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Aim: Obstructive sleep apnea (OSA) activates the complement system; however, the levels of membrane
attack complex (MAC) are unaltered suggesting regulatory mechanisms. Our aim was to investigate com-
plement factor H (CFH) and clusterin, two important complement regulators in OSA. Materials & meth-
ods: We analyzed clusterin and CFH levels in plasma of 86 patients with OSA and 33 control subjects. Re-
sults: There was no difference in CFH levels between patients (1099.4/784.6-1570.5/ug/ml) and controls
(1051.4/652.0-1615.1/ug/ml, p = 0.72). Clusterin levels were higher in patients with OSA (309.7/217.2—
763.2/ug/ml vs 276.1/131.0-424.3/ug/ml, p = 0.048) with a trend for a positive correlation with disease
severity (p = 0.073). Conclusion: Increase in clusterin levels may be protective in OSA by blocking the MAC
formation.
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Obstructive sleep apnea (OSA) is a common disease, which is characterized by repetitive collapse of the upper
airways during sleep resulting intermittent hypoxemia and frequent arousals. These lead to enhanced systemic
inflammation that is reflected by increased concentration of several circulating pro-inflammatory molecules [1-3]
and decreased level of anti-inflammatory molecules [4,5]. Understanding inflammation in OSA is important as
it could link OSA to its cardiometabolic comorbidities, such as cardiovascular disease, hypertension, diabetes or
dyslipidemia.

The complement system is part of the humoral innate immunity which is involved in the anti-microbial defense,
augmentation of the antibody response, immunoregulation and clearance of immune complexes and apoptotic
cells [6]. It has also a role in the pathophysiology of OSA [7-10]. More particularly, higher levels of early elements
of the complement cascade, such as C3 [9,10] and C3a (8] were reported in sleep apnea. However, despite the
activation of the complement system, molecules present at further steps of the pathway, such as C5a and SC5b-9
were unaltered in OSA [8] suggesting regulatory mechanisms.

Regulatory molecules of the complement cascade have not been widely investigated in OSA before [7,11,12]. The
levels of thrombomodulin, which enhances complement factor I and complement factor H (CFH) function thus
inhibiting the C5 convertase, and facilitates the degradation of C3a and C5a, were reported unaltered in OSA [11].
Reduced expression of complement component 4-binding o has been shown in OSA [71. Component 4-binding
a is an inhibitor of the classical and lectin pathway, but also blocks the formation of C3b with C4b2b (6]. Emin
et al. reported that the internalization of CD59, an inhibitor of C5b-9 (membrane attack complex), is augmented
in OSA [12] suggesting enhanced formation of C5b-9. However, this has not been confirmed by our previous study _
reporting unaltered SC5b-9 levels (). There was a tendency for increased CD35 following sleep deprivation (13. ~ Future B
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CFH is the main regulator of the alternative pathway (6], but it also inhibits the C5 convertase [¢]. In addition,
it has a direct anti-inflammatory effect by decreasing the levels of pro-inflammatory cytokines such as IL-6, IL-
8, IL-12, IFN-y, TNF-a and facilitating the production of the immunoregulatory cytokines, including IL-10
and TGF-B (14). Clusterin or apolipoprotein ] is a 75-80 kDa disulphide-linked heterodimeric protein [15]. It is
involved in lipid transport forming high-density lipoprotein particles, has an anti-apoptotic, anti-atherogenic and
anti-inflammatory role [15]. More importantly, it inhibits the formation of the cytolytic active membrane attack
complex resulting prevention from cell lysis, thus clusterin is thought to play a protective role in several pathological
circumstances [6]. Previous studies have shown that the deficiency of clusterin causes altered complement response
and aggravates inflammation. According to our knowledge, CFH has not been investigated in OSA before and only
one study measured clusterin in sleep apnea. Although higher levels of clusterin have been reported in OSA, there
was no relationship between clusterin concentration and disease severity following adjustment on age and BMI [16].

In this study we analyzed plasma samples for clusterin and CFH in patients with OSA and non-OSA controls
and correlated their levels with markers of disease severity.

Materials & methods
Study design & subjects
We included 119 volunteers (55 = 13 years, 62 men) who were referred for a diagnostic sleep study due to suspected
OSA (i.e., sleep difficulties, snoring, witnessed apnea, daytime tiredness, obesity, uncontrolled comorbidities, etc.).
We took a detailed medical history and patients filled out the Epworth Sleepiness Scale (ESS). This was followed
by a full night inpatient polysomnography (n = 66) or cardiorespiratory polygraphy (n = 53). Blood samples
were collected for clusterin, CFH, fasting glucose, C-reactive protein (CRP), glomerular filtration rate (GFR) and
lipid profile (total cholesterol, high-density lipoprotein cholesterol [HDL-C], low-density lipoprotein cholesterol
[LDL-C] and triglyceride).

The study was conducted in accordance with the amended Declaration of Helsinki. The study protocol has
been approved by the Semmelweis University Scientific Research Ethics Committee (TUKEB, 30/2014 and RKEB
172/2018). Written informed consent was obtained from each patient included in the study.

Sleep studies

Inpatient polysomnography and cardiorespiratory polygraphy were performed using the Somnoscreen Plus Tele
PSG and Somnoscreen RC devices, respectively (Somnomedics GmbH Germany) as described previously (8. Sleep
stages, movements and cardiopulmonary events were scored manually according to the American Academy of Sleep
Medicine (AASM) guideline [17]. Apnea was defined by >90% drop in nasal airflow lasting for >10 s. Hypopnea
was defined by >30% reduction in the nasal airflow lasting for >10 s, resulting in >3% drop in oxygen saturation
or arousal. Total sleep time (TST), sleep period time (SPT) and minimal oxygen saturation (MinSatO2) were
recorded, apnea—hypopnea index (AHI), oxygen desaturation index (ODI), percentage of total sleep time spent
with saturation below 90% (TST90%) and arousal index (AI) were calculated to evaluate the severity of OSA. OSA
was defined with an AHI >5/h.

Biomarker measurements

EDTA-treated venous blood samples were processed within 30 min and centrifuged at 1500 rpm for 10 min at
4°C. After centrifugation plasma samples were separated and stored immediately at -80°C until further analysis.
Biomarker levels were measured using commercially available ELISA kits (Human Complement Factor H ELISA
kit from Hycult Biotech, Uden, The Netherlands and Human Clusterin Quantikine ELISA Kit from R&D
Systems, MN, USA). The measurements were performed in duplicates according to the manufacturers’ instructions
and their mean concentrations were used. The detection limits were 3.9 ng/ml and 0.189 ng/ml for CFH and
clusterin. The intra-assay coefficient variabilities were 12 £ 17% and 19 % 23% CFH and clusterin, respectively.
All concentrations were above the detection limit.

Statistical analysis

Statistica 12 (StatSoft, Inc., OK, USA) and JASP 0.11.1 (University of Amsterdam, Amsterdam, The Netherlands)
were used for statistical analysis. The normality of the data was assessed with Shapiro—Wilk test which showed non-
parametric distribution for CFH and clusterin. Demographics and clinical characteristics were compared between
the OSA and control groups using #-test, Mann—Whitney test and Chi-square test. The levels of clusterin and CFH
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Table 1. Patient characteristics.

Characteristics Total (n = 119) OSA (n = 86) Control (n = 33) p-value
Age (years) 58.0/47.0-64.0 59.5/49.2-64.8 56.0/45.0-60.0 0.04
Gender, n (%) 52 59 33 0.01
BMI (kg/m?) 30.21 £6.28 31.97 + 6.04 25.61 +£4.29 <0.01
Hypertension (%) 66 72 48 0.02
Diabetes (%) 24 29 12 0.05
Cardio/cerebrovascular disease (%) 15 20 3 0.23
Dyslipidemia (%) 51 58 33 0.02
Arrhythmia (%) 27 30 18 0.18
Glucose (mmol/I) 5.2/4.7-6.3 5.34/4.9-6.5 4.7/43-5.1 <0.01
Total cholesterol (mmol/I) 5.39 4+ 1.18 5.30 + 1.23 5.60 &+ 1.04 0.21
HDL-C (mmol/I) 1.37/1.16-1.71 1.29/1.06-1.56 1.72/1.54-1 <0.01
LDL-C (mmol/I) 3.14 £ 1.07 3.13+1.09 3.19+1.01 0.77
Triglycerides (mmol/I) 1.40/1.06-2.09 1.56/1.13-2.29 1.16/0.86-1.65 <0.01
CRP (mg/l) 3.0/1.3-5.1 3.49/1.71-5.80 1.72/0.89-3.42 <0.01
GFR (ml/min/1.73 m?) 86.76 + 15.89 85.97 + 15.08 88.27 £17.49 0.51
ESS 5/3-7 5/3-7 4/2-6 0.19
TST (min) 407.25/368.25-443.86 421.0/385.0-452.5 388.5/331.5-415.5 <0.01
SPT (min) 445.8/405.0-478.5 465.0/412.5-485.8 419.0/396.8-452.0 0.09
AHI (1/h) 17.3/4.2-32.3 23.7/15.8-39.6 1.9/1.1-3.0 <0.01
ODI (1/h) 14.1/2.2-27.6 20.2/11.9-35.5 1.1/0.6-1.7 <0.01
TST90% (%) 2.25/0.10-11.13 6.2/1.2-17.7 0.0/0.0-0.1 <0.01
MinSatO, (%) 84.5/78.0-89.0 82.0/76.0-85.0 90.0/88.0-92.0 <0.01
Al (1/h) 41.4/29.13-53.35 39.7/29.6-53.8 48.3/25.6-53.2 0.82

Subjects’ characteristics. Data are presented as mean =+ standard deviation or median/25-75%.

AHI: Apnea-hypopnea index; Al: Arousal index; CRP: C-reactive protein; ESS: Epworth Sleepiness Scale; GFR: Glomerular filtration rate; HDL-C: High-density lipoprotein cholesterol; LDL-C:
Low-density lipoprotein cholesterol; ODI: Oxygen desaturation index; SPT: Sleep period time; TST: Total sleep time; TST90%: Percentage of total sleep time spent with oxygen saturation
below 90%.

were compared with clinical variables and the parameters of sleep architecture using nonparametric Spearman test.
The biomarker levels were compared between patients with and without a specific comorbidity (i.e., hypertension,
diabetes, etc.) with the Mann—Whitney test. Clusterin and CFH concentrations were compared between OSA and
control groups as well as along disease severities with nonparametric analysis of covariance (ANCOVA) adjusted for
age, gender and BMI. Data are expressed as mean = standard deviation for parametric and as median/interquartile
range/for nonparametric variables. A p-value <0.05 was considered significant.

The sample size was calculated to detect significant differences in CFH and clusterin levels between the OSA
and control groups with an effect size of 0.40, statistical power of 0.80 and « error probability of 0.05. This sample
size also allowed us to detect differences with an effect size of 0.40 among different groups of disease severity with
a power of 0.80 [18].

Results

Comparison of the OSA & control groups

Eighty-six patients were diagnosed with OSA. Twenty-one had mild (AHI 5-14.9/h), 33 had moderate (AHI
15-29.9/h) and 32 had severe (AHI >30/h) disease. Patients with OSA were older, had higher prevalence of males,
patients with hypertension, diabetes and dyslipidemia, they had higher CRP, fasting glucose and triglyceride levels
and lower HDL-C levels (all p < 0.05). As expected, patients with OSA had higher AHI, ODI and TST90% and
lower minSatO; (all p < 0.05, Table 1).

Plasma CFH results

Plasma CFH levels did not relate to age, BMI or any of the clinical or sleep parameters (all p > 0.05). However, CFH
tended to be higher in men (1256.1/852.2-1628.3 pg/ml vs 963.2/576.2-1543.1 pg/ml, p = 0.06). Comparing
patients with OSA (1099.4/784.6-1570.5 ng/ml) and controls (1051.4/652.0-1615.1 ug/ml, Figure 1A), no
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Figure 1. Plasma complement factor H levels. (A) Plasma complement factor H levels between the obstructive sleep
apnea and control groups. (B) Plasma complement factor H levels between the severity groups.
CFH: Complement factor H; OSA: Obstructive sleep apnea.
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Figure 2. Plasma clusterin levels. (A) Plasma clusterin levels between the obstructive sleep apnea and control groups.
(B) Plasma clusterin levels between the severity groups.
OSA: Obstructive sleep apnea.

difference was found (p = 0.72). Similarly, comparing CFH levels along groups of OSA severity, no difference was
observed (p = 0.41, Figure 1B).

Plasma clusterin results

Plasma clusterin levels were higher in patients with OSA (309.7/217.2-763.2 ug/mlvs 276.1/131.0-424.3 pg/ml,
p = 0.048, Figure 2A). There was also a trend for a positive correlation between increasing clusterin concentrations
and disease severity (p = 0.073, Figure 2B). In line with this, clusterin levels related to AHI (p = 0.22, p = 0.02), ODI
(p=0.23,p=0.01), TST90% (p =0.18, p = 0.04). A significant, but weak relationship between clusterin and glucose
levels (p = 0.25, p = 0.01) was observed together with a tendency for a correlation with CRP (p = 0.19, p = 0.05)
and triglyceride levels (p = 0.16, p = 0.09) and for an inverse correlation with HDL-C levels (p = —0.17, p = 0.06).
Plasma clusterin levels were higher in patients with hypertension (309.7/221.6-812.4 pg/ml vs 281.8/111.5—
377.1 ug/ml, p = 0.02), and arrhythmia (595.2/264.6-1026.3 pg/ml vs 279.6/161.6-450.9 pg/ml, p < 0.01).
Due to these significant relationships, comparison analyses between OSA and control groups were adjusted for
glucose levels, and the presence of hypertension and arrhythmia as further covariates. Following adjustment, the
difference between OSA and control groups was still significant (p = 0.03) and the trend between OSA severity
and increasing clusterin concentrations became significant (p = 0.02).
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Discussion

In this study we analyzed the circulating levels of CFH and clusterin in patients admitted for a diagnostic sleep test
for suspected OSA. We found significantly higher levels of clusterin in OSA suggesting that this molecule could be
responsible for the blunted complement response reported in our previous study (8]. In contrast, the levels of CFH
were unaltered in OSA.

CFH has widely been investigated and altered levels were reported in renal disease, age-related macular degen-
eration, infections and various malignancies [19]. However, a fivefold variation in plasma CFH levels were noticed
in the general population [20] and it is believed that its levels are primarily determined by genetic factors [20]. This
variation in healthy subjects overlaps with values reported in various diseases limiting the diagnostic utility of CFH
in clinical practice. Mechanisms inducing and regulating CFH expression are not fully known [21]. It has been
shown that CFH secretion is induced by IFN-y and glucocorticoids [22], which are elevated in OSA [1,23]. On the
other hand, hypoxemia blunts CFH expression [24]. These contradictory mechanisms could explain why there was
no overall change in CFH in OSA. Of note, CRP may potentiate the complement-inhibitory function of CFH [25]
and we reported higher CRP levels in the current study. Thus, despite there was no difference in the quantity of
CFH, this molecule could still contribute to the blunted complement response.

In line with the study by Peng ez al. [16], we reported elevated plasma levels of clusterin in OSA. Interestingly, that
study did not find a relationship between clusterin and AHI following adjustment on age and BMI. In our reporrt,
the association was significant following adjustment on further confounders, strengthening the relationship between
clusterin and OSA. Elevated clusterin levels in OSA can be explained by multiple mechanisms. It is known that
hypoxia may induce nuclear clusterin transcription via the HIF-Ia [26]. In line with this, the correlation between
markers of chronic intermittent hypoxemia and clusterin was significant. Upregulated clusterin expression facilitates
autophagy resulting cytoprotective effects in hypoxic conditions [27]. Under oxidative stress, clusterin modulates the
expression of several oxidative stress-related genes. In clusterin knock-out mice, increased expression of inducible
nitric oxide synthase was detected and there was a decrease in expression of antioxidant superoxide dismutase [28].
In addition, glucose may also induce clusterin expression [29]. Supporting this, a significant correlation has been
observed between glucose and clusterin in our study. Of note, the difference between OSA and control groups
was still significant following adjustment on glucose levels. Furthermore, increased concentrations of clusterin
in OSA could be due to elevated thrombin (30] and pro-inflammatory cytokine (1] levels, as thrombin and IL-
1B 31 may facilitate clusterin expression [32]. Moreover, clusterin attenuate inflammation via the inhibition of
NF-kB activity [33], which has an important role in systemic inflammatory processes in OSA [34]. In patients with
OSA lower airway inflammation is characterized by neutrophil dominancy (35]. High clusterin expression has been
shown in bronchial epithelial cells during inflammation (36}, thus clusterin is proposed to have a protective effect
via decreasing neutrophil infiltration and promoting phagocytosis [33]. According to the previous study, elevated
clusterin levels were related to cognitive decline in OSA [16]. This not necessarily mean a causal relationship, as
elevated clusterin levels in Alzheimer’s disease represent a compensatory mechanism [37]. Apart from blunting the
complement response, clusterin is involved in the clearance of amyloid-p peptides [37] and apoptotic cells (381, and
has an anti-atherogenic role [15].

Manzar ez al. previously reported that altered levels of complements are related to impaired sleep quality [39].
However, in line with our previous report (8], CFH and clusterin did not relate to Epworth Sleepiness Scale. This
discrepancy could be due to the fact that Manzar ez 4/. investigated a healthy and young population. Further studies,
clarifying daytime consequences of complement system in OSA are warranted.

As expected, patients with OSA had a higher BMI. Obesity itself is associated with heightened systemic
inflammation and fat tissue may be a source for pro-inflammatory molecules in OSA [40]. However, the observed
differences were unlikely due to obesity. First, neither CFH nor clusterin levels correlated with BMI. Secondly, the
comparisons were adjusted for BMI.

The study has some limitations. Our study included subjects who were referred to our Sleep Unit due to suspected
OSA (i.e., snoring, witnessed apnea, fatigue, daytime sleepiness, obesity or cardiometabolic comorbidities). Snoring
itself causes upper airway inflammation due to the vibrational trauma and inflammation of the upper airways
affect the systemic inflammatory processes. Moreover, OSA-related cardiovascular or metabolic comorbidities are
associated with oxidative stress and low-grade systemic inflammation. Previous studies showed evidence that altered
circulating clusterin levels were associated with metabolic and cardiovascular diseases [41], which disorders were
frequent in our control group (48% hypertension, 18% arrhythmia, 33% dyslipidemia). In line with this, the levels
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circulating clusterin were higher in the current study than in a previous report analyzing healthy, young women [42],
but comparable to those reported in a middle-aged general populations [43,44], although in the latter two studies
comorbidities were not evaluated systematically. To reduce the level of bias due to comorbidities, our analyses were
adjusted for these in addition to the demographics and BMI; however, further studies balancing OSA and control
groups on demographics and clinical characteristics are warranted to eliminate this bias. Another limitation of the
study is the relatively small number of control participants. We believe that our data will serve basis for study
design and sample size calculations. Sixty-six volunteers had a full-night polysomnography, therefore the values of
AL TST and SPT need to be interpreted with caution. The study had a cross-sectional and case control design,
patients with OSA did not have follow-up measurements after treatment with continuous positive airway pressure

(CPAP). Further studies should address how CPAP therapy influences plasma clusterin levels.

Conclusion

In summary, we reported increased concentrations of plasma clusterin in OSA. This suggests a potential im-
munoregulatory mechanism and could be an explanation for the previously reported blunted complement response
in OSA. However, to understand the role of clusterin in OSA in detail, studies evaluating control groups balanced
for demographic characteristics and comorbid profile, as well as CPAP trials are warranted. Moreover, further
studies analyzing other regulatory molecules of the C5, such as Factor I or decay-accelerating factor (6] are needed
to understand the role of complement cascade in OSA.

Summary points

e Results of this article:
e Circulating clusterin levels are higher in obstructive sleep apnea (OSA) and relate to disease severity;
e The plasma levels of complement factor H are unaltered in OSA.

e Conclusion: increased concentrations of plasma clusterin suggest a potential immunoregulatory mechanism and
could be an explanation for the previously reported blunted complement response in OSA.
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