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IMP3, CDK4, MDM2 and β-catenin expression in Enchondroma and Central
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H I G H L I G H T S

� IMP3, CDK4, MDM2 and β-catenin are expressed in Enchondromas of short bones.
� These antibodies are useless in distinguishing Enchondroma and Chondrosarcoma G1.
� Their positivity is proportional to Chondrosarcomas histological grade increase.
� The positivity of IMP3, CDK4 and MDM2 is associated to metastasis.
� The expression of MDM2 is associated with a worse prognosis related to death.
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A B S T R A C T

Introduction: The role of IMP3, CDK4, MDM2 and β-catenin proteins in Enchondroma and Central Chondrosar-
coma is not totally understood. The aim of this study is to evaluate the immunoexpression of these proteins, asso-
ciating histological grade, clinical data and prognosis to these tumors.
Methods: This is a retrospective-analytical study of 32 Enchondroma and 70 Central Chondrosarcoma.
Results: IMP3, CDK4, MDM2 and β-catenin expression was observed in 22.82 %, 13.82 %, 17.17 % and in 8.8 % of
cases, respectively. All Enchondromas positive for these immunomarkers were located in short tubular bones. The
positivity for these antibodies is directly proportional to Chondrosarcoma’s histological grade increase. No differ-
ence was found between Enchondroma and Chondrosarcoma, Grade 1 for IMP3, CDK4 and ß-catenin positivity.
Significant metastasis outcome was observed for IMP3, CDK4, MDM2 and death for MDM2 expression.
Conclusion: IMP3, CDK4, MDM2 and β-catenin expression in Enchondromas of short bones phenotypically charac-
terizes these tumors. Their expression has not proven to be useful either as diagnostic markers of these neoplasms
or in distinguishing between Enchondroma and Chondrosarcoma, Grade 1. The significant immunoexpression of
IMP3, CDK4 and MDM2 in metastatic Chondrosarcoma and the lower survival in those with positivity for MDM2
suggest a possible association of these proteins with tumor aggressiveness.
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Introduction

Enchondroma (ENC) ranks second in frequency, accounting for
approximately 10 % to 25 % of all benign bone neoplasms.1,2 Central
Chondrosarcoma (CC) has the second highest incidence among primary
malignant bone tumors and histologically is graded into: Low-Grade
(Atypical Cartilaginous Tumor/Chondrosarcoma, Grade 1) (LGC), Inter-
mediate-Grade (Chondrosarcoma, Grade 2) (IGC) and High-Grade
(Chondrosarcoma, Grade 3) (HGC), according to WHO (2020).1,2 The
frequency of adverse events (recurrence, metastasis and death) is
directly related to tumor progression in this group of neoplasms; there-
fore, HGC is the most aggressive and prone to metastases.2,3

Distinguishing between ENC and LGC can be difficult and is subject
to great interobserver variation, which requires joint evaluation with
clinical and radiological data.4 These are histologically similar nosologi-
cal entities but with different biological behavior. The fundamental dif-
ference between an ENC and LGC translates into the limited growth
potential of the ENC compared to the slow but continuous and locally
invasive growth pattern of LGC.1,2 The clinical course of an LGC is
dependent on localization and the possibility of surgical removal.1
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Research groups are looking for complementary diagnostic tools that
could improve the understanding of the pathogenesis of cartilaginous
neoplasms, resulting in greater diagnostic accuracy and therapeutic
advances.5-11

Several oncogenic signaling pathways have been implicated in the
progression of cartilaginous tumors, such as those related to cell migra-
tion (IMP3) and cell cycle (CDK4, MDM2, and β-catenin), which should
be better elucidated. IMP3 is a member of the oncofetal protein family
and plays an important role in mRNA trafficking and stabilization, cell
growth and migration during the early stages of embryogenesis.12 In
addition, it contributes to the development of cancer, through the forma-
tion of cellular structures similar to podosomes. These structures are
related to the extension of the extracellular matrix and the destruction
of the surrounding matrix, increasing the invasive capacity of malignant
cells.13-15 Shooshtarizadeh et al.5 observed that IMP3 overexpression
correlates with high histological grade in Chondrosarcomas acting as a
possible facilitator of tumor progression.

CDK4 is a protein involved in the cell cycle that regulates cell transit
at the G1 restriction point through hyperphosphorylation of the pRb
pathway.6 Promotion of the pRb pathway related to cell cycle control
through CDK4 amplification is observed in many tumors.6 In addition to
CDK4, the 12q13 gene region harbors the MDM2 gene that is frequently
co-amplified with CDK4.16 MDM2 is a protein involved in the cell cycle
through the p53 pathway.16 The MDM2 gene encodes an E3 ubiquitin
ligase involved in the degradation of the p53 tumor suppressor protein
involved in cell cycle arrest and/or induction of apoptosis.16 Schrage et
al. 6 demonstrated that alterations in the pRb pathway and p53 pathway
are important in the tumor progression of cartilaginous neoplasms.

B-catenin is a protein involved in the cell cycle that activates canoni-
cal Wnt signaling pathways.17 The Wnt/β-catenin pathway is a highly
complex and unique signaling pathway, contributing to the regulation
of several functions related to cell proliferation, migration, renewal and
regeneration during tissue homeostasis, as well as those related to
organogenesis during embryonic development.18 When altered, it inter-
feres with both the regulation of gene expression and cell invasion,
migration, proliferation and differentiation; facilitating metastatic
events.18-22 In the group of cartilaginous mesenchymal neoplasms,
Schrage et al. 23 observed that activation of the canonical Wnt signaling
pathway may play an important role in the transition from benign to
malignant central cartilaginous lesions; however, it is not crucial for
tumor progression.

The role of IMP3, CDK4, MDM2 and β-catenin proteins in Enchon-
droma and Central Chondrosarcoma is not totally understood. In this
study, the authors aimed to evaluate the immunoexpression of these pro-
teins, associating histological grade, clinical data and prognosis to these
tumors.

Methodology

This is a retrospective-analytical study. Data collection took place
after approval by the institutional Research Ethics Committee (CAAE:
02184318.6.0000.5404). One hundred and two patients (37 men and
65 women, aged 9 to 87), diagnosed with ENC or CC by biopsy and/or
resection specimens, were identified from the Clinical Hospital, at the
State University of Campinas, from 1994 to 2019. The tumor specimens
were routinely fixed in 10.00 % formalin and later decalcified with
hydrochloric acid and ethylenediaminetetraacetic acid. Atypical Carti-
laginous Tumor and Chondrosarcoma, Grade 1, due to histological and
prognostic similarities, were grouped in Low Grade Chondrosarcoma
(LGC) category for statistical purposes. The samples consisted of 32
cases of ENC and 70 cases of CC, including 29 LGC, 33 IGC and 8 HGC.
Clinical data (age, gender, location and type of bone affected) and out-
comes were obtained by reviewing patients’medical records. It was con-
sidered a favorable outcome in the absence of adverse events (death,
recurrence or metastasis) or unfavorable if at least one adverse event
was present. Representative formalin-fixed, paraffin-embedded blocks
2

were selected for the immunohistochemistry study. Of the 102 cases, 92
cases were tested for the IMP3 antibody, 94 cases for the CDK4 antibody,
99 cases for the MDM2 antibody and 90 cases for the β-catenin antibody.
The loss of some analyses was due to technical difficulties.

Immunohistochemical technique and analysis

The primary antibodies which were used included anti-IMP3, clone
EP286 (1/100 dilution, Cell Marque), anti-CDK4, clone EP180 (1/100
dilution, Cell Marque), anti-MDM2, clone IF2 (1/100 dilution, ZETA)
and anti-β-catenina, clone EP286 (1/100 dilution, ZETA). Immunohisto-
chemical staining was performed on 5 µm-thick sections processed from
formalin-fixed paraffin-embedded tissues, which were mounted on silan-
ized slides and were briefly deparaffinized in xylol and rehydrated in
serial alcohol. Epitope retrieval was achieved by steaming with citrate
buffer (at 95 °C). The EnVision + Dual Link System HRP polymer
(Dako) was used as a reaction amplifier. The antibody complex was visu-
alized with 3.3′-diaminobenzidine tetrahydrochloride (Dako). The sec-
tions were counterstained with hematoxylin. The appropriate negative
and positive controls were included in each assay as per the manufac-
turer’s instructions. Assessment of immunohistochemical staining was
evaluated by two independent pathologists (DML and EMIA) who were
blinded to the clinicopathological parameters of the patients. The IMP3-
positive tumor cell showed immunoreactivity in cytoplasm while CDK4,
MDM2 and β-catenin positive tumor cells showed nuclear staining,
regardless of the intensity or quantity of immunostained cells (Fig. 1).
The count of positive and negative cells was performed using digital
photographs, obtained through a photomicroscope (LEICA ICC50 HD)
and computed with the aid of a digital camera (Tucsen ISH-500®). A
minimum of 5 fields of higher magnification (40× objective) were pho-
tographed, in the areas of greatest expression (“hot spots”) previously
identified with a 10× objective. A minimum of 100 cells were analyzed
for each case. Positive and negative cells were computed with the aid of
specific software (Image J®).

Statistical analysis

The data analysis was performed using the SAS System for Windows
version 9.4 (SAS Institute Inc., Cary, NC, USA). Chi-Square and Fisher’s
exact tests were used to compare categorical variables. To compare
numeric variables, the Mann-Whitney and Kruskal-Wallis tests were per-
formed, followed by Dunn’s posthoc test when necessary. Survival analy-
ses were performed considering disease-specific survival, which was
defined as the time from diagnosis until the presence of death outcome
or last follow-up. Univariate Cox regressions were also performed. All
variables with a p-value <0.10 on univariate Cox regressions were
included in a multivariate model with a stepwise selection method, in
order to identify independent risk factors associated with survival, p
< 0.05 was considered statistically significant.

Results

The results are summarized in Tables 1-7.
The follow-up time for patients with ENC ranged between 5 and 130

months (mean 37.94 months) and for CC ranged from 4 to 228 months
(mean 54.79 months). There was a significant difference between the
age at diagnosis of patients with ENC (ranging from 9 to 61 years, mean
31.25 years) compared to those with CC (ranging from 18 to 87 years,
mean 49.50 years) with p < 0.0001. No differences were found between
gender and diagnosis (p = 0.4585). Twenty-six cases of ENC were
located at short bones of the extremities, six cases in long bones, and
none in flat bones. The LGC group totaled 29 cases, 24 of which were
atypical cartilaginous tumors, all located in the long bone, and 5 Chon-
drosarcomas, Grade 1, 4 being distributed in the costal arch and 1 in the
iliac. IGC was observed predominantly in long bones (60.6 %), as well as
HGC (50.0 %) of the cases. The topography of ENC was preferentially in



Fig. 1. Photomicrographs (original magnification 400×) of Enchondroma and Central Chondrosarcoma with positive immunoexpression for IMP3 (cytoplasmic label-
ing) and for CDK4, MDM2 and β-catenin (nuclear labeling).
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short tubular bones (81.3 % of cases), while CC was located in long tubu-
lar bones (68.6 % of cases), with statistical significance (p < 0.0001)
(Table 1).

A total of seventeen patients had an unfavorable outcome: 3 out
of 29 (10.3 %) in the LGC group (1 recurrence; 1 metastasis and 1
death); 11 out of 33 (33.3 %) in the IGC (03 recurrences; 1 metasta-
sis; 4 deaths; 1 recurrence plus metastasis; 1 recurrence plus death
and 1 metastasis plus death) and 3 out of 8 (37.5 %) in HGC (1
death; 1 recurrence plus metastasis and 1 metastasis plus death).
Table 1
Descriptive analysis and comparisons between diagnostic groups.

Parameters Enchondroma Low-grade Chondrosarcoma

N 32 29
Follow-up Mean ± DP 37.9 ± 40.3 49.8 ± 47.8

Median (min‒max) 24.0 (5.0‒130.0) 29.0 (4.0‒228.0)
Age Mean ± DP 31.3 ± 15.3 46.7 ± 17.0

Median (min‒max) 28.0 (9.0‒61.0) 47.0 (18.0‒83.0)
Gender Male 11 (34.4 %) 10 (34.5 %)

Female 21 (65.6 %) 19 (65.5 %)
Topography Short bone 26 (81.3 %) 0 (0.0 %)

Long bone 6 (18.8 %) 24 (82.8 %)
Flat bone 0 (0.0 %) 5 (17.2 %)

Prognosis Favorable 32 (100.0 %) 26 (89.7 %)
Unfavorable 0 (0.0 %) 3 (10.3 %)

Recurrence No 32 (100.0 %) 28 (96.6 %)
Yes 0 (0.0 %) 1 (3.4 %)

Metastasis No 32 (100.0 %) 28 (96.6 %)
Yes 0 (0.0 %) 1 (3.4 %)

Death No 32 (100.0 %) 28 (96.6 %)
Yes 0 (0.0 %) 1 (3.4 %)

*Follow-up time in months.
a Based on Kruskal-Wallis test.
b Dunn’s test: differences between 1 and 2, 3, 4.
c Difference between 1 and 3.
d Based on Chi-Square’s test.
e Based on Fisher’s Exact test.
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There was significance between the groups regarding unfavorable
outcomes (p = 0.0002) and adverse events (recurrence with p
= 0.0475; metastasis with p = 0.0300; death with p = 0.0079).
None of the patients diagnosed with Enchondroma showed adverse
events (p = 0.0023) (Table 1). The logistic regression analysis of
factors related to unfavorable outcomes confirmed the location of
the lesion as a predictive factor, with the involvement of flat bones
having a worse prognosis when compared to tumors of long and
short bones (p = 0.0435) (Table 2).
Intermediate-grade Chondrosarcoma High-grade Chondrosarcoma p-value

33 8
62.9 ± 42.8 39.8 ± 31.9 0.0490a,c

70.0 (8.0‒168.0) 33.0 (7.0‒110.0)
52.4 ± 14.6 47.9 ± 16.0 <0.0001a,b

54.0 (22.0‒87.0) 48.5 (24.0‒67.0)
11 (33.3 %) 5 (62.5 %) 0.4585d

22 (66.7 %) 3 (37.5 %)
0 (0.0 %) 1 (12.5 %) <0.0001e

20 (60.6 %) 4 (50.0 %)
13 (39.4 %) 3 (37.5 %)
22 (66.7 %) 5 (62.5 %) 0.0002e

11 (33.3 %) 3 (37.5 %)
28 (84.8 %) 7 (87.5 %) 0.0475e

5 (15.2 %) 1 (12.5 %)
30 (90.9 %) 6 (75.0 %) 0.0300e

3 (9.1 %) 2 (25.0 %)
27 (81.8 %) 6 (75.0 %) 0.0079e

6 (18.2 %) 2 (25.0 %)



Table 2
Cox logistic regression for clinical factors associated with overall survival.

Univariate analysis

Parameters Specification p-value HR 95 % CI

Age 0.0684 1.036 0.997; 1.077
Gender Male vs. Female 0.8177 0.849 0.210; 3.429
Topography Flat bones vs. (Short

bones + Long bones)
0.0026 11.389 2.339; 55.459

Recurrence Yes vs. No 0.9227 0.900 0.108; 7.529
Metastasis Yes vs. No 0.0130 8.620 1.576; 47.144
Multivariate analysis
Parameters Specification p-value HR 95 % CI
Topography Flat bones vs. (Short + Long

bones)
0.0435 6.111 1.055; 35.411

Table 3
Fisher’s Exact Test for IMP3 antibody expression and adverse
events in patients diagnosed with Central Chondrosarcoma (n
= 61).

Parameters IMP3 Positive IMP3 Negative p-value

N 18 43
Recurrence Yes 2 (11.1 %) 3 (7 %) 0.6266

No 16 (88.9 %) 40 (93 %)
Metastasis Yes 4 (22.2 %) 1 (2.3 %) 0.0236

No 14 (77.8 %) 42 (97.7 %)
Death Yes 1 (5.6 %) 7 (16.3 %) 0.4165

No 17 (94.4 %) 36 (83.7 %)

Table 4
Fisher’s Exact Test for CDK4 antibody expression and adverse
events in patients diagnosed with Central Chondrosarcoma (n
= 64).

Parameters CDK4 Positive CDK4 Negative p-value

N 9 55
Recurrence Yes 1 (11.1 %) 5 (9.1 %) 1

No 8 (88.9 %) 50 (90.9 %)
Metastasis Yes 3 (33.3 %) 3 (5.5 %) 0.0320

No 6 (66.7 %) 52 (94.5 %)
Death Yes 2 (22.2 %) 7 (12.7 %) 0.6021

No 7 (77.8 %) 48 (87.3 %)

Table 5
Fisher’s Exact Test for MDM2 antibody expression and adverse
events in patients diagnosed with Central Chondrosarcoma (n=67).

Parameters MDM2 Positive MDM2 Negative p-value

N 10 57
Recurrence Yes 1 (10%) 6 (10.5 %) 1

No 9 (90%) 51 (89.5 %)
Metastasis Yes 3 (30%) 3 (5.3 %) 0.0387

No 7 (70%) 54 (94.7 %)
Death Yes 4 (40%) 4 (7 %) 0.0139

No 6 (60%) 53 (93 %)

Table 6
Cox logistic regressions for MDM2 imunoexpression and death.

Univariate analysis

Parameter Specification p-value HR 95 % CI

MDM2 Positive vs. Negative 0.0047 8.732 1.946; 39.186
Multivariate analysis
Parameter Specification p-value HR 95 % CI
MDM2 Positive vs. Negative 0.0493 6.157 1.006; 37.689

Table 7
Fisher’s Exact Test for β-catenin antibody expression and adverse events in
patients diagnosed with Central Chondrosarcoma (n= 61).

Parameters β-catenina Positive β-catenina Negative p-value

N 5 56
Recurrence Yes 0 (0 %) 5 (8.9 %) 1

No 5 (100 %) 51 (91.1 %)
Metastasis Yes 1 (20 %) 4 (7.1 %) 0.3579

No 4 (80 %) 52 (92.9 %)
Death Yes 1 (20 %) 6 (10.7 %) 0.4684

No 4 (80 %) 50 (89.3 %)
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Immunohistochemical analysis

The immunoexpression of IMP3 was observed in 21 of 92 (22.82 %)
cases, CDK4 in 13 of 94 (13.82 %) cases, MDM2 in 17 of 99 (17.17 %)
cases, and β-catenin in 8 of 90 (8.8%) cases (Fig. 2), with no significance
for percentage of positive cells between the analyzed tumor’s group
(Fig. 3).

IMP3 positive cases were distributed as follows: 3 of the 31 ENC
(9.7 %), 2 of the 28 LGC (7.1 %), 9 of the 25 IGC (36 %) and 7 of the 8
HGC (87.5 %). A significantly higher IMP3 expression was observed in
4

CC when compared to ENC: 18 of the 61 CC (29.5 %) and 3 of the 31
ENC (9.7 %) (p = 0.0322). Comparison between groups revealed: ENC
and LGC (p = 1.0000), LGC and IGC (p = 0.0160), LGC and HGC (p
= 0.0001) and IGC and HGC (p = 0.0167) (Fig. 2A). The 21 positive
cases showed the following distribution: 4 in short bones (3 ENC and 1
HGC), 11 in long bones (2 LGC, 6 IGC and 3 HGC) and 6 in flat bones (3
IGC and 3 HGC). Unfavorable outcomes occurred in 4 of the 18 CC-posi-
tive cases (22.2 %): 1 with metastasis, 2 with recurrence plus metastasis,
and 1 with metastasis plus death. IMP3 expression was significant in
patients that evolved with metastasis (p= 0.0236) (Table 3).

Immunoreactivity for CDK4 was observed as follows: 4 of the 30 ENC
(13.3 %), 4 of the 30 IGC (13.3 %) and 5 of the 8 HGC (62.5 %). None of
the 26 LGC were positive for this antibody. There was no significance
comparing ENC and CC-positive cases (p = 1.0000). Comparison
between groups revealed ENC and LGC (p = 0.1153), LGC and IGC (p
= 0.1153), LGC and HGC (p= 0.0002), and IGC and HGC (p= 0.0101)
(Fig. 2B). The 13 positive cases showed the following distribution: 5 at
short bones (3 ENC and 1 HGC), 3 in long bones (2 IGC and 1 HGC) and
5 in flat bones (3 IGC and 3 HGC). The unfavorable outcome was
observed in 4 of the 9 CC positive cases (44.4 %): 1 with metastasis, 1
with death, 1 with recurrence plus metastasis and 1 with metastasis plus
death. CDK4 expression was significant in patients that evolved with
metastasis (p= 0.0320) (Table 4).

The expression of MDM2 antibody revealed the following values: 7
of the 32 ENC (21.9 %), 6 of the 31 IGC (19.4 %), and 4 of the 8 HGC
(50.0 %). None of the 28 LGC were positive for this antibody. There was
no significance comparing ENC and CC-positive cases (p = 0.3911).
Comparison between groups revealed: ENC and LGC (p = 0.0118), LGC
and IGC (p = 0.0247), LGC and HGC (p = 0.0012) and IGC and HGC (p
= 0.1672) (Fig. 2C). The 17 positive cases showed the following distri-
bution: 8 in short bones (7 ENC and 1 HGC), 3 in long bones (2 IGC and
1 HGC) and 6 in flat bones (4 IGC and 2 HGC). Unfavorable outcomes
occurred in 5 of the 10 CC-positive cases (50.0 %): 2 with death; 1 with
recurrence plus metastasis and 2 with metastasis plus death. MDM2
expression was significant in patients who evolved with metastasis (p
= 0.0387) and death (p = 0.0139) (Table 5). Logistic regression evi-
denced that MDM2 expression was associated with death (p = 0.0435)
(Table 6).

The values detected for β-catenin antibodies were: 3 of the 29 ENC
(10.35 %), 1 of the 29 IGC (3.45 %), and 4 of the 8 HGC (50.00 %). None
of the 24 LGC were positive for this antibody. There was no significance
comparing ENC and CC-positive cases (p = 0.7092). Comparison



Fig. 2. Percentage of cases with immunoexpression in Enchon-
droma (ENC) and Central Chondrosarcoma of Low-Grade
(LGC), Intermediate-Grade (IGC) and High-Grade (HGC). Fish-
er’s exact test. (A) ENC vs. LGC (p = 1.0000); LGC vs. IGC (p
= 0.0160); LGC vs. HGC (p = 0.0001) and IGC vs. HGC (p
= 0.0167). (B) ENC vs. LGC (p = 0.1153); LGC vs. IGC (p
= 0.1153); LGC vs. HGC (p = 0.0002) and IGC vs. HGC (p
= 0.0101). (C) ENC vs. LGC (p = 0.0118); LGC vs. IGC (p
= 0.0247); LGC vs. HGC (p = 0.0012) and IGC vs. HGC (p
= 0.1672). (D) ENC vs. LGC (p = 0.2424); LGC vs. IGC (p
= 1.0000); LGC vs. HGC (p = 0.0019) and IGC vs. HGC (p
= 0.0048).
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between groups revealed: ENC and LGC (p = 0.2424); LGC and IGC (p
= 1.0000); LGC and HGC (p = 0.0019) and IGC and HGC (p = 0.0048)
(Fig. 2D). The 8 positive cases showed the following distribution: 4 in
short bones (3 ENC and 1 HGC), 1 in long bones (1 HGC) and 3 in flat
bones (1 IGC and 2 HGC). An unfavorable outcome was observed in 1 of
the 5 CC positive cases (20.0 %) (Table 7).

Concomitant immunoexpression was evaluated as follows: 90 cases
for CDK4 and MDM2, 84 cases for CDK4 and β-catenin, 89 for MDM2
and β-catenin and 83 for CDK4, MDM2 and β-catenin. There was co-
expression of CDK4 and MDM2 in 3 of 30 ENC (10.0 %), 9 of 25 LGC
(0 %), 2 of 27 IGC (7.4 %) and 4 of 8 HGC (50.0 %), with significance
when comparing groups LGC and HGC and IGC and HGC (p = 0.0019).
There was co-expression of CDK4 and β-catenin in 1 of 28 ENC (3.6 %),
9 of 22 LGC (0 %), 9 of 26 IGC (0 %) and 4 of 8 HGC (50.0 %), with sig-
nificance when comparing groups ENC and HGC, LGC and HGC and IGC
and HGC (p=0.0002). There was co-expression of MDM2 and β-catenin
in 2 of 29 ENC (6.9 %), 9 of 24 LGC (0 %), 9 of 28 IGC (0 %) and 3 of 8
HGC (37.5 %), with significance when comparing groups ENC and HGC,
LGC and HGC and IGC and HGC (p = 0.0016). There was co-expression
of CDK4, MDM2 and β-catenin in 1 of 28 ENC (3.6 %), 9 of 22 LGC
(0 %), 9 of 25 IGC (0 %) and 3 of 8 HGC (37.5 %), with significance
when comparing groups ENC and HGC, LGC and HGC and IGC and HGC
(p = 0.0023). The unique ENC case with co-expression of CDK4, MDM2
and β-catenin was located in the short bone of the extremity, in a 31-
year-old patient with a favorable outcome. The three HGC cases with co-
expression of CDK4, MDM2 and β-catenin exhibited the following clini-
cal characteristics: a 24-year-old patient with a tumor located in a short
bone and with a favorable outcome, a 63-year-old patient with a tumor
located in a long bone and with favorable outcome and a 52-year-old
patient with a tumor located in a flat bone and with unfavorable out-
come (metastasis and death).

Discussion

ENC and CC are cartilaginous matrix-producing tumors with distinct
biological behavior and management ranging from radiological follow-
up to radical surgery.24 The surgical procedure, when indicated, is cur-
rently the treatment of choice, with limited response of these tumors to
radio and/or chemotherapy treatments.25,26 Furthermore, the histologi-
cal and radiological similarity between ENC and LGC may make their
distinction a challenge with large interobserver variation.27

The clinical findings in this study were similar to those found in the
literature[1,28 and summarized as follows: lower mean age observed in
the ENC group when compared to CC without gender differences, a
higher frequency of ENC in short bones of the extremities and of CCs in
5

long bones and flat bones, and worse prognosis in CC located at flat
bones compared to tumors of long and short bones. The histological
grade of CC showed significant differences in relation to the unfavorable
general evolution as well as when individualized by event (recurrence,
metastasis and death) and was directly proportional to the increase of
the histological grade in accordance with the literature.1,2

Of the three cases of LGC that presented unfavorable progression,
one was located in the appendicular skeleton (femur), which evolved
with local recurrence, and two in the axial skeleton (scapula and costal
arch) which developed metastasis and death, respectively. A possible
explanation for the recurrence of the LGC located in the appendicular
skeleton is the surgical procedure applied (curettage), since this may
leave some tumor cells in loco, which then may continue their growth,
configuring a residual lesion and not a true recurrence. The unfavorable
evolution observed in the other two cases of LGC which developed either
metastasis or death, both located in the axial skeleton (scapula and cos-
tal arch), is justified by the already well-documented unfavorable evolu-
tion of Chondrosarcomas, even those of low grade, which originate in
flat bones.1

Several oncogenic signaling pathways have been implicated in the
biology of cartilaginous neoplasms and in progressions such as those
related to cell migration (IMP3) and cell cycle (CDK4, MDM2, and β-cat-
enin) .5,6,18,29-33 In this study, the expression of these proteins, both iso-
lated and grouped, was analyzed in ENC and compared with CC of
different histological grades.

Both ENCs and CCs demonstrated IMP3 immunoreactivity, with a
higher frequency of expression in the CC group, which was directly pro-
portional to the increase in the histological grade and, therefore, corre-
lated with tumor progression. Similar to this study, Shooshtarizadeh et
al.5 observed that IMP3 expression correlates with high histological
grade in CC and also did not observe differences between groups for the
percentage of positive cells. This antibody did not prove useful in distin-
guishing between ENC and LGC. It is significant that all cases of ENC
evaluated in the present study with IMP3 expression were located in the
short tubular bones, which may particularize ENCs located in this topog-
raphy. Similarly, the research group observed the expression of Amphir-
egulin, a protein also involved in cell migration, exclusively in ENCs
located in short tubular bones.34 Only one research group has analyzed
this antibody in Enchondromas and Chondrosarcomas to date, which
did not find positive expression of IMP3 in ENC and, therefore, consid-
ered this immunomarker efficient in differentiating between these
groups.5

A higher frequency of metastasis was observed in patients with posi-
tivity for IMP3, which can be explained by its role in carcinogenesis
through the formation of cellular structures similar to podosomes, which



Fig. 3. Percentage of positive cells for IMP3, CDK4, MDM2 and β-catenin in Enchondroma (ENC) and Central Chondrosarcoma of Low-Grade (LGC), Intermediate-
Grade (IGC) and High-Grade (HGC). Kruskal Wallis test followed by Dunn’s test. (A) ENC vs. LGC (p = 0.9708); LGC vs. IGC (p > 0.9999); LGC vs. HGC (p > 0.9999)
and IGC vs. HGC (p > 0.9999). (B) IGC vs. HGC (p > 0.9999). (C) IGC vs. HGC (p > 0.9999). (D) IGC vs. HGC (p > 0.9999).
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in turn are related to the extension of the extracellular matrix and
destruction of the surrounding matrix, increasing the invasiveness
capacity of neoplastic cells.13-15 Since no invasive capacity is observed
in ENCs, future studies should analyze the role of this antibody in the
carcinogenesis of this group of lesions, including the correlation of IMP3
immunoexpression with cytoarchitectural and imaging aspects of ENCs
located in short bones. One hypothesis to be considered is that this pro-
tein exerts a function similar to that described in embryogenesis, pro-
moting cell growth in this group of lesions.

There was CDK4 positive immunoexpression in both ENC and CCs,
although more frequently in the latter, and was directly proportional to
its increase in histological grade. Interestingly, no positive expression of
CDK4 was observed in LGC. A study developed by Schrage et al.6 docu-
mented increasing positivity of this antibody as related to the histological
6

grade increase in CCs, including positivity in the LGC. The research car-
ried out by Si and Liu[29 did not demonstrate variation in CDK4 expres-
sion related to the histological grade of CC located in the mandible. These
results together raise the possibility that the location of the lesion inter-
feres with the CCs signaling pathways. This study documented CDK4
expression in CCs located in short, long and flat bones, with a predomi-
nance in lesions located in flat bones. CDK4 amplification stimulates the
pRb signaling pathway, which is related to the cell cycle,35 and may con-
tribute, at least in part, to tumor growth in these groups of neoplasms.
There was no difference between groups for the parameter percentage of
positive cells. The percentage of CDK4-positive cells in ENCs and CCs had
not been previously described in the literature.

A higher frequency of metastasis was observed in patients with posi-
tivity for CDK4 without association with local recurrence. Ouyang et al.30
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demonstrated an increase in CDK4 expression in patients diagnosed with
CC which evolved with metastasis and local recurrence. In addition to its
important role in the cell cycle, CDK4 exerts immunomodulatory and
immunogenic effects by negatively interfering in the expression of PD-L1
in tumor cells and also in the direct reduction of infiltrating T lympho-
cytes of the immune system.35 Together, these effects may help tumor
cells to “bypass” the body’s defense system, favoring metastatic events.

The MDM2 antibody showed significant immunoreactivity in both
ENC and CC and was directly proportional to the histological grade
increase of the latter. No MDM2 expression was observed in the LGC
group. There was no difference between groups for the parameter per-
centage of positive cells. Schrage et al. 6 did not detect MDM2 positivity
in Enchondromas, but observed expression of this immunomarker in
Chondrosarcomas, Grade 1 in addition to its association with tumor pro-
gression in this group of lesions. On the other hand, Daugaard et al.31

did not show a correlation between MDM2 expression and histological
grade in Chondrosarcomas.

The present study documented a higher frequency of metastasis and
death related to positivity for MDM2 and no correlation of this antibody
with local recurrence. Expression of MDM2 was validated as an indepen-
dent variable of worse prognosis in Chondrosarcomas, being associated
with death. According to Oshiro et al.32 changes in the p53 pathway, a
tumor suppressor protein degraded by MDM2, are positively correlated
with adverse events of recurrence, metastasis and death in patients with
chondrosarcomas. The positivity for MDM2 in Enchondroma, docu-
mented for the first time in the present study, may be related to the inhi-
bition of the p53 pathway in this group of neoplasms promoting lesion
growth, but without necessarily any prognostic implications. Given the
important role of the p53 pathway not only in cell survival but also in
the mechanisms of cell adhesion, motility and invasion,36 inhibition of
this pathway can stimulate an array of metastatic facilitators, justifying
the higher frequency of metastasis in patients with diagnosis of Chon-
drosarcoma and positivity for MDM2.

The β-catenin antibody showed positive immunoexpression in both
ENC and CC and was directly proportional to later increases in the histo-
logical grade. β-catenin expression was not observed in the LGC group.
β-catenin positivity correlated with increased histological grade in
Chondrosarcomas in recent research by Khademian et al.18 Chen et al.33

demonstrated nuclear positivity for β-catenin in patients with Enchon-
droma and Chondrosarcoma with positivity directly proportional to the
increase in the histological grade. There was no difference between
groups for the parameter percentage of positive cells. The percentage of
positive cells for β-catenin was not a parameter evaluated by previous
research groups.18,33

There was no association of this antibody with the adverse events of
local recurrence, metastasis, or death. Khademian et al.18 observed a
correlation between β-catenin expression and metastasis in patients
diagnosed with Chondrosarcoma. Chen et al.33 demonstrated that the
survival rate of patients with a diagnosis of Chondrosarcoma and β-cate-
nin positivity was significantly lower than in patients with no β-catenin
expression, although this parameter has not proved to be an indepen-
dent factor of worse prognoses.

The co-expression of CDK4, MDM2 and β-catenin was significantly
higher in HGC. A possible interpretation for this result is the accumula-
tion of mutations in lesions of high histological grade, reflecting a geno-
mic complexity in this group of tumors.

In conclusion, the expression of IMP3, CDK4, MDM2 and β-catenin in
ENC of short bones phenotypically characterizes these tumors. Their
expression has not proven to be useful either as diagnostic markers of
these neoplasms or in distinguishing between Enchondroma and Chon-
drosarcoma, Grade 1. The positivity of IMP3, CDK4, MDM2 and β-cate-
nin antibodies was directly proportional to the increase of histological
grade in Chondrosarcoma. The significant immunoexpression of IMP3,
CDK4 and MDM2 in metastatic Chondrosarcoma and the lower survival
in those with positivity for MDM2, suggest a possible association of
these proteins with tumor aggressiveness.
7

Funding

The present work was carried out with the support of The S~ao Paulo
Research Foundation (FAPESP, 2019/0402−8) and The Coordination
for the Improvement of Higher Education Personnel − Brazil (CAPES,
financing code 001).

Declaration of competing interest

The authors declare no conflicts of interest.

Acknowledgments

The authors are grateful to Adilson Piaza, Claudia Piaza, Arethusa
Souza and Ingrid Damas for technical support, to Cleide Silva for statisti-
cal support and to Diane Ellis for editorial assistance.

References

1. WHO Classification of Tumours Editorial Board. Soft tissue and bone tumours. Lyon
(France); 2020.

2. Amstalden E. Tumores do sistema osteoarticular. In: Billis A, Altemani AMA, Andrade
LALA E, eds. Patologia Diagn�ostica De Tumores. 3rd ed. 2017. p. 415−39.

3. Chen J-C, Chen Y-J, Lin C-Y, Fong Y-C, Hsu C-J, Tsai C-H, et al. Amphiregulin enhan-
ces alpha6beta1 integrin expression and cell motility in human chondrosarcoma cells
through Ras/Raf/MEK/ERK/AP-1 pathway. Oncotarget 2015;6(13):11434–46.

4. Gazendam A, Popovic S, Parasu N, Ghert M. Chondrosarcoma: a clinical review. J Clin
Med 2023;12(7):1–14.

5. Shooshtarizadeh T, Nazeri A, Zare-Mirzaie A, Movahedinia S. Expression of insulin-
like growth factor II mRNA binding protein 3 (IMP3) in enchondroma and chondrosar-
coma. Pathol Res Pract 2016;212(4):335–9.

6. Schrage YM, Lam S, Jochemsen AG, Cleton-Jansen AM, Taminiau AHM, Hogendoorn
PCW, et al. Central chondrosarcoma progression is associated with pRb pathway alter-
ations: CDK4 down-regulation and p16 overexpression inhibit cell growth in vitro. J
Cell Mol Med 2009;13(9 A):2843–52.

7. van Beerendonk HM, Rozeman LB, Taminiau AHM, Sciot R, Bov�ee JVMG, Cleton-Jan-
sen AM, et al. Molecular analysis of the INK4A/INK4A-ARF gene locus in conventional
(central) chondrosarcomas and enchondromas: indication of an important gene for
tumour progression. J Pathol 2004;202(3):359–66.

8. Cintra FF, Etchebehere IIM, Jose III, Gonc CB, Cassone VAE, Maria E, et al. Analysis of
angiogenic factors and cyclooxygenase-2 expression in cartilaginous tumors − clinical
and histological correlation. Clinics (Sao Paulo) 2011;66(9):1591–6.

9. Cintra F.F., Etchebehere M., Gonc C.B., Cassone A.E., Amstalden E.M.I. Vascular Pat-
tern in Enchondroma and Chondrosarcoma: clinical and Immunohistologic Study.
2014;22(8):600−5.

10. Peterse EFP, Niessen B, Addie RD, Jong Y De, Cleven AHG, Kruisselbrink AB, et al. Tar-
geting glutaminolysis in chondrosarcoma in context of the IDH1/2 mutation. Br J Can-
cer 2018;118(8):1074–83.

11. Sullivan CW, Kazley JM, Murtaza H, Cooley M, Jones D, Dicaprio MR. Team approach:
evaluation and management of low-grade cartilaginous lesions. JBJS Rev 2020;8
(1):1–9.

12. Mueller-pillasch F., Pohl B., Wilda M., Lacher U., Beil M., Adler G., et al. Expression of
the highly conserved RNA binding protein KOC in embryogenesis. 1999;88(1):95−9.

13. Vikesaa J, Hansen TVO, Lars J, Borup R, Wewer UM, Christiansen J, et al. RNA-bind-
ing IMPs promote cell adhesion and invadopodia formation. Mech Dev 2006;25
(7):1456–68.

14. Liao B, Hu Y, Herrick DJ, Brewer G. The RNA-binding protein IMP-3 Is a translational
activator of insulin-like growth factor II Leader-3 mRNA during proliferation of human
K562 leukemia cells*. J Biol Chem 2005;280(18):18517–24.

15. Yaniv K, Yisraeli JK. The involvement of a conserved family of RNA binding proteins
in embryonic development and carcinogenesis. Gene 2002;287(1−2):49–54.

16. Vogelstein BKK. p53 Function and dysfunction. Cell 1992;70(4):523–6.
17. Centelles JJ. General aspects of colorectal cancer. ISRN Oncol. 2012;2012:139268.
18. Khademian N, Mirzaei A, Hosseini A, Zare L, Nazem S. Expression pattern and clinical

significance of β ‑ catenin gene and protein in patients with primary malignant and
benign bone tumors. Sci Rep 2022;12(1):9488.

19. Tian J., He H., Lei G. Wnt /β -catenin pathway in bone cancers. 2014;35(10):9439−45.
20. Chu T, Teng J, Jiang L, Zhong H, Han B. Biochemical and biophysical research com-

munications lung cancer-derived Dickkopf1 is associated with bone metastasis and
the mechanism involves the inhibition of osteoblast differentiation. Biochem Biophys
Res Commun 2014;443(3):962–8.

21. De P, Carlson JH, Wu H, Marcus A, Leyland-jones B, Dey N. Wnt-beta-catenin pathway
signals metastasis-associated tumor cell phenotypes in triple negative breast cancers.
Oncotarget 2016;7(28):43124–49.

22. Wu X, Luo F, Li J, Zhong X, Liu K. Tankyrase 1 inhibitior XAV939 increases chemosen-
sitivity in colon cancer cell lines via inhibition of the Wnt signaling pathway. Int J
Oncol 2016;48(4):1333–40.

23. Schrage YM, Hameetman L, Szuhai K, Cleton-Jansen AM, Taminiau AHM, Hogen-
doorn PCW, et al. Aberrant heparan sulfate proteoglycan localization, despite normal
exostosin, in central chondrosarcoma. Am J Pathol 2009;174(3):979–88.

http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0023


D.M. Losada et al. Clinics 79 (2024) 100483
24. Castillo J, Erroba E, Perugorría MJ, Santamaría M, Lee DC, Prieto J, et al. Amphiregu-
lin contributes to the transformed phenotype of human hepatocellular carcinoma cells.
Cancer Res 2006;66(12):6129–38.

25. Kuramochi H, Nakajima G, Kaneko Y, Nakamura A, Inoue Y, Yamamoto M, et al.
Amphiregulin and Epiregulin mRNA expression in primary colorectal cancer and cor-
responding liver metastases. BMC Cancer 2012;12:88.

26. Zhu H, Tang J, Tang M, Cai H. Upregulation of SOX9 in osteosarcoma and its associa-
tion with tumor progression and patients’ prognosis. Diagn Pathol 2013;8:183.

27. Bordoli MR, Stiehl DP, Borsig L, Kristiansen G, Hausladen S, Schraml P, et al. Prolyl-4-
hydroxylase PHD2- and hypoxia-inducible factor 2-dependent regulation of amphire-
gulin contributes to breast tumorigenesis. Oncogene 2011;30(5):548–60.

28. Czerniak B. Dorfman and Czerniak’s bone Tumors. 2nd ed. Elsevier; 2016.
29. Si X, Liu Z. Expression and significance of cell cycle-related proteins Cyclin D1, CDK4,

p27, E2F-1 and Ets-1 in chondrosarcoma of the jaws. Oral Oncol 2001;37(5):431–6.
30. Ouyang Z, Wang S, Zeng M, Li Z, Zhang Q, Wang W, et al. Therapeutic effect of palbo-

ciclib in chondrosarcoma: implication of cyclin-dependent kinase 4 as a potential tar-
get. Cell Commun Signal 2019;17(1):1–12.
8

31. Daugaard Sø, Christensen LH, HØgdall E. Markers aiding the diagnosis of chondroid
tumors: an immunohistochemical study including osteonectin, bcl-2, cox-2, actin, cal-
ponin, D2-40 (podoplanin), mdm-2, CD117 (c-kit), and YKL-40. Apmis 2009;117
(7):518–25.

32. Oshiro Y, Chaturvedi V, Hayden D, Nazeer T, Johnson M, Johnston DA, et al. Altered
p53 is associated with aggressive behavior of chondrosarcoma: a long term follow-up
study. Cancer 1998;83(11):2324–34.

33. Chen C, Zhou H, Zhang X, Ma X, Liu Z, Liu X. Elevated levels of dickkopf-1 are associ-
ated with β-catenin accumulation and poor prognosis in patients with chondrosar-
coma. PLoS ONE 2014;9(8):e105414.

34. Losada DM, Ribeiro AL, da C, Cintra FF, de Mendonça GRA, Etchebehere M, Amstal-
den EMI. Expression of amphiregulin in enchondromas and central chondrosarcomas.
Clinics 2021;76:e2914.

35. Bonelli M, La Monica S, Fumarola C, Alfieri R. Multiple effects of CDK4/6 inhibition in can-
cer: from cell cycle arrest to immunomodulation. Biochem Pharmacol 2019;170:113676.

36. Powell E, Piwnica-Worms D, Piwnica-Worms H. Contribution of p53 to metastasis.
Cancer Discov 2014;4(4):405–14.

http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0028
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0035
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0035
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0036
http://refhub.elsevier.com/S1807-5932(24)00160-1/sbref0036

	IMP3, CDK4, MDM2 and β-catenin expression in Enchondroma and Central Chondrosarcoma: Diagnostic and prognostic utility
	Introduction
	Methodology
	Immunohistochemical technique and analysis
	Statistical analysis

	Results
	Immunohistochemical analysis

	Discussion
	Funding
	Declaration of competing interest
	Acknowledgments
	References


