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Hyperbaric oxygen (HBO) therapy refers to the breathing of
pure oxygen while in a sealed chamber that has been pres-
surized at 1.5 to 3 times normal atmospheric pressure. To
date, HBO therapy has been applied in a series of diseases
with potential hypoxia including decompression sickness,
carbon monoxide poisoning, gas gangrene, osteomyelitis, and
so on (http://en.wikipedia.org/wiki/Hyperbaric_medicine).
However, cancer is not an indication for hyperbaric oxygen
in both USA and China.

Recently, Moen and Stuhr reviewed the evidence on the
influence of HBO on cancers in past 9 years [1]. Their con-
clusion was consistent with two previous systemic reviews on
HBO and cancer that the use of HBO in patients with malig-
nancies is considered safe. In this review, they summarized the
relationship between hypoxia and cancer and the influence of
HBO on cell survival, angiogenesis, metastasis, chemothera-
py, and radiotherapy. Finally, they reviewed the effect of HBO
on cancer cells of different types. Although they proposed
some explanations on the effects of HBO on cancers, the
mechanisms are more complex than we expected.

HBO, hypoxia, and angiogenesis

It has been accepted that HBO can increase the dissolved
oxygen significantly, which may rectify the hypoxia in
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cancers. However, HBO is often used once or twice daily
for patients, and a hypoxic environment may form between
two exposures. As shown in this review, hypoxia is essential
for the progression of cancers and related to the angiogen-
esis. In addition, some studies have also shown that HBO
therapy can improve the angiogenesis after ischemic injury.
Our previous study also revealed that HBO pretreatment can
increase the expression of hypoxia-inducible factor and its
downstream factor vascular endothelial growth factor [2]
which is a potent pro-angiogenic factor. Thus, HBO seems
to exert promotive effect on cancer growth.

HBO and metastasis

Metastasis is a complex process involving local cancer cell
invasion, entry into the blood or lymph vessels, and re-
penetration and colonization at a distant site [3]. The
integrity of vascular basement membrane (VBM) is
crucial for the cancer cell invasion. Suzuki et al. found
that HBO enhanced transendothelial permeability in rat
brains [4]. In addition, HBO preconditioning was found
to increase the expression of matrix metalloproteinase
(MMP) [5] which is may break the VBM. This may
potentiate the cancer cell invasion. Of interest, HBO
therapy may reduce the insult-induced expression of
MMP [6]. Thus, whether the effect of HBO on VBM
integrity depends on the microenvironment is not clear.
If so, this may partially explain the absence of influence
of HBO on the metastasis of cancers.

HBO and cancer stem cells

Cancer stem cells (CSCs) are cancer cells that possess
characteristics associated with normal stem cells, specifically
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the ability to give rise to all cell types found in a particular
cancer sample (http://en.wikipedia.org/wiki/Cancer stem_cell).
CSCs have been found to be crucial for the recurrence and
metastasis of cancers and they mediate the resistance to che-
motherapy and/or radiotherapy [7, 8]. Thus, the therapeutic
strategies targeting CSCs may be promising in the treatment
of cancers.

In 2006, Thom et al. found that HBO may mobilize the
stem cells in a nitric oxide-dependent manner [9]. There
are some similarities between CSCs and normal stem
cells, and thus, some researchers favor the theory that
the CSCs are caused by a mutation in stem cell niche
populations during development [10]. However, the influ-
ence of HBO exposure on the CSCs is still poorly under-
stood. If HBO exposure mobilizes the CSCs as it
influences on normal stem cells, HBO therapy has the
potential to mediate the metastasis and recurrence of
cancers and their resistance to therapies. More studies
are needed to elucidate it.

HBO and chemotherapy/radiotherapy

One of the mechanisms underlying the therapeutic effects
of chemotherapy/radiotherapy is closely related to the
production of reactive oxygen species (ROS) after thera-
pies. However, studies have also confirmed that HBO
exposure has the potential to increase ROS which is also
related to the therapeutic effect of HBO [11]. Thus,
combined use of chemotherapy/radiotherapy and HBO
might increase the toxicity leading to the injury to not only
cancer cells, but also normal cells. Investigators propose that
chemotherapy and/or radiotherapy is performed after HBO
exposure [12, 13]. However, no enough evidence supports
this regimen.

HBO and autophagy

Autophagy refers to a cellular degradation pathway for the
clearance of damaged or superfluous proteins and organelles
[14]. It is now clear that surviving metabolic stress in vitro
and in cancers in vivo is dependent on autophagy, and the
ability to inhibit autophagy and sensitize even apoptosis-
resistant cancer cells to metabolic stress is a promising
avenue for cancer therapy [15]. Wang et al. hypothesized
that hyperoxia preconditioning could exert neuroprotective
effect in an autophagy-dependent manner [16], and this
hypothesis was confirmed in a recent study in which the
autophagy was enhanced in cerebral ischemia rats receiving
hyperoxia preconditioning [17]. Whether the activation of
autophagy occurs after HBO exposure in cancer patients is
unclear.
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Although the available evidence does not support that
HBO therapy may promote the cancer progression, the
specific influence of HBO on the biological behaviors
of cancer cells should be confirmed in future studies,
especially in clinical trials. The mechanisms underlying
the influence of HBO on cancer cells are complex
beyond we expected, and more investigations are required
to elucidate them.
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