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 Background: This study aimed to investigate the possible involvement of sonic hedgehog (Shh) signaling in the radioresis-
tance of human osteosarcoma cells and the inhibitory effects of emodin on radioresistance.

 Material/Methods: Human osteosarcoma (OS) cell line MG63 was employed as parent cells. After 30-repeat low-dose (2 Gy) x-ray 
irradiation on MG63 cells, radioresistant OS cell MG63R cells were produced. Colony formation assay was used 
to assess the radioresistance. Cell viability was evaluated by CCK-8 assay. TUNEL assay was used to detect cell 
apoptosis. Protein expression levels and nuclear translocation were evaluated by western blotting.

 Results: More survival colony formation, elevated cell viability, and less cell apoptosis were found in MG63R cells com-
pared to MG63 cells exposed to irradiation. The nuclear translocation of glioma-associated oncogene homolog 
(Gli), expression levels of Shh and Bcl2 were increased in MG63R cells compared to MG63 cells. Emodin pre-
treatment significantly inhibited cell viability and survival colony formation but increased cell apoptosis of ir-
radiation exposed MG63R cells in a concentration dependent manner. Moreover, emodin pretreatment inhib-
ited Shh and Bcl2 expressions as well as Gli1 nuclear translocation but increased C-caspase-3 expression of 
irradiation exposed MG63R cells in a concentration dependent manner.

 Conclusions: Shh signaling activation was involved in the radioresistance of human OS cells. Emodin impaired the radiore-
sistant capacity of OS cells by inhibiting Shh signaling pathway.
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Background

Osteosarcoma (OS) is one of the most frequent primary ma-
lignant tumor, without optimistic prognosis, found in the 
bone [1]. In patients diagnosed with OS, the current therapy 
is a combination of surgical excision, multi-agent neoadjuvant 
chemotherapy, and adjuvant chemotherapy. These therapies 
result in an approximately 65% 5-year survival rate in OS pa-
tients with localized lesions [2]. Radiotherapy is utilized in OS 
patients who have inoperable tumors and who have painful 
bone metastasis to achieve local control [3]. However, similar 
to several other malignant tumors, OS is also characterized 
by radioresistance [4]. The exact molecular mechanism of ra-
dioresistance is still unclear.

Dysregulation of sonic hedgehog (Shh) signaling has been 
identified in several human malignant tumors, including gas-
tric cancer, breast cancer, and liver cancer [5–7]. Previous stud-
ies reported that overexpression of Shh signaling was corre-
lated with resistance against ionizing radiations [8]. Shh was 
initially identified as a protein conducting signaling involved 
in cell proliferation, differentiation, and apoptosis. The down-
stream nuclear factor glioma-associated oncogene homolog 
(Gli) is activated by Shh and initiates nuclear translocation to 
facilitate its target genes regulating cell fate such as Bcl2 [9].

Drugs or agents which could reduce radioresistance of malig-
nant cancer are promising and of therapeutic potential. Emodin, 
(1,3,8-trihydroxy-6-methylanthraquinone) is a bio-active de-
rivative from rhizome of Rheum Palmatum L. Previous studies 
have shown emodin has potent anti-cancer activity by inhib-
iting cancer growth, invasion, and metastasis [10,11]. Other 
studies have indicated a role for emodin in attenuation of ra-
dioresistance of several cancers [12]. These results informed 
our interests in assessing whether emodin could reduce the 
radioresistance of OS. Moreover, the possible molecular mech-
anism involving Shh signaling and emodin’s therapeutic effect 
on OS was also investigated.

In this current study, radioresistant OS cell line MG63R was 
established by repeating irradiation by using MG63 as paren-
tal cells, which was in accordance to previous descriptions and 
our pre-study experiments [13]. Emodin was used to incubate 
these cells. We hypnotized that: 1) emodin could reduce the ra-
dioresistance of OS; and 2) emodin attenuates radioresistance 
by regulating Shh signaling pathway. We believe that results 
from this study would be helpful in not only understanding 
the mechanisms of radioresistance of OS, but also in provid-
ing a theoretical basis for potential application of emodin in 
clinical treatment of OS in the future.

Material and Methods

Cell culture, establishment of MG63R and treatments

Human OS cell line MG63 was purchased from China Center for 
Type Culture Collection (CCTCC). Cells were cultured in DMEM 
(Hyclone) supplemented with 10% fetal bovine serum (FBS, 
Gibco) and antibiotics mixture (penicillin and streptomycin, 
Invitrogen). A cell incubator providing humidified environment; 
37°C and 5% CO2/95% fresh air was used to incubate the cells.

MG63R cells were generated by repeat low-dose irradiation. 
MG63 cells in the period of logarithmic phase were irradiated 
with x-rays at 6 MV using Varian Cx irradiator (Varian Medical 
System). The cells received a single x-ray irradiation at dosage 
of 2 Gy for one minute. The irradiated cells were irradiated 
again until reaching another logarithmic phase. This procedure 
was repeated 30 times and the total irradiation dosage was 
60 Gy. The 10–20 passages of the resulted cells were named 
MG63R and were stable and radioresistant.

In some cases, cultured OS cells were pre-treated with emo-
din (Sigma-Aldrich) at serial diluted concentrations at 0, 15, 
30, 45, and 60 μmol/L.

Cell apoptosis determinations

The apoptosis of cultured OS cells was detected by terminal 
transferase UTP nick end labeling (TUNEL) assay. Cultured OS 
cells were fixed by 10% neutral buffered formaldehyde. Slides 
were treated with proteinase K (20 μmol/L, Sigma-Aldrich). A 
TUNEL assay was performed by using a TUNEL assay kit (Roche) 
according to the manufacturer’s instructions. An inverted fluo-
rescence microscope was used to observe and capture the flu-
orescent images. The apoptotic rate was analyzed by compar-
ing positively stained cell numbers to total cell numbers using 
software Image-Pro Plus (version 5.0).

Colony formation assay

The radiosensitivity of MG63 cells and MG63R cells was as-
sessed by colony formation assay. This assay was carried out 
by using OptiCell culture chambers according to previous de-
scriptions [14]. Cell culture medium containing 400–600 cells 
at a volume of 10 mL was added to each chamber. Then 0, 
2, 4, and 6 Gy irradiation was delivered to each chamber at 
depth of 0 cm. The cells were cultured for seven days until 
survival colonies were visualized. Colony consisting of over 
50 cells was identified as a survival colony. Survival fractions 
were calculated.
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Cell viability assessment

The cell viability was assessed by Cell Counting Kit-8 (CCK-8) 
assay kit (Beyotime) per manufacturer’s instructions. Cultured 
cells were seeded into 96-well plates and were incubated with 
CCK-8 reagent at 25°C for two hours. A plate reader was used 
to determine the absorbance at 450 nm (A450). Viability was 
determined relative to the control group measurement.

Western blotting

The whole cell extracts from cultured OS cells were collected by us-
ing a cell lysis buffer system (Santa Cruz). Nuclear protein and cy-
toplasmic protein were prepared with Nuclear Extraction Reagents 
(Beyotime) and Cytoplasmic Extraction Reagents (Beyotime). Using 
a BCA protein assay kit (Pierce), the concentrations of protein 
were determined. Then 30 μg of protein was loaded and then 
separated by sodium dodecyl sulfate- polyacrylamide gel electro-
phoresis (SDS-PAGE). The separated proteins were transferred to 
polyvinylidene fluoride (PVDF) membranes. Specific antibodies 
against Gli1 (Cell Signaling Tech, 1: 500), histone H3 (Santa Cruz, 
1: 1,000), Shh (Cell Signaling Tech, 1: 500), caspase-3 (Abcam, 
1: 500), cleaved caspase-3 (Abcam, 1: 250), Bcl2 (Sigma-Aldrich, 
1: 500), and GAPDH (Sigma-Aldrich, 1: 500) were used to incu-
bate the membranes at 4°C for 12 hours. Anti-rabbit IgG HRP-
linked secondary antibody (Cell Signaling Tech) and anti-mouse 
IgG HRP-linked secondary antibody (Cell Signaling Tech) were 
used to incubate the membranes at room temperature for two 
hours. The immunoblots were visualized on x-ray films with Super 
Signal West Pico chemiluminescence reagent (Pierce).

Statistical analysis

Data were expressed as the mean ± standard deviation (SD). 
Statistical significance was determined by independent sam-
ples t-test and one-way analysis of variance (ANOVA). Tukey’s 

post-hoc tests were followed. The analysis was carried out us-
ing SPSS (version 16.0, SPSS). When p<0.05, it was considered 
to indicate a statistically significant difference.

Results

MG63R cells showed stronger radioresistant capacity than 
MG63 c ells

The MG63 cells and MG63R cells received irradiation of 0, 2, 
4, and 6 Gy. As shown in Figure 1, the survival fractions were 
significantly higher in MG63R cells than MG63 cells at irradia-
tions at dosages of 2, 4, and 6 Gy. Also shown in Figure 1, re-
sults of CCK-8 assay indicated that the cell viabilities of MG63R 
cells were significantly higher than MG63 cells receiving irra-
diation at dosages of 2, 4, and 6 Gy.

Shh signaling was activated in MG63R cells

The results are shown in Figure 2. Compared with MG63 cells, 
expression levels of Shh and Bcl2 were increased in MG63R 
cells. Moreover, the nuclear translocation of Gli1 was also dra-
matically increased in MG63R cells compared to MG63 cells. 
The cleavage of caspase-3 was inhibited in MG63R cells. As a 
result, the irradiation-induced cell apoptosis was dramatical-
ly lowered in MG63R cells compared to MG63 cells under the 
same dosages of irradiation.

Emodin attenuated radioresistance of MG63R cells

As shown in Figure 3, the survival fractions as well as cell via-
bility were significantly decreased in MG63R cells treated with 
emodin in a concentration-dependent manner. Moreover, em-
odin pretreatment significantly increased the irradiation-in-
duced cell apoptosis in a concentration-dependent manner.
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Figure 1.  Columns on the upper panel of this figure indicated the cell viability determined by CCK-8 assay. Columns on the lower panel 
indicated the survival fractions determined by colony formation assay. The white and black columns indicated cell viability of 
MG63 and MG63R cells, respectively; * differences were significant when compared with MG63 (p<0.05).
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Figure 2.  (A) Captured images on the left show the TUNEL staining of cultured MG63 and MG63R cells exposed to serial dosages 
of irradiations. Columns on the right indicate the apoptotic rate of these cells. (B) Image on the upper part shows the 
immunoblots of Shh, Bcl2, and cleaved caspase-3 (C-caspase-3) and GAPDH. Columns on the lower panel indicate the relative 
expression levels of Shh, Bcl2 and C-caspase-3 (normalized to GAPDH) in MG63 cells (white columns) and MG63R cells (black 
columns), respectively. (C) Image on the upper part shows the immunoblots of Gli1 and histone H3. Columns on the lower 
panel indicate the relative expression levels of Gli1 (normalized to histone H3) in MG63 cells (white columns) and MG63R 
cells (black columns), respectively; * differences were significant when compared with MG63 cells (p<0.05).
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Emodin suppressed Shh signaling activation in MG63R 
cells

The results are shown in Figure 4. The expression levels of Shh 
and Bcl2 were suppressed in MG63R cells pretreated with em-
odin in a concentration-dependent manner. Moreover, emo-
din treatment also significantly inhibited the nuclear translo-
cation of Gli1 in MG63R cells. Correspondingly, the cleavage 
of caspase-3 was increased in emodin-incubated MG63R cells.

Discussion

Incorporation of radiotherapy has been proven to increase 
the efficacy of several agents, such as ifosfamide and cisplat-
in, in OS [15]. However, radioresistance of OS impairs the ef-
ficacy of radiotherapy. In the current study, by using repeat 
low-dose x-ray irradiations, we established a radioresistant 
OS cell line MG63R originated from MG63 cells. The MG63R 
cells showed potent radioresistance to irradiation-induced cell 

apoptosis. Evidences from survival colony formation and CCK-
8 assay indicate that MG63R cells showed stronger viability 
compared to MG63 cells.

Shh signaling is composed of Shh ligand, transmembrane recep-
tor complex (Ptch and Smo), and the downstream nuclear tran-
scription factor Gli. It was reported that Shh signaling was critical 
for regulating cell growth, differentiation, adhesion, and apopto-
sis [16]. Previous studies reported that the Shh signaling was ac-
tivated in many human malignant tumors, including liver cancer, 
gastric cancer, and breast cancer [17]. The activation of Shh sig-
naling was also considered positively correlated with increased 
chemoresistance and radioresistance in several human malignant 
tumors [18,19]. In this study, we found that compared with the 
parent MG63 cells, expression levels of Shh and nuclear translo-
cation of Gli1 were upregulated, indicating that Shh signaling was 
dramatically activated in MG63R cells. The expression of Gli1’s 
target gene Bcl2 [20] was increased and thus the cleavage of cas-
pase-3 was attenuated. As a result, cell viability was increased, 
and irradiation-induced cell apoptosis was reduced in MG63R cells.
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Figure 3.  (A) The left section of this figure shows the captured images of TUNEL staining of cultured MG63R cells treated with serial 
concentrations of emodin. These cells were exposed to irradiation of 6 Gy. Columns on the right indicate the apoptotic 
percentage of these cells. (B) Columns indicate the cell viability determined by CCK-8 assay. (C) Columns indicate the survival 
fractions determined by colony formation assay; * differences were significant when compared with 0 μmol/L (p<0.05); ** 
differences were significant when compared with 15 μmol/L (p<0.05); # differences were significant when compared with 30 
μmol/L (p<0.05); ## differences were significant when compared with 45 μmol/L (p<0.05).
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Figure 4.  The left section of the upper panel shows the images of immunoblots of Shh, Bcl2, C-caspase-3 and GAPDH in irradiation-
exposed MG63R cells treated with emodin at serial concentrations (0, 15, 30, 45, and 60 μmol/L). Columns on the right 
indicate the relative expression levels of Shh, Bcl2, and C-caspase (normalized to GAPDH). The left section of the lower panel 
shows the images of immunoblots of Gli1 and histone H3 in irradiation-exposed MG63R cells treated with emodin at serial 
concentrations (0, 15, 30, 45 and 60 μmol/L). Columns on the right indicate the relative expression levels of Gli1 (normalized 
to histone H3); * differences were significant when compared with 0 μmol/L (p<0.05); ** differences were significant when 
compared with 15 μmol/L (p<0.05); # differences were significant when compared with 30 μmol/L (p<0.05); ## differences 
were significant when compared with 45 μmol/L (p<0.05).

It has been reported that emodin has a broad spectrum of bi-
ological activities including anti-bacterial, anti-inflammatory, 
and anti-cancer activities [21–23]. It has been shown that em-
odin inhibits cancer cell growth by inducing apoptosis via ac-
tivating the caspase cascade [24]. In addition, emodin atten-
uated the radioresistance of several cell lines such as HepG2 
liver cancer cells [12]. In the current study, we found that em-
odin attenuated the radioresistance of MG63R cells. Evidences 
from survival colony formation and CCK-8 assay indicated that 
emodin treatment repressed cell viability and of MG63R cells. 
The irradiation-induced apoptosis was dramatically increased 
in emodin-treated MG63R cells. Our further investigation 
showed that the expression levels of Shh and nuclear translo-
cation of Gli1 were reduced by emodin treatment. As a result, 
the expression of Bcl2 was downregulated and the cleavage 
of caspase-3 was upregulated, which triggered cell apoptosis.

Conclusions

Data in this study suggested that MG63R cells showed stron-
ger radioresistance compared to the parent cell line MG63. The 
activation of Shh signaling was involved in the radioresistance 
of MG63R cells. Emodin treatment attenuated the radioresis-
tance of MG63R cells by deactivating Shh signaling. These re-
sults not only broadened our understanding of the possible 
mechanisms of radioresistance of OS, but also provided a the-
oretical basis for potential clinical utility of emodin or emodin-
contained compounds.

5772
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Qu W. et al.: 
Emodin impairs radioresistance of human osteosarcoma cells…

© Med Sci Monit, 2017; 23: 5767-5773
LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



References:

 1. Xu B, Wu DP, Xie RT et al: Elevated NDC80 expression is associated with 
poor prognosis in osteosarcoma patients. Eur Rev Med Pharmacol Sci, 2017; 
21(9): 2045–53

 2. Feng H, Wang J, Chen W et al: Hypoxia-induced autophagy as an additional 
mechanism in human osteosarcoma radioresistance. J Bone Oncol, 2016; 
5(2): 67–73

 3. Kohyama K, Yamada K, Sugiura H et al: Salvage surgery and microsurgical 
reconstruction for recurrence of skull base osteosarcoma after carbon ion 
radiotherapy. Nagoya J Med Sci, 2015; 77(4): 667–73

 4. Oertel S, Blattmann C, Rieken S et al: Radiotherapy in the treatment of 
primary osteosarcoma – a single center experience. Tumori, 2010; 96(4): 
582–88

 5. Samadani AA, Akhavan-Niaki H: Interaction of sonic hedgehog (SHH) path-
way with cancer stem cell genes in gastric cancer. Med Oncol, 2015; 32(3): 48

 6. Cao Y, Lin SH, Wang Y et al: Glutamic pyruvate transaminase GPT2 pro-
motes tumorigenesis of breast cancer cells by activating sonic hedgehog 
signaling. Theranostics, 2017; 7(12): 3021–33

 7. Jeng KS, Sheen IS, Jeng WJ et al: Activation of the sonic hedgehog signal-
ing pathway occurs in the CD133 positive cells of mouse liver cancer Hepa 
1-6 cells. Onco Targets Ther, 2013; 6: 1047–55

 8. Chen YJ, Lin CP, Hsu ML et al: Sonic hedgehog signaling protects human 
hepatocellular carcinoma cells against ionizing radiation in an autocrine 
manner. Int J Radiat Oncol Biol Phys, 2011; 80(3): 851–59

 9. Hegde GV, Munger CM, Emanuel K et al: Targeting of sonic hedgehog-GLI 
signaling: A potential strategy to improve therapy for mantle cell lympho-
ma. Mol Cancer Ther, 2008; 7(6): 1450–60

 10. Su J, Yan Y, Qu J et al: Emodin induces apoptosis of lung cancer cells through 
ER stress and the TRIB3/NF-kappaB pathway. Oncol Rep, 2017; 37(3): 
1565–72

 11. Lu J, Xu Y, Zhao Z et al: Emodin suppresses proliferation, migration and in-
vasion in ovarian cancer cells by down regulating ILK in vitro and in vivo. 
Onco Targets Ther, 2017; 10: 3579–89

 12. Hwang SY, Heo K, Kim JS et al: Emodin attenuates radioresistance induced 
by hypoxia in HepG2 cells via the enhancement of PARP1 cleavage and in-
hibition of JMJD2B. Oncol Rep, 2015; 33(4): 1691–98

 13. Park YM, Lee SY, Park SW, Kim SH: Role of cancer stem cell in radioresis-
tant head and neck cancer. Auris Nasus Larynx, 2016; 43(5): 556–61

 14. Sunada S, Cartwright IM, Hirakawa H et al: Investigation of the relative bi-
ological effectiveness and uniform isobiological killing effects of irradia-
tion with a clinical carbon SOBP beam on DNA repair deficient CHO cells. 
Oncol Lett, 2017; 13(6): 4911–16

 15. Li HX, Meng QP, Liu W et al: IMPDH2 mediate radioresistance and chemo-
resistance in osteosarcoma cells. Eur Rev Med Pharmacol Sci, 2014; 18(20): 
3038–44

 16. Gan H, Liu H, Zhang H et al: SHh-Gli1 signaling pathway promotes cell sur-
vival by mediating baculoviral IAP repeat-containing 3 (BIRC3) gene in pan-
creatic cancer cells. Tumour Biol, 2016; 37(7): 9943–50

 17. Castellone MD, Laukkanen MO: TGF-beta1, WNT, and SHH signaling in tu-
mor progression and in fibrotic diseases. Front Biosci, 2017; 9: 31–45

 18. Zhou J, Wu K, Gao D et al: Reciprocal regulation of hypoxia-inducible fac-
tor 2alpha and GLI1 expression associated with the radioresistance of re-
nal cell carcinoma. Int J Radiat Oncol Biol Phys, 2014; 90(4): 942–51

 19. Shahi MH, Farheen S, Mariyath MP, Castresana JS: Potential role of Shh-
Gli1-BMI1 signaling pathway nexus in glioma chemoresistance. Tumour 
Biol, 2016; 37(11): 15107–14

 20. Regl G, Kasper M, Schnidar H et al: Activation of the BCL2 promoter in re-
sponse to Hedgehog/GLI signal transduction is predominantly mediated 
by GLI2. Cancer Res, 2004; 64(21): 7724–31

 21. Lin W, Zhong M, Yin H et al: Emodin induces hepatocellular carcinoma cell 
apoptosis through MAPK and PI3K/AKT signaling pathways in vitro and in 
vivo. Oncol Rep, 2016; 36(2): 961–67

 22. Li L, Song X, Yin Z et al: The antibacterial activity and action mechanism of 
emodin from Polygonum cuspidatum against Haemophilus parasuis in vi-
tro. Microbiol Res, 2016; 187: 139–45

 23. Chen G, Zhang J, Zhang H et al: Anti-inflammatory effect of emodin on li-
popolysaccharide-induced keratitis in Wistar rats. Int J Clin Exp Med, 2015; 
8(8): 12382–89

 24. Srinivas G, Anto RJ, Srinivas P et al: Emodin induces apoptosis of human 
cervical cancer cells through poly(ADP-ribose) polymerase cleavage and ac-
tivation of caspase-9. Eur J Pharmacol, 2003; 473(2–3): 117–25

5773
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Qu W. et al.: 
Emodin impairs radioresistance of human osteosarcoma cells…
© Med Sci Monit, 2017; 23: 5767-5773

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


