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Abstract  
Background: Glioblastoma multiforme (GBM) is the most  

aggressive brain tumour characterized by marked angiogenesis,  

invasiveness and poor outcome. Intratumoral hypoxia possibly  
plays a key role in GBM growth and angiogenesis. A key  
regulator of adaptive response to hypoxia is the hypoxia  

inducible factor 1-alpha (HIF-1 α ) protein.  

Aim of Study:  The present study aimed to evaluate the  

expression of HIF-1 α  in tumour cells of GBM and analyze  
its relation to tumour microvessel density.  

Material and Methods:  Fifty formalin fixed paraffin  
embedded tissue blocks of GBM were studied immunohisto-
chemically for HIF-1 α  expression using anti-HIF-1 α  mono-
clonal antibody and for microvessel density using anti-CD34  

monoclonal antibody.  

Results:  HIF-1 α  expression was observed in 86% of the  
studied cases. The immuostaining scores were negative in  
14%, weak positive in 20%, moderate positive in 28% and  

strong positive in 38% of cases The mean microvessel counts  

were 14.3 ± 11.5 in the negative cases, 21.6 ± 15.8 in the weak  
positive cases, 27.2±21.7 in the moderate positive cases and  
32.8± 16.3 in the strong positive cases. A statistically significant  

relation was found between the expression of HIF-1 α  protein  
and microvessel density in the studied GBM cases ( p=0.01).  

Conclusion:  Our findings have shown that expression of  
HIF-1 α  protein is correlated to the microvessel density in  

GBM, supporting evidence that different types of tumours  

can induce aberrant angiogenesis through HIF-1 α . Thus, an  
understanding of the relationship between HIF-1 α  and tumour  
angiogenesis in GBM may provide further therapeutic oppor-
tunities for patients with this tumour.  
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Introduction  

GLIOBLASTOMA  multiforme is the most fre-
quent primary malignant brain tumour in adults  

[1] . Despite great advances in both diagnostic and  

treatment modalities, glioblastomas are associated  
with the poorest survival time, which is typically  
1-2 years [2] .  
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Angiogenesis is the process leading to the  
formation of new blood vessels. It has been linked  

to tumour growth and metastatic potential in many  
tumours [3] . However, most malignant tumours  
contain areas of hypoxia, due to unrestrained tu-
mour growth outpacing the rate of microvascular  

hyperplasia and to aberrant microcirculation influ-
encing oxygen diffusion to tumour cells [4] .  

Several evidences have previously highlighted  

intratumoral hypoxia as a major factor inducing  
tumour angiogenesis [5,6,7] . Although the molecular  
events in this pathway are not fully clarified,  

hypoxia inducible factor (HIF)-1 has appeared as  
a chief transcriptional factor implicated in the  
cellular response to hypoxia [8] . HIF-1 consists of  
two subunits, HIF-1 α  and HIF-1 β . The transcrip-
tional activity of HIF-1 is dependent mainly on  

the quantity of HIF-1 α  protein in the cell, while  
HIF-1 β  is constitutively present irrespective of  
oxygen level [9,10] .  

Upon exposure to hypoxia, HIF-1 α  evades  
proteasome mediated degradation and translocates  

in the nucleus where it dimerizes and creates an  
active complex with HIF-1 β  that binds to hypoxia  
responsive elements (HRE) and prompts transcrip-
tion of several genes implicated in tumour angio-
genesis, invasion, cell survival and anaerobic me-
tabolism [11] . As a result, HIF-1 α  and its signaling  
pathway have become targets for cancer chemo-
therapy aiming to inhibit angiogenesis [12] .  

Given the long recognized prominence of vas-
culature in GBM, this study aimed to analyze the  

correlation between the immunohistochemical  

expression of HIF-1 α  and microvessel density to  
investigate the potential role of HIF-1 α  in the  
regulation of angiogenesis in a series of GBM  

affecting a group of Egyptian patients.  

1675  

http://www.medicaljournalofcairouniversity.net


1676 Expression of Hypoxia Inducible Factor-1a  

Patients and Methods  

Samples:  

The material of the present study consisted of  
fifty formalin fixed paraffin embedded tissue sam-
ples of glioblastoma multiforme received after  

surgical resection. All cases were collected retro-
spectively from diverse sources during the period  

from March 2018 to August 2018. The clinical  
data including age, sex and tumour location were  
recorded from the patients' files. Three sections  

were prepared from each block and stained with  

hematoxylin and eosin for routine histopathological  
evaluation, anti-HIF-1 α  monoclonal antibody to  
assess the expression of HIF-1 α  protein and anti-
CD34 monoclonal antibody to evaluate the micro-
vessel density in the studied cases.  

Immunohistochemistry:  

Sections prepared from the tumour tissue were  

examined using the avidin biotin peroxidase meth-
od. The primary antibodies used were the mono-
clonal mouse anti-HIF-1 α  (clone MS213, DAKO,  
Glostrup, Denmark) diluted at 1: 50 and the mon-
oclonal mouse anti-CD34 (clone SR806, DAKO,  
Glostrup, Denmark) diluted at 1: 60.  

The sections were deparaffinized in xylene and  
rehydrated in graded alcohol series. Endogenous  

peroxidase activity was blocked by adding 3%  
hydrogen peroxide for 5 minutes. To enhance  
antigen retrieval, the sections were microwave  

treated in phosphate buffer saline (PBS) at 100ºC  

for 15 minutes and were allowed to cool for 30  
minutes then washed with PBS for 5 minutes. Then,  
a blocking serum was added for 20 minutes to  
suppress nonspecific binding of immunoglobulins.  
Next, the sections were incubated with the primary  

antibodies after reconstitution overnight at 4ºC.  

Then, one to two drops of biotinylated secondary  
antibody were applied to cover the section entirely  
followed by incubation with performed avidin  
biotinylated peroxidase complex (DAKO). Through  

wash with phosphate buffer saline after each indi-
cated step was done. The sections were treated  

with DAB (3,3 diaminobenzedine tetrahydrochlo-
ride) (DAKO) as a chromogen and incubated for  

3 minutes. Finally, the slides were counterstained  

in hematoxylin then dehydrated and mounted. A  
section of HIF-1 α  positive breast carcinoma was  
used as a positive control for HIF-1 α  while the  
positive control employed for CD34 was a tissue  
section obtained from a hepatic angiosarcoma. The  
negative controls were prepared by omitting the  

primary antibody and instead phosphate buffer  

saline was used in this step.  

HIF-1α  Immunostaining Interpretation:  

In each case, the entire section was examined  

microscopically in ten high power fields (X400)  
for HIF-1 α  immunoreactivity. Positive HIF-1 α  
immunostained cells showed brown nuclear depo-
sition of chromogen at the antigen antibody binding  

site. The nuclear intensity of HIF-1 α  immunoreac-
tivity was scored as: (–): Negative (no staining),  
(+): Weak positive (less than 10% stained positive  

nuclei), (++) Moderate positive (10-30% stained  

positive nuclei) and (+++): Strong positive (more  
than 30% stained positive nuclei) [13] .  

MVD Evaluation:  

For MVD evaluation, tumour areas with the  

highest density of microvessels highlighted by  
CD34 antibody were chosen at low power field  
(X100). Microvessel counting was performed on  
X200 magnification in five areas and the mean  

value was determined statistically [14] .  

Statistical Analysis:  

SPSS version 16 was used for statistical analy-
sis. The association between staining scores and  

the studied parameters was analyzed using the Chi  

square and Fisher's exact test. Statistical signifi-
cance was considered with a p-value less than 0.05.  

Results  

The clinical features of the studied GBM cases  

are represented in Table (1). There were 33 (66%)  

male and 17 (34%) female cases, with ages ranging  

from 27 to 82 years and a mean age of 56.8 years.  

Out of the 50 cases, 14 (28%) cases were located  

in the temporal lobe, 11 (22%) in the frontal lobe,  

8 (16%) in the parietal lobe, 4 (8%) in the occipital  
lobe, 5 (10%) in the tempro-parietal region, 4 (8%)  
in the fronto-temporal region, 3 (6%) in the parieto-
occipital region and 1 (2%) in the fronto-parietal  
region.  

Overall, HIF-1 α  expression was found in 43  
(86%) of the studied 50 patients. The results of  

HIF-1 α  immunostaining were as follows: Negative  

in 7 (14%) cases, weak positive in 10 (20%) cases,  

moderate positive in 14 (28%) cases and strong  
positive in 19 (38%) cases (Table 2). There was a  

statistically significant relation between HIF-1 α  
expression and the microvessel density in the  
studied GMB cases. The mean microvessel counts  

were 14.3 ± 11.5, 21.6± 15.8, 27.2±21.7 and 32.8±  
16.3 in the negative, weak positive, moderate  

positive and strong positive cases respectively  
(p=0.01) (Table 3).  
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Table (1): Clinical features of studied GBM cases.  

N  % 

Age  

<60 years  31  62  

≥60 years  19  38  

Gender:  

Males  33  66  

Females  17  34  

Tumour Location:  

Temporal  14  28  

Frontal  11  22  

Partietal  8  16  

Occipital  4  8  

Tempro-parietal  5  10  

Fronto-temporal  4  8  

Parieto-occipital  3  6  

Fronto-parietal  1  2  

Table (2): HIF-1 α  expression in the studied GBM cases.  

HIF-1 α  Expression  N  %  

Negative  7  14  

Weak Positive  10  20  

Moderate Positive  14  28  

Strong Positive  19  38  

Table (3): Relation between HIF-1 α  expression and MVD in  
the studied GBM cases.  

HIF-1 α  Expression MVD (Mean ±  SD) p-value  

Negative 14.3± 11.5 0.01 

Weak Positive 21.6± 15.8  

Moderate Positive 27.2±21.7  

Strong Positive 32.8± 16.3  

Fig. (1): GBM showing positive nuclear expression for HIF-
1 α  (IHC, X400).  

Fig. (2): GBM showing positive expression for HIF-1 α  in  
palisading tumour cells surrounding a necrotic area  
(IHC, X200).  

Fig. (3): GBM showing microvascular proliferation immu-
nolabeled with CD34 (IHC, X200).  

Discussion  

GBM is the most common primary brain tumour  
characterized by prominent new blood vessel for-
mation, which is an important indicator of poor  

prognosis [15] .  

One of the major triggers for tumoral angiogen-
esis is the physiological response to hypoxia. This  
is obvious in GBM, where the close relationship  
between vascular proliferation and necrosis can  

be attributed to an angiogenic response to low  

oxygen concentration in nearby necrotic areas [16] .  
Definitely, tumour cells palisading around necrotic  

areas show high expression of hypoxia inducible  
regulators of angiogenesis such as VEGF [17] .  

In several cancers, HIF-1 α  is over expressed  
early during tumour development, with expression  

directly related to the microvessel density of the  

lesions. A similar phenomenon is observed in  
malignant gliomas, implying that HIF-1 activity  
contributes to the angiogenic switch through in-
creased production of pro-angiogenic factors [18] .  

Previous evidence suggested that glioblastomas  
take advantage of hypoxia mediated HIF activation  
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by up-regulating two growth factors, PDGF-BB  

and VEGF. PDGF-BB sustains glioblastoma growth  
via autocrine and paracrine cell regulatory mech-
anisms [19] , while VEGF supports glioblastoma  
growth via a paracrine influence on endothelial  

cells [18] .  

HIF-1 α  is implicated in tumorigenesis via two  
major mechanisms: Hypoxia-dependent mecha-
nisms, which are observed nearby to the necrotic  

zones, and hypoxia independent mechanisms, like  
activation of oncogenes and signaling pathways  
involving growth factors. The significance of HIF-
1 α  to tumour growth and progression is emphasized  

by several mechanisms controlled by HIF target  

genes, including angiogenesis, increased tissue  
oxygenation over glycolysis, pH regulation leading  
to energy production in response to low oxygen  

levels, cell proliferation and survival pathways  
[20] . Intratumoral hypoxia is directly related to the  

tumour's biological aggressiveness and clinical  
recurrence, while it inversely correlates with the  
post-operative survival of patients with gliomas  

[21,22] .  

As angiogenesis and cellular response to hy-
poxia are key steps in tumour progression, with  
HIF-1 α  representing a fundamental factor in reg-
ulating cellular oxygen homeostasis, targeting HIF-
1 may be valuable in treating aggressive brain  

tumours. Approaches proposed for targeting HIF-
1 α  include disrupting the normal coactivational  
response to hypoxia, using decoy oligonucleotides  

and a gene therapy dependent on HRE regulated  

gene expression which exploits the presence of  
hypoxia in tumours to induce therapeutic genes  
[23] .  

The current study revealed a statistically sig-
nificant relationship between HIF-1 α  expression  
and microvessel density in the studied GBM cases  

(p=0.01). In agreement with our findings, Musume-
ci et al., 2005 [24]  verified that increased expression  

of angiogenic markers correlates with HIF-1 α  
expression in GBM supporting previous evidence  
that different types of tumours can induce aberrant  
angiogenesis through HIF-1 α . Furthermore, in  
vitro studies revealed that in tumours that over  

express HIF-1 α , the growth is enhanced due to  
decreased hypoxia induced apoptosis and increased  

stress induced proliferation. Alternatively, loss of  

HIF-1 α  reduces the expression of VEGF, inhibiting  
tumoral angiogenesis and impairs vascular function,  
resulting in hypoxic microenvironments  [25] .  

In conclusion, our findings suggest that hypoxia  
inducible factor-1 α  could be implicated in GBM  

angiogenesis, suggesting that it is a potential ther-
apeutic target of this tumour. However, further  

studies about the role of HIF-1 α  and its molecular  
regulators in GBM pathogenesis may improve  

therapeutic outcomes for this aggressive tumour.  
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