The biomarker of endothelium damage
in obstructive sleep apnea
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Outline

* Endothelium damage in obstructive sleep apnea

* Biomarkers of endothelium damage

> Cardiovascular

> Renal
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Flow-mediated dilation, percent

Endothelial function in OSA and

response 1o treatment
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Vascular Inflammation in
Obesity and Sleep Apnea

* 38 OSA vs 33 OSA-free obese p't;
* Vascular endothelial cell from peripheral vein (J-shaped vascular guidewires)
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T-AAD

Endothelial Cell Apoptosis in

Obstructive Sleep Apnea
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Pathophysiology of intermittent hypoxia

OSA/Intermittent hypoxia

Mitochondria, NADPH oxidase, xanthine oxidase, uncoupled nitric oxide sythase
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Monocytes, Endothelium, Inflammation and
Atherosclerosis

Lipid
M-CSF droplets
Modified
lipoprotein
particle

Circulation. 1993 Aug;88(2):358-63.
Nature. 2002 Dec;420:868-874.



MMP, from plaque progression to
destabilization

rous cap desta
and rupture

Smooth muscle cell migration

Monocyte recruitment

> MMP-9 is a
predictor of
cardiovascular

mortality in
CAD

Circulation. 2003 Apr 1;107(12):1579-85.
Clin Chem Lab Med. 2017 Nov 27;56(1):147-156.



Plasma MMP-9 changes & Monocyte
MMP-9 RNA expressmn In OSA patients
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Plasma MMP-S changes & Monocyte
MMP-9 RNA expression in OSA patients
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Monocytes, Endothelium, Inflammation and
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Chemokine Receptor 2(CCR2) and MCP-1

« CCR2(-/-) mice show defect
iIn monocyte recruitment
and | atherosclerotic Nature. 1998 Aug 27;394(6696):894-7



Intermittent hypoxia culture system
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IH * CCR2 mRNA expression(A) and membrane
protein(B) in THP-1 cells & human monocyte(C)

tubulin
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IH T migration toward MCP-1 & adhesion to
HUVEC in THP-1 cells
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Possible involved pathway and
Human data
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Monocytes, Endothelium, Inflammation and
Atherosclerosis
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IH » monocyte MCP-1 expression & > monocyte
MCP-1 expression from severe OSA patients
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Intermittent Hypoxia Active Chemotaxis in
Monocytes of OSA patients
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Chemokines & Receptor

Cell-dependent actions — — — — -
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Role of arginase & g
vascular endothelia
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Serum Nitrites & Mitrates (M)

Circulating nitric oxide is suppressed in
OSA and is reversed by nasal CPAP

120 - p=0.015 p=9.05 p=0.01
tla 1 LI — ) 2 — 2 0008
p =L
100 E o AR 1
w0
80 E o0 o T
= R . ._
@ 3™ Saneann T
I l E 40 o S
wl — g : | S
% N § 30 ﬁ N
i \ i \\ R \“
= 10 o, R
0 é ! ! _ & . & SR, . k it -
Df:n i“i‘:’: :’f:‘a ‘f_:"_"';;' Bassline  After nCPAR Baseline  After nCPAP
n=22 n=19
Figur 1. 9 Serum e/t eves Fge 2 S e e
A subjects (n = 30) and control subjects (n = 22). (b) Serum nitrite/nitrate levels in
(n = 40). (b) Serum nlt_rrtefnltrate levels in O5A subjects, excluding three subjects on
BMI-matched O5A subjects (n = 18) and antihypertensive mediations, at baseline
control subjects (n = 29). and after nCPAP (n = 19).

Am J Respir Crit Care Med. 2000 Dec;162(6):2166-71.



NArginase Expression and Activity in Hypertensive
Rats Exposed to Intermittent Hypobaric Hypoxia
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4 NO in endothelial cells via intermittent hypoxia
through “*Arginase and Glutaminase
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High prevalence of CKD in OSA

* The prevalence of CKD(GFR<60) was found to be higher(30.5%)
across all individuals diagnosed with 1624 OSA (9.1% in
comparison)

Hypertens Res 2008; 31: 249-255

* The prevalence of stage 1 + stage 2 CKD(GFR<60) in non-HTN,
2c>5r(1)/-l))IVI OSA patient in Taiwan = 18% (general population =
. 0)
Lancet 2008; 371: 2173-2182
Nephrol Dial Transplant (2011) 0: 1-6

* Associations have been found between the apnea hypopnea
index (AHI) and the UACR (urine albumin-to-creatinine ratio)
Sleep 2007,;30: 923-929
Am J Kidney Dis 2008; 52:285-293



Simple OSA without HTN or DM accelerate kidney dysfunction:
a population follow-up cohort study from Taiwan
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o 1 2 3 4 5 6 7 8 9 10 11 12
Time (years)
Number at risk
Non-OSA 34330 23663 14611 7943 3248 168
OSA 6866 4733 2917 1582 655 34

Lin YS, et al. Sleep Breath. 2017 Mar;21(1):85-91



Renal vasodilating capacity and endothelial
function are impaired in patients with OSA
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OSA increase glomerular filtration

* Renal biopsies of OSA patients: glomerulomegaly and focal segmental
sclerosis =» may result from increased glomerular filtration.

Am J Kidney Dis 1987; 10: 470-2



Diagnosis and management of
nephrotic syndrome
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podocyte foot processes
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- . \ leak
" ea yll
glomerular ’ € glomerular

basement basement
\ membrane X membrane
injured and disrupted
fenestrated glomerular capillary . endothelial cell membrane

. . endothelial cell membrane Plasma proteins .Cross. the .
plasma proteins remain damaged glomerular filtration barrier
within the circulation and pass into the urine

The Practitioner 2017; 261(1801):11-15



Glomerulosclerosis and proteinuria:
Roles in podocytes and endothelial cells
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Intermittent hypoxia causes histological kidney damage and
increases growth factor expression in a mouse model of OSA

* Intermittent hypoxia, 60days, B6 mice
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Glomerular hyperfiltration improving
after cPAP

» 27 OSA, before cPAP, filtration fraction (FF) > with AHI 1*;
* cPAP for one week, FF,
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Reversibility of albuminuria and CPAP
compliance in patients of OSA

68 OSA; 6 months CPAP
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OSA contribute renal function impairment:
pathophysiology

Intermittent
Hypoxemia

Sleep
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Hemodynamics
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Immune mechanisms in the different
phases of acute tubular necrosis
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Biological Markers of Acute Kidney Injury

DESIGNS

STUDIES
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NAG (n= 15) KIM-1 (n = 4) KIM-1 (n = 6)
KIM-1 (n= 14) Plasma IL-6 (n=4) | PlasmalL-6(n=5)
a/t GST (n=9) wit GST (n = 3) NAG (n=5)
L-FABP (n=7) NAG (n=3) L-FABP (n = 3)
Plasma IL-6 (n=6) | GGT/AIkPhos (n=3) | aw/x GST (n=1)
GGT/AlkPhos (n =4) | L-FABP (n=1) Netrin-1 (n=1)
Netrin-1 (n=2)

JAm Soc Nephrol 22: 810-820, 2011




Elevated Serum Markers of
Acute Kidney Injury in Patients with OSA
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Table 3—Demographic data and change in acute kidney injury markers stratified by CPAF adherence.
Poor Adherence (n=34) Good Adherence (n=21) P
Male (%) 93 91 1.00
Hypertension (%) 64 72 il
Age (years) 446+18 bb+16 N
BMI (kg/m?) 1+08 297+08 a0
AHI (events/h) 9745 G488 +47 Ad
Creatinine (mg/dL) 10+02 09=03 B2
CPAP adherence rate (%) 196+29 809+25 =M
Change in acute kidney injury markers
UACR [mglg) -92+489 -53+105"
NGAL (ng/mL) -19+£225 -1.7£28.0
Cystatin C (ng/mL}) 626 +211.9 559 +16559
IL-18 (pg/mL) -246+913 -208 50627

Values presented as mean + standard errorof the mean. * = P< 05 versus baseline. AHl = apnea-hypopnea index, BM| =bodymass index, CPAP = confinuous
positive airway pressure, IL-18 = interleukin-18, NGAL = neufrophil gelatinase-associated lipocalin, UACR = urinary albumin-creatinine ratio.

Chuang LP, et al. J Clin Sleep Med. 2019 Feb 15;15(2):207-213.
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Conclusion

* Endothelium damage in obstructive sleep apnea
=>» Participant in many comorbidities

* Biomarkers of endothelium damage

> Cardiovascular

=2 MMP9, Chemotaxis(MCP-1, CCR2, CCR5), Vascular dilatation
(NO, Glutaminase, Arginase).....

» Renal
=>» Albuminuria, Acute kidney injury(NGAL, Cystatin C, IL-18).....



Thank you for your attention!
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