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A b s t r a c t

Introduction: Endothelial cell migration and proliferation play an important 
role in the growth and development of new blood vessels and endothelium 
healing. This process occurs in response to injury, inflammation and immune 
reactions. Dysfunction of the endothelium may play a significant role in de-
velopment and progression of cardiovascular disease related to sleep-disor-
dered breathing. The aim of our study was to evaluate the chemo-attractant 
activity of serum from obstructive sleep apnea (OSA) and normal subjects on 
coronary artery endothelial cell migration. 
Material and methods: We studied 12 severe OSA patients, free of other 
co-morbidities and on no treatment, along with 12 age-, body mass index, 
and gender matched healthy controls. Blood was collected at three time 
points: at 21:00 before sleep, at 6:00 after waking from sleep, and at 11:00 
(after 5 h of normal daytime activity). Serum chemo-attractant activity for 
human coronary endothelial cells was assessed using a colorimetric cell mi-
gration assay kit.
Results: In healthy subjects, serum chemo-attractant activity peaked in the 
morning after waking from sleep (p = 0.02). This early morning increase 
was blunted in severe OSA subjects, in whom chemo-attractant activity was 
weaker than in normal controls (p = 0.02), and did not change significantly 
at the different time-points (p < 0.001 vs. controls).
Conclusions: Chemo-attractant activity of the serum from OSA patients is 
lower compared to serum from healthy subjects, especially in the morning. 
Altered chemo-attractant serum activity may conceivably contribute to the 
impairment of endothelial function in obstructive sleep apnea patients.
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Introduction

Sleep, both physiological and disturbed, significantly influences the 
cardiac and vascular system through direct and indirect actions on neu-
ral circulatory control [1, 2], coagulation [3], and endothelial function  
[4, 5]. Compared to wakefulness, normal sleep decreases sympathetic 
activity, heart rate, vascular tone and blood pressure. In healthy sub-
jects, endothelial function, measured as flow mediated vasodilation, 
is reported to be diminished in the morning directly after waking, in 
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comparison with evening and late-morning mea-
surements [5]. 

There is increasing evidence linking inflamma-
tion and oxidative stress to development and pro-
gression of cardiovascular disease [6–8]. Among 
others, the hallmarks of recurrent obstructive 
sleep apnea (OSA) episodes are intermittent hy-
poxia events, and arousals from sleep. These stim-
uli inevitably result in an increased sympathetic 
drive, hypoxemia-reoxygenation with oxidative 
stress, and progression of systemic inflammation, 
all of which are regarded to be important contri-
butions to cardiovascular pathophysiology in OSA 
[9–13]. In comparison with the non-OSA healthy 
population, where the cardiovascular events peak 
around the time of awakening between 6–12 am 
[14, 15], cardiovascular events in OSA are most 
likely to occur at night [16].

The endothelium is a key regulator of blood flow, 
vascular resistance, inflammatory responses and 
coagulation. While a number of the studies link OSA 
and endothelial dysfunction [17–20], the mechanis-
tic bias for this association is not well understood.

Endothelial cell migration (EM) helps maintain 
a  healthy endothelium via healing, re-endothe-
lization after endothelium injury (for example in 
response to stent implantation) and neoangiogen-
esis [21]. Endothelial cell migration is regulated 
by wall shear stress – a mechanical force exerted 
by flowing blood on the vessel wall [22]. This phe-
nomenon is mediated by a number of chemotactic 
agents secreted by the endothelium itself as well as 
by white cells and thrombocytes, and by insulin like 
grow factors and insulin grow factor binding pro-
tein [23, 24]. Impaired EM has been described in 
several conditions including insulin resistance [25].

The endothelium is not a homogenous tissue. 
Endothelial cells derived from different vessels 
have different properties including gene and pro-
tein profile expression, which results in differen-
tial functions depending on vessel of origin [26, 

27]. Abnormal function of coronary arteries can 
affect the outcomes of medical, surgical, and 
catheter-based intervention, predispose to cardi-
ac events, and increase cardiovascular morbidity 
and mortality. Apparently, part of this phenome-
non may be explained by endothelial dysfunction 
which has been repeatedly documented in coro-
nary artery disease (CAD) patients [28].

The aim of our study was to test the hypothesis 
that OSA induces serum factors affecting coronary 
artery endothelial cell migration.

Material and methods

We studied 24 subjects: 12 healthy controls and 
12 patients with newly-diagnosed, never-treated 
severe OSA. All subjects were non-smokers. OSA 
patients were free from any other chronic diseas-
es including hypertension, and diabetes, and were 
taking no medications. Both groups were matched 
for age, body mass index (BMI) and gender (Table I).

Study protocol: All subjects underwent full poly-
somnography. Blood was collected at three time 
points, before sleep (at 21:00, 4 h after last meal), 
immediately after waking from sleep (at 6:00), 
and 5 h after waking (at 11:00), after a standard-
ized breakfast. Serum was immediately isolated, 
protected with protease inhibitors and frozen at 
–80°C. Written informed consent was obtained 
from all subjects. The study was approved by the 
Institutional Human Subjects Review Committee.

Human coronary artery endothelial cells (HCAEC) 
were grown in EBM-2 media supplemented with 
growth factors and 2% fetal bovine albumin 
(Cambrex, USA). Experiments were conducted us-
ing cells  after 3 passages at 80–90% confluency. 
Experiments were performed using a QCMTM 24 
well colometric cell migration kit according to the 
manufacturer’s instructions (Chemicon, USA). Cells  
(1 × 105) in 300 μl serum-free medium were added 
to the upper chambers and cultured for 24 h. Low-
er chamber medium was enriched with 2% study 

Table I. Anthropometrics and sleep profiles

Variable Controls (N = 12) OSA (N = 12) Value of p

Age [years] 37.2 ±5.6 38.9 ±9.7 NS

BMI [kg/m2] 30.5 ±4.5 32.9 ±5.8 NS

Male/female, n 7/5 7/5 NS

Baseline SpO2 (%) 97.2 ±0.7 97.5 ±1.1 NS

AHI [events/h] 0.9 ±0.6 45.3 ±19.5 < 0.0001

Mean nocturnal SpO2 (%) 96.6 ±1.1 92.8 ±2.1 < 0.05

Lowest nocturnal SpO2 (%) 90.5 ±4.2 69.5 ±21.1 < 0.001

% of sleep time with SpO2 > 90% 99.1 ±0.2 90.2 ±9.2 < 0.05

Data presented as mean values ± SD. P-values for unpaired t-tests. BMI – body mass index, SpO
2 
– blood oxygen saturation, AHI – apnea/

hypopnea index.
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subjects’ serum (chemo-attractant). Non-migrat-
ing cells were removed with cottons swabs. Cells 
that migrated to the bottom of the membrane 
were lysed and stained with the stain buffer pro-
vided in the assay kit. Absorbance measured at 
the length of 650 nm of the cell lysis solution was 
a  function of cell migration and was defined as 
HCAEC migration ability. The study was repeated 
three times using different HCAEC donors. 

Statistical analysis

The differences between the groups were as-
sessed using Student’s t-Test and analysis of vari-
ance (ANOVA) for repeated measures.

Results

The characteristics of the study subjects are 
presented in Table I. 

Results are shown in Figure 1. Human coronary 
artery endothelial cells showed differential migra-
tion effects in response to exposure to serum ob-
tained from healthy subjects at three time-points. 
We observed increased cell migration in cells ex-
posed to early morning serum from healthy sub-
jects (Figure 1). In controls, the highest migration 
rate was present at 6:00 – after waking from sleep. 
It decreased at 11:00, returning to the level similar 
to the evening baseline.

Serum obtained from OSA subjects had a blunt-
ed ability to stimulate endothelial cell migration 
(p = 0.02 vs. controls at 21:00). Furthermore, the 
EM morning increase in endothelial migration ob-
served in healthy controls was attenuated in cells 
exposed to serum obtained from OSA subjects  
(p < 0.001 vs. controls at 6:00), which showed 
a flat pattern throughout all time-points.

Discussion

We report, for the first time, that serum collect-
ed from healthy subjects at three different time 
points exerts time-dependent chemo-attractant 
effects on human coronary endothelial cells. The 
peak chemo-attraction occurs after arousal in the 
morning hours, and might reflect the circadian 
pattern of coronary artery endothelial cell migra-
tion. This pattern is disrupted in severe sleep ap-
nea, where chemo-attractant properties of serum 
from patients with OSA is weaker, and no morning 
increase is observed. Our findings might help ex-
plain the difference of diurnal profiles of cardio-
vascular events between the general population 
and OSA subjects, in whom there is an increased 
cardiovascular risk during the nighttime hours. 

Both OSA and cardiovascular disease have 
been linked to altered diurnal profiles of numer-
ous agents potentially influencing endothelial 
cell migration, proliferation and vascular tone [9, 

29, 30]. However, comprehensive assessment of 
their role is challenging due to their in vivo inter-
actions. Most previous studies evaluated endo-
thelial function by measurement of vasodilating 
ability. Diurnal variation of endothelial function is 
disturbed in coronary artery disease patients [31]. 
Flow mediated vasodilation has been reported to 
be reduced in the morning hours in variant angi-
na patients, and it was associated with a higher 
number of ischemic incidents in this group [32]. 
However, none of the previous studies assessed 
diurnal changes of cell proliferation or migration. 

Our study supports the concept that healthy 
sleep is important for proper coronary endothelial 
cell migration, and hence regeneration and inti-
mal self-healing. We were not able to observe any 
morning increase of HCAEC migration ability in 
the presence of OSA serum. This loss of the nor-
mal diurnal profile might be explained by sever-
al factors including humoral effects of recurrent 
hypoxia, inflammation, or increased sympathetic 
activity. Our findings may have important clinical 
implications. In untreated OSA patients, recurrent 
chronic nightly attenuation of HCAEC migration 
a  mechanism of endothelial repair may contrib-
ute to endothelial dysfunction, and hence accel-
eration of atherosclerosis. These data might be of 
particular relevance in patients undergoing coro-
nary artery interventions such as balloon angio-
plasty and stent implantation. Patients with OSA 
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Figure 1. Endothelial cell migration (ECM) in re-
sponse to serum obtained from healthy controls 
(n = 12) and OSA subjects (n = 12). The ECM in 
response to serum obtained from healthy individ-
uals shows a diurnal profile with a peak of absor-
bance measured at 6:00 (*p = 0.02 vs. 21:00, and 
!p = 0.03 vs. 11:00). This pattern was disrupted in 
OSA patients, in whom chemo-attractant activity 
was weaker than in normal controls at 21:00 (#p = 
0.02) and at 6:00 ($p < 0.001), and did not change 
significantly at the different time-points (p < 0.001 
OSA vs. controls)

Data are presented as mean values (bars) with SD 
(whiskers). T-tests for direct comparisons and ANOVA with 
repeated measurements for time-related assessment. 
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have increased cardiovascular risk after coronary 
intervention [33].

However, we cannot rule out that inhibition 
of migration of HCAEC in response to OSA serum 
could potentially be a protective mechanism. Cell 
migration is an energy consuming process and 
engages large transcript activity. Repetitive hy-
poxemia-reoxygenation might be harmful for cells 
during apneic episodes. We have previously re-
ported potentially beneficial responses protecting 
the most vulnerable phase of the cell cycle from 
the stresses associated with apnea and hypox-
emia [34, 35]. Transcript levels of genes which pro-
mote cell division/proliferation are decreased and 
gene transcripts known to attenuate the cell cycle 
are increased after overnight apneic sleep [34].
Sleep apnea induces activation of one of the ma-
jor inhibitors of mitogen activated protein kinases 
(MAPK) – DUSP1 and its link with MnSOD induc-
tion suggest the presence of protective mecha-
nisms in sleep apnea [35]. Results of the present 
study, taken together with our earlier findings, 
suggest that the observed phenomenon of arrest-
ing/attenuating cell migration might decrease the 
exposure of the cells to excessive stress and seek 
to prevent long term cardiovascular damage. 

Potential limitations of our study include the rel-
atively small number of patients. However, this is 
mitigated by several strengths, which include the 
following: (1) patients had severe OSA and were 
newly diagnosed and untreated; (2) they were free 
of other diseases; and (3) control subjects and pa-
tients with OSA were matched for body mass in-
dex, age, and sex, thus ruling out any potential con-
founding influence of these variables on our data.

Whether CPAP treatment restores the normal 
diurnal profile of human coronary endothelial cell 
migration ability in OSA patients remains to be 
elucidated in future studies. 

In conclusion, based on our results we conclude 
that serum obtained from obstructive sleep apnea 
patients impairs human coronary endothelial 
cell migration. Altered chemo-attractant serum 
activity may conceivably contribute to the disar-
rangement of endothelial function, commonly 
documented both in coronary artery disease and 
obstructive sleep apnea patients.
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