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Background: The development and metastasis of cancer cells are regulated by tumor- 
associated macrophages (TAMs) present in the surrounding tumor microenvironment. RIG- 
I is a key pathogen recognition receptor against RNA viruses that regulates innate immunity 
in cancer progression. Till now, the mechanism of RIG-I regulation of the polarization of 
TAMs in the progression of hepatocellular carcinoma (HCC) has not been understood.
Materials and Methods: Levels of RIG-I and the key proteins in the NF-κB pathway in 
HCC and paired paracancerous tissues were detected by Western blotting. The transfection 
efficiency of RIG-I was observed by fluorescence microscopy. The M1 and M2 markers were 
detected by real-time polymerase chain reaction and FACS assays. Apoptosis of RIG-I 
lentivirus-infected HCC cells was detected by flow cytometry assay. Death of Hepa1-6 and 
H22 cells was analyzed by lactate dehydrogenase releasing assay.
Results: The level of RIG-I was decreased in HCC tissues as compared to that in the paired 
paracancerous tissues. Overexpression of RIG-I in mouse peritoneal macrophages increased 
the expression of the biomarkers CD16/32 and CD11c associated with M1 macrophages. The 
relative levels of IL-1β, TNF-α, IL-6, and iNOS were significantly increased in RIG-I 
lentivirus-infected macrophages, whereas the levels of Arg-1 and IL-10 were not signifi-
cantly different in RIG-I-overexpressed peritoneal macrophages. Moreover, overexpression 
of RIG-I in peritoneal macrophages promoted apoptosis of Hepa1-6 and H22 cells. 
Furthermore, overexpression of RIG-I increased the levels of phosphorylated p65 and 
p-IκB and decreased the level of IκB in peritoneal macrophages. Importantly, the expression 
of MAVS and TRAF2 was significantly increased in RIG-I lentivirus-infected macrophages.
Conclusion: Our results demonstrate that overexpression of RIG-I promoted apoptosis and 
death of HCC cells. Moreover, RIG-I promoted the polarization of M1 through the RIG-I/ 
MAVS/TRAF2/NF-κB pathway in mice peritoneal macrophages, suggesting that RIG-I may 
be a novel target in the immunotherapy of HCC.
Keywords: RIG-I, M1 macrophages, hepatocellular carcinoma, cell apoptosis, NF-κB 
pathway

Introduction
Primary liver carcinoma is a common malignant tumor in China.1 Surgery is the 
main treatment method followed by comprehensive treatment, in combination with 
chemotherapy, radiotherapy, and immunotherapy.2 However, liver carcinoma is 
often diagnosed in the late stage, when radical surgery is not an option. Thus, 
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chemotherapy is an important adjuvant treatment for liver 
cancer. Although liver cancer cells are sensitive to che-
motherapeutic drugs, they are prone to multidrug resis-
tance (MDR), which is a recurrent problem in the 
treatment of liver cancer.3 Despite several advances made 
in the treatment of these tumors, the frequent recurrence 
and distant metastases make the development of new 
therapies urgent and necessary.4

The occurrence and tumorigenesis of liver carcinoma is 
a complex and variable process. The clinical progress of 
immunotherapy has been extremely rapid.5 There are now 
many kinds of immunological checkpoint inhibitor drugs 
being used.6,7 Tumor microenvironment refers to the inter-
nal environment created in cancer nest tissues during the 
tumor progression. In the tumor microenvironment, there 
are various cell types including tumor cells themselves, 
mesenchymal cells, tumor-related immune cells, tumor 
microvessels, tumor stromal cells, together with tissue 
fluid, cytokines, etc.8 Macrophages are important immune 
cells that present high plasticity and heterogeneity and can 
transform into different polarization states under different 
microenvironments. M1 and M2 macrophages are the two 
main activated macrophages.9 The M1 phenotype is char-
acterized by high levels of cluster of differentiation (CD) 
86, CD16/32, and CD11c.9 Moreover, some proinflamma-
tory factors such as interleukin (IL)-6, IL-1β, and tumor 
necrosis factor (TNF)-α are also highly expressed in M1 
macrophages. M1 macrophages are typically activated by 
interferon (IFN)-γ and lipopolysaccharide (LPS), an indu-
cer of exogenous TNF or a product of bacteria. The 
activated M2 macrophages normally secret IL-10 and 
CD206, among others. The regulation of the differentia-
tion of tumor-associated macrophages in the tumor micro-
environment is important for antitumor immunity.10 Thus, 
it is urgent and meaningful to find the effective agents 
participating in the polarization of macrophages during 
cancer progression.

Retinoic acid-inducible gene I (RIG-I)-like receptors 
(RLRs) such as RIG-I, melanoma differentiation- 
associated protein 5 (MDA5), and lipophosphoglycan 
biosynthetic protein 2 (LGP2) are important pathogen 
recognition receptors involved in the defense against 
RNA viruses. RIG-I and MDA5 together promote M1 
macrophage polarization in vivo in response to West Nile 
virus infection.11 In the hepatoma cell line, LH86, RIG-I 
responds to hepatitis C virus by inducing IFN and apop-
tosis to activate innate immunity.12 It has been reported 
that the activation of RNA agonists of RIG-I greatly 

improves the effects of cancer immunotherapy.13 The acti-
vation of RIG-I in cancers without viral infection may be 
a better choice to induce immunogenic tumor cell death 
and increase cytotoxic activity of lymphocytes in tumor 
microenvironment.14 However, the role of RIG-I in cellu-
lar immunity and tumor microenvironment is still unclear. 
Thus, in the present study, we explored the role of RIG-I in 
the polarization of macrophages and its potential use in 
immunotherapy through targeting components of the 
tumor microenvironment of hepatocellular carci-
noma (HCC).

Materials and Methods
Clinical Specimens
Patients were recruited from the First Affiliated Hospital 
of Xinxiang Medical University. The institutional 
approval number for human studies is 2,016,024. 
A total of 12 patients were included in the study and 
appropriately informed. All the patients signed the rele-
vant consent contracts prior to the study. The research 
carried out on humans was in compliance with the 
Helsinki Declaration. The 12 HCC specimen samples 
were collected from June 2016 to September 2018. The 
median age of the patients was 59.3 years (range: 28–79 
years). None of the patients underwent anticancer treat-
ment before operation. Fresh tumor tissues were collected 
from the patients. The tumor specimens and noncancer-
ous tissues were quickly frozen at −80°C prior to Western 
blotting analysis and real-time polymerase chain reaction 
(PCR) assays.

Cell Lines and Reagents
The THP-1, L02, RAW 264.7, Hepa1-6, and H22 cells 
were purchased from ATCC and cultured in Dulbecco’s 
modified Eagle’s medium (DMEM; Hyclone Corporation, 
Logan, Utah, USA) containing 10% fetal bovine serum 
(FBS; Hyclone Corporation) at 37°C in a 5% CO2- 
containing atmosphere. Ddx58 (NM_172689) Mouse 
Tagged ORF Clone Lentiviral Particle (CAT＃: 
MR226477L4V) and Lenti ORF control particles of 
pLenti-C-mGFP-P2A-Puro (CAT＃: PS100093V) were 
purchased from Origene Corporation. Total RNA extrac-
tion kit (MK700) was purchased from TaKaRa corpora-
tion. The cDNA reverse transcription kit (6110) was 
obtained from TaKaRa. Lipofectamine 2000 (cat. no. 
11668–019) was obtained from Invitrogen.
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Isolation of Mouse Peritoneal 
Macrophages
The mice were sacrificed by cervical dislocation, and the 
abdominal skin was cut. Then, 5–10 mL of sterile phos-
phate-buffered saline (PBS) was injected into the upper 
part of the abdominal cavity with a syringe. The abdomen 
was massaged several times, and the PBS in the mouse 
abdomen was aspirated. The cells were collected by cen-
trifugation at 400 × g for 10 min and plated on a 6-cm 
plate in DMEM supplemented with 10% FBS. After an 
overnight incubation, the medium and the cells that were 
not adhered to the plate were aspirated, and the remaining 
cells were washed with PBS and replaced with the new 
DMEM containing 10% FBS and streptomycin double 
antibody. All cells were cultured at 37°C in a 5% CO2 

atmosphere.

Flow Cytometric Analysis
Annexin V-fluorescein isothiocyanate (FITC) staining was 
used to analyze the apoptosis of osteosarcoma cells, accord-
ing to previously published protocols.15 The purity and 
phenotype markers of peritoneal macrophages were ana-
lyzed by FACS with phycoerythrin (PE)-conjugated anti- 
F4/80, FITC-conjugated anti-CD11c, and PE-conjugated 
anti-mouse CD16/32 antibodies. The information of the 
antibodies used is as follows: PE-conjugated anti-F4/80 is 
a monoclonal antibody (BM8) and was purchased from 
eBioscience (cat. no. 12-4801-80). FITC-conjugated anti- 
CD11c is a monoclonal antibody (N418) and was purchased 
from eBioscience (cat. no. 11–0114-82). PE-conjugated anti- 
mouse CD16/32 antibody was purchased from BioLegend 
corporation (cat. no. 101307). Briefly, 1 × 106 Hepa1-6 or 
H22 cells were washed twice in cold PBS. The PE- 
conjugated or FITC-conjugated antibodies were added to 
a final concentration of 100 ng/mL each. The antibodies 
were incubated for 20 min at 4°C in the dark, prior to flow 
cytometry analysis (FACScan; Belgium).

RNA Preparation and RT-PCR
Total RNA isolation was performed with RNApure kit 
(Bioteke, China). Total RNA samples were retrotran-
scribed with MLV-reverse transcriptase (Invitrogen, 
USA). RNA specimens and corresponding cDNA samples 
were preserved at −80°C. Quantitative PCR was per-
formed using ABI Prism 7500 as follows: 40 cycles of 
95°C for 12 s and 58°C for 30 s. All PCR reactions were 

performed in triplicate. β-actin was used as the internal 
reference for normalization. Primers used were as follows:

RIG-I: 5ʹ-GCATATTGACTGGACGTGGCA-3ʹ and 5ʹ- 
CAGTCATGGCTGCAGTTCTGTC-3ʹ

β-actin: 5ʹ-AGAGGGAAATCGTGCGTGAC-3ʹ and 5ʹ- 
CAATAGTGATGACCTGGCCGT-3ʹ

IL-1β: 5ʹ-TCATTGTGGCTGTGGAGAAG-3ʹ and 5ʹ- 
AGGCCACAGGTATTTTGTCG-3ʹ

TNF-α: 5ʹ-CATCTTCTCAAAATTCGAGTGACAA-3ʹ 
and 5ʹ-TGGGAGTAGACAAGGTACAACCC-3ʹ

IL-6: 5ʹ-ATCCAGTTGCCTTCTTCTTGGGACTGA 
-3ʹ and 5ʹ-TAAGCCTCCGAC TTGTGAAGTGGT-3ʹ

iNOS: 5ʹ-CTGCAGCACTTGGATCAGGAACCTG-3ʹ 
and 5ʹ-GGAGTAGCCTGTGTGCACCTGGAA-3ʹ

Arg-1: 5ʹ-CAGAAGAATGGAAGAGTCAG-3ʹ and 5ʹ- 
CAGATATGCAGGGAGTCACC-3ʹ

IL-10: 5ʹ-GCTCTTACTGACTGGCATGAG-3ʹ and 5ʹ- 
CGCAGCT-CTAGGAGCATGTG-3ʹ

Western Blotting
Cell lysates were prepared and separated by polyacryla-
mide gel electrophoresis (PAGE) as previously 
described.16–18 The antibodies used are as follows: anti- 
RIG-I/DDX58 antibody (cat. no. ab45428) is a rabbit 
polyclonal antibody tested in mouse, rat, and human, 
which was obtained from Abcam. Anti-MAVS antibody 
(cat. no. ab189109) is a rabbit polyclonal antibody and 
was purchased from Abcam. Anti-TRAF2 Homo sapiens 
TNF receptor-associated factor 2 (TRAF2) (cat. no. 
TA319201) is a rabbit polyclonal antibody and was pur-
chased from OriGene (Beijing, China), and the dilution 
was 1 μg/mL. Recombinant anti-TRAF3 antibody 
[EPR22992-93] (cat. no. ab239357) is a rabbit monoclonal 
antibody and was purchased from Abcam. Anti-Phospho- 
NF-kappaB p65 (Ser536) antibody (cat. no. 3031) was 
purchased from Cell Signaling technology. Anti-NFκB 
p65 antibody (F-6) (cat. no. sc-8008) is a mouse mono-
clonal immunoglobulin (Ig) G1 and was purchased from 
Santa Cruz Biotechnology, and the concentration was 200 
µg/mL. Recombinant anti-IKB alpha (phospho S36) anti-
body [EPR6235(2)] (cat. no. ab133462) is a rabbit mono-
clonal antibody and was purchased from Abcam. Anti-IκB 
-α antibody (cat. no. AI096) is a rabbit polyclonal anti-
body and was purchased from Beyotime, with a dilution of 
1:1000. Mouse monoclonal anti-β-actin antibody (Cat. No. 
TA310155) was obtained from OriGene. Goat anti-rabbit 
IgG-HRP (Cat. No. sc-2004) and goat anti-mouse 
IgG-HRP (sc-2005) were obtained from Santa Cruz. The 
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quantification of Western blotting was used Image 
J software.

Lactate Dehydrogenase (LDH) Assay
The peritoneal macrophages were obtained as indicated 
above. RIG-I lentivirus-infected macrophages or negative 
control lentivirus-infected macrophages were used as effec-
tor cells. Hepa1-6 or H22 cells were used as targeted cells. 
One hundred microliters of hepa1-6 or H22 cells (1 × 104 

cells per well) and 100 μL of effector cells at the effector: 
target ratio of 5:1, 10:1 or 20:1 were incubated for 24 h in 
Roswell Park Memorial Institute 1640 medium containing 
2% FCS. Twenty-four hours later, the cells were centrifu-
gated at 400 × g for 10 min, 100 μL of the supernatant was 
transferred to 96-well flat-bottom plates, and lysis of target 
cells was determined by measuring LDH release with a kit 
(KeyGentec Company, Nanjing, China). The experiments 
were performed in triplicate and repeated twice.

Mice Group and Tumor Challenge
Male 6–8-week old C57BL/6 mice were cultured in micro- 
isolator cages. They were handled under aseptic conditions 
following the approved protocol of the Institutional Animal 
Care and Use Committee (IACUC) of Xinxiang Medical 
University. The mice were randomly assigned to three 
groups. Each group contained eight mice. The mice in each 
group were intraperitoneally (i.p.) inoculated with H22 (1 × 
106 cells) suspended in 200 μL PBS. Two days later, the mice 
in each group were intraperitoneally (i.p.) inoculated with 5 × 
106 cells suspended in 200 μL PBS. All studies involving 
mice were approved by the Animal Study Committee. 
Survival following the tumor challenge was recorded.

Statistical Analysis
All data were analyzed using SPSS software. Student’s 
t-tests were used to evaluate statistical significance. 
Results are depicted as means ± standard deviation (SD). 
Values of p < 0.05 were defined as statistically significant.

Results
The Level of RIG-I is Decreased in 
Patients with Clinical HCC
To test the role of RIG-I in the progression of HCC, the 
expression level of RIG-I was detected by RT-PCR in 
a cohort of 12 clinical HCC specimens and their paired 
paracancerous tissues. As shown in Figure 1, the RT-PCR 
results showed that the levels of RIG-I at the mRNA level 

were significantly decreased in HCC tissues as compared 
to that in the paired paracancerous tissues (**p < 0.01). 
Additionally, Western blotting was performed to verify the 
results from RT-PCR assay. Among them, the levels of 
RIG-I at the protein level were detected in four pairs of 
HCC tissues and the paired paracancerous tissues. The 
results from Western blotting analysis were consistent 
with the data obtained by RT-PCR assay.

Overexpression of RIG-I by Lentivirus 
System Promotes M1 Polarization in vitro 
in Mouse Peritoneal Macrophages
Next, we investigated whether overexpression of RIG-I 
affected the polarization of M1 or M2 macrophages. 
Peritoneal macrophages were obtained from mice. As 
shown in Figure 2, the purity of isolated macrophages was 
tested by FACS assay, and the cell rate with F4/80 marker 
was 94.36%. Then, the macrophages were infected with 
RIG-I lentivirus or negative control lentivirus for 48 hours. 
The transfection efficiency was observed by fluorescence 
microscopy at 400 X magnification. The biomarkers of M1 
macrophages, CD16/32 and CD11c, were also tested by 
FACS assay, and the positive rate of both markers was 
81.76% in RIG-I overexpressed macrophages (Figure 2C). 
These data suggest that overexpression of RIG-I by lentivirus 
increased the abundance of M1 macrophages.

Furthermore, the relative expression of M1 markers 
such as IL-1β, TNF-α, IL-6, and inducible nitric oxide 
synthase (iNOS) was significantly increased in RIG-I len-
tivirus-infected peritoneal macrophages as compared to 
that of negative control lentivirus-infected macrophages 
(**p < 0.01). Additionally, the expression of M2 markers 
such as Arg-1 and IL-10 was not significantly different in 
RIG-I lentivirus-infected peritoneal macrophages as 
compared to that of the negative control (Figure 3). The 
above-mentioned data show that overexpression of RIG-I 
promoted polarization of M1 macrophages.

Overexpression of RIG-I in Peritoneal 
Macrophages Promotes Apoptosis and 
Death of Human and Mouse Liver Cancer 
Cells
To test whether overexpression of RIG-I affects the apop-
tosis of liver cancer cells, Annexin V-FITC/PI staining was 
analyzed by FACS. The mouse liver hepatoma Hepa1-6 
cells, from the mice peritoneal macrophages infected with 
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RIG-I lentivirus or negative control lentivirus for 48 hours, 
were cultured in conditioned medium. As shown in Figure 
4, the apoptosis rate was significantly increased in the 
Hepa1-6 cells treated with the conditioned medium from 
RIG-I overexpressing macrophages compared with that of 
negative control lentivirus-infected peritoneal macro-
phages. This was consistent in the mouse liver cancer 
cell H22. The apoptotic rate of H22 cells was up to 
32.71% with the conditioned medium from RIG-I 

overexpressing macrophages, significantly higher than 
that with the conditioned medium from negative control 
lentivirus-infected macrophages, which was 12.86% 
(**p < 0.01). Moreover, the apoptosis of SMMC7721 
and HepG2 cells with the conditioned medium from 
RIG-I lentivirus-infected macrophages were significantly 
higher than that of the cells with the conditioned medium 
from negative control lentivirus-infected THP-1-derived 
macrophages (**p < 0.01). These results demonstrate 

Figure 1 The level of RIG-I is decreased in human clinical hepatic carcinoma (HCC) patients. (A) Twelve pairs of HCC specimens and its paired paracancerous specimens 
were collected. The levels of RIG-I were detected by Western blotting analysis. (C) control tissues referred to the paracancerous tissues; (T) tumor tissues, that is the HCC 
specimens. (B) The levels of RIG-I in noncancerous tissues and HCC tissues were shown in scatter-plot. Beta-actin was used as internal reference gene. **p<0.01, compared 
with noncancerous tissues. (C) RT-PCR assay. The relative mRNA level of RIG-I was shown in scatter-plot in a cohort of 12 HCC specimens and its paired noncancerous 
tissues. **p<0.01, compared with noncancerous tissues.
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that the apoptosis rate of liver hepatoma cells was 
obviously increased by conditioned medium generated 
from RIG-I lentivirus-infected macrophages.

Additionally, cell death was also tested by measuring 
LDH release into the culture medium of the damaged HCC 

mice cells by LDH assay. As shown in Figure 5, the levels of 
LDH were significantly higher in Hepa1-6 and H22 cells 
cultured with the conditioned medium from RIG-I overex-
pressing macrophages than that from negative control lenti-
virus-infected macrophages (**p < 0.01). Consistently, in 

Figure 2 Overexpression of RIG-I by lentivirus system in mouse peritoneal macrophage promoted M1 polarization in vitro. (A) Identification of the purity of isolated 
peritoneal macrophages in mice by FACS. (B) The mouse peritoneal macrophages were collected and transfected with RIG-I lentivirus for 72h. The transfection efficiency of 
RIG-I was observed by fluorescence microscope ×400. (C) FACS assay was used to evaluate expression of the biomarker CD16/32 and CD11c associated with M1.

Figure 3 Peritoneal macrophages in mice were infected with RIG-I lentivirus or negative control lentivirus and were subsequently treated with 100ng/mL LPS and 20ng/mL 
IFN-γ for 24 hours. Real-time PCR assay was performed to test the relative level of IL-1β, TNF-α, IL-6, iNOS, Arg-1 and IL-10 in peritoneal macrophages. **p<0.01, 
compared with control lentivirus-transfected cells.
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human liver cancer cells SMMC7721 and HepG2, the group 
with the conditioned medium from RIG-I lentivirus-infected 
macrophages had higher levels of LDH than that of negative 
control lentivirus-infected macrophages (**p < 0.01). All the 
data suggest that overexpression of RIG-I in macrophages 
promoted death of mice HCC cells such as Hepa1-6 and H22 
cells and human HCC cells such as SMMC7721 and HepG2 
cells by promoting the polarization of M1 macrophages.

Overexpression of RIG-I in Human 
THP1-Induced Macrophages has No 
Effect on Cell Death of Normal 
Hepatocytes
Furthermore, we wanted to investigate whether overexpres-
sion of RIG-I in macrophages affects cell death of normal 
hepatocytes by analyzing PI staining with FACS assay. Here, 

Figure 4 Overexpression of RIG-I in mouse and human macrophages promoted cell apoptosis of the corresponding liver cancer cells. (A) Hepa1-6 cells were cultured with 
conditioned medium from peritoneal macrophages infected with RIG-I lentivirus or negative control lentivirus. After 48 hours, FACS assay was performed to test the cell 
apoptosis of Hepa1-6 cells with Annexin V-FITC/PI staining method. (B) The apoptosis rate of Hepa1-6 cells cultured with conditioned medium was shown in histogram. 
**p<0.01, between the groups with conditioned medium from peritoneal macrophages infected with RIG-I lentivirus or negative control lentivirus. (C) The apoptosis rate of 
H22 cells was shown in histogram. **p<0.01, between the groups with conditioned medium from peritoneal macrophages infected with RIG-I lentivirus or negative control 
lentivirus. (D) The apoptosis rate of SMMC7721 cells cultured with conditioned medium was shown in histogram. **p<0.01, between the groups with conditioned medium 
from THP-1 derived macrophages infected with RIG-I lentivirus or negative control lentivirus. (E) The apoptosis rate of HepG2 cells was shown in histogram. **p<0.01, 
between the groups with conditioned medium from THP-1 derived macrophages infected with RIG-I lentivirus or negative control lentivirus.
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we used the conditioned medium from RIG-I lentivirus- 
infected THP-1-derived macrophages or control lentivirus- 
infected THP-1-derived macrophages to culture the normal 
human hepatocytes L02 cells. As shown in Figure 6, there was 
no significant difference between the cell death rates of RIG-I 
lentivirus-infected macrophages (5.73%) and control lenti-
virus-infected macrophages (3.96%). The results show that 
over-expression of RIG-I in human THP1-induced macro-
phages has no effect on cell death of normal hepatocytes.

Overexpression of RIG-I Activates NF-κB 
Pathway in Macrophages
It was reported that the activation of NF-κB signaling pathway 
contributes to the polarization of M1 macrophages. Here, we 

explored the relationship between RIG-I overexpression and 
NF-κB pathway in peritoneal macrophages. As shown in 
Figure 7, phosphorylation of p65 and IκB was obviously 
upregulated in RIG-I overexpressing macrophages as com-
pared to that of vector-transfected macrophages. Moreover, 
the level of IκB was significantly decreased in RIG-I lenti-
virus-infected peritoneal macrophages after LPS and IFN-γ 
treatment. This suggests that overexpression of RIG-I acti-
vated the NF-κB signaling pathway in peritoneal 
macrophages.

As shown in Figure 7, the NF-κB and RIGI/MAVS sig-
naling pathways were activated in peritoneal macrophages 
after LPS and IFN-γ treatment, confirming the previous 
result. Specifically, the peritoneal macrophages were treated 

Figure 5 RIG-I promotes cell death of Hepa1-6, H22, SMMC7721 and HepG2 cells. The peritoneal macrophages were infected with RIG-I lentivirus or negative control 
lentivirus for 48 hours. LDH release assays were performed with the RIG-I lentivirus-infected macrophages or negative control lentivirus-infected macrophages as effector 
cells and Hepa1-6 cells (A), H22 cells (B), SMMC7721 (C) and HepG2 (D) as target cells. The effector-to-target cells ratios were 5:1, 10:1 and 20:1. The experiments were 
performed in triplicate and repeated twice.

Figure 6 Over-expression of RIG-I in human THP1-induced macrophages has no effects on cell death in normal hepatocytes. The conditioned medium from RIG-I lentivirus- 
infected THP-1-derived macrophages or control lentivirus-infected THP-1-derived macrophages to culture the normal human hepatocytes L02 cells. Cell death of RIG-I 
lentivirus-infected macrophages, control lentivirus-infected macrophages and untreated control L02 cells were tested by FACS assay with PI staining.
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with LPS in combination with IFN-γ for 24 hours. MAVS and 
TRAF2 were highly expressed in RIG-I lentivirus-infected 
macrophages. However, the expression of TRAF3 was not 
obviously different in RIG-I lentivirus-infected macrophages. 
The above-mentioned findings reveal that RIG-I activated the 
NF-κB signaling pathway by RIG-I/MAVS/TRAF2 pathway.

RIG-I-Induced M1 Suppresses in vivo 
Tumor Growth
Furthermore, to detect in vivo antitumor effects of RIG- 
I-induced M1 macrophages, H22 liver cancer cells were 
inoculated into C57BL/6 mice. The mice were randomly 
divided into three groups and intraperitoneally injected 
with 1 × 106 H22 cells in PBS buffer. Two days later, 
RIG-I-transfected RAW 264.7 cells and control vector- 
transfected RAW 264.7 cells were intraperitoneally inocu-
lated into each group of mice. Then, the mice were kept and 
cultured to observe the formation of ascites in each group. 
As shown in Figure 8, RIG-I-transfected RAW 264.7 cells 
inhibited the ascites formed by H22 cells as compared to that 
of the control group. The survival proportion of RIG- 
I-transfected RAW 264.7 group was significantly higher 
than that of vector-transfected RAW 264.7 and PBS groups.

Discussion
Due to the high plasticity of macrophages, the cells can 
change from one polarization state to another under different 
microenvironments and transcription factors.19,20 Several 
reports show that RIG-I mediates antiviral responses in the 
innate immune system, but recent studies found that RIG-I is 
also activated in the absence of viral infection. The antitumor 
effects of RIG-I were reported in several human cancers such 
as pancreatic cancer,21 gastric cancer,22 colorectal cancer,23 

glioblastoma,24 prostate cancer,25 etc., and also applied in 
cancer therapy.13,14,26 The present study mainly focused on 
the effects of RIG-I on M1 macrophage differentiation and its 
antitumor effects in HCC cells.

First, we found a decrease in expression levels of RIG-I in 
10 of a cohort of 12 (83.3%) clinical HCC specimens com-
pared with that of its paired paracancerous tissues both by RT- 
PCR and Western blotting. Our results show that RIG-I served 
as a tumor suppressor in the progression of HCC. Activation of 
RIG-I related pathways by radiation or chemotherapy was 
proved to generate a favorable outcome in patients with 
cancer.27

Next, we explored the effects of RIG-I in tumor micro-
environment for therapeutic cancer treatment. Macrophages 

Figure 7 Overexpression of RIG-I activates NF-κB pathway in macrophages. (A) Peritoneal macrophages were infected with RIG-I lentivirus or negative control lentivirus 
and subsequently treated with 100 ng/mL LPS and 20 ng/mL IFN-γ for 24 hours. The levels of RIG-I, MAVS, TRAF2, TRAF3, p65 and IκBα were detected by Western blotting, 
as well as the phosphorylated p65 and IκBα. (B) The gray value of each band was analyzed with Image J software. The expression of RIG-I, MAVS, TRAF2, TRAF3, p65 and 
IκBα were shown in histogram. **p<0.01, compared with control group.
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play a key role in many diseases including infection, cancer, 
autoimmunity, and atherosclerosis.28 Their main function is 
to protect against pathogens and mediate tissue repairing.29 

The plasticity of M1 and M2 macrophages allows these 
opposite polarity types to provide primary host protection 
and maintain tissue homeostasis.30 M1 macrophages are 
thought to produce proinflammatory cytokines and possess 
antimicrobial and tumor-killing activities. M2 macrophages 
are involved in immunosuppression, tumorigenesis, wound 
repair, and parasitic elimination.31 M1 macrophages are 
usually induced by microbial products and proinflammatory 
cytokines and toxic effector molecules such as IL-1β, IL-6, 

IL-12, TNF-α, nitric oxide (NO), reactive oxygen species 
(ROS), and especially IFN-γ, which kills intracellular patho-
gens including viruses, infected cells, or tumor cells. In 
addition to cellular responses, the complement cascade factor 
secreted by M1 macrophages and the expression of high 
levels of MHC class I and class II molecules enhance the 
adaptive immune response to tumor cells.32 Here, we found 
that the overexpression of RIG-I promoted the polarization of 
M1 macrophages in vitro. More importantly, the RIG-I 
induced M1 macrophages cocultured with HCC cells signifi-
cantly increased apoptosis and death of HCC cells from mice. 
The in vivo tumor-bearing assay also showed that RIG-I 

Figure 8 RIG-I induced M1 suppresses in vivo tumor growth. Male 6–8-week old C57BL/6 mice were treated as described in Material and Method. (A) After 3-week of 
inoculation, the representative mouse in each group was photographed. (B) Survival proportions in three groups were shown.
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transfected RAW 264.7 cells inhibited the ascites formed by 
H22 cells and enhanced the tumor-bearing survival time of 
mice as compared to that of the control group.

The NF-κB family signaling pathway plays a vital 
role in tumor progression and metastasis. Normally, the 
IκB inhibitory proteins bind to the NF-κB family and 
remain in the cell matrix, which is not activated.33 

When external stimuli activate the NF-κB pathway, 
IκB kinase (IKK) phosphorylates the IκB inhibitory 
protein of the NF-κB family, leading to its inactivation 
and dissociation into the nucleus of the NF-κB nuclear 
transcription factor.33,34 It has been shown that over-
expression of RIG-I activates NF-κB.35,36 Here, we 
further confirmed that the overexpression of RIG-I acti-
vates NF-κB pathway in macrophages through the RIG- 
I/MAVS/TRAF2 pathway.

In conclusion, overexpression of RIG-I promoted apop-
tosis and death of HCC cells, probably due to the polarization 
of M1 through the RIG-I/MAVS/TRAF2/NF-κB pathway in 
mice peritoneal macrophages, suggesting that RIG-I can 
have an important role in the immunotherapy of HCC.
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