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The challenge of fighting tumor hypoxia leads to new 
approaches in angiogenesis-based strategies. Revisiting the 
theory according to which angiogenesis should be destroyed, 
which failed because of raising tumor resistance, is necessary. It 
appears that alleviation of hypoxia can be reached thanks to the 
molecular mechanism involving myo-inositoltrispyrophosphate 
which normalizes vessels in tumor by increasing oxygen tension. 
It also brings a stable normalization of the vessels, by add 
ressing its action to PTEN in endothelial cells and regulating 
their growth. PTEN is a tumor suppressor which is most 
frequently affected in cancer.  
This review focuses on the fundamental properties of PTEN, 
which controls the PI3K-mTOR pathway as well as its non-
phosphatase activity as a tumor suppressor and on the strategies 
used to treat cancer by activating PTEN. It points to the potential 
and means of raising PTEN activity in the tumor angiogenesis as 
a new adjuvant therapeutic modality. 

 

 
 

INTRODUCTION* 

In recent approaches, tumor treatments are 
devoted to strategies that take into account the 
concept of tumor as a whole organ. Indeed, tumor 
cells and their environment are no longer 
considered separately. As such the hallmarks of 
tumor in its developmental context prompted the 
hypothesis and design of new antitumor strategies. 

Among characteristics of cancer microenvi-
ronmental conditions which cooperate in tumor 
                                                 
* Corresponding author: claudine.kieda@cnrs-orleans.fr 

progression, the establishment of hypoxia inside 
the growing tumor mass is the main common 
feature. This hypoxic state appears also to be the 
main condition which shapes the microenviron-
ment because it turns on the angiogenic switch. 

It is well established now that angiogenesis in 
tumors is pathologic, not enabling any re-
oxygenation or feeding. From these conditions 
tumor resistance mechanisms emerge, which lead 
to the selection of tumor cells that are highly de-
differentiated and possess the stem like phenotype. 
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These cell features are used by the tumor to escape 
the host defense processes and thanks to their 
plasticity, to produce cancer stem cells (CSC). 

Moreover, the host reaction to tumor, namely 
the tumor specific immune reaction is no longer 
efficient and directed against the tumor cells. The 
hypoxia induced conditions of the tumor milieu are 
shaping the humoral and cell response to the tumor 
cells. Indeed, the biology of the cells that compose 
the tumor stroma results both from their 
recruitment and their adaptation to the tumor 
conditions. Angiogenesis is the process which 
assembles both the endothelial cells recruitment 
and their intra-tumor adaptation, which produces 
very characteristic and tumor type vessels. 
Moreover from this special angiogenesis depend 
the conditions which rule the entry of other cells 
into the tumor site on the one hand and  the escape 
of tumor metastasizing cells from the primary 
tumor, on the other hand. 

Consequently, this review will focus on tumor 
angiogenesis properties and the potential they offer 
to design innovative antitumor treatments. In this 
view, tumors are highly dependent on the 
inactivation of tumor suppressors as P53, VHL or 
PTEN. Their inactivation is a major cause of tumor 
progression and inefficacy of treatments. In tumor 
angiogenesis the tumor suppressor PTEN takes a 
considerable part which will be reviewed here in 
terms of its causality and the numerous 
consequences its activity may bring for cancer 
treatments. 

ANGIOGENESIS  
AND CANCER TREATMENT 

The present challenge of antitumor therapies is 
to concentrate efforts on the modification of the 
microenvironment properties of the tumor site, set 
to favor tumor progression in order to help the 
efficacy of treatments. 

As above described, since angiogenesis is the 
cause and modulator of the tumor stromal biology 
in response to hypoxia, revisiting antiangiogenic 
treatments and theory is a major approach 
attempted in adjuvant antitumor treatments. The 
aim is to reach a substantial alleviation of hypoxia1  
and a stable vessels normalization2 which is an 
alternative to antiangiogenic treatments.3 

In current treatments the mechanism of 
alleviating hypoxia is based on the adaptation of 
already existing antiangiogenic treatments using 

different doses of an anti-VEGF receptor 2 
(VEGFR2) antibody (DC101) to reach a state at 
which vessels are getting reorganized  before being 
destroyed by antibody dependent cell cytotoxicity.4 
These techniques contributed to show the deep 
impact of normalization on counteracting many 
deleterious effects of hypoxia.  Indeed, most works 
devoted to angiogenesis aim to neutralize the over 
production of the main pro-angiogenic factor 
VEGF-A and, most of them, are monoclonal 
antibodies. With the same purpose, combined 
chimeric molecules like the double antiangiogenic 
protein (DAAP) were used.5 

Antiangiogenic agents transiently normalize 
tumor vessel structure and improve vessel 
function, thereby providing a window of 
opportunity for enhancing the efficacy of 
chemotherapy or radiotherapy. Unfortunately, there 
are no reliable predictors or markers reflecting this 
vessel normalization window during 
antiangiogenic therapy. Intense efforts are made for 
the development of such tools6 underlining the 
interest of having means for the study of stably 
normalized vessels.7 

We have developed several strategies which 
show the huge interest of hypoxia alleviation and 
stable vessel normalization. Our strategies 
indicated that, by providing the pathologic vessels 
the means to regenerate, normalization can be 
reached. When the therapeutic molecules 
expression by gene therapy is conditioned by the 
pathologic state of the milieu, then regulation 
occurs. When the therapeutic action is reached - 
vessel normalization – oxygen tension is sufficient 
to stop the expression of the therapeutic gene. 
These approaches showed that the control of 
VEGF-A amounts in the melanoma tumor results 
in an efficient reduction of the tumor growth and 
normalization of the vessels together with hypoxia 
alleviation.8 Successful treatment was due to 
conditioning the synthesis of the soluble form of 
the VEGFRec2 (sVEGFR2) to hypoxia by 
restriction with hypoxia response elements (HRE). 
Such construct allows partial neutralization of 
VEGF, necessary for vessel normal structure.9  

Tumor targeted expression of angiogenesis-
based treatment was obtained with the same type 
of hypoxia-conditioned vector for sVEGFR2 
expressed in endothelial precursor cells of selected 
phenotype which specific home in pro-angiogenic 
sites. In tumor-bearing animals the repair of  
tumor vessels by intravenously injected  
endothelial precursor cells leads to efficient tumor 
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reduction and vessel normalization. Upon hypoxia 
conditioned and reversible expression of EPCs 
carried sVEGFR2 in the hypoxic tumor,  
pO2 increased and tumor destruction could be 
observed.10 

These strategies confirm the validity of the 
ITPP- approach to enhance in tumor pO2. 

IS THE HYPOXIA ALLEVIATION MADE 
POSSIBLE UPON TUMOR pO2 INCREASE? 

In several cancer models it was shown that the 
use of myo-inositoltrispyrophosphate  (ITPP) 
brings a new possibility to increase the pO2 in the 
tumor site shortly after injection. Protocols have 
been developed and applied to mice which showed 
that repeated and chronologically controlled 
injections permit to reach an efficient and durable 
alleviation of hypoxia. Indeed, in melanoma and 
mammary carcinoma it was shown that such 
treatments do contribute to tumor size reduction 
and induce a deep change in the humoral and cell 
composition inside the tumor. The changes were 
observed at the levels of tumor markers and 
chemokines that are known to be involved in the 
recruitment of immune suppressor cells expressing 
receptors for chemokines which, in the tumor, 
improve the growth. 

Interestingly, all main factors that are decisive for 
tumor spreading were reduced and expression of the 
key molecule for tumor cell invasion, osteopontin, 
was annihilated. The reduction of the numbers of 
metastases confirmed the deep effect of pO2 increase 
on structuration of vessels and their function in terms 
of stability and non-permeability as well as structure 
shown by magnetic resonance angiography.11 These 
data were confirmed in various cancer types as in 
colon carcinoma12 and pancreas13. 
The long lasting effect obtained upon treatment of 
tumors by myo-inositoltrispyrophosphate is 

translated in tumors by an elevated level of oxygen 
tension over several days i.e. over the clearance 
time. This prompted us to deepen the search for the 
molecular mechanism of this effect. The structure 
of the myo-inositoltrispyrophosphate makes it 
possible to be potentially recognized by 
phosphatases and more particularly by the tumor 
suppressor phosphatase and tensin homologue 
(PTEN). 

PTEN IN TUMOR CELLS 

The tumor suppressor gene at the 10q23 locus 
codes for phosphatase and tensin homologue 
(PTEN) which is frequently disrupted in cancers. 
PTEN suppresses the phosphoinositide 3-kinase 
(PI3K)–AKT–mammalian target of rapamycin 
(mTOR) pathway by lipid phosphatase action (Fig. 
1). As such, PTEN controls numerous processes as 
survival, proliferation, energy metabolism and cell 
structure. Consequently, it is fundamental to keep 
an efficient PTEN expression and function at 
transcription and post-transcription levels by non-
coding RNAs levels as well as modifications of 
protein–protein interactions, which are all altered 
in cancer. PTEN functions also in a phosphatase-
independent manner having intra nucleus crucial 
activities.  

In tumors, PTEN is often mutated and 
inactivated. Following PTEN loss, excessive 
PtdIns(3,4,5)P3 at the plasma membrane recruits 
and activates AKT family members, potently 
driving cell survival and proliferation14. This leads 
to cancer phenotype, as accumulation of 
PtdIns(3,4,5)P3 activates AKT and consequently to 
extensive cell proliferation (Fig. 2).  

The mTOR arm of the PTEN–PI3K–AKT 
pathway is also an effective target for a variety of 
conditions, including cancer and obesity, in which 
the activity of mTOR pathway is increased. 

 

 
Fig. 1 – Structure of PTEN. 
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Fig. 2 – PTEN regulation pathways control the PI3K activation and interact with the P53 tumor suppressor. 

 
The loss of function of the PTEN has been 

demonstrated in many cancer types in which it 
causes propensity to cancer as prostate tumor cell 
proliferation and metastasis in vivo.15 This makes 
PTEN a candidate for diagnostic of cancer risk and 
evolution as shown also in endometriosis.16 

Furthermore, although PTEN plays many of its 
cellular roles through the PI3K–AKT–mTOR 
pathway, PTEN also has PI3K–AKT pathway-
independent functions. 

Many cancer types are affected by this activity, 
which concerns the intra nucleus localized PTEN 
and which presents a strong relation to the P53 
function and regulation mechanisms. Agents that 
modify the interaction between PTEN and its 
binding partners will become potential therapeutic 
agents, as is the case for the agent nutlin, which 
inhibits MDM2–p53 binding. In general in 
response to hypoxia a portion of PTEN migrates to 
the nucleus and complexes with p53, while 
cytoplasmic PTEN prevents Mdm2 nuclear 
localization by attenuating Akt signaling. 
Subcellular distribution of PTEN in the cytoplasm 
or nucleus protects p53 from inactivation and 
degradation.17 

Clinically, these findings provide an explanation 
as to why complete PTEN loss is not frequently 
observed at cancer presentation, and also why 
concomitant PTEN and p53 functional losses are so 
prevalent in late-stage disease. As a consequence of 
these findings, a rationale for pro-senescence therapy 
has emerged over the past few years as a novel 
therapeutic approach to treat cancer.18 

PTEN REGULATION MAY OCCUR 
THROUGH MANY MOLECULAR 

MECHANISMS 

The main genetic alterations of the locus 10q23, 
which is highly susceptible to mutation in cancers 
are allelic as well as point mutations that truncate 
the molecule. At the transcriptional level PTEN 
silencing occurs through the methylation of its 
promoter. Proteins can also regulate PTEN 
transcription, either negatively as SALL4, SNAIL, 
inhibitor of DNA binding 1 (ID1) or c-JUN and 
MYC or positively as PPARγ, early growth-
response protein 1, p53 and C-repeat binding factor 
(CBF1). In the senescence p53 is shown to 
suppress PTEN-loss and tumorigenesis19 while 
NOTCH1 inhibits PTEN transcription through 
MYC or CBF1. 

PTEN influence on microenvironment is shown 
to be occurring also by regulations at the post 
transcriptional levels. Protein–protein interactions 
within the nucleus, independent of PTEN catalytic 
activity, increase the activity and stability of p53 
and upregulate expression essential components of 
the repair machinery.20 

Post-translational modifications are phos-
phorylation of PTEN at Ser229, Thr321,Tyr336, 
Thr366, Ser370, Ser380, Thr382, Thr383 and 
Ser385 by kinases which  modulate PTEN tumor 
suppressive function, cell membrane association 
and stability. Regulation of PTEN conformation by 
phosphorylation of the c-terminal promotes a 
‘closed’ conformation preventing membrane 
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binding of PTEN while ‘open’ the N terminus 
binds to the membrane and PDZ.21 

Disulphide bond between Cys124 and Cys71 
reduces the catalytic activity of PTEN. Acetylation 
mediates inactivation and occurs at Lys125, 
Lys128, and Lys402. This is prevented by 
thioredoxin-interacting protein (TXNIP) and 
peroxiredoxin 1 (PRDX1). Ubiquitylation of PTEN 
at Lys13 and Lys289 regulates PTEN tumor 
suppressive function and stability. 

It is remarkable that PTEN, by its pleiotropic 
actions either phosphatase-dependent or 
phosphatase- independent, plays a huge role in 
shaping tumor environment. In that sense it is 
highly important to take into account its regulators 
and/or inactivators that are the microRNAs. 

 MicroRNAs REGULATING PTEN 

miRNAs (miRs) are a class of 20–25-nucleotide 
noncoding RNAs that modulate gene expression 
through pairing  the miRNA in the 3’ untranslated 
region (UTR) of target mRNAs.  MicroRNAs 
(miRNAs) are involved in regulating PTEN 
expression.22 PTEN-targeting miRNAs are 
competitive for endogenous RNAs (ceRNAs) that 
might function as trans-regulators. MiRNAs have 
been demonstrated to promote tumorigenesis or 
metabolic disorders by downregulating PTEN 
expression.   

Among the miRs that regulate PTEN, the 
miR-17~92 cluster, implied in lymphoproliferative 
disease and autoimmunity, downregulates PTEN 
via upregulation of the expression of miR-19,23 
MYC has been shown to induce PTEN in 
leukaemia24 and miR-21 in multiple cancers.25, 26  
Moreover the PTEN regulation by miR214 rules 
the osteodifferentiation27 and more generally the 
stem cells niche.28 Orchestrating deeply the 
microenvironment these miRs are known to act on 
the cells of the stroma among which the fibroblasts 
phenotype is polarized as cancer activated 
fibroblasts (CAFs). 

FIBROBLASTS  
IN CANCER ARE AFFECTED BY PTEN 

One of the main feature of tumor microenviron-
ment is the ability to change the phenotype of the 
surrounding cells such that they cooperate in tumor 
development. Cancer activated fibroblasts “CAFs” 
illustrate these changes in the intra tumor 

fibroblasts phenotype and properties. In mammary 
carcinoma and glioma for example, fibroblasts 
express podoplanin which allows cancer cell 
movement and aggressiveness. The loss of PTEN 
from mammary stromal fibroblasts seems to 
activate an oncogenic secretome that orchestrates 
the transcriptional reprogramming of other cell 
types in the microenvironment.22,29 The cancer 
activated fibroblast phenotype and activity in 
production of podoplanin is related to PTEN down 
regulation in mammary carcinoma and glioma.30 

Moreover, osteopontin (OPN) is a dramatic 
prognostic factor in cancer. It is a chemokine-like 
protein, overexpressed in various tumor tissues and 
cell lines. It has immense potential to regulate 
various hallmarks of cancer. Involved in the 
communication between the tumor cells and 
surrounding microenvironment OPN is a central 
molecule for novel therapeutic strategies against 
cancer. It is inversely expressed to PTEN31 which 
regulates its signaling32 and appears to be one of 
the most efficiently regulated genes by vessel 
normalization.11 

As the tumor microenvironment is the site of 
immune reaction and where the conditions make 
the immunosuppression to overtake the antitumor 
immune response it appears to be the place where 
the balance between the immune cells is 
conditioned. At the same time the means to 
influence the parameters of the tumor 
microenvironment are potentially decisive for 
favoring the antitumor immune response which is 
ruled by the T cells balance and activity. 

PTEN IN T CELLS 

When PTEN is deleted specifically in T cells, 
cell models permitted to show that the molecule 
controls autoimmunity and lymphomagenesis 
through several intricate functions and acts at 
multiple stages within the T cell populations. 

PTEN nuclear function, independent of the lipid 
phosphatase activity, has been shown to contribute 
to the tumor-suppressive effects and, in particular, 
in maintaining genomic stability.17 Nuclear 
exclusion of PTEN impaired the tumor-suppressive 
nuclear complex activity a mechanism independent 
of the PTEN catalytic action.33 

In T cells the CD4 helper cells are regulated by 
PTEN. Its loss in CD4 T cells enhances their 
helper function but does not lead to autoimmunity 
or lymphoma.34 
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The tumor microenvironment is profoundly 
immunosuppressive. Multiple tumor types create 
intra tumoral immune suppression by activation of 
regulatory T cell (Treg) in a way that is dependent 
on PTEN. Indeed, PTEN acted to stabilize Tregs in 
tumors, preventing them from reprogramming into 
inflammatory effector cells35. This is dependent on 
the catalytic action of PTEN by control of PI(3) 
kinase in Treg cells. The latter process maintains 
homeostasis and lineage stability which is 
disrupted in tumors by the absence of the down 
regulation of PTEN by hypoxia.36 This is highly 
significant also in the regulation of other immune 
suppressors like the bone marrow derived 
suppressor cells (MDSCs). 

PTEN IN MDSCs ACTIVITY  
AND CANCER STEM CELLS RESISTANCE 

As shown, the impact of hypoxia on the tumor 
microenvironment affects the main hallmarks of 
cancer immunosuppressive cooperators. Among 
these, MDSCs properties are deeply dependent of 
hypoxia directly or via the factors controlled by 
hypoxia37 as well as the microRNA regulons 
implied in PTEN modulation.38 Control and 
alleviation of hypoxia counteract these tumor 
helping effects.11 It was also shown that such 
conditions deeply impact the numbers of cells that 
are resistant and express stem cell markers.  

PTEN MIGHT PRESENT CRUCIAL 
EFFECTS ON STEM CELLS 

As a result of tumor resistance to the harsh 
microenvironment the cancer stem cells (CSC) are 
selected. It has been demonstrated that CSCs are 
located in a special microenvironment which 
allows their survival and keep their aggressive 
potential. Effects of hypoxia were extensively 
studied in the stem cells niches and PTEN has a 
crucial role in cancer stem cells biology. Stem cell 
self-renewal pathways are altered, which is of 
major importance for the success in therapeutic 
targeting of ‘cancer stem cells’. The latter are also 
called CICs for cancer initiating cells as these cells 
are able to produce the whole tumor populations 
diversity.  Indeed, deletion of PTEN in neural stem 
cells increased proliferation in the progenitor cell 
population, but PTEN loss effects in stem cells 
may be cell lineage-dependent.39,40 Moreover, a 
key role of PTEN was evidenced in the self-

renewing activity of normal and leukaemic 
haematopoietic stem cells (HSCs).  PTEN 
maintains haematopoietic stem cells, lineage 
choice, leukaemia prevention41 and distinguishes 
haematopoietic stem cells from leukaemia-
initiating cells (LICs) as lack of PTEN results in 
the depletion of normal HSCs, and growth of LICs 
together with leukaemogenesis.42 

Showing the involvement of mTOR, rapamycin 
restored HSCs and reduced LICs. Thus PTEN 
involvement was evidenced in high mTOR activity 
depleting stem cells and cancer stem cells via 
activation of the senescence and apoptosis.43 This 
distinction may help leukaemia therapies through 
PTEN pathway keeping the normal stem cells and 
eliminating LICs. 

PTEN IN ENDOTHELIAL CELLS, A TOOL 
FOR HYPOXIA ALLEVIATION  

AND STABLE VESSEL NORMALIZATION 
FOR ADJUVANT CANCER THERAPY 

The key mechanisms from which all the main 
hallmarks of cancer depend is angiogenesis which 
is turned on by hypoxia. The angiogenic switch 
enables acquisition of non-inhibited growth by 
tumor cells, where the balance is skewed towards a 
proangiogenic phenotype.44 

PI3K activation tends to activate the mammalian 
target of rapamycin (mTOR), stimulated in 
hypoxic and nutrient-poor environment. Its major 
regulator is PTEN, which molecule regulates 
angiogenesis not only through antagonizing PI3 
kinase pathway mainly, but also through 
phosphatase-independent functions. In cancer, the 
PTEN status determines the response to 
chemotherapy which occurs also though the 
normalization effect of vessels on endothelial 
cells,11 highlighting the advantage to monitor 
PTEN expression and activity and to develop 
PTEN-targeted therapies. 

The PTEN activity in endothelial cells is reduced 
in tumor angiogenesis due to HIF mediated 
stimulation of VEGF-A. The role and potential of 
PTEN was shown by transfection of wild-type, active 
PTEN into human prostate cancer cells. PTEN 
expression sensitizes cells to radiation and leads to a 
decreased tumor-induced angiogenesis.45 In this 
work, both cancer- and tumor-associated endothelial 
cells were affected by this treatment. As previously 
mentioned, reintroduction of PTEN decreases HIF-1α 
and VEGF levels.46-48 Promising results in therapy 
were obtained using this strategy in mice.49 
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PTEN is involved in all the different steps 
leading to tumor angiogenesis. As a consequence, 
although the PI3K pathway is considered to be the 
major signaling mode in physiological and tumor 
angiogenesis, PTEN can be seen as the main 
intracellular antagonist to this process. It controls 
the action of PI3K by displacing the PIP3/PIP2 
balance and its action occurs upstream the 
PI3K/AKT/mTOR. Thus therapeutic approaches 
should be directed to PTEN, instead of its later 
downstream effects as, to date, no control loop has 
been demonstrated.  

Indeed, numerous research efforts were devoted 
to control tumor growth tumor by angiogenesis, as 
described earlier from destroying to normalizing 
vessels. This leads to conclude that PTEN status 
appears to be critical50. All antiangiogenic (anti-
EGFR therapies) based treatments showed after 
promising results in clinical trials, that tumor 
resistance has emerged and require the HIF-1α and 
PI3K pathways signaling.51-53 As resistance to such 
therapies is often linked to PTEN status in cancer 
cells54 the PTEN related treatments devoted to 
endothelial cells appear as a totally new approach. 

Indeed, endothelial PTEN targeted therapies are 
independent of the PTEN status in the tumor cells 
as it is addressed solely to activation of PTEN in 
ECs. 

The use of treatments that normalize vessels 
like ITPP is a way to insure the down regulation of 
all hypoxia related short term effects like HIFs and 

transcript molecules.11 Our observations indicated 
that when properly applied, such treatments can 
maintain or increase the blood flow and level of 
oxygen tension in the tumor sites. This is an 
indication that normalization is stabilized.  We 
showed at the level of the endothelial cells in vivo 
and in vitro, that PTEN is activated and AKT is 
down regulated in tumors treated with myo-
inositoltrispyroposphate (ITPP).11,55  This work 
also demonstrates that such angiogenesis 
normalization-directed treatments are the way to 
use combined therapies which show synergistic 
effects and some of them are now tested in clinical 
trials.56 Numerous inhibitors of the PI3K pathway: 
PI3K, Akt and mTOR inhibitors are now being 
tested in clinical trials57 but PI3K inhibitors 
monotherapy shows poor results and gene therapy 
attempts are too recent at the experimental level. 
To date, no PTEN inducer has been found until the 
demonstration that ITPP is an activator of 
endothelial PTEN.11  Only PTEN transfection or 
gene therapy has been tried, thus confirming the 
urgent need of PTEN-stimulating molecules. ITPP, 
molecule by its double ability to act 1) as an entity 
producing the first short time increase of pO2 and 
2) by its ability to induce and activate  PTEN, may 
provide the best tool to stabilize vessels 
normalization/hypoxia alleviation. The exact 
mechanism of action i.e. where it binds to PTEN 
and what step of the molecule activation it acts 
remains to be clarified (Fig. 3). 

 

 
Fig. 3 – Schematic representation of ITPP actions in endothelial cells. 
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CONCLUSION 

PTEN appears to be a potent tumor suppressor 
which presents a high potential target for tumor 
treatment. Its action, counteracted in tumors, could 
be induced at various levels but to date few 
treatment approaches are designed. The 
angiogenesis-based strategy is the answer to the 
difficulty to induce PTEN in the tumor site. 
Endothelial cells in the tumor, are submitted to 
hypoxia and normalization increases PTEN 
activity. Moreover, activation of PTEN directly 
brings stabilization of the normalized vessels.  
Consequently, such an approach which is 
independent of the status of the PTEN in the tumor 
cells should bring a considerable help in 
understanding the best way to control the cancer 
activated kinases and in treating cancer by new 
adjuvant strategies. 
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