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Abstract Shikonin, a natural small agent, has shown inhibi-
tory effect in many kinds of cells, which increases intracellular
reactive oxygen species (ROS) level and causes mito-
chondrial injury. In this study, shikonin showed good
inhibitory effect on nasopharyngeal carcinoma CNE-2Z
cells in vivo and vitro. The results presented here re-
vealed that ROS levels increased markly after shikonin
treated. The electron microscopy displays the change in
ultrastructure of CNE-2Z cells after treatment for
shikonin, which indicated that shikonin induced
necroptosis. Shikonin-induced cell death was inhibited
by a necroptosis inhibitor, necrostatin-1 (Nec-1), while
the activity was unaffected by the caspase inhibitor z-
VAD-fmk. Furthermore, we have demonstrated that the
activation of receptor-interacting kinase (RIP) led to
necroptosis. Meanwhile, shikonin also significantly
inhibited tumor growth in a CNE-2Z xenograft mouse
model. Taken together, shikonin induced CNE-2Z cells
death by producing ROS as a necroptosis inducer. It

could serve as a new therapeutic agent for treating
CNE-2Z cells.
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MTT 5-diphenyltetrazolium bromide
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DCFH-DA 2′, 7′-Dichlorofluorescin diacetate
DAPI 4′, 6-diamidino-2-phenylindole
PI propidium iodide
DMSO Dimethyl sulfoxide
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PBS phosphate-buffered saline
PVDF polyvinyl difluoride
H&E hematoxylin and eosin

Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor which
has high incidence in the southeastern region of China
(Hildesheim 1993). Although most patients with advanced
NPC respond well to chemotherapy, recurrence of distant me-
tastases is the major cause of treatment failure and has a poor
prognosis (Chua et al. 2016; Peng et al. 2016). Therefore, we
need a more effective therapy for NPC.

At present, there have been several moods of cell death
including necrosis, apoptosis and autophagy (Majno and
Joris 1995; Zhang et al. 2016). However, increasingly studies
explain necroptosis as a brand new type of cell death (Koo
et al. 2015; Linkermann 2014), which is different from apo-
ptosis and necrosis. Necroptosis is a form of regulated necro-
sis that depends on the kinase of receptor-interacting kinase
(RIP) (Humphries et al. 2015; Zhang and Liu 2013). Upon the
induction of necroptosis, the activated RIP1 interacts motifs to
form a protein complex named necrosome, in which RIP3 is
activated by RIP1 or via auto-phosphorylation (Li et al. 2012).
Necrostain-1 (Nec-1) is a highly specific inhibitor of kinase
RIP1, necroptosis could be specific inhibited by Nec-
1(Christofferson et al. 2012). On the contrary, in the presence
of caspase inhibitor z-VAD-fmk, the apoptosis pathway was
blocked and necroptosis became dominant (Vandenabeele
et al. 2006). Shikonin is a compound purified from the
Chinese medicinal herb Lithospermum erythrorhizon (Gong
and Li 2011; Lu et al. 2011), was directly or indirectly to
inhibit or modulate cellular targets associated with cancer
(Liang et al. 2013). Shikonin has been reported to induce cell
death in various tumor cell lines due to its wide spectrum of
mechanisms of actions, such asmultiple myeloma (Wada et al.
2015), breast cancer (Shahsavari et al. 2015; Wei et al. 2016),
medullary thyroid carcinoma (Tang et al. 2016). Therefore
shikonin seems to be a promising anti-cancer agent.
However, there are no researches showing the efficacy of
shikonin in NPC CNE-2Z cells. In recent reports, shikonin
increases intracellular reactive oxygen species (ROS) levels
and causes mitochondrial injury (Chang et al. 2010; Wiench
et al. 2012). Mitochondria are indispensable part in ATP gen-
eration, cellular metabolism and production of ROS. Shikonin
could induce accumulation of ROS by deregulating the mito-
chondrial membrane potential.

During our research, the efficacy of shikonin in CNE-2Z
cells in vivo and in vitro were evaluated. And we initially
explored the mechanisms underlying shikonin regulation of
cell death in CNE-2Z cells. All of the results of shikonin on
the CNE-2Z cell line are worthy of study.

Materials and methods

Regents

Roswell Park Memorial Institute (RPMI)-1640 (Gibco),
shikonin (Sigma), 5-diphenyltetrazolium bromide (MTT),
Necrostatin-1 (Nec-1) and N-acetyl-L-cysteine (NAC) were
purchased from Sigma-Aldrich (St. Louis, MO, USA), z-
VAD - fmk wa s g o t f r om Ca l b i o c h em . 2 ′ , 7 ′ -
Dichlorofluorescin diacetate (DCFH-DA), 4′, 6-diamidino-2-
phenylindole (DAPI) and propidium iodide (PI) assay kits
were purchased from Beyotime Institute of Biotechnology
(Wuhan, China). Dimethyl sulfoxide (DMSO) was from
Biosharp (Hefei, China). Anti-RIP1 and anti-RIP3 was obtain-
ed from Santa Cruz Biotechnology (Santa Cruz, CA, USA),
anti-β-actin (BioSharp, Hefei, China).

Cell lines and cell culture

CNE-2Z cell line was obtained from the Shanghai Cell Bank
(Shanghai, China). The cells were cultured in RPMI-1640
medium supplemented with 10% fetal calf serum, penicillin
(100 U/ml) and streptomycin (100 μg/ml) at 37 °C in a 5%
CO2 humidified atmosphere.

Cell proliferation assay

Viability of the cells was determined by MTT assay. The
CNE-2Z cells were seeded at an aliquot of 7000 cells in each
well of 96-well plate and cultured for 24 h. Then cells were
stimulated with different concentrations of shikonin (0.4, 0.8,
1.6, 3.2, 6.4 and 12.8 μM) for 24, 48 and 72 h. After that,
15 μl MTT was added into each well to incubate for 4 h at
37 °C. At the end of the experiment, the supernatant was
replaced with 150 μl of DMSO. 30 min later, absorbance
was measured at a wavelength of 490 nm with a plate reader.

Colony formation assays

The cells were seeded in 6-well plate at a density of 1 × 104 per
well for 24 h. The cells were exposed to various concentra-
tions of shikonin (Control, 0.16, 0.32, 0.64 μM) for 5 days,
washed with phosphate-buffered saline (PBS) twice, fixed
with paraformaldehyde setting for 10 min at −20 °C and
discarded the supernatant. Following stained with crystal vio-
let and then washed with double-distilled water, then followed
up with taking photos of them.

PI staining

The CNE-2Z cells (2 × 105 cells/ well) were allowed to grow
in each well of 12-well plate for 24 h. Following treatment
with shikonin (3.2, 6.4 and 12.8 μM) for 24 h and then stained
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with 600 μl propidium iodide (PI) /well for 2 h and analyzed
by flow cytometry (BD Biosciences, State of New Jersey,
U.S.A).

DAPI staining

This assay aimed to demonstrate the effect of shikonin on
CNE-2Z cell death. We seeded 4 × 103 cells in each well of
6-well plate and treatment with shikonin for 24 h, and then
fixed with paraformaldehyde setting for 10 min, washed three
times with PBS and then added DAPI solution (2 μg/ ml) in
each well for 5 min at 4 °C away from light. In the end, the
cells in the plate washedwith PBS and observed the cell nuclei
under a laser confocal scanning microscope.

Detection of intracellular reactive oxygen species

DCFH-DAwas used for the assessment of intracellular ROS
formation in cultured CNE-2Z cells. Cells were plated at
2 × 105 cells/well in a 6-well plate for 24 h and treated with
different concentrations of shikonin for 4 h. Dilute the DCFH-
DA with serum-free medium to 10 μM, the supernatant was
discarded and then added the DCFH-DA to each well. After
incubation at 37 °C for 20 min, the substrate solution was
removed and cells were washed with serum-free medium for
three times. A laser confocal scanningmicroscope was used to
observe the ROS levels.

Evaluation of cell death form by electron microscopy

Cultured cells were collected and fixed with 3% glutaralde-
hyde and 2% paraformaldehyde in 0.1 M PBS (pH 7.4) at
4 °C. Next, the CNE-2Z cells were post-fixed with 1% osmi-
um tetroxide, and then treated with 3% aqueous uranyl ace-
tone, before being dehydrated with a graded series of ethanol
and acetone and embedded in Araldite. Using a Reichert ul-
tramicrotome (Leica, Wetzlar, Germany) to cut the sections,
post-stained with 0.3% lead citrate, and examined by TEM
(Olympus JEOL, Peabody, MA, USA).

Western blot analysis

Cells were directly lysed in radioimmune precipitation buffer
for 30 min on ice, the lysates were centrifuged at 12,000×g for
30 min at 4 °C. Proteins in the supernatant were subjected to
SDS-PAGE and then blotted onto polyvinyl difluoride
(PVDF) membranes (Bio-Rad, Hercules, CA, USA).
After the membranes were blocked with 5% skim milk
in PBS with 0.1% Tween20 for 4 h, the expression of various
proteins was detected using primary and secondary antibod-
ies. The membranes were imaged with gel imaging equipment
(Bio-Rad, USA).

In vivo antitumor efficacy of shikonin

Four- to six-week-old female nude mice were purchased from
the animal experimental center of Beijing vitalriver. CNE-2Z
cells (3 × 106 cells per animal) were subaxillary injection into
the nude mice. The mice were assigned to the control or ex-
perimental groups by random. Mice with tumors were intra-
peritoneally administrated shikonin (0.5 mg/kg, 1.0 mg/kg)
and DDP (3.0 mg/kg) treatment every three days for 21 days.
Tumor weight was measured before every injection. At the
end of the experiment, tumors were removed and stored in
4% formalin solution, cut into small pieces that were stained
with hematoxylin and eosin (H&E).

Statistical analysis

Data are showed as the mean ± SE. Statistical analyses
were carried out using one-way analysis of variance. A
p value < 0.05 was taken as the level of significance.

Results

Shikonin inhibited CNE-2Z cells proliferation

We used MTT assay to examine the effect of shikonin on cell
viability of CNE-2Z cells. As shown in Fig. 1, shikonin obvi-
ously inhibited CNE-2Z cells proliferation in a time- and
dose-dependent manner. PI staining was used to demonstrate
the cell death and DAPI staining was aimed to detect death
cells. The result of PI staining showed that the rate of cell
death induced by shikonin was in a concentration-dependent
manner (Fig. 1c). Shikonin-treated cells showed increasing
number of death cell, and the cell nuclei exhibited condensed
and fragmented nuclei when compared with the control cells
(Fig. 1d).

Shikonin induced necroptosis in CNE-2Z cells

In order to research the mode of cell death induced by
shikonin, we observed cells under an electron microscope.
We could see that shikonin-treated CNE-2Z cells showed typ-
ical nuclear fragmentation, loss of plasmamembrane integrity,
and organelle (especially mitochondrial) swelling under the
electron microscopy, which suggested necroptosis (Fig. 2a).
Similarly, we treated cells with shikonin combined with either
Nec-1 or z-VAD-fmk by MTTassay and PI staining. Through
Fig. 2b, c we could see, cell death in CNE-2Z were signifi-
cantly improved in the presence of Nec-1. RIP1 and RIP3 are
the key proteins of necroptosis(Humphries et al. 2015), the
results indicated that shikonin up-regulated the expression of
RIP1 and RIP3 in a dose-dependent (Fig. 2d). Compared with
using shikonin along, RIP1 and RIP3 proteins were decreased
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when combined with Nec-1 (Fig. 2e). Taken together,
shikonin induces necroptosis in CNE-2Z cancer cells.

Reactive oxygen species (ROS) production is involved
in shikonin-induced necroptosis

After treatment with shikonin, we determined to exam-
ine intracellular ROS by the DCFH-DA probe.
Observation by using fluorescence microscopy proved
that the red fluorescence detected by DCFH-DA was
obviously brighter in CNE-2Z cells. Following treatment

of shikonin, ROS levels had a significant increase in a
dose-dependent manner when compared with that of
control cells (As shown in Fig. 3a). Clearly, the fluo-
rescence intensity of the cells pre-treated with the anti-
oxidant NAC (5 mM) was weaken than that of the cells
treated with shikonin alone. Furthermore, the viability of
the CNE-2Z cells treated with 3.2, 6.4, 12.8 μM
shikonin was decreased significantly, and it was blocked
by co-treated with NAC (Fig. 3b). These results indicat-
ed that shikonin induced overproduction of ROS.
Considering that the increase of intracellular ROS is
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Fig. 1 Shikonin inhibited CNE-
2Z cells proliferation. a CNE-2Z
cells were treated with concentra-
tions of shikonin for 24, 48 or
72 h. Cell viability was assessed
by MTT assay. b Inhibition of
colony formation in CNE-2Z cells
by shikonin. CNE-2Z cells were
treated with 0 (a), 0.16 (b), 0.32
(c), 0.64 (d) μM shikonin for
5 days. c Cells were treated with
shikonin for 24 h and the mor-
phology was examined by light
microscopy. And flow cytometric
analysis of cell death after treat-
ment with shikonin for 24 h using
PI staining. d CNE-2Z cells were
treated with 0, 3.2, 6.4, 12.8 μM
shikonin before being stained by
DAPI (showing nucleus). The
first row was the morphological
change in the bright field. The
white arrow denotes the nuclear
fragmentation
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the result of disrupted balance between its production and
clearance, we next detected shikonin-induced changes in mi-
tochondrial superoxide. As revealed by fluorescence micros-
copy, the red fluorescence detected by Mitosox red was stron-
ger in CNE-2Z cells treated with shikonin than that in the
control group (Fig. 3c). Meanwhile, statistical analysis of the
fluorescence intensity showed that shikonin induced increase
of mitochondrial superoxide, but pre-treatment with the inhib-
itor Nec-1 markedly prevented the increase of them (Fig. 3d).
In conclusion, shikonin induced increase of intracellular ROS
during the necroptosis occurred.

Effect of shikonin on tumor growth

To evaluate the antitumor effect of shikonin in vivo, CNE-2Z
cells were xenografted into nude mice. The tumor-bearing
mice were injected with shikonin (0.5 mg/kg/3d, 1.0 mg/kg/
3d), and the negative control group were injected with PBS
while the positive control group were treated with DDP
(3.0 mg/kg/3d) for 21 days in all. We observed that shikonin
reduced the growth to some extent, and the higher shikonin
was more effective (Fig. 4a). Furthermore, shikonin-treated
groups exhibited a significant decrease in the weight of nude
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Fig. 2 Shikonin induced
necroptosis in CNE-2Z cells. a
The mode of cell death induced
by shikonin was observed by
Electron microscopy. Scale bar,
500 nm. b CNE-2Z cells were
treated with shikonin alone or
combined with Nec-1 (20 μM), z-
VAD-fmk (20 μM) for 24 h, and
then the cell viability was detect-
ed. c CNE-2Z cells were treated
with shikonin (6.4 μM), Nec-1
(20 μM), or shikonin + Nec-1 for
24 h before being analyzed using
flow cytometry. Results are
expressed as a percentage of con-
trol levels. dCNE-2Z cells treated
with shikonin (0, 3.2, 6.4,
12.8 μM), RIP1 and RIP3 ex-
pression were examined by west-
ern blotting. e Cells were treated
as in c, and examined RIP1 and
RIP3 expression
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mouse (Fig. 4b). The weight of tumors in shikonin treated
group was lighter compared with negative control group sig-
nificantly (Fig. 4c). H&E staining of the tumors demonstrate
that the degree of tumor necrosis in shikonin group was higher
compared with control group (Fig. 4d). All of the results told
us that shikonin had significantly strong antitumor effects
in vivo.

Discussion

It was recently showed that shikonin has a strong cyto-
toxic effect on a wide variety of cancer cell lines
(Wiench et al. 2012). Nasopharyngeal carcinoma
(NPC) is a special kind of malignant head and neck
cancer with high incidence in Southeast Asia and
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Southern China (Ahmad and Ansari 2011). Therefore, in
our study, shikonin presented potent antitumor activity
for NPC CNE-2Z cells in vitro and in vivo.

Necroptosis is a mode of cell death different from apopto-
sis, which becomes the focus of morphologic research in re-
cent years (Vanden Berghe et al. 2015). In the recent study, the
pattern of cell death induced by shikonin was associated with
two programmed cell death pathways, apoptosis and
necroptosis (Shahsavari et al. 2015). So, in our research
on CNE-2Z cells, we used Nec-1, an inhibitor of
necroptosis, and z-VAD-fmk, an inhibitor of apoptosis,
for the purpose of demonstrating the mode of cell death
induced by shikonin. Respectively, shikonin induced cell
death in CNE-2Z was obviously protected by Nec-1.
And there was no significant change in the presence
of z-VAD-fmk. These results were confirmed by elec-
tron microscopy. Although shikonin has induced both
routs of cell death, indeed it is a potent necroptotic
inducer (Shahsavari et al. 2015). RIP1 and RIP3 are
regarded as crucial modulators of necroptosis (Shahsavari
et al. 2016). As expect, we found that the protein levels of
RIP1 and RIP3 were observably increased in CNE-2Z cell line
after treatment with shikonin in a concentration dependent

manner. These results indicated that cell death in CNE-2Z cell
line induced by shikonin was via activation of RIP1 and RIP3.

Recent studies have shown that shikonin was accumulated
in ROS level, shikonin is able to generate plenty of intracel-
lular ROS (Huang et al. 2013; Wiench et al. 2012). While
ROS production is not necessary in all cases of necroptosis,
increasing mitochondrial ROS levels could serve as a
second transmitter in the cell death signaling pathways
(Yu et al. 2015). To evaluate if antitumor effects deliv-
ered by shikonin was associated with ROS, the ROS
level was detected and the combination of shikonin
and NAC was used. The ROS level in CNE-2Z cells
induced by shikonin was not only dependent on
shikonin concentration, but also reduced by adding
ROS scavengers NAC clearly. Efficiency of shikonin
on tumor growth was in accordance with the efficacy in cel-
lular level.

Taken together, during our experiment, we draw a conclu-
sion that shikonin could induce necroptosis and destroy the
mitochondria through activating RIP1 and RIP3. Shikonin
shows potential to be a new therapeutic agent for treating
CNE-2Z cells. Further, in-depth testing is required to deter-
mine the efficacy.
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Conclusion

We showed for the first time that shikonin induces necroptosis
in NPC CNE-2Z cells occur through activation of reactive
oxygen species (ROS). As an inducer of necroptosis in
CNE-2Z cells, it up-regulated the expressions of RIP1 and
RIP3, Nec-1 could block this effect. Since necroptosis has
not been considered as a therapeutic strategy in treating
NPC, this study might confirm it serve as a new modality
leading to better control of CNE-2Z cells. In vivo experiments
suggested shikonin slowed tumor growth in mice. These re-
sults support that shikonin may be a promising agents in
treating NPC.
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