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Abstract 
RAC1 is a small-molecule G protein that regulates multiple cell cycle, cytoskelet-
al reorganization, cell migration, and apoptosis. FADD-dependent TRAIL can 
promote tumor metastasis through RAC1 and PI3K, and down-regulating RAC1 
expression can reduce FasL-induced apoptosis. In addition, RIP1 bound to GTP 
acts as an activating protein for RAC1 and is involved in cytoskeletal reorganiza-
tion. TRAF6 promotes migration and metastasis by regulating the RAS pathway 
in tumors. Thus, it is necessary to understand the interaction between RAC1 and 
TRAF6 as well as FADD and RIP1. In this study, we cultured hepatoma 
SK-Hep1 cells in vitro, specifically blocked the necroptosis pathway with Nec-1, 
and silenced FADD, RIP1 and TRAF6 gene expression using RNAi technology. 
At the same time, the expression of RAC1 was evaluated separately using 
RT-PCR and Western blot. The hepatoma SK-Hep1 cells survival rate was high-
est when the concentration of Nec-1 was 60 μM and the concentration of 
Z-vad-fmk was 20 μM. And the apoptosis rate of the transfected RAC1 siRNA 
cells was 3.59% compared with transfected siRNA cells 10.01% which was sig-
nificantly decreased (P < 0.01). RAC1 could promote the occurrence of apopto-
sis in SK-Hep1 cells. RAC1 expression was suppressed in both protein and gene 
level in SK-Hep1 cells when the TRAF6 gene was silenced, but there was no sig-
nificant change in RAC1 gene and protein expression when FADD and RIP1 
genes were silenced. TRAF6 affects RAC1 expression and apoptosis in SK-Hep1 
cells, while the FADD and RIP1 genes do not affect the role of RAC1. The 
TRAF6 gene is an important target in liver cancer cells. 
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1. Introduction 

Hepatocellular carcinoma (HCC) is the fifth most frequent malignancy in the 
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world [1]. With a mortality rate of about one million per year, it ranks as the 
third leading cause of cancer deaths worldwide [2]. Several main environmental 
factors are considered to contribute to HCC, such as long-time exposure to afla-
toxin B1, hepatitis B and C viral infections, and alcohol abuse [3] [4] [5]. Despite 
great progress made in HCC diagnosis and therapy, there remain limitations in 
early detection, and advanced-stage patients, when diagnosed, generally face 
dismal prognosis and a high incidence of recurrence [6] [7]. 

Ras-associated C3 botulinum substrate 1 (RAC1) has long been recognized as 
an important regulatory protein for different physiological and disease processes 
[8]. Rac1 represents an attractive and innovative target for many types of cancers 
[9]. Rac1 can mediate the activation of several oncogenic pathways, including 
NF-κB, PI3K/Akt, AMPK, and ERK [10] [11] [12]. RAC1 regulates multiple cell 
cycle, cytoskeletal reorganization, cell migration, and apoptosis [13]. TRAF6 is 
involved in a variety of physiological processes, including congenital immunity, 
adaptive immunity, and inflammation [14]. The current assumed signaling cas-
cade from RANK to ROS production is RANK, TRAF6, Rac1, and then NOX 
[15]. As for the role of TRAF6 in cancer invasion and metastasis, a study on 
esophageal squamous cell carcinoma revealed that TRAF6 promoted migration 
and metastasis by regulating the RAS pathway [16]. RIP1 is a crucial molecule 
for signaling NF-κB, MAPKs, and ROS etc. [17] [18]. It is a kinase with diverse 
and context-specific roles in inflammation, cell survival, and cell death [17] [19]. 
RIP1 functions at the crossroads of the cell’s decision to live or die upon exposure 
to several stress signals such as cytokines, pathogen infections, and genotoxic stress. 
FADD-dependent TRAIL can promote tumor metastasis through RAC1 and PI3K, 
and down-regulating RAC1 expression can reduce FasL-induced apoptosis [20]. 
In addition, RIP1 bound to GTP acts as an activating protein for RAC1 and is 
involved in cytoskeletal reorganization [21]. 

In this study, we carry out experiments related to SK-Hep1 hepatoma cells in 
vitro to clarify the effect of RAC1 on apoptosis, and the relationship between 
RAC1 and TRAF6, as well as FADD and RIP1, in hepatoma cells. 

2. Materials and Methods 

Cell lines and main reagents. The human hepatoma cell line SK-Hep1 was pur-
chased from the cell bank of the Chinese Academy of Sciences. Necrostatin-1 
(Nec-1) was purchased from Sigma (USA). FADD siRNA, RIP1 siRNA, and 
TRAF6 siRNA were purchased from Shanghai Gemma Pharmaceutical Tech-
nology Co., Ltd. (China), antibodies were purchased from Elabscience Biotech 
Co., Ltd., and primers and designs were purchased from Invitrogen Biotech 
(USA). 

Cells culture and treatment. SK-Hep1 cells were cultured in DMEM medium 
containing 10% fetal bovine serum (FBS) at 37˚C and 5% CO2, and the cells were 
passaged when cells adhered to the cells to 80% or more. Cells (3 × 105) were in-
oculated into a 6-well plate for 24 hours, and after adding Nec-1 and Z-vad-fmk, 
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the culture was continued for 24 hours. 
MTS assay. DMEM containing 10% FBS and SK-Hep1 cells were well mixed 

and inoculated into a 96-well plate (104 cells/well) and cultured at 37˚C in a 5% 
CO2 incubator for 24 hours. Different concentrations of Nec-1 (30 μM, 60 μM, 
90 μM) were added to culture for 24 hours. The cells were treated with MTS cell 
proliferation kit (solarbio, China) for 3 h (20 μL/well). The wavelength of 490 
nm was selected to determine the light absorption (OD) value of each well. The 
cell survival rate was calculated, and the optimal concentration of Nec-1 was 
screened. 

Flow cytometry assay. Analysis was performed using the Annexin V-FITC/PI 
kit (BD, USA). Cells harvested by Racl siRNA for 48 h were collected, washed 
twice with pre-chilled PBS, resuspended by adding 100 μL of 1× Binding Buffer, 
and the cells were collected, approximately 3 × 105 cells/tube. Add 5 μL of An-
nexin V-FITC and mix well. Allow to stand at room temperature for 15 min in 
the dark. Add 5 μL PI and 400 μL 1× Binding Buffer. Apoptosis rate was meas-
ured using FACS Calibur (BD, USA). 

Gene transfection. Each siRNA 10 μl and 10 μl LipofectamineTM 2000 (Invi-
trogen, USA) were added into the blank DMEM medium to mix well. After 20 
min, the cells were incubated in 37˚C incubator for 6 h, then replaced with 10% 
FBS in DMEM medium for 48 h. The transfection effect was observed. The 
siRNAs sequence is as follows: 

FADD: 5'-GCCUAGACCUCUUCUCCAUTT-3'; 
RIP1: 5'-CCUUCUGAGCAGCUUGAUUTT-3'; 
TRAF6: 5'-GUCGCCUUGUAAGACAAGATT-3'; 
RAC1:5'-GGACAAGAAGATTATGACA-3'; 
Negative Control: 5'-UUCUCCGAACGUGUCACGUTT-3' 
RT-PCR. Total RNA was collected and extracted using Trizol reagent (Life 

Technologies, USA). After quantification of the samples, cDNA was reversely 
transcribed using a synthetic kit (Promega, USA) and amplified using a Green 
Supermix (Promega, USA) in a specific PCR cycle. Finally, the expression of 
each mRNA was detected in a gel electrophoresis apparatus. The primer se-
quence is as follows: 

GAPDH forward 5’-ACCACAGTCCATGCCATCAC-3’, 
reverse 5'-TCCACCACCCTGTTGCTGTA-3'; 

FADD forward 5’-GCTCAAGTTCCTATGCCTCG-3’, 
reverse 5’-TGACGTTAAATGCTGCACAC-3’; 

RIP1 forward 5’-GGCTTTGGGAAGGTGTCTCT-3’, 
reverse 5’-TCATCTTCGCCTCCTCCAAG-3’; 

TRAF6 forward 5’-AGCTCCTGTAGCGCTGTAAC-3’, 
reverse 5’-CTGGACATTTGTGACCTGCAT-3’; 

RAC1 forward 5’-ATGCAGGCCATCAAGTGTGTG-3’, 
reverse 5'-CTTCTTGTCCAGCTGTATCCCA-3'. 

Western blot. Total protein was extracted using RIPA Lysis Buffer (Solarbio, 
China) and quantified using BCA Protein Assay Kit (Solarbio, China). SDS-PAGE 
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gels of different concentrations were prepared based on the molecular weight of 
each protein and separated using a 100 V constant voltage electrophoresis sys-
tem. Proteins were transferred to PDVF membrane for 1.5 h, and 10% skimmed 
milk powder was blocked for 1 h. Primary antibodies (FADD, RIP1, TRAF6, 
RAC1, 1:1000, and β-actin, 1:2000) were added and incubated overnight at 4˚C. 
After washing 3 times with TBST, secondary antibody (1:1000) was added, in-
cubated for 1 h at room temperature and washed 3 times with TBST. The ECL 
luminescent color solution (Solarbio, China) was prepared at a ratio of 1:1. The 
PDVF membrane was soaked for 5 minutes and photographed and analyzed 
with FluorChem HD2 and FC2 software (Protein Simple, USA). 

Statistical analysis. SPSS 17.0 software and GraphPad Prism 7.0 software were 
used to analyze the data. The measurement results were expressed as mean ± 
standard deviation, and the difference was statistically significant by t-test (P < 0. 
05). 

3. Results 

Optimal concentration of Nec-1 and z-VAD-FMK. Hepatoma SK-Hep1 cells 
were treated with different concentrations of Nec-1 (30 μM, 60 μM, 90 μM) and 
Z-vad-fmk (10 μM, 20 μM, 40 μM) for 24 h. OD values were detected and the 
relative survival rates were calculated. The OD value and the cell survival rate 
were highest when the concentration of Nec-1 was 60 μM and the concentration 
of Z-vad-fmk was 20 μM. Therefore, 60 μM of Nec-1 and 20 μM of Z-VAD-FMK 
were selected to interfere with the cells. See Table 1. 

Effect of Nec-1 on apoptosis response. Flow cytometry was used to detect the 
apoptosis rate. The apoptotic rate of the blank control group was 19.21%; the 
apoptotic rate interfered with Nec-1 (60 μM) was 29.37%; the apoptotic rate in-
terfered with Z-VAD-FMK (20 μM) was 4.24%; the apoptotic rate interfered 
with Nec-1 and Z-VAD-FMK was 13.19%. The difference in apoptotic rate was 
statistically significant (P < 0.01). See Figure 1. 

Effect of RAC1 on apoptotic rate. The RAC1 siRNA was transfected into 
SK-Hep1 cells, and the transfection effect was detected through RT-PCR. The 
results show that RAC1 mRNA expression was significantly reduced (P < 0.01). 
See Figure 2. Further flow cytometry analysis showed that the apoptotic rate of 
the untreated cell group (a) was 9.37%, the apoptosis rate of the transfected 
siRNA group (b) was 10.01%, and the apoptosis rate of the transfected RAC1 
siRNA cell group (c) was increased to 3.59%. Compared with group (b), the  

 
Table 1. OD (490 nm) and CSR of SK-Hep1 cells treated with Nec-1 and z-VAD-FMK for 24 h 

 negative 
DMSO Nec-1 (μM) Z-VAD-FMK (μM) 

(2 µL/ml) 30 60 90 10 20 40 

OD 0.81 ± 0.02 0.80 ± 0.01 0.85 ± 0.02 0.87 ± 0.03* 0.84 ± 0.03 0.73 ± 0.03 0.75 ± 0.06* 0.71 ± 0.04 

CSR 100.00% 98.11% 104.72% 107.27% 103.53% 91.10% 92.58% 87.82% 

CSR: cell survival rate, * compared with DMSO group, P < 0.05. 
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Figure 1. (a) The apoptotic rate of the blank control group was 19.21%; (b) The apoptotic rate interfered with Nec-1 was 29.37%; 
(c) The apoptotic rate interfered with Z-VAD-FMK was 4.24%; (d) The apoptotic rate interfered with Nec-1 and Z-VAD-FMK 
was 13.19%; (e) A histogram of apoptosis rates for each group (##P < 0.01). 
 

 
Figure 2. When RAC1 siRNA was transfected into cells, the expression of RAC1 mRNA decreased significantly (**P < 0.01). 
 

apoptosis rate of group C was significantly decreased (P < 0.01), demonstrating 
that when RAC1 expression is inhibited, the number of apoptotic cells is re-
duced. In other words, RAC1 can promote the occurrence of apoptosis. See Fig-
ure 3. 

Western Blot assay for protein expression. After transfection of FADD siRNA, 
RIP1 siRNA and TRAF6 siRNA into SK-Hep1 cells, the expression of the three 
proteins was significantly attenuated (P < 0.01), indicating successful transfec-
tion and gene silencing. See Figure 4. When TRAF6 was silenced, RAC1 protein  
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Figure 3. Flow cytometric analysis of apoptosis in SK-Hep1 cells. (a) Untreated cells (9.37%); (b) Blank control (10.01%); (c) 
Group transfected with RAC1 siRNA (3.59%); (d) Bar graph of apoptosis rate (**P < 0.01). 
 

 
Figure 4. Expression of three proteins after transfection of FADDsiRNA, RIP1siRNA, and TRAF6siRNA by Western blot in 
SK-Hep1 cells. The protein expression of FADD, RIP1 and TRAF6 decreased significantly after transfection (##P < 0.01). 
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expression decreased (P < 0.01); after silencing FADD and RIP1, there was no 
significant change in RAC1 protein expression (P > 0.05). See Figure 5. Therefore, 
inhibition of TRAF6 expression can reduce the expression of the Rac1 protein. 

RT-PCR detection of RAC1 mRNA expression. Based on the changes in pro-
tein expression, the expression of RAC1 mRNA was further examined. The results 
show that after transfection with TRAF6 siRNA, the expression of RAC1 mRNA 
was significantly decreased (P < 0.01); after transfection with FADD siRNA and 
RIP1 siRNA, RAC1 mRNA showed no significant change (P > 0.05). See Figure 
6. Thus, inhibition of TRAF6 can reduce the expression of Rac1 mRNA. 

 

 
Figure 5. (a)-(c) The expression of the RAC1 protein was decreased after TRAF6 silencing, while the expression of the RAC1 pro-
tein had no significant change after FADD and RIP1 silencing; (d)-(f) Ratios of RAC1 protein (##P < 0.01). 
 

 
Figure 6. (a) After the addition of Nec-1, the expression of RAC1 mRNA was attenuated by RT-PCR (P < 0.05); on this basis, 
FADD, RIP1 and TRAF6 was silenced, the expression of RAC1 mRNA was significantly reduced in the TRAF6siRNA group (P < 
0.01). While there was no significantly change in the FADDsiRNA, RIP1siRNA group (b) Ratio of RAC1 mRNA in the different 
group (#P < 0.05, ##P < 0.01). 
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4. Discussion 

The mechanisms that can induce apoptosis in cancer cells are complex and di-
verse and involve a variety of signaling pathways [22]. RAC1 regulates many 
different functions, including the involvement of specific effects in the organiza-
tion of the actin cytoskeleton, cell migration, cell cycle, and cell survival [23]. 
RAC1 dysregulation can lead to numerous disorders and malignant transforma-
tion [24]. The siRNA-mediated knockdown of RAC1 expression in leukemia cell 
lines has been proved to inhibit cell proliferation, migration and colony forma-
tion [25]. In contrast, overexpression of RAC1 increases cell migration and pro-
liferation potential of leukemic cells, which could be implicated in leukemia de-
velopment and progression [26]. In this study, we focused on the effect of RAC1 
on hepatoma SK-Hep1 cell apoptosis. The results showed that RAC1 could pro-
mote the occurrence of apoptosis in SK-Hep1 cells. RAC1 is postulated to pro-
mote HCC progression by controlling HCC cell apoptosis. 

Cells that die by apoptosis, at least in vivo, generally do not release their 
intracellular contents. However, apoptotic cells do not always die silently be-
cause they can trigger the secretion of chemotactic factors and other immuno-
logically active proteins that can influence the immune response toward dying 
cells [27]. Cells that die by necrosis spill their intracellular contents, and hence 
trigger an inflammatory response. Nec-1 not only blocks necroptosis, but can 
also modulate RIP-mediated apoptosis [28]. Nec-1 is therefore not a particularly 
specific tool to distinguish necroptosis from apoptosis, and conclusions cannot 
be drawn by using it as a stand-alone approach. Therefore, cell death rescued by 
Nec-1 can be considered to be necroptosis, and RIP1 is believed to be the key 
factor in necroptosis. FADD is indispensable for the induction of extrinsic 
apoptotic cell death. Recent strong evidence from in vivo mice studies has sug-
gested negative roles of FADD in RIP1- and RIP3-dependent necroptosis [29] 
[30]. FADD deficiency is thought to inhibit caspase-8 and subsequent apoptosis, 
but activate necroptosis. Upon various stimuli, FADD forms a signaling complex 
with RIP1 and RIP3, both of which are important to necroptosis induction [31]. 
TRAF6 also plays an important role in tumorigenesis, invasion and metastasis 
[32]. Chiu et al. suggested that TRAF6 inhibition might represent a new the-
rapeutic strategy for pancreatic cancer, as the down-regulation of TRAF6 leads 
to a remarkable increase in autophagy and apoptosis [33]. After TRAF6 was 
knocked-down with siRNA, cell growth was inhibited in both Hep G2 and 
Hep3B two cell lines [34]. Peng et al. reported that knock-down of TRAF6 could 
suppress cell proliferation and promote cell apoptosis in glioma cells [35], and 
TRAF6 level was increased in colon cancer and its knockdown inhibited cell 
proliferation, but did not improve survival time [36]. In general, TRAF6 may 
participate in the cell growth and apoptosis in HCC as well as other cancers. As 
for the role of TRAF6 in cancer invasion and metastasis, a study on esophageal 
squamous cell carcinoma revealed that TRAF6 promoted migration and metas-
tasis by regulating the RAS pathway [16]. Therefore, in our study, Nec-1 and 
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z-VAD-FMK were interfered, silenced with FADD, RIP1 and TRAF6. When si-
lenced with TRAF6, RAC1 protein expression decreased (P < 0.01); after silenc-
ing with FADD and RIP1, there was no significant change in RAC1 protein ex-
pression (P > 0.05). Based on the changes in protein expression, the expression 
of RAC1 mRNA was further examined. The results showed that after transfec-
tion with TRAF6 siRNA, the expression of RAC1 mRNA significantly decreased 
(P < 0.01); after transfection with FADD siRNA and RIP1 siRNA, there was no 
significant change in RAC1 mRNA (P > 0.05). 

5. Conclusion 

In conclusion, RAC1 could promote the occurrence of apoptosis in SK-Hep1 cells. 
RAC1 expression was suppressed in both protein and gene level in SK-Hep1 cells 
when the TRAF6 gene was silenced, but there was no significant change in 
RAC1 gene and protein expression when FADD and RIP1 genes were silenced. 
TRAF6 affects RAC1 expression and apoptosis in SK-Hep1 cells, while the FADD 
and RIP1 genes do not affect the role of RAC1. The TRAF6 gene is an important 
target in liver cancer cells. 
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