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Akis:

*Genel bilgi

*Yapi

*Fonksiyon

*Hasar1 yapan nedir?
*Nasil korunur?
*Sonug



Sadece s1vi m1?
Gizli koruyucu bir jel mi?

Am J Physiol.1977 Aug;233(2):H318-21.



Nukleus Plazma zan

Glikokaliks — g

. Karmagik bir firca goriiniime sahip i
» Endotelden daha kalin olan #

» Damar duvarinin bir parcasi

 Damar duvarinin kendisi uretir.

Coluda endotobal



Ve suanki tanimlama:

Glikokaliks

« Endotelin liimene bakan yiiziinii
saran, zara baglh proteoglikanlar
ve glikoproteinlerden olusan bir
agdr.

lumen

« Hem endotel hem de plazmadan
turevlenmis ¢coziinir molekiiller
bu 6rgii sisteme dahildir.
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J Cereb Blood Flow Metab. 2000 Nov;20(11):1571-8.




Glikokaliks bilesenleri

» Proteoglikanlar

.l. K*, Na*, Ca**, L-arginine channels

® S I al O p rote I n I e r @ Albumin, bFGF, LPL, polycationic peptides Hyaluronic acid

? Cholesterol and glycosphingolipids - Heparan sulfate

Q Caveolin-1 wes Chondroitin sulfate

* Absorplanmis bilesenler (albumin vs.)



Heparan siilfat

Proteoglikaniar: O (e i
— Ana protein bileseni K.

Table 1 Characteristics of proteoglycan core proteins in the vascular endothelial glycocalyx

Core protein Core protein size Number of Number of GAG-chains Type of GAG- |

Hiicrezan
g (kDa) subtypes linked linked B———— o T e
Syndeca 19-35 4 5 HS/CS Membrane-spanning
Glypican 57-69 6 3 HS/CS GPI-anchor
Perlecan 400 1 3 HS/CS Secreted
Versican 370 1 10-30 CS/DS Secreted
Decorin 40 1 ] CS/DS Secreted
Biglycan 40 1 2 CS/DS Secreted
Mimec 35 1 2-3 KS Secreted

—Yan zincir (GA

Table 2 Composition of the disaccharides of vario

Chondroitin sulfate Dermatan sulfate® Hyaluronan Keratan sulfate

Uronic acid GlcA(2S) IdoA(2S) GlcA GlcA IdoA(2S) GlcA Gal(6S)
Disaccharide link 154 183 133 183 1p4
Hexosamine GIcNAC(NS)(3S)(65) GalNAc4S* GalNAc6S® GalNAc(45)(6S) GlcNAc GleNAc(6S)
Polymerization link 1p4 1B4 1p4 14 1B3

Glikozaminoglikanlar (GAG) aniyonik yiikten sorumludur.

Pflugers Arch - Eur J Physiol (2007) 454:345-359



Sialoproteinler: Neurominik asit tagsiyan ve oldukca
fazla bulunan bir bilesen

Sialic acids

Glycoprotein
Sialik asit + glikoproteinler
= sialoproteinler

*9C’lu bir monosakkarit tiirevidir
*mannozamin ve pirtivattan tiirer
*net negatif yiike katkis1 olduk¢a fazladir.

Sialik asit (SA) =neurominik asit

FASEB J. 1997 Mar;11(4):248-55.



Absorplanmus bilesenler:

e Albumin

Table 3 Molecules dependent on interaction with the endothelial glycocalyx for proper functioning
Primary function in vasculature

Potent inactivator of pro-coagulant proteases such as thrombin, factor Xa
and factor IXa; activity enhanced by heparin or heparan sulfate

Heparin cofactor I Inactivator of the procoagulant protease thrombin; activated by dermatan sulfate in the
endothelial glycocalyx

TFPI Anticoagulant protein blocking activated factor VII and X

LPL Enzyme involved in breakdown of low density lipoproteins

LDL Transports cholesterol and triglycerides through the circulation

VEGF Potent stimulator of angiogenesis, production of which is triggered by hypoxia

TGFR1/2 Growth factor known to mediate in a lot of signaling pathways, including smooth
muscle cell differentiation and vascular tone and reactivity

FGF(r) Growth factor (receptor) involved in endothelial cell proliferation and angiogenesis
Extracellular quencher of reactive oxygen species

¢ growth factor 31 or 32, FGF(r) fibroblast growth factor (receptor), ec-SOD extracellular superoxide dismutase, /L interleukin,
RANTES Regulated on Activation, Normal T Expressed and Secreted—also known as chemokine CCL5

Myburgh JA, Mythen MG. N Engl J Med 2013;369:1243-1251.




Inflamasyon Shear stres

Ann N Y Acad Sci. 1995 Jan 17;748:543-54.
Am J Physiol Heart Circ Physiol 2004; 286: H1672-1680.



Lokal 1yonik gu¢ ve pH glikokaliksin
esnekligini etkilemektedir.

[NaC1] = 0.015M
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GAG’lar kendi uzunlugunun yaklasik 1ki katina
cikabilir.

J Biomech. 2005 Sep;38(9):1789-97.
Pflugers Arch. 2000, 440:653-66



GAG’larin proteinler ile 1liskisi yapisini etkiler.

Ringer (protem free)
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J Physiol. (1992), 445) 473-486



GK fonksiyon: Akan hiicrelerin siirtiinme etkisinden

endoteli korumak
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Table I: Binding of CF on membranes of vascular endothelium and RBCs of guinea pigs

and rabbits*®

Ferritin particles/micron®

Guinea pig

Endothelial cells 2600

" Number of ferritin particles counted per micron- on micrograpns (x 75,000) of tan-
gentially sectioned membranes of guinea pig and rabbit endothelium and red blood cells.

THROMBOSIS RESEARCH Vol, Ty PP 023=634, 1975
Printed in the United States Pargamnon Press, Inc.



Eritrosit membraninda katyonik ferritin baglanmasi

e Hiicrelerin endotele
yapismamasi

 Aglutinasyonun
engellenmesi

Fig. 4. Transmission electron micrographs of ultrathin sections of
human RBC surface. Washed cells were incubated in medium con-
taining CF (200 gg/ml) at 37°C for § min and washed twice with PBS.
CF-labeled cells were prepared as described in Materials and Meth-
ods (A). Scale bar = 1 pm. (A") shows partial extension of (A). Scale
bar = 100 nm,

Cell Struct Funct. 1998 Jun;23(3):143-52.



GK fonksiyon: Shear stres bilgisi endotele glikokaliks
araciligiyla aktarilmaktadir.

Kontrol damar

Hyaluronidaz
uygulanmis damar
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Perfusion rate (ml/min)

Vaskiiler tonus ve endotel fonksiyonuna aracilik

Am J Physiol Heart Circ Physiol. 2003 Aug;285(2):H722-6.



GK fonksiyon: Antioksidan maddeleri tasir.

NORMOPHYSIOLOGICAL CONDITIONS

EC function permeability | coagulation | inflammation

shear-induced NO nhib. platclet ad- prevention of

synthesis, 0.~ m hesion, coagul. leukocyte

regulatory factors adherence

Spin concentration (M)

GCX VASCULAR LUMEN

« Superoksit dismutaz
S i al i k aSit Control : ;::SA) Dess:;:‘ylated
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Reactive
Oxygen
Free
Radical
03
SOD “ydroqen

Peroxide
Free Radical

H0,

8 plasma
proteoglycan

NO, glikokaliks-SOD bagini
azaltabilir.

Plasma EC-SOD activity {units/ml)

Catalase
200

Time (min) A GPx

Heparan stlfat SOD’u + Balanced

baglar Sy

>

Bound r-EC-SOD (ng)

. FEBS Lett. 2001 Sep 14;505(2):296-300.
0O 10 50 100 200 Biochem. J. (1987) 242, 55-59
FEBS Letters 581 (2007) 2473-2477

NO donor (pM)



GK fonksiyon: Lokosit endotel iligkisinin
diizenlenmesi

:scnwm/nspmrus:w
EC function abili EC function coagulation | inflammation

shear-induced NO Inhib. platelet ad- prevention ol platelet adhesion { = leukoc. adhesion {
synthesis, 0~ "”‘_’" hesion, coagul, leukocyte NO § leakage of and thrombin
dismutation barrier regulatory factors adherence oxidative stress § | macromolecules generation
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PARENCH.

@ plasma proteins \A platelet

=
o

; plasma ya .
J / proteoglycan  ~  ecSOD

Selektinler sialik asite baglanabilir.

Curr Opin Cell Biol. 1992 Apr;4(2):257-66.
Free Radical Biology & Medicine 52 (2012) 1382-1402




GK fonksiyon: Pihtilasmanin diizenlenmesi

Soluble
Prote oglycan

e Antithrombin I,

e Heparin cofactor I,
e Thrombomodulin,

AL AT e Tissue factor pathway inhibitor
e ¢

Glycoprotein Proteoglycan
Endothelial Cell

Mediators Inflamm. 2014:2014:694312.




GK fonksiyon:Kapiler duvar permeabllltesmln
dizenlenmesi ===

* Proteinler
e Sialik asit

+ Sialik asitce zengin oligosakkaridler hucre
yuzunde su tutma ozelligi saglar.

* Su polar ve kismen pozitif yuklidar. |
Dolayisiyla hiicre tarafindan cekilir ve sivi 5 s
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alimi bu yolla kontrol edilmis olur. s, 0 e
Myburgh JA, Mythen MG. N Engl J Med 2013;369: 1243 1251.
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Glikokaliks odeme kars1 korur
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No treatment Hyaluronidase
treatment

Rat left ventricule myocardial capillary

Circ Res. 2003 Apr 4;92(6):592-4.



Microvascular and capillary perfusion following

glycocalyx degradation.
Effect of hyaluronidase on the microcirculation.

Fonksiyonel kapiller Ka
yogunluk (FCD)
=gOrinir alandaki [
perfiize olan damar EJg
sayisl é

A

30 min 60 min 90 min
Time Point, min after infusion

J Appl Physiol (1985). 2007 Jun;102(6):2251-9.



Hemorajik sokta glikokaliks

[ cControl \
E=3 Hemorrhagic Shock
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Post-hemorrhage

Microvasc Res. 2013 Jan:85:128-33



Experimental paper

Balanced vs unbalanced crystalloid resuscitation in a near-fatal model of

hemorrhagic shock and the effects on renal oxygenation, oxidative stress, and
inflammation™

Plasma lactate (mmaol/1)
Control 28 +02
H5 11.2 £ 1.8
HS +NaCl
H5 + Lyte

e g — Dengeli ve dengeli

Control - -
i 201 2 1626° olmayan kristaloid
HS + MaCl 368 + 47.99¢
HS + Lyte 247 + 48.7° 1
Plasma IL-6 (pg/ml) rep asmanl
Control 170 + 25
HS 14132 + 4347
HS + MNaCl 21258 £ 5312°
HS5 + Lyte 12808 + 6146 .
Tissue MDA/protein content ( wmaol/g) SOk‘ 40 mmHg
Control
HS
HS + MNaCl

HS + Lyte Hedef: 80 mmHg

Plasma hyaluronan (ng/ml}

Control 79+ 27 SlVllaI'Z

H5 158.1 + 20.8%

HS + NaCl 97.1 + 13.4° e 9% 0.9 NaCl

HS + Lyte 152.7 + 56.9¢

© p<0.05 vs control. ° Plasma Lyte

H P L
p<0.05 vs HS. Aksu U, et al., Resuscitation. 2012 Jun;83(6):767-73.
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Reactive oxygen species mediate modification of glycocalyx during
ischemia-repertusion injury
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Am J Physiol Heart Circ Physiol 290: H2247-H2256, 2006.



Endotel ROS \ -

Reperfiizyon $ Likosit RNs —— Olikokaliks — Glikokaliks immiin  inflamatuar
’ E hasan fragmanlar hiicreler aracilar
(TNF-a)

Heparanaz

physiological situation Ischemia/reperfusion Injury
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Reperfusion [hr] Antioxid Redox Signal. 2014 Sep 1;21(7):1098-118.




Loss of Endothelial Glycocalyx During Acute
Hyperglycemia Coincides With Endothelial Dysfunction
and Coagulation Activation In Vivo

Max Nieuwdorp,' Timon W. van Hasften * Mirella C.L.G. Gouverneur,” Hans L. Mooij,"
Miriam H.P. van Lieshout,' Marcel Levi,* Joost C.M. Meijers," Frits Holleman,* Joost B.L. Hoekstra,”
Hans Vink,” John J.P. Kastelein," and Erik 5.G. Stroes"
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FIG. 3. Shedding of endothelial glycocalyx

compounids (as assessed by plasma hyaluro-

nan) in subjects infused with glucose (@),

0 2 4 6 & 10 12 14 16 18 20 22 24 26 28 30 32 mﬂlmltolé:)‘.;r E{:IE'C;W-NACI}‘Q-#?’&HOH;;
means = SE. *P < 0.05 vs. baseline; #P < 0.

Time (hours) among groups. ! .00

Baseline 1 (C1) Glucose infusion

Hyperglycemia

300 mg/dl for 6 h Diabetes. 2006 Feb;55(2):480-6.




Reduced negative surface charge on arterial endothelium explains accelerated

atherosclerosis in type 2 diabetic patients.
Nassimizadeh M, Ashrafian H, Drury NE, Howell NJ, Digby J, Pagano D, Frenneaux

MP, Born GV,
Diab Vasc Dis Res. 2010 Jul;7(3):213-5. doi: 10.1177/1479164 110376207, Epub 2010 Jul 26.

(a) Control (b) Diabetes

Figure |. Electron micrographs of ferritin binding in internal
mammary arteries from controls and subjects with diabetes.

(a) control; (b) diabetic pre-treated (after fixation) with 0.5 mg/
ml of cationised ferritin (x 30,000). The lower number of
bound ferritin particles is apparent in the subjects with diabetes
compared with controls. The thinning of the iron-binding

layer is prominent in the presence of diabetes and is likely to
correspond to decreased glycocalyceal volume.







Original Article
Loss of Endothelial Glycocalyx During Acute

Hyperglycemia Coincides With Endothelial Dysfunction
and Coagulation Activation In Vivo

Max Micsuwdorp,” Timon W. van Hasften,® Mirella C.L.G. Goavernenr,” Hans L. Mooij.”
Miriam H.F. van Lieshouwt," Marcel Levi,® Joost C.M. Meijers,” Frits Holleman,* Joost B.L. Hoekstra,*
Hans Vink,” John J.P. Kastelein," and Erik S.G. Stroes"
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FIG. 3. Shedding of endothelial glycocalyx
compounds (as assessed by plasma hyaluro-
nan) in subjects infused with glucose (@),

8 10 12 14 18 20 22 24 26 28 30 32  mannitol (M), or glucose-NAC (A). Data are G|UCOSG
Time (hours} means + SE. *P < (.05 vs. baseline; #P < 0.05

ons sroues Glucose + NAC

300 mg/dl for 6 h Diabetes. 2006 Feb;55(2):480-6.




Tumor necrosis factor-a inhibition protects against

endotoxin-induced endothelial glycocalyx perturbation

~@- LPS+ctancroapt
= | PStsaline

1 ng/kg endotoksin (LPS)

j « LPS

- » Etanercept +LPS

Plasma hyaluronan

2 3
Time (hours)

Atherosclerosis. 2009 Jan:202(1):296-303.




Sonuc:

Cok fonksiyonlu glikokaliksin serbest radikaller ve
Inflamasyondan etkilenmesi ongoriilemeyen
sonuclara neden olabilir.
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