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EXTRACELLULAR VESICLES (EVS)

Extracellular vesicles are cell-derived membrane particles ranging from 30 to
5,000 nm in size, including exosomes, microvesicles, and apoptotic bodies.

They are released under physiological conditions, but also upon cellular activation,
senescence, and apoptosis.

They play an important role in intercellular communication. Their release may also
maintain cellular integrity by ridding the cell of daomaging substances.

They can modify mechanisms important in the pathophysiology of kidney diseases,
such as thrombosis, angiogenesis, tissue regeneration, immune modulation, and
inflammation.

In kidney diseases, extracellular vesicles may be utilized as biomarkers, as they are
detected in both blood and urine.

They may contribute to the pathophysiology of renal disease while alse having
beneficial effects associated with tissue repair. Because of their role in the
promotion of thrombosis, inflammation, and immune-mediated disease, they
could be the target of drug therapy, whereas their favorable effects could be
utilized therapeutically in acute and chronic kidney injury.

Pediatr Nephrol. 2017 Nov 27. doi: 10.1007/s00467-017-3816-z.
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Table 1 Main characteristics of exosomes, microvesicles, and apoptotic bodies

Exosomes Microvesicles Apoptotic bodies
Size 30-100 nm 100—1,000 nm 1-5 pm
Origin Intraluminal vesicles within Plasma membrane and Plasma membrane,

Mechanism of
formation
Release

Time of release

Pathways

Lipid membrane

multivesicular bodies

Fusion of multivesicular bodies
with the plasma membrane

Constitutive and/or cellular
activation

Ten minutes or more

ESCRT-dependent
Tetraspanin-dependent
Ceramide-dependent
Stimuli-dependent
Enriched in cholesterol and

cellular content
Outward blebbing of

the plasma membrane
Constitutive and/or cellular

activation
Few seconds

Ca**-dependent
Stimuli- and cell-dependent

Expose phosphatidylserine,
enriched in cholesterol and

diacylglycerol, contain lipid rafts

Proteins, mRNA, miRNA, lipids

cellular fragments
Cell shrinkage and
programmed cell death
Apoptosis

Apoptosis-related

Cell organelles, proteins,
nuclear fractions, DNA,
coding and noncoding
RNA, lipids

composition ceramide, expose phosphatidylserine,
contain lipid rafts
Content Proteins, mRNA, miRNA, lipids
DOoOANT A 1l Ve ininaiend Fae bvncncmnd

ESCRT - endosomal sorting complex required for

transport

Pediatr Nephrol. 2017 Nov 27. doi: 10.1007/s00467-017-3816-z.
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SCHEMATIC PRESENTATION OF THE RELEASE
AND UPTAKE OF EXTRACELLULAR VESICLES

pu—

a Exosomes are released from late endosomes termed
multivesicular bodies bearing infraluminal vesicles (ILVs)
intracellularly. When the multivesicular bodies fuse with the
plasma membrane and empty their contents, ILVs are released
and are termed exosomes once they are extracellular. Exosomes
are the smallest extracellular vesicles.

b Microvesicles are shed directly from the plasma membrane,
thereby carrying membrane markers of the parent cell.
Microvesicle formation is calcium-dependent and associated with
loss of membrane asymmetry and disruption of the cellular
cytoskeleton.

¢ Exiracellular vesicle uptake by target cells may occur via fusion
of the vesicle membrane with the cell memlbrane or by
endocytosis. The vesicle may also transduce an intracellular signal
by ligand binding to a receptor on the recipient cell.

Pediatr Nephrol. 2017 Nov 27. doi: 10.1007/s00467-017-3816-z.



EXTRACELULARNI VEZIKULY - FUNKCE

Béhem fyziologickych i patologickych procesu jsou extraceluldrni

(V4

vezikuly uvolnovany a ovlinuji procesy , jako je koagulace a
tvorba trombuU, angiogeneze, imunomodulace a zanét.

(V4

Glomerularni endotelidini bunky uvolnuji mikrovezikuly, které
exponuji na svém povrchu receptory pro kinin B1 a interleukin 8
(IL-8) a pritahuji neutrofily.

Proximalni tubularni bunky kultivované v prezenci fenoldopamu
(agonista dopaminového receptoru) uvolnuji exosomy, které

redukuji produkci ROS v distalnim fubulu a sbéracim kandlku, coz
odrazem fransferu protizanétlivé odpovéedi.

Pediatr Nephrol. 2017 Nov 27. doi: 10.1007/s00467-017-3816-z.



EVS

Their contribution to the induction and progression of renal
diseases may lead to the development of treatments geared
toward temporary reduction of EVs systemically in the circulation,
or locally in the kidney and urinary tract. Treatments that reduce
the release or uptake of EVs need to take into account the notion
that EVs may also be cytoprotective, as their release and the
removal of unwanted or damaging substances from their parent
cells may maintain cellular integrity. EVs may have potentially
beneficial properties associated with tubular regeneration and
the induction of angiogenesis. The therapeutic potential and
nephroprotective effects of EVs, owing to their capacity to shuttle
proteins, lipids, and genetic cargo to recipient cells, are being
explored in preclinical studies, which may lead to clinical frials in
the future.

Pediatr Nephrol. 2017 Nov 27. doi: 10.1007/s00467-017-3816-z.



AKUTNI SELHANI LEDVIN

» Zpusobeno vyznamnym
poklesem glomerularni filtrace a
exkrecnich funkci obou ledvin

% nahle vznikld neschopnost
ledvin primerene regulovat
solnou a vodni rovnovdahu a
vylu€ovat metabolické odpady
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Vztah mezi plasmatickou hladinou kreatininu a GFR
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Chronic Kidney Disease

glomerulosclerosis
reduced perfusion
capillary rarefaction and
obliteration

v

tubulointerstitial hypoxia

e

stabilization of HIF-1 stabilization of HIF-2
renal epithelium renal endothelium interstitial cells
ECM modification through HIF's role in CKD
lysyl-oxidases progression is unclear:
other HIF-1 regulated factors cytoprotective factors
(e.g PAI-1, TIMP 1, CTGF) ROS scavenging

NO production

vascular remodeling
\ /

Kidney Fibrosis and
Disease Progression




SELHANI LEDVIN SE MUZE VYVINOUT:

» Nahle u Clovéka, jehoz funkce ledvin byla predtim
normalni

« Ndhle u Clovéka, jehoz funkce ledvin byla predtim
vazné poskozena (chronické renadlni selhani)

- akutni selhani

« je dusledkem chronického r@hdliniho onemocnéni, kdy
dochdzelo k postupnému p@klesu rendlnich funkci

- chronicke selhani



FAze a rizika akutniho selhdani ledvin

v vétsinou nahly pokles exkrece modci

< 500 ml/den = oligurie
< 100 ml/den = anurie

v nékdy 1-2 | moci/den = nonoligurické ASL
(poskozeni tubull)



Casovy pribé&h zmén diurézy u akutniho
selhdani ledvin

1. Inicidlni faze
2. Oliguricko-anuricka faze
3. Diureticka faze

4. 7otavovaci faze




ETIOLOGIE A PATOGENEZE

» U 70% pacientu s

O kUTnim renélnfm . abstruction
selhanim .

2 akutni tubularni

B= FPost-Renal

nekroza PostFena
A4 v /'.
» Rozdéeleni: =
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1. prerendlni azotemie ...
2. renalni azotemie :

3. postrendlni azotemie



« Obecné maiji spolecné to, Ze pUsobi pokles
glomerularni filtfrace, ke kterému dojde ndhle

« V dusledku:

- snizeného prutoku krve glomeruly
- zvyseni tlaku v ledvinovych tubulech a v
Bowmanove pouzdre



PRERENALN| AZOTEMIE

x Zpusobena poklesem TK s ndslednym snizenim
perfuze jinak normalnich ledvin

\)
snizi-li se TK pod pdsmo autoregulace
(8-11kPa)

U

snizi se GFR

« reverzibilni, jestlize je vyvolavajici pficina
korigovana
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Prerendlni azotemie - etiologie

selhdani srdce jako Cerpadla
Akutni IM

arytmie s nizkym minutovym vydejem
tamponada perikardu

. hypovolemie

ztrata celé krve (hemoragie)
ztrata plazmy - rendini

- extrarendlni

. pokles tlaku v systémové cirkulaci

sepse
antihypertenzni terapie



» SniZeni protoku krve
ledvinami nejenom snizuje
mnozstvi glomerularnino
filtratu, ale

» muZe zpUusobit poskozeni
ledvin z nutricnich duvodu

\

predevsim nasledkem
nedostatecného privodu
kysliku

= akutni tubularni nekroza

Spotfeba O; v ledvind

J

-
Klesajict privtok Krve ledvipou



RENALN| AZOTEMIE

< primarni onemocnéni ledvin
x extrarendlni nemoci

- postizena urcita strukturni soucast ledviny

1. nemoci cév

2. glomerularni nemoci
3. tubularni nemoci
4. nemoci intersticia



POSTRENALN| AZOTEMIE

- zpusobena obstrukci vyvodnych cest
mocovych

x MmocCove kameny

x benigni hypertrofie prostaty

x tumory prostaty, méchyre, stieva, ovaria...
x retroperitonedlni fibréza

» neurogenni dysfunkce



AKUTN| NEDOSTATECNOST LEDVIN (AKI)

4 mechanismy, kterymi je mozno navodit cytorezistenci vUCi
dalsim ischemickym nebo tocxuckym vlivum.

1. produkce stresovych proteinU, zejména HSP 70/72 a HSP-32. AKI
muUze vést k ,,ledvinné hepatiozaci' (aktivace proteint akutni
faze-albumin, alpha fetoprotein, haptoglobin a hemopexin s
cytoprotektivnimi a potizanétlivymi UCinky.

2. Ovlivnéni lipidu: AKI aktivuje HMG CoA reduktdzu, coz vede ke
zvyseni obsahu cholesterolu memibrandch bunék proximalnich
tubulu. To zvysuje fluiditu memlbrdn a chréni bunku pred
prasknutim béhem rozvoje nekrozy. Aktivace sphingomyelinaz
(SMase) vede k tvorbé cytoprotektivnino sfingosinu a ssfingosin-1
fosfatu.

Snizené vychytavani nefrotoxinU
Urémie sama o sobé zqjistuje retenci nizkomolekularnich
‘uremickych slozek' s cytoprotektivnimi vliastnostmi.
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Zager+RA+biologic+memory

Failed

anti-inflammatory /
cytoprotective defenses

v

Microvascular

— Histone remodeling

!

™ Pro-Inflammatory
genes
(e.g TNF-ot, MGP-1)

™ Pro-fibrotic genes
e.g. TGF-[31, collagen Il

injury ™ ET-1/ETA
l genes J
4 1L-10
J HO-1
M ET-1
Tissue /
hypoxia M Triglycerides/
cholesterol

|

Progressive
renal failure

Lipidosis

Vztahy mezi akutni rendlni nedostatecnosti a progresivnim selhanim ledvin
Nephrol Dial Transplant. 2013 Aug;28(8):1985-93.



http://www.ncbi.nlm.nih.gov/pubmed/?term=Zager+RA+biologic+memory

TERAPIE ASL

1. Terapie zdkladniho
onemocneéni

2. Uprava hypotenze a
hypovolemie (zabrana
prechodu prerendlini
azotemie k ATN)

3. LECba hyperkalémie:

Napr. Ca-glukonicum

NaHCQ3, 20% glukdza +
insulin

iontomeéenice

ECF
 glucose

* glucose

o
glucose

0.5g/kg 0.25u/kg
50% dextrose = 0.5g/ml

-normal _
action potential




4, Lécba metabolické aciddzy

5. LE€ba selhavani srdce, hypertenze
4, LECba infekénich komplikaci

7. Dialyzaénilé¢ba - HEMODIALYZA

- (PERITONEALNI DIALYZA)
- HEMOPERFUZE



CHRONICKE SELHANI LEDVIN

je konec¢nym stadiem chronickych rendlnich
onemocneéni

asymtopatické stadium - s postupnym
zhorsovanim renalnich funkci

konecné stadium - s uremickou symptomatologii



ETIOLOGIE

- r0znq, takika viechny nemoci
ledvin

50% - nékterda forma GN

20% - diabeticka nefropatie

30% - ostatni (intersticialni nefritis,
nefrosklerdza, ireverzibilni ASL.

Konecnym stavem = konecné
stadium ledvinné choroby

(ESRD ,,end-stage renal disease)




PATOGENEZE

jde o ¥ pocet fungujicich nefrond
)
Zavazinéjsi priznaky: az po zdniku > 50% nefronu

Primarni U&inek - ¥ rendlni filtrace s ndslednym
hromadénim odpadnich latek



KLINICKE MANIFESTACE CHRS

« Retence Na+ a vody

» Hyperkalémie

« Metabolickda acidoza

« Minerdlni a kostni metabolismus
x Nemoci srdce a plic

« Hematologické abnormality

« Neuromuskularni abnormality

« Gastrointestinalni abnormality

« Endokrinopatie

» Dermatologicke abnormality



STADIA CHSL

1. stadium- mirné CHSL:

Koncentrace kreatininu v krvi: do 220 umol/I
Clearance: 50-79 ml/min
exkrecni a regulacni funkce zachovany

2. stadium- stfedniho stupné-mirnd azotemie:

Koncentrace kreatininu v krvi: 230-530 pmol/I
Clearance: 20-49 ml/min

neschopnost koncentrovat moc, nokturie
mirn& anémie



3. stadium- vazné CHSL:

x Koncentrace kreatininu v krvi: 540-880 umol/I
x Clearance: 10-12 ml/min

« pokrocild anémie

« hypokalcémie, hyperfosfatémie

« metabolickd aciddza

« 1zostenurie a nokturie

4. stadium- urémie (> 20% nefrond zni¢eno):
« Koncentrace kreatininu v krvi: > 880 umol/I
» Clearance: < 10 ml/min

« poruchy mnoha systému



TERAPIE CHRONICKEHO SELHANI

1) konzervativni:

. Uprava prijmu tekutin

¢« pfijlem Na+, K+

« prijem bilkovin

» léCba komplikaci (kostnich, hypertenze, infekci...)
« Uprava davkovani léku

2) dialyzacni léCba

3) transplantace ledviny



x Volume and salt overload
CHF and pulmonary edema
Hypertension
x Hyperreninemia: Hypertension
« Pericarditis: Remic toxin accumulation
x Accelerated atherosclerosis: linked to
factors above and metabolic

abnormalities (Ca alterations,
hyperlipidemia)



x Anemia: lack of erythropoietin

production

x BOone marrow suppression:

uremic poisons: leukocyte suppression -
infection

bone marrow fibrosis: elevated PTH an
aluminum toxicity from dialysis

¢ Increased bruising, blood loss (surgery)

and hemorrhage

Lab Abnormalities: Prolonged bleeding
time, abnormal platelet aggregation
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Fig. 1 - Mechanisms of action in bone. *: Evidence in animal models; ucOC: undercarboxylated Osteocalcin; cOC: carboxylated
Osteocalcin; ucMGP: undercarboxylated Matrix Gla Protein; cMGP: carboxylated Matrix Gla Protein; NF-xB: nuclear factor B;
SXR: Steroid and Xenobiotic Receptor; RANKL: Receptor Activator of Nuclear factor Kappa B Ligand; RANK: Receptor Activator of
Nuclear factor Kappa B; ECM: Extracellular matrix.




CHRONIC RENAL FAILURE:
NEUROMUSCULAR ABNORMALITES

x CNS Abnormalities:

+ Mild-Moderate: Sleep disorders, impaired
concentration and memory, irritability

+ Severe: Asterixis, myoclonus, stupor,
seizures and coma

» Peripheral neuropathies:
+ “restless legs” syndrome

» Hemodialysis-related neuropathies



CHRONIC RENAL FAILURE:
GASTROINTESTINAL ABNORMALITIES

» Peptic ulcer disease: secondary
hyperparathyrodisme

» Uremic gastroenteritis: mucosal
alterations

» Uremic fetor: bad breath (ammonia)

x Non-Specific abnormalities:

+ anorexia, nauseda, vomiting,
diverticulosis, hiccoughs



» Insulin: Prolonged half-life due to
reduced clearance (metabolism)

» Amenorrhea and pregnancy
failure: low estrogen levels

» Impotence, oligospermia and

germinal cell dysplasia: Low
testosterone levels



x Pallor: anemia

« Skin color changes: accumulation of
pigments

+» Ecchymoses and hematomas: clotting
abnormalities

x Pruritus and Excoriations: Ca deposits
from secondary hyperparathyroidism



FIBROSIS OF THE KIDNEY

Sustained inflammation and repeated cycles of kidney
injury/repair (or incomplete recovery) leads to tubular atrophy,
progressive fibrosis, functional decline and, ultimately, organ
faillure.

Episodic acute injury (AKI) to the proximal tubular epitheliumis a
major factor in the transition to chronic kidney disease (CKD)
patients who survive AKI have an increased risk of development of
CKD.

Excessive accumulation of extracellular matrix (ECM; e.g., the
fibrillar collagens, fibronectin) in the glomerular, interstitial and
vascular compartments is accompanied by a significant decline
iIn glomerular filtration rate and impaired epithelial regeneration.



FIBROSIS OF THE KIDNEY

Interstitial fibrosis is both a pathophysiologic hallmark feature and
prognostic biomarker of end-stage renal disease (ESRD).

The primary sources of ECM synthesis during interstitial fibrogenesis
are activated fibroblasts or myofibroblasts. Although controversial
In origin, recent biomarker analysis and lineage-tracing studies
suggest that this cell type-predictor of disease progression likely
derives from FoxD1* mesenchymal precursors (i.e., vascular
pericytes and tissue-resident fibroblasts) with perhaps minor
varying contributions from endothelial cells, completely or partially
transdifferentiated tubular epithelia, and bone marrow fibrocytes.

The persistence of such activated fibroblasts is a critical factor in
the initiation and development of renal disease where they likely
parficipate in the silent scarring phase prior to development of
significant organ dysfunction.



Renal Injury

ROS induction via NOX
lATMs1981

p53-SMAD3 Activation

Tubular Dysfunction Target Gene Induction (pA| 1) —> Myoflbroblast
Failed Recovery ECM Deposmon leferentlatlon

Renal Fibrosis and Nephron Loss

v

Chronic Kidney Disease



Table 2:

Definice abnormalit exkrece albuminu

Kategorie Sbéer moci Vzorek

24-h sber

< : (ua/g
MOC] (ug/min) =
(ma/24 h) kratininu)
Normalni stav <30 <20 <30
Mikroalbuminurie 30-299 20-199 30-299

Klinicky manifestni proteinurie > 300 > 200 > 300



EMODIALYZA

« Prvni ,umélou ledvinu" pouzil Kolff v roce 1943
v Holandsku, u nas 1955

« 2 hlavni fyzikalni principy - difUze a ultrafiltrace
pres semipermeabilni membranu

- celuldzova (kuprofan)
- synteticka (polysulfon,
polyamid)



HEPATORENALN| SYNDROM

Rozvoj ASL u pacienty s pokro€ilym onemocnénim jaternino parenchymu bez
klinickych, laboratornich nebo anatomickym ndlezu postizeni ledvin

Patogeneticky mechanismus: kombinace piiznaky rozvijejiciho se
mechanismu soku (hypovolemického, vazodilataéniho i septického)!!!

Vyznom mMaiji:

* snizeni prutoku krve ledvinami (aferentni konstrikce ledvinnych cév s
ndslednou ischemii kiry ledvin dUsledkem aktivace sympatiku

Mechanizmy:

aktivace sympatiku T produkce - prostacyklinu
aktivace RAS - bradykininu
endotoxinémie (napf. endotelin) - latky P

{ tvorba kalikreinu (Utlum aferentni vazodilatace) -NO
aktivace ET-1 - endotelinu - 3

~hepatorendin reflex" (serotonin)

Odlisit ,,pseudohepatorendlni syndromy" (infekce, autoimunitni onemocnéni,
amyloiddzy....)



RENALN| DYSFUNKCE U OSOB S JATERNI CIRHOZOU

U 0sob s cirhozou jater se rendlni dysfunkce
objevuje jako
Primé poskozeni souvisejici s cirhdzou
(hepatorendlni syndrom | a ll)
Sekundarni jinym etiologiim, nez je
cirhdza (chronické rendlni onemocnéni —

diabetickd nefropatie, prerendini
azotémie)

Kombinace obou stavu



PORTALNI OBEH — ANATOMICKE USPORADANI

V. CAVA SUP. UMBILICUS

CAVA
INFERIOR

VENA
MESENTERICA
SUPERIOR

TENKE STREVO

PORTALNi OBEH




PORTOKAVALNI ANASTOMOZY

ANATOMICKE SPOJKY PORTALNIHO OBEHU SE SYSTEMEM DUTYCH ZIL:
>PORTO-GASTRO-ESOFAGEALNi KOLATERALY
>UMBILIKALNi KOLATERALY
>MEZENTERIKO-HEMOROIDALNI KOLATERALY

\ 7 COLON
~ SIGMOIDEUM

PORTALNI OBEH PORTOKAVALNi ANASTOMOZY PORTALNI HYPERTENZE NASLEDKY




Tabel 1 Progressive alteration of creatinine and sodium excretion in portal hypertension [8].

Stage

Preascitic
Moderate ascites
Important ascites

Refractory ascites

Hepatorenal syndrome

Creatinine
(serum)

N
N
N
1,2 -1,4 mg/dl
40% HRS Il
>1,5 mg/di

Renal
vasoconstrictor
mechanisms(+)ver
sus vasodilating
mechanisms(-)
+]--
+/[-
+4/-

++]

+++

Sodium excretion is impaired (+) or normal (N)

T Na~
Intake

+
+
+

Normal
Na- intake

| Na*
Intake

N
+/-
+

+

+

| Na Intake
and
diuretics



Hemolyticko-uremicky syndrom

v Stav zpUsobeny poskozenim endotelii ledvinovych arteriol
toxinem (napf. verotoxinem E. coli) pfi nékterych GIT infekcich

v Soucasné byvda hemolytickd anémie
zdroj hemoglobinurie
v také tfrombocytopenie - krvacivé projevy

= Syndrom kombinujici projevy ASL s projevy hemolyzy
erytrocytU a krvdcivymi projevy

Etiologie : Casto 22
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