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Obstructive Sleep Apnea Syndrome (OSAS)

Obstructive Sleep Apnea (OSA) is the most common sleep related breathing 

disorder. 

It is characterized by collapse of the pharynx during sleep and repetitive nocturnal 

upper airway obstructive events associated with intermittent hypoxia (IH).

Patients suffer from repeated brain arousals, awakenings that fragment the regular 

sleep cycles, neurocognitive disorders, and cardiovascular morbidity.

OSA occurs in up to 22% of adults and 5% of children. 

Anton Federov, 2019



Obstructive Sleep Apnea Syndrome (OSAS)

Normally when breathing in, air flows through the nose and/or mouth and eventually 

reaches the lungs. 

In obstructive sleep apnea a complete and/or partial blockade of the airflow 

happens. In OSA it happens several times per hour.

The repeated process of hypoxia and re-oxygenation has a damaging effect on the 

heart especially if not treated for prolong period of time.



Obstructive Sleep Apnea Syndrome (OSAS)

OSA has a wide array of morbidities such as neurocognitive (Daytime sleepiness, poor 

school/work performance), behavioral (ADHD like ) and cardiovascular.

Cardiovascular morbidity is the leading cause of death from OSA. The morbidities include 

hypertrophy (which decrease cardiac performance and can lead to heart failure), 

hypertension, Coronary artery disease, Stroke, Arrhythmias and Heart failure. 

Considering the tight association between cardiovascular morbidity in 

OSA it is imperative to understand the consequences of Intermittent 

Hypoxia (IH) on the heart in order to prevent further damage. 

Blausen.com staff (2014). Medical gallery of Blausen Medical 
2014. WikiJournal of Medicine 1 (2)



OSA, Hypoxia, Inflammation and NF-κB

- Inflammatory components 
in adenoids and tonsils of 
patients.

- NF-κB activation in 
adenoids and tonsils of 
patients.

- NF-κB activation after 
incubation with patient’s sera 
in L-428 cell line and Jurkat 
cell line.

Israel, et al, 2013

Use of target tissue, Rat 
neonatal cardiomyocytes, 2-3 
months old mice 
cardiomyocytes and 
immortalized human 
cardiomyocytes 

After incubation with 
patient’s sera:

- NF-κB activation 

- Morphological changes 

Gannot, et al, 2020

Use of human embryonic stem cells 
derived cardiomyocytes (hES-CMs) 

After incubation with patient’s sera:

- Decrease in beating rate

- Decrease in calcium signaling

- Decrease in mechanical contraction.

iPS cells derived from mature dermal 
fibroblast that have been reprogrammed.

hESC from blastocyte of human embryos 
of IVF. 

Hen Hadad M.Sc., Thesis, 2019

Considering the pathogenesis of OSA due to intermittent 

hypoxia (IH), our next step was to study the effect of 

intermittent hypoxia in the target tissue. Whether it activates 

the NF-κB pathway and thus creating inflammation. As well 

as it’s effect on beating rate, mechanical contraction and 

calcium signaling.   



Aims and Hypothesis

 Hif-1α expression as a marker for hypoxia.

 NF-κB activation as a marker for inflammation by the expression of sub units p65 and p50.

 Expression of hypertrophic heart markers such as Erbin.

 Changes in beating rate and possible chronic effect 24 hours after IH.

 Calcium signaling and mechanical contraction with the help of the Stem cell Research Center.



Differentiation of 

human embryonic 

stem cells (hESC) 

into beating 

cardiomyocytes

Induction of 

intermittent 

hypoxia by using 

the Oxycycler 

system 

Fixation of the cells and 

quantitative 

immunofluorescence 

with antibodies (e.g. Hif-

1α, p65, p50) using the 

Operetta system.

Counting of beats 

per minute of each 

cluster of cells 

before and after 

intermittent hypoxia

Examination of 

intracellular calcium 

using the Ion optics 

system and mechanical 

contraction using the 

muscle motion system. 

Study plan and Methods



Induction of intermittent hypoxia (IH) using the Oxycycler 

system

To fully mimic OSAS we use the “Oxy-cycler” system.

Using the oxy-cycler allows us to define and imply the hypoxia profile based on our 

needs.

Our profile includes 8 minutes of 2%O2 followed by 4 minutes of 21%O2. Each cycle 

last for 12 minutes in a repetitive manner for 12 hours to mimic a full night sleep. 

Induction of 

intermittent 

hypoxia by using 

the Oxycycler 

system 
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Quantitative immunofluorescence and 

imaging using “Operetta” system 

The “Operetta” system contains a fluorescence microscope 

that enables us to scan multiple fields at a time.

By using a specific antibodies and specific fluorescent 

antibodies the system can record an image of the cells and 

quantify it to asses the expression of different elements in 

different areas within the cell. 

Fixation of the cells and 

quantitative 

immunofluorescence 

with antibodies (e.g. Hif-

1α, p65, p50) using the 

Operetta system.
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Intracellular calcium using the “Ion Optix” system 

and mechanical contraction using the “Muscle 

Motion” system

“Ion-optix” system measures the amount of intra-cellular calcium in 

cardiomyocytes. 

Such measurement of the electrical signal within the cells allows us to 

asses the contraction in Cardiomyocytes. 

By using the “Muscle Motion” system we can measure the strength of 

the contraction within the cardiomyocytes. Done with the help of the 

help of the stem cell research department and Prof’ Yoram Etzion and 

Dr. Sharon Etzion.  

Examination of 

intracellular calcium 

using the Ion optics 

system and 

mechanical 

contraction using the 

muscle motion 

system. 





Increase in nuclear Hif-1α expression after IH conditions in hES-CMs cells
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a: Quantitation of the hypoxia marker Hif-1α following intermittent hypoxia only on 

cardiomyocytes. Normoxia  = normal conditions (21% O2 , 37C˚), DFO and CoCl2 were 

positive controls as they are known for their ability to create chemical hypoxia. DFO and 

CoCl2 were incubated in normal conditions (21% O2, 37C˚) IH = intermittent hypoxia (2% O2 , 

37C˚) for 12 h (60 Cycles). P<0.0001

b-e: Immunostaining of Hif-1α and troponin (cardiomyocytes). After intermittent hypoxia (2% 

O2 , 37C˚) for 12 h (60 Cycles), the differentiated cardiomyocytes were detected with 

antibodies to troponin, a marker of cardiomyocytes cells (green) and Hif 1α (pink), followed by 

the appropriate secondary antibody. Nuclei were stained with Dapi (blue).

d. CoCl2 e. IH

c. DFO
b. Normoxia



Increase in nuclear NF-κB subunits expression after IH conditions in hES-CMs cells

A: Determination of the NF-κB subunits p65 and p50 quantification following intermittent 

hypoxia. Normoxia = normal conditions (21% O2 , 37C˚), IH = intermittent hypoxia (2% O2 , 

37C˚) for 12 h (60 Cycles). P<.001

B-E : Immunostaining of p65, p50 and troponin. After intermittent hypoxia (2% O2 , 37C˚) for 12

h (60 Cycles), the differentiated cardiomyocytes were detected with antibodies to troponin, a 

marker of cardiac cells (green), p65 or p50 (pink), followed by the appropriate secondary 

antibody. Nuclei were stained with Dapi (blue).
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Cardiac Hypertrophy, Erbin and ERK

One of the cardiovascular morbidities of OSA is cardiac hypertrophy which can lead to heart failure. 

Despite tight connection of OSA and hypoxia the connection to Hypertrophy is yet to be defined. 

To define such a connection we chose Erbin as a possible marker. 

Erbin is a protein that by creating a complex Shoc2 protein disrupt ERK1/2 signaling down stream. Such 

disruption of ERK1/2 has been showed to alleviate hypertrophy. Erbin knockout mice were more likely to 

develop hypertrophy.

Our assumption was the perhaps Erbin expression would increase in response to hypoxia to protect the 

cells. 

Adapted from, Martin J. Lohse et al 2009, The International 
Journal of Biochemistry & Cell Biology 41



Increase in nuclear Erbin Expression after IH conditions in hES-CMs cells 
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Quantitation of Erbin expression following intermittent hypoxia. Normoxia = normal conditions (21% O2 , 37C˚), IH = intermittent hypoxia (2% O2 , 37C˚) 

for 12 h (60 Cycles). P<0.001

b-c : Immunostaining of Erbin and troponin. After intermittent hypoxia (2% O2 , 37C˚) for 12 h (60 Cycles), the differentiated cardiomyocytes were 

detected with antibodies to troponin, a marker of cardiac cells (green), Erbin (pink), followed by the appropriate secondary antibody. Nuclei were stained 

with Dapi (blue).

c. IHb. Normoxia



Decrease in beating rate in Normoxia vs. intermittent 

hypoxia (IH) on hES-CMs cells.

Beats per minute. Normoxia = normal conditions 

(21% O2 , 37C˚), IH = intermittent hypoxia (IH)

(2% O2 , 37C˚) for 12 h (60 Cycles). P<.001

Before IH

After IH



OSA sera incubation reduces intracellular calcium signaling in hES-CMs 



OSA sera incubation reduces mechanical contraction in hES-CMs 



Conclusion

• Validation of The Oxycycler system which creates intermittent hypoxic conditions as shown by 

the increase of Hif-1α nuclear express. 

• Significant increase in p65, p50 expression was observed following IH. We also noticed in cells 

exposed to IH, a p65 perinuclear staining. 

• Perinuclear staining however has been attributed to the delivery of myotrophin, a small protein 

that stimulate cardiomyocytes growth and cardiac hypertrophy, to the nucleus of 

cardiomyocytes. 

• A significant decrease in cardiomyocyte beating rate was observed after exposing the cells to 

12 hours of intermittent hypoxia.

• Exposure of hES-CMs to OSAS sera reduced intra-cellular calcium signaling and mechanical 

contraction.

• We conclude that we have established a unique in-vitro system which enables us to study the 

pathogenesis of cardiovascular impairment in OSA at the molecular and cellular level in a target 

tissue of the disease.



Limitations of the system

• In vitro model meaning lack of physiological extracellular factors.

• Not a complete organ.

• Effect of a single event rather than years of IH.
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