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Abstract: The aim of this study was to investigate the expression pattern of receptor interacting protein kinase 3 
(RIP3) in acute lymphoblastic leukemia (ALL) Jurkat cells under tumor necrosis factor alpha (TNF-α) administration, 
and to explore the underlying mechanism of Jurkat cells maintaining survival. After TNF-α administration (5, 10, 20, 
40, 80 and 160 ng/ml), The cells viability, the cell death rate, the mRNA and protein level of RIP3 was analyzed. 
What we have found was that the mRNA and protein expression levels of RIP3 were upregulated under the stimula-
tion of TNF-α, while the viability of Jurkat cells was inhibited and the cell death rate was increased. However, Jurkat 
cells still exhibited a high survival rate (65.23%) when TNF-α reached an extremely high concentration (40 ng/
ml). Further study showed that at a TNF-α concentration approaching IC50, the expression of RIP3 in Jurkat cells 
was upregulated significantly. Besides, the activity of caspase 8, the upstream initiator of the apoptosis cascade 
reaction, was increased as well, which resulted in increased cell death. On the contrary, inhibiting caspase caused 
a decrease in cell death. The RIP3 expression level was positively correlated to the degree of increase in caspase 
8 activity and cell apoptosis rates. This indicated that RIP3 might activate the TNF-α-induced apoptosis of Jurkat 
cells via caspase 8. Moreover, under TNF-α treatment, NF-κB and autophagy activity were improved significantly. 
Inhibiting NF-κB and autophagy activity would promote cell death to a certain degree, indicating that NF-κB and 
autophagy might be an important pathway for the resistance of Jurkat cells against the TNF-α-induced apoptosis. 
It was through this pathway that the Jurkat cells avoided death and continued to survive. This hypothesis and the 
detailed mechanisms remain to be further investigated.
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Introduction

Acute lymphoblastic leukemia (ALL) is charac-
terized by malignant proliferation of immature 
lymphocytes and immune disorders. In recent 
years, the incidence of ALL has increased 
because of the more serious levels of environ-
mental pollution, which poses a serious thr- 
eat to public health. Currently, chemotherapy 
remains to be the most important method for 
the treatment of ALL. With the development 
and application of new anti-leukemic drugs,  
the long-term disease-free survival of ALL pa- 
tients has greatly improved. However, a poor 
response to chemotherapy has still been re- 
ported in about 30% of ALL patients. Therefo- 
re, drug resistance is a major cause of chemo-
therapy failure in ALL patients. Also, the compli-

cated and diverse mechanisms of leukemic 
drug resistance have not been fully elucidat- 
ed. But the recent studies have reported that 
the inhibition of apoptosis is one of the main 
mechanisms underlying multi-drug resistance 
in tumor chemotherapy.

It has recently been reported that necroptos- 
is is a Caspase-independent type of PCD, whi- 
ch differs from traditional apoptosis and nec- 
rosis [1]. Necroptosis and apoptosis are simi- 
lar in terms of their energy requirements and 
synthesis of new proteins.

Necroptosis is an active cellular process with 
self-regulation and occurs via transduction 
pathways that are similar to apoptosis; but bo- 
th processes could be initiated by a combina-
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tion of related death receptors and their li- 
gands. After activation of the death receptor  
by its associated ligand, caspase-dependent 
apoptosis usually occurs. If the caspase acti- 
vity is completely blocked, then the mode of 
cell death is altered from apoptosis to necrop-
tosis [2]. Tumor cell apoptosis can be inhibited 
by Caspase inactivation, which does not affect 
necroptosis. Therefore, necroptosis provides a 
novel chemotherapeutic approach to tumors, 
which are resistance to anti-tumor drugs due  
to inhibition of apoptosis [3]. A large number  
of studies have found that both apoptosis  
and necroptosis are regulated by intracellular 
signaling molecules, and that RIP3 is a key  
molecule in the necroptosis signaling pathway 
and plays a central role in the switching from 
apoptosis to necroptosis [4, 5].

In recent years, numerous studies have focus- 
ed on necroptosis of tumor cells, which may 
resolve the problem of drug resistance caus- 
ed by the inhibition of apoptosis. Many agen- 
ts have been shown to induce necroptosis in 
tumor cells successfully, which are unable to 
undergo apoptosis [6-8]. Recent studies have 
identified the reduced expression of RIP3 in 
acute myeloid leukemia (AML) cells and chro- 
nic lymphoblastic leukemia (CLL) cells, which 
inhibit both apoptosis and necroptosis [9, 10]. 
However, the expression pattern of RIP 3 in  
ALL cells has not been documented. In addi-
tion, the association of RIP 3 expression and 
PCD in ALL cells is not clear. In the present 
study, we investigated the expression pattern 
of RIP3 in ALL Jurkat cells, and to explore the 
underlying mechanism for Jurkat cells main-
taining survival, which may provide a novel ap- 
proach for the treatment of drug-resistant of 
ALL. 

Materials and methods

Reagents

Rabbit anti-RIP3, Rabbit anti- LC3-II and P62 
antibodies were purchased from Abcam 
(Cambridge, MA, USA). Rabbit anti-P65 and 
anti-P-P65, GAPDH, RPMI-1640 medium con-
taining 10% fetal bovine serum were purchas- 
ed from Boster (Wuhan, China). A qPCR kit  
was purchased from Kapa Biosystems (Wi- 
lmington, MA, USA). The CCK8 kit was pur-
chased from Dojindo Laboratories (Kumamo- 
to, Japan). Alexa Fluor 488 Annexin V and a PI 
kit were purchased from KeyGEN BioTECH 

(JiangXu, China). TNF-α was purchased from 
Sigma (St. Louis, MO, USA). Jurkat cells were 
purchased from the cell bank of the Chinese 
Academy of Sciences. BAY 11-7082 (BAY),  
zVAD and 3-Methyladenine (3-MA) were all pur-
chased from Selleck Chemicals (Houston, TX, 
USA).

Cell culture

Jurkat cells were maintained in the RPMI- 
1640 medium which containing 10% fetal bo-
vine serum in an incubator with 5% CO2 at 
37°C. And the Cells had been grown to logari- 
thmic growth phase for the analyses.

Cell viability assay

During the logarithmic growth phase, the Jur- 
kat cells were taken and its concentration was 
adjusted to 2×105/ml. Also, seven groups of 
Jurkat cells treated with different concentra-
tions of TNF-α (0, 5, 10, 20, 40, 80 and 160  
ng/ml) were established, and each group was 
assessed in triplicate. Jurkat cells cultured in 
RPMI-1640 medium without TNF-α (0 ng/ml) 
served as the control. After TNF-α treatment  
for 24 h, the proliferation of Jurkat cells was 
evaluated with the CCK8 kit according to the 
manufacturer’s instructions. The optical densi-
ty (OD) of Jurkat cells at 450 nm was deter-
mined using a microplate reader (BIO-RAD, 
America) to analyze the rate of cell growth in- 
hibition and the half maximal inhibitory con- 
centration (IC50). The Jurkat cells were then 
treated with the IC50 of TNF-α, and the OD at 
450 nm of the Jurkat cells after 0, 6, 12, 18 
and 24 h of TNF-α treatment was determined  
to generate the cell growth curve.

Detection of programmed cell death

In the early stage of apoptosis, posphatidyl  
serine (PS) shifts from the inner side to the  
outside of cell membrane. Annexin V is a  
Ca2+- dependent phospholipid-binding protein 
that specifically binds with PS high affinity. 
Using fluorescein-labeled Annexin V as a pro- 
be, flow cytometry can distinguish cells at ear- 
ly stage of apoptosis from dead cells (include 
middle/late stage of apoptosis cells and necro-
sis cells) when combined with PI staining [11]. 
In the present study, Jurkat cells were harvest-
ed after 24 hours of TNF-α treatment, 100 μl  
of which (1×106/ml) were rinsed with PBS. Af- 
ter centrifugation, the cells were suspended  
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in staining buffer which containing 5 μl of FI- 
TC-Annexin V and 1 μl of PI. Cell death rate  
was evaluated by flow cytometry after incuba-
tion in the staining solution at room tempera-
ture for 15 min. 

Evaluation of the mRNA level of RIP3 in Jurkat 
cells

Total RNA was isolated from Jurkat cells with 
the help of TRIzol RNA isolation kit. The mRNA 
was reverse-transcribed into cDNA, and the 
mRNA level of RIP3 in Jurkat cells was eva- 
luated using the forward primer, 5’-CCAAA- 
TCCAGTAACAGGGCG-3’, and the reverse prim-
er, 5’-TCTTTAGGGCCTTCTTGCGA-3’. The inter-
nal control, β-actin, was amplified and analyz- 
ed using the forward primer, 5’-AGCCTCG- 
CCTTTGCCG-3’, and the reverse primer, 5’-CT- 
CGTCGCCCACATAGGAAT-3’. The primers were 
designed with the ABI Primer Express 2.0 so- 
ftware and synthesized at Shanghai Sangon 
Biotech Company. The qRT-PCR was conduct- 
ed using a FastStart Universal SYBRGreen  
PCR Master kit, and the samples were assess- 
ed in triplicate. The change in expression of 
RIP3 was evaluated using the 2-ΔΔCT method.

Evaluation of the protein level of RIP3 in Jurkat 
cells

Jurkat cells were rinsed three times with PBS, 
and total protein was isolated from the cells 

using protein isolation reagents. The protein 
concentration was determined using the Br- 
adford colorimetric assay. After boiling in a 
water bath for three minutes, 50 μg of total  
protein per sample was separated by electro-
phoresis in a 10% SDS-PAGE. The proteins 
were then transferred to a PVDF membrane 
and blocked using 5% nonfat dry milk at ro- 
om temperature for one hour. The proteins in 
the PVDF membrane were incubated with pri-
mary antibody at 4°C overnight. After rinsing 
three times with Tris-Buffered saline and Twe- 
en 20 (TBST), the PVDF membrane was incu-
bated with the secondary antibody at room 
temperature for one hour. Finally, the PVDF 
membrane was rinsed three times with TBST 
and then examined using ECL chemilumines-
cence. The expression level of RIP3 protein  
was analyzed on an ImageQuant LAS 4000 
mini imaging machine. 

Investigate the influence of autophagy and NF-
κB on the TNF-α induced PCD in Jurkat cells

Jurkat cells were divided into five groups. That 
is, TNF-α group, BAY group (TNF-α+10 µM  
BAY), 3-MA group (TNF-α+10 m mol/l 3-MA), 
zVAD group (TNF-α+20 µM zVAD), the TNF-α 
concentration of these four groups was 20 ng/
ml. Jurkat cells cultured in RPMI-1640 medium 
without TNF-α served as the control. Each 
group was assessed in triplicate. 2 h after 
treatment, cells were harvested, then the cell 
death rate was evaluated by flow cytometry, 
and Caspase 8 activity was determined by 
spectrophotometry. The protein level of RIP1, 
RIP3, P62, LC3-2, P65 and P-P65 were mea-
sured by Western blot. based on the previous 
experiment. 

Statistical analysis

All data are expressed as the mean ± standard 
deviation (SD). The t-test was used to evaluate 
the difference between groups. A P value less 
than 0.05 was considered statistically signi- 
ficant. 

Results

TNF-α inhibited the viability of Jurkat cells

The results of the CCK8 assay showed that  
the viability of Jurkat cells was inhibited by 
TNF-α in a concentration-dependent manner. 
The maximal inhibitory effect was observed 

Figure 1. TNF-α inhibited the Viability of Jurkat cells. 
A. Rate of inhibition of different concentrations of 
TNF-α. B. Rate of inhibition of the IC50 of TNF-α on 
Jurkat cells.
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when the TNF-α concentration was increased 
to 40 ng/ml (Figure 1A). The calculated IC50 
was 14.96 ng/ml. Within 24 h, we observed  
an increasing inhibitory effect of the IC50 of 
TNF-α on Jurkat cells with longer incubation 
times (Figure 1B). This finding indicated that, 
within a certain concentration range, TNF-α  
can inhibit Jurkat cells’ viability to some extent.

TNF-α increased cell death of Jurkat cells

The flow cytometry results showed that TNF-α 
significantly increased apoptosis and necrosis 
of Jurkat cells compared with the control in a 
concentration-dependent manner. The rate of 
early apoptotic cells reached 18.04%, and the 

highest rate (9.91%) of late apoptotic/necro- 
tic cells was obtained when the concentration 
of TNF-α was increased to 40 ng/ml (Figure  
2A and 2B); however, 65.23% of the Jurkat 
cells still survived at this concentration of 
TNF-α (40 ng/ml) (Figure 2C). This finding in- 
dicated that in Jurkat cells, there must be so- 
me kinds of mechanisms to resist TNF-α in- 
duced cell death and maintain cell survival.

TNF-α increased the expression of RIP3 in 
Jurkat cells

Based on the qPCR results, TNF-α increased 
the expression of RIP3 in Jurkat cells. The hig- 
hest level of RIP3 mRNA was detected in Jurkat 

Figure 2. TNF-α induced apoptosis and programmed necrosis of Jurkat cells. A. Gated regions based on flow cytom-
etry. B. Comparison of the rates of apoptosis and programmed necrosis. C. Comparison of the rates of surviving 
cells. *: P < 0.05, compared with the control group.
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cells treated with 20 ng/ml of TNF-α (Figure  
3A), resulting in 12 times higher than that in 
the control group. Western blotting results 
were consistent with the qPCR results (Figure 
3B and 3C). This result indicated no defect in 
RIP3 expression of the Jurkat cells. Therefore, 
the programmed cell death-promoting func- 
tion of RIP3 in Jurkat cells may remained 
unaffected.

Influence of autophagy and NF-κB on the 
TNF-α induced PCD in Jurkat cells

As shown in Figures 4 and 5, under the treat-
ment with 20 ng/ml TNF-α, the expressions  
of RIP1 and RIP3 were upregulated, especially 
the expression of RIP3. Moreover, the activity 
of caspase 8, the upstream initiator of the 
apoptosis cascade reaction, was positively  
correlated to the degree of increase in caspa- 
se 8 activity and cell death rates. Thus, RIP3 
might be involved in the apoptosis of Jurkat 
cells through caspase 8. Our results also indi-
cated that the LC3-2 level increased consider-
ably under the treatment with TNF-α. There 
were no significant differences in P65 level 
across the groups. However, the expression of 
phosphorylated P65 (P-P65) was upregulated 
significantly, indicating an increase in NF-κB 
and autophagy activity. The use of autophagy 
and NF-κB inhibitor could promote cell death  
to a certain extent. In particular, inhibiting au- 

tophagy activity was more effective in promot-
ing cell death rates. This indicated that auto- 
phagy may play a more critical role in maintain-
ing survive in Jurkat cells. 

Discussion

Apoptosis and necroptosis are two different 
types of cell death that are mediated by death 
receptors. Apoptosis relies on Caspase, and 
the activation of Caspase induces a protease 
cascade that culminates in the apoptosis of 
cells. Necroptosis is a Caspase-independent 
type of cell death. Both apoptosis and necrop-
tosis are triggered by the binding of cell dea- 
th ligands such as TNF-α and FasL to cell death 
receptors. In addition, apoptosis and necropto-
sis occur via similar signaling pathways, which 
involve RIP1 and RIP3. Interestingly, RIP3 plays 
an essential role in the transition and balance 
between apoptosis and programmed necrosis 
[11, 12]. 

Inhibition of apoptosis is one of the major 
mechanisms underlying the progress of tumor 
cells. Therefore, the induction of tumor cell 
apoptosis has extensive applications in che- 
motherapy for cancers. However, tumor cells 
tend to be resistant to apoptosis induced by 
anti-cancer drugs, significantly reducing the 
therapeutic effects of anti-cancer drugs [13-
15]. As a Caspase-independent type of cell 

Figure 3. TNF-α increased the expression 
of RIP3 in Jurkat cells. A. TNF-α increased 
the mRNA level of RIP3 in Jurkat cells. B, C. 
TNF-α increased the protein level of RIP3 in 
Jurkat cells. *: P < 0.05, compared with the 
control group.
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Figure 4. Effects of inhibiting NF-κB, autophagy and Caspase activity on programmed cell death of Jurkat cells. BAY, 
inhibitor of NF-κB (10 µM); 3-MA, inhibitor of autophagy (10 m mol/l); zVAD, inhibitor of Caspase (20 µM). A. Gated 
regions based on flow cytometry. B. Comparison of the rates of apoptosis and programmed necrosis. C. Comparison 
of the rates of dead cells. *: P < 0.05, compared with the TNF-α treatment group.

death, necroptosis has the potential to be an 
effective strategy for the treatment of cancers 

that are resistant to apoptosis-inducing drugs. 
However, recent studies have demonstrated 
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that many tumor cells, including AML and CLL 
cells, are resistant to both apoptosis and ne- 
croptosis for the reduced expression of RIP3  
[9, 10], suggest that reduced expression of 
RIP3 is associated with drug resistance of AML 
and CLL cells. 

ALL, which accounts for 80% of acute leuke- 
mia in children, is the most common pediatric 

tumor. To date, the role and molecular me- 
chanisms of RIP3 in ALL drug resistance ha- 
ve not been reported. In the present study,  
we examined the RIP3 expression pattern in 
Jurkat cells, and to explore the underlying 
mechanism for Jurkat cells maintaining survi- 
val, the aim of our study is to provide a novel 
approach for the treatment of drug-resistant  
of ALL.

Figure 5. Effects of suppressed NF-κB, autophagy and Caspase activity on the expression of RIP1, RIP3, autophagy 
and NF-κB related proteins. *: P < 0.05, compared with the control. #: P < 0.05, compared with the TNF-α treatment 
group.
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Our study found that the expression of RIP3 
was not down-regulated in Jurkat cells, on the 
contrary, the mRNA and protein expression lev-
els of RIP3 in Jurkat cells increased significant-
ly under the stimulation of TNF-α (5-160 ng/
ml). This result indicated that, the RIP3 expres-
sion pattern in Jurkat cells is unlike that in  
AML and CLL cells [9, 10], there are no defect  
in the RIP3 expression of Jurkat cells. There- 
fore, the programmed cell death-promoting 
function of RIP3 in Jurkat cells may remained 
unaffected. The results of our study also sh- 
owed that, under TNF-α stimulation, the viabi- 
lity of Jurkat cells was inhibited, and Jurkat ce- 
ll death rate was increased, however, 65.23% 
of the Jurkat cells survived when the concen- 
tration of TNF-α was increased to 40 ng/mL, 
indicating that there might be other mecha-
nisms leading to blockage of TNF-α induced cell 
death. 

Both RIP1 and RIP3 are members of the RIP 
kinase family, which exhibit a strong pro-apop-
totic effect [16, 17]. Our study indicated that 
the expressions of both RIP1 and RIP3 were 
upregulated at a TNF-α concentration closer  
to IC50. The upregulation was higher with RIP3. 
Compared with RIP1, RIP3 might have played  
a greater role in the TNF-α-induced apoptosis. 
Studies have demonstrated that caspase-2, -3, 
-7 and -10 are members of the RIP3-induced 
apoptotic pathway and that caspase-8 is the 
upstream initiator of the caspase cascade 
reaction [18, 19]. Our study demonstrated th- 
at as the expression of RIP3 was upregulated, 
the caspase 8 activity was increased as well, 
which resulted in an increased cell death rate. 
On the contrary, inhibiting caspase activity 
caused a decrease in the cell death rate, which 
proved that the caspase signaling pathway  
was involved in cell apoptosis. It was also ob- 
served that the RIP3 expression level was po- 
sitively correlated to the degree of increase in 
caspase 8 activity and the cell apoptosis rate. 
This means RIP3 might activate the apoptosis 
of the Jurkat cells through caspase 8. Howe- 
ver, more studies are needed to confirm this 
finding and to elucidate the working mecha- 
nism. 

LC3-2 is the first mammalian protein identifi- 
ed that specifically associates with autopha- 
gosome membranes. It is considered as the 
marker molecule of autophagy activity [20-22]. 

Ubiquitin-binding protein P62 is widely expre- 
ssed in many cells and tissues and its expres-
sion is reversely correlated to autophagy activ-
ity. P62 is an indirect indicator of autophagy 
activity [23-25]. We found a significant upregu-
lation of LC3-2 but a downregulation of P62 
under TNF-α treatment. The expression of the 
later was negatively correlated to LC3-2 ex- 
pression, indicating an increase in autophagy 
activity. P65 is an important member of the 
NF-κB family and a core transcriptional factor 
of this signal transduction pathway. NF-κB ac- 
tivation is the process where P-P65 is trans-
ported into the nuclei from the cytoplasm. 
Hence the changes in P-P65 expression rela-
tive to P65 can reflect the activity of NF-κB  
[26-28]. Our results indicated little changes in 
the P65 expression under TNF-α treatment, 
while the P-P65 level increased significantly, 
which was suggestive of an increased activity 
of NF-κB. Autophagy and NF-κB inhibitor could 
promote cell death to a certain degree, and 
inhibiting autophagy activity considerably in- 
creased the cell death rate, indicated that 
autophagy may play a more critical role in ma- 
intaining survive in Jurkat cells. 

Taken together, we observed no defect in RI- 
P3 expression in the Jurkat cells. In contrast, 
TNF-α treatment induced a considerable upre- 
gulation of RIP3 mRNA and protein, and RIP3 
might be involved in the TNF-α-induced cell 
apoptosis. Our study also indicated that NF- 
κB and autophagy might be an important path-
way by which Jurkat cells resisted the TNF-α-
induced death. This hypothesis and the detail- 
ed mechanisms remain to be further inve- 
stigated.
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