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a b  s t  r a  c t

Introduction:  Although  higher incidence of cancer  represents a major burden for  obstructive  sleep  apnea
(OSA)  patients,  the  molecular  pathways driving this association  are  not  completely  understood.  Interest-
ingly, adenosinergic signaling  has  emerged as  a  powerful  immune  checkpoint  driving  tumor  development
and progression.
Methods:  Here,  we explored  the  expression  of the  adenosinergic  ecto-enzymes CD39  and  CD73  in T-
lymphocytes  of OSA  patients  without any evidence of cancer,  as  well  as  their  soluble  forms in plasma
(sCD39  and sCD73),  along  with  adenosine.  In  addition, we  explored  the  role  of intermittent  hypoxia  (IH)
in  this context  by in vitro  models.
Results: Our  results showed  that  CD39  is upregulated  while CD73  is  downregulated  in OSA  T-cells’
membrane.  Moreover,  our findings suggest  that  IH,  through  HIF-1,  mediates the  upregulation  of both
CD39  and  CD73;  and that  CD73 downregulation  could be  mediated by  a higher  release  of sCD73 by  OSA
T-lymphocytes.  Importantly,  we found that  both  sCD39  and sCD73 are  upregulated  in  OSA  plasma,  sug-
gesting  T-lymphocytes  as  a  potential source for plasmatic  sCD73.  Finally, our data  propose  the  alterations
in CD39/CD73 axis  could underlie  the  upsurge  of  adenosine levels in  the plasma of OSA patients.
Conclusion:  Our  study reveals  a hypoxia-mediated  alteration of the  CD39/CD73 axis in OSA  patients,  which
could  trigger ADO  upregulation,  thus  potentially  contributing  to the  immune  suppressive environment
and  ultimately  facilitating  tumor development  and progression.  Therefore, our data  highlights  the  need
for new longitudinal studies  evaluating  CD39  and/or  CD73  as  potential  cancer-risk  prognostic  biomarkers
in  OSA patients.

©  2024 SEPAR. Published by  Elsevier  España, S.L.U.  All rights  reserved.
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Introduction

Obstructive sleep apnea (OSA) is  a  growing societal health
concern linked to  an elevated risk of serious conditions like
cardiovascular disease and cancer.1–4 These comorbidities are
directly related to OSA associated mortality, and its early detec-
tion and characterization represent a  major challenge in  clinical
practice.5–7 So far, substantial efforts have focused on unraveling
the pathogenic molecular mechanisms driving OSA complications,
highlighting the immune system as an important mediatory player.
In this line, intermittent hypoxia (IH), the main hallmark feature
of OSA, has been shown to induce alterations in several immune
subsets, inducing inflammation while compromising the immune
surveillance system. Regarding the latter, both in OSA patients and
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in animal models, a  switch to tumor-associated macrophages and
a defect in NK cell maturation have been reported as well as sup-
pression of T cells function mediated by  overexpression of some
immune checkpoints such as PD-1/PD-L1 (Programmed Cell Death
Protein 1/Programmed Cell Death Ligand 1) and membrane-bound
PSGL-1 (P-selectin glycoprotein ligand-1).8–11 These modifications
appear even before tumor onset and could contribute to the estab-
lishment of an immunosuppressive phenotype, thus providing
biological plausibility to the increased risk of cancer in  OSA patients.
Unraveling early alterations appearing even before tumor onset
could offer fresh resources for categorizing subjects with OSA who
are at a heightened risk of developing cancer.12 This enhancement
in classification would refine the understanding of OSA patients,
facilitating early intervention.

In  this context, extracellular adenosine (ADO) is well described
as a potent immunosuppressive agent present in the tumor
microenvironment, and interestingly it has been shown to  be
upregulated in  the plasma of sleep apnea patients.13,14 Extracel-
lular adenosine could be produced by  passive diffusion or  active
transport of intracellular adenosine.15 However, it can also be gen-
erated by the enzymatic hydrolysis of extracellular ATP, which
is released under conditions of hypoxia or inflammation, such as
those occurring in  the OSA pathophysiological context.16,17 Briefly,
extracellular ATP is  converted to  AMP  by  CD39, and then AMP  is fur-
ther hydrolyzed to ADO by CD73.18 Importantly, ADO is  known to
suppress the activity of numerous immune cells including phago-
cytes, dendritic cells, NK  cells and lymphocytes T and B.19 In this
line, CD39/CD73 T-cell expression has been linked to gene expres-
sion signatures of immune dysfunction and exhaustion.20 In fact,
both CD39 and CD73 have been shown to be upregulated in several
tumors, and associated to  poor clinical outcomes.21 Notably, both
CD39 and CD73 are also upregulated under hypoxia and inflamma-
tory conditions,22 however, it expression in  OSA patients has not
been assessed yet.  Here, we  explored CD39 and CD73 expression
in T-lymphocytes of OSA patients without any evidence of cancer,
addressing the intermittent hypoxia effect in  this context. Also, we
explored the expression in plasma of CD39/CD73 soluble forms,
along with ADO, in order to provide a complete picture of OSA
adenosinergic system.

Methods

A detailed description of the methods is provided in the
Supplementary material.

Study Subjects

This study involved 166 individuals diagnosed with severe
obstructive sleep apnea (OSA) and 83 control subjects (CS). A com-
prehensive outline of the selection criteria can be found in  the
supplementary online materials. In summary, OSA diagnosis was
established through respiratory polygraphy, utilizing the Embletta
GOLD device (ResMed). This procedure involved continuous moni-
toring of oronasal airflow, pressure, heart rate, chest and abdominal
breathing patterns, as well as oxygen saturation (SaO2). Apnea was
defined as an interruption of oronasal flow of >10 s. Hypopnea was
defined as a 30–90% reduction in the oronasal airflow for >10 s
associated with an oxygen desaturation ≥ 3%. Patients were clas-
sified as severe OSA if their apnea–hypopnea index (AHI) exceeded
30.2 None of the patients included in  the study were being treated
with CPAP or any type of medication for OSA management, such
as MAD  device, etc. Control subjects (CS), matched for gender and
age with OSA patients, were selected from the census register of
the Madrid, Spain metropolitan area. Respiratory polygraphy con-
firmed the absence of OSA in  the healthy subjects. All participants

provided written informed consent, and the study was  approved
by the local ethics committees.

Peripheral Blood Mononuclear Cells Isolation and Culture

Peripheral blood mononuclear cells (PBMCs) were isolated using
centrifugation with a  Ficoll-Paque Plus (Amersham Bioscience,
Uppsala, Sweden) density gradient. Subsequently, 5 × 106 PBMCs
were plated in each well of 6-well plates. These cells were then
cultured in RPMI 1640 medium supplemented with 100 U/mL peni-
cillin, 100 �g/mL streptomycin, and 10% fetal bovine serum (FBS).
Finally, the cells were incubated for 16 h at 37 ◦C in a  5% CO2 atmo-
sphere.

Plasma Protein and Adenosine Quantification

Plasma was isolated by centrifugation using a Ficoll-Paque
Plus (Amersham Bioscience, Uppsala, Sweden) density gradient.
Immediately, all samples were divided into aliquots, frozen, and
preserved at −80 ◦C until subsequent analysis. The measure-
ment of all analytes was conducted through specific commercial
human enzyme-linked immunosorbent assay (ELISA) for CD39
(CSB-EL007690HU, CUSABIO, https://www.cusabio.com,  Houston,
TX, USA), CD73 (EH0468, FineTest, Boulder, CO,  USA) and ADO
(MBS2605344, MyBioSouce, San Diego, CA, USA), adhering to  the
manufacturer’s instructions. Duplicate measurements were taken
for each plasma sample. The intra-assay and inter-assay variabili-
ties are specified in  Supplementary Table S2.

Statistical Analysis

Comparisons between study groups were executed using the
T-test, with Welch’s correction applied when necessary, and the
Chi-squared test for categorical variables. In the case of in vitro

assays, we employed either a  two-way ANOVA with post hoc

Tukey’s tests or a  paired T-test, depending on the nature and
distribution of the variables. Correlations were assessed using
Spearman’s rank correlation. An a  priori power analysis was con-
ducted using G*Power version 3.1.9.723 to  determine the minimum
sample size required to  test the study hypothesis. Results indicated
the required sample size to achieve 95% power at a significance
criterion of  ̨ =  0.05, for detecting a  medium effect between two
independent means of groups represented in a  ratio 1:2 was  n =  236
(n = 157 for OSA group, n = 79 for the CS  group). Thus, the obtained
sample size of n = 249 (n =  166 for OSA group, n = 83 for the CS
group) is adequate to  test the study hypothesis. For all analyses, a
p-value < 0.05 was considered significant. Statistical analyses were
performed using Prism 8.0 software (GraphPad, USA).

Results

Participants’ baseline characteristics are reported in Table 1.

CD73 Expression was  Decreased and CD39 Increased in OSA

Lymphocytes

As a first approach, we analyzed the expression of  CD73 and
CD39 in  the surface of severe OSA and CS  T-lymphocytes. Unex-
pectedly, our data reveal that CD73 expression is  decreased while
CD39 levels are increased in  the surface of CD8+ T cells (Fig.  1A, B).
In order to  understand the effect of OSA in  the expression of both
biomarkers, we assess its correlation with the clinical indicators
as apnea hypopnea index (AHI), oxygen desaturation index (ODI)
and Epworth sleepiness scale (ESS). Strikingly, our  results show
that both CD73 and CD39 positively correlated with AHI the key
indicator of OSA severity (Fig. 1C, D  and Supp. Table 4). Similar
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Table  1

Main Characteristics of Study Subjects.

CS (n = 83) OSA (n = 166) p-Value

Male sex, n (%) 51  (61%) 112 (67%) 0.980
Age,  years 58  (10) 59 (12) 0.548
Body mass index, kg/m2 25.2 (3.3) 33.2 (5.9) <0.0001

Smoking status, n (%) 0.981
Never smoker 59  (71%) 116 (70%)
Current smoker 13  (16%) 27 (16%)
Former smoker 11  (13%) 23 (14%)

AHI,  events/h 3.1 (1.53) 52.6 (18.8) <0.0001
ODI, events/h 4.5 (2.21) 49.6 (20.0) <0.0001
Mean nocturnal SaO2 94.5 (2.02) 90.2 (2.78) 0.004
Low  nocturnal SaO2 88.1 (5.78) 72.6 (8.29) <0.0001
Epworth Sleepiness Scale 8.4 (4.9) 9.1 (5.3) 0.624

Comorbidities, n (%)

Hypertension 25  (30%) 68 (41%) 0.095
Diabetes 14  (17%) 27 (16%) 0.377
Ischemic heart disease 6  (7%) 23 (14%) 0.124
Mental health disease 0 (0%) 3 (2%) 0.221

Data are expressed as number (percentage) or mean (standard deviation). Comparisons between groups were performed by Student’s T-test or Chi-squared test. Abbreviations:
AHI  = apnea–hypopnea index; ODI  =  oxygen desaturation index, SaO2 =  oxyhemoglobin saturation.

Fig. 1. CD39 and CD73 expression in T-lymphocytes from patients with severe obstructive sleep apnea. (A, B) Percentage of CD8+ T-lymphocytes that expressed CD73 (A) or
CD39  (B) determined by  flow cytometry in control subjects (CS, n =  83) and OSA patients (OSA, n =  166). (C-D)  Spearman rank correlation between apnea-hypopnea index [AHI]
and  the percentage of CD8+ T-lymphocytes that expressed CD73 (C)  or CD39 (D). (E, F) Percentage of CD4+ T-lymphocytes that expressed CD73 (E) or CD39 (F) determined by
flow  cytometry in control subjects (CS, n = 83) and OSA patients (OSA, n = 166). (G, H) Spearman rank correlation between apnea-hypopnea index [AHI] and the percentage
of  CD4+ T-lymphocytes that expressed CD73 (G) or CD39 (H).  The line represents the regression line and the shading represents the 95% CI. Comparisons between groups
were  performed by Student’s T-test with Welch’s correction, differences remain significant after adjustment for BMI: %CD8+ CD73+ ,  adjusted p-value < 0.0001; %CD8+ CD39+ ,
adjusted p-value = 0.0015; %CD4+ CD73+ , adjusted p-value = 0.0013; %CD4+ CD39+ ,  adjusted p-value = 0.0364. Spearman’s correlation coefficients (�) and p-values are shown.

results were obtained for the CD4+ T-cell subset: CD73 expres-
sion is downregulated, while CD39 is  upregulated in CD4+ T cells
from OSA patients (Fig. 1E, F). In addition, the expression of both
enzymes also correlated with AHI, indicating a  positive association
with OSA severity (Fig. 1G, H and Supp. Table 4). This finding prompt
us to speculate that OSA T-cell populations may  be characterized
by a CD39+ CD73− phenotype, which has been described in  other
diseases such as type-II diabetes,24 however we  found no differ-
ences in this subpopulation between OSA subjects and CS (data not
shown). In contrast, we  found that CD39+CD73+ population was
increased in CD4+ and CD8+ T-cells from OSA patients (Supp. Fig.
S1A, B). Furthermore, the percentage of this population correlated
with AHI (Supp. Fig. S1C, D). Finally, we assessed the mRNA expres-
sion of CD39-(ENTPD1)  and CD73-(NT5E)  encoding genes, showing
that CD73 mRNA levels do  not  vary between OSA patients and CS,
while CD39 mRNA expression was increased (Supp. Fig. S1E, F).

Moreover, the expression of both genes strongly correlated with
the levels of hypoxia inducible factor (HIF)-1� (Supp. Fig. S1G, H).
Altogether, these data suggest that CD73 and CD39 are increased
along OSA severity, which seems to be opposed to  the observed
CD73 downregulation in OSA T-cells.

Intermittent Hypoxia Through HIF-1˛ Increased CD73 and CD39

Expression in T-cells

To further assess the effect of hypoxemia in the expression of
CD73 and CD39, we performed an intermittent hypoxia in vitro

model using healthy volunteers PBMCs, along with loss/gain-of
function approaches. First, we cultured healthy PBMCs in  an inter-
mittent hypoxia chamber, with oxygen cycling from 1% to  21% for
16 h.  Our results showed that IH increased surface CD73 and CD39
expression in  T cell populations (Fig. 2A–D, Supp. Fig. S2A, B). More-
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Fig. 2. Intermittent hypoxia effect on CD73  and CD39 expression. (A, B) Fold change of the percentage of CD8+ (A) or CD4+ (B) T-lymphocytes that expressed CD73 determined
by  flow cytometry in healthy volunteer’s cells (n = 8) treated or not with a specific inhibitor for HIF-1� (PX-478, 30 �M)  cultured under normoxia (N) or intermittent hypoxia
(IH)  conditions for 16 h, data were normalized to the normoxia-control condition. (C,  D) Fold change of the percentage of CD8+ (C) or CD4+ (D)  T-lymphocytes that expressed
CD39  determined by flow cytometry in healthy volunteer’s cells (n =  8) treated or not with a  specific inhibitor for HIF-1� (PX-478, 30 �M)  cultured under normoxia (N)
or  intermittent hypoxia (IH) conditions for 16 hours, data were normalized to the  normoxia-control condition. Comparisons between groups were performed by Two-way
ANOVA with Tukey’s correction for multiple comparison tests, corrected p-values are  shown. (E, F) Fold change of the percentage of CD8+ (E) or CD4+ (F) T-lymphocytes
that  expressed CD73 determined by flow cytometry in healthy volunteers’ cells (n = 10) treated or not  with 100 �M of dimethyloxallyl glycine (DMOG) for 16 h in routine
culture conditions, data were normalized to the normoxia-control condition. (G, H) Fold  change of the percentage of CD8+ (G) or CD4+ (H)  T-lymphocytes that expressed
CD39  determined by flow  cytometry in healthy volunteers’ cells (n = 10) treated or not with 100 �M of dimethyloxallyl glycine (DMOG) for 16  h  in  routine culture conditions,
data  were normalized to the control condition. Comparisons between groups were performed by  paired T-test, p values are shown.

over, this effect is blocked when cells are concomitantly treated
with the HIF-1� inhibitor PX-478 (Fig. 2A–D, Supp. Fig. S2A, B). As a
complementary approach, we used the agent DMOG, which inhibits
HIF-1� degradation, triggering its signaling under normoxia con-
ditions. Accordingly, data show an upregulation of CD73 and CD39
upon DMOG treatment, confirming the HIF-1� role in upregulating
both enzymes (Fig. 2E–H, Supp. Fig. S2C, D). Besides, we analyzed
the mRNA expression of CD73 and CD39 in these in vitro mod-
els, showing similar results (Supp. Fig. S2E–H). Collectively, these
results propose that intermittent hypoxia, through HIF-1�,  pro-
motes CD73 and CD39 expression in circulating T-cells.

Soluble Forms of CD73 and CD39 are Increased in OSA Plasma

Interestingly, both CD73 and CD39 have been shown to be
released to the extracellular space, and a  catalytically-active soluble
form of both enzymes is present in  the human plasma.25 There-
fore, we analyzed soluble CD73 (sCD73) and soluble CD39 (sCD39)
plasma concentrations, showing that both forms are  upregulated
in the plasma of OSA patients (Fig. 3A, B). Moreover, we explored
its association with OSA severity, underscoring an association of
sCD73 with AHI (Fig. 3C and Supp. Table 4). Conversely, the solu-
ble form of CD39 was not associated to OSA severity (Fig. 3D and
Supp. Table 4).  In addition, we assessed the correlation between
the soluble form concentration in the plasma and the lympho-
cyte membrane expression of each marker. Results showed that
sCD73 plasma levels correlated with the corresponding CD73 mem-
brane expression (Fig. 3E).  However, sCD39 was not related to its
expression in the lymphocyte membrane, suggesting that other
populations are contributing to its high plasma levels (Fig. 3F).
Additionally, we performed an ex  vivo assay, analysing the super-
natant of OSA and CS PBMCs culture. In this line, we find higher
levels of sCD73 in  the supernatant of OSA leukocyte culture, while
no difference was shown in regard to sCD39 (Fig. 3G, H). Further-
more, sCD73 supernatant levels positively correlated with AHI and
membrane-bound CD8+ CD73 expression (Fig. 3I). In summary,

these findings suggest that  CD73 is  being released from OSA T-
lymphocytes, while CD39 may  be  released from other cell types
in a  process that may  not be influenced by OSA severity.

Adenosine Levels are Elevated in Severe OSA Patients

Finally, we addressed the plasma concentrations of ADO. As
previously reported,13 our results showed that  ADO levels are
increased in  the plasma of OSA patients (Fig. 4A). In addition, ADO
levels were positively associated with OSA severity, through AHI
(Fig. 4B and Supp. Table 4). We found a  positive correlation between
ADO levels and the percentage of T cells that expressed both CD39
and CD73 (Supp. Fig. S3A, B). In line, ADO levels correlated and
with sCD73, while no association was found with sCD39, proba-
bly because ADO is  a direct product of sCD73 but not of sCD39
(Fig. 4C, D). Overall, these data support an alteration of the puriner-
gic/adenosinergic signaling that result in an upregulation of ADO
levels, which could ultimately contribute to the establishment of
an immunosuppressive microenvironment in  OSA patients.

Discussion

This study describes for the first time the overexpression of
the CD39/CD73 pathway in  severe OSA patients and propose
hypoxemia as a mediatory mechanism triggering this upregula-
tion. Moreover, our results suggest the alterations in CD39/CD73
axis could underlie the upsurge of adenosine (ADO) levels in  the
plasma from OSA patients (Fig. 5). Interestingly, extracellular ADO
is well-described as a  potent immunosuppressive agent by regu-
lating both innate and adaptive immune responses.26 In  this line,
the bulk of extracellular adenosine generation is  known to rely on
CD39 and CD73-mediated catabolism of extracellular ATP, which
is  a  potent chemotactic and stimulatory factor for immune cells.26

Hence, CD39/CD73 axis, not only promotes immunosuppression by
generating ADO, but also by reducing ATP levels, thus counterbal-
ancing its pro-inflammatory effects. Consequently, several studies
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Fig. 3. Plasma levels of soluble CD73 and CD39 in patients with obstructive sleep apnea. (A, B) Plasma levels of the soluble forms of CD73 (sCD73) (A) and CD39 (sCD39) (B)
determined by enzyme-linked immunosorbent assay (ELISA) (CS, n = 33) and OSA patients (OSA, n = 82). (C, D) Spearman rank correlation between apnea–hypopnea index
[AHI]  and sCD73 (C) or sCD39 (D). (E) Spearman rank correlation between sCD73 levels and the percentage of CD8+ (left panel) or CD4+ (right panel) T-lymphocytes that
expressed CD73 determined by flow cytometry in OSA patients. (F) Spearman rank correlation between sCD39 levels and the percentage of CD8+ (left panel) or CD4+ (right
panel)  T-lymphocytes that expressed CD39 determined by  flow  cytometry in OSA  patients. The line represents the  regression line and the shading represents the 95% CI.
(G,  H) Supernatant levels of the soluble forms of CD73 (sCD73) (G) and CD39 (sCD39) (H) determined by enzyme-linked immunosorbent assay (ELISA). Supernatants were
obtained from PBMCs cultures of controls subjects (n =  7) and OSA (n  =  7) patients which were maintained for 16  h  in routine culture conditions. (I) Table depicting spearman
rank  correlation between supernatant sCD73 levels and apnea-hypopnea index [AHI], percentage of CD8+ or CD4+ T-lymphocytes that expressed CD73 determined by flow
cytometry in each OSA patient. (�) and p-values are shown. Comparisons between groups were performed by Student’s T-test with Welch’s correction, differences remain
significant after adjustment for BMI: sCD73, adjusted p-value 0.0484; sCD39, adjusted p-value = 0.0055. Spearman’s correlation coefficients (�) and p-values are shown.

have pointed to the critical task carried out by CD39 and CD73 in
generating an immunosuppressed environment. In line, a  substan-
tial amount of studies has reported that CD39/CD73 expression and
activity is elevated in in several solid tumors (colorectal cancer,
head and neck cancer, pancreatic cancer) as well as in  chronic lym-
phocytic leukemia, suggesting the involvement of these enzymes
in the onset and progression of neoplasia.19,27

In particular, CD39 and CD73 are upregulated under hypoxic
conditions, mainly via HIF-1�,28,29 as well as, the enzyme activity
of CD39/CD73 increase during hypoxia.28 Indeed, OSA severity is
related to CD39/CD73 expression and our in vitro model revealed
that intermittent hypoxia exposure, through HIF-1�,  induced
the upregulation of both CD39 and CD73 in the T-lymphocyte
membrane. Despite the hypoxemia gene upregulation effect of
CD39/CD73, helper and cytotoxic T-lymphocytes from OSA patients
exhibited a decreased CD73 expression. Interestingly, Schneider
et al., demonstrated that CD73 diminished drastically from the
surface of T-cells upon activation, due to the release of CD73-
containing extracellular vesicles (EVs).30 In fact, CD73 has been
detected on human exosomes isolated from plasma and serum,
where it maintains its enzymatic activity.31 Moreover, CD73 is
a GPI-anchored protein, and, therefore it clusters at the plasma

membrane in  lipid-rafts that are poised for EVs formation.31 In
this line, a soluble catalytically active form of CD73 has also been
reported to be shed from the plasma membrane through proteolytic
cleavage or hydrolysis of the GPI  anchor by phosphatidylinosi-
tol specific phospholipases.19 Herein, our results suggest that OSA
T-cells released higher levels CD73 in comparison with control
subjects; and sCD73 levels are upregulated in the plasma of  OSA
patients. Therefore, our data propose the OSA hypoxemia is  capa-
ble to  increase CD39/CD73 T  cell membrane expression and CD73
down-regulation in T-cells could be  mediated by a  higher release
of this protein to the plasma, either as a  soluble form or contained
in EVs.

Furthermore, our data exhibited a dysregulation of CD39 and
CD73 axis on T cells. The CD39/CD73 expression has been linked
to an autocrine mechanism of immune suppression, involving the
pericellular generation of adenosine, which forms an “adenosine
halo”.19 Moreover, the overexpression CD39/CD73 in  T-cells is  rec-
ognized for its role in  the evasion of immune response in  tumors.
This occurs by inhibiting the activation, clonal expansion, and
homing of T helper and cytotoxic T  cells, while enhancing the sup-
pressive capabilities of Tregs. Strikingly, our data showed that CD39
is elevated, while CD73 is decreased in the membrane of  helper and
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Fig. 4. Plasma levels of ADO in patients with obstructive sleep apnea. (A) Plasma levels of ADO determined by enzyme-linked immunosorbent assay (ELISA) control subjects
(CS,  n = 33) and OSA patients (OSA, n = 84). (B) Spearman rank correlation between apnea-hypopnea index  [AHI] and ADO levels. (C, D) Spearman rank correlation between
ADO  and sCD73 (C) or sCD39 (D) levels. The line represents the regression line and the shading represents the 95% CI. Comparisons between groups were performed by
Student’s T-test with Welch’s correction, differences remain significant after adjustment for BMI: sADO, adjusted p-value 0.0427. Spearman’s correlation coefficients (�) and
p-values are shown.

cytotoxic T-lymphocytes from OSA patients. These results suggest
a potential accumulation of AMP  in the “purinergic halo” of T-cells.
Interestingly, AMP  has been reported to  inhibit T-cell activation and
proliferation by  binding to the adenosine receptor A1R.32,33

An important outstanding finding is  the relevance of sCD73,
indeed, a great number of publications state that sCD73 expression
and activity are increased in several human cancers.34,35 More-
over, sCD73 activity was related to advanced stages of cancer and
poor outcomes.34,36 Similar to our analysis, these studies focused
on circulating CD73, which also includes EVs, so it is still unclear
whether the soluble CD73 expression and/or activity is influenced
by the exosomal form. To date, no studies considering both the shed
and the exosomal forms have been published, further work will be
required to dissect the specific roles. All these evidence constitute
the rationale for new research aimed to clarify whether CD73 could
be used as a soluble biomarker for cancer risk  in  OSA patients.

The data derived from our study suggests an increase in sol-
uble CD39 form in the plasma of patients. Notably, our findings
reveal that plasma levels of sCD39 do not exhibit a correlation with
the severity of OSA. Additionally, despite CD39 being influenced
by hypoxia, its expression is intricately regulated by various mech-
anisms, including oxidative stress and inflammatory cytokines.19

Specifically, CD39 gene is  governed by  transcription factors like Sp1
and signal transducer and activator of transcription (STAT)-3. More-
over, the presence of various proinflammatory mediators, such
as transforming growth factor (TGF)-�, interferons (IFNs), tumor
necrosis factor (TNF)-�  and interleukin (IL)-6, also contributes to
CD39 regulation.19 In contrast, IL-4 signaling leads to a  reduction in
CD39 levels.37 This evidence suggests that the expression of CD39
may be subjected to a  complex molecular regulatory mechanisms.
Consequently, factors such as the inflammatory state may  be influ-
encing the levels of plasma sCD39 in OSA patients. Furthermore,

our data indicates that  T-lymphocytes in  OSA do not release ele-
vated levels of sCD39, implying that other cell types may  play a
role in  sCD39 upregulation in  OSA patients. Specifically, CD39 has
been identified in plasma extracellular vesicles (EVs) of  platelet
and endothelial origin, maintaining catalytic activity.38 Hence, it
is plausible that various cell types contribute to  the heightened
sCD39 levels observed in  OSA patients.

Importantly, by unraveling an elevation of membrane-bound
and/or soluble CD39 and CD73, our study provides novel insights
about the underlying mechanisms eliciting ADO upregulation in
sleep apnea patients. In this context, Findley, et al., demonstrated an
upregulation of plasma ADO in  OSA patients, which correlated with
arterial oxygen desaturation during sleep.13,14 In agreement, other
study revealed that ADO levels decreased after CPAP treatment,39

and an experiment carried out in healthy subjects demonstrated
that the production of tissue adenosine increases even during
20 min of moderate arterial hypoxemia.40 Accordingly, our results
confirm the upregulation of ADO in a larger OSA cohort. Never-
theless, although the canonical CD39/CD73 pathway has a  major
role in  the production of ADO, other pathways involving alter-
native ecto-enzymes, nucleoside transporters and intracellular
adenosine metabolism can also contribute to  the elevated plasma
ADO concentrations.41 In this line, hypoxia plays a  central role in
the regulation of the purinergic system, by eliciting the release
of extracellular ATP involving both active and passive mecha-
nisms. Particularly, sphingosine-1-phosphate, a biologically active
lipid  upregulated in  OSA patient plasma, is  known to  induce ATP
release via volume-regulated anion channels, constituting a  poten-
tially mediatory mechanism.42–44 Moreover, hypoxia participates
in  the regulation of the expression of adenosine receptors, sig-
naling factors, nucleoside transporters and alternative purinergic
ecto-enzymes.26
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Fig. 5. CD39/CD73 axis is  dysregulated in sleep apnea patients, resulting in adenosine accumulation. Intermittent hypoxia, through HIF-1�, mediates the upregulation of
CD73  and CD39 in  the lymphocytes of sleep apnea patients. CD73 may  be released from  these lymphocytes, potentially resulting in decreased expression of membrane-
bound  CD73, and increased plasma levels of its soluble form (sCD73). Interestingly, plasma sCD39 levels were also upregulated, but, sCD39 is not shed from the lymphocyte
membrane. Moreover, ADO levels were upregulated in the  plasma of OSA  patients. Therefore, we speculated that the upregulation of plasmatic and/or membrane-bound
CD73 and CD39 results in an upsurge of ADO levels. Ultimately, increased ADO levels could dampen immune response, potentially contributing to the establishment of a
tumor-promoting microenvironment in OSA patients.

Thus, in OSA patients the hypoxic environment may  alter the
adenosinergic system at several levels, enhancing the development
of an immunosuppressive phenotype.

Our study has several limitations, which we  acknowledge. First,
the diagnosis of OSA in  patients was based on validated respiratory
polygraphy. Second, on our in vitro model the intermittent hypoxia
cycles are longer than those suffered by OSA patients. Third, with
our data, we could not conclude the origin of plasma sCD39 upregu-
lation. Fourth, our study includes patients without any evidence of
cancer, so we cannot conclude the effect of CD39/CD73/ADO alter-
ations on tumor development or progression. Fifth, in  this study we
have only include severe OSA patients, thus the assessment of the
observed alterations in  mild-moderate stages of the disease would
be of great interest. Sixth, this study does not provide any informa-
tion on the effect of OSA treatment on CD39/CD73 expression or its
effect on the development or progression of cancer.

In conclusion, our study reveals a  hypoxia-mediated alteration
of the CD39/CD73 axis in  OSA patients, which could trigger ADO
upregulation, thus potentially contributing to the immune suppres-
sive environment and ultimately facilitating tumor development
and progression. Interestingly, we reveal an upregulation of sCD39
and sCD73 in OSA plasma, suggesting T-cells as a potential source

contributing to elevated sCD73 levels. In  this line, circulating pro-
teins represent the best sources for discovering easy-to-test and
minimally invasive biomarkers. Therefore, our data highlights the
need for new longitudinal studies evaluating CD39 and/or CD73 as
potential cancer-risk prognostic biomarkers in OSA patients.
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Mañas: Formal Analysis, Methodology, Writing – review & editing.
Francisco García-Río: Conceptualization, Formal Analysis, Fund-
ing acquisition, Investigation, Project administration, Resources,
Supervision, Validation, Writing – original draft, Writing – review
& editing. Irene Cano-Pumarega: Conceptualization, Formal Analy-
sis, Methodology, Writing – review & editing. Enrique Alfaro: Data
curation, Formal Analysis, Methodology, Writing – review &  edit-
ing.

Funding Sources

This study was supported by Instituto de Salud Carlos III (ISCIII)
through the projects PI13/01512, PI16/00201 and PI19/01612,
PI22/01262, P2022/BMD-7224 to F.  García-Río and CP18/00028,
PI19/01363 and PI22/01257 to C. Cubillos-Zapata; and co-funded by
the European Union, Ayudas Luis Alvarez 2021 FIBHULP. C López-
Fernández was supported by  Investigo technician fellowship CAM.

Conflict of Interest

Authors declare no conflicts of interest.

Acknowledgements

We  thank the blood donor’s service of Hospital Universitario La
Paz (Madrid, Spain) for their help in  control subject recruitment.

Appendix A. Supplementary Data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.arbres.2024.02.013.

References

1.  Martinez-Garcia MA, Campos-Rodriguez F, Nagore E, Martorell A, Rodriguez-
Peralto JL, Riveiro-Falkenbach E, et al. Sleep-disordered breathing is  indepen-
dently associated with increased aggressiveness of cutaneous melanoma: a
multicenter observational study in  443 patients. Chest. 2018;154:1348–58.

2. Mediano O, González Mangado N, Montserrat JM,  Alonso-Álvarez ML,  Almen-
dros I, Alonso-Fernández A, et  al. International consensus document on
obstructive sleep apnea. Arch Bronconeumol. 2022;58:52–68.

3. Sapiña-Beltrán E, Gracia-Lavedan E, Torres G, Gaeta AM,  Paredes J, Mayoral A,
et  al. Prevalence of obstructive sleep apnoea and its association with atheroscle-
rotic  plaques in  a cohort of subjects with mild-moderate cardiovascular risk.
Arch  Bronconeumol. 2022;58:490–7.

4. Fernández-Bello I, Monzón Manzano E, García Río F, Justo Sanz R, Cubillos-
Zapata C, Casitas R, et al. Procoagulant state of sleep apnea depends on systemic
inflammation and endothelial damage. Arch Bronconeumol. 2022;58:117–24.

5. Jennum P, Kjellberg J. Health, social and economical consequences of sleep-
disordered breathing: a controlled national study. Thorax. 2011;66:560–6.

6. Romero-Peralta S, García-Rio F, Resano Barrio P, Viejo-Ayuso E, Izquierdo JL,
Sabroso R, et al. Defining the heterogeneity of sleep apnea syndrome: a clus-
ter analysis with implications for patient management. Arch Bronconeumol.
2022;58:125–34.

7. Armario P, Avellaneda-Gómez C,  Gómez-Choco M. Early detection and treatment
of  hypertension and obstructive sleep apnoea: can  we prevent the  progression
of small vessel cerebrovascular disease? Arch Bronconeumol. 2023;60:77–9.

8. Hernandez-Jimenez E, Cubillos-Zapata C,  Toledano V, Perez de Diego R,
Fernandez-Navarro I, Casitas R, et al. Monocytes inhibit NK activity via TGF-beta
in patients with obstructive sleep apnoea. Eur Respir J. 2017;49.

9. Cubillos-Zapata C,  Avendaño-Ortiz J, Hernandez-Jimenez E, Toledano V, Casas-
Martin J,  Varela-Serrano A, et al.  Hypoxia-induced PD-L1/PD-1 crosstalk impairs
T-cell function in sleep apnoea. Eur Respir J.  2017;50.

10. Cubillos-Zapata C, Martinez-Garcia MA, Campos-Rodriguez F, Sanchez de  la
Torre M,  Nagore E, Martorell-Calatayud A, et al. Soluble PD-L1 is a potential
biomarker of cutaneous melanoma aggressiveness and metastasis in obstructive
sleep  apnoea patients. Eur Respir J. 2019;53.

11. Diaz-Garcia E, Garcia-Sanchez A, Alfaro E, Lopez-Fernandez C, Manas E, Cano-
Pumarega I, et al. PSGL-1: a  novel immune checkpoint driving T-cell dysfunction
in  obstructive sleep apnea. Front Immunol. 2023;14:1277551.

12. Moriondo G, Soccio P, Minoves M,  Scioscia G,  Tondo P, Foschino Barbaro MP,  et  al.
Intermittent hypoxia mediates cancer development and progression through
HIF-1 and miRNA regulation. Arch Bronconeumol. 2023;59:629–37.

13. Findley LJ, Boykin M,  Fallon T, Belardinelli L. Plasma adenosine and hypoxemia
in patients with sleep apnea. J  Appl Physiol (1985). 1988;64:556–61.

14. Vijayan D, Young A, Teng MWL,  Smyth MJ.  Targeting immunosuppressive adeno-
sine  in cancer. Nat Rev Cancer. 2017;17:709–24.

15. Vultaggio-Poma V, Sarti AC, Di  Virgilio F. Extracellular ATP: a feasible target for
cancer therapy. Cells. 2020;9.

16. Di  Virgilio F, Sarti AC, Falzoni S, De Marchi E, Adinolfi E.  Extracellular ATP
and  P2 purinergic signalling in the tumour microenvironment. Nat Rev Cancer.
2018;18:601–18.

17. Diaz-Garcia E, Garcia-Tovar S, Alfaro E, Jaureguizar A, Casitas R, Sanchez-Sanchez
B,  et al. Inflammasome activation: a keystone of proinflammatory response in
obstructive sleep  apnea. Am J  Respir Crit Care Med. 2022;205:1337–48.

18. Kepp O, Bezu L, Yamazaki T, Di Virgilio F,  Smyth MJ,  Kroemer G,  et al. ATP and
cancer immunosurveillance. EMBO J.  2021;40:e108130.

19. Antonioli L, Pacher P, Vizi ES, Hasko G. CD39 and CD73 in  immunity and inflam-
mation. Trends Mol  Med. 2013;19:355–67.

20. Moesta AK, Li XY, Smyth MJ.  Targeting CD39 in cancer. Nat Rev Immunol.
2020;20:739–55.

21. de Leve  S, Wirsdorfer F, Jendrossek V. The CD73/ado system-a new player in RT
induced adverse late effects. Cancers (Basel). 2019;11.

22. Bowser JL, Lee JW,  Yuan X,  Eltzschig HK. The hypoxia-adenosine link during
inflammation. J  Appl Physiol (1985). 2017;123:1303–20.

23. Faul F,  Erdfelder E, Lang AG, Buchner A.  G*Power 3: a  flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav Res
Methods. 2007;39:175–91.

24. Guzman-Flores JM,  Cortez-Espinosa N, Cortes-Garcia JD,  Vargas-Morales JM,
Catano-Canizalez YG, Rodriguez-Rivera JG, et  al. Expression of CD73 and A2A
receptors in cells from subjects with obesity and type 2 diabetes mellitus.
Immunobiology. 2015;220:976–84.

25. Goueli SA, Hsiao K. Monitoring and characterizing soluble and membrane-bound
ectonucleotidases CD73 and CD39. PLOS ONE. 2019;14:e0220094.

26. Allard B,  Allard D,  Buisseret L, Stagg J.  The adenosine pathway in immuno-
oncology. Nat Rev  Clin Oncol. 2020;17:611–29.

27. Beavis PA, Stagg J, Darcy PK, Smyth MJ.  CD73: a potent suppressor of antitumor
immune responses. Trends Immunol. 2012;33:231–7.

28. Synnestvedt K,  Furuta GT, Comerford KM,  Louis N, Karhausen J,  Eltzschig
HK,  et al. Ecto-5′-nucleotidase (CD73) regulation by  hypoxia-inducible factor-
1 mediates permeability changes in intestinal epithelia. J  Clin Invest.
2002;110:993–1002.

29. Diaz-Garcia E, Garcia-Tovar S, Alfaro E, Zamarron E, Mangas A, Galera R, et al.
Role  of CD39 in COVID-19 severity: dysregulation of purinergic signaling and
thromboinflammation. Front Immunol. 2022;13:847894.

30. Schneider E, Winzer R,  Rissiek A,  Ricklefs I, Meyer-Schwesinger C, Ricklefs FL,
et  al. CD73-mediated adenosine production by CD8 T cell-derived extracellu-
lar  vesicles constitutes an intrinsic mechanism of immune suppression. Nat
Commun. 2021;12:5911.

31. de Gassart A, Geminard C, Fevrier B, Raposo G,  Vidal M.  Lipid raft-associated
protein sorting in exosomes. Blood. 2003;102:4336–44.

32. Saze Z, Schuler PJ, Hong CS, Cheng D,  Jackson EK, Whiteside TL. Adenosine pro-
duction by human B cells and B cell-mediated suppression of activated T cells.
Blood.  2013;122:9–18.

33. Rittiner JE, Korboukh I,  Hull-Ryde EA, Jin J, Janzen WP,  Frye SV,  et al. AMP  is  an
adenosine A1 receptor agonist. J Biol Chem. 2012;287:5301–9.

34. Morello S, Capone M,  Sorrentino C,  Giannarelli D, Madonna G, Mallardo D,
et  al. Soluble CD73 as biomarker in patients with metastatic melanoma patients
treated with nivolumab. J Transl Med. 2017;15:244.

35. Turiello R, Capone M,  Giannarelli D,  Morretta E, Monti MC, Madonna G,  et al.
Serum CD73 is  a prognostic factor in patients with metastatic melanoma and is
associated with response to  anti-PD-1 therapy. J Immunother Cancer. 2020;8.

36. Messaoudi N, Cousineau I, Arslanian E, Henault D, Stephen D,  Vandenbroucke-
Menu F, et al. Prognostic value of CD73 expression in resected colorectal cancer
liver  metastasis. Oncoimmunology. 2020;9:1746138.

37. Fang F, Cao W,  Mu  Y, Okuyama H, Li L,  Qiu J, et al. IL-4 prevents adenosine-
mediated immunoregulation by inhibiting CD39 expression. JCI Insight. 2022;7.

38. Banz Y, Beldi G,  Wu  Y, Atkinson B, Usheva A, Robson SC. CD39 is incorporated
into plasma microparticles where it maintains functional properties and impacts
endothelial activation. Br J Haematol. 2008;142:627–37.

39. Saito H, Nishimura M,  Shibuya E, Makita H, Tsujino I, Miyamoto K, et al. Tissue
hypoxia in sleep apnea syndrome assessed by uric  acid and adenosine. Chest.
2002;122:1686–94.

40. Saito H, Nishimura M,  Shinano H, Makita H, Tsujino I, Shibuya E, et al. Plasma
concentration of adenosine during normoxia and moderate hypoxia in humans.
Am J  Respir Crit Care Med. 1999;159:1014–8.

41. Vigano S, Alatzoglou D,  Irving M,  Menetrier-Caux C, Caux C, Romero P, et al.
Targeting adenosine in cancer immunotherapy to enhance T-cell function. Front
Immunol. 2019;10:925.

42. Furuya K,  Hirata H,  Kobayashi T,  Sokabe M.  Sphingosine-1-phosphate induces
ATP release via volume-regulated anion channels in breast cell  lines. Life (Basel).
2021;11.

43. Zahiri D,  Burow P, Grossmann C,  Muller CE, Klapperstuck M,  Markwardt F.
Sphingosine-1-phosphate induces migration of microglial cells via activation
of volume-sensitive anion channels ATP  secretion and activation of purinergic
receptors. Biochim Biophys Acta Mol  Cell Res. 2021;1868:118915.

44. Horvath P, Budi L,  Hammer D,  Varga R, Losonczy G, Tarnoki AD, et al. The
link  between the sphingolipid rheostat and obstructive sleep apnea. Sci Rep.
2023;13:7675.

214

http://dx.doi.org/10.1016/j.arbres.2024.02.013
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0395
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0405
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0420
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0425
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0435
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440
http://refhub.elsevier.com/S0300-2896(24)00053-X/sbref0440

	Dysregulation in CD39/CD73 Axis May Trigger the Upsurge of the Immune Suppressive Agent Adenosine in OSA Patients
	Introduction
	Methods
	Study Subjects
	Peripheral Blood Mononuclear Cells Isolation and Culture
	Plasma Protein and Adenosine Quantification
	Statistical Analysis

	Results
	CD73 Expression was Decreased and CD39 Increased in OSA Lymphocytes
	Intermittent Hypoxia Through HIF-1α Increased CD73 and CD39 Expression in T-cells
	Soluble Forms of CD73 and CD39 are Increased in OSA Plasma
	Adenosine Levels are Elevated in Severe OSA Patients

	Discussion
	Authors’ Contributions
	Funding Sources
	Conflict of Interest
	Acknowledgements
	Appendix A Supplementary Data
	References


