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Abstract

The main malignant tumor of the bone tissue is represented by osteosarcoma, neoplasia with a reserved prognosis and an unpredictable
evolution, often aggressive. Cell cycle disruption is one of the complex biomolecular mechanisms involved in the progression of osteosarcomas.
In this study, we analyzed the immunoexpression of Ki67, p53 and cyclin D1 for 18 primitive osteosarcomas in relation to the clinicopathological
prognosis parameters of the lesions. The results indicated the predominance of lesions in male young patients, with femoral location, most
tumors being represented by the osteoblastic type, with high grade, size <8 cm and in advanced stages. Reactions were present in all cases,
the high immunoexpression being associated with osteoblastic/epithelioid types (Ki67, cyclin D1, p53), high grade (Ki67, cyclin D1) and advanced
stage (Ki67, cyclin D1). The study revealed a positive linear relation of the investigated immunomarkers expression, which indicates their
usefulness in identifying lesions with aggressive progression potential.
Keywords: osteosarcoma, Ki67, p53, cyclin D1.

 Introduction
Osteosarcoma is the most common primary malignant
tumor of bone tissue, which often has an aggressive evolution,
with a 5-year survival rate varying between 10–70%,
depending on the presence of metastases [1–5]. Data from
the literature indicate that the development of osteosarcomas
is a multifactorial and multistage process, the improved
prognosis being associated with early diagnosis and rapid
therapeutic intervention [5]. Although the prognosis of
localized disease has been attenuated by improved surgical
techniques and chemotherapy, the quality and lifespan of
patients remains profoundly altered, largely due to a lack
of knowledge of the biomolecular mechanisms involved
in tumor progression [1, 6]. One of the most studied
molecular mechanisms involved in the progression of
osteosarcomas is represented by cell proliferation and
factors that interfere with the cell cycle. Thus, over time,
studies related to the immunoexpression of Ki67, p53, p27,
cyclin D1 were performed, which indicated some relations
with the prognostic parameters of the lesions represented
by the size, grade, and tumor stage [1, 5, 7]. However,
studies related to the immunoexpression of these proteins
in osteosarcomas are relatively rare, and the results are
sometimes controversial, especially due to the methodology
or clinicopathological classifications of tumors.
Aim
In this study, we analyzed the immunoexpression of Ki67,
p53 and cyclin D1 for 18 cases of primitive osteosarcomas,

in relation to the main clinicopathological prognostic
parameters of the lesions.
 Materials and Methods
The study included 18 cases of primitive osteosarcomas
from patients investigated and operated in the Clinic of
Orthopedics, Emergency County Hospital, Craiova, Romania,
during 2010–2020. The tumors were diagnosed and evaluated
in the Department of Pathology of the same Hospital,
using the most recent criteria elaborated by American
Joint Commission on Cancer (AJCC) and World Health
Organization (WHO) [8, 9]. The biological material was
represented by biopsy or radical tumor resection specimens,
which were fixed in 10% neutral buffered formalin,
decalcified, processed by classical paraffin embedding
and Hematoxylin–Eosin (HE) staining.
The clinicopathological analysis followed the distribution
of cases by age and gender groups, location, histological
type (including histological differentiations), tumor grade,
tumor extension (size/pT) and tumor stage established in
clinical-imaging context, parameters that were analyzed
in the report with the immunoexpression of Ki67, p53
and cyclin D1 (Table 1).
The immunohistochemical (IHC) technique was done
on serial 4 μm sections, in sequential steps consisting in
alcohol rehydrating, endogenous enzyme blocking with 3%
hydrogen peroxide, unspecific antigenic sites blocking with
bovine serum albumin (BSA), respectively incubation with
primary antibodies at 4°C overnight. The working system
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was represented by EnVision™ FLEX+ System (code
K8002, Dako), and for visualizing the reactions we used
3,3’-Diaminobenzidine (DAB) tetrahydrochloride as
chromogen. For the validation of IHC reactions, we used
external positive and negative controls.
Table 1 – Antibodies used and immunostaining protocol
Antibody

Clone

MIB-1/Dako
(mouse
Ki67
monoclonal
antihuman)
DO-7/Dako
(mouse
p53
monoclonal
antihuman)
EP12/Dako
(rabbit
Cyclin D1
monoclonal
antihuman)

Dilution Pretreatment

External
positive
control

1:100

Microwaving
in citrate
buffer, pH 6

Palatine
tonsil

1:50

Microwaving
Colon
in Tris-EDTA
adenocarcinoma
buffer, pH 9

1:50

Microwaving
in Tris-EDTA
buffer, pH 9

Breast
carcinoma

EDTA: Ethylenediaminetetraacetic acid.

The semiquantitative assessment of the immunoreactions
was performed using the positivity index (PI) expressed
as a percentage of the number of positive cells reported to
the total number of cells existing on microscopic field of
20×, for each case being counted five fields with maximum
immunostaining and subsequently averaging for each case.

In this study were included only primitive osteosarcomas,
without history of systemic, oncological, or hormonal
treatments and no history of cancer with other locations.
The statistical analysis used the comparison tests
represented by one-way analysis of variance (ANOVA)
or Student’s t-test and Pearson’s test within Statistical
Package for the Social Sciences (SPSS) 10 software, the
results being considered significant for values of p<0.05.
For the images acquisition, we used the Nikon Eclipse
E600 microscope equipped with Lucia 5 software.
The local Ethics Committee approved the study, which
was done with the informed consent of the patients.
 Results
The analysis of clinicopathological data for the 18 osteosarcomas included in the study indicated the predominance
of tumors in patients aged ≤25 years (66.7%), males (83.3%),
most being located at the femoral level (55.6%). The age
of the patients ranged between 10–55 years, with a mean
diagnostic age of 22.5±12.7 years. Conventional osteoblastic
osteosarcomas (55.6%) predominated, followed by the
fibroblastic (22.2%), epithelioid (11.1%) and low-grade
central (11.1%) ones, most being of high-grade (G3) (88.9%),
with size ≤8 cm (T1) (72.2%) and classified clinically,
imaging, and pathological in tumor stage IIA (61.1%)
(Table 2).

Table 2 – Distribution of cases in relation to the analyzed parameters, PI values of Ki67, cyclin D1 and p53 and the
associated statistical significance
Parameter / No. of cases
≤25 / 12
Age [years]
>25 / 6
Male / 15
Gender
Female / 3
Femur / 10
Location
Tibia / 6
Humerus / 2
Osteoblastic / 10
Fibroblastic / 4
Histological type
Epithelioid / 2
Low-grade / 2
Grade 1 / 2
Tumor grade
Grade 2 / 3
Grade 3 / 13
T1 / 13
Tumor size / extension (pT)
T2 / 5
IA / 2
Tumor stage
IIA / 11
IIB / 5

Ki67 PI / p-value
24.5±7.8
0.816
23±15
24.5±11.2
0.407
21.6±2.8
21.5±5.7
28.8±16.1
0.405
22.5
23.5±4.7
21.2±2.5
<0.001*
47.5
9
9
26.6±2.8
0.084
25.7±10.3
23.6±12.1
0.729
25±3.5
9
26.3±11.2
0.082
25±3.5

Cyclin D1 PI / p-value
11±3.9
0.153
8±4
10.2±4.5
0.529
9.3±1.1
10.1±2.6
9.5±6.2
0.854
1.5
11±4
10.7±2.9
0.070
11
3
3
10.6±1.1
0.026*
11±3.8
9.5±4.6
0.268
11.4±2.1
3
10.7±3.9
0.024*
11.4±2.1

p53 PI / p-value
2.5±1.6
0.504
3.6±3.5
3.1±2.5
0.230
2±1
2.6±1.6
4±3.4
0.370
1.5
3.2±1.4
1
0.010*
7.5
1
1
4.3±1.1
0.329
2.9±2.5
2.9±2.5
0.947
3±2
1
3.2±2.6
0.491
3±2

PI: Positivity index; pT: Primary tumor. *p-value: one-way analysis of variance (ANOVA) or Student’s t-test.

Osteoblastic osteosarcomas indicated the presence of
osteoid, irregular bone trabeculae with intertrabecular
spaces full of atypical tumor cells, with hyperchromatic
nuclei and mitotic activity (Figure 1A). In comparison,
in the case of fibroblastic osteosarcomas, the amount of
osteoid was minimal, with atypical elongated or oval tumor
cells, frequently with hemangiopericytoma-like architecture
(Figure 1B), while epithelioid osteosarcomas consisted of
plasmacytoid, sometimes polygonal cells with vesicular
nuclei and visible nucleoli (Figure 1C). All the conventional
carcinomas in this study had the tumor grade 2 or 3. In
the case of central low-grade osteosarcoma, anastomosed
bone trabeculae and elongated monomorphic cells with
minimal atypia were present (G1) (Figure 1D).

The IHC analysis indicated the presence of Ki67, cyclin
D1 and p53 immunoreactions in all analyzed cases in the
nucleus of tumor cells, the reactions being present also in
lymphocytes (Ki67) or giant osteoclastic cells (cyclin D1).
For the whole analyzed group, the mean PI values were
24±10.3 for Ki67, 10±4.1 for cyclin D1, and 2.9±2.3 for p53.
Ki67 immunoreactions indicated a higher mean PI value
in male patients ≤25 years old, with tibial tumor localization
(Table 2). The conventional epithelioid type had the highest
value of Ki67 PI, respectively 47.5, followed by the osteoblastic type, with value of 23.5±4.7 and the fibroblastic type,
with 21.2±2.5, compared to low-grade central osteosarcoma,
which had the lowest mean value, respectively 9 (Figure 2,
A–D) (Table 2).
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Figure 1 – Osteosarcoma, HE staining, ×200: (A) Osteoblastic type; (B) Fibroblastic type; (C) Epithelioid type; (D) Central
low-grade type.

Figure 2 – Osteosarcoma, Ki67 immunostaining, ×200: (A) Osteoblastic type; (B) Fibroblastic type; (C) Epithelioid type;
(D) Central low-grade type.
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In relation to the tumor grade, the G2/G3 osteosarcomas
indicated higher values of Ki67 PI compared to G1,
respectively of 26.6±2.8 / 25.7±10.3 and 9, while lesions
with size >8 cm (T2) had Ki67 PI values superior compared
to ≤8 cm (T1) ones, respectively 25±3.5 and 23.6±12.1
(Table 2). The highest Ki67 PI values were observed in tumors
classified in stages IIA and IIB, with values of 26.3±11.2 and
25±3.5, compared to stage IA, with a value of 9 (Table 2).
Cyclin D1 immunoexpression was superior in osteosarcomas present in male patients ≤25 years old, with femoral
localization (Table 2). The highest values of cyclin D1 PI
were present in conventional osteoblastic and epithelioid
osteosarcomas, with values of 11±4 and 11, followed by
fibroblastic type, with an average value of 10.7±2.9 and
central low-grade type with an average value of 3 (Figure 3,
A–D) (Table 2).
High-grade G2/G3 tumors showed mean PI values of
10.6±1.1 and 11±3.8 compared with G1, with a value of 3,
while T2 lesions were superior to T1 as an immunomarker
expression, with mean values of 11.4±2.1 and 9.5±4.6,
respectively (Table 2). Thus, the tumors in stage IIB had
a cyclin D1 PI value of 11.4±2.1, tumors in stage IIA of
10.7±3.9, and those in stage IA of 3 (Table 2).
The p53 immunoexpression and implicitly the mean
values of PI were lower compared to Ki67 and cyclin D1.
p53 PI values were slightly higher in male patients >25
years old and tibial location (Table 2). The highest p53 PI
values were identified in conventional epithelioid osteosarcomas, with a value of 7.5, followed by osteoblastic
ones with PI of 3.2±1.4 and fibroblastic and central lowgrade types with values of 1 (Figure 4, A and B) (Table 2).
Grade G2/G3 tumors indicated higher values compared

to G1 lesions, respectively 4.3±1.1, 2.9±2.5 and 1, while T2
and T1 lesions showed similar values, respectively 3±2 and
2.9±2.5 (Table 2). Regarding the tumor stage, tumors in
stage IIA/IIB showed similar mean PI values, of 3.2±2.6
and 3±2, compared to stage IA with PI value of 1 (Table 2).
The statistical analysis did not identify significant
differences of Ki67, cyclin D1 and p53 PI in relation to
age (p>0.05, Student’s t-test), gender (p>0.05, Student’s
t-test) and tumor location (p>0.05, ANOVA test) (Table 2).
The mean PI values were statistically significantly superior
or at the limit of significance in epithelioid and osteoblastic
osteosarcomas, compared with fibroblastic and central lowgrade ones, both for Ki67 (p<0.001, ANOVA test), cyclin D1
(p=0.070, ANOVA test) and p53 (p=0.010, ANOVA test)
(Table 2). High-grade osteosarcomas showed statistically
significantly higher or at the limit of significance PI,
compared to low-grade osteosarcomas in the case of Ki67
(p=0.084, Student’s t-test) and cyclin D1 (p=0.026, Student’s
t-test) (Table 2). We did not find statistical associations of
the analyzed immunomarkers in relation to the size of the
tumors (pT) (p>0.05, Student’s t-test). Analysis of PI values
in relation to tumor stage indicated significantly higher or
at the limit of significance differences in IIA/IIB tumors
compared to IA tumors for Ki67 (p=0.082, ANOVA test) and
cyclin D1 (p=0.024, ANOVA test) (Table 2) (Figure 5, A–C).
In this study, we found a superior concordance of cyclin D1
immunoexpression in tumors with an advanced stage.
Analysis of the PI values of the analyzed immunomarkers
indicated significant positive linear correlations between
Ki67/cyclin D1 (p=0.025, Pearson’s test) and Ki67/p53
(p<0.001, Pearson’s test) and nonsignificant in the case of
cyclin D1/p53 (p=0.168, Pearson’s test) (Figure 5D).

Figure 3 – Osteosarcoma, cyclin D1 immunostaining, ×200: (A) Osteoblastic type; (B) Fibroblastic type; (C) Epithelioid
type; (D) Central low-grade type.
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Figure 4 – Osteosarcoma, p53 immunostaining, ×200: (A) Osteoblastic type; (B) Epithelioid type.

Figure 5 – (A) Cases distribution depending on Ki67 PI and tumor stage; (B) Cases distribution depending on cyclin D1
PI and tumor stage; (C) Cases distribution depending on p53 PI and tumor stage; (D) Distribution of Ki67, cyclin D1
and p53 PI values.

 Discussions
Osteosarcoma is the most common malignant bone tumor
in adults, with an increased frequency in young ages, the
origin being represented mainly by the metaphysis of long
bones [2, 5, 10]. Some studies indicate a bimodal incidence
of tumors, respectively in adolescents and over 60 years old,
and a relatively equal distribution by gender groups [11,
12]. The results of our study indicated the predominance of
osteosarcomas in patients ≤25 years old (12 cases), males
(15 cases), tumors being present in order of frequency in
the femur, tibia and humerus.

Some authors have indicated tumor size, histological
grade, and the presence of metastases as the main prognostic
factors for osteosarcomas, while others have shown the
importance for survival of demographics, sensitivity to
treatment and tumor location [1, 13]. At the same time,
in the case of localized disease, the 5-year survival rate
is 55–75%, with recurrences being present in 30–40% of
cases [14]. In this study, the osteoblastic osteosarcomas
predominated (10 cases), with fibroblastic and epithelioid
tumors being present, as well as central low-grade osteosarcomas, most of which were of high-grade (G2/G3, 16
cases), with size ≤8 cm (13 cases) and in advanced stages
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(IIA/IIB, 16 cases). Age at diagnosis and histological subtype
are controversial prognostic factors [15]. Thus, there are
rare studies related to the involvement of the tumor type in
establishing the prognosis of patients, which indicated the
absence of differences between the conventional telangiectatic
and fibroblastic osteosarcomas, although the chondroblastic
ones are easier to manage [15]. On the contrary, other studies
indicate a higher aggressiveness and recurrence of nonosteoblastic osteosarcomas compared to osteoblastic ones
[16].
In the context of lesion prognosis, the analysis of the
biomolecular mechanisms involved in the progression of
osteosarcomas is current in research. There were numerous
prognostic factors for osteosarcomas represented by leucinerich repeat containing 15 (LRRC15) membrane protein,
transferrin receptor 1, vascular endothelial growth factor
(VEGF), but which did not correlate with most tumor
prognostic factors – hence the need to identify such a
marker [11].
One of the most studied biomolecular mechanisms in
osteosarcoma is the cell proliferation [5]. In this context,
one of the immunomarkers frequently investigated in osteosarcomas is Ki67, which is a nonhistonic protein that includes
two isomorphs, which is present in cells in the G1, S and
G2 phases of the cell cycle and mitosis but absent in cells
in rest or in the G0 phase, which proves involvement in cell
proliferation [17]. Ki67 immunoexpression is correlated
with the prognosis of many malignancies with different
locations, although the role of the protein appears to be
much more complex, with variations in cell distribution
during interphase and mitosis [18]. In a study by Mardanpour
et al., which included 56 osteogenic osteosarcomas, Ki67
immunoreactions were present in 96.5% of cases and
correlated with clinicopathological prognostic factors
represented by size, tumor grade and the presence of lymph
node metastases, as well as low survival rate [1]. While
there are studies that correlate Ki67 with tumor grade [19],
there are also studies that contradict these results [20].
Metastasis issues are also controversial.
In our study, Ki67 reactions were present in all cases,
the increased values of the immunoexpression being associated
with the epithelioid subtype, as well as the high-grade and
advanced stage of tumors.
Studies are controversial about the significance of Ki67
in bone tumors, while some studies indicate an association
with aggressivity or survival, others indicate the absence
of such relations [21, 22]. In the case of osteosarcoma, the
overall results are inconsistent, so the role and significance
of Ki67 is still unclear. Also, the positivity of Ki67 seems
irrelevant for the classification of osteosarcomas [11].
Cyclin D1 plays an important role in cell proliferation,
representing the link between extracellular environment
signaling and cell cycle progression [23, 24]. Cyclin D1 binds
to cyclin-dependent kinase 4 or 6 for the formation of an
active kinetic complex that phosphorylates the retinoblastoma
inhibitory protein, allowing E2F transcriptional factor to
promote cell cycle progression [23, 25]. Although it is an
unstable protein, with a half-life of 24 minutes, being
degraded in a ubiquitin-dependent manner, it also has an
independent role as a modulator of some transcriptional
factors [26, 27]. There are studies that have shown that

overexpression of cyclin D1 reduces the G1 phase of the
cell cycle, progression to the S phase, and deoxyribonucleic
acid (DNA) duplication [5, 28]. The expression increases
under the stimulation of the cells entering the cell cycle,
being proposed the transfer to and from the nucleus during
the cell cycle of the active cells [23, 29].
Cyclin D1 is a regulatory protooncogene of the cell
cycle, its overexpression being present in many primary
human cancers (squamous cell carcinomas of the neck,
hepatocellular carcinoma, esophageal, pulmonary, urothelial,
or mammary gland carcinomas – where it induces resistance
to hormone therapy), useful in diagnosis and prognosis
assessment [5, 26, 30]. Overexpression of cyclin D1 in
cancers is not due to gene amplification, but to posttranslational disturbance, experimental studies on tumor
cell cultures indicating increased expression of cyclin D1
in association with the initiation of neoplastic processes,
especially by stimulating cell proliferation [26, 31]. In the
study by Wu et al., the positivity rate of cyclin D1 in
osteosarcomas was 73%, compared to 3.3% in benign
lesions, and no reactions in normal tissues [5]. At the
same time, cyclin D1 appears to activate the mechanisms
of transformation and proliferation of osteoblasts in osteosarcomas [32]. The relation of cyclin D1 immunoexpression
with histological prognostic factors of osteosarcomas is
practically nonexistent in the literature. In our study, the
high immunoreactions of cyclin D1 were associated with
conventional types, as well as advanced tumor grade and
stage.
p53 is an important tumor suppressor and a central
mediator of the cellular response, with mutations with the
effect of gene inactivation being present in 50% of human
cancers [1, 33]. As with other tumors, p53 mutations in
osteosarcomas induce significant genomic instability [1, 34].
In the study by Mardanpour et al., p53 immunoexpression
was present in 89% of cases, correlating with the prognostic
factors of osteosarcomas represented by tumor grade,
size, presence of metastases, but without correlation with
survival at three or five years [1]. The association of p53
positivity with high tumor grade osteosarcomas is also
indicated in other studies [35], In our study, the highest
values of p53 immunoexpression were associated with
osteoblastic and epithelioid types, and without statistical
relation with the other clinicopathological parameters
analyzed. At the same time, there are studies performed
on cell lines that have shown an increase in p53 immunoexpression in the case of low-grade osteosarcomas, without
metastases and with a better prognosis [36].
Study limitations
The controversial results in the literature of the expression
of the immunomarkers investigated in this study may be
due to the low number of cases, methodology and clinicopathological classifications of the lesions. The study can be
considered limited by the relatively small number of cases,
on the one hand due to the low incidence compared to
other malignancies and on the other hand due to the strict
application of inclusion criteria to have a homogeneous
investigation group, to objectively quantify the expression
of immunomarkers. In this context, future studies are
needed to validate the results obtained on large groups.
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 Conclusions
The results of the study indicated significant differences
in the expression of the analyzed immunomarkers in relation
to the tumor type, the highest PI values being recorded for
conventional osteosarcomas respectively for epithelioid and
osteoblastic types. Ki67 and cyclin D1 immunoexpression
was superior in the case of high-grade tumors, with extension
and advanced stage, the immunomarkers proving their
usefulness for identifying potentially aggressive lesions,
to stratify patients for optimal targeted therapy.
Conflict of interests
The authors declare that they have no conflict of
interests.
References
[1] Mardanpour K, Rahbar M, Mardanpour S. Coexistence of
HER2, Ki67, and p53 in osteosarcoma: a strong prognostic
factor. N Am J Med Sci, 2016, 8(5):210–214. https://doi.
org/10.4103/1947-2714.183013 PMID: 27298815 PMCID:
PMC4899960
[2] Mirabello L, Troisi RJ, Savage SA. International osteosarcoma
incidence patterns in children and adolescents, middle ages
and elderly persons. Int J Cancer, 2009, 125(1):229–234.
https://doi.org/10.1002/ijc.24320 PMID: 19330840 PMCID:
PMC3048853
[3] Yang J, Zhang W. New molecular insights into osteosarcoma
targeted therapy. Curr Opin Oncol, 2013, 25(4):398–406. https://
doi.org/10.1097/CCO.0b013e3283622c1b PMID: 23666471
[4] Chakravarthi PS, Kattimani VS, Prasad LK, Satish PR. Juxtacortical osteosarcoma of the mandible: challenges in diagnosis
and management. Natl J Maxillofac Surg, 2015, 6(1):127–131.
https://doi.org/10.4103/0975-5950.168232 PMID: 26668470
PMCID: PMC4668724
[5] Wu J, Cui LL, Yuan J, Wang Y, Song S. Clinical significance
of the phosphorylation of MAPK and protein expression of
cyclin D1 in human osteosarcoma tissues. Mol Med Rep,
2017, 15(4):2303–2307. https://doi.org/10.3892/mmr.2017.6224
PMID: 28260005
[6] Gianferante DM, Mirabello L, Savage SA. Germline and somatic
genetics of osteosarcoma – connecting aetiology, biology and
therapy. Nat Rev Endocrinol, 2017, 13(8):480–491. https://
doi.org/10.1038/nrendo.2017.16 PMID: 28338660
[7] Li Y, Nakka M, Kelly AJ, Lau CC, Krailo M, Barkauskas DA,
Hicks JM, Man TK. p27 is a candidate prognostic biomarker
and metastatic promoter in osteosarcoma. Cancer Res, 2016,
76(13):4002–4011. https://doi.org/10.1158/0008-5472.CAN15-3189 PMID: 27197201 PMCID: PMC4930684
[8] Amin MB, Edge SB, Greene FL, Byrd DR, Brookland RK,
Washington MK, Gershenwald JE, Compton CC, Hess KR,
Sullivan DC, Jessup JM, Brierley JD, Gaspar LE, Schilsky RL,
Balch CM, Winchester DP, Asare EA, Madera M, Gress DM,
Meyer LR (eds). AJCC Cancer Staging Manual. 8th edition,
American Joint Commission on Cancer (AJCC), American
College of Surgeons (ACS), Springer International Publishing,
Switzerland, 2017. https://link.springer.com/book/978331940
6176
[9] WHO Classification of Tumours Editorial Board, Fletcher CDM
(ed). Soft tissue and bone tumours. 5th edition, vol. 3, World
Health Organization (WHO), International Academy of Pathology,
International Agency for Research on Cancer (IARC) Press,
Lyon, France, 2020. https://publications.iarc.fr/Book-And-ReportSeries/Who-Classification-Of-Tumours/Soft-Tissue-And-BoneTumours-2020
[10] Ritter J, Bielack SS. Osteosarcoma. Ann Oncol, 2010, 21(Suppl 7):
vii320–vii325. https://doi.org/10.1093/annonc/mdq276 PMID:
20943636
[11] Zeng M, Zhou J, Wen L, Zhu Y, Luo Y, Wang W. The relationship
between the expression of Ki-67 and the prognosis of osteosarcoma. BMC Cancer, 2021, 21(1):210. https://doi.org/10.
1186/s12885-021-07880-y PMID: 33648449 PMCID: PMC
7923819

749

[12] Xu N, Kang Y, Wang W, Zhou J. The prognostic role of
CD133 expression in patients with osteosarcoma. Clin Exp
Med, 2020, 20(2):261–267. https://doi.org/10.1007/s10238020-00607-6 PMID: 32048073
[13] Durnali A, Alkis N, Cangur S, Yukruk FA, Inal A, Tokluoglu S,
Seker MM, Bal O, Akman T, Inanc M, Isikdogan A, Demirci A,
Helvaci K, Oksuzoglu B. Prognostic factors for teenage and
adult patients with high-grade osteosarcoma: an analysis of
240 patients. Med Oncol, 2013, 30(3):624. https://doi.org/10.
1007/s12032-013-0624-6 PMID: 23749307
[14] Vasquez L, Tarrillo F, Oscanoa M, Maza I, Geronimo J,
Paredes G, Silva JM, Sialer L. Analysis of prognostic factors
in high-grade osteosarcoma of the extremities in children: a
15-year single-institution experience. Front Oncol, 2016, 6:22.
https://doi.org/10.3389/fonc.2016.00022 PMID: 26904501
PMCID: PMC4745606
[15] Xin S, Wei G. Prognostic factors in osteosarcoma: a study level
meta-analysis and systematic review of current practice. J Bone
Oncol, 2020, 21:100281. https://doi.org/10.1016/j.jbo.2020.
100281 PMID: 32140401 PMCID: PMC7047183
[16] Bispo Júnior RZ, de Camargo OP. Prognostic factors in the
survival of patients diagnosed with primary non-metastatic
osteosarcoma with a poor response to neoadjuvant chemotherapy. Clinics (Sao Paulo), 2009, 64(12):1177–1186. https://
doi.org/10.1590/S1807-59322009001200007 PMID: 20037705
PMCID: PMC2797586
[17] Duchrow M, Schlüter C, Wohlenberg C, Flad HD, Gerdes J.
Molecular characterization of the gene locus of the human cell
proliferation-associated nuclear protein defined by monoclonal
antibody Ki-67. Cell Prolif, 1996, 29(1):1–12. https://doi.org/
10.1046/j.1365-2184.1996.d01-2.x PMID: 8603106
[18] Sun X, Kaufman PD. Ki-67: more than a proliferation marker.
Chromosoma, 2018, 127(2):175–186. https://doi.org/10.1007/
s00412-018-0659-8 PMID: 29322240 PMCID: PMC5945335
[19] Zhang CL, Liao WM, Li FB, Hu R, Luo F, Han S. Expressions
of P21WAF1 protein, PCNA and Ki-67 and their significance in
osteosarcoma. China Oncol, 2001, 11:109–112. https://en.cnki.
com.cn/Article_en/CJFDTotal-ZGAZ200102003.htm
[20] Xu JZ, Zhang Y, Wang YS, Yin L, Lu ZD, Hu XY, Wang XL.
Expression of Ki-67 protein in human osteosarcoma. Henan
J Surg, 2003, 6:1–2. https://www.oriprobe.com/journals/hnw
kxzz/2003_6.html https://www.oriprobe.com/journals/hnwkx
zz.html
[21] Scotlandi K, Serra M, Manara MC, Maurici D, Benini S, Nini G,
Campanacci M, Baldini N. Clinical relevance of Ki-67 expression
in bone tumors. Cancer, 1995, 75(3):806–814. https://doi.org/
10.1002/1097-0142(19950201)75:3<806::aid-cncr28207503
10>3.0.co;2-s PMID: 7828130
[22] Amir G, Issakov J, Meller I, Sucher E, Peyser A, Cohen IJ,
Yaniv I, Ben Arush MW, Tavori U, Kollender Y, Ron N, PeylanRamu N. Expression of p53 gene product and cell proliferation
marker Ki-67 in Ewing’s sarcoma: correlation with clinical
outcome. Hum Pathol, 2002, 33(2):170–174. https://doi.org/
10.1053/hupa.2002.31475 PMID: 11957141
[23] Yang K, Hitomi M, Stacey DW. Variations in cyclin D1 levels
through the cell cycle determine the proliferative fate of a cell.
Cell Div, 2006, 1:32. https://doi.org/10.1186/1747-1028-1-32
PMID: 17176475 PMCID: PMC1769361
[24] Sherr CJ. D-type cyclins. Trends Biochem Sci, 1995, 20(5):
187–190. https://doi.org/10.1016/s0968-0004(00)89005-2 PMID:
7610482
[25] DeGregori J. The Rb network. J Cell Sci, 2004, 117(Pt 16):
3411–3413. https://doi.org/10.1242/jcs.01189 PMID: 15252123
[26] Alao JP. The regulation of cyclin D1 degradation: roles in cancer
development and the potential for therapeutic invention. Mol
Cancer, 2007, 6:24. https://doi.org/10.1186/1476-4598-6-24
PMID: 17407548 PMCID: PMC1851974
[27] Diehl JA, Zindy F, Sherr CJ. Inhibition of cyclin D1 phosphorylation
on threonine-286 prevents its rapid degradation via the ubiquitinproteasome pathway. Genes Dev, 1997, 11(8):957–972. https://
doi.org/10.1101/gad.11.8.957 PMID: 9136925
[28] Wu J, Lv S, An J, Lu C. Pre-miR-149 rs71428439 polymorphism
is associated with increased cancer risk and AKT1/cyclinD1
signaling in hepatocellular carcinoma. Int J Clin Exp Med,
2015, 8(8):13628–13633. PMID: 26550305 PMCID: PMC4612990
[29] Aktas H, Cai H, Cooper GM. Ras links growth factor signaling
to the cell cycle machinery via regulation of cyclin D1 and the
Cdk inhibitor p27KIP1. Mol Cell Biol, 1997, 17(7):3850–3857.

750

Ştefan Adrian Niculescu et al.

https://doi.org/10.1128/MCB.17.7.3850 PMID: 9199319 PMCID:
PMC232237
[30] Xu W, Yang Z, Zhou SF, Lu N. Posttranslational regulation of
phosphatase and tensin homolog (PTEN) and its functional
impact on cancer behaviors. Drug Des Devel Ther, 2014,
8:1745–1751. https://doi.org/10.2147/DDDT.S71061 PMID:
25336918 PMCID: PMC4199979
[31] Solomon DA, Wang Y, Fox SR, Lambeck TC, Giesting S, Lan Z,
Senderowicz AM, Conti CJ, Knudsen ES. Cyclin D1 splice
variants. Differential effects on localization, RB phosphorylation,
and cellular transformation. J Biol Chem, 2003, 278(32):30339–
30347. https://doi.org/10.1074/jbc.M303969200. Erratum in:
J Biol Chem, 2004, 279(29):30914. PMID: 12746453
[32] Sunters A, McCluskey J, Grigoriadis AE. Control of cell cycle
gene expression in bone development and during c-Fos-induced
osteosarcoma formation. Dev Genet, 1998, 22(4):386–397.
https://doi.org/10.1002/(SICI)1520-6408(1998)22:4<386::AIDDVG8>3.0.CO;2-2 PMID: 9664690

[33] Olivier M, Hollstein M, Hainaut P. TP53 mutations in human
cancers: origins, consequences, and clinical use. Cold Spring
Harb Perspect Biol, 2010, 2(1):a001008. https://doi.org/10.
1101/cshperspect.a001008 PMID: 20182602 PMCID: PMC
2827900
[34] Ozaki T, Nakagawara A. Role of p53 in cell death and human
cancers. Cancers (Basel), 2011, 3(1):994–1013. https://doi.
org/10.3390/cancers3010994 PMID: 24212651 PMCID: PMC
3756401
[35] Liu P, Wang M, Li L, Jin T. Correlation between osteosarcoma
and the expression of WWOX and p53. Oncol Lett, 2017,
14(4):4779–4783. https://doi.org/10.3892/ol.2017.6747 PMID:
29085479 PMCID: PMC5649648
[36] Hu X, Yu AX, Qi BW, Fu T, Wu G, Zhou M, Luo J, Xu JH. The
expression and significance of IDH1 and p53 in osteosarcoma.
J Exp Clin Cancer Res, 2010, 29(1):43. https://doi.org/10.
1186/1756-9966-29-43 PMID: 20459648 PMCID: PMC2873426

Corresponding authors
Cristiana Eugenia Simionescu, Professor, MD, PhD, Department of Pathology, University of Medicine and Pharmacy
of Craiova, 66 1 May Avenue, 200628 Craiova, Dolj County, Romania; Phone/Fax +40251–599 228, e-mail:
csimionescu2004@yahoo.com
Mioara Desdemona Stepan, Lecturer, MD, PhD, Discipline of Pediatrics, Department of Infant Care–Pediatrics–
Neonatology, University of Medicine and Pharmacy of Craiova, 2 Petru Rareş Street, 200349 Craiova, Dolj County,
Romania; Phone/Fax +40351–443 565, e-mail: dstepan80@yahoo.com

Received: December 6, 2021
Accepted: January 25, 2022

