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Expression of VEGF, MMP-9 and Neovascularization in Relation-
ship to the Clinical Behavior of Giant Cell Tumors of Bone

Kyung Hwa Lee, Jo Heon Kim, Min Keun Shim, Chang Woo Han, Sung Sun Kim,
Sang Woo Juhng, Sung Taek Jung' and Jae Hyuk Lee

Departments of Pathology and 'Orthopaedic Surgery,Chonnam National University Medical Schoal,

Background : Giant cell tumors (GCTSs) of bone are benign but can be locally aggressive
neoplasms. Their clinical behavior has been difficult to predict on the basis of histology alone.
This study investigated the neovascularization and expression of vascular endothelial growth
factor (VEGF) as well as matrix metalloproteinase-9 (MMP-9) in GCTs of bone; in addition we
evaluated their relationship to clinical behavior. Methods : We evaluated the microvessel number
and density in 33 samples of giant cell tumor using CD34 immunohistochemistry. In addition,
we examined the immunohistochemical expression of VEGF and MMP-9. Results : The mic-
rovessel number alone, not the microvessel density, had statistical association with the clinical
stage of GCTs (p=0.045). The proportion of cases with strong expression of VEGF increased
with advancing clinical stage, however, these results were not statistically significant (p=0.257).
The percentage of the cases with strong expression of MMP-9 also increased with advancing
clinical stage and this was statistically significant (p=0.022). Conclusions : These results sug-
gest that intratumor microvessel count and the expression of MMP-9 correlate with GCT stage.
Evaluation of their expression may therefore provide prognostic information on the aggressive
behavior of GCTs of bone.

Key Words : Giant cell tumor of bone; Vascular endothelial growth factor; Matrix metallopro-
teinases; Immunohistochemistry; Prognosis
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Table 1. Clinicopathologic summary of microvascularization and expression of VEGF and MMP-9 in giant cell tumors

ﬁise AgelSex Site Stage PR Ves?,‘j'cf)"“m Vesse([,/f)ens'ty VEGF MMP-9
1 27[F Left metatarsal bone 2 P 56.9 5.14 + +
R 516 5.48 +++ +
2 14/F Right proximal humerus 2 P 425 3.02 + +
Right distal femur R 456 8.57 ++ +++
3 33M Right distal femur 2 P 38.8 414 ++ +
R 453 6.81 ++ +
4 56/F Right distal femur 3 P 39.0 4.76 + +++
R 20.2 6.02 ++ +++
5 29/M Right distal femur 3 P 30.9 4.91 + +++
6 21M Right distal femur 2 P 36.1 5.26 ++ +++
7 29/F Right distal femur 2 P 66.4 6.59 + ++
8 33/F Right distal femur 2 P 36.8 4.16 + +++
9 68/F Left distal femur 2 P 38.0 1.61 ++ +
10 33M Right proximal tibia 2 P 344 2.44 + +
11 44/M Right distal femur 3 P 40.7 4.29 ++ +++
12 24/M Right proximal tibia 3 P 318 297 +++ +++
13 35M Left distal femur 2 P 40.7 4.28 +++ ++
14 19/F Right fibular head 2 P 323 242 ++ +
15 22[F Left thumb 1 P 245 1.94 + ++
16 7M Left mandible 1 P 18.3 1.54 ++ +
17 25/F Right fibular head 2 P 12.8 3.12 + ++
18 33M Right distal femur 2 P 19.8 1.52 + +++
19 34M Right proximal fibula 2 P 373 2.67 ++ +
20 38/F T8 vertebral body 3 P 76.4 6.16 + ++
21 18/M Left proximal humerus 2 P 324 4.26 + ++
22 38/F Right proximal tibia 2 P 35.3 2.36 ++ +
23 25/F Right distal femur 3 P 355 1.38 ++ +++
24 42/M Left distal radius 3 P 43.0 5.53 + +++
25 37M Left distal femur 3 P 27.7 2.51 ++ +
26 26/M Right distal tibia 1 P 30.2 254 ++ ++
27 48/M C4 vertebral body 3 P 30.6 2.54 + +
28 61/M Right distal femur 3 P 33.6 3.55 + +++
29 50/M Left metacarpal head 2 P 329 2.12 + ++
30 40/F Left fibular head 3 P 20.1 1.37 +++ +++
31 37M Right femur neck 2 P 35.0 1.75 + +
32 32/M Left proximal tibia 3 P 28.0 1.13 +++ +
33 56/M Left proximal tibia 3 P 440 5.61 ++ ++

P, primary; R, recurrent.
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Fig. 1. (A) Tumor cells are composed of osteoclast-like giant cells, round mononuclear cells, and spindle-shaped stromal cells. (B) Microves-
sel distribution is manifested by CD34 immunohistochemical staining in giant cell tumor of bone. High-density microvessels are distributed
in a stromal cell background. (C) VEGF is expressed in both stromal cells and osteoclast-like giant cells, with stromal cells outnumbering
osteoclast-like cells. (D) MMP-9 is expressed in multinucleated giant cells with perinuclear dot-like pattern.

Table 2. Microvessel count & density in recurrent and nonrecu-
rrent cases

Microvessel Microvessel

count (No.) density (%)
Nonrecurrent cases 35.2+14.2 299+1.44
Recurrent cases 443+8.7 4.26+0.93
p-value 0.224 0.098

Table 3. Microvessel count & density in early and advanced
stages

Microvessel Microvessel

count (No.) density (%)
Early stage (stage 1) 243+59 2.00+0.50
Advanced stage (stage 2/3) 35.8+12.9 3.68+2.00
p-value 0.045 0.19

Table 4. VEGF exression with radiologic stages

Intensity VEFG
- Total
Clinical stage Weak (+~++) Strong (+++)

Stage 1 3cases (100%)  0case (0%) 3 cases
Stage 2 15 cases (88.2%) 2 cases(11.8%) 17 cases
Stage 3 10 cases (76.9%) 3 cases (23.1%) 13 cases
p-valule=0.257.

Table 5. MMP-9 expression with radiologic stages

Intensity MMP-9
- Total
Clinical stage Weak (+~++) Strong (+++)

Stage 1 3 cases (100%) 0O case (0%) 3 cases
Stage 2 13 cases (76.5%) 4 cases (23.5%) 17 cases
Stage 3 6 cases (46.1%) 7 cases (53.9%) 13 cases

p-valule=0.022.
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