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Abstract

Purpose To evaluate phenotypic changes of various immune cells in the peripheral blood in the patients with sleep apnea/
hypopnea syndrome (OSAHS).

Methods This is a case—control study. The peripheral venous blood was collected. A subset of T cells, B cells, natural killer
cells, and dendritic cells was analysed using various markers and flow cytometry. Regression curve analysis was made to
examine the correlation between the change of immune cells and aponea hypoxia index (AHI) and oxygen desaturation.
Results The percentage of CD3*/CD4" T lymphocytes (P <0.001) and CD19* B cells (P <0.001) and the CD4*/CD8™ ratio
(P<0.001) in the OSAHS patients were significantly increased compared with those in the control group without OSAHS,
and CD4%/CD8* ratio positively correlated with aponea hypoxia index (r=0.37, P <0.001) but negatively correlated with
the lowest SaO, (r = — 0.2, P<0.001), whereas a greater reduction in the percentage of CD37/CD8" T cells (P <0.001).
Moreover, the ratios of CD3*/CD16%/CD56" natural killer (NK)-like T cells (P <0.05) and CD37/CD16*/CD56" NKT cells
(P<0.001) were significantly lower in the OSAHS group than those in the control group. However, no significant difference
was observed in the percentage of CD3" total T cells, CD8%/CD28* T cells, CD8"/CD28™ T cells, DC1, DC2, and DC1/
DC2 dendritic cells between the OSAHS and control groups.

Conclusion Our study showed differential responses of various types of immune cells in the peripheral blood in patients
with OSAHS and their correlation with severity of oxygen desaturation.
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Introduction

Obstructive sleep apnea/hypopnea syndrome (OSAHS)
is a clinical condition of a sleep-related breathing disor-
der involving intermittent partial obstruction of airflow
(hypopnea) or complete obstruction of airflow (apnea) dur-
ing sleep [1], resulting in hypoxemia and hypercapnia [2].
The prevalence is high with 14% of men and 5% of women
suffering from OSAHS [3]. Overall, the rate of morbidity
accounts for approximately 1-4% [4, 5].

The pathogenesis of OSAHS has been associated with
multifactorial aetiology, such as narrowed airway, chronic
nasal congestion, excess weight, and smoking, resulting in
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multisystem damages in the body [6, 7]. It has been shown
that OSAHS is closely related to the incidence and pro-
gression of coronary heart disease [8, 9] and obesity [10].
OSAHS also significantly increases the risks of the cen-
tral nervous system disorder such as stroke and metabolic
diseases [7, 11]. Growth retardation, mental decline, and
personality changes have been reported in children with
OSAHS [4, 12-14]. OSAHS thus adversely affects physi-
cal, emotional, psychological well-being, and profoundly
impacts patients’ quality of life [15].

OSAHS associated with a series of inflammatory reaction
has been extensively studied [16]. It has been shown that the
immune system is significantly affected by poor sleep with
interruption of normal circadian patterns [17, 18]. The acti-
vation of monocytes has been reported in OSA [19]; Moreo-
ver, several studies showed that OSA might be associated
with activation and proliferation of CD3", CD4%, and CD8"
T lymphocytes counts in peripheral blood and tonsillar lym-
phoid tissues but with inconsistent results [5, 20-25]. Apart
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from T cells, a reduction in the number of peripheral B cells
and natural killer T cells (NKT) but increased percentage of
NK cells have recently been shown in OSAHS patients [26,
27]; however, dendritic cells in OSAHS patients is scarecely
studied. Up to now, few studies have been focused on sys-
tematically evaluate the effects of OSAHS on the cellular
immune system. Various phenotypic changes of different
types of immune cells and their roles in response to OSAHS
are less evaluated in OSAHS, and thus, we aimed to exam-
ine different phenotypes of immune cells of patients with
OSAHS to fully understand the effects of OSAHS on immu-
nity and to perform an effective treatment. The effects of
OSAHS on the cellular immunity of adult OSAHS patients
were assessed by collecting peripheral venous blood sam-
ples and detecting subsets of T cells, B cells, NK cells, and
dendritic cells.

Materials and methods
Patient recruitment

Patients with OSAHS were hospitalised in the Department
of Otorhinolaryngology Head and Neck Surgery in Bei-
jing Shijitan Hospital, Capital Medical University. A total
of 39 patients with OSAHS (female: n=15, male: n=24)
and healthy volunteers (Total: n=35; male/female: 15/10,
average age: 36.90 +9.80, Table 1) were recruited. Patients
recruited had no history of infection, acute infection, immu-
nological diseases, allergy, tumor, and chronic renal dys-
function. Subjects in the control group met these criteria of
recruitment as well and had no night snoring and excessive
daytime sleepiness. Their sleep was monitored on the day of
hospitalisation and screened for OSA by Epworth sleepiness
scale and underwent full polysomnography. The diagnosis of
OSAHS was confirmed based on results of polysomnogra-
phy. The severity of OSAHS was classified into mild, moder-
ate, and severe according to the values of AHI and the lowest
oxygen saturation (LSa0O,) based on the criteria of OSAHS
developed by Society of Otorhinolaryngology of Chinese
Medical Association (CMA) [28, 29].

Table 1 Demographic and polysomnographic characteristics of the
subjects (mean + SE)

Control Patients P values
N (M/F) 35 (25/10) 39 (24/15) NS
Average age (years) 36.90+9.80 36.50+1.76 NS
Average height (cm) 170.85+1.36  167.87+1.29 NS
Average weight (kg) 70.41+2.12 81.52+3.11 P<0.01
Average BMI (kg/m?)  23.97+0.47 28.63+0.88 P<0.001

NS no significant change
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Apnea is defined as an absence of airflow of 10 s or
longer; Hypopnea as an airflow reduction (>50%) last-
ing > 10 s with a decrease in oxygen saturation over 4%.
Obstructive apnea is defined as the absence of airflow in the
presence of thoracic—abdominal motion. The AHI is calcu-
lated based on the average number of apnea plus hypopnea
episodes per hour of recording time.

Blood collection and preparation and flow
cytometry analysis

The following day of hospitalisation, morning fasting venous
blood was examined for pre-operation and peripheral T cells
and B cells. Detection of T cells and B cells from whole
blood was made using standard operative procedures of flow
cytometry (Beckman FC500 flow cytometer, USA). Whole
blood was collected from each participant to evaluate the
phenotypic characterisation of lymphocytes. Briefly, 4 mm
of whole blood were collected in EDTA tubes. Peripheral
blood mononuclear cells (PBMCs) were obtained by BD
FACS Lysing Solution. Fifty uL. blood samples were stained
with 10 pL monoclonal antibodies (mAbs) anti-CD3, anti-
CD4, anti-CD8, anti-CD56, anti-CD16, anti-CD56, anti-
CD19, anti-CD25/CD127, anti-CD8/anti-CD28, anti-DCl1,
or anti-DC2 antibody. The samples were kept from light for
15 min and then were added with 400 uL BD lysis solu-
tion, followed by keeping from light for 8 min. Two mL
of PBS was added and centrifuged at 1500r/min for 5 min,
the supernatant was discarded, and the residual cells were
kept in 400 uL. PBS for flow cytometry analysis (Beckman
FC500).

Statistical analysis

GraphPad PRISM 6 analysis software was used to collect,
process, and analyse data. Values are presented as mean + SE
(standard error). Regression lines were calculated for the
statistics of the correlation between various lymphocyte
cell phenotypes and AHI, the lowest SaO, and SaO, by the
least squares method, and the correlation coefficient r was
calculated. Student’s ¢ test was used to determine statistical
significance of differences (P <0.05).

Results
Demographic and sleep characteristics of subjects

A total of 35 (25 males and 10 females, median age:
36.90 +9.80 years) in the control group (AHI<YS)
and 39 patients (24 males and 15 females, median
age: 36.50+1.76 years) in the OSAHS group
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(AHI=39.75+4.99) and were analysed. The characteristics
of the study population are shown in Table 1.

Changes of cytotoxic and regulatory T-cell subsets
in OSAHS patients

T-cell subset analysis showed that no significant differ-
ence was observed in the percentage of CD3* total T cells
between the OSAHS group and the control group (Fig. 1a,
64.47+3.20% vs. 64.48 +3.10%, P> 0.05). The percentage
of CD3%/CD8* T-cytotoxic cells (Tc) in the patients with
OSAHS was markedly decreased when compared to that in
the control group (Fig. 1b, 23.33 +0.69% vs. 28.8 +0.69%,
P <0.001). However, no significant difference was observed
in both CD8%/CD28~ T cells (Fig. 1c, 13.97+0.62% vs.
15.69+0.57, P>0.05) and CD8*/CD28" T cells (Fig. 1d,
15.00+0.72 vs. 13.87+0.37, P> 0.05).

T-cell subset analysis further showed that the per-
centage of CD3%"/CD4" (T-helper cells) in the patients
with OSAHS was markedly greater than that in the con-
trol group (Fig. 2a, 43.85+1.12% vs. 38.94 +0.58%;
P <0.001); however, no significant changes were observed
in CD47CD25%/CD127" regulatory T cells (Fig. 2b,
2.98+0.18% vs. 2.50+0.18%, ns). Moreover, the OSAHS
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Fig. 1 Cell subset analysis results showing the percentage of CD3*
(a), CD3*/CD8* (b), CD8*/CD28~ (c¢), and CD8*/CD28* (d) T lym-
phocytes in the patients with and without OSAHS. Circles indicate
the control, whereas squares indicate the patients with OSAHS. The

group had a significantly higher ratio of CD4*/CD8%
than that the control group (Fig. 2¢, 1.96 +0.55% v. s.
1.38 £0.04%, P <0.001).

The OSAHS group had a significantly higher per-
centage of CD19" total B lymphocytes than that of the
control group (Fig. 3a, 15.21 +1.52% vs. 13 +£1.92%;
P <0.001). Moreover, in the OSAHS group, the ratio
of both CD37/CD16*CD56* total NK cells (Fig. 3b,
11.6 +£0.56% vs. 13.99+0.47%, P<0.001) and CD3%/
CD167CD56" NK-like T cells (Fig. 3c, 3.50+0.19% vs.
3.5+0.74%; P <0.05) was significantly lower than those
in the control group.

No changes in peripheral dendritic cells in OSAHS
patients

There is no significant difference between the two groups
in the percentage of DC1, DC2, and DC1/DC2 (Fig. 4a—c,
P>0.05), and no correlation was observed between DC1,
DC2, or DC1/DC2 with AHI, lowest SaOzy and mean
Sa0,, indicating that OSAHS has no significant effect on
peripheral dendritic cells and no correlation between the
severity of OSAHS and dendritic cells.
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data are presented as median (minimum, maximum). ns: no sig-
nificance, *P <0.05 vs. the control group; **P<0.01 vs. the control
group, ***P <(.001 vs. the control group
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Fig.3 Cell subset analysis results showing the percentage of CD19™ control, whereas squares indicate the patients with OSAHS. The data
B cells (a) CD37/CD167CD56" (b), and CD3*/CD16"CD56" NK are presented as median (minimum, maximum). *P<0.05 vs. the
cells (c) in the patients with and without OSAHS. Circles indicate the control group, ***P <0.001 vs. the control group
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Fig.4 Cell subset analysis results showing the percentage of DC1 (a), indicate the patients with OSAHA. The data are presented as median
DC2 (b), and the ratio of DC1/DC2 (c) dendritic cells in the patients (minimum, maximum); ns: no significance vs. the control group
with and without OSA. Circles indicate the control, whereas squares
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Fig.5 Scatterplots and linear regression analysis between the low-
est SaCO, and the percentage of CD3*/CD8" (a), CD4*/CD8" (b),
and CD37/CD167/CD56™ (c). a Coefficient of correlation: r = — 0.2,

Correlation of the expression of immune markers
with AHI, the lowest Sa0, and mean Sa0,

Regression curve analysis showed that the lowest SaO, and
CD3*/CD8* Tc (Fig. 5a, r = — 0.2, p<0.001) and CD4%/
CD8* (Fig. 5b, r = — 0.2, P<0.001) has negative cor-
relation, by contrast, and there was a significant positive
correlation between the lowest SaO, and CD37/CD16/
CD56" total NK cells (Fig. 5¢, r=0.1, P <0.05) (Fig. 6).

Regression curve analysis also showed mean SaO, neg-
atively correlated with CD4*/CD8* (Fig. 6a, r = — 0.2,
P <0.01) and CD3*/CD4* T-helper cells (Fig. 6b, r =
—10.2, P<0.01). Whereas both CD37/CD167/CD56*
total NK cells (Fig. 6¢, r=0.18, P<0.01) and CD4"/

Fig.6 Scatterplots and linear a
regression analysis showing
correlation between mean
SaCO, and the percentage of
CD4*/CD8* (a), CD3*/CD4*
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CD25%/CD127" Tregs (Fig. 6d, r=0.1, P <0.05) posi-
tively correlated with mean SaO,.

AHI was found to positively correlate with CD4*/CD8”*
(Fig. 7a, r=0.37, P<0.001); There was significant negative
correlation between AHI with CD37/CD16%/56™ total NK
cells (Fig. 7b, r = — 0.1; p <0.05) and CD4*/CD25*CD17*
regulatory T cells (Fig. 7c, r = — 0.18, P <0.01).

Discussion

The present study showed that MSaO, and LSaO, were
significantly decreased in the OSAHS group, and there are
significant higher percentage of CD3*/CD4" T cells and
CD19* B cells and the greater ratio of CD4* and CD8*
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tion between AHI and the percentage of CD4t/CD8' (a), CD37/
CD16%/CD5* (b), and CD41/CD25"/CD127" (c). a Coefficient of

but a greater reduction in the percentage of CD3%/CD8"
T cells in the OSAHS patients when compared with those
in the control group. Moreover, regression curve analysis
showed that CD4"/CD8™ ratio positively correlated with
AHI, but negatively correlated with the lowest Sa0O,. By
contrast, the ratios of CD3"/CD16*/CD56" NKT cells and
CD37/CD16"/CD56* NKT cells were significantly lower in
the OSAHS group than those in the control group. However,
no significant difference was observed in the percentage of
CD3" total T cells, CD8*/CD28" T cells, CD8*/CD28~ T
cells, DC1, DC2, and DC1/DC2 dendritic cells between the
OSAHS and control groups. A significant positive correla-
tion was found between the lowest SaO, and CD37/CD16"/
CD56™ total NK cells. Mean Sa0, positively correlated with
both CD37/CD16*/CD56" total NK cells and CD4*/CD25%/
CD127" Tregs, but negatively correlated with CD4*/CD8*
and CD3*/CD4* T cells. Moreover, AHI negatively cor-
related with CD37/CD16*/56* total NK cells and CD4*/
CD25*CD17" (regulatory T cells). These results are impor-
tant to further understanding the response of individual types
of immune cells to the OSAHS, which could provide the
guidance for future clinical study and treatment.

OSA has intermittent hypoxia/reoxygenation cycles and
sleep fragmentation, inducing systemic inflammation which
has been extensively studied [30-32]. In contrast, few stud-
ies have been conducted to systematically examine pheno-
typic changes of different types of immune cells in OSAHS.
It is known that lymphocytes in the peripheral blood develop
and differentiate into subsets with various could regulate
immune functions and actively involves functions. The
proportions of T cells and B cells are well maintained in
the normal human body, and they interact mutually to keep
immune functions normal. Activation of T cells release of
inflammatory mediators [5, 33, 34], and CD3 is used as a
marker for all T lymphocytes, which includes T-cytotoxic
cells (CD3*CD8™ cells) and T-helper cells (CD3*CD4"
cells). An increased number of CD8" T lymphocytes in the
peripheral blood have been reported in both the children and
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adult patients with moderate or severe OSAHS than those
of the control group [23, 24]. Functionally, cytotoxicity
against endothelial cells for CD8+ T cells with TNF-alpha
dependence has also been reported in OSA patients [5, 20].
Moreover, the activation of CD8* T cells has been reported
to be changed with time from an initial increased activation
to decreased activation after prolonged exposure to hypoxia
in a rat model of hypoxia [35]. In contrasts, a recent study
reported that a gross reduction in the perforin positive
CD3* y8-T cells in the peripheral blood was associated with
OSA [25]; similarly, our results showed that CD3*/CD8*
cytotoxic T cells were significantly decreased in OSAHS
patients. Moreover, we showed that CD3*/CD8* negatively
correlated with the lowest Sa0O,, suggesting that the more
oxygen desaturation induces lesser depression of the cyto-
toxic T cells. The discrepancy in these results may be related
to the different paradigm of OSAHS and duration of OSA
used in these studies. The alternation of cytotoxic T cells is
possibly associated with the severity of OSA and could be
tissue- or disease specific. For example, increased cytotoxic
CD8* T cells have been shown to be closely associated with
atherogensis [21, 23], whereas the reduced cytotoxic T cells
have been implicated in depression of cytotoxicity within
epithelial tissues [36], prevention of colonic inflammation
[37], and tumor-induced immunosuppression [38].

CD28 as a costimulatory molecule stimulates the second-
ary signal for the activation of T cells, CD8*CD28~ and
CD8TCD28, are two subsets of CD8" T cells according to
whether or not CD28 is expressed [39]. It has been shown
that shortening telomere length in CD8" CD28™ T cells is
prone to occur among people with poor global sleep quality
and high stress [40] and advancing age [40, 41]. Currently,
no studies have been performed to compare changes of the
two subsets in response to OSAHS. Although our studies
for the first time examined whether any changes of the two
subsets in the patients with OSAHS occurred, the way in
which the balance of the two subsets affects the development
of OSAHS remains to be evaluated.
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Several CD4™" T-cell subsets with different functions
have been identified, including T helper 1 (Thl) and Th2
based on cytokine production, regulatory T cells, T fol-
licular helper cells, T-helper type 17 (Th17) cells, and
T-helper type 22 (Th 2) cells. The previous studies have
shown that there was a significant decrease in CD4* T
lymphocytes in adult patients and children with OSAHS
[24, 26]. Whereas our results showed that increased CD3%/
CD4" T-helper cells in OSAHS patients and negatively
correlated with oxygen desaturation, which is consistent
with a recent study showing an increase in CD4 + T-cell
frequency in OSA and the increase is associated with cell
proliferation [42]. Our results also showed that there was
no change in Treg cell expressing CD47/CD25%/CD127",
which was different from a previous study, showing that
reduced Treg population expressing CD4*CD25% in OSA
[33]. Treg cells are a subpopulation of cells that main-
tain immune homeostasis and self-tolerance by inhibitory
regulation on other immune cells [43]. The possibility of
no change in Treg cells but with increased CD3*/CD4*
T-helper cells is that CD4* T cells is heterogeneous in
phenotype and function, other CD4*T-cell subsets such
as a significant increase in peripheral Th17 cells could
contribute to the increased CD3/CD4* T-helper cells in
response to OSA [44], and it has been shown that Th17
cells are associated with inhibition of Treg differentiation
[45].

Our results showed increased T-helper-(CD3*CD4%) and
decreased T-cytotoxic-(CD3TCD8%) cells; thus, the ratio of
CD4/CDS8 was increased and negatively correlated with the
severity of oxygen desaturation. In general, an increase in
CD4*/ CD8" ratio indicates an enhanced cell immune func-
tion [46]; nevertheless, there was no change in the percent-
age of CD3* total T cells, which may reflect haemostasis of
immune status in the body via modulating both helper and
cytotoxic T cells under OSAHS.

CD16 and CD56 are identified as classical markers of
NK cells, which involve the direct killing of cells [47, 48].
Our results showed that both total NK cells and NKT cells
were markedly decreased in OSAHS patients when com-
pared with the control group, and closely associated with
severity of oxygen desaturation as demonstrated by the
fact of a positive correlation between total NK cells and
the lowest SaO, and mean SaO,. Our findings were con-
sistent with the previous studies, showing that the patients
with OSA have significantly reduced levels of circulating
NKT cells and impaired NKT-cell function [27]. OSA-
related sympathetic activation and catecholamine release
have been shown to regulate immune activation [48], and
catecholamine has been shown to inhibit NK activity [50].
The decreased NK cell count has linked to atherosclerotic
plaque instability and the risk of acute cardiovascular
events [51], and it also implicates low immunity and an

increased risk of cancer due to OSA-associated hypoxia
impairing NK cell function, resulting in increased apopto-
sis, reduced cytotoxicity, and impaired interferon gamma
secretion [27].

B cells are antigen-presenting cells that can present anti-
gens to T cells to generate effective immune responses and
involve adaptive immunity by producing high-affinity anti-
bodies [52]. Our findings showing that an increased number
of CD197" B cells in the OSAHS patients, which was in con-
trast to a recent study showing that a decreased number of
B cells in the peripheral blood of OSA patients overlapped
with chronic obstructive pulmonary disease (COPD) and
correlated with metabolic disorder and obesity [26]. The
discrepancy might be due to the patients we recruited were
excluded OSAHS from comorbidities. It is speculated that
overlapping syndrome OSA/COPD results in much severer
hypoxic condition than OSA alone. The severity of hypoxia
in OSAHS with various oxygen gradients could produce
different effects on controlling B-cell fate and function via
regulating the level and duration of hypoxia-inducible factor
activation [53].

Dendritic cells (DC) are a class of bone-marrow-derived
cells arising from lympho-myeloid haematopoiesis that form
an essential interface between innate and adaptive immu-
nity [54]. Myeloid dendritic cells (DC1) and plasmacytoid
DCs (DC2) are two main subpopulations of human DCs.
Although human DC1 and DC2 have a high intrinsic capac-
ity to interact and present antigens to activate CD8+T cells
and to promote T-helper type 1 and NK responses, DC1 cells
primarily induce Th1 differentiation but DC2 cells mainly
promote a Th2 response apart from activation of Thl and
CD8+T cells [54, 55]. To our knowledge, for the first time,
our study attempted to examine the effect of OSAHS on
peripheral dendritic cells; nevertheless, our results showed
that there were no significant changes in the percentage of
DC expressing markers DC1 and DC2 and in the ratio of
DC1/DC2; moreover, no correlation was found between
the severity of OSAHS and DC, indicating that dendritic
cells were not obviously affected by OSAHS; nevertheless,
hypoxia has been reported to trigger phenotypic and func-
tional changes in DC [56].

It is worthwhile to notice that DC markers we used in this
study may be insufficient to truly identify DC, which could
account for non-remarkable change; other markers such as
CLEC9A, CASM1, and BTLA have been proposed to be
used for confirmation and increase the accuracy of identifi-
cation for DC subset [57, 58]. Moreover, the traditional clas-
sification of DCs based on phenotypic and functional prop-
erties has led to difficulties in cell identification, a recent
ontogenetic definition which is independent of functional
or phenotypic properties has been proposed, which could
provide a way to evaluate the role of DC in the immune
response in an unbiased manner [59].
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It is worthwhile to consider the limitations of our study.
Sample size is relatively small. Moreover, a confounding
factor such as BMI should be considered for its correla-
tion with the changes of immune cells. In our study, the
median BMI was 23.97 +0.47 kg/m? in the control group
and 28.63 +0.88 kg/m? in the OSAHS group (P <0.001,
Table 1); there is a statistically significant difference
between the two groups. The previous studies have shown
that nearly, 60% of moderate to severe cases of patients
with obstructive sleep apnoea can be caused by a BMI
more than 25 kg/m? [60]; Moreover, obesity is believed to
predispose to the patients with obstructive sleep apnoea
because of mass loading in the upper airway [61]. Fur-
thermore, the risk in obesity is also associated with gen-
der. Men has a higher risk of OSA than woman [62]. In
addition, thus, further study should be conducted to exam-
ine the correlation among the level of cholesterol in the
blood, BMI, or more specific measure such as neck or
waist circumference with different types of immune cells
in OSAHS in patients with different genders. Furthermore,
the integration of exercise program for weight reduction
in the patients with OSAHS [63], and the detection of the
changes in the immune cells would provide therapeutic
value for achieving better clinical outcome.

Conclusion

In summary, our studies have systematically shown phe-
notypic changes of various types of immune cells in the
peripheral blood in patients with OSAHS and their correla-
tion with severity of oxygen desaturation. The interaction
between various types of immune cells may be associated
with complications of OSAHS. Further research needs to
be conducted to examine how OSAHS regulates immune
responses, which could facilitate our understanding of how
each subset of immune cells contribute to the pathogenesis
of OSAHS and will be helpful to make therapeutic innova-
tion targeting specific immune cells, ultimately, reducing
OSAHS-induced complications, and improving clinical
outcome and patients’ quality of life.
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