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Oxygen regulated protein 150
can be considered as a severity
indicator in obstructive sleep apnea
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Oxygen-regulated protein 150 (ORP150) is a chaperone found in the endoplasmic reticulum (ER)
induced by ER stress, oxidative stress, glutamate toxicity, ischemia, and hypoxia. Increased expression
of ORP150 protects the cells by stopping ER stress, maintaining calcium balance, and delaying
apoptosis. In this study, we aim to investigate serum ORP150 amount in patients with different
severity levels of obstructive sleep apnea (OSA). Forty-nine patients (25 of severe and 24 of mild-
moderate), and 23 healthy controls were included in the study. Routine biochemical measurements
and serum ORP150 measurements of all groups and sleep quality measurements of OSA groups were
obtained. ELISA was used to measure ORP150 levels in serum samples. In addition, ROC analysis
was performed to determine the diagnostic power of the ORP150 parameter. There are significant
differences between all three groups in terms of ORP150 values (severe OSA: 8.03 + 0.4 ng/mL; mild-
moderate OSA: 5.54+0.47 ng/mL; control: 4.41+0.25 ng/mL, p<0.017). The highest ORP150 level
belongs to the severe OSA group and there is a direct correlation between the severity of the disease
and ORP150 levels. ORP150 value is a distinguishing parameter for OSA and the cut-off value of
ORP150 was observed as 7.14 ng/mL. We concluded that serum ORP150 levels can be a differential
diagnostic parameter in OSA patients and that disease severity can be determined by serum ORP150
measurement.
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Obstructive sleep apnea (OSA) is a clinical condition characterized by the narrowing of the upper airway
during sleep due to the decreased tension of upper airway dilator muscles, which varies depending on the sleep
phase!. This condition leads to intermittent collapse and narrowing of the upper airway, causing a reduction
in airflow and resulting in loud snoring. These events occur in repetitive cycles throughout the sleep period,
disrupting the continuity of sleep. As a consequence of pathophysiological hypoxia-ischemia, commonly
referred to as “asphyxia,” OSA leads to hypoxemia and acidosis at the tissue level®. Despite its high prevalence,
the rate of accurate diagnosis of OSA is remarkably low, with only about 10% of affected individuals receiving
a correct diagnosis. This low diagnostic rate leads to a large number of untreated OSA patients, which has
direct implications for public health systems due to the associated financial burden and increased healthcare
utilization®.

In patients with OSA, partial reduction (hypopnea) or complete cessation (apnea) of the airway can be
observed. The apnea-hypopnea index (AHI), which represents the total number of apneas and hypopneas per
hour of sleep, is the most widely used parameter for determining the severity of OSA. According to established
diagnostic criteria, the severity of OSA is classified as follows: AHI < 5/h indicates no OSA; AHI 5-15/h s classified
as mild OSA; AHI 15-30/h as moderate OSA; and AHI > 30/h as severe OSA**. Notably, OSA is strongly linked
to hypertension, type 1 and type 2 diabetes, coronary artery disease, stroke, heart failure, and arrhythmias®~!!.
Additionally, the prevalence of other comorbidities such as asthma, chronic obstructive pulmonary disease
(COPD), and goiter is also high in OSA patients. The coexistence of these comorbid conditions exacerbates the
overall disease burden and increases the risk of adverse health outcomes!'>*.
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Oxygen-regulated protein 150 (ORP150), also known as hypoxia up-regulated protein 1 (HYOUI),
is a molecular chaperone located in the endoplasmic reticulum (ER). It is induced by various cellular stress
conditions, including ER stress, oxidative stress, glutamate toxicity, ischemia, and hypoxia. ORP150 plays a
critical role in maintaining cellular homeostasis by assisting in the proper folding of newly synthesized proteins
and preventing protein aggregation within the ER'. Increased expression of ORP150 is known to protect cells
by alleviating ER stress, maintaining calcium homeostasis, and delaying apoptosis'®. Additionally, ORP150 has
been observed to increase in cells in response to hypoxic conditions, suggesting its potential role as an adaptive
mechanism that enhances cell survival and function under hypoxic stress'®. This is also known that ORP150
prevents apoptosis in various tissues!” and helps transport and mature protein in cells in hypoxic conditions'®.

Although ORP150 is primarily an intracellular protein, it can be released into the extracellular space and
subsequently detected in serum or plasma due to cellular stress, injury, or damage!®?. Previous studies have
demonstrated an association between ORP150 overexpression and the pathogenesis of various diseases??2.
However, the levels and biological functions of ORP150 in patients with OSA remain largely unexplored. Given
the central role of hypoxia in the pathophysiology of OSA and the hypoxia-responsive nature of ORP150, it is
reasonable to hypothesize that ORP150 may be involved in the molecular mechanisms underlying OSA and its
related complications.

This study aims to determine serum ORP150 levels in patients with OSA, to investigate the relationship
between serum ORP150 levels and disease severity, and to evaluate the diagnostic efficiency of ORP150 as a
potential biomarker for OSA. By elucidating the role of ORP150 in OSA, this study seeks to provide new insights
into the pathophysiological mechanisms of the disease and explore the potential of ORP150 as a diagnostic and
prognostic tool in clinical practice.

Results

Demographic characteristics

Demographic data of the control and OSA groups are given in Table 1. There isn't statistically significant
difference between the groups in terms of gender, age and body-mass index (BMI) variables (p>0.05).

Polysomnographic data

Sleep quality parameters measured by polysomnography are given in Table 2. Except for the periodic limb
movements in sleep (PLMS) values, all sleep quality parameters differed significantly between the groups
(p<0.05). Polysomnographic results showed that there were statistically significant differences in sleep quality,
arousal index, apnea-hypopnea index (AHI) and saturation-related parameters between mild-moderate and
severe OSA groups.

Laboratory parameters and ORP150 levels

Values of biochemical parameters are given in Table 3. Statistically significant difference was found between the
groups according to aspartate aminotransferase (AST), alanine aminotransferase (ALT), neutrophil, lymphocyte,
mean corpuscular volume (MCV), mean platelet volume (MPV) and C-reactive protein (CRP) variables (p < 0.05).
Pairwise comparisons were made to calculate the difference between which groups. p value to be used; since the
number of OSA groups was 3 and the number of comparisons was 2, (3{12) =3, aBD=0.05/3=0.017. After the
Kruskal-Wallis test, the p values obtained by the Mann-Whitney test were compared with the 0.017 value found
and the result was decided. The highest levels in AST, ALT, MCV and CRP parameters belong to the severe OSA
group. Compared to the control group, the severe OSA and mild-moderate OSA groups had significantly higher
levels (p<0.017). However, there was no statistically significant difference between the severe OSA and mild-
moderate OSA groups (p >0.05). There is a statistically significant difference between mild-moderate OSA and
control groups in terms of neutrophil levels (p < 0.017). However, no statistically significant difference was found
between mild-moderate OSA and severe OSA and severe OSA and control groups (p>0.05). For lymphocyte
and MPV; There was a statistically significant difference between the severe OSA and control groups (p <0.017).
However, no statistically significant difference was found between mild-moderate OSA and severe OSA; mild-
moderate OSA and control (p>0.05).

OSA
Parameter | Group | n/% | Mild-moderate | Severe Control Total | p*
n 15 20 18 53
Male
% 62.5% 80.0% 78.3% 73.6%
Gender 0.326
n 9 5 5 19
Female
% 37.5% 20.0% 21.7% 26.4%
n 24 25 23 72
Total
% 100% 100% 100% 100%
Parameter Mild-moderate | Severe Control p°
Age Mean +SD 46.92+7.16 47.6+8.25 |45.13+5.86 0.319
BMI Mean +SD 27.33+£3.76 26.6+£2.49 |24.64+2.43 0.051

Table 1. Comparison of demographic variables by groups. p?, Chi-square test value (x% p®, Mann-Whitney U
test value; BMI, body mass index; SD, standard deviation; p value, statistical significance.
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Mild-moderate OSA (mean+SD) | Severe OSA (mean+SD) | p

Sleep efficiency (%) 85.7+7.6 79.08 +4.74 0.001*
PLMS 14.91+£9.97 17.58+11.1 0.271

Arousal Index 11.1£5.95 17.55+11 0.009*
N1 (%) 6+4.7 12.12+7.63 0.001*
N2 (%) 60.21£8.21 66.34£6.9 0.011*
N3 (%) 22.54+8.76 16.76 +7.87 0.029*
REM (%) 11.24£5.36 4.78+4.42 0.001*
AHI 18.72+6.24 63.47+19.23 0.001*
Minimum saturation 82.64+4.03 71.67+13.36 0.001*
Mean saturation 91.68+1.65 87.83+3.03 0.001*
Desaturation Index (T90) | 9.66+12.76 41.93+31.09 0.001*

Table 2. Polysomnographic recordings and scoring of the OSA groups. PLMS, periodic limb movements in
sleep; REM, rapid eye movement; N1, non-REM stage 1; N2, non-REM stage 2; N3, non-REM stage 3; AHI,
apnea-hypopnea index; SD, standard deviation; *p <0.05, there is a statistically significant difference between
the groups.

There are significant differences between all three groups in terms of ORP150 values (p <0.017). The highest
ORP150 level (8.03 +0.4 ng/mL) belongs to the severe OSA group and there is a direct correlation between the
severity of the disease and ORP150 levels (Fig. 1; Table 4). ORP150 values of mild-moderate OSA group and
control group were found to be 5.54+0.47 ng/mL and 4.41 +0.25 ng/mL, respectively. According to the results
of the ROC analysis, ORP150 value is a distinguishing parameter for OSA and the cut-off value of ORP150 was
observed as 7.14 ng/mL ROC analysis data and cut-off values are given in Table 5; Fig. 2.

Discussion

In this research, we evaluated the association between serum ORP150 levels and OSA. Our findings demonstrate
that serum ORP150 levels are significantly higher in OSA patients compared to healthy controls. Additionally,
serum ORP150 levels were positively correlated with the severity of OSA.

OSA is currently recognized as a significant public health concern, affecting 5-15% of the general population.
Its prevalence increases linearly with age, at least until 60-65 years, and continues to rise daily*>. The most
accurate method for diagnosing OSA is overnight polysomnography, which records sleep and respiration,
including brain activity, eye movements, heart and muscle activity, and airflow?!. However, this method is
expensive, time-consuming, and requires additional workforce and physical space in healthcare facilities.
Although clinical scoring questionnaires offer practicality, they cannot reliably determine disease severity®.
Multiple scoring templates are available for diagnosing OSA, but their accuracy and specificity are insufficient,
especially in pediatric populations®. Therefore, there is a need for reliable and practical measurement methods
to diagnose OSA and determine disease severity.

The apnea-hypopnea index (AHI) is known to be associated with OSA severity?’. In our study, AHI differed
significantly between severe and mild-moderate patient groups, confirming this relationship. However, AHI is
not always considered the gold standard and may not accurately reflect the clinical situation?®. Consequently,
researchers have investigated various biochemical parameters related to OSA severity. Ekin et al. explored levels
of 8-hydroxydeoxyguanosine (8-OHdG), malondialdehyde (MDA), ischemia-modified albumin (IMA), and
NADPH oxidase 4 (NOX-4), finding that all were linked to OSA severity, with 8-OHdG and MDA demonstrating
100% specificity®. Similarly, Yi et al. found an association between C-reactive protein (CRP) and tumor necrosis
factor-alpha (TNF-a) levels with OSA severity in a meta-analysis®’. However, Wali et al. reported that while CRP,
fibrinogen, TNF-a, and interleukin-6 (IL-6) levels were elevated in OSA patients compared to controls, none
correlated with disease severity®!. Lynch et al. found no association between insulin-like growth factor I (IGF-I)
levels and OSA severity**.

This study is the first to demonstrate that ORP150 levels increase in response to hypoxia severity, with higher
ORP150 levels observed in severe OSA patients. ORP150 is one of the few oxygen-regulated proteins synthesized
in the endoplasmic reticulum in response to hypoxia, with a molecular weight of 150 kDa**. ORP150 plays a
protective role against ischemia-reperfusion injury in renal, neural, and cardiac tissues and has cytoprotective
effects in nerve cells. It also exhibits anti-apoptotic and neurotrophic properties'®*-3. Notably, neurons
overexpressing ORP150 show resistance to hypoxic stress*C.

In our study, no statistically significant differences were observed between the severe and mild-moderate
OSA groups in any biochemical measurements, except for ORP150. ROC analysis revealed that the optimal cut-
off value for ORP150 is 7.14 ng/mL, with a specificity of 0.801 and sensitivity of 0.958. To date, no other studies
in the literature have examined ORP150 levels in relation to different OSA severity levels. Based on our findings,
we propose that serum ORP150 levels can serve as a differential diagnostic marker for OSA and that ORP150
measurements can help determine disease severity.
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Parameters Groups Mean +SD P Differences
Mild-moderate OSA! | 20.56+3.86

AST (U/L) Severe OSA? 22+5.99 0.001* | 1-3,2-3
Control® 16.04+2.75
Mild-moderate OSA! | 25.28+6.08

ALT (U/L) Severe OSA? 25.71+14.23 | 0.001* | 1-3,2-3
Control® 13.74+3.17
Mild-moderate OSA! | 15.08+1.32

Hemoglobin (mg/dL) | Severe OSA? 14.88 +1.62 0.499 | NS
Control® 14.37+2.28
Mild-moderate OSA! | 43.22+4.09

Hematocrit (%) Severe OSA? 43.9+4.16 0.15 | NS
Control® 41.56 £4.69
Mild-moderate OSA! | 7.19+1.08

Leukocyte (103/uL) Severe OSA? 72+1.13 0.567 | NS
Control® 6.87+1.65
Mild-moderate OSA! | 4.95+1.13

Neutrophil (103/pL) Severe OSA? 4.56+1.22 0.041* | 1-3
Control® 4.09+1.14
Mild-moderate OSA! | 2.55+0.53

Lymphocyte (10%/puL) | Severe OSA? 2.56+0.88 0.025* | 2-3
Control® 2.12+0.68
Mild-moderate OSA! | 270.16+55.88

Thrombocyte (103/uL) | Severe OSA? 289.21+57.66 | 0.421 | NS
Control® 275.04+64.83
Mild-moderate OSA! | 85.68 +4.49

MCV (fL) Severe OSA? 85.7+4.74 0.001* | 1-3,2-3
Control® 40.51+38.4
Mild-moderate OSA! | 10.1+0.69

MPV (fL) Severe OSA? 10.25+0.93 0.015* | 2-3
Control® 11.41+1.88
Mild-moderate OSA! | 0.47 +0.22

CRP (mg/dL) Severe OSA? 0.73+0.63 0.001* | 1-3,2-3
Control® 0.26+0.35

Table 3. Comparison of the biochemical parameters. AST, aspartate aminotransferase; ALT, alanine
aminotransferase; MCV, mean corpuscular volume; MPV, mean platelet volume; CRP, C-reactive protein;
SD, standard deviation; p value, statistical significance; *p <0.05, there is a statistically significant difference
between the groups; NS, statistically nonsignificant.

Limitations and future directions

The main limitation of this study is the relatively small number of OSA patients, highlighting the need for similar
studies with larger cohorts. Furthermore, investigating ORP150 levels before and after continuous positive
airway pressure (CPAP) treatment could provide valuable insights into treatment monitoring. We also believe
that future studies on larger populations and experimental animal models will clarify the relationship between
OSA and ORP150 levels more accurately.

Methods

Establishment of patient and control groups

This study is designed as an observational study and the ethical permissions were obtained by Malatya Turgut
Ozal University Clinical Research Ethics Committee with the decision number 2022/13. G*power 3.1.9.7 program
was used to determine the sample size of the study. The sample size was found to be at least 66 (22 in each group)
at an effect size of 0.50, a confidence level of 0.95, and a significance level of 0.05. The patient group of the
study consists of 49 individuals who applied to Malatya Turgut Ozal University Training and Research Hospital
Sleep Disorders Centre between 01.08.2022 and 01.11.2022. The research was carried out in accordance with
the Declaration of Helsinki (1989) of the World Medical Association. Written informed consent was obtained
from each patient (07.28.2022, 2022/13). The clinical examinations of the volunteers participating in the study
were performed by pulmonologists with experience in sleep disorders. In addition to the characteristics such
as age, gender, body mass index (BMI) and polysomnography parameters were recorded. The 49 volunteers
participating in the study were divided into two groups as mild-moderate (n=24) and severe OSA (n=25).
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Fig. 1. Comparison of ORP150 values.
Parameter | Groups Mean+SD | M (Min - Max) | p Differences
Mild-Modarate OSA! | 5.54+0.47 | 5.46 (4.73-7.25)
ORP150 Severe OSA? 8.03+0.4 8.15(7.04-8.91) | 0.001* | 1-2,1-3,2-3
Control® 441+0.25 |4.39 (4-4.99)

Table 4. ORP150 values of the groups. SD, standard deviation; M, median; *p <0.05, there is a statistically
significant difference.

Asymptotic 95% confidence
interval
Test result variable | Cut-off | Sensitivity | Specifity | AUC | p Lower bound | Upper bound
ORP150 7.14 0.958 0.801 0.998 | 0.001* | 0.993 1.000

Table 5. ROC analysis results of ORP150 values. AUC, area of under the curve; *p <0.05, there is a statistically
significant difference.

Severe OSA and mild-moderate OSA groups were determined according to AHI values. The patients were
categorized into mild-moderate OSA (AHI, 6-29), and severe OSA (AHI, >30) groups.
The exclusion criteria for the OSA group were determined as follows:

o Age<l1s,

« History of malignancy,

« Presence of diabetes and cardiovascular disease,

o Those with a history of acute infection or trauma in the last three weeks,

« Those who use cigarettes, alcohol and drugs,

o Systemic drug use (steroids, OCS, immunosuppressive drugs, tranquilizers, muscle relaxants).

All procedures for the patients included in the patient group were applied in the same way for the individuals
included in the control group (history, exclusion criteria and laboratory tests). In the study, 23 healthy individuals
over 18 years of age, whose laboratory tests were in the normal range and did not show OSA symptoms, were
included in the control group. Since the control group consisted only healthy people, sleep parameters of the
control group did not measure by polysomnography. However, the sleep quality of the control group was
evaluated with the Pittsburgh sleep quality scale and individuals with a score between 0 and 5 were included in
the study. Flowchart of participant recruitment for the study was shown in Fig. 3.

Polysomnography
Polysomnography findings of the volunteers was appraised by 55-channel polysomnograph (Alice 6 * Sleepware,
Philips Respironics, PA, USA) system. Polysomnography recording data were analysed in accordance with
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Fig. 2. Determination of the cut-off point according to the ROC analysis.
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Fig. 3. Flowchart of participant recruitment.

guidelines published by the American Academy of Sleep Medicine (AASM) criteria version 2.4*!. Apnea was
described as a drop in peak thermal sensor excursion by >90% of baseline for > 10 s. Hypopnea was described as
drop in the nasal pressure signal by =30% of baseline for > 10 s, causing a > 3% decrease in the oxygen saturation
(Sa0,) pre-event baseline or an arousal. Desaturation was described as a 3% reduction in the SaO, compared to
baseline. The minimum SaO, was described as the lowest SaO, value recorded during the night. Mean SaO, was
defined as the average SaO, value recorded during the night. The apnea-hypopnea index (AHI) was defined as
the mean number of apneic and hypopneic episodes per hour of sleep. An AHI>5/h was considered diagnostic
of OSA. Based on their AHI scores, the patients were categorized into mild-moderate OSA (5<AHI<30) and
severe OSA (AHI > 30) groups according to the AASM. Volunteers with AHI <5 were categorized as the control
group®43,

Scientific Reports |

(2025) 15:26107 | https://doi.org/10.1038/s41598-025-99987-6 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Obtaining serum samples and biochemical analysis

Blood samples were taken from the subjects (OSA patients and healthy controls) in 2 gel separator (serum) tubes
in the morning after an overnight fast (in case of fasting between 8.00 pm and 8.00 am after dinner). After the
collection, the serum tubes were centrifuged at 1200 g for 10 min. Routine biochemistry parameters were studied
in the central laboratory on the same day. Analyses of the biochemical markers (aspartate aminotransferase
[AST], alanine aminotransferase [ALT], and C-reactive protein [CRP]) were performed with Abbott Architect
c16000 (Illinois, United States of America) and hemogram analysis (hemoglobin, hematocrit, leukocyte,
neutrophil, lymphocyte, thrombocyte, mean corpuscular volume [MCV], mean platelet volume [MPV]) were
performed with Sysmex Corporation XN-10 (Kobe, Japan) devices. For ORP150 analysis, serum samples were
transferred to micro-volume Eppendorf tubes and stored at -80 °C until biochemical analysis. Commercial
Enzyme-Linked ImmunoSorbent Assay (ELISA) kit (Cloud-Clone Corp, Cat. No: SEC537Hu, Texas, United
States of America) was used to determine ORP150 levels. ELISA measurement was performed in accordance
with the manufacturer’s recommendations.

Statistical analysis

SPSS (Statistical Program in Social Sciences) 25 program was used to analysis of the data. Normal distribution
of the data was checked with the Kolmogorov-Smirnov test. The significance level (p) for comparison tests
was taken as 0.05. Non-parametric test methods were used because of the variables did not have a normal
distribution (p>0.05). Comparisons in independent pairs the Mann-Whitney U test was used. The Kruskal-
Wallis test analysis was performed for comparisons in multiple independent groups. Since the p value will
increase depending on the increase in the number of comparisons in the variables with difference, the Bonferroni
corrected p value was used and it was calculated with “(0.05/binary comparison)”. After the Kruskal-Wallis test,
the p values obtained by the Mann-Whitney test were compared with the calculated p values and the result was
decided. ROC analysis was performed to determine the cut-off point.

Data availability
The datasets generated and analyzed during this study are available from the corresponding author on reason-
able request.
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