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CCT6A is associated with CDC20, Enneking stage
and prognosis in osteosarcoma, and its knockdown
suppresses osteosarcoma cell viability and invasion
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Abstract. Chaperonin-containing tailless complex poly-
peptide 1 subunit 6A (CCT6A) regulates the proliferation,
invasiveness and stemness of numerous types of cancer, and
may interact with cell division cycle 20 (CDC20); however,
its implication in osteosarcoma remains unclear. The present
study aimed to investigate the relationship between CCT6A
and CDC20, and their association with clinical features and
prognosis. Subsequently, the present study explored the effects
of their knockdown on osteosarcoma cell malignant behaviors.
A total of 52 patients with osteosarcoma underwent tumor
resection were retrospectively analyzed. CCT6A and CDC20
expression levels in tumor and nontumor tissues were detected
by reverse transcription-quantitative PCR and immunohisto-
chemistry. In addition, CCT6A and CDC20 small interfering
RNA molecules were transfected into osteosarcoma cell lines.
The results revealed that the mRNA (P<0.001) and protein
(P<0.001) expression levels of CCT6A were elevated in tumor
tissues compared with those in nontumor tissues. Tumor
CCT6A mRNA expression was correlated with elevated
CDC20 mRNA expression (P<0.001), higher Enneking stage
(P=0.039), abnormal lactate dehydrogenase (LDH) level
(>300 U/1) (P=0.048), lower pathological response (P=0.024)
and worse disease-free survival (DFS) (P=0.015). Tumor
CCTo6A protein expression was also associated with increased
CDC20 protein (P<0.001), elevated Enneking stage (P=0.005),
abnormal LDH (P=0.019), decreased pathological response
(P=0.014), shorter DFS (P=0.030) and overall survival (OS)
(P=0.027). After adjustment by multivariate Cox analyses,
tumor CCT6A mRNA expression was shown to independently
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predict lower pathological response (P=0.033) and poor DFS
(P=0.028), but not OS. Regarding CDC20, it was associated
with a higher Enneking stage and lower pathological response
(both P<0.05), whereas it failed to estimate DFS or OS.
In vitro experiments demonstrated that CCT6A and CDC20
knockdown inhibited proliferation and invasion, and enhanced
apoptosis in U-2 OS and Saos-2 cells (all P<0.05). In conclu-
sion, CCT6A is associated with CDC20, Enneking stage and
prognosis of osteosarcoma, and its knockdown decreases the
viability and invasion of osteosarcoma cells.

Introduction

Osteosarcoma is a rare cancer that annually affects 3-5 men
per million and 2-4 women per million worldwide (1,2). Due
to its complex and unclear pathogenesis, as well as uncertain
molecular biology, the etiology of osteosarcoma is still largely
unknown (3,4); however, it is currently considered that age,
sex and race are related to the occurrence of osteosarcoma (5).
Benefiting from the advancement and broad application of
neoadjuvant and adjuvant chemotherapy, more patients with
osteosarcoma undergo limb-sparing radical surgery (6);
however, a proportion of patients still fail to respond well
or may experience early relapse, resulting in an unsatisfac-
tory prognosis, with a 5-year event-free survival of 59% and
overall survival (OS) of 71% in patients with osteosarcoma in
Europe and America (7). Thus, identifying markers that could
forecast disease progression, relapse and/or death is beneficial
for osteosarcoma management via improved stratification of
patients and optimization of treatments (8,9).
Chaperonin-containing tailless complex polypeptide 1
subunit 6A (CCT6A) is a recently discovered oncogene, which
promotes cancer progression by facilitating the proliferation,
invasiveness and stemness and of tumor cells (10-13). In addi-
tion, it exhibits potency as a prognostic marker in numerous
types of cancer, such as lung cancer, gastric cancer and papil-
lary thyroid carcinoma (14-16). Notably, CCT6A interacts
with cell division cycle 20 (CDC20), as shown by the STRING
database (https://cn.string-db.org/) and further validated
by a previous study in papillary thyroid carcinoma cancer
tissue (16). CDC20 is a well-known oncogene that facilitates the
initiation and progression of several types of cancer, including
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osteosarcoma (17-21). Therefore, it was hypothesized that
CCT6A may be involved in the pathogenesis and prognosis
of osteosarcoma. Furthermore, previous studies have reported
that CCT6A regulates osteosarcoma cell proliferation via Akt
activation (22) and that CCT6A is associated with CDC20
in patients with papillary thyroid carcinoma (16). However,
these studies did not explore the association between CCT6A
and clinical/pathological features, neoadjuvant chemotherapy
response and prognosis in patients with osteosarcoma, nor did
the assess the relationship between CCT6A and CDC20 in
patients with osteosarcoma. Therefore, these are new explora-
tional directions that the present study aimed to evaluate.

The present study aimed to investigate the relationship
between CCT6A and CDC20, as well as their association with
clinical features, neoadjuvant chemotherapy response and
survival in patients with osteosarcoma. In addition, the study
aimed to further explore the effects of CCT6A and CDC20
knockdown on the malignant behaviors of osteosarcoma cells.

Materials and methods

Patients. A total of 52 patients with osteosarcoma who were
treated with surgical resection at the Center Hospital Affiliated
to Shenyang Medical College (Shenyang, China) between
July 2016 and June 2020 were retrospectively screened in the
present study. The screening criteria were as follows: i) Primary
osteosarcoma newly diagnosed by pathology; ii) Enneking
stage II (23); iii) lesion at the extremities; iv) complete data
on the tumor cell necrosis rate (TCNR) assessed after
neoadjuvant therapy; v) at least one follow-up record; and
vi) available tumor specimens frozen in liquid nitrogen. The
exclusion criteria were as follows: i) Secondary osteosarcoma;
ii) distant metastasis at initial diagnosis; and iii) a prior history
of other primary cancers or malignant diseases. The present
study was approved by the Ethics Committee of the Center
Hospital Affiliated to Shenyang Medical College (approval
no. 2020-09-03). The patients or their statutory guardians
provided written informed consent.

Treatment. Patients with osteosarcoma received neoadju-
vant chemotherapy according to the Instituto Orthopedic
Rizzoli-Section of Osteosarcoma/Neoadjuvant chemo-
therapy-5 (IOR-OS/N-5) regimen (24). Every 6 weeks was
considered a therapy cycle (3 weeks for treatment, 3 weeks
for interval before another cycle began). After two cycles
(12 weeks) of neoadjuvant chemotherapy, patients received
surgical resection. After surgery, patients were treated with the
IOR-OS/N-5 regimen or the intensive IOR-OS/N-5 regimen
(increased dose) as adjuvant therapy; the regimen was selected
based on the TCNR assessed after neoadjuvant chemo-
therapy (24). Adjuvant therapy lasted for three or four cycles.

Sample processing. A total of 52 tumor specimens and 38
paired nontumor samples (2 cm away from the tumor) were
used. The different number of samples was due to not all the
nontumor tissues being routinely stored. All samples were
frozen in liquid nitrogen, and were accessible and available
for detecting the mRNA expression levels of CCT6A and
CDC20 by reverse transcription-quantitative PCR (RT-qPCR)
assay. The kits used were as follows: RNeasy Protect Mini

Kit (Qiagen GmbH) for RNA (tissues and cells) extraction;
iScript™ cDNA Synthesis Kit (Bio-Rad Laboratories, Inc.) for
RT, used according to the manufacturer's protocol; and KOD
SYBR® qPCR Mix (Toyobo Life Science) for qPCR. The
thermocycling conditions included 1 cycle of 98°C for 2 min,
followed by 40 cycles of 98°C for 10 sec and 61°C for 30 sec.
The mRNA expression levels of CCT6A and CDC20 were
evaluated using the 224% method (25), and GAPDH was used
as an internal reference gene. The primers used were designed
according to previous studies (15,26) and are listed as follows:
CCT6A forward, 5"TGACGACCTAAGTCCTGACTG-3' and
reverse, 5"ACAGAACGAGGGTTGTTACATTT-3'; CDC20
forward, 5'-GCAGACATTCACCCAGCATCA-3' and reverse,
5'-CATCCACGGCACTCAGACAG-3"; and GAPDH forward,
5'-GAGTCCACTGGCGTCTTCAC-3' and reverse, 5-TGC
TGATGATCTTGAGGCTGTT-3..

Additionally, the tissue samples were fixed with 10%
formalin for 24 h at room temperature and embedded by
paraffin, then cut into 4-ym sections for the detection of
CCT6A and CDC20 protein expression via immunohisto-
chemistry (IHC). The IHC assay was performed as described
in a previous study (27). The following antibodies were
used: Rabbit anti-CCT6A antibody (cat. no. ab110905; 1:100;
Abcam) and rabbit anti-CDC20 antibody (cat. no. ab155921;
1:1,000; Abcam) primary antibodies; and goat anti-rabbit
HRP-conjugated secondary antibody (cat. no. ab205718;
1:20,000; Abcam). The stained sections were assessed using
a light microscope. The staining intensity (0-3 score) and
the staining density (0-4 score) were used as parameters to
semi-quantify protein expression (0-12 score), which was
calculated by multiplying the two aforementioned scores; high
protein expression (>3) and low protein expression (<3) were
graded (27).

Data collection and follow-up data. The demographics and
disease characteristics of the patients with osteosarcoma were
collected from the medical records. Biochemical indexes such
as lactate dehydrogenase (LDH; normal level, <300 U/l) and
alkaline phosphatase (ALP; normal level >500 U/1 for patients
<16 years old and >150 U/l for patients =16 years old) were
detected as routine hospital analyses. In addition, Huvos
grade (28) was evaluated based on the efficacy of neoadjuvant
chemotherapy (assessed by TCNR). Disease-free survival
(DFS) and OS time were calculated from the follow-up data,
with a final date of February 28, 2022. DFS was calculated
from surgery to disease recurrence, new primary osteosarcoma
occurrence or death. OS was calculated from neoadjuvant
chemotherapy to death.

Transfection. Saos-2 and U-2 OS osteosarcoma cells (both
from American Type Culture Collection) were cultured at 37°C
with 5% CO, in McCoy's 5a Modified Medium containing
10% fetal bovine serum (FBS; both from Gibco; Thermo
Fisher Scientific, Inc.). CCT6A, CDC20 and negative control
(NC) small interfering RNA (siRNA) molecules (si-CCT6A,
si-CDC20 and si-NC, respectively; 50 nM) were transfected
into 5x10% Saos-2 and U-2 OS cells using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) for 8 h at
37°C. The siRNA sequences were as follows: si-CCT6A, sense
5'-CCCTCGTTCTGTCACATTATT-3', antisense 5'-TAA
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TGTGACAGAACGAGGGTT-3'; si-CDC20, sense 5'-CGG
CTTCGAAATATGACCATT-3', antisense 5"TGGTCATAT
TTCGAAGCCGTT-3"; si-NC, sense 5-TTCTCCGAACGT
GTCACGTTT-3, antisense 5-ACGTGACACGTTCGGAGA
ATT-3". Cells cultured normally were used as normal controls.
A total of 48 h post-transfection, the mRNA expression levels
of CCT6A and CDC20 were evaluated by RT-qPCR as afore-
mentioned.

Western blotting. The cells were lysed in RIPA buffer
(Beyotime Institute of Biotechnology) 48 h post-transfection.
The concentration of total protein was measured by BCA kit
(Beyotime Institute of Biotechnology). The thermally dena-
tured proteins (20 ug) were then separated by SDS-PAGE on
a 4-20% precast gel (Beyotime Institute of Biotechnology).
Subsequently, the proteins were transferred to a nitrocel-
lulose membrane (Pall Corporation), which was incubated
with CCTO6A (cat. no. 19793-1-AP; 1:1,000; Wuhan Sanying
Biotechnology), CDC20 (cat. no. 10252-1-AP; 1:10,000;
Wuhan Sanying Biotechnology) and GAPDH (cat. no. AF7021;
1:2,000, Affinity Biosciences) antibodies at 4°C overnight after
being blocked using 5% skimmed milk (Beyotime Institute of
Biotechnology) at 37°C for 1.5 h. The membrane was succes-
sively incubated with a HRP-linked goat anti-rabbit secondary
antibody (cat. no. S0001; 1:5,000; Affinity Biosciences) at 37°C
for 1.5 h. An ECL kit (Beyotime Institute of Biotechnology)
was adopted to visualize the protein bands. Finally, ImageJ
(version 1.8; National Institutes of Health) was used to
semi-quantify protein expression.

Cell proliferation and apoptosis. To evaluate cell proliferation,
10 u1 Cell Counting Kit-8 reagent (Sangon Biotech Co., Ltd.)
was added to the 3x10° cells at 0, 24, 48 and 72 h post-trans-
fection. The cells were then cultured at 37°C for 2 h, and the
optical density value at 450 nm was measured. Cell apoptosis
was evaluated using a TUNEL kit (Beyotime Institute of
Biotechnology) at 48 h post-transfection. The 6x10* cells were
cultured with TUNEL working solution at 37°C in the dark
for 1 h after being fixed in 4% paraformaldehyde (Sangon
Biotech Co., Ltd.) at room temperature for 0.5 h and permea-
bilized with 0.3% Triton X-100 (Sangon Biotech Co., Ltd.) for
5 min at room temperature. The cells were stained with DAPI
solution (Beyotime Institute of Biotechnology) for 5 min at
37°C and antifade Mounting Medium (Beyotime Institute of
Biotechnology) before being sealed. The images of 5 fields of
view were captured by an inverted fluorescence microscope
(Motic Incorporation, Ltd.).

Transwell assay. Cell invasion was assessed by Transwell
assay 48 h post-transfection. The 8-ym 24-well Transwell
insert (Corning, Inc.) was precoated with Matrigel Matrix
(Corning,Inc.) at 37°C for 1 h. A total of 6x10* cells in McCoy's
5a Modified Medium containing 1% FBS were seeded into the
Transwell insert. The lower chamber was filled with McCoy's
5a Modified Medium containing 10% FBS. The cells were then
incubated at 37°C for 24 h and the invasive cells were fixed
with 4% paraformaldehyde for 20 min at room temperature
and stained with 0.1% crystal violet (Sangon Biotech Co., Ltd.)
for 10 min at room temperature. The images were captured
with an inverted fluorescence microscope.

Statistical analysis. Data are presented as the mean + standard
deviation, median [interquartile range (IQR)] or count (%).
SPSS v22.0 (IBM Corp.) was used for statistical analysis and
GraphPad Prism v9.0 (GraphPad Software; Dotmatics) was
used to generate graphs. Comparisons of parameters between
tumor and adjacent tissues were made using the Wilcoxon
rank sum test. The correlation between CCT6A and CDC20
expression was detected by Spearman's rank correlation test.
The expression levels of CCT6A and CDC20 in patients with
different characteristics were compared using the Wilcoxon
rank sum test or Kruskal-Wallis H rank sum test, as appro-
priate. A receiver operating characteristic (ROC) curve was
constructed to display the ability of CCT6A and CDC20 expres-
sion to identify patients with different Huvos grades (I1I-IV vs.
I-IT). The association of CCT6A and CDC20 expression with
DFS and OS was evaluated by Kaplan-Meier curve analysis
and log-rank test. Independent factors related to pathological
response, DFS and OS were screened by multivariate logistic
regression or Cox proportional hazard regression models with
a forward stepwise method. The differences among groups in
the cell experiments (in triplicates) were analyzed by one-way
ANOVA followed by Dunnett's multiple comparisons test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Characteristics of patients with osteosarcoma. The patients
with osteosarcoma included in the present study had a mean age
of 20.2+8.0 years (range, 7-41 years), and there were 21 (40.4%)
female patients and 31 (59.6%) male patients. Furthermore,
there were 16 (30.8%) and 36 (69.2%) patients at Enneking
stages ITA and IIB, respectively. A total of 44 (84.6%) patients
had no pathological fracture, whereas 8 (15.4%) patients had
a pathological fracture. Notably, all patients received neoad-
juvant chemotherapy according to the IOR-OS/N-5 protocol.
Regarding Huvos grade, 9 (17.3%) patients had grade I, 21
(40.4%) patients had grade II, 21 (40.4%) patients had grade III
and 1 (1.9%) patient had grade IV osteosarcoma. Other specific
clinical information is listed in Table I.

CCT6A and CDC20 expression and their intercorrelation. The
mRNA expression levels of CCT6A were increased in tumor
tissues [median (IQR): 2.940 (1.903-4.928)] compared with
those in nontumor tissues [median (IQR): 0.990 (0.648-1.828)]
(P<0.001; Fig. 1A). Meanwhile, CDC20 mRNA expression
was also elevated in tumor tissues (P<0.001; Fig. 1B). In addi-
tion, CCT6A mRNA expression was positively correlated with
CDC20 mRNA expression in tumor tissues (r=0.436; P<0.001;
Fig. 1C). However, no correlation was discovered between
CCT6A and CDC20 mRNA expression in nontumor tissues
from patients with osteosarcoma (r=0.232; P=0.160; Fig. 1D).

Representative images of IHC staining of CCT6A and
CDC20 in tumor tissues and nontumor tissues are shown in
Fig. 1E. The protein expression levels of CCT6A were elevated
in tumor tissues (IHC score: 5.4+3.2) compared with those
in nontumor tissues (IHC score: 3.0+1.7) (P<0.001; Fig. 1F).
Furthermore, CDC20 protein expression was also increased in
tumor tissues (P<0.001; Fig. 1G). In addition, CCT6A protein
expression was positively correlated with CDC20 protein
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Table I. Clinical characteristics of patients with osteosarcoma
(n=52).

Characteristic Value
Mean age + SD, years 20.2+8.0
Sex, n (%)
Female 21 (40.4)
Male 31 (59.6)
Location, n (%)
Femur 29 (55.8)
Tibia 18 (34.6)
Others 5(9.6)
Enneking stage, n (%)
ITA 16 (30.8)
IIB 36 (69.2)
Pathological fracture, n (%)
No 44 (84.6)
Yes 8(15.4)
Median serum ALP at baseline 157.8 (91.5-233.9)
(IQR), U/
Median serum LDH at 232.5(198.1-312.1)
baseline (IQR), U/l
Neoadjuvant regimen, n (%)
IOR-OS/N-5 52 (100.0)

Median TCNR (IQR), %
Huvos grade, n (%)

81.0 (54.3-93.0)

I 9(17.3)
i 21 (40.4)
il 21 (40.4)
v 1(1.9)

Surgery type, n (%)
Limb salvage
Amputation

45 (86.5)
7(13.5)

ALP, alkaline phosphatase; IQR, interquartile range; LDH, lactate
dehydrogenase; IOR-OS/N-5, Instituto Orthopedic Rizzoli-Section
of Osteosarcoma/Neoadjuvant chemotherapy-5; TCNR, tumor cell
necrosis rate.

expression in tumor tissues (r=0.467; P<0.001; Fig. 1H), but
CCT6A protein expression was not correlated with CDC20
protein expression in nontumor tissues (r=0.280; P=0.089;
Fig. 1I).

Association of tumor CCT6A and CDC20 with clinical features.
Increased tumor CCT6A mRNA expression was associated with
a higher Enneking stage (IIB vs. IIA) (P=0.039) and abnormal
(>300 U/1) (vs. normal, <300 U/l) serum LDH at baseline
(P=0.048) in patients with osteosarcoma (Table II). Notably,
elevated tumor CDC20 mRNA expression was only related to
higher Enneking stage (IIB vs. ITA) (P=0.044) in patients with
osteosarcoma (Table II). Tumor CCT6A and CDC20 mRNA
expression was not associated with other clinical features in
patients with osteosarcoma (all P>0.05; Table II).

In terms of protein expression, tumor CCT6A protein
expression was associated with increased Enneking Stage (IIB
vs. ITA; P=0.004) and abnormal (vs. normal) serum LDH at
baseline (P=0.016) (Table II). Furthermore, tumor CDC20
protein expression was only related to elevated Enneking stage
(IIB vs. ITA; P=0.047; Table II). Tumor CCT6A and CDC20
protein expression was not associated with other clinical char-
acteristics in patients with (all P>0.05; Table II).

Association of tumor CCT6A and CDC20 with pathological
response. Tumor CCT6A mRNA expression was increased
in patients with Huvos grade I-II osteosarcoma compared
with in those with Huvos grade III-IV osteosarcoma [median
(IQR): 4.235 (2.283-6.420) vs. 2.325 (1.698-3.483); P=0.024;
Fig. 2A]. Notably, tumor CCT6A mRNA expression possessed
an acceptable capacity for discriminating patients with Huvos
grade I-II from those with Huvos grade III-IV [area under the
curve (AUC): 0.685; 95% confidence interval (CI): 0.541-0.829;
Fig. 2B]. In addition, higher tumor CDC20 mRNA expression
was related to a lower Huvos grade (P=0.025; Fig. 2C),and
CDC20 mRNA expression also showed an acceptable capacity
for discriminating patients with Huvos grade I-II from those
with Huvos grade III-IV (AUC: 0.683; 95% CI: 0.531-0.835;
Fig. 2D).

Regarding protein expression, tumor CCT6A protein
expression was elevated in patients with Huvos grade I-II
osteosarcoma compared with those with Huvos grade III-IV
osteosarcoma (IHC score: 6.3+3.4 vs. 4.2+2.3; P=0.014;
Fig. 2E). Furthermore, tumor CCT6A protein expression had
a good capacity to discriminate patients with Huvos grade I-11
from those with Huvos grade III-IV (AUC: 0.676; 95% CI:
0.531-0.821; Fig. 2F). By contrast, tumor CDC20 protein
expression was not related to Huvos grade (P=0.149; Fig. 2G),
and could not discriminate patients with Huvos grade I-II
from those with Huvos grade III-IV (AUC: 0.626; 95% CI:
0.470-0.781; Fig. 2H).

Independent factors related to pathological response.
Univariate analysis revealed that higher tumor CCT6A mRNA
expression (cut off by median value) [odds ratio (OR)=0.674;
P=0.018], higher tumor CCTO6A protein expression (IHC=3
as cut off) (OR=0.786; P=0.027) and abnormal serum ALP
(>500 U/1 for patients <16 years old and >150 U/1 for patients
=16 years old) at baseline (OR=0.225; P=0.018) were related
to the reduced possibility of realizing a good pathological
response (Huvos grade I1I-IV) (Table III). Further multivariate
logistic regression analysis revealed that higher tumor CCT6A
mRNA expression (OR=0.677; P=0.033) and abnormal serum
ALP at baseline (OR=0.248; P=0.037) were independently
related to a lower probability of achieving a good pathological
response (Huvos grade III-IV) (Table I1I).

Association of tumor CCT6A and CDC20 expression with
DFS and OS. High tumor CCT6A high mRNA expression
(cut off by median value) was associated with poor DFS in
patients with osteosarcoma (P=0.015; Fig. 3A), but it was not
associated with OS (P=0.063; Fig. 3B). Furthermore, tumor
CDC20 mRNA expression was not associated with DFS
(P=0.069; Fig. 3C) or OS (P=0.264; Fig. 3D) in patients with
osteosarcoma.
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Table III. Logistic regression analysis for Huvos grade III-I'V.
A, Univariate logistic regression analysis
95% CI

Items P-value OR Lower Upper
Higher tumor CCT6A mRNA expression 0.018 0.674 0.486 0.935
Higher tumor CDC20 mRNA expression 0.085 0.707 0477 1.049
Higher tumor CCT6A protein expression 0.027 0.786 0.635 0.973
Higher tumor CDC20 protein expression 0.151 0.864 0.707 1.055
Age (>20 years vs. <20 years) 0.338 1.727 0.565 5.283
Sex (male vs. female) 0.524 0.695 0.227 2.130
Location

Femur Reference

Tibia 0417 1.636 0.498 5.379

Others 0.930 1.091 0.157 7.592
Enneking Stage (IIB vs. IIA) 0.054 0.300 0.088 1.023
Pathological fracture (yes vs. no) 0.293 0.400 0.073 2.204
Serum ALP at baseline® (abnormal vs. normal) 0.018 0.225 0.066 0.770
Serum LDH at baseline® (abnormal vs. normal) 0.115 0.316 0.075 1.326
B, Multivariate logistic regression analysis

95% CI

Items P-value OR Lower Upper
Higher tumor mRNA CCTO6A expression 0.033 0.677 0473 0.969
Serum ALP at baseline® (abnormal vs. normal) 0.037 0.248 0.067 0918

OR, odds ratio; CI, confidence interval; CCT6A, chaperonin-containing tailless complex polypeptide 1 subunit 6A; CDC20, cell division cycle
protein 20; ALP, alkaline phosphatase; LDH, lactate dehydrogenase “ALP >500 U/1 for patients <16 years old or ALP >150 U/I for patients
>16 years old was considered abnormal; "LDH >300 U/l was considered abnormal. Independent factors related to pathological response were
screened by multivariate logistic regression model with forward stepwise method.

High tumor CCT6A protein expression was associated to
worse DFS (P=0.030; Fig. 3E) and OS (P=0.027; Fig. 3F) in
patients with osteosarcoma. Moreover, high tumor CDC20
protein was only associated with poor DFS (P=0.023; Fig. 3G),
but not OS (P=0.112; Fig. 3H) in patients with osteosarcoma.

Independent factors predicting DFS and OS. Univariate
analysis revealed that high tumor CCT6A mRNA expression
(vs. low) [hazard ratio (HR)=3.096; P=0.021], high tumor
CCT6A protein expression (vs. low) (HR=2.974; P=0.038),
high tumor CDC20 protein expression (vs. low) (HR=3.768;
P=0.035), higher Enneking stage (IIB vs. ITA) (HR=4.052;
P=0.027), and abnormal serum LDH at baseline (vs. normal)
(HR=2.983; P=0.018) were related to worse DFS, whereas tibia
lesion (vs. femur) (HR=0.244; P=0.027) and good pathological
response (Huvos grade III-1V vs. I-1I) (HR=0.237; P=0.013)
were linked to better DFS in patients with osteosarcoma
(Table 1V). Further multivariate analysis suggested that
high tumor CCT6A mRNA expression (vs. low) (HR: 2.960;
P=0.028) was independently associated with shorter DFS,

whereas a good pathological response (Huvos grade III-IV
vs. I-IT) (HR=0.241; P=0.016) was independently related to
prolonged DFS (Table IV).

In addition, univariate analysis revealed that only abnormal
serum LDH at baseline (vs. normal) (HR=4.100; P=0.036) was
associated with poor OS, whereas good pathological response
(Huvos grade III-IV vs. I-II) (HR=0.077; P=0.022) was asso-
ciated with a satisfactory OS in patients with osteosarcoma
(Table V). Further multivariate analysis revealed that only
good pathological response (Huvos grade III-IV vs. I-II) was
independently associated with a better OS in patients with
osteosarcoma (HR=0.077; P=0.022; Table V).

CCT6A and CDC20 in osteosarcoma cell lines. U-2 OS and
Saos-2 cells were transfected with si-CCT6A, si-CDC20 or
si-NC. Firstly, it was revealed that the mRNA (Fig. 4A) and
protein expression levels (Fig. 4B and C) of CCT6A were
significantly reduced in the cells transfected with si-CCT6A
siRNA compared with in those transfected with si-NC (all
P<0.01). Furthermore, the mRNA (Fig. 4A) and protein
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RT-qPCR, reverse transcription-quantitative PCR.
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Table I'V. Cox's proportional hazard regression analysis for DFS.

A, Univariate Cox's proportional hazard regression analysis

95% CI

Items P-value HR Lower Upper
Tumor CCT6A mRNA expression (high vs. low) 0.021 3.096 1.185 8.087
Tumor CDC20 mRNA expression (high vs. low) 0.077 2.298 0915 5.772
Tumor CCT6A protein expression (high vs. low) 0.038 2974 1.063 8.319
Tumor CDC20 protein expression (high vs. low) 0.035 3.768 1.101 12.898
Age (>20 vs. <20 years) 0.559 0.764 0.310 1.882
Sex (male vs. female) 0.289 1.656 0.652 4.206
Location

Femur Reference

Tibia 0.027 0.244 0.070 0.850

Others 0.503 0.603 0.137 2.649
Enneking stage (IIB vs. IIA) 0.027 4.052 1.175 13.978
Pathological fracture (yes vs. no) 0.178 2.165 0.704 6.656
Serum ALP at baseline® (abnormal vs. normal) 0.186 1.830 0.748 4477
Serum LDH at baseline® (abnormal vs. normal) 0.018 2.983 1.211 7.350
Huvos grade (III-1V vs. I-1I) 0013 0.237 0.076 0.733
Surgery type (amputation vs. limb salvage) 0.725 0.768 0.177 3.340
B, Multivariate Cox's proportional hazard regression analysis

95% CI

Items P-value HR Lower Upper
Tumor CCT6A mRNA expression (high vs. low) 0.028 2.960 1.126 7.786
Huvos grade (ITI-IV vs. I-1I) 0.016 0.241 0.076 0.769

DEFS, disease-free survival; HR, hazard ratio; CI, confidence interval; CCT6A, chaperonin-containing tailless complex polypeptide 1 subunit
6A; CDC20, cell division cycle protein 20; ALP, alkaline phosphatase; LDH, lactate dehydrogenase. “ALP >500 U/1 for patients <16 years old
or ALP >150 U/ for patients =16 years old was considered abnormal; "LDH >300 U/l was considered abnormal. Independent factors related
to DFS were screened by multivariate Cox proportional hazard regression model with forward stepwise method, among it all the parameters

were employed.

expression levels (Fig. 4B and C) of CDC20 were reduced in
U-2 OS and Saos-2 cells transfected with si-CDC20 siRNA
compared with in those transfected with si-NC (all P<0.01).
These findings indicated that transfection was successful.

Effect of CCT6A and CDC20 knockdown on cell
proliferation, apoptosis and invasion in osteosarcoma cell
lines. The cell proliferation assay illustrated that CCT6A
knockdown reduced cell proliferation at 72 h in U-2 OS
cells (P<0.01), and at 48 and 72 h in Saos-2 cells (both
P<0.05), whereas CDC20 knockdown decreased cell prolif-
eration at 48 and 72 h in both U-2 OS and Saos-2 cells (all
P<0.05) (Fig. 5A). Furthermore, the cell apoptosis assay
showed that CCT6A and CDC20 knockdown increased
the apoptotic rate in U-2 OS and Saos-2 cells (all P<0.05;
Fig. 5B and C). Moreover, the Transwell assay revealed
that the number of invasive cells was reduced by CCT6A

and CDC20 knockdown in U-2 OS and Saos-2 cells (all
P<0.05; Fig. 5D and E).

Discussion

CCT6A and CDC20 are overexpressed in various types of
cancer (16,27,29-32), and a previous study reported that
CCTO6A is positively associated with CDC20 in patients with
papillary thyroid carcinoma (16). However, the dysregula-
tion and intercorrelation of CCT6A and CDC20 in patients
with osteosarcoma still needs to be explored. The present
study discovered that the expression levels of CCT6A and
CDC20 were increased in tumor tissues compared with
those in nontumor tissues in patients with osteosarcoma.
The potential reason could be that increased CCT6A and
CDC20 may inhibit cell cycle arrest, thereby facilitating
malignant cell changes (10,21), thus CCT6A and CDC20 are
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Table V. Cox's proportional hazard regression analysis for OS.

A, Univariate Cox's proportional hazard regression analysis

95% CI

Items P-value HR Lower Upper
Tumor CCT6A mRNA expression (high vs. low) 0.085 3.984 0.826 19.227
Tumor CDC20 mRNA expression (high vs. low) 0.276 2.163 0.540 8.659
Tumor CCT6A protein expression (high vs. low) 0.059 7.455 0.927 59.973
Tumor CDC20 protein expression (high vs. low) 0.147 4.705 0.580 38.195
Age (>20 vs. <20 years) 0.443 0.581 0.145 2.326
Sex (male vs. female) 0.428 1.753 0437 7.036
Location

Femur Reference

Tibia 0.672 0.729 0.169 3.151

Others 0.873 1.193 0.138 10.348
Enneking stage (IIB vs. IIA) 0.295 2.324 0.480 11.262
Pathological fracture (yes vs. no) 0.137 3.398 0.677 17.048
Serum ALP at baseline® (abnormal vs. normal) 0.212 2.336 0.616 8.855
Serum LDH at baseline® (abnormal vs. normal) 0.036 4.100 1.099 15.288
Huvos grade (III-1V vs. I-1I) 0.022 0.077 0.009 0.693
Surgery type (amputation vs. limb salvage) 0.930 0911 0.114 7.308
B, Multivariate Cox's proportional hazard regression analysis

95% CI

Items P-value HR Lower Upper
Huvos grade (III-1V vs. I-1I) 0.022 0.077 0.009 0.693

OS, overall survival; HR, hazard ratio; CI, confidence interval; CCT6A, chaperonin-containing tailless complex polypeptide 1 subunit 6A;
CDC20, cell division cycle protein 20; ALP, alkaline phosphatase; LDH, lactate dehydrogenase. “ALP >500 U/1 for patients <16 years old or
ALP >150 U/l for patients =16 years old was considered abnormal; "LDH >300 U/l was considered abnormal. Independent factors related to
OS were screened by multivariate Cox proportional hazard regression model with forward stepwise method, among it all the parameters were

employed.

highly expressed in tumor tissues compared with nontumor
tissues.

The present study also revealed that increased tumor
CCTOA expression was associated with higher Enneking
stage (IIB vs. ITA) and abnormal serum LDH (vs. normal),
whereas elevated tumor CDC20 expression was associated
with higher Enneking stage in patients with osteosar-
coma. The probable reasons for this may be: i) Increased
tumor CCT6A and CDC20 expression could facilitate the
extra-periosteal invasion of tumor cells; therefore, increased
tumor CCT6A and CDC20 are linked with increased
Enneking stage in patients with osteosarcoma (11,33);
and ii) elevated tumor CCT6A could promote tumor cell
migration (11); thus, an increase in tumor CCT6A is associ-
ated with abnormal serum LDH in osteosarcoma patients.
Therefore, increased tumor CCT6A and CDC20 expression
may be associated with a worse tumor burden in patients
with osteosarcoma.

Notably, tumor CCT6A and CDC20 expression was
increased in patients with osteosarcoma with poor patholog-
ical response compared with in those with good pathological
response (reflected by Huvos grade). The possible reason
would be that increased tumor CCT6A and CDC20 expression
could enhance drug resistance, thereby decreasing the effi-
cacy of neoadjuvant chemotherapy (13,21). Therefore, tumor
CCT6A and CDC20 expression could reflect the outcome of
neoadjuvant chemotherapy. Further multivariate regression
analysis confirmed that higher tumor CCT6A was indepen-
dently linked with a lower possibility of achieving a good
pathological response (Huvos grade III-1V vs. I-11).

Furthermore, the present study revealed that elevated
tumor CCTO6A expression was associated with poor DFS
and OS in patients with osteosarcoma. The potential reason
would be that as aforementioned, increased tumor CCT6A
represented higher Enneking stage and abnormal serum
LDH, as well as poor neoadjuvant chemotherapy response.
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Therefore, tumor CCT6A is negatively associated with DFS
and OS in patients with osteosarcoma. Notably, multivariate
Cox proportional hazard regression analysis revealed that
high tumor CCTO6A expression was independently associated
with poor DFS, which further confirmed the prognostic value
of tumor CCT6A in patients osteosarcoma. However, high
tumor CCT6A expression could not independently predict
OS; the potential reasons are as follows: i) The incidence of
OS events was relatively lower than that of DFS events, and
the sample size was insufficient, which led to low statistical
power; and ii) OS may be affected by other factors, such as
treatment after tumor recurrence (34); therefore, the prog-
nostic values of tumor CCT6A in patients with osteosarcoma
would be less.

The present study also conducted in vitro experiments,
and observed that CCT6A and CDC20 knockdown inhibited
cell proliferation and invasion in two osteosarcoma cell lines.
These data further explain the relationship between CCT6A
and CDC20 and tumor stages or markers in patients with
osteosarcoma. Meanwhile, it was observed that CCT6A
knockdown also reduced CDC20 expression, indicating that
CCT6A might regulate CDC20 secretion, although further
validation is needed.

A previous study reported on the co-expression relationship
between CCT6A and CDC20 proteins in patients with papil-
lary thyroid carcinoma (16). The present study also observed
the co-expression relationship between CCT6A and CDC20
protein/mRNA in patients with osteosarcoma, which was in
line with previous study in patients with papillary thyroid
carcinoma (16).

Despite the interesting findings of the present study, some
limitations should be noted. First, the sample size was not
large enough to provide a sound conclusion, which could be
validated in further studies; however, osteosarcoma is a rare
form of cancer. Second, the IOR-OS/N-5 regimen was recom-
mended as neoadjuvant chemotherapy for osteosarcoma at
our institution; the present study assessed the relationship
between CCT6A and CDC20 and the response and survival
benefit of the neoadjuvant IOR-OS/N-5 regimen followed
by surgery, whereas other neoadjuvant regimens should be
further explored. Third, only patients with newly diagnosed
osteosarcoma were analyzed in the present study; therefore,
further investigations should be carried out in patients with
recurrent osteosarcoma. Finally, the follow-up duration of the
current study was not long enough to make a long-term prog-
nostic evaluation of CCT6A and CDC20 for osteosarcoma.
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In conclusion, CCT6A is associated with CDC20, Enneking
stage and prognosis, and its knockdown inhibits osteosarcoma
cell proliferation and invasion. These data indicated the close
relationship between CCT6A and the pathogenesis and prog-
nosis of osteosarcoma; however, further validation is needed.
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