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Clinical significance of elevated soluble T-cell
immunoglobulin and mucin domain 1 and soluble
P-selectin in individuals with obstructive sleep
apnea-hypopnea syndrome

Haidi Fan, MM, Yangiu Lin, MM, Xin Zhang, MPH, Jian Sun, BD, Ning Lin, MPH.

ABSTRACT

A sl L Ll ol gl e ol 1875 i Slaal)
SP-) 0Lyl 6 cpiSbewPy (STIM-1) 1 cmnsll Jlomny gl
@Yl il ¢ Uail Lo jBlan o Ogilay ) 51391 5 (selectin

.(OSAHS) sl jais —pyll cliST

134 8,05 (42022 yab iy (2020 s o 3,280 S5 Ayl
sda B3 Y1 coatd) Ollpr (it (B psidl B3a S e o IS L0
el OSAHS Lo yomma & Sl Caas @ Ao andl 2l )
Llall & dssanmay «(n= 57) sl ((n=22) duxsll (n=19
L y2s oS @ . OSAHS n=36 ¢ 51 ol 31V i) ¢ Uaisly
iyl aslad) JJBLeYG (L6 o8 5 2l sP-selectiny sTIM-1
By S 3 el Joltd ol gty Rl

& S St tais e sPselectin 5 STIM-1 Ly 518 il
i pemt &5l sugad) 5T Auzall OSAHS (s 05l p il oles¥)
Wombe o5 dls S5 3 Sy (p<0.05 Learr) OSAHS 2
OSAHSY) ,.& o5 Ladly 2aadk) OSAHS v 0 5lay cpddl Slddsi o
Wls, sP-selectin § sTIM-1 = Ugew g1 . (p>0.05
5 «(BMI) (bl das” 50 ¢ onsdl il g NI 550 e il
iz J STIM-1 S 3 - (p<0.001 o) IL-6 Lo
«(p=0.001 1.134=Jlex>Y) &) OSAHS . Jirooe JSigdlas
BMI 3 Laedl aay OSAHS . #hse oS5 o) sP-selectin ol
.(OR=1.013.p=0.467)

5.5 s 5f Dizas OSAHS e 0 5lay o ddl ot ¥ (s O 1 dS3-|

gy my o Jeall o sPselecting STIM-T o et L yes
OSAHS ; iliz o 1o 15 Sle STIM-1 (s youe

Objectives: To assess the serum concentrations of
soluble T-cell immunoglobulin and mucin domain
1 (sTIM-1) and soluble P-selectin (sP-selectin)
in individuals who had obstructive sleep apnea-
hypopnea syndrome (OSAHS).

Methods: Between December 2020 and November
2022, 134 participants from the Sleep Monitoring
Center of the Branch Hospital of Huai’an First People’s
Hospital, Jiangsu, China, engaged in this cross-
sectional study. Participants were categorized as mild
OSAHS (n=19), moderate OSAHS (n=22), severe
OSAHS (n=57), and non-OSAHS (n=36) groups.
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Serum levels of sTIM-1, sP-selectin, and interleukin
(IL)-6, as well as baseline clinical characteristics and
polysomnography outcomes were assessed in each
participant.

Results: Compared to the non-OSAHS group,
sTIM-1 and sP-selectin levels were considerably
elevated in people who had moderate or severe
OSAHS (all p<0.05), but there were no notable
changes between those who had mild OSAHS and
non-OSAHS participants (p>0.05). The sTIM-1 and
sP-selectin levels showed positive associations with
the apnea-hypopnea index, body mass index (BMI),
and IL-6 levels (all p<0.001). While elevated sTIM-1
was independently related to OSAHS (odds ratio
[OR]=1.134, p=0.001), sP-selectin was not associated
with OSAHS after adjusting for BMI (OR=1.013,
=0.467).

Conclusion: People with moderate or severe OSAHS
had higher serum sTIM-1 and sP-selectin levels, and
elevated sTIM-1 is an independently related factor for
OSAHS.
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" he morbidity for people who have obstructive

A sleep apnea-hypopnea syndrome (OSAHS) is
high, ranging from 4% in men to 2% in women.'
Snoring, sleep structural issues, and daytime tiredness
are the 3 major clinical symptoms of OSAHS.? In
individuals with OSAHS, intermittent hypoxia results
in chronic inflammation, oxidative stress, and increased
production of cytokines and adhesion molecules, which
may be involved in the mechanism for target organ
damage.’ Accumulating evidence supports OSAHS as
a low-grade chronic inflammatory disease, associated
with immune cell activation and trafficking.*’

T-cell immunoglobulin and mucin domain-1
(TIM-1), additionally referred to as kidney injury
molecule-1, is the first member to be recognized in
the TIM family. There are 5 components to TIM-1:
a transmembrane region, an IgV-like domain, a
mucin-like domain, PS-binding pockets, and an
intracellular tail.® The TIM-1 is primarily expressed on
activated CD4'T cells, tubular epithelial cells, various
B-cell subsets, natural killer cells, and mast cells,
which participates in the process of inflammatory and
immunological responses.” Soluble TIM-1 (sTIM-1)
is shed by membrane-proximal cleavage under the
hydrolysis of metalloproteinases and circulates in the
blood owing to a shortage of the transmembrane region
and intracellular tail.® Inhibition of TIM-1 activity
resulted in reduction of leukocyte infiltration in liver
models of ischemia/reperfusion injury.” Circulating
TIM-1 levels significantly increase after ischemic kidney
injury, and stroke risk increases with elevated plasma
TIM-1 levels.!®!" These studies indicate that TIM-1
plays a vital role in hypoxia-related diseases. Therefore,
we speculated that TIM-1 might participate in hypoxia
during the progression of OSAHS. However, no
evidence has been reported on the association between
TIM-1 and OSAHS.

The selectin family is categorized as adhesive
molecules,  comprising  L-selectin,  E-selectin,
and P-selectin. Both the Weibel-Palade bodies of
endothelial cells and the alpha-granules of platelets
contain P-selectin. P-selectin can be transported to the
cell surface within a few minutes after platelets and
endothelial cells are stimulated by hypoxia, cytokines,
or inflammation.'”” When the extracellular domain of
P-selectin is spliced, soluble P-selectin (sP-selectin)
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gets released into the circulation.” It was unclear from
earlier studies whether sP-selectin levels increased in
individuals with OSAHS.415

In order to find evidence between TIM-1 and
OSAHS, we examined the serum levels of sTIM-1 in
individuals with OSAHS in this research. Additionally,
we also measured the serum concentrations of
sP-selectin to determine whether patients with OSAHS
have higher sP-selectin levels than healthy controls. Our
objective was to search for potential serum biomarkers

for OSAHS.

Methods. We first enrolled 292 participants in
this cross-sectional study who reported snoring and
daytime inattention and carried out polysomnography
(PSG) at the Sleep Monitoring Center of the Branch
Hospital of Huai’an First People’s Hospital in Jiangsu,
China, between December 2020 and November 2022.
Subsequently, 134 participants who met the criteria were
screened (Figure 1). The following were the inclusion
requirements: I) age 218 years; and II) no prior use
of continuous positive airway pressure, a ventilator,
or related surgery. The following were the exclusion
requirements: I) serious systemic conditions (including
acute ischemic stroke, autoimmune disease, and severe
cardiac insufficiency); II) acute inflammatory diseases
(including upper respiratory infection, pneumonia,
pelvic inflammation, and urethritis); III) consumption
of alcohol, caffeine, stimulants or sedatives within
24 hours of PSG; 1V) other sleep-related conditions; V)
lack of informed consent; and VI) incomplete data.
Referring to the guidelines for the diagnosis of
OSAHS,'® 134 participants were categorized as
having mild OSAHS (apnea-hypopnea index [AHI]:
>5 to <15 events/hour, n=19), moderate OSAHS (AHI:
>15 to <30 events/hour, n=22), severe OSAHS (AHI:
230 events/hour, n=57), and non-OSAHS participants
(AHI: <5 events/hours, n=36) (Figure 1).

According to the Expert Agreement on Overweight/
Obesity,'” body mass index (BMI) data were
transformed into qualitative variables as normal
weight (BMI: 218.5 to <24 kg/m?), overweight (BMI:
> 24 to <28 kg/m?), and obese (BMI: 228 kg/m?) in
binary logistic regression. The 1964 Helsinki statement
and its following amendments, as well as any other
comparable ethical norms, guided every procedure
carried out during the study involving humans. The
informed consent was signed by every participant. The
investigation was authorized by the ethics committee of
the Branch Hospital of Huai’an First People’s Hospital,
Jiangsu, China (ID: HAYYFY2020-KY002).
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Subjects who had underwent PSG in
the Sleep Monitoring Center from
Dec. 2020 to Dec. 2022: n=292

Excluded
Incomplete data or could not
cooperate with the research : n= 87

Subjects who were more than 18-years-
old and had not underwent respiratory
related surgeries: n= 173

Excluded
Subjects who had serious systemic/acute
inflammatory diseases, or took drugs/
alcoholic that affected nerve function or
had other sleep-related diseases : n= 39

If AHI >
No Yes

{ !
| Non-OSAHS: n=36 | [ osAHS: #=98 |
|
| 1

[ssaHI<15| [15sAHI<30| | AHI230

I
Mild OSAHS || Moderate OSAHS || Severe OSAHS
n=19 n=22 n=157

Figure 1 - Flow chart of the enrolling of all participants. OSAHS:
obstructive  sleep  apnea-hypopnea  syndrome, PSG:
polysomnography, AHI: apnea-hypopnea index

The hospital information system was used to collect
the baseline clinical data for all participants, including
age, gender, BMI, history of smoking, hypertension,
diabetes, and any other specific diseases.

Participants who did not drink alcohol/caffeinated
beverages and were not taking stimulants/sedatives
underwent PSG for at least 7 hours using the Philips
Alice 4 diagnostic sleep system (Philips Respironics,
Commonwealth of Pennsylvania, America). The
PSG tests included the AHI, oxygen saturation
(SpO,), position, nasal and oral respiratory airflow,
pulse, electrocardiogram, electroencephalogram, and
electromyogram. All data, including AHI, lowest SpO,
(LSpO,), mean SpO, (MSpO,), and time percentage
for Sp0O,<90% (SpO,<90%), were collected and stored
in a database at our computer center in real-time.
The PSG results of all participants were analyzed by
otolaryngologists to diagnose OSAHS and evaluate the
severity level.

To detect the serum concentrations of sTIM-1 and
sP-selectin, we used human sTIM-1 ELISA kit (REF:
SY-H04109) and human sP-selectin ELISA kit (REF:
SY-H05593) purchased from Shanghai Shuangying
Biotechnology Co., Ltd. (Shanghai, China). The serum
interleukin (IL)-6 concentrations were measured using

a fluorescent immunoanalyzer (Model: AFS-1000),
which was bought from Guangzhou Labsim Biotech
Co., Ltd. (Guangzhou, China).

Statistical analysis. The Statistical Package for the
Social Sciences, version 23.0 for Microsoft Windows
(IBM Corp., Armonk, NY, USA) was used to analyze all
of the data. Analyzing qualitative variables was carried
out using the Pearson Chi-squared test. To ascertain
whether quantitative variables had a normal distribution,
the Shapiro-Wilk test was utilized. To check for group
homogeneity of variance, Levene’s test was applied. For
variables having a normally distributed distribution,
one-way analysis of variance (ANOVA) was carried
out, and the LSD/Tamhane’s T2 test was employed to
assess multi-group comparisons. For analyzing variables
with non-normal distributions, the Kruskal-Wallis
H-test was applied, and the Bonferroni test was used
to assess multi-group comparisons. To evaluate the
association between 2 variables, the Spearman’s rho
test was applied. Investigation of the OSAHS-related
factors was carried out using binary logistic regression.
While qualitative variables are expressed as numbers
and precentages (%), quantitative variables are written
as mean * standard deviation. Differences that met the
threshold for statistical significance of 0.05 or less were
regarded as significant.

Results. Table 1 displays comparisons of clinical
data for the 4 groups. Regarding gender, age, smoking,
diabetes, and hypertension history, there were no
notable variations among the 4 groups. However, there
were significant differences among the 4 groups in terms
of BMI, AHI, LSpO_, MSpO,, and SpO,<90%.

The 4 groups differed significantly in terms of
sTIM-1, sP-selectin, and IL-6 concentrations, and the
multiple comparisons between each group are displayed
in Table 2.

Serum concentrations of sTIM-1 were positive
associated with BMI, AHI, and IL-6 values in every
participant. The AHI, BMI, and IL-6 values all showed
positive correlations with sP-selectin levels. Serum IL-6
values were positively correlated with AHI and BMI
levels. All of the correlations were statistically significant
(Figure 2).

In Table 3, binary logistic regression (0 = non-OSAHS
and 1 = OSAHS) was carried out to analyze
independently associated factors for OSAHS to control
for confounding factors such as overweight and obesity
in patients with OSAHS. Characteristics like gender,
age, smoking, diabetes, and hypertension was adjusted
in Model 1, and BMI and the factors in Model 1 was
adjusted in Model 2. As indicated in Table 3, sTIM-1
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Table 1 - Baseline characteristics of the 4 groups.

Characteristics Non-OSAHS  Mild OSAHS  Moderate OSAHS  Severe OSAHS x*F P-values
Number 36 19 22 57

Males 29 (80.6) 17 (89.5) 18 (81.9) 53 (93.0) 3.818 0.282
Age (year) 42.8+6.0 43.5+9.8 46.3+8.25 41.9+11.7 4.014 0.260
Smoking 8 (22.2) 2 (10.5) 7 (31.8) 11 (19.3) 2.950 0.399
Hypertension 3(8.3) 0 (0.0) 4(18.2) 12 (21.0) 6.653 0.084
Diabetes 2 (5.55) 1(5.3) 2(9.1) 6 (10.5) 0.984 0.805
BMI (Kg/m?) 24.4+3.4 27.0£3.3 28.2+3.9 30.85+3.9 46.219 <0.001
AHI (events/h) 2.5¢1.5 8.6+3.4 23.0+4.3 41.5+8.1 119.228 <0.001
LSpO2 (%) 92.1+1.8 91.0+3.0 78.95+7.7 64.0+9.6 141.041 <0.001
MSpO, (%) 94.9+1.5 94.3+2.2 89.3£2.5 87.542.1 95.041 <0.001
$p0O,<90% (%) 0.9+0.7 3.4+3.2 17.7+6.7 43.9+11.5 114.805 <0.001

Values are presented as numbers and precentages (%) or mean + standard deviation (SD). OSAHS: obstructive sleep
apnea-hypopnea syndrome, AHI: apnea-hypopnea index, BMI: body mass index, LSpO,: lowest oxygen saturation,
MSpO,: mean lowest oxygen saturation, SpO,<90%: time percentage for oxygen saturation <90%

Table 2 - Soluble T-cell immunoglobulin and mucin domain 1, soluble P-selectin, and interleukin-6

levels of the 4 groups.

sP-selectin (ng/mL) IL-6 (pg/mL)

Groups sTIM-1 (ng/mL)
Non-OSAHS (A) 11.2+6.1
Mild OSAHS (B) 14.9+10.2
Moderate OSAHS (C) 23.5+14.1
Severe OSAHS (D) 27.25+10.5
Test of significance 53.581
Total p-values <0.001
Avs. B 1.000
Avs. C 0.001
Avs.D <0.001
Bvs.C 0.132
Bvs.D <0.001
Cvs.D 0.488

31.8+14.9 5.3+2.0
35.6+15.2 6.5+1.8
41.6+15.7 5.7+1.8
51.15+15.1 9.2+5.2
13.479 22.651
<0.001 <0.001
0.386 0.302
0.018 1.000
<0.001 <0.001
0.203 1.000
<0.001 0.926
0.014 0.009

Values are presented as mean + standard deviation (SD). OSAHS: obstructive sleep apnea-hypopnea
syndrome, sTIM-1: soluble T-cell immunoglobulin and mucin domain 1,
sP-selectin: soluble P-selectin, IL-6: interleukin-6, vs.: versus

and sP-selectin were significant in Model 1. In Model
2, overweight, obesity, and sTIM-1 were significant,
whereas sP-selectin was not significant.

Discussion. Two-thirds of all patients with OSAHS
are obese. Every 10% increase in baseline weight was
found to cause a 6-fold rise in the risk of having OSASH,
which is most likely caused by the build-up of adipose
tissue in the neck and belly and changes in upper airway
compliance.' It is important to take comorbid obesity
into account when interpreting data on OSAHS since
obesity itself might cause systemic inflammation."

The most notable pathophysiological change in
patients with OSAHS caused by chronic intermittent
hypoxia is the secretion of adhesion molecules and
inflammatory mediators.”® Substantial activation of
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immune cells in OSAHS leads to a pro-inflammatory
cytokine microenvironment. The cytokine IL-6
is released by a variety of circulating blood cells,
including macrophages and lymphocytes. The IL-6 is
an extensively studied pro-inflammatory cytokines in
the pathophysiology of OSAHS.*’ Numerous studies
have shown that IL-6 levels are considerably higher
in individuals with OSAHS than controls.*** Here,
we discovered that serum concentrations of IL-6 were
notably higher in people who had severe OSAHS,
which could be attributed to the worse inflammatory
environment caused by severe OSAHS. Conversely,
several studies did not show a significant difference in
serum IL-6 concentrations between individuals who
had OSAHS and controls.’* We also found similar
results that serum IL-6 levels in the mild or moderate
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Figure 2 - Correlations among sTIM-1, sP-selectin, AHI, BMI, and IL-6 values. All results from the 4 groups were included in Spearman’s rho test. AHI:
apnea-hypopnea index, BMI: body mass index, sTIM-1: soluble T-cell immunoglobulin and mucin domain 1, sP-selectin: soluble P-selectin,

IL-6: interleukin-6, r: Spearman’s correlation coeflicient

Table 3 - Analysis of related factors using binary logistic regression for obstructive sleep apnea-hypopnea syndrome.

Characteristics Model 1 Model 2
OR 95% CI P-values OR 95% CI P-values

Males 2.988 0.731-12.205 0.127 1.867 0.402-8.673 0.426
Age 1.020 0.963-1.081 0.496 1.009 0.948-1.074 0.767
Smoking 0.999 0.335-2.978 0.999 1.390 0.356-5.428 0.635
Hypertension 0.933 0.171-5.092 0.936 1.565 0.248-9.898 0.634
Diabetes 1.284 0.178-9.290 0.804 1.173 0.139-9.874 0.884
BMI

Overweight 5.463 1.442-20.693 0.012

Obesity 10.762 2.524-45.887 0.001
sTIM-1 1.142 1.066-1.223 <0.001 1.134 1.052-1.223 0.001
sP-selectin 1.036 1.003-1.069 0.032 1.013 0.978-1.050 0.467

Values are presented as odds ratios (ORs) and 95% confidence interval (CI). BMI: body mass index, sTIM-1: soluble T-cell
immunoglobulin and mucin domain 1, sP-selectin: soluble P-selectin

OSAHS groups were not statistically elevated compared
to those in the non-OSAHS group. We hypothesized
that in individuals who had mild or moderate OSAHS,
the production and inhibition of IL-6 maintained
a transient balance. The IL-6 levels were positively
associated with BMI and AHI levels, and we speculated
that obesity and intermittent hypoxia had an impact on
the generation of IL-6.

Recent studies reported that T-cells are activated
during inflammation or oxidative stress caused by
OSAHS.»% Activated T-cells are attracted to vascular
endothelial cells and migrate to tissues. T-cell activation
and trafficking can make the inflammatory environment

worse if the stimulus is not removed.” According to
numerous studies, TIM-1 is essential for immune system
activation and serves as a co-stimulatory factor for the
activation of T-cells.”® Under physiological conditions,
TIM-1 is primarily found in the Golgi apparatus,
endoplasmic reticulum, and lysosome, and it is found
at a very low level on the surface of T-cells. Intracellular
TIM-1 moves to the cytoplasmic membrane during
T-cell activation, and eventually more TIM-1 proteins
were expressed on the cell surface.”” The TIM-1 is
correlated with kidney disease, asthma, and diabetes
mellitus, and increased circulating TIM-1 levels are
associated with the incidence of stroke and progression
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of kidney injury.®** Prior research has suggested an

association between TIM-1 and disorders connected
to hypoxia. However, the relationship between sTIM-1
and OSAHS has not been investigated in any recent
research. The moderate and severe OSAHS groups in
this study showed a considerable increase in sTIM-1
values, and there was a positive association between
sTIM-1 and AHI values. This suggests that elevated
sTIM-1 is associated with the deterioration of hypoxia.
The IL-6 and BMI levels both had a positive correlation
with sTIM-1 levels, and we hypothesized that BMI
or chronic inflammation might affect the generation
of sSTIM-1. In the logistic regression analysis, sTIM-1
was significantly associated with OSAHS regardless
of whether BMI levels were included in the logistic
analysis, which demonstrated that elevated sTIM-1
was an independently associated factor for OSAHS.
A possible mechanism is that chronic intermittent
hypoxia can trigger an inflammatory environment that
activates CD4* T-cells and causes intracellular TIM-1
to be transported to the surface of the CD4* T-cells.
This results in sSTIM-1 shedding under the hydrolysis
of metalloproteinases and elevated circulating sTIM-1
levels in the blood.

The sP-selectin levels are elevated in conditions
involving activated platelets and endothelial cells
such as obesity, stroke, and cardiovascular disease.””
It is debatable if sP-selectin levels rise in people with
OSAHS. In this investigation, the sP-selectin levels in the
moderate or severe OSAHS group increased observably
than controls and showed a positive correlation with
AHI levels, suggesting that they were related to the
aggravation of hypoxia. Additionally, sP-selectin levels
were strongly linked with BMI and IL-6 levels, implying
that abnormal weight or systemic inflammation might
account for increased levels of sP-selectin. In the logistic
regression analysis, elevated sP-selectin was associated
with OSAHS in Model 1. However, the relationship
between sP-selectin and OSAHS was not maintained
after adjusting for BMI in Model 2. We speculate that
comorbid overweight or obesity plays a predominant
role in activating platelet or endothelial cells, leading
to the shedding and circulation of sP-selectin in people
with OSAHS.

Study limitations. Some women patients with
OSAHS have atypical clinical manifestations, such as
difficulty in falling asleep and insufhicient sleep.’® Hence,
the percentage of men patients with OSAHS in the
clinic was higher than the real percentage in the general
population. Possibly for this reason, the percentage of

1118 Saudi Med J 2023; Vol. 44 (11) hteps://smj.org.sa

men patients with OSAHS reached 80-95% in this
study. The population of this cross-sectional study
included those who were suspected of having OSAHS in
the clinic and underwent PSG at the Sleep Monitoring
Center of Huai’an First People’s Hospital in Jiangsu,
China, resulting in a greater proportion of people
with OSAHS and a smaller number of non-OSAHS
participants. These aspects led to an inevitable sampling
bias, and participants in this study were not sufficiently
numerous, serving as limitations of the research. In
the future, we may recruit more volunteers from the
community to increase the number of participants and
reduce the sampling bias.

In conclusion, patients with moderate or severe
OSAHS have elevated serum levels of sTIM-1 and
sP-selectin, and increased sTIM-1 is an independently
related factor for OSAHS. These results reveal that
serum sTIM-1 may act as a potential serum biomarker,
which can help improve the diagnosis and disease
monitoring for OSASH.
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