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T he human brain is a remarkably complex 
organ whose functional integrity is 
paramount to everything from basic vital 
functions to higher cognitive processes. 

This complicates the treatment of tumours that 
either develop de novo or originate in other organs 
and metastasise to the brain. Not only is surgical 
resection often extremely difficult, but also 
chemotherapeutic agents and radiotherapy are 
generally less effective than against other cancer 
types and this is particularly true for the highly 
invasive glioblastoma multiforme (GBM). Despite 
advances in surgical procedures, radiation therapy 
and the development of novel chemotherapeutics, 
such as the alkylating agent Temozolomide (TMZ), 
the median survival for GBM patients is only 14.6 
months [1].

Identifying genetic or epigenetic abnormalities 
that result in deregulated molecular pathways 
linked to tumour progression can lead to the 
discovery of novel therapeutic targets. The gene 
AGTR1 has been identified as being aberrantly 
methylated in a subset of brain tumours. This 
gene codes for the main receptor involved in the 
renin- angiotensin system (RAS), Although there 
have been a few reports implicating changes in 
the RAS in cancer, the role of this system in brain 
tumours is not well defined.

Methylation-mediated 
transcriptional silencing of AGTR1
Effective treatment of GBM is hampered by 
tumour heterogeneity on a cellular, genetic 
and epigenetic level. It is increasingly being 
recognised, that aside from genetic changes, 
alterations to the epigenome act as major 
drivers for malignant progression [2,3]. One 
of the hallmarks of cancer is aberrant gene 
methylation disrupting normal epigenetic 
regulation. Whilst the predominant change in 
GBM is global hypomethylation, approximately 
10% of normally unmethylated genes become 
hypermethylated at CpG island promoter 
regions resulting in transcriptional silencing [4,5]. 
Identifying genes that are silenced as a result of 
aberrant methylation can help pinpoint previously 
unsuspected pathways whose derangement 
is involved in tumourigenesis and tumour 
progression. These could potentially be novel 

therapeutic targets.
Methylation reversal using 5-Aza-2-D-

deoxycytidine followed by microarray analysis in 
a panel of GBM cell lines identified transcriptional 
silencing by DNA methylation of AGTR1. This 
gene codes for the angiotensin II type 1 receptor 
(AT1R), which plays a central role in the RAS. This 
system signals primarily through its endogenous 
ligand angiotensin II and is concerned with 
maintaining blood pressure and body fluid 
homeostasis, but may also play a role in tissue 
remodelling and has recently been implicated in 
cancer [6-8]. Angiotensin II has the same affinity 
for the two main receptors of the RAS: AT1R 
and the angiotensin II type 2 receptor (AT2R). 
Generally, this ligand elicits an antagonistic 
response where AT2R signalling counterbalances 
the effects produced through AT1R agonism 
[9,6,10,11]. However, during certain pathological 
conditions AT2R can mimic AT1R and enhance cell 
proliferation, prevent apoptosis and initiate pro-
angiogenic signalling [12,-14].

Angiotensin signalling can drive 
angiogenesis
Angiogenesis is the process by which new vessel 
formation or sprouting occurs and it is directly 
associated with the malignant progression of 
brain tumours, particularly the highly vascular 
GBM. The tumour-associated vasculature ensures 
that the metabolic demand of tumours is met 
and that waste products potentially toxic to the 
tumour cells are adequately removed. Therefore, 
disrupting angiogenesis could be a powerful 
therapeutic strategy. The primary focus of anti-
angiogenic therapy has been through targeting 
vascular endothelial growth factor (VEGF): 
the main growth factor involved in regulating 
angiogenesis. It signals largely through VEGFR-
2 and drugs that act against this receptor or 
VEGF itself have been employed in the clinic 
[15]. However, directly blocking VEGF can cause 
cancer cells to become more malignant and 
angiogenesis can become VEGF independent at 
more advanced stages when other pro-angiogenic 
molecules become involved [16]. Angiotensin II 
has been shown to increase the expression of 
VEGF through a variety of different signalling 
mechanisms and induce tubule formation 
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of vascular endothelial cells [17-19]. This 
suggests a link between angiotensin signalling, 
angiogenic factors such as VEGF and the onset 
of angiogenesis implying that indirectly limiting 
angiogenesis through blocking angiotensin 
signaling could be a safer and more effective 
way than targeting VEGF directly.

Hypoxia as a driver of angiotensin 
signalling and angiogenesis
The initiation of tumour-associated 
angiogenesis is directly linked to the 
hypoxic conditions within the tumour 
microenvironment. The cellular response 
to hypoxia is mainly controlled by hypoxia 
inducible factors (HIF) 1a and 2a. Under 
normoxia prolyl hydroxylase domain (PHD) 
proteins hydroxylate the HIF proteins to target 
them for proteasomal degradation. However, 
in hypoxic conditions below 5% oxygen, HIF 
proteins become increasingly stable and 
form heterodimers with the constitutively 
expressed HIF-1a. This complex translocates 
to the nucleus and binds to the HIF-responsive 
elements (HRE) of a number of cell survival 
genes thereby promoting angiogenesis [20,21]. 
HIF-1a expression can be induced in response 
to RAS signalling and recently it has been 
demonstrated that this in turn promotes VEGF 
expression [22-25]. This suggests that crosstalk 
between angiotensin and hypoxic signalling 
is likely to orchestrate tumour-associated 
angiogenesis. 

The angiotensin receptors as 
possible therapeutic targets
While the interaction between hypoxia, 
angiotensin and angiogenic signaling in GBM 
remains unclear, several groups have studied 
the role of angiotensin receptors in other 
cancers. Blocking AT1R inhibited proliferation 
and angiogenesis in prostate cancer, renal 
cell carcinoma, pancreatic cancer and breast 
cancer cells when there was over-expression 

of AGTR1 [26-31]. Similarly, receptor inhibition 
reduced the synthesis of growth factors, 
tumour cell growth and induced apoptosis in 
C6 glioma rat models [32,33]. 

A recent publication demonstrated that 
stimulation of the angiotensin receptors in C6 
glioma cells leads to the differential expression 
of genes that belong to transcriptional 
networks implicated in glioma progression, 
particularly cell proliferation, migration and 
invasion [34]. However, as of yet there have 
been no studies investigating the RAS and 
the therapeutic potential of AT1R inhibition 
in human GBM. Furthermore, the regulation 
of AT2R and its role in GBM progression and 
angiogenesis remain poorly understood. 

AT2R is abundantly expressed in the foetus, 
drastically down-regulated in the adult and 
only up-regulated following tissue damage 
[35]. AT2R is up-regulated in high grade 
astrocytomas where expression correlates 
with poor prognosis [36]. Interestingly, the 
effect of receptor manipulation appears to 
differ depending on the type and pathological 
state of the tissue. For example, there have 
been reports of an anti-proliferative effect on 
cancer cells by both AT2R activation [37,38], 
and inhibition [13]. Therefore, the impact 
of AT2R signalling on cancer cell growth 
is variable. The reasons for this are as yet 
unknown and further, the impact of AT2R 
signalling on GBM growth and angiogenesis 
has not been investigated. One hypothesis 
is that disruption of AT1R signalling could 
result in abnormal AT2R stimulation. Such a 
disruption could for example be brought about 
by aberrant methylation of the AGTR1 gene in 
GBM. In conclusion, our lack of understanding 
of angiotensin signalling in GBM, warrants 
investigation to determine if the renin 
angiotensin system could be manipulated and 
used as a novel therapeutic strategy for brain 
tumours. 
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Sebastian Nijman appointed associate member of Ludwig Oxford

Ludwig Cancer Research has announced the 
appointment of Sebastian Nijman, PhD, as 
Associate Member of its Oxford Branch. Nijman 

joins the Ludwig Institute for Cancer Research Oxford 
after several years as a principal investigator at the 
prestigious Research Center for Molecular Medicine 
of the Austrian Academy of Sciences, where he has 
developed cutting-edge technologies to explore the 
molecular interactions by which drugs—and drug 
candidates—exert their effects within cells. His aim is 
to apply such novel pharmacogenomic technologies to 
improve the use of existing cancer drugs and to develop 
novel therapies, with a special emphasis on breast and 
lung cancers.  

“I am very excited to join the Ludwig team,” said Nijman. 
“The organisation has developed a strong reputation not only as a 
powerhouse of basic cancer research, but for its ability to translate 
key discoveries into novel therapies. I look forward to establishing 
close collaborations with other Ludwig researchers to generate and 
assess new ideas for cancer treatment.”

Nijman will contribute significantly to such efforts. Most tumours 
harbour a genetically diverse population of cells. This heterogeneity 

often accounts for their resistance to therapy. It also 
hinders systematic analysis of how drugs affect their 
cellular constituents. Further, a lack of clarity about 
how key mutations globally alter the interconnected 
signaling networks of cancer cells means that 
knowledge of such aberrations can’t be readily 
exploited to tailor therapies or design new drugs. 

To address this problem, Nijman and his team 
have developed “isogenic,” or genetically uniform, 
cell lines whose genomes can be engineered to mimic 
the heterogeneity of cancers. These can be used to 
systematically study the interaction of various drugs 
with genes, the proteins those genes encode and the 
signaling networks in which they participate. Nijman 

has, for example, developed a pharmacogenomic screening platform 
with such cells and applied it to identify surprising candidate drug 
targets in breast and lung cancers, and to describe the first known 
mechanism of resistance to a new class of drugs that target the critical 
PI3K/mTOR signaling pathway.
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