression of FTX could promote 
M1 polarization of KCs, thus to limit this conversion.

Conclusion
In summaries, our data revealed that the expression of 
FTX was downregulated during NAFLD conversion to 
HCC, and upregulation of FTX inhibited the conversion 
of NAFLD to HCC via promoting KCs polarization to M1 
phenotype. We pointed out FTX is an effective therapeutic 
target for NAFLD-HCC. Our data proposed a new regula-
tory mechanism of NAFLD conversion to HCC, and sup-
plemented our scanty knowledge on the role of lncRNA 
in NAFLD conversion to HCC. However, more researches 
needed to be carried out to explore the action mechanism 
of FTX in the conversion of NAFLD to HCC. For instance, 
whether FTX could repress the conversion through acting 
as a miRNA sponge or a RNA-binding protein. Which mol-
ecules and mechanisms involve in regulating the expres-
sion of FTX in this conversion. All these questions needed 
to be further investigated.

Abbreviations
HCC: Hepatocellular carcinoma; HFD: High fat diet; KC: Kupffer cell; LncRNAs: 
Long non-coding RNAs; NAFLD: Non-alcoholic fatty liver disease; NAFLD-HCC: 
NAFLD-transformed HCC.

Acknowledgements
Not applicable.

Authors’ contributions
XY conceived and designed the analysis. HW, AW, CY, KN, HH, CW and ZZ 
collected the data. CY and KN contributed data or analysis tools. HH and CW 
performed the analysis. HW and ZZ wrote the paper. All authors read and 
approved the final manuscript.

Funding
This study was funded by National Natural and Science Foundation of China 
(Grant No. 81760439) and Natural and Science Foundation of Jiangxi Province 
(Grant No. 20181BAB205049).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
All procedures were approved by the Animal Care and Use Committee of The 
Second Affiliated Hospital of Nanchang University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Hepatobiliary and Pancreatic Surgery, The Second Affiliated 
Hospital of Nanchang University, No. 1 Minde Road, Nanchang, Jiangxi Prov-
ince, China. 2 Department of Vascular Surgery, The Second Affiliated Hospital 
of Nanchang University, Nanchang, Jiangxi Province, China. 

Received: 9 April 2020   Accepted: 15 June 2020

References
	1.	 Kim NG, Nguyen PP, Dang H, et al. Temporal trends in disease presenta-

tion and survival of patients with hepatocellular carcinoma: a real-world 
experience from 1998 to 2015. Cancer. 2018;124:2588–98. https​://doi.
org/10.1002/cncr.31373​.

	2.	 Parikh ND, Fu S, Rao H, et al. Risk assessment of hepatocellular carci-
noma in patients with hepatitis C in China and the USA. Dig Dis Sci. 
2017;62:3243–53. https​://doi.org/10.1007/s1062​0-017-4776-7.

	3.	 Wong CR, Nguyen MH, Lim JK. Hepatocellular carcinoma in patients with 
non-alcoholic fatty liver disease. World J Gastroenterol. 2016;22:8294–303. 
https​://doi.org/10.3748/wjg.v22.i37.8294.

	4.	 Zhang L and Wang CC. Inflammatory response of macrophages in infec-
tion. Hepatobiliary & pancreatic diseases international: HBPD INT 2014; 13: 
138-152. 2014/04/02. https​://doi.org/10.1016/s1499​-3872(14)60024​-2.

	5.	 Rhee I. Diverse macrophages polarization in tumor microenvironment. 
Arch Pharmacal Res. 2016;39:1588–96. https​://doi.org/10.1007/s1227​
2-016-0820-y.

	6.	 Shapouri-Moghaddam A, Mohammadian S, Vazini H, et al. Macrophage 
plasticity, polarization, and function in health and disease. J Cell Physiol. 
2018;233:6425–40. https​://doi.org/10.1002/jcp.26429​.

	7.	 Alves AM, Diel LF, Lamers ML. Macrophages and prognosis of oral 
squamous cell carcinoma: A systematic review. J Oral Pathol Med. 
2018;47:460–7. https​://doi.org/10.1111/jop.12643​.

	8.	 Gul N, Babes L, Siegmund K, et al. Macrophages eliminate circulat-
ing tumor cells after monoclonal antibody therapy. J Clin Invest. 
2014;124:812–23. https​://doi.org/10.1172/jci66​776.

	9.	 Li XY, Wu L, Li SW, et al. Effect of CD16a, the surface receptor of Kupffer 
cells, on the growth of hepatocellular carcinoma cells. Int J Mol Med. 
2016;37:1465–74. https​://doi.org/10.3892/ijmm.2016.2561.

	10.	 Wang B, Li X, Hu W, et al. Silencing of lncRNA SNHG20 delays the progres-
sion of nonalcoholic fatty liver disease to hepatocellular carcinoma via 
regulating liver Kupffer cells polarization. IUBMB Life. 2019;71:1952–61. 
https​://doi.org/10.1002/iub.2137.

	11.	 Wang YG, Wang T, Shi M, et al. Long noncoding RNA EPB41L4A-AS2 inhib-
its hepatocellular carcinoma development by sponging miR-301a-5p 
and targeting FOXL1. J Exp Clin Cancer Res. 2019;38:153. https​://doi.
org/10.1186/s1304​6-019-1128-9.

	12.	 Qi H, Lu Y, Lv J, et al. The long noncoding RNA lncPARP1 contributes to 
progression of hepatocellular carcinoma through up-regulation of PARP1. 
Biosci Rep. 2018. https​://doi.org/10.1042/bsr20​18070​3.

	13.	 Yu X, Tang W, Yang Y, et al. Long noncoding RNA NKILA enhances the 
anti-cancer effects of baicalein in hepatocellular carcinoma via the regu-
lation of NF-kappaB signaling. Chemico Biological Interact. 2018;285:48–
58. https​://doi.org/10.1016/j.cbi.2018.02.027.

	14.	 Sun C, Liu X, Yi Z, et al. Genome-wide analysis of long noncoding RNA 
expression profiles in patients with non-alcoholic fatty liver disease. 
IUBMB Life. 2015;67:847–52. https​://doi.org/10.1002/iub.1442.

	15.	 Guo J, Zhou Y, Cheng Y, et al. Metformin-Induced changes of the coding 
transcriptome and non-coding RNAs in the livers of non-alcoholic fatty 
liver disease mice. Cell Physiol Biochem. 2018;45:1487–505. https​://doi.
org/10.1159/00048​7575.

	16.	 Liu F, Yuan JH, Huang JF, et al. Long noncoding RNA FTX inhibits hepa-
tocellular carcinoma proliferation and metastasis by binding MCM2 
and miR-374a. Oncogene. 2016;35:5422–34. https​://doi.org/10.1038/
onc.2016.80.

	17.	 Tian Y, Yang B, Qiu W, et al. ER-residential Nogo-B accelerates NAFLD-asso-
ciated HCC mediated by metabolic reprogramming of oxLDL lipophagy. 
Nat Commun. 2019;10:3391. https​://doi.org/10.1038/s4146​7-019-11274​
-x.

	18.	 Gaddam RR, Fraser R, Badiei A, et al. Differential effects of kupffer cell 
inactivation on inflammation and the liver sieve following caecal-ligation 
and puncture-induced sepsis in mice. Shock. 2017;47:480–90. https​://doi.
org/10.1097/shk.00000​00000​00075​5.

	19.	 Grandhi MS, Kim AK, Ronnekleiv-Kelly SM, et al. Hepatocellular carcinoma: 
from diagnosis to treatment. Surgical Oncol. 2016;25:74–85. https​://doi.
org/10.1016/j.suron​c.2016.03.002.

	20.	 Huang TD, Behary J, Zekry A. Non-alcoholic fatty liver disease (NAFLD): a 
review of epidemiology, risk factors, diagnosis and management. Internal 
Med J. 2019. https​://doi.org/10.1111/imj.14709​.

	21.	 Guo Z, Zhang J, Fan L, et al. Long noncoding RNA (lncRNA) small nucleo-
lar RNA host gene 16 (SNHG16) predicts poor prognosis and sorafenib 

https://doi.org/10.1002/cncr.31373
https://doi.org/10.1002/cncr.31373
https://doi.org/10.1007/s10620-017-4776-7
https://doi.org/10.3748/wjg.v22.i37.8294
https://doi.org/10.1016/s1499-3872(14)60024-2
https://doi.org/10.1007/s12272-016-0820-y
https://doi.org/10.1007/s12272-016-0820-y
https://doi.org/10.1002/jcp.26429
https://doi.org/10.1111/jop.12643
https://doi.org/10.1172/jci66776
https://doi.org/10.3892/ijmm.2016.2561
https://doi.org/10.1002/iub.2137
https://doi.org/10.1186/s13046-019-1128-9
https://doi.org/10.1186/s13046-019-1128-9
https://doi.org/10.1042/bsr20180703
https://doi.org/10.1016/j.cbi.2018.02.027
https://doi.org/10.1002/iub.1442
https://doi.org/10.1159/000487575
https://doi.org/10.1159/000487575
https://doi.org/10.1038/onc.2016.80
https://doi.org/10.1038/onc.2016.80
https://doi.org/10.1038/s41467-019-11274-x
https://doi.org/10.1038/s41467-019-11274-x
https://doi.org/10.1097/shk.0000000000000755
https://doi.org/10.1097/shk.0000000000000755
https://doi.org/10.1016/j.suronc.2016.03.002
https://doi.org/10.1016/j.suronc.2016.03.002
https://doi.org/10.1111/imj.14709


Page 11 of 11Wu et al. Cancer Cell Int          (2020) 20:266 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

resistance in hepatocellular carcinoma. Med Sci Monitor. 2019;25:2079–
86. https​://doi.org/10.12659​/msm.91554​1.

	22.	 Zhao X, Liu Y, Yu S. Long noncoding RNA AWPPH promotes hepatocellu-
lar carcinoma progression through YBX1 and serves as a prognostic bio-
marker. Biochimica et Biophysica Acta Mol Basis Dis. 2017;1863:1805–16. 
https​://doi.org/10.1016/j.bbadi​s.2017.04.014.

	23.	 Wang X. Down-regulation of lncRNA-NEAT1 alleviated the non-alcoholic 
fatty liver disease via mTOR/S6K1 signaling pathway. J Cell Biochem. 
2018;119:1567–74. https​://doi.org/10.1002/jcb.26317​.

	24.	 Dixon LJ, Barnes M, Tang H, et al. Kupffer cells in the liver. Compr Physiol. 
2013;3:785–97. https​://doi.org/10.1002/cphy.c1200​26.

	25.	 Luo W, Xu Q, Wang Q, et al. Effect of modulation of PPAR-gamma activity 
on Kupffer cells M1/M2 polarization in the development of non-alcoholic 
fatty liver disease. Scientific Rep. 2017;7:44612. https​://doi.org/10.1038/
srep4​4612.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.12659/msm.915541
https://doi.org/10.1016/j.bbadis.2017.04.014
https://doi.org/10.1002/jcb.26317
https://doi.org/10.1002/cphy.c120026
https://doi.org/10.1038/srep44612
https://doi.org/10.1038/srep44612

	LncRNA FTX represses the progression of non-alcoholic fatty liver disease to hepatocellular carcinoma via regulating the M1M2 polarization of Kupffer cells
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Clinical samples
	NAFLD model
	NAFLD-HCC model
	Cell culture and treatment
	Quantitative RT-PCR (qRT-PCR) assay
	Immunohistochemistry assay
	Flow cytometry assay
	H&E staining assay
	Detect the levels of ALT and AST
	Immunofluorescence assay
	ELISA assay
	Data analysis

	Results
	FTX expression and M1M2 KCs ratio were decreased in NAFLD-HCC
	FTX expression and M1M2 KCs ratio were decreased during NAFLD conversion to HCC
	FTX repressed the progression of NAFLD to HCC
	Decreasing of FTX promoted M2 polarization of KCs

	Discussion
	Conclusion
	Acknowledgements
	References




