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Abstract. Shikonin, a traditional Chinese medicine, has 
been identified as being capable of inducing apoptosis in 
various tumors, including glioma, and is thus considered 
to be a promising therapeutic agent for tumor therapy. 
However, little is known about the molecular mechanism 
of shikonin in glioma. The present study investigated the 
influence of shikonin on the proliferation and apoptosis of 
glioma cells U251 and U87MG and explored the potential 
molecular mechanisms. It was identified that shikonin was 
able to induce apoptosis in human glioma cells in a time‑ 
and dose‑dependent manner, and a decreased expression 
level of cluster of differentiation (CD)147 was observed in 
shikonin‑treated U251 and U87MG cells. Knockdown of 
CD147 inhibited U251 and U87MG cell growth, whereas 
CD147 overexpression enhanced cell growth and decreased 
shikonin‑induced apoptosis. Additionally, an increased 
expression level of CD147 suppressed the elevated produc-
tion of reactive oxygen species and mitochondrial membrane 
potential levels induced by shikonin. The data indicated that 
shikonin‑induced apoptosis in glioma cells was associated 
with the downregulation of CD147 and the upregulation 
of oxidative stress. CD147 may be an optional target of 
shikonin‑induced cell apoptosis in glioma cells.

Introduction

Glioma is one of the most common primary central nervous 
system tumors  (1). Characterized by strong proliferation 
and intensive invasion, glioma cells always infiltrate into 
the surrounding normal brain tissues, which makes glioma 
difficult to eradicate completely by traditional surgical resec-
tion (2). Thus, comprehensive therapy, including radiotherapy 
and chemotherapy, is used in order to delay the recurrence and 
prolong survival rates (3,4). However, the prognosis of glioma 
remains poor, mainly due to its complex pathogenesis (5). To 
date, no effective treatment for glioma has been identified, 
and the search for new treatment options is thus necessary. 
Illuminating the possible molecular mechanism is also an 
important aspect for the treatment of glioma.

Shikonin, an active naphthoquinone extracted from the 
traditional Chinese herb Zicao, was originally used in tradi-
tional medicine as an ointment to treat wound healing, due to 
its anti‑inflammatory properties (6,7). Recently, an increasing 
number of studies have indicated that shikonin may exert 
anti‑tumor functions in cancer cells, including glioma (8‑10). 
Marked inhibition of proliferation and the induction of apop-
tosis have been identified in shikonin‑treated glioma cells, 
suggesting that shikonin may serve as a potential therapeutic 
agent for glioma (11,12). However, little is known about the 
molecular mechanism of shikonin in glioma.

Cluster of differentiation (CD), a transmembrane glyco-
protein of the immunoglobulin superfamily, is upregulated 
in diverse human tumor cells and has been validated as a 
therapeutic target (13). Previous studies have demonstrated 
that CD147 is rarely expressed on normal brain cells but highly 
expressed on glioma cells, and that the expression of CD147 
is significantly associated with World Health Organization 
tumor grade, indicating a potential role of CD147 in the occur-
rence and progress of glioma (14). An in vitro study further 
demonstrated that silencing of CD147 inhibits proliferation 
and induces apoptosis in glioma cells (15). However, whether 
CD147 is involved in shikonin‑induced glioma cell apoptosis 
remains to be elucidated.

The present study hypothesized that CD147 may be 
an optional target of shikonin‑induced cell apoptosis in 
glioma cells. It investigated the influence of shikonin on the 
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proliferation and apoptosis of glioma cells and examined the 
potential molecular mechanisms. The results may be of benefit 
in developing improved therapies for glioma.

Materials and methods

Cell culture. Human U251 and U87MG (ATCC® HTB14™, 
glioblastoma of unknown origin) cell lines were purchased 
from the American Type Culture Collection (Manassas, VA, 
USA) and cultured in Dulbecco's Modified Eagle's medium 
(DMEM; high glucose) medium (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 1% 
penicillin/streptomycin, 2% L‑glutamine and 10% fetal calf 
serum (FCS; HyClone; GE Healthcare Life Sciences, Logan, 
UT, USA) at 37˚C in an atmosphere humidified with 5% CO2. 
Cells in the logarithmic growth phase were collected for 
experimentation.

Monitoring cell proliferation using the xCELLigence system. 
U251 and U87MG cells were harvested, washed and resuspended 
in the DMEM with 10% FCS (HyClone; GE Healthcare Life 
Sciences). The impedance values of each well were automati-
cally monitored using a real‑time cell analyzer (RTCA; Roche 
Applied Science, Penzberg, Germany) by the xCELLigence 
system (ACEA Biosciences, San Diego, CA, USA) and expressed 
as a cell index (CI) value. The baseline impedances was recorded 
using control wells without cells containing 50 µl DMEM 
only. The cells were counted to 3x104 cells/ml and 100 µl were 
seeded into each well of the E‑Plate. Shikonin (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) was dissolved in dimethyl 
sulfoxide (DMSO; Sigma‑Aldrich; Merck KGaA), diluted to the 
required concentrations (0.1, 0.5, 1, 2, 3 and 4 µM) and added 
into the corresponding wells. The E‑plate was subsequently 
placed into the xCELLigence system. Scans were run with 
sweeps every min for the first 6 h. Subsequent sweeps were 
taken every 30 min for 72 h.

Cell Count ing Kit‑ 8 (CCK‑ 8) assay. U251 cel ls 
were plated on a 96‑well plate at a concentration of 
1x105  cells/ml and cultured with different concentrations 
of shikonin (0.1, 0.5, 1, 2, 3  and 4 µM) for 24 h at 37˚C. 
Subsequently, CCK‑8 solution (10 µl/well; Beyotime Institute 
of Biotechnology, Haimen, China) was added and the plate 
was incubated at 37˚C for 1 h. The cells were counted by 
absorbance measurements at a wavelength of 450 nm.

Cell apoptosis assay. U251 cells were plated at a seeding density 
of 1x105 cells in a 24‑well plate and treated with different 
concentrations of shikonin (0.1, 0.5, 1, 2, 3 and 4 µM) for 24 h 
at 37˚C. The cells were collected and washed twice in cold PBS. 
The cells were mixed in 100 µl 1X binding buffer and incubated 
with 5 µl Annexin V (BD Pharmingen; BD Biosciences, San 
Jose, CA, USA) at room temperature for 15 min in the dark. 
Subsequently, 5 µl propidium iodide (PI; BD Pharmingen; BD 
Biosciences) was added prior to detection by flow cytometry. 
The percentages of apoptotic cells were calculated using FlowJo 
7.6.1 (FlowJo LLC, Ashland, OR, USA).

Knockdown and overexpression of CD147 by RNA interference. 
To knock down the expression of CD147 in U251 and U87MG 

cells, the trans‑lentiviral pLKO System (Shanghai GeneChem 
Co., Ltd. Shanghai, China) was used to package the lentivirus 
and acquire the CD147 knockdown cells (U251‑KD and 
U87MG‑KD). The negative control cells were designated 
U251‑NC and U87MG‑NC. Polybrene (1 µg/ml; Shanghai 
GeneChem Co., Ltd.) was used to increase the transfection 
efficiency. The experiments were performed as previously 
described (16), with a multiplicity of infection (MOI) for U251 
and U87MG cells of 10 and 20, respectively. To upregulate the 
expression of CD147 in cells, the overexpression lentivirus was 
produced by Shanghai GeneChem Co., Ltd. and transfected 
into the U251 cells (MOI =5) and U87MG cells (MOI =10) 
to acquire the CD147 overexpression cells (U251‑OE and 
U87MG‑OE). According to the manufacturer's protocols, 
the cells infected with the lentivirus were selected for puro-
mycin resistance in DMEM containing 2 µg/ml puromycin 
(Sigma‑Aldrich; Merck KGaA) for 7‑10 days. Following selec-
tion, the cells were maintained in medium containing 1 µg/ml 
puromycin for ≥2 weeks until the final stable cell clones were 
harvested and verified by determining the expression of CD147 
via flow cytometry.

Flow cytometric analysis. The expression of CD147 in U251 
and U87MG cells was assessed by flow cytometry. Following 
transfection for 3 weeks, cells were fixed with 4% paraformal-
dehyde for 20 min at room temperature at a concentration of 
1x106 cells/ml. The cells were blocked with 1% bovine serum 
albumin (BSA; Beyotime Institute of Biotechnology) for 1 h 
at room temperature and incubated with CD147‑FITC (BD 
Pharmingen; BD Biosciences) for 30 min at room temperature. 
Following washing with PBS, stained cells were analyzed on a 
Fluorescence Activated Cell Sorter flow cytometer (BD Accuri 
C6 with CFlow Version 1.0.264.15 software, BD Biosciences).

Western blot analysis. Cells (1x106) were collected, washed 
twice with ice‑cold PBS and lysed in 100 µl RIPA buffer 
(Beyotime Institute of Biotechnology) supplemented with 
protease inhibitor (Sigma‑Aldrich; Merck KGaA) for 30 min. 
A Bicinchoninic Acid Protein Assay kit (Pierce; Thermo 
Fisher Scientific, Inc.) was used to determine the total protein 
concentration. Protein samples (30 ug/lane) were separated 
by 10% SDS‑PAGE, and then transferred onto polyvinyli-
dene fluoride membranes (Sigma‑Aldrich; Merck KGaA). 
Following blocking with 5% milk for 1 h at room temperature, 
the membranes were incubated overnight at 4˚C with mouse 
anti‑human CD147 primary antibody (1:1,000; ab666, Abcam, 
Cambridge, MA, USA). β‑tubulin was used as the loading 
control (1:2,000; ab44928, Abcam). The blots were extensively 
washed with PBS with 5% Tween‑20 and incubated with goat 
anti‑mouse horseradish peroxidase‑conjugated secondary anti-
body (1:3,000; ab205719, Abcam) for 1 h at room temperature. 
Following washing, the blots were visualized with BeyoECL 
Plus reagent (Beyotime Institute of Biotechnology) using a 
ChemiDocTM detection system (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA). Protein expression was quantified using 
ImageJ v1.50i (National Institutes of Health, Bethesda, MD, 
USA).

Measuring intracellular reactive oxygen species (ROS). The 
redox‑sensitive dye dichloro‑dihydro‑fluorescein diacetate 
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(DCFH‑DA; Beyotime Institute of Biotechnology) was used 
to evaluate the levels of intracellular ROS. Briefly, 1x106 cells 
were incubated with 1% Triton X‑100 following staining 
with 2 µmol DCFH‑DA in the dark at room temperature for 
20 min. Subsequently, the cells were washed with PBS and 
resuspended in RPMI‑1640 culture medium (Gibco; Thermo 
Fisher Scientific, Inc.) containing different concentrations 
of shikonin (0.5, 1 and 2 µM) at 37˚C for 2 h. The fluores-
cence was measured at an excitation wavelength of 488 nm 
and an emission wavelength of 530 nm using a fluorescence 
spectrometer.

Measuring mitochondrial membrane potential (MMP). The 
fluorochrome dye Rh123 (Beyotime Institute of Biotechnology) 
was used to evaluate the alterations in MMP. Briefly, U251 
cells were incubated with different concentrations of shikonin 
(0.5, 1 and 2 µM) at 37˚C for 24 h. Following incubation, 
cells were collected and stained with 5  µg/ml Rh123 at 
37˚C for 10 min. Cells were harvested and washed twice, 
and resuspended in 500 µl RPMI‑1640 culture medium. The 
fluorescence intensity of cells was quantitatively analyzed by 
flow cytometry (BD Accuri C6 with CFlow Version 1.0.264.15 
software).

Statistical analysis. The results are presented as the 
mean  ±  standard deviation from ≥3 independent experi-
ments. Comparisons between two groups with respect to ROS 
generation and MMP (U251NC vs.  U251NC+S, U251KD 
vs. U251KD+S and U251OE vs. U251OE+S) was performed 
using a Student's t‑test, and comparisons between multiple 
groups were performed using one‑way analysis of variance 
followed by a Student‑Newman‑Keuls test. Data analyses were 
performed using Graph Pad Prism version 5.0 (GraphPad 
Software, Inc., La Jolla, CA, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Shikonin inhibits U251 cell proliferation in a dose‑ and 
time‑dependent manner. An RTCA was used to assess the 
inhibitory effect of shikonin on U251 cell proliferation. 
The dynamic pattern of cell index (CI) curves for different 
shikonin concentrations on U251 cells are presented in 
Fig. 1A. The CI was further compared between the different 
concentration groups and the DMSO control group at the 
time point of 24 h, and it was identified that CI was decreased 
significantly in a dose‑dependent manner (Fig. 1B). It was also 
investigated whether the effect of shikonin on cell viability 
was time‑dependent. At a concentration of 1 µM, shikonin 
exhibited a significant inhibitory effect from 6 h, and the 
inhibitory rate gradually increased with time, indicating a 
time‑dependent effect of shikonin in U251 cells (Fig. 1C). The 
half‑maximal inhibitory concentration (IC50) value of shikonin 
for U251 cells following 24 h of treatment was 2.39x10‑6 M 
(Fig. 1D).

Shikonin induces apoptosis in human glioma U251 cells. 
To further investigate whether shikonin inhibited U251 cell 
growth through the induction of apoptosis, the percentage of 
apoptotic cells was calculated by flow cytometry using the 

Annexin V/PI double staining assay following treatment of the 
cells with various doses of shikonin. The representative flow 
cytometry data are presented in Fig. 2A. It was demonstrated 
that treatment with 0.5‑4 µM shikonin for 24 h significantly 
increased the numbers of apoptotic cells compared with the 
control group (Fig. 2B), and the numbers of apoptotic cells 
increased in a dose‑dependent manner. Shikonin‑induced 
cell death was also tested by CCK‑8. As presented in Fig. 2C, 
shikonin exhibited significant cell growth inhibition at each 
concentration, 0.5‑4 µM, similar to the apoptosis data. These 
results indicated that the apoptotic pathway serves a pivotal 
role in the anti‑proliferative effect of shikonin on U251 cells.

CD147 expression is downregulated in glioma cells under 
shikonin treatment. The expression of CD147 identified to be 
involved in tumor cell proliferation was examined to study 
the molecular mechanism underlying the inhibitory effects 
of shikonin on U251 and U87MG cell viability. As presented 
in Fig. 3A‑D, fluorescence‑activated cell sorting analysis for 
CD147 expression demonstrated a gradual decrease in U251 
and U87MG cells treated with shikonin compared with the 
untreated cells. Western blot analysis confirmed that with the 
increase in shikonin concentration, the expression of CD147 
was decreased (Fig. 3E‑H).

Knocking‑down of CD147 inhibits glioma cell growth, whereas 
CD147 overexpression enhances cell growth in glioma cells. 
To examine whether altered CD147 expression affects glioma 
growth, CD147 was knocked down and overexpressed in U251 
and U87MG cells, respectively, using a lentivirus system. As 
indicated in Fig. 4A and B, following transfection with CD147 
KD and CD147 OE viruses, CD147 was identified to be signifi-
cantly knocked down in U251‑KD cells and overexpressed in 
U251‑OE cells. The cell viability of each cell line was evalu-
ated by means of RTCA for 72 h. U251‑KD cells had lower CI 
values when compared with the CI index values of U251‑NC 
cells, which indicated a reduced cell viability (Fig. 4C and D). 
However, increased cell viability was observed in U251‑OE 
cells, which exhibited relatively high CI values compared with 
those of U251‑NC cells (Fig. 4C and D). Similar results were 
obtained in U87MG‑KD and U87MG‑OE cells (Fig. 4E‑H). 
All the data suggested a positive role for CD147 in glioma cell 
proliferation.

Overexpression of CD147 resists shikonin‑induced U251 cell 
death. It was further investigated whether CD147 was involved 
in shikonin‑induced cell death in glioma cells. As presented in 
Fig. 5A and B, downregulation of CD147 exerted a significant 
inhibitory effect on U251 cell proliferation, similar to the 
cells treated with shikonin. Comparatively strong cell growth 
inhibition was observed in shikonin‑induced U251 cells with 
the passage of time. When treated with shikonin, U251‑NC 
cells demonstrated decreased CI values compared with those 
of CD147‑overexpressing U251‑OE cells (Fig. 5C and D).

Shikonin induces apoptosis in U251 glioma cells through 
ROS generation and mitochondrial dysfunction via CD147 
expression. Shikonin has been reported to dysregulate cellular 
ROS levels and MMP, which ultimately induces cell apop-
tosis (17). Therefore, the intracellular ROS generation and 
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Figure 2. Shikonin induces U251 cell death, partly by apoptosis. Cells were plated at a seeding density of 1x105 cells in 24‑well plate and treated with different 
concentrations of shikonin for 24 h; cell death was detected using an Annexin V/PI staining assay. (A) Representative image of flow cytometry of U251 glioma 
cells. (B) Shikonin induced U251 cell apoptosis in a dose‑dependent manner. (C) U251 cell proliferation was detected by Cell Counting Kit‑8 assay. The data 
are presented as the mean ± standard deviation of three tests. **P<0.01 and ***P<0.001 vs. DMSO control group. DMSO, dimethyl sulfoxide; FITC, fluorescein 
isothiocyanate; PI, propidium iodide; S, shikonin.

Figure 1. Shikonin inhibits U251 cell proliferation in a time‑ and dose‑dependent manner. Cells were plated at a seeding density of 2x104 cells in an E‑Plate 
in Dulbecco's modified Eagle's medium containing a range of shikonin concentrations (0‑4 µmol/l). Proliferation was monitored in real time using the xCEL-
Ligence system. Readings were taken every min for 6 h and then every 30 min up to 72 h, with readings expressed as cell index values. (A) The xCELLigence 
graph is representative of duplicate wells comparing the effect of different shikonin concentrations on U251 cell proliferation for 72 h. (B) Shikonin inhibited 
U251 cell proliferation in a dose‑dependent manner. (C) Shikonin (1 µM) inhibited U251 cell proliferation in a time‑dependent manner. (D) The IC50 values 
of shikonin for U251 cells were calculated. The data are presented as the mean ± standard deviation of three tests. **P<0.01 and ***P<0.001 vs. DMSO control 
group. DMSO, dimethyl sulfoxide.
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Figure 3. Effects of shikonin on CD147 expression. Cells were plated at a seeding density of 1x105 cells in 24‑well plate and treated with 0.5, 2 and 4 µM 
shikonin for 24 h, respectively. The expression of CD147 was detected using flow cytometry and western blotting. (A) Representative image of flow cytometry 
of U251 glioma cells. (B) Quantitative analysis of the FACS data demonstrated a significantly decrease in CD147 in shikonin‑treated cells compared with 
untreated U251 cells. (C) Representative image of flow cytometry of U87MG glioma cells. (D) Quantitative analysis of the FACS data demonstrated a signifi-
cantly decrease of CD147 in shikonin treated cells compared with untreated U87MG cells. (E) Representative image of western blotting of U251 glioma cells. 
(F) Western blot analysis revealed reduced CD147 expression in shikonin‑treated U251 cells. (G) Representative image of western blotting of U87MG glioma 
cells. (H) Western blot analysis revealed reduced CD147 expression in shikonin‑treated U87MG cells. The data are presented as the mean ± standard deviation 
of three tests. *P<0.05, **P<0.01 and ***P<0.001 vs. respective control group. CD, cluster of differentiation; NC, negative control; S, shikonin; FITC, fluorescein 
isothiocyanate; FACS, fluorescence‑activated cell sorting.
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MMP levels were detected in U251 glioma cells. Treatment 
with shikonin markedly increased intracellular ROS 
generation in a dose‑dependent manner (Fig.  6A and B), 
as measured by fluorescence staining. Furthermore, it was 
identified that downregulation of CD147 in U251 glioma 
cells exhibited increased intracellular ROS and MMP 
levels, which further increased following the treatment 

with shikonin (Fig. 6C and D). However overexpression of 
CD147 was indicated to defend against the effect of shikonin 
on the intracellular ROS and MMP levels in U251 glioma 
cells (Fig. 6C and D). The statistical data are presented in 
Fig. 6E and F. All the data suggested that shikonin caused 
mitochondrial dysfunction, partly via regulation of CD147 
expression.

Figure 4. Role of CD147 in U251 glioma cell proliferation. CD147 was knocked down and overexpressed by lentivirus. The expression of CD147 was detected 
using flow cytometry. Each cell line was plated at a seeding density of 1x105 cells in a 24‑well plate and treated with 1 µM shikonin for 72 h. Proliferation was 
monitored in real time using the xCELLigence system. Readings were taken every min for 6 h and then every 30 min up to 72 h, with readings expressed as 
cell index values. (A) Representative image of flow cytometry of U251 cells. (B) Quantitative analysis of the FACS data demonstrated a significant decrease 
in CD147 in U251‑KD cells and a significant increase in CD147 in U251‑OE cells. (C) The xCELLigence graph is representative of duplicate wells comparing 
the effect of different cells on cell proliferation for 72 h. (D) Quantitative analysis of the RTCA data at different time points. (E) Representative image of flow 
cytometry of U87MG cells. (F) Quantitative analysis of the FACS data demonstrated a significant decrease of CD147 in U87MG‑KD cells and a significant 
increase of CD147 in U87MG‑OE cells. (G) The xCELLigence graph is representative of duplicate wells comparing the effect of different cells on cell 
proliferation for 72 h. (H) Quantitative analysis of the RTCA data at different time points. The data are presented as the mean ± standard deviation of three 
tests. *P<0.05 and **P<0.01. CD, cluster of differentiation; RTCA, real‑time cell analysis; OE, overexpression; KD, knockdown; NC, negative control; FACS, 
fluorescence‑activated cell sorting; MFI, mean fluorescence intensity.
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Discussion

The present study identified the reduced cell proliferation 
and decreased expression level of CD147 caused by shikonin 
in U251 cells. Shikonin was able to induce apoptosis in 
human glioma U251 cells in a dose‑dependent manner, and 
overexpression of CD147 resisted shikonin‑induced U251 
apoptosis. Additionally, an increased expression level of 
CD147 suppressed the elevated production of ROS and MMP 
levels induced by shikonin. The results of the present study 
indicated that shikonin‑induced apoptosis in glioma cells was 
associated with the downregulation of CD147 and upregula-
tion of oxidative stress.

As an anthraquinone compound derived from the roots of 
Lithospermum erythrorhizon, shikonin exhibits a broad spec-
trum of anti‑tumor effects by inducing apoptosis in cancer of 
the gallbladder (18), pancreas (19), colon (20) and breast (21). 
The present study also demonstrated that shikonin inhibited 
glioma U251 cell proliferation in a dose‑ and time‑dependent 
manner. At a concentration of 1 µM, shikonin exhibited a 
significant inhibitory effect from 6  h, and the IC50 value 
of shikonin for U251 cells following 24  h treatment was 
2.39x10‑6 M. Furthermore, treatment with 0.5‑4 µM shikonin 
for 24 h significantly increased the number of apoptotic cells, 
and this result was similar to that for cell growth inhibition. 
These findings indicated that the apoptotic pathway serves 
a pivotal role in the anti‑proliferative effect of shikonin on 
glioma cells. Lu et al  (22) reported that shikonin induced 
glioma cell necroptosis in vitro, as PI positive cells following 
shikonin (20 µM) treatment did not exhibit apoptotic features, 
such as nuclear condensation or fragmentation. This may be 
due to the different concentrations of shikonin used in the 

studies. The present study identified that a high concentration 
of shikonin demonstrated characteristics of necrosis, whereas 
a low concentration demonstrated characteristics of apoptosis 
(data not shown). In spite of the large number of studies indi-
cating that shikonin induces apoptosis in various human tumor 
cell lines (8,9,11), the molecular mechanism of the potential 
anti‑glioma effect of shikonin is not completely understood.

Apoptosis, a type of programmed cell death, is regulated 
by multiple genes and protein factors (23); ROS generation has 
been demonstrated to serve a critical role in this process (24). 
As dysfunctional mitochondria are thought to be one of the 
principal sources of intracellular ROS (25), the present study 
detected the cellular ROS levels and MMP when treated with 
shikonin, and identified the disrupted MMP and increased 
intracellular ROS generation in glioma U251 cells. As in hepa-
toma cells, shikonin generates large amounts of intracellular 
ROS during the early stage of the apoptotic process (26). These 
findings demonstrated that shikonin may target mitochondria 
and cause mitochondrial dysfunction, further increasing ROS 
generation and ultimately inducing apoptosis.

A number of studies have demonstrated that CD147 serves 
an important role in glioma (15,27). The results of the present 
study also proved that CD147 was able to affect the develop-
ment of glioma cells; knockdown of CD147 inhibited glioma 
cell growth, whereas CD147 overexpression enhanced cell 
growth in glioma cells. Yin et al (14) demonstrated that down-
regulation of CD147 induces apoptosis in glioma. The present 
study hypothesized that CD147 may be an optional target 
of shikonin‑induced cell apoptosis on glioma cells. CD147 
expression was first detected when glioma cells were treated 
with shikonin, and it was identified that CD147 expression 
was downregulated in glioma cells under shikonin treatment. 

Figure 5. Effect of CD147 on shikonin‑induced U251 cell proliferation. (A) The cell proliferation of U251‑KD cells and U251‑NC cells treated with 1 µM 
shikonin were detected in real time using the xCELLigence system for 72 h. The representative graph is provided. (B) Quantitative analysis of the RTCA data 
at different time points in U251‑KD cells and U251‑NC cells treated with shikonin. (C) The cell proliferation of U251‑OE cells and U251‑NC cells treated with 
1 µM shikonin were detected in real time using the xCELLigence system for 72 h respectively. The representative graph is provided. (D) Quantitative analysis 
of the RTCA data at different time points in U251‑OE cells and U251‑NC cells treated with shikonin. The data are presented as the mean ± standard deviation 
of three tests. *P<0.05, **P<0.01 and ***P<0.001. KD, knockdown; NC, negative control; RTCA, real‑time cell analysis; OE, overexpression; S, shikonin.
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Furthermore, overexpression of CD147 in glioma cells resisted 
shikonin‑induced cell death and reduced the effect of shikonin 
on the intracellular ROS and MMP levels. In summary, the 
present study suggested that shikonin induced apoptosis in 
glioma via the regulation of CD147 expression.
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induction in U251‑KD and U251‑OE cells. (F) Statistical quantification of Rh123 fluorescence in U251‑KD and U251‑OE cells. The data are presented 
as the mean ± standard deviation of four tests. *P<0.05 and **P<0.01. #P<0.05 vs. respective control group. ROS, reactive oxygen species; KD, knockdown; 
OE, overexpression; NC, negative control; S, shikonin; NS, not significant; DMSO, dimethyl sulfoxide.
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