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CB-5083, an inhibitor of P97,  
suppresses osteosarcoma growth and  
stem cell properties by altering protein homeostasis
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Abstract: Osteosarcoma is the most common primary malignant bone tumor in children and adolescents, and its 
treatment still needs to be improved. Here, we assessed the antitumor ability of CB-5083, an oral inhibitor of P97, 
in osteosarcoma. MTT, colony formation, sphere formation, cell cycle and apoptosis assays and animal studies 
showed that CB-5083 significantly inhibited osteosarcoma cell growth in vitro and in vivo. The inhibition of P97 also 
led to suppression of endoplasmic reticulum-associated degradation (ERAD), thereby resulted in activation of the 
apoptosis function of the unfolded protein response (UPR), and ultimately induced the death of osteosarcoma cells. 
Furthermore, an analysis of clinical patient samples confirmed that P97 can predict the outcomes of patients with 
osteosarcoma. Our studies showed that CB-5083 inhibited the growth and stem cell abilities of osteosarcoma cells 
both in vitro and in vivo and might be a promising drug for osteosarcoma treatment.
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Introduction

Osteosarcoma is the most common primary 
malignant bone tumor, and its annual inci- 
dence rate among people aged less than 24 
years is approximately 4.4 cases per 1 million, 
which indicates that osteosarcoma accounts 
for approximately 5% of childhood cancers [1, 
2]. The treatment strategy for this cancer in- 
volves neoadjuvant chemotherapy combined 
with surgery, and the 5-year survival rate of 
osteosarcoma patients is approximately 70% 
and has not improved since the 1980s due to 
the existence of a population of therapy-resis-
tant tumor cells with the features of cancer 
stem cells (CSCs). Furthermore, no advances in 
overcoming chemoresistance have been achi- 
eved over the past 2 decades [3]. The identifi-
cation of new therapies or drugs that would 
yield improved therapeutic effects and elimi-
nate therapy-resistant tumor cells is imperat- 
ive for the treatment of osteosarcoma.

The endoplasmic reticulum (ER) is essential  
for the folding and trafficking of proteins that 

enter the secretory pathway, where numerous 
genetic and environmental insults impede the 
ability of cells to properly fold and post transla-
tionally modify secretory and transmembrane 
proteins [4]. Due to the complicated nature of 
the tumor microenvironment, tumor develop-
ment is always accompanied by changes in  
protein homeostasis [5]. The gathering of un- 
folded or misfolded proteins leads to ER stress 
(ERS), which then initiates the unfolded protein 
response (UPR) to restore protein homeostasis 
[5]. The UPR pathway can not only restore pro-
tein homeostasis but also induce cell apopto- 
sis when unfolded or misfolded proteins inside 
the cells cannot be repaired [6]. The targeting 
of pathways related to protein homeostasis has 
become a new direction in cancer treatment, 
which requires the development of inhibitors of 
other regulators of protein homeostasis.

P97, which is also known as valosin-containing 
protein (VCP) and cell division cycle protein 48 
(CDC48), is a member of the AAA+ (ATPases 
associated with diverse cellular activities) ATP- 
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ase family [7]. P97 has many cellular func- 
tions, such as DNA replication and repair and 
cell cycle regulation, and the most important  
of these functions is the regulation of protein 
homeostasis [8, 9]. This protein is an impor- 
tant regulator of ER-associated degradation 
(ERAD), which drives the degradation of irre- 
parable unfolded or misfolded proteins [10- 
12]. P97 remodels and releases ERAD substr- 
ates into the cytosol, and the substrates are 
then ubiquitinated by the ubiquitin ligase com-
plex and degraded by proteasomal proteins 
[13, 14]. The inhibition of P97 can induce the 
accumulation of unfolded and misfolded pro-
teins, which then leads to ERS and UPR.

Here, we investigated the oral P97 inhibitor 
CB-5083, which can inhibit osteosarcoma gr- 
owth in vivo and in vitro and suppresses the 
stem cell abilities of osteosarcoma cells, and 
the results showed that CB-5083 is a promis-
ing compound for the treatment of osteosar- 
coma patients. 

Materials and methods

Cell culture

hFOB1.19, U2OS, HOS, MNNG/HOS, 143B, 
SJSA-1, SAOS-2, MG63, and G292 cells were 
obtained from the American Type Culture 
Collection (ATCC). U2R (U2OS/MTX), a metho-
trexate-resistant derivative of the U2OS cell 
line, was kindly gifted by Dr. M. Serra (Instituti 
Ortopedici Rizzoli, Bologna, Italy). ZOS and 
ZOSM were collected by our lab from human 
osteosarcoma patients with primary tumors 
and metastases. All the cells were grown in 
Dulbecco’s modified Eagle’s medium (DMEM, 
Invitrogen) with 10% fetal bovine serum (FBS, 
Invitrogen) at 37°C in 5% CO2. Short tandem 
repeat profiling was used for cell line authen- 
tication.

Antibodies

The following antibodies were used: P97 (Ab- 
cam, ab109240), β-actin (CST, #3700), BIP 
(CST, #3177), PERK (CST, #5683), XBP1-S (CST, 
#27901), p-eIF2α (CST, #3398), CHOP (CST, 
#2895), and GAPDH (CST, #2118).

Cell viability assay

Osteosarcoma cells were seeded in 96-well 
plates at 4000 cells/well. After cell attach-

ment, the cells were treated with different con-
centrations of CB-5083 for 72 hours, and the 
cell viability was detected as described previ-
ously [15].

Colony formation assay

The cells were treated with 0 μM, 0.25 μM and 
0.5 μM CB-5083 for 24 hours and then seeded 
in 6-well plates at 500 cells/well. After a 12-day 
culture period, the cells were washed, fixed and 
dyed with crystal violet, and the plates were 
dried. Photographs were obtained, and the col-
onies that contained more than 50 cells were 
counted.

Cell cycle and apoptosis assay

The cells were treated with 0 μM, 0.5 μM and 1 
μM CB-5083 for 48 hours and then collected, 
and proteins were detected as described previ-
ously [16].

Sphere formation assay

The cells were treated with 0 µM, 0.25 µM, or 
0.5 µM CB-5083 for 24 hours, counted and 
seeded in 24-well low-adhesion plates at 500 
cells/well. The cells were cultured for 14 days, 
photographs were obtained, and the spheres 
were counted.

RNA extraction and qPCR

The cells were treated with 0 μM and 0.5 μM 
CB-5083 for 48 hours, and RNA was then ex- 
tracted using the RNAprep Pure Cell/Bacteria 
Kit (DP430, TIANGEN). PrimeScriptTM Master 
Mix (Perfect Real Time) (RR036A, Takara) and 
TB GreenTM Premix Ex TaqTM II (Tli RNaseH Plus) 
(RR820A, Takara) were used for cDNA synthe-
sis and qPCR.

The RT2 Profiler PCR Array (QIAGEN, PAHS-
176Z) was used to identify the CSC-related 
gene profile of osteosarcoma cells treated  
with 0.5 μM CB-5083. Eighty-four CSC-related 
genes were tested, and ACTB, B2M, GAPDH, 
HPRT1, and RPLP0 were used as control genes.

Primers

BIP-Forward: GAAAGAAGGTTACCCATGCAGT, BIP-
Reverse: CAGGCCATAAGCAATAGCAGC; ATF4-For- 
ward: ATGACCGAAATGAGCTTCCTG, ATF4-Rever- 
se: GCTGGAGAACCCATGAGGT; CHOP-Forward: 
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GGAAACAGAGTGGTCATTCCC, CHOP-Reverse: 
CTGCTTGAGCCGTTCATTCTC; GADD34-Forward: 
AGCCACGGAGGATAAAAGAACA, GADD34-Rever- 
se: CTGAACGATACTCCCAGGACC; DNAJB9-For- 
ward: TCTTAGGTGTGCCAAAATCGG, DNAJB9-
Reverse: TGTCAGGGTGGTACTTCATGG; GAPDH-
Forward: ACAACTTTGGTATCGTGGAAGG, GAP- 
DH-Reverse: GCCATCACGCCACAGTTTC.

Animal study

The animal study was approved by the Institu- 
tional Review Board of Sun Yat-sen University. 
Nude mice were purchased from Shanghai  
Slac Laboratory Animal Company Limited and 
injected with SJSA-1 cells near the scapula. 
Once the average tumor volume reached ap- 
proximately 100 mm3, the mice were random- 
ly divided into two groups and treated with ve- 
hicle (DMSO in normal saline) or 100 mg/kg 
CB-5083. The tumor volume and body weight 
were measured every 5 days. After 30 days,  
the mice were sacrificed, and the tumors were 
weighed.

Immunochemistry staining

From January 2008 to December 2011, tumor 
samples were obtained from the patients dur-
ing surgery at the Department of Musculos- 
keletal Oncology, the First Affiliated Hospital  
of Sun Yat-sen University, Guangzhou, China. 
H&E and IHC staining were performed as de- 
scribed previously [17]. The study of patient 
samples was approved by the Institutional Re- 
view Board of Sun Yat-sen University, and in- 
formed consent was obtained from the pati- 
ents prior to sample collection.

Statistical analysis

All the data were analyzed using IBM SPSS 
Statistics 21. The differences between two 
groups were assessed using two-tailed Stu- 
dent’s t test or χ2 test, and P<0.05 was con- 
sidered statistically significant (*P<0.05, **P< 
0.01, and ***P<0.005).

Results

The P97 inhibitor CB-5083 effectively sup-
pressed osteosarcoma cell line proliferation

Based on the function of P97 in solid tumors, 
we first tested the expression level of P97 in  
11 osteosarcoma cell lines and the human 

osteoblast cell line hFOB1.19 and found that 
P97 was overexpressed in most osteosarco- 
ma cell lines with the exception of MG63 and 
G292 (Figure 1A, 1B). These findings revealed 
the possibility that P97 might play important 
roles in osteosarcoma. We also treated these 
cells with various doses of CB-5083 for 72 
hours, and the calculated half-maximal inhibi-
tory concentration (IC50) values ranged from 
0.3286 to 1.032 μM (Figure 1C, 1D). A colony 
formation assay was also conducted to test  
the antiproliferative activity of CB-5083, and 
we found that the colony number and colo- 
ny size were also reduced in the SJSA-1 and 
U2OS cell lines after treatment with CB-5083 
(Figure 1E, 1F). These results indicated that 
P97 is a key regulator in osteosarcoma and 
that the P97 inhibitor CB-5083 exhibits sig- 
nificant antiproliferative activity in osteosarco-
ma cells.

CB-5083 induced G1 cell cycle arrest and 
apoptosis in osteosarcoma cells

We wondered whether CB-5083 could affect 
cell cycle progression in osteosarcoma cells.  
As demonstrated by propidium iodide (PI) stain-
ing, the treatment increased the percentages 
of cells at the G0/G1 phase, decreased the per-
centages of cells at the S phase, and did not 
affect the percentages of cells at the G2/M 
phase, and this finding was obtained for both 
SJSA-1 and U2OS cells (Figure 2A-C). These 
results indicated that CB-5083 could induce 
G1 cell cycle arrest in osteosarcoma cells and 
thereby inhibit cell proliferation. The effect of 
the P97 inhibitor on cell apoptosis was also 
detected, and we found that CB-5083 could 
induce osteosarcoma cell apoptosis (Figure 
2D-F). The above results showed that the P97 
inhibitor affects both the cell cycle progression 
and proliferation of osteosarcoma cells.

CB-5083 reduced osteosarcoma xenograft 
growth in nude mice

We discovered that the P97 inhibitor CB-5083 
can inhibit osteosarcoma cell proliferation and 
effectively induce apoptosis, and these find-
ings provide a potential avenue for the deve- 
lopment of tumor therapies. Thus, the in vivo 
antitumor ability of the P97 inhibitor CB-5083 
was investigated using a nude mouse xeno-
graft model established with SJSA-1 cells. On- 
ce the tumor volume reached approximately 
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Figure 1. The P97 inhibitor CB-5083 suppressed osteosarcoma cell line proliferation. (A) P97 protein expression in 
11 osteosarcoma cell lines (U2OS, U2R, ZOS, ZOSM, HOS, MNNG/HOS, 143B, SJSA-1, SAOS-2, MG63, and G292) 
and the human osteoblast cell line hFOB1.19. (B) Normalization of P97 protein expression by comparing the gray-
scale values of the Western blot bands. (C and D) Cell viability assay of 11 osteosarcoma cell lines treated with 
CB-5083. The cells were seeded in 96-well plates, cultured overnight and then treated with different concentrations 
of CB-5083 for 72 hours. The viable cells were detected using the MTT assay (C), and the IC50 values (D) were 
calculated. (E and F) Colony formation assay of SJSA-1 and U2OS cells treated with CB-5083. The cells were treated 
with CB-5083 for 24 hours, seeded at 500 cells/well in 6-well plates and cultured for 12 days. The cell colonies 
were the photographed, and the colonies that contained more than 50 cells were counted. *P<0.05, **P<0.01, 
and ***P<0.005 compared with the control group.

100 mm3, the mice were randomly divided into 
two groups (vehicle group and CB-5083 gro- 
up): the CB-5083 group was treated with 100 
mg/kg CB-5083 every day, whereas the vehi- 
cle group was treated with normal saline (with 
the same volume of DMSO). The P97 inhibitor 

CB-5083 inhibited tumor growth beginning 15 
days after the first injection, and significant in- 
hibition was detected through the end of the 
study (Figure 3A). The average tumor weight of 
the vehicle group was 823 mg, whereas that  
of the CB-5083 group was 416 mg, which also 
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Figure 2. Cell cycle and apoptosis assays of SJSA-1 and U2OS cells treated with CB-5083. (A) Cell cycle assay of SJSA-1 and U2OS cells treated with CB-5083. The 
cells were treated with CB-5083 for 48 hours, and cell cycle assays were performed using PI staining and flow cytometry. (B and C) Lengths of the different cell 
cycle phases of CB-5083-treated (B) SJSA-1 and (C) U2OS cells. *P<0.05, **P<0.01, and ***P<0.005 compared with the control group. (D) Apoptosis assay of 
SJSA-1 and U2OS cells treated with CB-5083. The cells were treated for 48 hours, and cell apoptosis was detected by annexin V/PI staining and flow cytometry. (E 
and F) Percentages of apoptotic (E) SJSA-1 and (F) U2OS cells after CB-5083 treatment. *P<0.05, **P<0.01, and ***P<0.005 compared with the control group.
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indicated an in vivo reduction in osteosarcoma 
growth (Figure 3B). The average body weights 
of the nude mice in the different groups sh- 
owed no significant changes, which indicated 
that CB-5083 exhibits low toxicity (Figure 3C). 
Conclusively, these results demonstrated that 
the P97 inhibitor CB-5083 exhibits prominent 
antitumor properties and no distinct toxicity in 
vivo.

CB-5083 suppressed CSC characteristics in 
osteosarcoma

CSCs possess the properties of self-renewal 
and maintenance of the tumor phenotype, 
which might lead to clinical treatment failure 
[18]. Subsequently, a sphere formation assay 
was conducted to test whether CB-5083 cou- 
ld suppress osteosarcoma CSC growth. After 
treatment with CB-5083 for 48 hours, the  
cells were counted and cultured in low-adhe-
sion plates for 14 days. We found that CB- 
5083 significantly inhibited the sphere forma-
tion ability of SJSA-1 and U2OS cells (Figure  
4A, 4B). Approximately 200 and 100 spheres 
were obtained from the analysis of the con- 
trol cells and the cells treated with 0.5 μM, 
respectively (Figure 4B). To investigate the CB- 

5083 treatment-mediated changes in the ex- 
pression of CSC-related genes, the RT2 Pro- 
filer PCR Array was used. The results showed 
that CB-5083 treatment induced a significant 
decline in the expression of 20 genes, and am- 
ong these, DKK1, IL8 and MYC exhibited the 
most substantial changes in expression (Figure 
4C, 4D).

CB-5083 induced apoptosis by affecting ERS

Subsequently, we further investigated the me- 
chanism through which CB-5083 affects os- 
teosarcoma. P97 is an important regulator of 
protein homeostasis that can affect ER-asso- 
ciated degradation [9, 19]. Due to changes in 
the tumor microenvironment, many unfolded  
or misfolded proteins accumulate in the ER, 
and this accumulation induces ER stress [20, 
21]. The UPR is initiated for the restoration of 
protein homeostasis and the resolution of ES 
stress, and apoptosis is induced if the unfold- 
ed or misfolded proteins cannot be repaired 
[6]. The UPR pathway can be activated through 
three different arms: protein kinase RNA-like 
ER kinase (PERK), inositol-requiring enzyme 1 
(IRE1) and activating transcription factor 6 
(ATF6).

Figure 3. CB-5083 inhibited osteosarcoma growth in vivo. Mice with osteosarcoma were divided into two groups 
and treated with vehicle or CB-5083. The tumor volume and body weight of each nude mouse were measured every 
5 days. After 30 days, the mice were sacrificed, and the tumors were photographed and weighed. A. Volumes and 
photographs of tumors in nude mice with osteosarcoma treated with vehicle and CB-5083. **P<0.01. B. Weight of 
tumors in nude mice with osteosarcoma treated with vehicle and CB-5083. **P<0.01. C. Body weight of nude mice 
with osteosarcoma treated with vehicle and CB-5083.
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Our results revealed that CB-5083 could acti-
vate two of these pathways (Figure 5). First, 
CB-5083 induced the release of heat shock 
protein family A (HSP70) member 5 (BIP), which 
activated PERK; the activation of PERK result-
ed in the phosphorylation of eukaryotic trans- 
lation initiation factor 2 subunit alpha (eIF2α) 
and subsequently the translation of activating 
transcription factor 4 (ATF4); and ATF4 upregu-
lated the transcription of CCAAT/enhancer-bin- 
ding protein homologous protein (CHOP) and 
thereby induced growth arrest and DNA dam-
age-inducible 34 (GADD34)-mediated cell ap- 
optosis in osteosarcoma (Figure 5). Second, 
CB-5083 activated the IRE1 pathway, which 
cut and spliced X-box binding protein 1 (XBP1) 
and led to the accumulation of CHOP tran-
scripts and cell apoptosis (Figure 5). Further- 
more, DnaJ heat short protein family (Hsp40) 

member B9 (DNAJB9), which is a gene invol- 
ved in ER stress and the UPR, was also over- 
expressed in the cells treated with CB-5083 
(Figure 5A-D). In summary, CB-5083 activates 
the UPR through the PERK and IRE1 pathways, 
which leads to cell apoptosis in osteosarcoma.

P97 predicted osteosarcoma patient prognosis

The P97 inhibitor CB-5083 could inhibit cell 
growth and induce cell apoptosis in osteosar-
coma, which show potential clinical significan- 
ce. We speculated that P97 might be a good 
marker for predicting the prognosis of osteo-
sarcoma patients. By analyzing samples from 
84 patients with osteosarcoma, we found that 
38 samples (45.2%) could be regarded as po- 
sitive for P97, whereas 46 samples (54.8%) 
could be regarded as negative for this marker 

Figure 4. CB-5083 suppressed cancer stem cell characteristics in osteosarcoma. (A and B) Sphere formation assay 
of SJSA-1 and U2OS cells treated with CB-5083. The cells were treated with CB-5083 for 24 hours, seeded at 500 
cells/well in 24-well low-adhesion plates, and cultured for 14 days. The spheres were the photographed (A) and 
counted (B). (C and D) Cancer stem cell-related gene profile of SJSA-1 and U2OS cells treated with CB-5083.
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(Supplementary Table 1 and Figure 6). A Ka- 
plan-Meier survival analysis showed that the 
P97-positive groups had a worse prognosis, 
with a 5-year overall survival rate of 23.7%, 
compared with the P97-negative groups (Fig- 
ure 6B). Furthermore, an analysis of the corre-
lation between P97 gene expression and the 
metastasis rate revealed that the P97-positive 
group exhibited a metastasis rate of 73.7%, 
which was markedly higher than that of the 
P97-negative group (Table 1). The above-men-
tioned results show that the overexpression of 
P97 in osteosarcoma patients is correlated 
with a high risk of metastasis and poor prog- 
nosis.

Discussion

The clinical outcome of patients with osteosar-
coma can be improved by chemotherapy, and 
the 5-year survival rate has reached 60% to 
70%. However, numerous patients with osteo-

CB-5083 could induce G1 cell cycle arrest in 
osteosarcoma cells. Myc was also inhibited by 
CB-5083, and this inhibition might have indu- 
ced the observed G1 cell cycle arrest. In addi-
tion, CB-5083 inhibited the colony formation 
ability of osteosarcoma cells in vitro. We also 
found that CB-5083 exhibited antitumor ability 
in nude mice without significant side effects.  
All the above-mentioned results suggest that 
CB-5083 might be a helpful drug for osteosar-
coma treatment in the future.

CSCs are known to play crucial roles in chemo-
resistance, tumor metastasis and recurrence. 
Osteosarcoma stem cells were first discovered 
by the Gibbs group, who detected that a sub-
group of osteosarcoma cells has sphere forma-
tion ability [23]. We also found that CB-5083 
could inhibit the sphere formation ability of 
osteosarcoma cells, which indicated that this 
P97 inhibitor has anti-CSC function. In addition, 
CB-5083 repressed CSC-related gene expres-

Figure 5. CB-5083 induced cancer cell apoptosis by affecting ER stress. (A-D) 
mRNA levels of UPR-related genes (BIP, ATF4, CHOP, GADD34, and DNAJB9) 
in (A) SJSA-1, (B) U2OS, (C) HOS, and (D) MG63 cells treated with CB-5083. 
(E) Western blotting of UPR-related genes (BIP, XBP1-S, PERK, p-elF2α, and 
CHOP) in osteosarcoma cells treated with CB-5083.

sarcoma are either not sensi-
tive to chemotherapy or de- 
velop drug resistance with  
the current chemotherapy reg-
imens [22]. At present, effec-
tive agents that target resis-
tant tumor cells and cause 
less severe side effects is 
needed. Our study found that 
CB-5083, an oral P97 inhi- 
bitor, can significantly inhibit 
osteosarcoma cell growth in 
vitro and in vivo and suppress 
the proprieties of CSCs, which 
indicates that CB-5083 might 
be a promising drug against 
osteosarcoma.

In this study, we discovered 
that most osteosarcoma cell 
lines have a higher P97 expre- 
ssion level than the human 
osteoblast cell line hFOB1.19. 
Treatment with the P97 inhibi-
tor CB-5083 led to significant 
cell cytotoxicity in all osteosar-
coma cell lines, and the IC50 
values ranged from 0.3286 
µM to 1.032 μM. Cell cycle 
arrest is an essential early 
event in the inhibition of cell 
proliferation, and our cell cy- 
cle assay results showed that 



Anti-osteosarcoma potential of CB-5083

2965 Am J Transl Res 2020;12(6):2956-2967

sion in osteosarcoma cells, which shows that 
this inhibitor has the potential to target CSCs in 
osteosarcoma. At present, there are no highly 
effective drugs that can target CSCs in osteo-
sarcoma, which is the recurrent and metastatic 
root of this terrible disease [24]. Our results 
showed that the targeting of P97 and protein 
homeostasis might be a new direction for the 
treatment of osteosarcoma, which would spe-
cifically involve the targeting of osteosarcoma 
stem cells.

Tumors are always accompanied by a disorder 
in protein homeostasis, which indicates that 
tumor cells suffer severe ERS caused by large 
amounts of unfolded or misfolded proteins [5]. 
ERAD and the UPR are the two pathways that 
can alter protein homeostasis in cancer cells 
[20, 21, 25]. In the ERAD pathway, unfolded or 
misfolded proteins are transferred to the cyto-
plasm and degraded by the proteasome [13, 
14, 26], and the UPR pathway can not only  
lead to protein degradation but can also in- 
duce cell death if the proteins become unde-
gradable [6]. P97 is a key regulator of protein 

homeostasis, which controls ERAD [9, 10]. To 
regain protein homeostasis, cancer cells over-
express P97 to drive the degradation of unfold-
ed or misfolded proteins. Our results confirm- 
ed this speculation and revealed that P97 is 
overexpressed in osteosarcoma cells compar- 
ed with hFOB1.19 human osteoblast cells. The 
inhibition of P97 by CB-5083 suppressed the 
ERAD pathway and led to the accumulation of 
unfolded or misfolded proteins, and the UPR 
pathway was then activated to drive protein 
degradation and cell apoptosis. The UPR path-
way can be divided into three arms, which are 
activated by three different proteins: PERK, 
IRE1 and ATF6. We discovered that CB-5083 
could activate both the PERK- and IRE1-related 
UPR pathways and ultimately induced CHOP 
transcription and cell apoptosis in osteosarco-
ma cells. This finding confirmed that CB-5083 
could inhibit P97 and ERAD, which resulted in 
the accumulation of irreparable unfolded or 
misfolded proteins, and the PERK- and IRE1-
related UPR is then activated, which ultimately 
leads to cancer cell apoptosis.

In summary, we have demonstrated that CB- 
5083 exerts strong antitumor effects against 
human osteosarcoma cells without noticeable 
side effects and that CB-5083 can reduce the 
sphere formation ability through the downre- 
gulation of CSC-related genes. The underlying 
mechanism through which CB-5083 exhibits 
anti-osteosarcoma activity appears to involve 
the alteration of protein homeostasis. Our re- 
sults showed that P97 can act as both a thera-
peutic target and a prognostic marker for os- 
teosarcoma patients. Thus, CB-5083 might be 
a promising inhibitor that can be used in osteo-
sarcoma treatment.
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Supplementary Table 1. Clinical characteris-
tics of osteosarcoma patients

Number of 
Patients

Percentages 
%

Sex
    Male 41 48.8
    Female 43 51.2
Age
    0-10 9 10.7
    11-20 58 69.0
    21-30 9 10.7
    31 and Above 8 9.5
    Median 15
    Range 8-73
Tumor Stage
    I+II 44 52.4
    III 40 47.6
Metastasis
    Yes 40 47.6
    No 44 52.4
Location
    Distal Femur 36 42.9
    Proximal Tibia 28 33.3
    Proximal Femur 3 3.6
    Distal Tibia 6 7.1
    Humerus 9 10.7
    Pelvis 2 2.4


