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Abstract: Background: Giant cell tumor of bone (GCT) is a potentially malignant tumor. CD147 is a multifunctional
protein, which expresses itself in many tumors. In this study, we have investigated the correlation between CD147
and PCNA, VEGF, MMPs expression in giant cell tumor of bones. We have also explored the relationship between its
clinical pathology and prognosis. Results: A significant difference of the expression level of CD147, MMPs was found
in cases of GCT with Jaffe grading and prognosis (P<0.05). But, it was not in accordance with the patient’s age and
sex. An expression of CD147 was positively correlated with MMP-9, VEGF, MVD, PCNA (r=0.271, P=0.025; r=0.411,
P=0.000; r=0.872, P=0.000; r=0.394, P=0.001). Conclusion: The expression level of CD147 in giant cell tumors
of bones is correlated with the development of cancers and relapse. There was a positive correlation between
expressions of CD147 and MMP-9, VEGF, MVD, PCNA, and CD147. This is an important indicator in evaluating the
malignant degree and prognosis of giant cell tumors of bone. It may be the new target for ensuring chemopreven-
tive strategies.
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Introduction

Giant cell tumor of bone (GCT) is a potentially
malignant tumor. The incidence of this tumor in
China is 2-3 times more common than in the
western countries. Local aggressive growth
and post-operative recurrence scale is as high
as 40%-50%. The pathological classification
and image credits type of GCT cannot be pre-
cisely predicted with its clinical behavior. So,
it’s very important to consider other factors,
which relate with the GCT’s biological behavior
and prognosis. EMMPRIN (CD147) is a member
of immunoglobulin (Ig) super family, and a cell
surface glycoprotein can be expressed through
numerous cell types. It is involved in the origin
and development of the tumor through several
tumorigenic mechanisms [1, 2]. It has the
capacity to degrade extracellular basal mem-
branes and stromal elements through angio-
genesis, thereby stimulating MMPs production.
In this study, we have examined the immune-
histochemical staining patterns in a series of

GCT patients, with the objective of elucidating
their prognostic role and their correlation with
CD147, MMPs, VEGF, PCNA, and CD34.

Materials and methods
Patients and tissue specimens

All specimens were handled according to ethi-
cal and legal standards. The identity of the sam-
ples was kept anonymous. 68 patients (32
males and 36 females, aging 12-58 years, aver-
age 34 years) with GCT were obtained from the
Department of Orthopedics, Xi-jing Hospital of
the Fourth Military University, Xi’an, China. Two
senior pathologists performed pathological di-
agnosis on the GCT group. According to Jaffe
staging system, 24 tumors were diagnosed as
stage I. 37 tumors were diagnosed as stage I,
and 7 tumors were diagnosed as stage ll. All
the specimens were fixed in 10% neutral buff-
ered formalin. These were subsequently embed-
ded in the paraffin. The paraffin-embedded tis-
sues were cut at 4 ym.
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Table 1. Correlation of CD147, VEGF, MMP-2 and MMP-9 expression with clinical features in GCT

Clinical No CcD147 VEGF MMP-2 MMP-9
features e g +  ++ 4+ + ++ ++4 +  ++ 4+
Gender
Male 32 3 8 16 5 088 8 19 5 1.000 12 14 6 1.000 6 12 14 0.700
Female 36 4 11 14 7 15 19 2 9 15 11 9 12 15
Age(years)
<20 11 0 4 5 2 0115 3 6 2 028 3 5 3 0156 4 3 4 0.126
21~ 36 7 9 16 4 13 20 3 16 10 10 8 10 18
41~ 21 0 6 9 6 7 12 2 2 14 5 3 11 7
Jaffe stage
I 24 4 7 8 5 004513 9 2 021 8 10 5 0.032° 5 9 10 0.050
Il 37 3 10 18 6 7 27 3 12 16 10 8 13 16
1 7 0 2 4 3 2 2 1 4 2 2 2 3
Prognosis
Normal 50 5 15 22 8 0.008° 15 30 5 0.052 16 24 11 0.024" 13 16 21 0.034"
Canceration 3 0 1 1 1 2 1 O 3 0 O o 1 2
Recurrence 14 2 3 6 3 6 7 1 3 6 b5 1 7 6
Transfer 1 0 0 1 O 0O 0 1 0O 0 1 0O 0 1
“P<0.05.
Table 2. Correlation of CD147 expression with MMPs, VEGF, CD34, PCNA expression
D147 MMP-2 MMP-9 VEGF CD34 PCNA
+  ++ r [ + 4+ 4+ r [ + ++ ++4+ r P r P r P
5 0 2 0227 0063 2 2 3 0271 0025° 4 3 0 0.411° 0.000 0.872 0.000° 0.394 0.001"
+ 10 5 4 7 8 4 9 10 0
++ 4 17 9 5 8 17 8 9 13
+++ 3 7 2 0 6 6 0 10 2

“P<0.05.

Table 3. Immunohistochemistry Stage

Percentage (%) Score Intensity (Color) Score

0 0 Negative 0
1~25 1 Weak (Light yellow) 1
26~50 2 Mild (Dark yellow) 2
51~75 3  Strong (Brown yellow) 3

Consent was obtained from all patients, and
there is ethical approval from our institution for
this procedure.

Immunohistochemical staining and analysis

The following antibodies were bought from
Zhong-Shan Golden bridge Biotechnology, Bei-
jing: rabbit antihuman CD147 polyclonal anti-
body, mouse antihuman CD34 monoclonal
antibody, rabbit antihuman VEGF monoclonal
antibody, mouse antihuman PCNA monoclonal
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antibody, rabbit antihuman MMP-2 polyclonal
antibody, and rabbit antihuman MMP-9 poly-
clonal antibody. Sections (4 um) were de-waxed
in xylene, and rehydrated in graded alcohols.
Antigen retrieval was performed by immersing
it in citrate buffer for 10 min at 100°C in a
water bath. Endogenous peroxidase activity
was blocked using 3% hydrogen peroxide in
methanol for 20 min. Then, to block non-specif-
ic 1gG binding, tissue or cell areas were incu-
bated in normal goat serum for 30 min. Sliders
were incubated overnight at 4°C in a wet cham-
ber using primary antibodies. A biotinylated
goat anti-rabbit or mouse 1gG were incubated
further, after subjecting it thrice to stringent
washing in PBS. Then, a streptavidin-biotin
complex system (ABC regents) with diamino-
benzidene (DAB) was used as a chromogen for
color development. Slides were finally counter-
stained with hematoxylin, and examined with
the help of a light microscope.
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Figure 1. Immunohistochemical staining for CD147, MMp-2, VEGF, CD34 and PCNA expression in GCT. A: CD147; B:
MMP-2; C: MMP-9; D: VEGF; E: CD34; F: PCNA. (Original magnification x200).

Leica light microscope was used for evaluating
the findings in this study. All immunostained
sections were blindly evaluated by two indepen-
dent investigators. The scoring of expression
was based on both intensity and extensity. The
percentage of positive tumor cells was deter-
mined semiquantitatively by assessing the
whole tumor section, and each sample was
scored on a scale of O to 4:0, negative; 1, posi-

8448

tive staining in 1-25% cells; 2, 25-50% cells; 3,
50-75% cells; and 4, 75-100% cells. The inten-
sity of staining was expressed as follows: grade
1 for light yellow staining; 2 for dark yellow
staining; and 3 for brown yellow staining. The
sum of these grades was termed as negative
for scores between O and 1 (-), weak for 2 and
3 (+), mild for 4 and 5 (++), and strong for >6
(+++) (Table 3).
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CD34 was used in the present study to visual-
ize the microvessels in the tumor specimen. For
counting the microvessels, the entire section
was systematically scanned at x100 magnifica-
tion and the area containing the greatest num-
ber of CD34 antigen positive cells was classi-
fied as a ‘hot spot’. In order to be defined as a
‘hot spot’, the density of antigen positive cells
and cell clusters needed to be greater relative
to adjacent areas. A vessel was considered
positive if there was staining for a single endo-
thelial cell, endothelial cell cluster, or microves-
sel that was clearly separated from adjacent
microvessels. The magnification was changed
to x200 then x400, and the slide was reposi-
tioned over the area of the ‘hot spot’ with the
most vessels per field. For each section, the
‘hottest’ spots were assessed and the mean
count of all independent readings was calcu-
lated, defined as the mean count of microves-
sels per x400 field area.

Statistical analysis

Statistical analysis was performed using the
software of SPSS version 13.0 for Windows.
The association between CD147, VEGF, MMPs
expression, and various clinic-pathological ch-
aracteristics was analyzed with the help of
nonparametric test. The correlation between
CD147, VEGF, MMPs, CD34, and PCNA expres-
sion was analyzed using Spearmen’s rank cor-
relation analysis. When P was less than 0.05,
the differences were considered as being sta-
tistically significant.

Results

Expression and location of CD147, MMPs,
VEGF, CD34 and PCNA in GCT tissues

In 68 GCT specimens, CD147 staining was pos-
itive in 61 samples (89.70%), and highly ex-
pressed in 42 GCT patients (61.76%). Micro-
scopic observations indicated that the signals
concentrated primarily within the cytoplasm of
different types of cells, that was, spindle-sh-
aped stromal cells (CD147, Figure 1A), osteo-
clast-type giant cells (MMP-2, MMP-9, Figure
1B, 1C), cytoplasm of spindle-shaped stromal
cells, osteoclast-type giant cells (VEGF, Figure
1D), cytoplasm of interstitial small vessels,
microvascular endothelial cells (CD34, Figure
1E), and nucleus of spindle-shaped stromal
cells (PCNA, Figure 1F).

8449

Correlation of CD147, MMPs, and VEGF ex-
pression with the clinic-pathological features
of GCT

Relationships between CD147, MMPs, and
VEGF expression and the clinic-pathological
features of patients with GCT were shown in
Table 1. Statistically significant differences we-
re found between CD147, MMP-2 expression,
and Jaffe staging system (P-0.045, P-0.032,
respectively). The differences between CD147,
MMP-2, MMP-9 expression, and their prognosis
were also statistically significant (P-0.008,
P-0.024, P-0.034, respectively). Although other
clinic-pathological features were not associat-
ed with CD147, MMPs, and VEGF expression,
further large studies are still needed to investi-
gate the correlation between CD147 expres-
sion and these parameters.

Association of CD147 expression with MMPs,
VEGF, CD34, PCNA expression in GCT tissues

PCNA has been demonstrated to be a useful
tool in evaluating cell proliferation. MMP is con-
sidered as an important contributor to tumor
invasion and metastasis. To determine the pro-
liferation and metastasis index of tumor cells,
the section were immunehistochemically stain-
ed with PCNA and MMP antibody. CD34 is a
well-known endothelial cell marker. Immuno-
reaction for CD34 was cytoplasmic and endo-
thelial cells were especially strongly positive. In
our study, CD34 was used to visualize the
microvessels in GCT tissues to calculate MVD.
According to Spearmen’s rank correlation anal-
ysis, there was a significantly positive correla-
tion between CD147 and MMP-9, VEGF, CD34,
PCNA (r=0.271, P=0.025; r=0.411, P=0.000;
r=0.872, P=0.000; r=0.394, P=0.001) (Table
2).

Discussion

Extracellular MMP inducer (EMMPRIN, CD147),
also referred to as basigin, is produced by
tumor cells [3-5]. CD147 is a multifunctional
protein, which plays an important role in the
development, reproductive physiology [6], im-
mune regulation [7], and induction of MMP pro-
duction. However, the latter is probably most
relevant to neoplastic setting, because an in-
creased expression of CD147 has been record-
ed in a variety of tumor types. It has been
shown in vivo and in vitro that we need to cor-

Int J Clin Exp Pathol 2015;8(7):8446-8452



Expression of CD147 in the giant cell tumor of bones

relate with the up-regulation of various MMP,
including MMP2 and MMP9 [3-5]. Furthermore,
CD147 secretion by tumor cells can stimulate
CD147 synthesis of fibroblasts. Thus, it poten-
tially increases the activation of MMP in the
tumor-associated stroma. EMMPRIN in tumor
invasiveness has been confirmed immunohis-
tochemically in several types of cancer cells,
including astrocytomas, myeloma, and melano-
mas [8].

PCNA, an auxiliary protein of DNA polymerase,
is a proliferation associated marker. Its maxi-
mal expression peak is in the late G1-phase
and S-phase of the cell cycle. PCNA has been
used as a proliferation marker in different neo-
plasms. Matrix metalloproteinases (MMPs)
comprises of more than 20 enzymes, which
degrade the basement membrane and extra-
cellular matrix (ECM) components in numer-
ous physiological and pathological situations
[9-11]. An increased MMP activity is considered
as an important contributor to tumor invasion
and metastasis, which destroys ECM compo-
nents. These potentiate tumor cell formation,
migration, intravasation, and extravasation [12-
14]. Matrix metalloproteinase-9 (MMP-9) acts
as an important oncogene, thereby improving
the invasiveness of cancer cells [15, 16]. Most
research studies have indicated that a high
level of MMP-9 confers a poor prognosis in vari-
ous cancers [17]. On the other hand, in the con-
text of neoplasia, MMP2 (gelatinase A) has
attracted particular interest, as it degrades
type IV collagen, a major component of base-
ment membrane undergoing destruction at an
early stage of the invasive process [18]. How-
ever, MMP2 has a broader substrate specificity,
which includes other collagen subtypes, elas-
tin, and fibronectin. It also activates other
members of the MMP family. Indeed, it is now
clear that MMP activity in neoplasia has not
been restricted to the physical degradation of
ECM elements, but it includes influences on
cellular proliferation, survival, and angiogene-
sis [19-21]. An increased expression of various
MMP has been described in numerous human
tumors and animal models of malignancy. In
general, an over-expression has been associ-
ated with adverse clinico-pathological factors
and increased metastatic potential.

VEGF is the most extensively studied angiogen-
ic factor. It has been related with tumor pro-
gression, metastasis, and prognosis. Konno et
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al reported that an over expression of VEGF in
colorectal cancer, when compared with that of
the normal tissue. It also propounded that it
had a strong correlation with the size of tumor
[22]. VEGF and its receptor targeted the biologi-
cal therapy in tumor, as it had a relatively high
tolerance effect [23].

Our studies suggest that there was no signifi-
cant difference between CD147, MMPs, VEGF,
gender, and age of GCT patients. This suggests
that it cannot be indicator of invasion and recur-
rence. The differences between CD147, MMP-2
expression and Jaffe staging system were sta-
tistically significant (P-0.045, P-0.032, respec-
tively). Moreover, the differences between CD-
147, MMP-2, MMP-9 expression, and prognosis
were also statistically significant (P-0.008,
P-0.024, P-0.034, respectively). This suggests
that CD147 and MMPs were correlated with the
invasion, migration, and prognosis of GCT. Re-
cently, quite a few research studies have con-
firmed that the histological appearance of
tumor was not in accordance with the biological
behavior. However, Jaffe and Enneking staging
system can estimate the local invasion of
tumor. They cannot predict the possibility of
recurrence and migration. In recent times,
research in P53 and C-myc suggests that the
mutation of P53 significantly correlates with
the local recurrence of GCT. An over expression
of C-myc has been correlated with the migra-
tion of GCT [24, 25]. According to our study,
CD147 and MMPs expression correlated with
the stage and prognosis of GCT, thereby sug-
gesting that CD147 and MMPs is an important
indicator in the prognosis of GCT.

In the present study, we have presented evi-
dence that there is a significantly positive cor-
relation between CD147 and MMP-9, VEGF,
CD34, PCNA (r=0.271, P=0.025; r=0.411, P=
0.000; r=0.872, P=0.000; r=0.394, P=0.001
respectively). These findings confirm the exis-
tence of cervical cancer [26], which suggests
that CD147 plays an important role in the for-
mation and migration of GCT by stimulating it
with MMPs and VEGF. Kanekura et al was of the
view that CD147 primarily stimulates the fibro-
blast around tumor syntheses MMPs, and
releases some factors of angiogenesis feed-
back circuits, including VEGF [27]. Furthermore,
Tang et al propounded that CD147 VEGF
expression was unregulated through the signal
pathway of PI3K-Akt [28]. MMPs have played
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an important role in the invasion and migration
of tumors. They block the activity of MMPs
through a method which restricts the develop-
ment of tumors. However, artificial MMPs block-
ers cannot achieve the desired effects. In
another method, we avoid the generation of
excessive MMPs in the tumor tissues. CD147 is
an important factor stimulating MMPs synthe-
ses. In addition, CD147 facilitates the forma-
tion of vascular tumors through tumor cell inter-
actions. So, it is immensely useful from the
point of view of research. Quite a few tools
block the activity of CD147, including functional
block peptide [29], antibody, antisense express
structure [30], and CD147 siRNA. Monoclonal
antibody inhibits CD147 activity. This has been
effectively confirmed by restraining the inva-
sion and migration of tumors in the laboratory.
So, it is important to improve the prognosis of
GCT patients, and investigate the expression
and mechanism of CD147 in tumors. This will
help us in finding a new way for GCT treatment
by developing inhibitors of CD147.
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