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Abstract

Introduction Obstructive sleep apnoea (OSA) is characterised by a low-grade systemic and airway inflammation; however,
the regulatory mechanisms of inflammation are poorly explored. Survivin (Birc5) is an anti-apoptotic protein which inhibits
Type 1 inflammation; however, this molecule has not been investigated in OSA.

Methods Forty-five patients with OSA and 31 non-OSA control subjects were involved. Venous blood was collected for
plasma survivin measurements before and after diagnostic overnight polysomnography. Plasma survivin levels were com-
pared between the two groups and correlated to OSA severity and comorbidities.

Results Plasma survivin levels were lower in OSA in the evening (27.6+89.9 vs. 108.3 +161.2 pg/ml, p <0.01) and in the
morning (17.4+48.6 vs. 36.4+69.2 pg/ml, p=0.02) compared to the control group. This OSA-related decrease was also
present when only the non-obese patients were analysed. Significant indirect relationships were observed between plasma
survivin levels and measures of OSA severity such as the apnoea—hypopnoea index (r=— 0.45) or oxygen desaturation index
(r=-0.40, both p <0.01); however, when adjusting to BMI, these became insignificant (p > 0.05). Low plasma survivin
concentrations were associated with high BMI (r=—0.35), high CRP (r=-0.31), low HDL cholesterol (r=0.24) and high
triglyceride levels (r=—0.24, all p <0.05).

Conclusion Plasma survivin levels are reduced in OSA, relate to disease severity, and are associated with high CRP levels.
This suggests an impaired immunoregulation in this disorder which needs to be studied in further detail.
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Introduction

Obstructive sleep apnoea (OSA) is a common disorder
which is characterised by the partial or complete collapse
of the upper airways during sleep, subsequent intermittent
hypoxia and fragmented hypnogram. OSA is also accom-
panied by a low-grade systemic inflammation, which is
reflected by the elevation of circulating pro-inflammatory
mediators, such as C-reactive protein (CRP), tumour necro-
sis factor alpha (TNF-a), interleukin 6 (IL-6) [1], IL-33,
pentraxin [2] or complement factors [3]. On the contrary,
mechanisms which regulate systemic inflammation in OSA
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are poorly described. Previous studies reported lower lev-
els of immunosuppressive IL-10 [4], transforming growth
factor beta (TGF-P) [5] and vitamin D [6], suggesting that
impaired immunoregulation may contribute to enhanced
inflammation.

Obstructive sleep apnoea is characterised by the disturbed
diurnal rhythm of several inflammatory molecules [7-9] and
the magnitude of these perturbations may relate to disease
severity [8]. Therefore, for a better understanding and not
to miss relevant alterations, mediators of interest need to be
checked at various time points. This approach is important
for methodological considerations, namely when to sample.
Secondly, acute effects of sleep on biomarkers can be moni-
tored. However, this has been performed only in the minority
of the studies.

Baculoviral IAP Repeat Containing 5 (Birc5), commonly
known as survivin, is a member of the inhibitor-of-apoptosis
family which inhibits the caspase-regulated apoptotic path-
way. For brevity, we will henceforth refer to Birc5/survivin
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as survivin. This molecule is essential in physiological
embryogenesis [10] and is involved in fibrinolysis by induc-
ing the expression of urokinase [11]. It is also responsible
for physiological leukocyte development, haematopoiesis
and vasculogenesis, is required for hepatocyte and neuronal
survival [12] and has a complex immunoregulatory role.
Survivin promotes the differentiation of T cells towards Th2
line and enhances the production of some type 2 cytokines,
including IL-4 and IL-13 [13]. It decreases the number and
suppresses the function of CD8 + T cells, skewing immu-
nity towards the Th2 direction, but not altering the regu-
latory T cell and Th17 ratios [13]. In addition, IFN-y and
IL-2 levels are decreased, while IL-4 and IL-13 concentra-
tions are increased in the presence of survivin [13]. In line
with this, altered survivin levels were reported in chronic
inflammatory diseases such as rheumatoid arthritis, psoria-
sis, systemic sclerosis, inflammatory bowel diseases [14]
or bronchial asthma [15]. It is also overexpressed in vari-
ous malignancies, including lung cancer, prostate, gastric,
colon, bladder and oesophageal carcinomas, osteosarcomas
and lymphomas [16].

Survivin has not been investigated in OSA before, despite
the fact that it may play a pivotal role in immunoregulation.
Therefore, the aim of this study was to analyse plasma sur-
vivin levels in OSA, investigate evening to morning changes
and compare them to disease severity.

Methods
Study Subjects and Design

Forty-five Caucasian patients with OSA (60 11 years)
and 31 non-OSA control volunteers (53 + 16 years) were
included in the study. Patients with diagnosed malignant or
autoimmune disorder were excluded and none of the sub-
jects had an infection within 4 weeks prior to the study.
OSA was newly diagnosed and none of the patients had
used continuous positive airway pressure, a mandibular
advancement device, or had surgery against OSA before the
study. Based on apnoea—hypopnoea index (AHI), subjects
with OSA were divided into mild (n=15, AHI of 5-14.9/h),
moderate (n= 14, AHI of 15-29.9/h), and severe (n=16,
AHI of >30/h) groups. None of the volunteers had day-
time hypoxemia but 14 patients with OSA had nocturnal
hypoxaemia (total sleep time with saturation below 90%,
TST90% > 10%).

For all participants medical history was taken, blood
pressure was measured, venous blood was collected into
EDTA tubes, and the Epworth Sleepiness Scale (ESS) was
self-completed in the evening (7—8 p.m.). This was followed
by attended overnight polysomnography. Blood collec-
tion for plasma survivin, serum glucose, total cholesterol,
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high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), triglyceride, CRP and
creatinine measurements was repeated under fasting condi-
tions and before taking medications the following morning
(7-8 a.m.). Glomerular filtration rate (GFR) was estimated
using the Modification of Diet in Renal Disease equation
(GFR (mL/min/1.73 m?) = 175 x (serum creatinine)~"'>*
X(Age) "2 (x 0.742 if female)).

The study was approved by the Scientific Research Ethics
Committee (Semmelweis University TUKEB, 30/2014), and
patients gave their informed consent.

Polysomnography

Polysomnography was performed using Somnoscreen
Plus Tele PSG (Somnomedics GmbH, Germany) as was
described previously [8, 9, 17] and according to the Ameri-
can Academy of Sleep Medicine guidelines [18]. Total sleep
time (TST), sleep period time (SPT), AHI, oxygen desatu-
ration index (ODI), TST90%, minimal saturation (minSat)
and arousal index (AI) were registered and used as indices
for OSA severity.

Plasma Survivin Measurements

Plasma survivin levels were determined as described previ-
ously [19]. After collection, EDTA tubes were processed
within 2 h and centrifuged at 1500 RPM and 4 °C. Plasma
was separated and stored at — 70 °C until analysis. Com-
mercially available ELISA kits (DSV00, R&D Systems,
Abingdon, UK) were used for survivin measurements. The
detection limit was 4.44 pg/ml, as it was reported by the
manufacturer. The intra-assay coefficient of variation esti-
mated by 152 parallel measurements was 19%. Plasma sur-
vivin levels were measured in duplicates and their average
was used.

Statistical Analyses

Statistical analyses were carried out with GraphPad Prism
5.0 (GraphPad Software Inc., San Diego, CA, USA). The
normality of the data was assessed using the Kolmogo-
rov—Smirnov test. Clinical characteristics were com-
pared using the 7 test, Mann—Whitney and Chi-square
tests between the OSA and control groups. Plasma sur-
vivin was compared between the two groups with the
Mann-Whitney test at each time point. The Wilcoxon
test was used to investigate evening to morning changes
in plasma survivin levels. Survivin concentrations were
correlated to clinical and demographic variables using
the Spearman test. Plasma survivin levels were compared
along OSA severities with the Kruskal-Wallis test fol-
lowed by Dunn’s test. The effect of BMI as a co-variate
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was investigated with the general mixed linear model.
The OSA group was divided into obese (BMI > 30 kg/
m2, n= 21) and non-obese (BMI < 30 kg/mz, n=24)
groups and plasma survivin concentrations were com-
pared to those of non-obese controls (n =30) with the
Kruskal-Wallis test followed by Dunn’s test. Patients with
OSA were also divided into hypoxemic (n = 14) and non-
hypoxemic (n=31) subgroups which were compared with
the Mann—Whitney test.

The sample size was estimated to detect the differences
in plasma survivin concentrations between the groups,
with an effect size of 0.65 and a power of 0.80 [20]. This
effect size was based on intra-assay variability of survivin
measurements and variation of plasma survivin values in
healthy subjects [19]. A p value <0.05 was considered
significant.

Results
Comparison of OSA and Control Groups

Subjects’ characteristics are summarised in Table 1. In gen-
eral, patients with OSA were older, had higher weight, BMI,
systolic blood pressure and serum CRP, and lower GFR,
total cholesterol and HDL-C levels (all p <0.05). In addition,
the proportion of both males, and patients with hypertension,
was higher in OSA (both p <0.05), while no difference was
observed in the prevalence of smoking or diabetes. There
was no difference in fasting blood glucose, LDL-C or tri-
glyceride concentrations, but diastolic blood pressure tended
to be higher in OSA (p=0.06). Regarding the sleep study,
patients with OSA had higher AHI, ODI and TST90%, and
lower MinSat (all p <0.01). They also tended to have longer
SPT (p=0.08), while there was no difference in ESS, TST
or Al (all p>0.05).

Table 1 Subjects’

T OSA (n=45) Control (n=31) p Value
characteristics
Age (years) 60+11 53+15 0.09
Male (%) 60 35 0.03
Weight (kg) 89+22 7013 <0.01
Height (cm) 169+10 166+11 0.24
BMI (kg/m?) 31.0+6.5 254+3.6 <0.01
Hypertension (%) 78 29 <0.01
Diabetes (%) 27 16 0.28
Smokers (%) 20 13 0.42
Systolic blood pressure (mmHg) 142+ 19 127+ 17 <0.01
Diastolic blood pressure (mmHg) 85+ 13 78+13 0.06
Heart rate (1/min) 78+12 77+8 0.71
ESS 6.1+3.4 5.6+3.6 0.52
Fasting blood glucose (mmol/l) 5.6+1.6 52+2.0 0.11
Serum CRP (mg/l) 6.3+13.0 2.8+2.4 0.04
Serum cholesterol (mmol/1) 49+1.2 57+£1.2 <0.01
Serum HDL-C (mmol/l) 1.3+0.5 1.6+0.6 <0.01
Serum LDL-C (mmol/l) 29+1.1 33+1.2 0.15
Serum triglyceride (mmol/l) 19+14 1.6+1.3 0.15
GFR (ml/min/1.73 m?) 80.2+13.8 88.4+18.3 0.04
TST (min) 402 +87 389+54 0.17
SPT (min) 447 +53 417+53 0.08
AHI (1/h) 27.8+21.6 23+1.2 <0.01
ODI (1/h) 245+21.5 1.5+1.1 <0.01
TST90% (%) 124+184 2.5+9.2 <0.01
MinSat (%) 79+9 90+3 <0.01
Al (1/h) 44.9+26.0 45.7+24.5 0.61

BMI body mass index, ESS Epworth Sleepiness Scale, CRP C-reactive protein, HDL-C high-density lipo-
protein cholesterol, LDL-C low-density lipoprotein cholesterol, GFR glomerular filtration rate, 7ST total
sleep time, SPT sleep period time, AHI apnoea—hypopnoea index, ODI oxygen desaturation index, 7S790%
total sleep time with saturation below 90%, MinSat minimal saturation, A/ arousal index. Data are pre-
sented as mean + standard deviation or percentages
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Comparison of Plasma Survivin Levels Between
the Groups and Its Correlations with Clinical
Variables

Plasma survivin was lower in OSA in the evening
(27.6+89.9 vs. 108.3 +£161.2 pg/ml, p<0.01, OSA and
controls, respectively) and in the morning (17.4 +48.6
vs. 36.4+69.2 pg/ml, p=0.02). There was no change in
the evening to morning plasma survivin concentrations in
OSA (p=0.79); however, morning plasma survivin levels
were decreased in controls compared to the evening con-
centrations (p <0.01, Fig. 1). Comparing plasma survivin
levels to subjects’ characteristics and clinical variables,
we found a direct relationship with HDL-C (r=0.24,
p=0.04) and MinSat (r=0.26, p=0.04), as well as indi-
rect relationships with weight (r=—-0.42, p<0.01), BMI
(r=-0.35,p<0.01), CRP (r=-0.31, p<0.01), triglycer-
ide (r=-0.23, p=0.04), AHI (r=-0.45, p<0.01), ODI
(r=-0.40, p<0.01) and TST90% (r=-0.33, p=0.01).
There was no relationship between plasma survivin con-
centration and age, the presence of hypertension, diabetes
or smoking, the levels of fasting blood glucose, total cho-
lesterol or LDL-C, TST, SPT or AI (all p > 0.05).
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Fig. 1 Evening and morning plasma survivin levels in OSA and con-
trols. Plasma survivin concentration was significantly lower in OSA
in the evening (¥p <0.05) and in the morning (*p <0.05). Plasma sur-
vivin levels significantly decreased from evening to morning in con-
trols (*p <0.05) without any difference in OSA (p=0.79)
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Plasma Survivin Levels Along Disease Severities

There was a significant difference among different sever-
ity subgroups both in the evening (p =0.01, Fig. 2a) and
in the morning (p =0.04, Fig. 2b), with a significant differ-
ence between the control and severe subgroups (p <0.05 at
both time points). When analysing only non-obese subjects
(n=130 control, n=13 mild, n=6 moderate, n=>5 severe),
the four groups were still significantly different in the morn-
ing (p=0.04) and tended to be different in the evening
(p=0.05). BMI increased progressively along OSA severi-
ties (25.4+3.6,26.8+3.0,31.5+7.8 and 34.6 +5.3 kg/m?,
controls, mild, moderate and severe, respectively, p <0.01).
When adjusting the disease severity—plasma survivin model
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Fig.2 Plasma survivin levels along different disease severities. There
was a significant difference in plasma survivin levels among the four
subgroups both in the evening (»p=0.01 a) and morning (»p=0.04 b),
with a significant difference between the control and severe OSA
groups (* both p <0.05)
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to BMI, the difference in plasma survivin concentrations
between the four subgroups became insignificant (p > 0.05 at
both time points).

The Effect of Obesity

There was a significant difference in plasma survivin lev-
els among the three groups of subjects (non-obese controls,
non-obese patients with OSA and obese patients with OSA,
p<0.01, Fig. 3). Compared to controls (119.7+172.9 pg/
ml) both non-obese (27.2+94.9 pg/ml) and obese
(28.2 +85.9 pg/ml) patients had lower survivin levels (both
p <0.05), while there was no difference between the obese
and non-obese patients with OSA (p > 0.05).

Survivin Levels in Hypoxemic and Non-hypoxemic
Patients with OSA

There was no difference between the survivin levels meas-
ured in hypoxemic (2.2 +7.7 pg/ml) and non-hypoxemic
patients (39.1+106.7 pg/ml, p=0.17) in the evening; how-
ever, morning survivin levels of hypoxemic patients tended
to be lower (0.4+1.2 vs. 25.1 +7.2, pg/ml, p=0.05). Of
note, OSA was more severe in patients with nocturnal
hypoxemia (AHI of 45.8 +26.5/h vs. 19.7+12.8/h, p<0.01,
hypoxic vs. non-hypoxemic groups, respectively).

200
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Fig.3 Plasma survivin levels between obese and non-obese OSA and
controls. Plasma survivin concentrations were significantly higher in
non-obese controls compared to non-obese and obese OSA patients
(* both p<0.05), while there was no difference between obese and
non-obese OSA patients (p>0.05)

Discussion

We investigated circulating survivin levels in obstructive
sleep apnoea for the first time. We found reduced plasma
survivin concentrations in OSA suggesting impaired
immunoregulation in this disorder.

Although it has primarily been investigated in cancers,
survivin is also produced in normal cell types, including
lymphocytes, neutrophils, hepatocytes, arterial smooth
muscle cells, epithelial cells, neuronal cells, endome-
trial cells, oocytes and spermatocytes [12]. In cancer, it
is actively released by malignant cells to suppress the
anti-cancer inflammatory response [16]. However, it is
not clear whether the circulating protein levels detected
in physiological circumstances reflect active release or
destruction of the parent cells. Nevertheless, survivin has
been detected in peripheral blood, although in very low
concentrations [19, 21-24].

The exact reason for the OSA-related reduction of
circulating survivin is not clear. It is known that chronic
hypoxia induces survivin expression in cancer and
endothelial cells in vitro [12]; however, the association
between markers of hypoxia and survivin expression in
cancer has not been confirmed in vivo [25]. Only one Chi-
nese study has examined the effect of intermittent hypoxia
on hippocampal survivin production and found a signifi-
cant increase in rats [26]. In contrast, in an ischaemia—rep-
erfusion model resembling intermittent hypoxia, survivin
expression reduced in liver tissue following ischaemia
[27]. Our results showing that survivin levels are inversely
related to markers of intermittent hypoxia are in line with
the latter study. The lack of relationship with sleep dura-
tion or arousal index suggests that hypoxia rather than
fragmented sleep reduces survivin production in OSA.

Reduced survivin levels may be both direct and indi-
rect consequences of intermittent hypoxia. Intermittent
hypoxia induces the production of CRP by hepatocytes
via IL-6 induction [28]. It is known that CRP inhibits the
expression of survivin in myocytes [29] which is in line
with the current study showing an indirect relationship
between CRP and survivin concentrations. In addition,
it is known that TGF-f may potentiate the expression of
survivin in cancer cells [30] and the production of TGF-f§
is decreased in OSA [5].

Apart from the enhanced systemic [1-3, 8] and airway
[9, 31, 32] inflammation, OSA is associated with altered
production of hormones, such as cortisol, insulin, aldos-
terone, sex hormones [33] or leptin [34]. Cortisol [35]
and progesterone [36] decrease, while oestrogen [37] and
leptin [38] increase survivin gene expression. As the lev-
els of cortisol and leptin are elevated, while oestrogen or
progesterone concentrations are decreased in OSA [33],
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the effect of hormones on survivin production in sleep
apnoea are contradictory. Therefore, parallel measurement
of circulating survivin and hormones are warranted in the
future.

The reduced survivin levels observed in OSA may have
a pathophysiological role. On one hand, survivin has an
immunoregulatory role by decreasing CDS8 cells and skew-
ing T helper lymphocytes towards Th2. Hence, decreased
survivin may contribute towards the increased CD8 preva-
lence [39] and activation [40], as well as Th1:Th2 ratio
[41] seen in OSA. On the other hand, survivin is involved
in the coagulation cascade via inducing the production of
urokinase [11] of which concentrations were reduced in
OSA [5].

Interestingly, we found a significant overnight change
in plasma survivin levels only in controls. Physiologically,
cortisol is produced during the latter stages of sleep [42],
which is frequently disturbed in OSA. Glucocorticoids
down-regulate survivin expression [35] which may explain
evening to morning reduction in controls. The lack of change
in survivin concentrations seen in OSA may be explained
by dysregulated sleep. However, as the levels of survivin in
OSA were close to the limit of detection, such alterations
may not be captured due to methodological factors.

Around 70% of patients with OSA are obese [43], with
40-50% of obese people suffering from OSA [44]. Obesity
itself may trigger systemic inflammation and may aggravate
OSA-induced inflammatory alterations [28]. Because obe-
sity is a frequent cofounder in OSA, it is often hard to dis-
tinguish OSA- or obesity-induced changes in human studies
[28]. To avoid the effect of obesity, subjects with OSA were
divided into obese and non-obese subgroups. We did not
observe a significant difference between the two OSA sub-
groups, while survivin levels were significantly reduced in
OSA irrespective of obesity, compared to the controls. This
suggests that the observed differences are related to OSA and
not obesity. However, when adjusting to the BMI, the asso-
ciation between survivin concentrations and OSA severity
became insignificant, suggesting that BMI is a major cofac-
tor. Of note, the study was not powered to analyse subgroups
or the independence of the relationship between disease
severity and survivin levels from covariates.

None of the subjects had received any specific therapy
against OSA prior to the study, which enabled us to avoid the
obvious bias from the treatment. Continuous positive airway
pressure therapy is highly effective in reducing AHI, but its
effect on systemic inflammation is contradictory [28]. There-
fore, although a potentially significant change after therapy
would support our findings [8], negative results would not
exclude the casual relationship between OSA and systemic
inflammation [45]. Of note, the current study could serve
as a potential source for power calculations in designing an
interventional trial on inflammatory molecules in OSA. The
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effect of treatment on markers of inflammation should be
investigated in further trials.

We found a significant relationship between circulating
survivin levels and serum lipid concentrations, suggesting
that this molecule could be associated with dyslipidaemia.
As dyslipidaemia is related to OSA [46], the independence
of the survivin-lipid associations should be investigated in
a specifically designed broader cohort which would consider
OSA as a cofounder.

In summary, plasma survivin levels are decreased in
OSA and relate to disease severity. Chronic intermittent
hypoxia, rather than fragmented sleep, is responsible for
these changes. Although our study implicates impaired
immunoregulation in OSA, this needs to be investigated in
detail in further studies.
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