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ABSTRACT

Review: Osteosarcoma is considered a primary cancer type of bone neoplasms with locally 
destructive behavior. Chondrosarcoma is a malignant neoplasm of bone in which there is a 
production of carti lage matrix by the neoplastic cells. Hedgehog pathway activation is important 
in osteoblast and chondroblast differentiation. Abnormal activation of the Hh pathway results in 
malignant neoplasms formation such as stomach cancer, breast, intestinal cancer and prostate cancer. 
Many researches assume the participation of Hh activation in cancer-related neovascularization. 
VEGFR2 is a type V receptor tyrosine kinase which is seen in vascular endothelial cells. The 
receptor is activated when attached to its (VEGF) ligand, which starts a phosphorylation steps that 
finally stimulates activation of endothelial cell growth and migration.

Aim of study: The current study was performed to examine the immunohistochemical presence 
of SHH in both osteosarcoma and chondrosarcoma and correlate its presence with angiogenesis, 
which has a main part in the spread and invasion of cancer.

Material and Methods: Immunohistochemical expression of SHH and VEGFR2 was evaluated 
in 10 samples of jaw osteosarcoma cases and 10 samples of jaw chondrosarcoma.

Results: Osteosarcoma expression for both SHH and VEGFR-2, was significantly higher 
compared to chondrosarcoma with non statistically significant positive correlation between SHH 
and VEGFR-2 (P-value >0.001) in both lesions .

Conclusion: The over expression of SHH in both osteosarcoma and chondrosarcoma indicates 
its important role in carcinogenesis of these tumors . The positive correlation between SHH and 
VEGFR2 donates the crucial role of SHH in activation of angiogenesis.
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INTRODUCTION 

As stated by the Global Cancer Statistics 2018, 
there is a new 18.1 million cancer condition all 
over the world. By the year 2025 there will be 
more increase in the cancer burden especially 
in the developing countries, with more than 20 
million cancer conditions is predictable to occur 
annually[1,2]. 

Osteosarcoma is considered a primary cancer 
type of bone neoplasms with locally destructive 
behavior and elevated metastatic power. Remote 
metastases of osteosarcoma, like pulmonary 
metastases, are difficult to control and have a bad 
prognosis[3,4]. Chondrosarcoma is a malignant 
neoplasm of bone in which there is a production 
of carti lage matrix by the neoplastic cells, it shows 
different histopathological and clinical behavior. 
Chondrosarcoma is considered the second most type 
of primary bone neoplasms. Chondrosarcomas are 
classified into low or intermediate types which have 
low invasive power and high-grade types which 
have a bad prognosis. Chondrosarcomas are highly 
resistant to common chemo and radiation treatment. 
This resistance might be attributed to low mitotic 
rates and poor drug penetration into the neoplasm 
microenvironment due to the poor vascularization  
and  the chondroid  dense matrix[5,6]. The Hedgehog 
(Hh) family comprises  Sonic Hedgehog (SHH), 
Indian hedgehog (IHH) and Desert Hedgehog 
(DHH), had been discovered about forty years ago in 
Drosophila as crucial controller of cells throughout 
embryogenesis[7,8].

Hedgehog Hh pathway activation is important 
in osteoblast and chondroblast differentiation from 
their ancestor during bone formation. Yet, the 
function of Hh activation in adult osteoblasts is not 
explained till now. Many researches demonstrated 
that Hh also stimulates  osteoclast formation  
through  osteoblast production of parathyroid 
hormone-related protein (PTHrP), which activates 
receptor activator of nuclear factor kappa-Β ligand 

(RANKL) expression through protein kinase A 
(PKA) and its target transcription factor cAMP 
response element-binding protein  (CREB). So Hh 
prompting in mature osteoblasts monitoring both 
bone formation and resorption[7].

Hh activation is transported through the 
membranous proteins, Smoothened (Smo) and 
Patched1 (Ptch1). In the lack of Hh ligands, Smo 
signaling efficacy is blocked by Ptch1 [9] then, Ptch1 
increases and encourages the stimulation of several 
kinases CK1, PKA, GSK3, which phosphorylate 
Gli protein (glioma-associated oncogene). This 
results in full degradation of Gli 1 protein through 
the proteasome and partial degradation of Gli2 and 
Gli3. Partially degraded Gli is trans located to the 
nucleus and acts as a transcriptional repressor for Hh 
target genes. This inhibition is eliminated when Hh 
ligands bind Ptch1, starting the traditional Hh course 
in which the Hh stimulates the phosphorylation 
of multiple Ser/Thr residues at the carboxy ends 
of Smo, leading to the emission of Smo inhibition 
by Ptch,  Smo is stimulated on the cell membrane, 
that eventually promotes the cytoplasmic protein 
complex to stimulate the Hh path. The signal is 
transferred to Gli factor, that will be transmitted 
intranuclear to controls gene expression implicated 
in crucial cellular procedure. Target genes of the Hh 
activation are linked to cellular growth, cell cycle, 
stem cell production and cell invasion[10-13].

Because it is a main route controlling cell growth, 
differentiation and endurance in embryonic life, Hh 
pathway is strictly  under control, it is negatively 
controlled through the Ptch1,  which works as a 
crucial ‘‘keeper’’ of Hh signaling efficacy  during 
embryogenesis and adult life. Ptch1 is a famous 
tumor suppressor.  Decreased Ptch1 activity results 
in the Gorlin syndrome which is associated with  
many  types of neoplasms[14]. Abnormal activation 
of the Hh pathway results in malignant neoplasms 
formation such as medulloblastoma, bone 
neoplasms, stomach cancer, lung, breast, intestinal 
and prostate cancer[15-18 ]. 
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Many researches assume that the participation of 
Hh activation in cancer-related neovascularization, 
SHH could allow development of new vessels in a 
paracrine mode, activating the output of secreted 
factors. Gli oncogene is considered a primary 
transcription agent of the Hh course, results in 
the increase of the angiogenic factors, cysteine-
rich angiogenic inducer 61 (CYR61), vascular 
endothelial growth factor receptor 1(VEGFR1) and  
(VEGFR2)[19-22 ].

VEGFR2 is a type V receptor tyrosine kinase 
which is seen in vascular endothelial cells and con-
trolled by the KDR (kinase insert domain receptor) 
gene. The receptor is activated when attached to its 
(VEGF) ligand, which starts a phosphorylation steps 
that finally stimulates intranuclear regulatory genes 
leading to activation of endothelial cell growth and 
migration. VEGFR2 is furthermore known as KDR 
and Flk-1 (fetal liver kinase 1) [23].

Neoplasms growth rely on the proliferation of 
new blood vessels, which occurs in response to the 
production of many growth factors by the primary 
neoplasm and by  metastatic spots. VEGF is a 
homodimeric protein which has a main role in the 
angiogenesis process, neovascularization, cancer 
growth and metastases occurrence [24].

Osteosarcoma patients are managed either 
through surgical removal or chemo agents, but a lot 
of patients suffer from metastasis to other remote 
organs following the treatment especially pulmo-
nary metastases which are difficult to treat. Also due 
to lack of effective treatment for advanced chondro-
sarcoma cases, the clinical management of chondro-
sarcomas is exceptionally challenging[16 ,25,26].

Because of its role in many malignant 
neoplasms, Hh signaling pathway is considered 
an important route in cancer exploration and a 
new hopeful curative approach for inhibiting 
tumor progression. However, the molecular action 
of the Hh/Gli pathway in the pathogenesis and 
progression of osteosarcoma and chondrosarcoma 

is not fully explored.  To our knowledge, few studies 
were applied to clarify the correlation between 
SHH and angiogenesis in both osteosarcoma and 
chodrosarcoma, so the current study was performed 
to examine the immunohistochemical presence of 
SHH in both osteosarcoma and chondrosarcoma 
and correlate its presence with angiogenesis, which 
has a main part in the spread and invasion of cancer, 
suggesting that Hh pathway inhibitor could be a 
novel anti-angiogenic targeted gene therapy in these 
bone tumors.

MATERIALS AND METHODS

In the current study, 10 samples of jaw osteo-
sarcomas and 10 samples of jaw chondrosarcomas 
were selected. All collected from the archive of 
Oral Pathology Department, National Cancer Insti-
tute, Cairo University.Briefly, immunohistochemi-
cal staining was performed as follows:  wax blocks 
were cut at four micrometer thickness. Sections 
were deparaffinized with xylene and rehydrated in 
graded alcohol. Sections were placed in citrate buf-
fer before the immunostaining steps. The universal 
kit (Lab Vision, USA) was utilized. Peroxidase-
antiperoxidase process using the biotin-streptavidin 
system was accomplished, 3% hydrogen peroxide 
was added to the sections to stop endogenous perox-
idase action. The primary antibodies VEGFR2 (Lab 
Vision, Fermont CA, USA), SHH (Abcam,UK)  
were added and then incubated overnight at room 
temperature. After washing with phosphate buffer 
saline (PBS), the link antibody was added, followed 
by streptavidin labeling antibody. After rinsing with 
PBS, diaminobenzidine chromogen was applied to 
the sections followed by the counterstain. Sections 
were dehydrated in graded alcohol, applied in xy-
lene and mounted. All the steps for immunohisto-
chemical quantitative evaluation were carried out 
on photomicrographs captured at a magnification of 
X40 using image analysis software (Image J, 1.41a, 
NIH, USA).
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Numerical data were explored for normality by 
checking the distribution of data and using tests of 
normality (Kolmogorov-Smirnov and Shapiro-Wilk 
tests) as well as normality plots (QQ and density 
plots). For both SHH and VEGFR-2, data were not 
normally distributed. Thus, Wilcoxon rank sum 
test was applied. Spearman correlation was used to 
calculate correlation between samples. Descriptive 
statistics were described as median and interquartile 
range. P value less 0.05 was considered statistically 
significant. R Foundation for Statistical Computing, 
Vienna, Austria version 3.6.0 was used for the 
statistical analysis. R packages used in the analysis 
were “broom” version 0.5.2 for producing tidy 
models and “ggpubr” version 0.2.1 for graphs.

RESULTS

Immunohistochemical Results

Sonic Hedgehog 

All ten cases of osteosarcoma demonstrated 
positive SHH immunoreactivity. Most of the 
neoplastic osteoblast cells showed mainly 
cytoplasmic expression with some cells with 
both nuclear and cytoplasmic expression. Also 
few cells showed membranous reaction. Some 
cells showed immunonegative reaction. Most 
of the neoplastic osteoblasts showed granular 
reaction. The immunopositive cells were scattered 
throughout the lesion or arranged in form of lobules. 
There was also osteoid tissue formation which 
demonstrated immunonegativity (Fig. 1).  All ten 

Fig. (1) : Photomicrographs of immunohistochemical results of SHH  , in osteosarcoma and chondrosarcoma lesions . A: showing 
the memberanous expression of SHH in osteosarcoma ( yellow arrow) , B: Showing the cytoplasmic reaction of SHH in 
osteosarcoma (green arrow), cytoplasmic and nuclear reaction( black arrow) and the negative reaction of osseous matrix 
( red arrow) C: Showing the nuclear and cytoplasmic reaction in chondrosarcoma ( yellow arrow) and negative cartilage 
matrix ( green arrow), D: showing the cytoplasmic reaction  in  chondrosarcoma lesion( red arrow) (Orig. Mag. X40).
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cases of chondrosarcoma showed positive SHH 
immune reaction but lesser expression compared 
to the osteosarcoma lesions.  Immune reaction was 
mainly cytoplasmic and nuclear also some cells 
were negative. Most of the neoplastic cells showed 
homogenous reaction. The chondroid matrix 
showed immunonegative reaction (Fig. 1)

Vascular Endothelial growth factor Receptor-2

All examined cases of osteosarcoma showed 
positive VEGFR2 immunopositivity  which was 
seen in neoplastic osteoblasts. The neoplastic 
cells showed immunopositivity which was either 
cytoplasmic or both cytoplasmic and nuclear, some 
of the neoplastic osteoblasts were immunonegative 

(Fig. 2). All examined cases of chondrosarcoma 
revealed VEGFR2 immunoreactivity with variable 
staining intensity. Immunopositivity was seen 
in almost all neoplastic chondrocytes. Few cells 
showed immunonegative reaction. The neoplastic 
cells revealed cytoplasmic or both cytoplasmic and 
nuclear reaction. Most of the neoplastic chondrocytes 
showed a granular or reticular immunostaining, 
others showed a homogenous reaction (Fig.2).   

Statistical results

The Wilcoxon rank sum test revealed that 
osteosarcoma expression for both SHH and VEGFR2, 
was significantly different from chondrosarcoma 
(P-value = 0.001), were osteosarcoma showed 

Fig. (2) : Photomicrographs of immunohistochemical results of VEGFR2  , in osteosarcoma and chondrosarcoma lesions . A: 
showing the cytoplasmic and nuclear expression of VEGFR2 in osteosarcoma ( yellow arrow) , B: Showing the cytoplasmic 
reaction in osteosarcoma (red arrow) and some negative cells  ( green arrow) C: Showing the nuclear and cytoplasmic 
reaction in chondrosarcoma ( green arrow) , D: showing the cytoplasmic reaction  in  chondrosarcoma lesion( red arrow) 
(Orig. Mag. X40).
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the highest median value for SHH and VEGFR2 

(20.7 and 22.3) respectively while chondrosarcoma 

showed lower median value for both SHH and 

VEGFR2 (7.5 and 9) respectively (table 1 , Fig. 3)

Correlation between SHH and VEGFR2 

A statistically non significant positive relation 
between SHH and VEGFR2  (P-value >0.001) in 
both lesion ns osteosarcoma and chondrosarcoma 
(table 2, Fig. 4).

TABLE (1) : Wilcoxon rank sum test for  SHH and VEGFR2 in both osteosarcoma and  chondrosarcoma

Group median IQR p.value method alternative

Chondrosarcoma (SHH) 7.580 1.408
0.000 Wilcoxon rank sum test two.sided

Osteosarcoma (SHH) 20.758 3.677

Chondrosarcoma (VEGFR2) 9.023 1.348
0.000 Wilcoxon rank sum test two.sided

Osteosarcoma (VEGFR2) 22.367 5.474

Fig. (3):  Box  blot  showing the mean value of SHH (A) and VEGFR2 (B) in both osteosarcoma and chondrosarcoma

TABLE (2): spearman correlation for SHH and VGFR2 in both osteosarcoma and chondrosarcoma

Estimate p.value Method Aternative

  Osteosarcoma           0.236 0.397 Spearman’s rank correlation rho two.sided

 Chondrosarcoma       0.404 0.135 Spearman’s rank correlation rho two.sided



IMMUNOHISTOCHEMICAL EXPRESSION  OF SONIC HEDGEHOG SIGNALING (1257)

DISCUSSION

Osteosarcoma is considered the  most common 
bone neoplasm with locally aggressive effect and 
high risk of metastasis followed by chondrosarcoma 
which has distinct clinical behavior[4,5]. The 
continued need of novel targeted therapeutic 
treatment became a  vital  matter to improve the 
survival rate of patients. In the current study, we 
examined the SHH expression in both osteosarcoma 
and chondrosarcoma and correlated its expression 
with angiogenesis, which has a considerable  part 
in the invasion of cancer.  SHH is quiescent in adult 
cells. When this pathway is stimulated  aberrantly in 
adult cells , it leads to cancer development [27]. In this 
study, SHH was  highly expressed in both lesions. 
This finding was in accordance with previous 
studies which suggested that SHH might have a 
noticeable role in occurrence of osteosarcoma and 
chondrosarcoma[18,29,30].

The mechanisms  by which SHH participates  
in the neoplastic transformation might be through 
different methods such as stimulation of  genes 
responsible for cell  proliferation  and survival,  
increasing  the ability of cancer cells to evade 
from the immune system[31,32], the activation of 
neovascularization  by the production of pro-
angiogenic elements like VEGF  and fibroblast 
growth factors (FGF) [33].  Finally, SHH over 

expression might permit the chemoresistance and 
radioresistance in different malignant tumors [34]. 

Our results showed a statistically significant 
higher expression of SHH protein in oral 
osteosarcoma than chondrosarcoma. This might be 
explained by that higher expression of SHH  relates 
to the aggressiveness of the tumors indicating the 
more aggressive path of osteosarcoma cases in the 
present study, this is in agreement with Srinath et 
al., 2016 [27], who found a significant increase in 
SHH expression in poorly differentiated squamous 
cell carcinoma than moderately  differentiated 
squamous cell carcinoma. Also, Eefting et 
al., 2009[28], mentioned that chondrosarcomas 
are commonly slowly growing chondrogenic 
neoplasms of intermediate malignancy and rarely 
metastasizing. This also might explain the higher 
SHH expression in our osteosarcoma cases.

The expression of SHH in this study was mainly 
cytoplasmic, but some neoplastic cells showed 
other patterns of expression such as nuclear and 
membranous expression and this was accordance 
with other studies [27, 35,36,37 ].  The membranous 
expression of SHH could be explained by the 
fact that the whole SHH molecule is divided  in 
the cytoplasm  into N- and C- parts , while the 
C-terminal end is freely secreted, the N-terminal 
part is adjusted by lipid hydrophobic alterations  
and  kept  in the cell membrane[38 ]. 

Fig. (4):  Scatter diagram  representing the correlation between SHH and VEGFR2 in osteosarcoma (A) and chondrosarcoma (B)
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 The  stroma, osteoid and chondroid tissues in 
this study demonstrated SHH immunonegativity, 
this was in contrary to Li-Ma et al., who showed 
SHH immunopositivity in gastric carcinoma 
stromal tissues , this was explained by as  the cancer 
cells proceed, they release  high amount of SHH in 
the surrounding stromal tissue  resulting in  cancer 
progression[39].

VEGF family has a major role in the angiogene-
sis procedure, malignant proliferation and propaga-
tion[24]. In the present study, an increase in VEGFR2 
expression was observed in both lesions, this was 
in accordance with previous studies which reported 
that VEGFR2 expression was obviously high in os-
teosarcoma tissues and was associated with poor 
prognosis. Also Chondrosarcomas as they enlarge, 
are capable of producing an  angiogenic elements 
and metastasizing to remote  regions[40,41].  

Higher  expression of VEGFR2, may be 
stimulated  fundamentally by elevated  levels of 
HIF -1α  which is a transcription factor  generated  
under the hypoxic conditions  and decreased oxygen 
found  in malignant  environment. Hypoxia is also 
recognized to increase CXCR4 expression which 
in turn activates  the tumor advancement through 
stimulation of angiogenesis and migration[40,42]. 

Higher expression of VEGFR2 in osteosarcoma 
cases with statistical significant increase in 
comparison with chondrosarcoma cases was 
observed in the present sttudy. This result was in 
accordance with that have mentioned by Kim et 
al that VEGFR2 expression level is related with 
the invasiveness of squamous cell carcinoma[43]. 
This again support the aggressive behavior of 
osteosarcoma cases in the present study. The 
expression of VEGFR2, in this study was mainly 
cytoplasmic or both cytoplasmic and nuclear , this 
was in accordance with several studies [41,44,45].

The nuclear expression of VEGFR2  suggesting 
that molecular mechanisms that participate in tumor 
angiogenesis might need a particular activity of 

this protein in the nucleus, indicating that nuclear 
VEGFR2 might magnify the angiogenic response. 
However, the exact activity of VEGFR2 in the 
nucleus is unknown[46].

The present study also showed direct positive 
correlation between the expression of SHH and 
VEGFR2 which is non-statistically significant. 
This result is in accordance with what was reported 
that hyperactivation of Hh signaling pathway and 
the ligand SHH in cancer cells themselves lead 
to increase proangiogenic factor expression in 
a paracrine manner, including VEGFR2, matrix 
metallopeptidase 2, matrix metallopeptidase and 
heparanase[19,20,47].

CONCLUSION

The over expression of SHH in both osteosarcoma 
and chondrosarcoma indicates its important role in 
carcinogenesis of these tumors. On the other hand 
the positive correlation between SHH and VEGFR2 
donates the crucial role of SHH in cancer cells 
metastasis and progression through the activation of 
angiogenesis which makes it a promising prognostic 
factor and   new  anti-angiogenic  targeted gene 
therapy in these aggressive bone tumors.
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