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Abstract 

Interleukin I receptor associated kinase 1 (IRAK1) is a downstream signal 
molecule of activated MyD88 recruitment, which can activate Fas associated 
death domain protein (FADD) to induce apoptosis. IRAK1 can also activate 
tumor necrosis factor-related factor 6 (TRAF6) and induce the expression of 
a series of downstream specific genes. IRAK1 is an essential factor in the in-
duction of mitochondrial division and necroptosis. In the current study, 
RNAi technique was used to silence IRAK1, and the apoptosis and necropto-
sis rate of SK-Hep1 cells were detected by flow cytometry. The apoptosis and 
the necroptosis pathway of hepatoma SK-Hep1 cells were blocked separately, 
and the expressions of FADD, RIP1 and TRAF6 genes were silenced sepa-
rately. The results showed when the expression of IRAK1 was down-regulated, 
the apoptosis and necroptosis rate of SK-Hep1 cells were significantly in-
creased. With silenced FADD, RIP1 and TRAF6, respectively, the expression 
of IRAK1 protein had no significant change. However, the expression of 
IRAK1 mRNA decreased significantly (p < 0.01) after the silencing of RIP1 
and TRAF6 genes, while the IRAK1 mRNA did not change significantly after 
the silencing of FADD genes; when z-VAD-FMK was interfered, the expres-
sion of IRAK1 mRNA decreased significantly after the silencing of TRAF6 
genes, while the IRAK1 mRNA did not change significantly after the silencing 
of FADD and RIP1genes. The study shows that RAK1 gene inhibits apoptosis 
and necroptosis in SK-Hep1 cells. TRAF6 gene affected the role of IRAK1 in 
apoptosis and necroptosis, RIP1 gene affected the role of IRAK1 in apoptosis, 
while FADD gene did not affect the role of IRAK1 in apoptosis and necropto-
sis. 
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1. Introduction 

Most primary hepatocellular carcinoma (HCC) is associated with inflammation 
and cirrhosis [1] [2] [3] [4] [5]. Chronic injury and inflammation are closely re-
lated to tumorigenesis [6]. TLR4 in TLRs family is one of the important mem-
bers that regulate the immune response and inflammatory reaction. TLR4 acti-
vates downstream signal transduction elements through two downstream path-
ways MyD88-dependent and MyD88-independent to induce apoptosis and ne-
croptosis [7]. IRAK1 is a downstream signal molecule of activated MyD88 re-
cruitment, which can activate FADD to induce apoptosis. IRAK1 can also acti-
vate TRAF6 to induce the expression of downstream specific genes. IRAK1 is an 
essential factor in the induction of mitochondrial division and necroptosis [8]. 
Receptor-interacting protein-1 (RIP1) is a downstream signaling molecule in the 
MyD88-independent pathway, which is not only a necessary condition for in-
itiating necroptosis, but also a key factor for inhibiting necroptosis [9]. RIP1 
limits caspase-dependent tumor necrosis factor (TNF)-induced apoptosis and is 
also involved in receptor-interacting protein-3 (RIP3)-dependent TNF-induced 
necroptosis [10]. Decreasing the expression of IRAK1 can inhibit the activity of 
ERK signaling pathway, reduce the activity of NF-kB, and inhibit the prolifera-
tion of mesenchymal stem cells [11].  

In this study, we have carried out related experiments on SK-Hep1 hepatoma 
cells in vitro to clarify the effect of IRAK1 on apoptosis and necroptosis, and the 
relationship between IRAK1, FADD, RIP1 and TRAF6 in the process of apopto-
sis and necroptosis. 

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, z-VAD-FMK inhibitor was purchased 
from Biyuntian Biotechnology Company, China. FADD siRNA, RIP1 siRNA, 
TRAF6 siRNA were purchased from Shanghai Jima Pharmaceutical Technology 
Company, China. IRAK1 siRNA was purchased from Guangzhou Ruibo Bio-
technology Company, China. The antibody was purchased from Elabscience 
Biotechnology Company, China. The primer was purchased from Invitrogen 
Biotechnology Company, China. 

Cell culture and treatment. SK-Hep1 cells were cultured in DMEM medium 
containing 10% fetal bovine serum (FBS) at 37˚C and 5% CO2. When the cells 
were adherent to the wall and grew to more than 80%, the cells were subcul-
tured. The 3 × 105 cells were inoculated into the six-well plate and cultured for 
24 h after adding Nec-1 and z-VAD-FMK. 

MTS method. The DMEM containing 10% fetal bovine serum (FBS) and 
SK-Hep1 cells were fully mixed and inoculated into 96-well plates (104 
cells/well). The cells were cultured in 5% CO2 incubator at 37˚C for 24 hours, 
then Nec-1 (30 μM, 60 μM, 90 μM) and z-VAD-FMK (10 μM, 20 μM, 40 μM),) 
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were added to culture for 24 hours. The cells were treated with MTS cell prolife-
ration kit (solarbio, China) for 3 h (20 L/well). The wavelength of 490 nm was 
selected to determine the light absorption (OD) value of each well. The cell sur-
vival rate was calculated, and the optimal concentration of Nec-1 and 
z-VAD-FMK was screened. 

Flow cytometry. Annexin V-FITC/PI kit was used for (BD, USA) detection. 
The cells treated with IRAK1siRNA for 48 h were washed twice with precooled 
PBS, then resuspended with 100 µL Binding Buffer and collected, about 3 × 105 

cells per tube. After 5 µL Annexin V-FITC was added, the mixture was well 
mixed, and the mixture was kept at room temperature for 15 min, followed by 
the addition of 5 µL PI and 400 µL Binding Buffer. Apoptosis rate and necrotic 
apoptosis rate were detected by FACSCalibur (BD, USA). 

Gene transfection. Each siRNA 10 μl and 10 μl Lipofectamine TM 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’; 
IRAK1: 5’-GAGCCACCGCAGATTATCA-3’; 
Negative Control: 5’-UUCUCCGAACGUGUCACGUTT-3’.  
Western blot method. The total protein was extracted by RIPA Lysis Buffer 

(Solarbio, China) and quantified by (Solarbio, China) with BCA protein analysis 
kit. Different concentrations of SDS-PAGE gels were prepared according to the 
molecular weight of various proteins and separated by 100 V constant pressure 
electrophoresis apparatus. Then transferred to PDVF membrane for 1.5 h and 
10% skimmed milk powder for 1 h, then added the first antibody (FADD, RIP1, 
TRAF6, IRAK1 at 1:1000, β-actin at 1:2000), incubated at 4˚C overnight, washed 
with TBST for 3 times, then added the second antibody (prepared at 1:1000), 
incubated at room temperature for 1 h, washed 3 times by TBST. The ECL lu-
minescent chromogenic liquid (Solarbio, China), was prepared according to 1:1 
ratio. The PDVF film was soaked for 5 min. The film was photographed and 
analyzed by FluorChem HD2 and FC2 software (ProteinSimple, USA). 

RT-PCR method. Total RNA was collected by Trizol reagent (Life Technolo-
gies, USA) and extracted. After sample quantification, cDNA, was synthesized 
by reverse transcription using synthetic kit (Promega, USA) and amplified by 
Green Supermix (Promega, USA) in a specific PCR cycle. The expression of 
mRNA was detected by gel electrophoresis. The sequence of primers is as fol-
lows: 

GAPDH forward 5’-ACCACAGTCCATGCCATCAC-3’, 
reverse 5’-TCCACCACCCTGTTGCTGTA-3’; 
FADD forward 5’-GCTCAAGTTCCTATGCCTCG-3’, 
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reverse 5’-TGACGTTAAATGCTGCACAC-3’; 
RIP1 forward 5’-GGCTTTGGGAAGGTGTCTCT-3’, 
reverse 5’-TCATCTTCGCCTCCTCCAAG-3’; 
TRAF6 forward 5’-AGCTCCTGTAGCGCTGTAAC-3’, 
reverse 5’-CTGGACATTTGTGACCTGCAT-3’; 
IRAK1 forward 5’-GAGAAGCACCCAGAGCACAC-3’, 
reverse 5’-CTGCCTGCAGCTTCTCTAGC-3’. 
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  

Optimum 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. When the concentration of Nec-1 was 60 
μM, the OD value and the cell survival rate were the highest. When the concen-
tration of Z-vad-fmk was 20 μM, the OD value and the cell survival rate were the 
highest. 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 IRAK1 on apoptosis and necrotic apoptosis of SK-Hep1 cells. 
IRAK1siRNA was transfected into SK-Hep1 cells, and the effect of transfection 
was detected by RT-PCR method. The expression of IRAK1 mRNA was signifi-
cantly decreased (P < 0.05). See Figure 1. Furthermore, apoptosis rate and ne-
croptosis rate were detected by flow cytometry. The results showed that the 
apoptosis rate was 1.53% in blank transfection group, 14.93% in IRAK1siRNA 
transfection group, the necroptosis rate was 3.08% in blank transfection group 
and 18.23% in IRAK1siRNA transfection group. The differences of apoptosis 
rate and necroptosis rate were significantly increased compared with the blank 
group (P < 0.01). The results showed that IRAK1 could promote the apoptosis 
and necroptosis in SK-Hep1 cells, see Figure 2. 

Relationship between expression of IRAK1 protein and three genes of FADD, 
RIP1 and TRAF6. The expression of three proteins was detected by Western Blot 
after FADDsiRNA, RIP1siRNA and TRAF6siRNA were transfected into SK-Hep1 
cells. The results showed that all three proteins were significantly decreased (p <  
 

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) RT-PCR assay was used to detect the ex-
pression of IRAK1 mRNA in SK-Hep1 cells transfected 
with IRAK1siRNA; (b) Compared with blank siRNA 
group, the expression of IRAK1 mRNA decreased signif-
icantly after successful transfection (#: P < 0.05). 

 
0.01), see Figure 3, indicating that the transfection was successful. Furthermore, 
60 μM of Nec-1 and 20 μM of z-VAD-FMK were used to detect the expression of 
IRAK1 protein in SK-Hep1 cells with silenced FADD, RIP1 and TRAF6, respec-
tively. The results showed that the expression of IRAK1 protein in SK-Hep1 cells 
had no significant change (p > 0.05), see Figure 4 and Figure 5. 

The relationship between the expression of IRAK1 mRNA and three genes of 
FADD, RIP1 and TRAF6. With 60 μM of Nec-1 and 20 μM of z-VAD-FMK were 
used to detect the expression of IRAK1 mRNA in SK-Hep1 cells in silenced 
FADD, RIP1 and TRAF6, respectively. After Nec-1 intervention, the expression 
of IRAK1 mRNA in hepatoma SK-Hep1 cells transfected with RIP1siRNA and 
TRAF6siRNA decreased significantly (p < 0.01), while the expression of IRAK1 
mRNA in hepatoma SK-Hep1 cells transfected with FADDsiRNA did not 
change significantly (p > 0.05), when z-VAD-FMK was added, the expression of 
IRAK1 mRNA decreased significantly (p < 0.01). The expression of IRAK1 
mRNA in hepatoma SK-Hep1 cells transfected with TRAF6siRNA decreased 
significantly (p < 0.01), while the expression of IRAK1 mRNA in hepatoma 
SK-Hep1 cells transfected with FADDsiRNA and RIP1siRNA did not change  
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Figure 2. Apoptosis and necroptosis rate of SK-Hep1 cells transfected with 
IRAK1siRNA were detected by flow cytometry. (a) The apoptotic rate of trans-
fected blank siRNA group was 1.53%, necroptotic rate was 3.08%; (b) The 
apoptotic rate of transfected IRAK1siRNA group was 14.93%, necroptotic rate 
was 18.23%; (c) The apoptotic rate of transfected IRAK1siRNAgroup was sig-
nificantly higher than that of transfected blank siRNA group; (d) the necroptot-
ic rate of transfected IRAK1siRNA group was significantly higher than that of 
transfected blank siRNA group. (##: P < 0.01). 

 

 
Figure 3. Western blot was used to detect gene silencing after transfection with FADD, RIP1 and TRAF6. (a) 
After transfection of FADDsiRNA, the expression of FADD protein was significantly weaker than that of the 
blank group; (b) After transfection of RIP1siRNA, the expression of RIP1 protein was significantly weaker 
than that of the blank group; (c) After transfection of TRAF6siRNA, the expression of TRAF6 protein was 
significantly weaker than that of the blank group. (##: P < 0.01). 
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Figure 4. The expression of IRAK1 protein was detected by Western blot. (a) There was no significant change in the expression of 
IRAK1 protein after FADD silencing under Nec-1 intervention; (b) There was no significant change in the expression of IRAK1 
protein after RIP silencing under Nec-1 intervention; (c) There was no significant change in the expression of IRAK1 protein after 
TRAF6 silencing under Nec-1 intervention. (P > 0.05). 

 

 
Figure 5. The expression of IRAK1 protein was detected by Western blot. (a) There was no significant change in the expression of 
IRAK1 protein after FADD silenced under z-VAD-FMK intervention; (b) There was no significant change in the expression of 
IRAK1 protein after RIP silenced under z-VAD-FMK intervention; (c) There was no significant change in the expression of 
IRAK1 protein after TRAF6 silenced under z-VAD-FMK intervention. (P > 0.05). 

 
significantly (p > 0.05). See Figure 6. The results showed that TRAF6 gene af-
fected the role of IRAK1 in apoptosis and necroptosis of hepatoma SK-Hep1 
cells, RIP1 gene affected the role of IRAK1 in apoptosis of hepatoma SK-Hep1 
cells, and FADD gene did not affect the role of IRAK1 in apoptosis and necrop-
tosis of hepatoma SK-Hep1 cells. 
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Figure 6. The expression of IRAK1 mRNA was detected by RT-PCR. (a) After RIP1 and TRAF6 were silenced 
under Nec-1intervention, the expression of IRAK1 mRNA was significantly decreased compared with the control 
group, while the expression of IRAK1 mRNA was not changed under FADD silenced; (b) After TRAF6 were si-
lenced under z-VAD-FMK intervention, the expression of IRAK1 mRNA was significantly decreased compared 
with the control group, while the expression of IRAK1 mRNA was not changed under FADD and RIP1 silenced 
respectively. (##: P < 0.01). 

4. Discussion 

Different signal pathways are involved in the pathogenesis of HCC, and the in-
flammatory signal pathway is closely related to the occurrence and development 
of HCC [12] [13]. The role of IRAK1 in different tumors has been widely con-
cerned [14] [15] [16], IRAK1 is related to the formation and development of 
tumors, is an important tumor target [17] [18]. Infinite proliferation is an im-
portant feature of most malignant tumors, including hepatocellular carcinoma 
[19] [20]. Therefore, it is of great significance to study its related mechanism and 
seek new therapeutic strategies. The aim of this study was to investigate the ef-
fect of IRAK1 on apoptosis and necrosis of hepatoma SK-Hep1 cells. The results 
showed that IRAK1 could promote the apoptosis and necrosis of SK-Hep1 cells. 
IRAK1 may promote the progression of HCC by controlling the apoptosis and 
necrosis of HCC cells. Our work further identified IRAK1 inhibitors as a new 
therapeutic strategy for liver cancer.  

Pretreatment with z-VAD-FMK before the death ligand exposure inhibited 
apoptosis signals, and many types of cells could induce necroptosis and produce 
morphological features similar to necrosis [21] [22]. NEC-1 was the first report 
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that inhibits ischemic brain damage in mice through a different mechanism 
from apoptosis [23]. NEC-1 was later found to be a specific inhibitor of RIP 1 
[24], so cell death saved by NEC-1 could be thought of as necroptosis, and RIP 1 
as a key factor in necroptosis. FADD plays an indispensable role in inducing ex-
ogenous apoptotic cell death. Recent strong evidence from in vivo studies in 
mice suggests that FADD plays a negative role in RIP 1 and RIP 3 dependent 
necroptosis [25] [26]. FADD defects are thought to inhibit caspase-8 and subse-
quent apoptosis, but activate necroptosis. Under various stimuli, FADD forms a 
signal complex with RIP 1 and RIP 3, which plays an important role in the in-
duction of necroptosis [27]. 

Apoptotic cells, at least in vivo, usually do not release their cellular contents. 
However, apoptotic cells do not always die silently, as they can trigger the secre-
tion of chemokines and other immunoreactive proteins, thereby affecting the 
immune response to dead cells [28]. NEC-1 can not only block necroptosis, but 
can also modulate RIP-mediated apoptosis [29]. Therefore, Nec-1 is not a special 
tool to distinguish necroptosis from apoptosis. In the current study, Nec-1 and 
z-VAD-FMK were interfered with silenced FADD, RIP1 and TRAF6, respec-
tively, the expression of IRAK1 protein had no significant change. However, 
when Nec-1 was interfered, the expression of IRAK1 mRNA decreased signifi-
cantly after the silencing of RIP1 and TRAF6 genes, while the IRAK1 mRNA did 
not change significantly after the silencing of FADD genes; when z-VAD-FMK 
was interfered, the expression of IRAK1 mRNA decreased significantly after the 
silencing of TRAF6 genes, while the IRAK1 mRNA did not change significantly 
after the silencing of FADD and RIP1genes. 

In addition, the results of Western blot and RT-PCR in this experiment are 
not completely consistent, the reason may be related to the IRAK1 transcription 
efficiency and protein degradation. The sensitivity of RT-PCR was higher than 
that of Western blot. The transcription level of mRNA was not consistent with 
that of protein translation. In fact, transcription and translation process itself is 
affected by many factors, such as phosphorylation, ubiquitin, and so on. The fi-
nal synthesis of the protein is not only determined by the RNA, such as the 
half-life of the protein and synthesis speed can also affect the level of protein de-
tection. Therefore, the research remains to be continued in depth. 

5. Conclusion 

In conclusions, IRAK1 gene inhibits apoptosis and necroptosis in SK-Hep1 cells. 
TRAF6 gene affected the role of IRAK1 in apoptosis and necroptosis, RIP1 gene 
affected the role of IRAK1 in apoptosis, and FADD gene did not affect the role 
of IRAK1 in apoptosis and necroptosis. 
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