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In malignant cartilagenous tumors, immunohistochemical
expression of procollagen PC1CP peptide is higher
and that of PC2CP lower than in benign cartilaginous lesions
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Abstract Few studies on oncogenesis of chondrosarcoma
(CS) are available in the literature. Our previously published
experimental evidence suggests that while the C-propeptide of
procollagen Il (PCICP), a component of cartilage, favors
tumor progression, the C-propeptide of procollagen Ilexl
(PC2CP) exerts antitumor properties. In this study, we ana-
lyzed expression of PC1CP and PC2CP by immunohisto-
chemistry in a series of enchondromas and CS. Our retrospec-
tive series consisted of 88 cases, including 43 CSs, 34
enchondromas and 11 nontumor samples. Immunohistochem-
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ical staining for PC1CP and PC2CP was evaluated in the
cytoplasm and in the extracellular matrix (ECM). Diffuse
staining for PC1CP in ECM was significantly more frequent
in tumor than in nontumor samples (32 % vs. 0 %; p = 0.03),
and in CSs than in enchondromas (44 vs. 18 %; p = 0.02).
ECM semiquantitative score was higher in tumors than in
nontumor samples (p < 0.005) and higher in CSs than in
enchondromas (p = 0.05). Staining for PC2CP in ECM was
more frequently found in enchondromas than in CSs (59 vs.
33 %; p = 0.02). ECM semiquantitative score was higher in
enchondromas than in CSs (p = 0.02). Diffuse staining for
PCICP in combination with absence of staining for PC2CP
had 94 % specificity for CS but with a sensitivity of only
35 %. Expression of neither PC1CP nor PC2CP correlated
with recurrence-free survival or occurrence of metastases. In
conclusion, we show that the expression of PC1CP is higher
and that of PC2CP lower in malignant cartilaginous tumors.
These results support an oncogenic role of PC1CP and anti-
oncogenic property of PC2CP in cartilaginous tumors.

Keywords PC1CP - PC2CP - C-propeptides of procollagens -
Enchondroma - Chondrosarcoma

Introduction

Chondrosarcoma (CS) is a malignant cartilage matrix-
producing neoplasm. Primary (conventional) CS is the third
most common primary bone malignancy and represents more
than 90 % of CSs [1]. WHO 2013 grading (ranging to I to III)
is an important prognostic factor in primary CS [1]. Most
cases of grade I CS, the distinction of which from
enchondroma is often difficult [2], have a benign course. On
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the contrary, grade II and III CS are more aggressive and
therefore require more intensive treatment [1].

Karyotypes of most CS are complex but nonspecific and its
oncogenesis is poorly understood [3—7]. Few studies have ad-
dressed the potential role played by extracellular matrix
(ECM), such as aberrant distribution of heparan sulfate proteo-
glycans and deregulation of collagens L, II, III, and X, in the
development of CSs [3, 8—13]. To better understand its onco-
genesis, we previously compared proteomes of enchondromas
and CSs of all types and grades, in an attempt to isolate proteins
specifically associated with oncogenesis of chondrogenic tu-
mors [14]. Proteomics and Western blot analyses showed that
the COOH-terminal propeptides of procollagen Il (PC1CP)
and [Ix1 (PC2CP) are differentially expressed in malignant vs.
benign tumors, with increased PC1CP and decreased PC2CP
expression significantly associated with CS. We subsequently
studied in vitro the role recombinant soluble or immobilized
PCICP and PC2CP plays in the extracellular matrix. As these
two peptides induced (31 integrin-mediated chondrocyte adhe-
sion by distinct domains with variable efficacy, we suggested
that distinct signaling pathways are involved. Immobilized
PC2CP but not PC1CP induced apoptosis in chondrocytes
and EAhy926 endothelial cells, while soluble PC1CP but not
PC2CP induced migration of EAhy926 cells and upregulated
expression of both vascular endothelial growth factor (VEGF)
and CXCR4 in chondrocytes. Although soluble PC2CP also
increased VEGF expression, expression of CXCR4 and of ma-
trix metalloproteinase 13 was more pronounced. This experi-
mental evidence suggested that PCICP favors angiogenesis
and tumor progression, but immobilized PC2CP blocks angio-
genesis and reduces tumor progression via apoptosis while
soluble PC2CP favors tumor progression and metastasis [14].
These results suggested that detection of these peptides might
have potential diagnostic and prognostic use.

The aim of this study was to characterize expression of
PCI1CP and PC2CP by immunohistochemistry in a large se-
ries of enchondromas and CSs as well as in normal and ar-
thritic cartilage, in order to elucidate their potential role as
diagnostic and prognostic marker.

Materials and methods
Population and clinical data

Our study cohort consisted of 88 cases, retrospectively re-
trieved from the files of the Department of Pathology of Nan-
cy (CHU) between 2000 and 2009, including 43
chondrosarcomas (grade I, 10/43; grade II, 24/43; grade III,
5/43; dedifferentiated, 4/43), 34 enchondromas, 5 samples of
arthritic cartilage, and 6 samples of normal cartilage.
Anonymity of the patients was strictly respected, following
local ethical guidelines (institutional review board DC2008-
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459). All specimens were reviewed by two experienced bone
pathologists (JMV, BM) in order to confirm the initial diagno-
sis, according to the criteria of the 2013 WHO classification
[1]. The correlation between pathological diagnosis and clin-
ical and radiological features was systematically reviewed
during multidisciplinary staff meetings. A representative par-
affin block was selected from each case.

Clinical data, including age, sex, localization, treatment
and survival, were collected from patient files in the Depart-
ment of Orthopedics.

Immunohistochemistry

Paraffin sections (5 wm) were dewaxed in Tissue Clear
(Medite) during 10 min and rehydrated (ethanol 100, 95,
70°, distilled water). Proteoglycans were then digested with
hyaluronidase (500 U/mL) and chondroitinase ABC (1 U/mL)
(Sigma) during 2 h at 37 °C. Antigen retrieval was performed
by heating (30 min at 65 °C) in 10 mM sodium citrate buffer
(pH 6).

Chicken anti-PC1CP and rabbit anti-PC2CP were generat-
ed at Eurogentech (Liége, Belglium) using the following pep-
tides as immunogens: NH2-CWYISKNPKDKRHXWF-
COOH (PCICP), and NH2-SSKSKEKKHIWFC-COOH
and NH2-ADQAAGGLRQHDAECCOOH (PC2CP). Speci-
ficity of the antibodies was verified by Western blotting,
which showed a single band at expected position of 34 KDa
for both PCICP and PC2CP, and by immunohistochemistry
using 28 nontumor and tumor samples [14].The following
dilutions were used: PC1CP, 1/200; PC2CP, 1/200. Immuno-
histochemistry was performed with a Dako Autostainer Plus
(Dako, Glostrup, Denmark) with LSAB + system-HRP
KO0679 revelation system (Dako), using biotin-streptavidin
amplification and diaminobenzidine as a chromogen, follow-
ing the manufacturer’s instructions. As positive control, we
used chondroma and CS samples for which expression of
PCI1CP and PC2CP had been confirmed by Western blot. As
negative controls, we used tissue sections digested with
hyaluronidase and chondroitinase and omitting either the
primary or the secondary antibody [14]. Differential expres-
sion of PC1CP and PC2CP had been previously assessed by
two-dimensional electrophoresis and mass spectrometry
fingerprinting [14].

Staining of extra-cellular matrix (ECM) was evaluated
using a semiquantitative score of 0—12, calculated by multi-
plying a distribution score by an intensity score. The distribu-
tion score was based on the percentage of ECM surface area
stained: 1 for 0-5 % of surface area stained, 2 for 6-25 %, 3
for 26-50 %, and 4 for a surface area larger than 50 %. The
intensity score ranged from 0 to 3, 0 for no staining, 1 for weak
staining, 2 for moderate staining, and 3 for strong staining.
Cytoplasmic staining was scored as positive (when at least
1 % of the cells stained) or negative (less than 1 %), and focal
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(when less than 50 % of'the cells stained) or diffuse (more than
50 %). Because in the dedifferentiated component of the
dedifferentiated CSs no staining for PC1CP or PC2CP was
found, staining was only evaluated in the chondroid compo-
nent of these tumors. Scoring was performed independently
by two observers (CDL, JMV). In case of discrepancy, a con-
sensus score was established after discussion.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
23.0 (International Business Machines Corp., New York,
USA). For qualitative variables, distribution among the
groups was compared using chi-square test, except when
any included data point had an expected frequency of less than
5, in which case Fisher’s exact test was used. For qualitative
variables, the Kruskal-Wallis test was used to compare the
distribution among the three groups, and Mann Whitney U
test to compare between nontumor vs. tumor and chondroma
vs. CS groups. Survival analysis was performed in the CS
group, with log-rank test for qualitative variables (ECM dif-
fuse staining vs. focal staining for PC1CP; ECM negative
staining vs. positive staining for PC2CP), and Cox model for
PCI1CP and PC2CP ECM score. A p value of less than 0.05
was considered to be statistically significant.

The level of agreement between the two assessors was
measured with the weighted Kappa coefficient for distribution
and intensity of PCICP and PC2CP ECM scores; the non-
weighted Kappa coefficient was used for the qualitative binary
evaluation of cytoplasmic immunoreactivity, and the
intraclass correlation coefficient (ICC) was used for PC1CP
and PC2CP semiquantitative ECM scores using the MedCalc
Statistical Software version 15.2.2 (MedCalc Software bvba,
Ostend, Belgium) (95 % confidence interval [95 % CI]).

Sensitivity and specificity for a diagnosis of malignancy
were calculated for each marker separately and in combina-
tion, considering grade I CS alone, or both grade I and II CSs.

Results
Clinical data

Clinical data are summarized in Table 1. Patients with CS
(n=43) had a mean age of 57 years, significantly higher than
those with chondroma (mean, 37 years; p < 0.0001). In the
chondroma group, four patients had Ollier disease and one
patient Maffucci syndrome. In the CS group, four patients
had Ollier disease. Most chondromas occurred in long bones
(62 %), followed by extremities (hands or feet) (35 %), where-
as the most frequent localization of CS was in long bones
(44 %), followed by pelvis (16 %), ribs (12 %), and cranio-
facial bones (12 %; ethmoid,two cases and mandibular,three

cases). All patients were treated with surgery (intralesional
curettage for chondromas), associated with radiotherapy in
12 CS cases and chemotherapy in 3 CS cases. Only one pa-
tient with chondroma had a relapse. In the CS group, local
relapses occurred in 12 cases, metastases in 13 cases, and
seven patients died of disease (5 year overall survival: 82 %).

PC1CP

ECM from the superficial layer of normal cartilage stained for
PCI1CP (Fig. 1) along with either weak or absent cytoplasmic
staining in chondrocytes. The same staining pattern occurred
in the cartilage of arthritic tissues but extending further to the
intermediate layers. In contrast, in 38 % of enchondromas and
56 % of CSs tumor chondrocytes expressed a significantly
higher level of PC1CP, with diffuse cytoplasmic staining in
12 % of enchondromas and 33 % of CS (p = 0.02) (Table 2).

Diffuse PCICP staining (score 4, i.e., greater than 50 %
surface) of ECM was significantly more frequent in tumors
than in non tumor samples (32 vs. 0 %; p = 0.03), and in CSs
than in enchondromas (44 vs. 18 %; p = 0.02). It was also
more frequent in grade II or III or dedifferentiated CSs than in
enchondromas and grade I CSs (42 vs. 20 %; p = 0.04). No
significant difference was detected between enchondromas
and grade I CSs. ECM semiquantitative score was higher in
tumors than in nontumor samples (p < 0.005), and higher in
CSs than in enchondromas (p = 0.05) (Fig. 2). No correlation
with recurrence-free survival or metastases was found.

The inter-assessor agreement was good for the evaluation
of PC1CP ECM distribution (Kappa coefficient, 0.63; 95 %
CI, 0.51-0.76), intensity (Kappa, 0.64; 95 % CI, 0.51-0.77),
and semiquantitative scores (ICC, 0.79; 95 % CI, 0.69-0.86)
and was moderate for the detection of PCICP cytoplasmic
immunoreactivity (0.47; 95 % CI, 0.31-0.63).

PC2CP

In normal-appearing cartilage, staining for PC2CP was detect-
able in five out of the six cases studied, with weak ECM
(Fig. 3) and diffuse cytoplasmic staining in 50 % of cases.
The five arthritic samples showed heterogeneous PC2CP
staining of ECM.

Tumor cells cytoplasm was positive for PC2CP in 97 % of
enchondromas and 91 % of chondrosarcomas, without a sig-
nificant difference between these two groups (Table 2).

PC2CP distribution in ECM was significantly different be-
tween non tumor cartilage, chondromas, and CSs groups
(p = 0.001; Kruskal-Wallis test). Most notably, PC2CP stain-
ing for ECM (distribution score 2, 3, or 4; i.e., greater than
5 %) was more frequently found in enchondromas than in
chondrosarcomas (59 vs. 33 %; p=0.01) (Fig. 3), and in grade
I CS and enchondromas than in grade IT and III CS (73 % vs.
41 %; p =0.006). For PC2CP staining of ECM, no significant
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Table 1 Main clinical data
Diagnosis

Enchondroma

Chondrosarcoma p value

Number of cases

Age (mean; [min-max])

Localization

Sex ratio M/F 0.8
4 % (1/27)

S-year relapse rate

S-year metastasis rate

S-year overall survival

Follow up length
(median; [min—max])

34 cases

37 years (6-63)

Long bones, 62 % (21/34)
Extremities, 35 % (12/34)
Ribs, 3 % (1/34)

0 % (0/27)

100 % (27/27)
12 months (0-94)

43 cases

Grade I, 10
Grade 11, 24
Grade 111, 5

Dediff,, 4
57 years (28-86)

Long bones, 44 % (19/43)
Extremities, 5 % (2/43)
Ribs, 12 % (5/43)

Pelvis, 16 % (7/43)
Cranio-facial, 12 % (5/43)
Scapula, 2 % (1/43)
Spine, 5 % (2/43)

Soft tissues, 5 % (2/43)
14 p=022

43 % (12/28) p < 0.001
Grade I, 17 % (1/6)

Grade 11, 36 % (5/14)

Grade II1, 50 % (2/4)

Dediff,, 50 % (2/4)
32 % (9/28)

Grade I, 17 % (1/6)
Grade I1, 29 % (4/14)
Grade 111, 50 % (2/4)

Dedift., 50 % (2/4)
82 % (23/28)

47 months (0-158)

p < 0.0001
p <0.005

p < 0.005

p=0.11
p < 0.0005

M male, F female, dediff. dedifferentiated

differences were found between tumor and non-tumor groups,
or between enchondromas and grade I CS (Table 2). In addi-
tion, the semiquantitative ECM score was higher in
enchondromas than in CSs (p = 0.02) (Fig. 2), but not different
between tumor and nontumor groups (p > 0.5). There was no
correlation with recurrence-free survival or metastases.

The inter-assessor agreement was good for PC2CP ECM
distribution (Kappa, 0.66; 95 % CI, 0.55-0.76) and intensity
(Kappa, 0.64; 95 % CI, 0.52-0.75) scores, and very good for
the semiquantitative PC2CP ECM score (ICC, 0.82; 95 % CI,
0.74-0.88) and cytoplasmic PC2CP immunoreactivity (Kap-
pa, 0.82; 95 % CI, 0.58-1.00).

Diagnostic performances of PC1CP and PC2CP

The diagnostic performance of staining for PCICP and
PC2CP, separately and in combination, is reported in Table 3.
To this end, diffuse ECM staining for PC1CP (staining of
more than 50 % of ECM surface area) and lack of ECM
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staining for PC2CP (<5 % of ECM surface area) were taken
as criteria for malignancy. Sensitivity and specificity of diffuse
PCICP staining or absence of PC2CP staining as single
criteria was low. However, when combined as criterion for
malignancy, the specificity was 94 % but with a sensitivity
of only 20 % for grade I CS and 35 % for grade I and II CS.
The highest sensitivity was obtained with diffuse PCICP
staining of absence of PC2CP staining as single criteria,
reaching 82 % in grade I or grade II CS and 60 % for grade
I CS but with a specificity of only 47 %.

Discussion

The ECM, with collagens as important component, has mul-
tiple and complex roles in tumor differentiation and progres-
sion [15]. The fibrillar collagens type I and II are essential for
the formation of normal articular cartilage. Abnormal expres-
sion of these collagens plays a role in the biology of
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Fig 1 PCICP. a Extracellular
matrix (ECM) staining for PC1CP
in superficial layers of normal
cartilage (insert negative
control—omission of primary
antibody) (x25). b Weak staining
extending to the intermediate
layers in a case of arthritis. ¢ Weak
and focal ECM staining in an
enchondroma x100. d Moderate
and partial ECM staining in a
grade I chondrosarcoma x100. e, f
Diffuse and strong staining for
PCICP in a case of grade III
chondrosarcoma (e) and
dedifferentiated chondrosarcoma

(f) (x100)

cartilaginous tumors [3]. Collagen I is mainly a heterotrimer
with 2 Il and 1 Ie2 chains; it can also exist as a homotrimer
with 3 Tl chains. Aberrant homotrimeric collagen I expres-
sion has been associated with conditions such as osteoporosis,
osteogenesis imperfecta, and cancer [16, 17]. In breast cancer
cells, homotrimeric collagen I stimulates cell proliferation and
migration [17, 18]. In CS, collagen I expression is associated
with a dedifferentiated phenotype and increased cell prolifer-
ation [3, 9, 13, 19] and with differentiation to osteoblast-like
cells [3]. The proportion of homotrimeric collagen I is
reflected in the abundance of PC1CP, as this peptide is pro-
duced through cleavage of the COOH-terminal extremity of
homotrimeric procollagen I. Collagen II is a homotrimer with
three Ilx1 chains and represents approximately 95 % of all

collagen in normal cartilage. It has two alternative splice var-
iants, COL2A expressed by chondroprogenitor cells, and
COL2B expressed by mature chondrocytes. The level of col-
lagen II is correlated to that of PC2CP (also termed
chondrocalcin) as PC2CP is produced by cleavage of the
COOH-terminal extremity of procollagen II, one of the most
highly synthesized proteins in articular cartilage.

Using two-dimensional electrophoresis followed by
MALDI-TOF mass spectrometry, we previously identified
PCICP and PC2CP as two proteins differentially expressed
in malignant vs. benign cartilaginous tumors [14]. Increased
PCICP and decreased PC2CP expression in CS was subse-
quently confirmed using Western blots [14]. We also investi-
gated in vitro the function of soluble or immobilized
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Table 2 Results of

immunohistochemistry Group Nontumoral Enchondroma Chondrosarcoma p value
n=11) (n=34) (n=43)
PC1CP
ECM distribution p=0.03
- Score 1 (0-5 %) 45 % 29 % 16 %
- Score 2 (6-25 %) 27 % 26 % 16 %
- Score 3 (26-50 %) 18 % 26 % 23 %
- Score 4 (>50 %) 0% 18 % 44 %
ECM intensity score p=0.07
- Score 0 (negative) 9% 0% 5%
- Score 1 (weak) 45 % 24 % 9%
- Score 2 (moderate) 36 % 35% 44 %
- Score 3 (strong) 9% 41 % 42 %
ECM global score (mean[min-max]) 3.0 (0-6) 5.5 (1-12) 7.1 (0-12) p=0.01
Cytoplasm positivity 36 % 38 % 56 % p =034
Diffuse cytoplasm staining 0% 12 % 33 % p=0.02
PC2CP
ECM distribution p =0.001
- Score 1 (0-5 %) 82 % 41 % 67 %
- Score 2 (6-25 %) 9 % 29 % 12 %
- Score 3 (26-50 %) 9 % 18 % 9%
- Score 4 (>50 %) 0% 12 % 12 %
ECM intensity score p =0.001
- Score 0 (negative) 9 % 15 % 51 %
- Score 1 (weak) 82 % 26 % 16 %
- Score 2 (moderate) 9% 12 % 12 %
- Score 3 (strong) 0% 12 % 9%
ECM global score (mean[min—max]) 1.5 (0-6) 3.6 (0-12) 2.4 (0-12) p=0.07
Cytoplasm positivity 73 % 97 % 93 % p=0.03
Diffuse cytoplasm staining 27 % 62 % 67 % p=0.05

ECM extracellular matrix, Dediff- dedifferentiated (Kruskal-Wallis test for quantitative variables; chi-squared or
Fisher’s exact test for qualitative variables)

recombinant PCICP and PC2CP in ECM. Immobilized
PC2CP, but not PCICP, induced apoptosis in primary
chondrocytes and EAhy926 endothelial cells. In contrast, sol-
uble PCICP but not PC2CP induced migration of EAhy926
cells and increased expression of vascular endothelial growth
factor (VEGF) and CXCR4 in chondrocytes. Soluble PC2CP
also increased the expression of VEGF but along with a more
pronounced effect on the expression of CXCR4 and matrix
metalloproteinase 13 [14]. These data unequivocally support
an oncogenic role of PCICP and functional dualism of
PC2CP in CS oncogenesis, depending on whether it is soluble
or immobilized.

In the present study, we found significantly higher expres-
sion of PCICP in ECM in tumor than in nontumor samples
(p=0.03) and in CSs than in enchondromas (p = 0.02). These
results are in line with our earlier experimental data, showing
oncogenic properties of PC1CP in the ECM. Staining was
stronger in moderately differentiated or dedifferentiated areas,
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but not significantly correlated with histological grade
or survival. Contrary to PCICP, significantly lower
ECM expression of PC2CP was found in CSs than in
enchondromas, without significant difference between
tumor and non-tumor groups. Taken together with earlier pub-
lished results, our findings support an anti-oncogenic role of
PC2CP. The fact that loss of function mutations of COL241
are frequently found in CS [20] corroborates our hypothesis,
since in CS decreased COL2 expression goes along with de-
creased expression of PC2CP.

The differential diagnosis between enchondroma and grade
I or II CS can be challenging, most notably on biopsy speci-
mens. Few markers have been found relevant and to date no
marker has been validated to distinguish between benign and
malignant well-differentiated tumors [13, 21]. We found dis-
tinctly different patterns of expression of PC1CP and PC2CP
in ECM of CS and enchondroma. Regarding diagnostic per-
formance of these markers, we found sensitivity and
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Fig. 2 Extracellular matrix a

Kruskal-Wallis test : p = 0.01

global score for PC1CP and 14
PC2CP: overexpression of
PCI1CP in chondrosarcomas vs.
enchondromas (p = 0.05); lower
expression of PC2CP in
chondrosarcomas vs. 10 1
enchondromas (p = 0.02).
Boxplots (center line median, box
length interquartile range,
whiskers 10th—90th percentiles,

p=0.05

individual data points unusual 6 1 -
values). Global comparison
Kruskal-Wallis test, chondromas ‘-
vs chondrosarcomas Mann—
Whitney test
2 -

1 .

Non tumoral Chondroma Chondrosarcoma
PC1CP
Kruskal-Wallis test : p = 0.07
p =0.02
L ] ® -

Non tumoral

specificity of these two markers too low to be clinically useful.
When combined, however, diffuse PC1CP staining together
with absence of PC2CP staining was highly specific (94 %)
for CS. In a biopsy specimen with this diagnostic dilemma,
this pattern of expression of PCICP and PC2CP jus-
tifies suspicion of a diagnosis of CS and a curative
surgical procedure. The drawback is low sensitivity
(35 %). The single use of these markers as criterion for
malignancy should not dismissed, as diffuse PC1CP staining
or absence of PC2CP staining has a sensitivity as high as 83 %
but low specificity. Even though this diagnostic performance

Chondroma Chondrosarcoma

PC2CP

is limited, it merits to be compared with that of classical his-
tological parameters. The use of these markers in combination
with others might also be considered.

In conclusion, we show that expression of PC1CP is higher
and of PC2CP is lower in malignant cartilaginous tumors than
in benign or non-neoplastic lesions. These results support an
oncogenic role of PCICP and an anti-oncogenic role of
PC2CP in cartilaginous tumors. Further studies should be per-
formed to evaluate the usefulness of these markers on biopsy
specimens, alone or in association with other putative markers
of malignancy.
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Fig. 3 PC2CP. a Mild
extracellular matrix (ECM)
staining for PC2CP in superficial
and intermediate layers of normal
cartilage (insert negative control)
(%25). b, ¢ Moderate ECM
staining for PC2CP in a case of
enchondroma b and grade 1
chondrosarcoma (¢) (x100). d
Weak staining in a grade II CS. e
Negative ECM staining and
diffuse cytoplasm staining for
PC2CP in a grade Il CS (x200). f
Weak extracellular expression in
the cartilaginous component of a
dedifferentiated CS (x100)

Table 3  Diagnostic performances of PC1CP and PC2CP separately and in combination for the diagnosis of malignancy, facing a well-differentiated

cartilaginous tumor
Malignant samples Diftuse PC2CP Diffuse PC1CP and Diffuse PCI1CP or
PCICP (%) negativity (%) PC2CP negativity (%) PC2CP negativity (%)
Grade I CS Sensitivity 30 50 20 60
Specificity 82 59 94 47
Grades I and II CS Sensitivity 50 68 35 82
Specificity 82 59 94 47

Diftuse staining for PC1CP is defined by a staining of more than 50 % of extracellular matrix; PC2CP negativity, by a staining lesser than 5 %

CS chondrosarcoma
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