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Abstract. Background/Aim: Obstructive sleep apnea
syndrome (OSAS) is associated with intermittent episodes of
hypoxia, endothelial  dysfunction associated
cardiovascular problems. Our aim was to investigate
whether OSAS-related hypoxia alters the expression of rho-
associated protein kinase (ROCK), a marker of chronic
hypoxia and endothelial dysfunction. Materials and
Methods: ROCKI and ROCK2 levels were measured by
immunoblotting in peripheral blood mononuclear cells
(PBMC) of 47 OSAS patients and 17 healthy controls.
Results: OSAS patients showed significantly lower PBMC
ROCKI and ROCK2 levels than healthy controls in the
morning, but not in the evening. ROCKI/2 levels were
correlated with blood triglyceride, visceral adiposity index,

and

minimum  oxygen  saturation, C-reactive  protein
concentration, lymphocyte levels and sleep efficiency.
Conclusion: Intermittent hypoxia induced by OSAS does not
permanently alter ROCK protein expression levels. OSAS
appears to be associated with endothelial dysfunction

through inflammation and lipid metabolism pathways.

Obstructive sleep apnea syndrome (OSAS) is one of the most
frequent sleep disorders with a prevalence of 2-4% in the
adult population, 3.1%-7.5% in men and 1.8%-5% in women
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(1-9). OSAS is characterized by repetitive episodes of apnea
due to total compression of respiratory tract, intermittent
hypoxia, reduced blood oxygen saturation and impaired sleep
quality. It may cause difficulty sleeping, morning headache,
daytime sleepiness, fatigue and reduced performance in
daytime activities. Age, male gender and obesity have been
listed among the risk factors of OSAS (1-3, 10). Moreover,
OSAS has been associated with increased risk for arterial and
pulmonary hypertension, cardiovascular and cerebrovascular
disorders and metabolic syndrome (2, 11-14).

Although pathophysiological processes underlying OSAS
have not been fully understood, inflammation, vascular
endothelial dysfunction and altered body metabolism have
been implicated (15, 16). Rho-associated protein kinase
(ROCK) enzyme is known to be involved in regulation of
vascular functions and cardiovascular disease pathogenesis.
ROCK activation has been shown to enhance endothelial
permeability and induce angiogenic processes through
regulation of endothelial gene expression (17). In several
studies, ROCK enzyme activity has been shown to be altered
in patients characterized with cardiorespiratory problems that
might potentially lead to chronic hypoxia of the target tissue
(e.g. brain, heart etc.) (18, 19). In a single study, ROCK
activity has been shown to be increased in OSAS in
correlation with increased C-reactive protein (CRP)
concentration and reduced flow-mediated dilatation in the
brachial artery suggesting the presence of an interplay with
ROCK and endothelial dysfunction (20).

The present study was conducted to find out whether
intermittent hypoxia induced by OSAS might alter ROCK1
and ROCK?2 expression in the peripheral blood and thus
levels of these proteins can be used to extrapolate the
intensity of hypoxia induced by OSAS. Clinical and
laboratory features that might potentially be associated with
ROCK expression levels were also investigated.
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Materials and Methods

Patients. A total of 47 consecutive male OSAS patients (42.8+8.4
years-old) and 17 age and gender matched healthy men (39.2+8.7
years-old) were prospectively recruited. To avoid the interference
of sex hormones, no female patients or controls were recruited.
Each participant underwent a detailed physical and neurological
exam, blood pressure measurement, total blood count and blood
biochemistry investigations. Blood biochemistry included acute
phase reactants C-reactive protein (CRP) and ferritin. Participants
with abnormal medical exam, blood pressure and laboratory results
were not included. Moreover, individuals with a history of
hypertension, diabetes mellitus, cardiovascular, cerebrovascular,
liver or kidney disease and chronic inflammatory or autoimmune
disorders were excluded. Height, weight, body mass index (BMI),
body adiposity index (BAI) and visceral adiposity index (VAI) were
recorded for each participant. The study was approved by the
Institutional Review Board and each participant gave informed
consent for the study.

Sleep recordings. A medical history regarding sleep disorders was
taken in detail. Sleep status was investigated with evaluation of
sleep habits, sleep symptoms and Epworth Sleepiness Scale (ESS).
Full-night polysomnography (PSG) recordings (Embla TMN 7000
PSG Amplifier, Reykjavik, Iceland) were performed by two sleep
specialists who were blinded for the clinical characteristics of the
patients, as per previously published criteria (21). PSG included 16-
channels electroencephalography (placed according to the 10-20
international electrode placement system), right and left
electrooculography, chin electromyography and electrocardiography.
Thoracic and abdominal movements were recorded with
piezoelectric strain gauges and body posture was evaluated with
thoracic belt sensors. Respiration was recorded with oronasal
thermocouples and nasal pressure transducer and continuous pulse
oximetry monitorization was done. The following PSG parameters
were evaluated: sleep efficiency index (total sleep time per time in
bed), oxygen desaturation index (ODI), minimum and mean oxygen
saturation, rapid eye movements (REM) and non-REM (NREM)
apnea/hypopnea index (AHI), REM and NREM duration. Apnea
was defined as at least 90% drop in airflow from baseline, which
lasts at least 10 sec. Hypopnea was defined as at least 30%
reduction in airflow that lasts at least 10 sec and is associated with
at least 4% decrease in arterial oxyhemoglobin saturation. AHI was
defined as the total number of apneas and hypopneas per hour of
sleep time. Apneas were classified as obstructive if respiratory
efforts were present and central if respiratory efforts were absent
during the event.

Immunoblotting. For measurement of peripheral blood mononuclear
cell (PBMC) expression levels of ROCK1 and ROCK?2, venous blood
samples were obtained from each participant at 08.00 AM and 20.00
PM. PBMC were isolated by ficoll centrifugation and were stored
at —80°C. PBMC were thawed, homogenized with cell lysis buffer [20
mM Tris pH 7.4, 137 mM NaCl, 2 mM ethylenediaminetetraacetic
acid (EDTA) pH 74, 1% Triton X-100, 25 mM f-glycerophosphate,
1 mM phenylmethylsulfonyl fluoride (PMSF), 10 ug/ml aprotinin, 10
pg/ml leupeptin, 10 pg/ml pepstatin and 100 mM orthovanadate] and
after 20 min of incubation on ice were subjected to centrifugation at
20,000 xg at 4°C for 20 min. Protein concentrations were determined
by a BCA Protein Assay Kit (Pierce Biotechnology, Waltham, MA,
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USA). Twenty pg of proteins were loaded and separated by 4-20%
SDS—polyacrylamide gradient gel electrophoresis and then transferred
to 0.45-um polyvinylidene fluoride membranes (100 V, 80 min). After
blocking for 1 h in phosphate buffered saline with tween 20 (PBST)
(10 mM sodium phosphate, 0.9% NaCl, and 0.1% Tween 20)
containing 5% non-fat dry milk, blots were incubated overnight at
4°C with the primary antibodies (1:500 dilution for all) to ROCK1,
ROCK?2 and f-actin (Abcam, Cambridge, UK) in PBST containing
3% non-fat milk. The blots were washed four times with PBST and
incubated for 1 hour with horseradish peroxidase conjugated
secondary antibody (1:2,000 dilution, Santa Cruz Biotechnology,
Santa Cruz, CA, USA) in PBST. Immunoreactivity of the protein
bands were detected by enhanced chemiluminescent autoradiography
(ECL kit, Amersham Pharmacia Biotech, Piscataway, NJ, USA). A
molecular weight standard (Bio-Rad Laboratories, Hercules, CA,
USA) was loaded to assess relative molecular mass of detected bands.
The immune blot bands were quantified through measurement of
band intensity with ImageJ software using the same pixel scale for
all pictures. Band intensities were normalized by [3-actin expression
and expressed as arbitrary units.

Statistical analysis. PBMC levels of ROCK1 and ROCK2 proteins
were compared with ANOVA and Tukey’s post-hoc test. Sleep and
laboratory parameters of OSAS patients and healthy controls were
compared with Student’s 7-test. Correlation studies were performed
with Pearson’s correlation test. p<0.05 was considered as
statistically significant.

Results

Altered sleep and laboratory parameters of OSAS patients.
Several parameters related with obesity, sleep dysfunction
and inflammation were compared among OSAS patients and
healthy controls (Table I). OSAS patients showed
significantly higher weight, BMI and BAI values, whereas
VAI values were comparable between OSAS patients and
healthy controls. Among blood lipid levels, only total
cholesterol was found to be significantly elevated in OSAS
patients. As an acute phase reactant, blood CRP (but not
ferritin) concentration was significantly increased in OSAS
patients. Although OSAS patients showed trends towards
exhibiting increased white blood cell, lymphocyte and
neutrophil counts in the peripheral blood as compared to
healthy controls, these differences did not attain statistical
significance. Among sleep parameters, ODI, minimum
oxygen saturation and REM/NREM apnea-hypopnea indices
were significantly altered, whereas sleep efficiency, REM
and NREM durations were not affected (Table I).

OSAS patients display reduced PBMC ROCKI1/2 levels in the
morning. Protein expression levels of ROCK1 and ROCK2
were measured and a semi-quantitative analysis of
expression levels were done with a software. ROCK1 and
ROCK2 levels of PBMC obtained in the morning were
significantly lower than those obtained in the evening
(»=0.003 and p=0.004 for ROCKI1 and ROCK2,
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Table 1. Comparison of demographic, obesity, sleep, inflammation and blood lipid level parameters of obstructive sleep apnea syndrome (OSAS)
patients and healthy controls. Values are indicated as meanzstandard deviation.

OSAS patients (n=47) Healthy controls (n=17) p-Value
Age 42.8+8.4 39.248.7 0.134
Height (m) 1.8+0.1 1.8+0.1 0215
Weight (kg) 93.0£12.2 80.1x10.3 <0.001
Body mass index (kg/m2) 304+39 25.7+2.8 <0.001
Body adiposity index (%) 27.9+3.1 244425 <0.001
Visceral adiposity index (AU) 0.03+0.03 0.03+0.03 0.487
Triglyceride (mg/dl) 234.7+209.1 211.5+209.8 0.350
Total cholesterol (mg/dl) 219.5+46.0 196.6+40.5 0.032
HDL-cholesterol (mg/dl) 424483 40.3+£6.5 0.153
LDL-cholesterol (mg/dl) 129.5+38.4 113.9+45.1 0.109
C-reactive protein (mg/dl) 42438 2.0+2.1 0.003
Ferritin (ng/ml) 60.8+31.8 73.8+41.8 0.127
White blood cell count (per ul) 77001400 70001900 0.079
Lymphocyte count (per ) 2900+2100 2300+700 0.100
Neutrophil count (per ul) 4400+1200 3900+1700 0.176
Sleep efficiency (%) 85.7+£8.9 85.5+8.9 0.467
ODI (n/hour) 26.7+20.8 2.1+£20 <0.001
Mean oxygen saturation (%) 96.7+£30.2 95.2+1.0 0.368
Minimum oxygen saturation (%) 81.5+11.2 91.0+2.6 <0.001
REM apnea index (n/hour) 24.8+30.6 4.0+5.5 <0.001
NREM apnea index (n/hour) 130.3+121.2 4.5+6.7 <0.001
REM hypopnea index (n/hour) 11.4+13.0 39+53 0.001
NREM hypopnea index (n/hour) 37.5+£25.6 3.1+3.8 <0.001
REM duration (minute) 67.7+£29.7 70.6+£22.8 0.340
NREM duration (minute) 326.3£39.0 343.4+47.9 0.100

AU: Arbitrary units; n/hour: number/hour; ODI: oxygen desaturation index; REM: rapid eye movements; NREM: non-REM. Body mass
index=weight (kg)/height (m)2. Body adiposity index=[hip circumference (cm)/height (m)!-5] — 18. Visceral adiposity index (for men)=[waist
circumference (cm)/39.68 + (1.88 x BMI)] x [triglyceride level (mmol/1)/1.03] x [1.31/ HDL-cholesterol level (mmol/1)].

respectively). Morning levels of both ROCK1 and ROCK?2
were also significantly lower than morning and evening
levels of healthy individuals (p<0.05 for all comparisons)
(Figure 1). There were no significant differences among
OSAS patients and healthy controls by means of evening
levels of ROCK1/2. Also, morning and evening levels of
ROCK1/2 were identical in healthy individuals.

PBMC ROCKI/2 levels are correlated with triglyceride
levels and visceral adiposity index. Potential associations
between ROCK1/2 protein expression levels and measured
lipid (triglyceride, total cholesterol, HDL-cholesterol, LDL-
cholesterol), inflammation (CRP, ferritin levels, white blood
cell, lymphocyte, neutrophil counts), sleep (ODI, oxygen
saturation, sleep efficiency, REM/NREM apnea-hypopnea
indices, REM/NREM sleep duration) and obesity (weight,
BMI, BAI, VAI) parameters were investigated by correlation
studies. The most significant correlations (p<0.001) were
found between evening ROCKI1/2 levels versus blood
triglyceride levels and VAI values. By contrast, ROCK1/2
levels were not correlated with total cholesterol, HDL-
cholesterol, LDL-cholesterol, BMI and BAI values. Also,

morning ROCK1/2 levels did not correlate with blood lipid
levels and obesity index parameters. Significant correlations
(»=0.001) were also found between morning levels of
ROCK1/2 versus CRP concentration and blood lymphocyte
counts. Only evening ROCK1/2 levels of OSAS patients
showed weak correlation (p=0.016-0.029) with sleep
efficiency, minimum oxygen saturation and non-REM sleep
duration values (Table II). Representative scatter plot graphs
of notable correlation studies for ROCK1 expression levels
are depicted in Figure 2. No significant correlation was
found between ROCK1/2 levels and investigated laboratory
and sleep parameters in healthy individuals (not shown).

Discussion
The Rho-ROCK pathway participates in various
physiological processes including cell contraction,

proliferation, differentiation, apoptosis and migration.
Endothelial permeability and angiogenesis are also regulated
by this pathway (22). Over the past decade, there has been
increasing experimental evidence underlining the
involvement of two isoforms of ROCK, ROCKI1 and
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Figure 1. Peripheral blood mononuclear cell protein expression levels of rho-associated protein kinase (ROCK) 1 and ROCK2 in obstructive sleep apnea
syndrome (SA) patients and healthy controls (HC) as measured in the morning and evening. Protein expression levels were normalized with (-actin and
expressed as arbitrary units (AU). Vertical lines indicate mean values. *p<0.05; **p<0.01 as assessed by ANOVA and Tukey'’s post-hoc test.

Table II. List of notable correlations between obesity, sleep, inflammation and blood lipid level parameters and rho-associated protein kinase
(ROCK) 1 and ROCK?2 protein expression levels (as measured in the morning and evening by immunoblotting) in obstructive sleep apnea syndrome

(OSAS) patients.
p-Value; R coefficient OSAS-ROCK1 OSAS-ROCK1 OSAS-ROCK2 OSAS-ROCK2
(Morning) (Evening) (Morning) (Evening)

Triglyceride level (mg/dl) 0.256; 0.169 <0.001; 0.569 0.254; 0.170 <0.001; 0.543
Visceral adiposity index (AU) 0.261; 0.167 <0.001; 0.529 0.259; 0.168 <0.001; 0.509
C-reactive protein (mg/dl) 0.001; 0.454 0.273; 0.163 0.001; 0.455 0.275; 0.162
Blood lymphocyte count 0.001; 0.458 0.868; 0.025 0.001; 0.461 0.870; 0.023
Sleep efficiency (%) 0.267; -0.165 0.021; —0.338 0.269; —-0.165 0.017; —0.348
Minimum oxygen saturation (%) 0.409; 0.123 0.020; —0.338 0.414;0.122 0.016; —0.348
Non-REM sleep duration (minute) 0.363; -0.136 0.029; —0.319 0.368; —-0.134 0.029; —0.318

AU: Arbitrary units; REM: rapid eye movements. Significant correlations are denoted with bold characters. Values are indicated as p-value; R

correlation coefficient of Pearson’s correlation test.

ROCK?2 in numerous cardiovascular and renal disorders. The
activity of this pathway is increased in disorders such as
heart failure, coronary artery disease and cerebrovascular
disease, all of which associated with tissue hypoxia and
reduced integrity of tissue vasculature (18, 19, 23).
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Particularly, ROCK2 is mostly expressed in endothelial cells
and its expression is altered by several vascular disorders.
Moreover, ROCK inhibitors have been shown to ameliorate
pathophysiological and clinical adverse effects of these
vascular disorders (24, 25). Recently, ROCK activity was
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Figure 2. Representative scatter plot graphs of correlation studies between peripheral blood mononuclear cell rho-associated protein kinase (ROCK) 1
and ROCK?2 protein expression levels in the evening versus blood lipid levels, minimum O, saturation, visceral adiposity index (VAI), body adiposity
index (BAI) and body mass index (BMI) values. Protein expression levels were normalized with f-actin and expressed as arbitrary units (AU). R:
Correlation coefficient and p: p-value for Pearson’s correlation test.
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found to be increased in OSAS suggesting that Rho-ROCK
signaling pathway is also involved in this disease (20).

In this study, we investigated the expression levels of two
ROCK isoforms in OSAS and found only a transient
decrease in the expression levels of both isoforms in the
morning, which was reversed in the evening. Moreover,
ROCK1/2 levels were most significantly correlated with
blood triglyceride concentration and VAI, which is a
triglyceride-dependent factor. Moderate correlations were
also determined between morning ROCK1/2 levels versus
CRP levels and blood lymphocyte counts. In brief, most
significant correlations were found with lipid metabolism
and inflammation factors. Although ROCK1/2 expression
levels were also found to be correlated with certain
parameters of oxygen saturation and sleep functions, these
correlations were rather weak and marginal. Overall, our
results indicate that ROCK pathway is somewhat influenced
by pathophysiological mechanisms of OSAS and suggest
that endothelial dysfunction might be occurring in OSAS to
a certain degree. However, this influence does not appear to
be related with chronic intermittent hypoxia or
cardiovascular alterations associated with OSAS but rather
seems to be appearing as a function of lipid metabolism and
inflammation pathway alterations.

The association between obesity and inflammation has
since long been established and adipocytes are well known
producers of proinflammatory cytokines. Breakdown of
triglycerides has been shown to elicit proinflammatory
responses in endothelial cells through activation of toll-like
receptors and NFkp (26, 27). Notably, in resemblance to our
OSAS patients, in patients with metabolic syndrome, but
without diabetes mellitus or hypertension, elevated levels of
interleukin-6, soluble CD40L, monocyte chemoattractant
protein and CRP have been found to be associated with
altered ROCK activity (28). Moreover, both statins and
specific ROCK pathway inhibitors such as fasudil reduce
atherosclerosis risk through their parallel actions on lipid
metabolism regulation and immunosuppression (25, 29).
Thus, altered ROCK1/2 levels in OSAS patients might be the
end result of endothelial dysfunction brought by metabolic
syndrome and hypertriglyceridemia, which are frequently
observed in OSAS patients, who have a higher prevalence of
obesity than healthy controls.

An important finding in our study was the diurnal
variation of ROCK1/2 levels, which was observed in OSAS
patients, but not healthy controls. This disease-induced
diurnal variation has been ignored in most previous studies
assessing ROCK activity. Our results indicate that ROCK1/2
expression levels might start fluctuating under pathological
conditions and this variation should be taken into account in
ROCK pathway-based biomarker studies.

In conclusion, intermittent hypoxia induced by OSAS
does not seem to be associated with ROCK1/2 expression
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changes. However, metabolic syndrome and obesity-induced
inflammation might be the genuine culprits of endothelial
dysfunction in OSAS leading to a transient decrease in
ROCK1/2 levels. Whether this transient reduction is a
compensating measure to counterbalance the hazardous
effects of altered body metabolism in OSAS needs to be
further investigated. ROCK1/2 expression levels might be
used as potential biomarkers of metabolic syndrome in
patients without clinically-noticeable body metabolism or
cardiovascular disorders.
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