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Down-Regulation of C3aR/C5aR Inhibits
Cell Proliferation and EMT in
Hepatocellular Carcinoma
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Abstract
Complement 3a (C3a) and complement 5a (C5a), small cleavage fragments generated by complement activation, has been
previously shown to be obviously up-regulated in highly metastatic hepatocellular carcinoma (HCC) cells. However, their
functional roles in HCC cells remains unclear. Here, we investigated the biological function of G protein-coupled receptor C3aR/
C5aR using small interference RNA in HCC cells. Our data showed that C3aR and C5aR knockdown significantly inhibited the
proliferation, migration and invasion of HCC cells using CCK-8, colony formation and transwell assays. Flow cytometry assay
showed C3aR and C5aR knockdown induced cell cycle G0/G1 phase arrest and apoptosis in HCC cells. Moreover, we found
down-regulation of C3aR/C5aR obviously down-regulated the expression of PCNA, Ki-67 and suppressed the epithelial-
mesenchymal transition (EMT) markers (E-cadherin, N-cadherin and vimentin) in HCC cells. Collectively, our data demon-
strated that targeting C3aR/C5aR may hold promise for the treatment of HCC.
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Introduction

Hepatocellular carcinoma (HCC), accounting for approxi-

mately 90% liver cancer, has been considered as the most

common leading cause of cancer-related mortality in the

world.1,2 It has been well established that some major factors,

including viral hepatitis, non-alcoholic steatohepatitis or

aflatoxin contribute to HCC progression.3,4 Despite feasible

treatment strategies, including surgical resection, liver trans-

plantation, and radiofrequency have been approved for HCC,

the overall prognosis of patients still remains unsatisfactory.5,6

Therefore, exploring the detailed mechanism underlying HCC

progression has become the key step to further improve the

survival rate of HCC.

The occurrence and development of tumor is a complex

process with unlimited cell proliferation, continuous formation

of new blood vessels, apoptosis avoidance, tissue invasion and

metastasis.7,8 In recent years, researchers have found the

important role of complement in tumor immune surveil-

lance.9,10 The complement system, which consists of numerous

plasma proteins, membrane-bound and circulating complement

regulators, and complement receptors, is part of the innate

immune system of the body.11 Complement 3a (C3a) and com-

plement 5a (C5a) are derived from the cleavage of complement

C3/C5 involved in anaphylatoxic reactions and inflammatory

responses via direct damage to the cell membrane or by indir-

ectly binding to the G protein-coupled receptor C3aR/C5aR on

the cell surface.12 Blockade of the C3aR/C5aR signaling in

nTreg cells led to more functional Treg cells, causing decreased

severity of autoimmune colitis and prolonged the survival time
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of allogeneic skin graft.13,14 Interestingly, Wang et al reported

that C3aR and C5aR could be targeted for cancer immunother-

apy by exerting as a new class of immune checkpoint recep-

tors.15 Moreover, the complement components and their

receptors C3aR/C5aR are found to be expressed in lung can-

cer.16,17 However, whether C3aR/C5aR participates in HCC

progression has not been reported until now.

In this study, we analyzed the level of C3aR/C5aR in HCC

tissues and cell lines. By performing loss-of-functionally

assays, we investigated the functional role of C3aR/C5aR in

HCC cells the underlying molecular mechanisms. Our findings

might provide insights into potential treatment strategies

for HCC.

Materials and Methods

Patients and Specimens

Paraffin-embedded tumor samples with matched paracarci-

noma tissues were collected from 21 HCC patients after histo-

logically and clinically diagnosis at General Hospital of

Ningxia Medical University between March 2016 and October

2017. None of these patients (age of mean 58.35 years, range

32–72 years; male/female: 15/6) had received radiotherapy or

chemotherapy. This study was approved by the Ethics Com-

mittee of General Hospital of Ningxia Medical University.

Immunohistochemistry

Paraffin-embedded specimens were made into 4-mm sections,

deparaffinized in xylene, and rehydrated through a series of

graded ethanol. Subsequently, the antigen was restored with

EDTA antigenic retrieval buffer (pH 8.0) in a microwave oven.

The tissue sections were blocked with 0.3% H2O2 for 15 min

and then incubated with primary antibodies against C3aR and

C5aR (Abcam, Cambridge, UK) overnight at 4�C, followed by

incubated with horseradish peroxidase-conjugated secondary

antibody for 1 h at room temperature. After incubated with

streptavidinhorse-radish peroxidase, reaction product was

developed with the DAB Kit (Boster Biological Technology,

Ltd., Wuhan, China).

Cell Culture and Transfection

High metastatic potential MHCC-97H and SK-HEP-1, and low

metastatic potential Huh7, as well as an immortalized hepato-

cyte cell line, LO2 were provided by American Type Culture

Collection (ATCC, Manassas, VA). All the above cells were

cultured in DMEM medium (Gibco, Grand Island, NY, USA)

with 10% fetal bovine serum (FBS) at 37�C in 5% CO2 humi-

dified atmosphere. The small interring RNA targeting C3aR

(si-C3aR), C5aR (si-C5aR) and negative control (si-NC) were

chemically synthesized by GenePharma (Shanghai, China). For

cell transfection, MHCC-97H cells were transfected with si-

C3aR, while SK-HEP-1 cells were transfected with si-C5aR for

48 h by using Lipofectamine 2000 (Thermo Fisher Scientific,

Waltham, MA, USA) following the manufacturer’s protocol.

Cell Counting Kit-8 (CCK-8) Assay

Cells were seeded onto 96-well plates at a density of 3 � 103

cells per well and cultured in DMEM medium for 24, 48, and

72 h, respectively. At each time point, cells were incubated

with 10 ml CCK-8 (Dojindo, Kumamoto, Japan) at 37�C for

2 h. Next, the optical density (OD) value of each well was

measured by a microplate reader at a wavelength of 450 nm.

Colony Formation Assay

Cells were plated onto 6-well plates at an initial density of 600

cells per well. After cultured for consecutive 2 weeks, formed

colonies were washed with ice-cold PBS and fixed with 4%
paraformaldehyde for 30 min. According to the instruction,

colonies were stained with 0.1% crystal violet and counted

under a light microscope.

Cell Cycle Analysis

Cells were seeded into 6 cm dishes at a density of 5 � 104 cells

per well and incubated for 48 h until reaching 80% cell con-

fluence. After trypsinization, cells were harvested and fixed

with pre-cold 75% ethanol for 24 h at 4�C. Next day, cells were

re-suspended in 100 mL RNaseA amd stained with propidium

iodide (PI) at 4�C for 30 min. The percentage of cells at G0/G1,

S and G2/M phase was analyzed using a flow cytometer (BD

Bioscience, San Jose, CA, USA).

Cell Apoptosis Analysis

Cells were seeded into 6 cm dishes at a density of 5 � 104 cells

per well. After 48 h, cells were collected, washed with PBS and

subjected to Annexin V/PI double staining according to the

instruction of Apoptosis Assays Kit (BD Bioscience, USA).

The apoptosis of cells was determined by a flow cytometer

(BD Bioscience, USA).

Transwell Assays

Cell migration and invasion were assessed using a 24-well

transwell chamber (8 mm size, Corning, Beijing, China) pre-

coated without and with 50% Matrigel (BD Bioscience, USA).

In brief, transfected cells in serum-free medium were incubated

in the upper chamber, while 500 mL of 10% FBS was added to

the lower chamber. After 24 h incubation, migrated or invasive

cells to the lower chamber were fixed with 4% paraformalde-

hyde, stained with 0.5% crystal violet and counted in 5 random

fields under a microscope.

Western Blotting Assays

Protein samples were prepared from cells using RIPA buffer

(Beyotime, Shanghai, China) according to the manufacturer’s

instructions. Then, 30 mg protein per well was separated on

10% SDS-PAGE gels and transferred onto PVDF membrane

(Millipore, Bedford, MA, USA). The membranes were blocked
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with 5% nonfat milk and incubated with primary antibodies

against C3aR, C5aR, PCNA, Ki-67, E-cadherin, N-cadherin,

Vimentin and GAPDH at 4�C overnight. After washed with

PBS 3 times, the membranes were incubated with HRP-

labeled secondary at temperature for 2 h and protein bands

were visualized using ECL kit (Beyotime) with GAPDH as

an internal control.

Statistical Analysis

Statistical analysis was performed using SPSS 21.0 software.

Data were expressed as mean + SD from at least 3 independent

experiments. Significant differences were evaluated using

Student’s test or one-way ANOVA followed by Dunnett’s

multiple comparison. All differences were deemed significant

at p < 0.05.

Results

The Expression of C3aR and C5aR Was Up-Regulated
in HCC

To investigate the correlation between C3aR/C5aR and

HCC progression, immunohistochemistry analysis was per-

formed on a TMA comprising 21 HCC and matched paracar-

cinoma tissues. As shown in Figure 1A, obviously positive

Figure 1. Detection of protein expression of C3aR/C5aR in HCC. A, Representative images of immunohistochemistry (n ¼ 21) showing C3aR/

C5aR expression in the tumor (T) sample and the adjacent paracarcinoma (P) tissues derived from HCC patients. B, The protein expression of

C3aR/C5aR was measured using western blotting in HCC cell lines and LO2 cells.
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immunohistochemical staining of C3aR/C5aR were observed

in tumor tissues compared with paracarcinoma tissues, which

were all yellow brown, with all proteins mainly in cytoplasm,

and partially in the cell nucleus. In addition, we analyzed the

expression of C3aR/C5aR in HCC cell lines. The results

showed that C3aR/C5aR expression levels were obviously

increased in 3 HCC cell lines compared with LO2 cells, of

which MHCC-97H and SK-HEP-1 cells presented relative

higher C3aR and C5aR protein expression, respectively

(Figure 1B). These data support a key role for C3aR and

C5aR in the pathogenesis of HCC.

Down-Regulation of C3aR/C5aR Suppressed HCC Cell
Proliferation, Induced Cell Cycle Arrest and Apoptosis

According to the expression of C3aR/C5aR in HCC cells,

MHCC-97H and SK-HEP-1 cells were selected for performing

loss-of-functional assays. As demonstrated by western blotting,

si-C3aR transfection remarkably down-regulated C3aR protein

expression in MHCC-97H cells and si-C5aR transfection

remarkably down-regulated C5aR protein expression in SK-

HEP-1 cells (Figure 2A). The results from CCK-8 assay indi-

cated that knockdown of C3aR in MHCC-97H cells and C5aR

in SK-HEP-1 cells significantly attenuated cell proliferation

(Figure 2B). By performing colony formation assay, the

number of colonies was notably decreased after si-C3aR trans-

fection in MHCC-97H cells (Figure 2C) and also reduced after

si-C5aR transfection in SK-HEP-1 cells (Figure 2D). More-

over, flow cytometry with PI staining demonstrated that the

percentage of G0/G1 phase was significantly elevated, while

S phase and G2/M phase were accordingly reduced in si-C3aR-

transfected MHCC-97H cells (Figure 3A) and si-C5aR-

transfected SK-HEP-1 cells (Figure 3B) compared with

corresponding si-NC transfection, suggesting that C3aR/

C5aR critically promotes the G1/S phase transition in HCC

cells. Furthermore, either C3aR or C5aR knockdown dramati-

cally enhanced early, late and total apoptotic rate in MHCC-

97H (Figure 3C) and SK-HEP-1 cells (Figure 3D). These

results collectively supported the contention that C3aR/C5aR

facilitated HCC cell proliferation.

Down-Regulation of C3aR/C5aR Impaired Cell Migration
and Invasion Ability in HCC

In the transwell assay, the number of migrated (55.3 + 6.8 vs.

140.3 + 3.5) and invasive cells (45.7 + 6.0 vs. 98.7 + 4.0)

Figure 2. Down-regulation of C3aR/C5aR suppressed HCC cell proliferation. MHCC-97H and SK-HEP-1 cells were transfected with si-C3aR

and si-C5aR, respectively. A, The protein expression of C3aR/C5aR was detected in MHCC-97H and SK-HEP-1 cells using western blotting. B,

CCK-8 assay was conducted to determine cell proliferation in MHCC-97H and SK-HEP-1 cells. C-D, The colony formation was assessed in si-

C3aR-transfected MHCC-97H cells and si-C5aR-transfected SK-HEP-1 cells. Data were expressed as mean + SD. ***p < 0.001, compared

with si-NC.
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was significantly decreased in MHCC-97H cells after C3aR

knockdown compared with control groups (Figure 4A). Simi-

larly, C5aR knockdown dramatically inhibited cell invasion in

SK-HEP-1 cells, as reflected by decreased invasive cells in si-

C5aR group (90.7 + 4.7) compared with si-NC group (162.0

+ 6.0). Thus, knockdown of C3aR/C5aR suppressed tumor

cell migration and invasion in HCC cells (Figure 4B).

Down-Regulation of C3aR/C5aR Altered the Molecular
Expression Associated With Proliferation and EMT

To explore the mechanism underlying C3aR/C5aR regulating

HCC proliferation, migration and invasion, we analyzed

related gene expression levels using western blotting. As

shown in Figure 5A-B, the protein expression of PCNA and

Figure 3. Down-regulation of C3aR/C5aR induced cell cycle arrest and apoptosis in HCC cells. MHCC-97H and SK-HEP-1 cells were

transfected with si-C3aR and si-C5aR, respectively. A-B, The percentage of cells at G0/G1, S and G2/M phase was determined in

MHCC-97H and SK-HEP-1 cells using flow cytometry with PI staining. C-D, Apoptotic rate was determined in MHCC-97H and

SK-HEP-1 cells by flow cytometry with Annexin V/PI double staining. Data were expressed as mean + SD. *p < 0.05, **p < 0.01,

***p < 0.001, compared with si-NC.
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Ki-67, associated with cell proliferation was obviously

down-regulated after C3aR/C5aR knockdown in MHCC-

97H and SK-HEP-1 cells. The expression of the EMT

markers E-cadherin, N-cadherin and Vimentin was exam-

ined by western blotting. In accordance with decreased

migration and invasion, the expression of E-cadherin

(epithelial marker) was up-regulated and the expression

of N-cadherin and Vimentin (mesenchymal markers) was

down-regulated when C3aR/C5aR expression was

decreased in MHCC-97H (Figure 5A) and SK-HEP-1 cells

(Figure 5B).

Discussion

In this study, the expression of C3aR/C5aR was observed to be

significantly up-regulated in HCC tissues and cell lines. We

further demonstrated that knockdown of C3aR/C5aR remark-

ably suppressed cell proliferation, migration and invasion in

HCC cells. In lines with our data, Nabizadeh et al18 reported

that therapeutic inhibition of C3aR may therefore be an effec-

tive means to trigger an antitumor response in melanoma and

other cancers. C5a contributes to the immunosuppressive

microenvironment required for tumor growth.19 In addition,

blockade of C5a could restore antitumor immune responses,

inhibit tumor cell growth, and improve outcomes of patients

with lung cancer.20 In squamous carcinogenesis, therapeutic

inhibition of C5aR1 via the peptide antagonist PMX-53

improved efficacy of paclitaxel chemotherapy associated with

increased presence.21

The role of complement and its receptors in antitumor

immunity has been recently been reported by Wang et al.15

Related studies indicated that tumor complement levels are

Figure 4. Down-regulation of C3aR/C5aR impaired cell migration and invasion ability in HCC. MHCC-97H and SK-HEP-1 cells were

transfected with si-C3aR and si-C5aR, respectively. A, The migrated and invasive cells were determined in si-C3aR-transfected MHCC-97H

cells. B, The migrated and invasive cells were determined in si-C5aR-transfected SK-HEP-1 cells. Data were expressed as mean + SD.

**p < 0.01, ***p < 0.001, compared with si-NC.
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not only positively associated with tumor size, but also

correlated with poor outcome in different tumors.10,22 The

complement could inhibit the antitumor immunity through

activation of myeloid-derived suppressor cells (MDSCs)

recruitment into the tumor microenvironment (TME)23,24

or inhibition of dendritic cells (DCs)/NK cell activation.25

There results suggested that C3aR/C5aR might be an onco-

gene in HCC progression.

EMT frequently occurs in the initiation of tumor invasion,

which is a crucial first step in the development of tumor metas-

tasis.26 Here, we further demonstrated that the expression of

epithelial marker E-cadherin was increased, while the expres-

sion of mesenchymal markers (N-cadherin and Vimentin) was

decreased under C3aR/C5aR knockdown. Consistently, the

exosomes from high-metastatic MHCC97H cells could pro-

mote HCC cell migration via stimulating the EMT process.27

In addition, the interaction of C5a/C5aR1 plays a positive role

in the migratory ability of muscle-derived satellite cells

(MDSCs) into tumor cells and the suppressive ability of

tumor-associated MDSCs.23 These facts indicated that C3aR/

C5aR promoted HCC cell migration and invasion by regulating

EMT markers.

In summary, our present study showed inhibition of C3aR/

C5aR could attenuate cell proliferation, invasion and EMT in

HCC cells. Therefore, C3aR/C5aR might be a potential target

in overcoming therapy for HCC in the future.
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