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A BSTRACT
Giant cell tumor of bone is considered by his behavior a benign but aggressive neoplasm. The objective of our study was
to determine if there is a correlation between the Campanacci’s radiological classification of giant cell tumors of bone and
the expression by immunohistochemistry of Cyclin D1 and proliferation cell nuclear antibody (PCNA). A retrospective and
descriptive study was made. In total, there were 27 cases. All cases showed Cyclin D1 and PCNA positivity. Rho Spearman for
Campanacci and Cyclin D1 expression was 0.06 and for Campanacci and PCNA was 0.418. We conclude that there is a positive
correlation between PCNA expression in giant cell tumors of Bone and the Campanacci’s radiological classification II and III, but
Cyclin D1 expression was no related with radiologic features.
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1. I NTRODUCTION
Giant cell tumor of bone is considered by his behavior a
benign but aggressive neoplasm.[1] The clinical, radiological
and histological features of this tumor present a broad spectrum: ranging from slow growth to fast growing aggressive
lesions with extensive bone destruction and involvement of
adjacent soft tissues.[2] Histologically they can have very
abundant giant cell tumors alternating with the stromal cells,
to moderate or scarce giant cell tumors. There is a Jaffe’s histological classification of these tumors[3] and a radiological
classification[4] (Campanacci’s classification).

sifications are helpful in planning the surgical treatment,[5]
but no the histological classification, unless the tumor is
malignant.[6]
Proliferation cell nuclear antibody (PCNA) and Cyclin D1
are proliferation markers that are overexpressed in neoplasms,[7–9] and their expression is related to the prognosis.

2. O BJECTIVE

The objective of study was to determine if there is a correlation between the Campanacci’s radiological classification of
In most cases, X-rays are the first diagnostic approach, and giant cell tumors of Bone and the expression by immunohisuntil now Enneking’s and Campanacci’s radiographic clas- tochemistry of Cyclin D1 and PCNA.
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3. M ATERIAL AND METHODS

3.3 Statistical analysis

A retrospective and descriptive study was made. Cases of the
anatomic pathology archives from 2013, identified by our
previous work[10] were selected and also the cases diagnosed
in January and February 2015. Initially, we identified 37
cases. When choosing cases that had both the initial radiograph and histological material obtained at a date close to
that of the radiological study we had only 27 cases.

Statistical analysis was performed with SPSS (versión 16.0
for Windows). The number and frequency of each Campanacci’s classification, Cyclin D1 and PCNA positivity were
calculated. The correlation between Campanacci’s classification with Cyclin D1 and PCNA were calculated with no
parametric Spearman test. p < .05 was considered statistically significant.
Table 2. Giant cell tumor localization

3.1 Immunohistochemistry technique and evaluation

Localization
Distal femur
Proximal tibia
Distal radius
Proximal humerus
Sacrum
Proximal fibula
Proximal Ulna
Distal tibia
Pelvis
Total

Frequency
7
5
7
1
2
2
1
1
1
27

Percentage (%)
25.9
18.5
25.9
3.7
7.4
7.4
3.7
3.7
3.7
100.0

Campanacci II
Campanacci III
Total

9
18
27

33.3
66.7
100

Immunohistochemical analysis was performed on tissue sections of 3 microns, mounted on slides treated with Poly-Llysine. Endogenous peroxidase was blocked with a solution
of H2 O2 . The cuts were exposed to primary antibody (cyclin
D1 antibody Santa Cruz Biotech and anti-PCNA Abcam)
for 30-60 minutes at a dilution of 1: 100 to subsequently be
washed with TBST solution. Then were incubated with the
secondary antibody, followed by two washes with TBST solution. Peroxidase was applied immediately, with subsequent
washing to use diaminobenzidine as chromogen finally. Once
washing was performed with TBST, the tissue was counterstained with Harris hematoxylin, dehydrated and mounted 4. R ESULTS
In total, there were 27 cases, 19 women and eight men, with
for analysis with a light microscope.
a median age of 28 years. The smallest tumor measured 4.5
A semiquantitative classification was used to evaluate de
cm and the biggest 17 cm. The most frequent tumor locations
positivity for Cyclin D1 and PCNA by two independent
were distal femur and distal radius (see Table 2). There were
pathologists (see Table 1). In this classification, the intensity
not Campanacci I tumors and only Campanacci II and III
of the expression and the extension were considered. When
(see Table 3).
the sum of both was between 0 and 1 the score was (-), if the
sum was 2 and 3 the score was (+), for 4 and 5 the score was Table 3. Campanacci’s radiological classification
(++) and for 6 the score was (+++).
Frequency
Percentage (%)
Table 1. Immunohistochemistry score
Percentage (%)
0
1-25
26-50
51-75

Score
0
1
2
3

Intensity
Negative
Weak
Mild
Strong

Score
0
1
2
3

3.2 Radiological classification of the cases and evaluation

Table 4. Expression of Cyclin D1
Expression Cyclin D1
+
++
+++
Total

Frequency
4
13
10
27

Percentage (%)
14.8
48.1
37.0
100

Tumors confined to the bone without cortical expansion were
All cases showed Cyclin D1 and PCNA positivity; the results
considered Campanacci I. Expansive tumors without cortical
are summarized in Table 4 and Table 5.
disruption were seen as Campanacci IIA, Expansive tumors
with focal cortical disruption were considered Campanacci Table 5. Expression of PCNA
IIB, Tumors with soft tissue extension and without residual
Expression PCNA
Frequency
Percentage (%)
cortical were considered Campanacci III.
++
15
55.6
Two independent radiologists did the Campanacci’s classification of the cases.
48

+++
Total

12
27

44.4
100
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D1 immunohistochemistry. Figure 2 shows a Campanacci
III case with PCNA and Cyclin immunohistochemistry.

Figure 1 shows a Campanacci II case with PCNA and Cyclin

Figure 1. A) Giant Cell Tumor in proximal tibia Campanacci II. B) PCNA positivity in the nuclei of the stromal cells.
There are some stromal cells that are negative, and there are others that stain weakly for PCNA. All the nuclei of the stromal
cells are strongly positive. C) Cyclin D1 positivity in the nuclei of the multinucleated giant cells. There are multinucleated
giant cells weakly positive and others that are strongly positive.

Figure 2. A) Giant Cell Tumor in distal radius Campanacci III. B) PCNA positivity in the nuclei of the stromal cells. All
the stromal cells are strongly positive for PCNA. C) Cyclin D1 positivity in the nuclei of the multinucleated giant cells.
There are multinucleated giant cells negative and multinucleated giant cells strongly positive.

5. D ISCUSSION

why these differences. With our results, we attribute these
Some papers describe the different radiological features of radiological differences to the various proliferative activity.
the giant cell tumors of Bone,[11–15] however, doesn’t explain Therefore, those giant cell tumors radiologically with wellPublished by Sciedu Press
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defined borders (Campanacci II) have a lower PCNA than culturing stromal cells, we determined by immunohistochemthose without defined borders and extension to soft tissues istry the expression of proliferation markers such as PCNA
(Campanacci III).
and Cyclin D1 in paraffin blocks.
Our work is the first that makes a radiological immunohisto- Cyclin expression in giant cell tumors of Bone has been
chemical proliferative correlation in a series of cases of giant studied[17–19] by immunohistochemistry. In these studies the
cell tumors of bone.
particular cellular expression, the differences in primary and
recurrent tumors, and the differences between lung lesions
In this study, we investigated whether there was a correlation
and primary tumors was determined.
between expression of Cyclin D1 and PCNA by immunohistochemistry and Campanacci’s radiological classification in The only one previous work studied the expression of PCNA
giant cell tumors of Bone. Our results show that there is a by immunohistochemistry in Giant cell tumors of bone.[20]
positive correlation between PCNA expression in giant cell In that study, PCNA was associated with CD147 expression.
tumors of Bone and the Campanacci’s radiological classificaWe consider that although Jaffe’s histological classification
tion, but Cyclin D1 expression was no related with radiologic
is useful to detail the different histological features in the
features.
GCT, Giant cell tumors of bone need not a histological clasEven our study has the limitation that no cases Campanacci sification but a molecular classification that includes the
I were present, contributes to the study of giant cell tumors expression of certain proteins that correlate with the clinical
of bone, establishing that there is a relationship between and radiological features of the patients.
radiology and the expression of PCNA as an indicator of
The future work will be the identification of these proteins.
proliferative activity. Our observations are supported by the
statistical significance of Spearman’s non-parametric test
6. C ONCLUSIONS
used in these cases (p < .05).
We conclude that there is a positive correlation between
Our results are related to previous observations of Robin- PCNA expression in giant cell tumors of Bone and the Camson D et al. who demonstrated in tissue cultures that the panacci’s radiological classification II and III, but Cyclin D1
stromal cells of giant cell tumors of Bone have a prolifer- expression was no related with radiologic features.
ative activity and this proliferative activity correlates with
the radiographic stage.[16] In that study growth curves and C ONFLICTS OF I NTEREST D ISCLOSURE
population doubling times were used as indicators of the The authors declare that there is no conflict of interest stateproliferative activity. We revisited the issue but instead of ment.
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