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Abstract  

Background: An enchondroma is a benign and a well-differentiated chondrosarcoma is an invasive 
chondroid tumor with high recurrence potential. In spite of biologic differences, these two tumors have very 
similar histopathologic appearance. It has been shown that the biologic nature of the connective tissue around 
benign and malignant tumors varies in the number of mast cells. The aim of this study was to study the  
histopathologic distinction of enchondroma and well-differentiated chondrosarcoma using the density of the 
mast cells in fibrotic capsule.    

Methods: Twelve enchondroma and 15 well-differentiated chondrosarcoma were collected from Pathology 
department of Cancer Institute and Central Pathology department of Imam Khomeini Hospital in Tehran. 3 mi-
cron paraffin embedded tissue sections were stained by toluidine blue for mast cells counting. Mast cells were 
counted in fibrous capsule of all cases. Mast cells counts were accomplished in 10 high power fields .The aver-
age number of mast cells in 10HPF was determined as an index for each lesion. Mann-Whitney U test was used 
for statistical analysis.  

Results: Mean index in enchondroma and well-differentiated chondrosarcoma  groups were 0.1±0.12 and 
0.31±0.33 respectively, showing a significant difference between number of mast cells in the fibrotic capsule in 
these two lesions  (p=0.028). Comparison of the corresponding points in ROC curve, showed a cut-off point = 
0.15, with positive predictive value of 61%, negative predictive value 71%, specificity of 33.3% and sensitivity 
of 66.7%, (p=0.025). 

Conclusion:  Average density of the mast cells in the surrounding fibrotic capsules of enchondroma and 
well-differentiated chondrosarcoma along with other criterions, could be a beneficial factor for histologically 
differentiation between these two lesions. 
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Introduction 
 An enchondroma is a benign chondroid 

tumor formed by mature hyaline cartilage 
and often involves medullary bone. Most of 
tumors are small with less than 3 cm in 

greatest dimension and with limited growth 
potential. Asymptomatic and small lesions 
do not need any treatment except periodic 
follow up (1). 

A chondrosarcoma is a slow growing ma-
lignant tumor. It is locally invasive and has 
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Table1.The index of mast cells counting in enchondroma and well-differentiated chondrosarcoma groups 

cases Lesion                                            

          0.2 0  0 0 0.1 0.2 0 0.1 0 0 0.3 0.3 Enchondroma 
 0 0.4 0.3 0.1 1.3 0.7 0.3 0.3 0.1 0 0.1 0.2 0.5 0.2 0.2 Well-differentiated 

chondrosarcoma 

 

high recurrence potential. This tumor can 
extend to adjacent tissues and may result in 
limiting the range of joints motion. Surgery 
is the primary treatment for chondro-
sarcoma with radical surgical excision be-
ing the most effective mode of therapy (1). 

Despite biologic differences, these two 
tumors have the same histologic appearances. 
The exact distinction between enchondroma 
and well-differentiated chondrosarcoma is a 
major problem in bone pathology. 

In histologic evaluation, both lesions con-
tain a mass of mature hyaline cartilage with 
a lobular pattern and small chondrocytes in 
lacunar spaces. Small to large foci of calci-
fication may be seen (1-3). Because of this 
similarity, distinction between these two 
tumors on the basis of pathologic features is 
not feasible, and differentiation is achieved 
by clinical, pathologic, radiographic fea-
tures, and complementary immune histo-
chemical staining (3-7). 

These diagnostic methods sometimes 
have false results and cause problems in 
diagnosis and treatment procedures. Be-
cause of the difference between biologic 
nature of these two lesions, a distinguishing 
method for differentiation is necessary for 
proper identification. 

Mast cells are members of the hemato-
logic system that secrete various mediators. 
These cells play an important role in patho-
logic, immunologic and physiologic events 
(8). 

The effect of these mediators on tumors 
includes angiogenesis, suppression of the 
immune system, destruction of the extracel-
lular matrix, proliferation and apoptosis (9). 

It has been reported that mast cells are 
involved in gastric carcinoma and skin tu-
mors, lung adenocarcinoma, and breast 
cancer (10-13). These cells often accumu-
late in the margin of the solid tumors within 

stroma of the fibrous tissue that surrounding 
benign and malignant tumors (14). 

 According to investigations, the biologic 
nature of the connective tissue of benign 
and malignant tumors differs in the pattern 
of presence of mast cells (13-15-16). 

Since the biologic nature of benign and 
malignant tumors bears an association with 
the density of mast cells, it seems that we 
can use this index to distinguish these two 
tumor .The aim of this study was to explore 
the difference between mast cells densities 
within fibrotic capsule surrounding enchon-
droma and well-differentiated chondro-
sarcoma. 

 
  Methods 
The study was a descriptive-analytic, ret-

rospective. Sample cases were collected 
from archives of Pathology Deptartment of 
Cancer Institute and Central Pathology 
Deptartment of Imam Khomeini Hospital 
between 1999 and 2008. In all cases diag-
nosed as chondroma, enchondroma, poorly 
differentiated chondro-sarcoma, well differ-
entiated chondrosarcoma and grade I 
chondrosarcoma were selected. 

Proper histopathologic slides with 
enough capsular tissue were chosen. 12 
enchondroma and 15 well- differentiated 
chondrosarcoma were selected for this 
study. Toluidine blue was used for mast 
cells staining. The slides were dried in ov-
en, dipped in alcohol for a few seconds, and  
then put in Xylol (Xylene)  solution for 2 
seconds, then the sections were once more 
dipped in alcohol for a few seconds, and 
stained by 1% aqueous toluidine blue for 30 
seconds. To complete the staining process, 
the specimens were washed in distilled wa-
ter, dried, passed through alcohol, and 
placed in Xylol and mounted one slides. 
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Chart. 1. The area under the ROC curve was 0.75. 
Comparison of the corresponding points in ROC 
curve, depict a cut-off point = 0.15, with positive 
predictive value 61%, negative predictive value 
71%, specificity of 33.3% and sensitivity of 
66.7%, achieved. 
 

 
Fig1. Mast cell within fibrous capsule (Toluidine 
blue staining, ×1000). 
 

 
Fig 2.Two mast cells between blood vessels (Tolu-
idine blue staining, ×400). 
 

Mast cells were counted by light micros-
copy (Zeiss,Germany) at ×1000 magnifica-
tion. Mast cells of capsules were counted   
in 10 high power fields.  The average num-
ber of mast cells in 10 high power fields 
was evaluated and determined as an index 
for each corresponding lesion. Each lesion 
counts twice and counting was performed 
blindly.  

 
Statistical Analysis 
We calculated the mean of the number of 

mast cells in 10HPF as an index for each 
sample and also mean and standard devia-
tion of mast cell index for each lesion.  
Mann-Whitney test was used to examine 
the results. All the results were expressed in 
mean±SD. Sensitivity, specificity, positive 
and negative predictive values were deter-
mined. We also conducted receiver operat-
ing characteristic (ROC) analysis to meas-
ure the effectiveness of mast cells density 
parameter in differentiating enchondroma 
and well-differentiated chondrosarcoma. 
The ROC curve and area under curve were 
also determined using SPSS (version 15.0, 
Chicago, US) software. Area under the 
ROC curve was used as a summary index of 
diagnostic effectiveness. P<0.05 was con-
sidered statistically significant. 

 
Results   
With toluidine blue staining, mast cells 

were blue and contained purple granules 
(fig 1 and 2).  

The minimum average number of mast 
cells in both enchondroma and well-
differentiated chondrosarcoma was 0. The 
maximum average number of mast cells in 
enchondroma and well-differentiated 
chondrosarcoma were 0.3 and 1.3, respec-
tively. The index of mast cells counting in 
two groups is shown in Table1. 

The average index for enchondroma was 
0.1±0.12 and for well-differentiated 
chondrosarcoma was 0.13±0.33, which 
showed a significant difference in the num-
ber of mast cells in the fibrous capsule of 
two lesions (p=0.028). 

The area under ROC curve was 0.75 

(Chart1). Comparison of the corresponding 
points in ROC curve, revealed a cut-off 
point = 0.15, with positive predictive value 
61%, negative predictive value 71%, speci-
ficity of 33.3% and sensitivity of 66.7%, 
achieved (p=0.025). As a result, if the aver-
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age density of mast cells in the fibrous cap-
sule surrounding the lesions was 0.15 or 
higher, the lesion could be a well-
differentiated chondrosarcoma with a prob-
ability of 61% and if it was lower than it 
could be 0.15 could be a enchondroma with 
probability of 71% (positive predictive val-
ue 61% and negative predictive value 
71%,). 

 
Discussion 
In this study, density of mast cells in fi-

brous capsule of enchondroma and well-
differentiated chondrosarcoma were differ-
ent. Mast cells density in chondrosarcoma 
was more than in enchondroma and this dif-
ference was statistically significant 
(p=0.028). We found that if the average 
number of mast cells was 0.15 or higher the 
lesion should be a well-differentiated 
chondrosarcoma with the probability of 
61%, and if it was less than 0.15 an 
enchondroma with a probability of 71%.   

Previous studies have shown that the 
mast cells numbers will be increased as a 
lesion undergoes malignant transformation 
(17-20). 

By increasing the degree of malignancy, 
mast cells migration will be more and their 
presence   will be more remarkable (13-15-
16-21). Previous evidence on increased 
number of mast cells in malignant lesions 
versus benign ones is in harmony with find-
ings of the current study which showed an 
increase in number of mast cells in 
chondrosarcoma (12,13).  

A greater number of mast cells within the 
capsule of chondrosarcoma could also be an 
indicative of presence of absorptive cyto-
kines emanating from tumoral tissue.  With 
the biologic activity of tumor, cytokines 
attract mast cells and by increasing the tu-
mor extent, mast cells attraction will be in-
creased further. 

Kessler et al. showed that implantation of 
tumoral cells within the human fetus causes 
a 40 folds increase of mast cells density 
around the implantation site in comparison 
to normal tissue (17). 

In another study, Poole et al, showed that 

mast cells migrate towards factors that re-
leased from various types of tumors (22). 

Release of some chemical materials such 
as IL-1, IL-3, FGF-2, and SCF from tumor 
cells and formation of a paracrine loop 
cause migration of mast cells. The level of 
these chemical materials in the stroma sur-
rounding the tumors is related to degree of 
progression, invasion and tumor grade (23-
25). 

Presence of mast cells in connective tis-
sue around tumors suggests two theories, 
either, the presence of these cells is induced 
by tumor and play an active role in carcino-
genesis and its intensity, or helps the im-
mune system with its inhibitory activity to 
arrest the extension of the tumor. 

It has been shown that secretory heparin 
produced by mast cells in the presence of 
fibroblasts is a powerful inhibitor of growth 
for tumoral cells .This finding indicates the 
inhibitory role of mast cells in carcinogene-
sis (20). 

It has been shown that injection of mast 
cells suspension to animal models causes 
acceleration of tumor growth, but decreas-
ing the number of mast cells could inhibit 
tumor growth (26). 

Now, this raises a question: ‘where do 
these cells have an inhibitory role and 
where have a stimulating effect on tumor 
cells?’  Samoszuk etal, found the answer of 
this question in 2005. They explained the 
mast cells double role in carcinogenesis: 
first, mast cells granules contain various 
active biologic compounds such as heparin, 
histamine, tryptase and chymase. Some of 
these mediators have stimulatory effects 
and some like heparin have inhibitory and 
stimulatory effects at the same time. There 
are also other mediators such as fibroblasts 
and endothelial cells of blood vessels that 
produced by stromal cells adjacent to mast 
cells. This mediators affect on tumor 
growth. Thus, the net effect on tumor 
growth is a result of numerous and complex 
interplay of various components of mast 
cells granules and composition of other 
cells like fibroblast and vessels endotheli-
um. Second, secretion manner of mast cells 
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changes on the basis of the environment in 
which they are located. Different composi-
tions have various roles in different envi-
ronment (20). 

On the basis of mast cells role, it is obvi-
ous that these cells have an essential role in 
pathogenesis of tumors. Hence, it seems 
that we can control tumor growth using the 
medications affecting mast cells secretions. 
It has been shown that inhibition of degran-
ulation of mast cells in animals by disodium 
cromoglycate (cromolyn) obviously sup-
presses tumor growth (27). 

This study showed that mast cells density 
within fibrotic capsule of well differen-
tiated chondrosarcoma is more than 
enchondroma and this difference is statisti-
cally significant.  As a result, mast cells 
counting along other criteria can be a useful 
method in histopathologic differentiating   
of enchondroma from well-differentiated 
chondrosarcoma. Arriving at more confi-
dent results would be possible by utilizing 
more cases and study of specific mediators. 

 
Conclusion 
Average density of the mast cells in the 

surrounding fibrotic capsules of enchon-
droma and well-differentiated chondro-
sarcoma along with other criterions, could 
be a beneficial factor for histologically dif-
ferentiation between these two lesions. 
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