
Chronic intermittent hypoxia mimicking
sleep apnoea increases spontaneous
tumorigenesis in mice

To the Editor:

Obstructive sleep apnoea (OSA) is a very prevalent disorder with well proven mid- and long-term
deleterious consequences, such as increased risk of cardiovascular, metabolic and neurocognitive diseases
[1]. Recently, considerable data from both animal models and patient studies also suggest that OSA
increases the risk of cancer incidence and mortality [2]. Some of these studies indicate that nocturnal
hypoxic events experienced by OSA patients as a consequence of recurrent upper airway obstructions may
be a main challenge driving tumour progression [3, 4]. Although the clinical and experimental data
available do not undoubtedly prove a relationship between cancer and OSA [5], its plausibility has raised
the interest of basic and clinical researchers in the field, warranting further investigation [6].

The experimental data available in murine models consistently indicate that intermittent hypoxia at a rate
and magnitude simulating the pattern experienced by patients with severe OSA increases tumour growth
rate, invasion and metastasis, specifically in melanoma and lung cancer cell models [7–9]. These data also
suggest that several pathophysiological processes are involved in boosting cancer enhancement by
intermittent hypoxia. For instance, alterations in the immune response by increases in the pro-tumoral
phenotype of tumour associated macrophages, enhanced recruitment and polarisation of adipose tissue
macrophages, alteration of the adrenergic pathway, increase of circulating tumour DNA in peripheral
blood and increased release of exosomes [2, 4, 10, 11].

Nevertheless, all available animal model data relating to OSA and cancer have been obtained by artificially
implanting cancer cells into a healthy animal and investigating how and why tumour progresses under
intermittent hypoxia as compared with normoxia. This experimental information gives important clues to
interpret the increase in cancer progression observed in patients with OSA, but does not inform on
whether intermittent hypoxia per se increases the transformation of normal cells into tumour cells, i.e.
tumorigenesis, a process that could be theoretically expected from the oxidative stress suffered by tissues in
OSA patients as a consequence of hypoxia/reoxygenation [12]. New evidence on intermittent
hypoxia-induced tumorigenesis would be most useful to interpret clinical data concerning incidence of
new cancers in OSA patients. Accordingly, here we report the results from a study showing, for the first
time, that intermittent hypoxia mimicking severe OSA does increase the appearance of spontaneous
tumours observed in otherwise not manipulated animals.

The study, approved by the ethical committee of the University of Valladolid (Valladolid, Spain), was
performed on male outbred Swiss CD1 mice obtained from Janvier (Le Genest-Saint-Isle, France), aged
3 months and maintained to the age of 15 months in the conventional animal facilities of the university,
subjected to a regular regime (standard cages, 20–24°C, 12 h light/day, water and food ad libitum). Mice
(aged 15 months; n=200) were randomly divided into three groups: a normoxic control group breathing
room air (n=71) and two groups subjected to chronic intermittent hypoxia at a rate corresponding to
30 events·h−1 (breathing cycles of 40 s of hypoxic air and 80 s of room air), 8 h·day−1 (08:00–16:00 h) over
3 months to the age of 18 months. The intermittent hypoxia exposures were mild (12% oxygen (O2) nadir;
n=61) and more severe (7.5% O2 nadir; n=68) (figure 1a). These patterns of breathing caused nadir mean
±SE values in arterial oxygen saturation measured by pulse oximetry (SpO2) of 74.3±2.5% and 55.5±4.8%,
respectively, as in two additional groups each including six anaesthetised mice (figure 1b). However, owing
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to potential slight respiratory depression during anaesthesia, it could be expected that desaturations in
awake animals are less severe than in figure 1b. At the end of intermittent hypoxia or normoxia exposure
the animals were euthanised and subjected to necropsy. For qualitative variables, percentages (and 95%
confidence intervals) within specified groups were calculated and p-values comparing controls and
intermittent hypoxia were derived using Chi-squared tests. For quantitative variables, one-way ANOVA
was employed to assess differences between controls and intermittent hypoxia groups. p<0.05 was
considered the statistical significance threshold.

The survival rate at 18 months was consistent with that expected in this mouse strain [13] and was not
different among the three groups: 77.5±9.7% (control), 80.3±10.0% (mild intermittent hypoxia) and 77.9
±9.9% (severe intermittent hypoxia). Necropsies found tumours in skin, liver and lung. The percentage of
control animals exhibiting tumours in at least one organ was 36.4±12.7%, a figure in keeping with data for
this age and mouse strain [13]. For mice under mild and severe intermittent hypoxia this percentage was
38.8±13.6% and 62.3±13.0%, respectively, and the difference between controls and severe intermittent
hypoxia was statistically significant (figure 1c). There were no significant differences in the appearance of
liver or skin tumours. The lack of increased skin tumorigenesis under intermittent hypoxia contrasts with
previously reported augmentation in the growth of implanted melanoma tumours [7, 8], suggesting that
the effects of this OSA-mimicking challenge on de novo malignancy induction and on tumour
aggressiveness could be different. Remarkably, lung tumours showed significant higher prevalence in the
group subjected to severe intermittent hypoxia compared with controls (figure 1d). All lung tumours were
peripheral masses which involved subsegmental bronchi. Histologically, they presented as organoid
nesting, trabecular growth and perilobular palisading patterns, consistent with neuroendocrine tumours.
No significant differences were found in the size of lung tumours between groups: 3.08±1.28 mm,
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FIGURE 1 a) Pattern of oxygen (O2) concentration in the air breathed by mice subjected to mild and severe
intermittent hypoxia. b) Nadir (minimum) and recovery (maximum) in the cycles of arterial oxygen saturation
(SpO2) caused by breathing the mild and severe intermittent hypoxia patterns. Data are presented as mean±SE.
Incidence (95% CI) of c) any type of tumour and d) lung tumours in aged mice after 3 months’ exposure to
normoxia (control), mild and severe intermittent hypoxia.
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2.71±1.03 mm and 3.79±4.26 mm for controls, mild and severe intermittent hypoxia, respectively. Liver
tumours were of polygonal cells with a predominantly trabecular pattern consistent with hepatocellular
carcinoma. Skin lesions ranged from ulceration with granulation tissue to lesions with necrosis, increased
vascularisation and atypical fusiform cell proliferations. The fact that the increase in tumorigenesis
induced by intermittent hypoxia affected several organs differently could reflect a variation in cell/tissue
type response to this challenge.

This study is unique, since it shows for the first time that relatively severe, but not mild, intermittent
hypoxia increases spontaneous tumorigenesis. Moreover, some specific features of the model are noticeable.
First, the rate of intermittent hypoxia employed, 30 events·h−1, was considerable but in no way exceptional
from the clinical perspective. In addition, the nadir of hypoxic events resulted in SpO2 minima that are
comparable to the ones measured in mild and severe OSA patients. In fact, both the rate and magnitude of
hypoxia in this study were less strenuous than in several previous studies using artificially induced tumours
in OSA models (e.g. 5% O2 nadir and 60 events·h−1) [6, 7]. Second, contrary to most previous animal
studies on OSA and cancer in which young animal mice were investigated [6–11], here we used mice at an
age which mimics human maturity. Indeed, the age of the mice in this study (15–18 months) is equivalent
to human 50–60 years [14], an age with clinical interest regarding the prevalence of OSA and cancer. Third,
this study was performed in an outbred mouse strain (CD-1) presenting polymorphisms at a considerable
number of loci and displaying patterns of linkage disequilibrium and heterogeneity similar to wild-caught
mice [15], being therefore particularly interesting animals to model actual human genetic heterogeneity.

In conclusion, we here provide novel evidence suggesting that OSA, via intermittent hypoxia, could
increase the spontaneous tumorigenesis associated with normal ageing. In addition to providing additional
support for interpreting clinical data on cancer incidence in OSA, this study paves the way to future
research on the mechanisms involved in the process and also to investigate how intermittent hypoxia
modulates the well-known tumorigenesis induced by chemical and physical carcinogenic agents
challenging human health, particularly as a result of ageing.
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