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JATRA (HEPAR)

Jaterni parenchym — nejvétsi zlazova ¥ Anterior aspect.
ZX 0 4 )4 Diaphragm (pulled up) N\
tkan lidskeho téla RIageL piiecap

Nutritivni a funkéni krevni zasobeni
Endokrinni i exokrinni funkce

Coronary ligament

Uniformni histologicka struktura ve
vSech Ctyfech hlavnich anatomickych
oddilech (lalocich) i segmentech

Falciform ligament

Round ligament (ligamentum teres) of liver

- Hepatocyty a dalSi Gallblacier
v v 4 (fun US)
bunécné typy

- Stroma pojivoveé tkané
- Krevni a lymfatické cévy ¥ Visceral surface,
SInUSOIdy Gallbladder (fundus)

Porta hepatis

Falciform ligament

Fissure for ligamentum teres
= I n e rvaCe ) . - Hepatic portal vein
Round ligament (ligamentum teres) of liver
Proper hepatic artery
Quadrate lobe Caudate lobe
Cystic duct
. , d Common hepatic duct
- VaZIVove pouz ro (Common) bile duct
4 4 Right triangular ligament
- Serozni pokryv i

Hepatorenal portion of coronary ligament

Inferior vena cava

Hepatic veins



CAPSULA FI

Capsule * Serdzni mesothelium

Vazivo — kolagenni a elasticka vlakna
* (Glissonovo pouzdro)

. 70-100pm

 Porta hepatis

¥V Visceral surface.

Porta hepatis

Falciform ligament

Fissure for ligamentum teres
Hepatic portal vein
Proper hepatic artery

Round ligament (ligamentum teres) of liver

Quadrate lobe 3 | /¥ 4 Caudate lobe

Cystic duct
Common hepatic duct
(Common) bile duct

Right triangular ligament

Hepatorenal portion of coronary ligament
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CAPSULA FIB

'V Visceral surface.
Gallbladder (fundus)

Porta hepatis

Falciform ligament
Fissure for ligamentum teres
. . h Hepatic portal vein
Round ligament (ligamentum teres) of liver
Proper hepatic artery
Quadrate lobe-

Caudate lobe
Cystic duct

Common hepatic duct
(Common) bile duct

Right triangular ligament

Hepatorenal portion of coronary ligament

Inferior vena cava

Hepatic veins

Porta hepatis

ANTERIOR

Comman hepatic

Hepatic artery
duct

RIGHT LEFT

Portal wein

POSTERIOR
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FUNKCNI
kapilarni recCisté zaludku a strev
vena portae

interlobularni vény
cirkumlobularni venuly

jaterni sinusoidy
venae centrales hepatis
venae sublobulares
venae hepaticae

vena cava inferior

NUTRITIVNI
aorta, truncus coeliacus
arteria hepatica communis

(segmentové tepny)
interlobularni tepny
cirkumlobularni arterioly

25-30%




Sublobular ven
Left lobe

Faiciform ligament
Hepatic artery

Vena cava

Portal vein

Portal area /

Hepatic lobule {
Right lobe Central vein
A. Hepatic artery
Portal triad Bile duct
Portal vein

V. hepatica d. m. s.

Bile duct
Portal vein Portal triad

Hepatic artery

Porta hepatis

Gartner, Hiatt: Color Textbook of Histology (2001)
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MIKROSKOPIC

* TFi rizné mozné definice

» Morfologicka — laliCek centralni vény -
lobulus venae centralis

* Metabolicka — jaterni acinus
— metabolicka zéna 1 — 3
— zasobeni hepatocytl kyslikem

* Historicka jednotka
— lobulus venae interlobularis

Wiki



JATERNI ACIN

Zéna | (periportalni) Zoéna lll (perivenoézni)
prevaha oxidacnich déji syntéza glykogenu
beta-oxidace mastnych kyselin glykolyza
katabolismus aminokyselin lipogeneze
glukoneogeneze ketogeneze

tvorba mocoviny

tvorba glutaminu

syntéza cholesterolu (HMG-CoA reduktaza)

syntéza Zlucovych kyselin (cholesterol 7-alfa hydroxylaza)

glykogenclyza (uvolhovani glukézy do krve)

tvorba Zluée

biotransformace




JATERNI PARENCHYM — PORT




» Klasicka morfologicka jednotka

* Polygonalni buriky (hexagonalni), 0.7 x 2mm
+ Centralni véna

» Tramce hepatocytu — radialni usporadani

« Jaterni sinusoidy

» Portalni triada, portobiliarni oblast

Interlobular
connective tissue

Central vein

Portal triad
in portal
tract



LALUCEK CENTRAL
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Kontakt tfi-Ctyf sousedicich lalu¢ku

* Interlobularni arterie (a. interlobularis)
» Interlobularni véna (v. interlobularis)

» Interlobularni ZluCovod (d. bilifer interlobularis)
« Lymfatické cévy

* Inervace — nervus vagus

Ridké intersticialni vazivo

Sinusoids

ﬁ:ﬁo veir,|//
04

a
@/

Portal triad

portal vein

Branch
hepatic artery

AHam: Textbook of Histology



CENTRALNI VEN
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CENTRALNI VENZ

tenkosténna véna
kolagenni viakna

minimum svalovych bunék
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JATERNI SINUSOID

« Sinusoidy
— 9-15um
— Anastomozuijici sit plochych endotelialnich bunék
— Bez bazalni membrany — minimalni difuzni bariéra

— Fenestrace - 100nm, chybi diafragma

* Insulin, farmaka, lipoproteiny, ...

— Intercelularni prostor

Central vein

Sinusoids | ¢

— Kupfferovy bunky (makrofagy)

— Perisinusoidalni (Dissého) prostor
— Retikularni vldkna

— Perisinusoidalni Itovy buniky

Hepatic artery Portal vein
/ \ / __Bile ducts
o = e /

]
gee®’
a‘.‘l-o‘..‘- Savam

Portal vein Bile duct Hepatic artery
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JATERNI SINUSOIDY
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JATERNI SINUS

Fenestrace nejsou jen diry v endotelu

sinusoidal lumen small lipoproteins defenestrated
chylomicrons \ & thickened
endothelium
fenestrae s

endothelium \\j\. °% i .\ R
» OO O OO CEEETOm | 2 D

space of Disse oo memBr woas Y~basal lamin:

hepatocytes |

https://doi.org/10.3389/fphys.2021.735573



Fenestrace jsou slozité dynamické membranové struktury

exteriof

Cytoso!

Cdc42 " .
................... / F-actin }f Spectrin bound

actin-raft
§ binding proteins

~ Spectrin unbound

Mitochondria

GSH
T NADH NAD+
activation
— 9
inhibition Glycolysis
T
influence

https://doi.org/10.3389/fphys.2021.735573



Polygonalni bunky jaterniho parenchymu
20x30um
Nepravidelné tramce mezi sinusoidy

Obvykle jedno centralné umisténé jadro,
dvou- a vicenuklearni buriky jsou ¢asté (20%) Endothelial cell

Jadérka

Lyzosomy

Glykogen

Spolecny vyvojovy puvod s cholangiocyty

cv“ e

Kupffer cell

Lumen of sinusoid

Space of Dissé

Microvilli
Mitochondria
3 e X0 RER

Bile canaliculus

Funk&ni povrchy: Lysosomes
«  Zluéovy pol - sekreéni — membrany
sousedicich hepatocytl tvofici ZzluCovy SER
kanalek
Nucleus

* Krevni pal - absorpCni - sinusoidalni —
mikroklky orientované do Disseho prosto. cnaliculus

Membrany se spojovacimi komplexy
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ULTRASTRUKT

* Dlouhé mitochondrie s plochymi nebo
tubularnimi kristami

« Zfetelné RER, sER a Golgi

» Glykogen, tukové kapénky, lysosomy,
peroxisomy




Z krevni plazmy:
Glukoza, aminokyseliny, ZluCové kyseliny

Dissého
prostor

Itovy bunky

Erytrocyt —QO

NV

COCo OO | O o o

- Tésny spoj
- : Zluéovy O O
kanalek
/8
@ Dissého

prostor &~ i

\ Krevni proteiny (sérovy albumin, fibrinogen, protrombin, komplement, transferrin, atd.) /
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i biotransformace

/- \\ a konjugace eer :
Zluéové kyseliny - ésny spoj
Bilirubin \ i
Steroidy 7 ’{
Lédiva ABC @

transporter @_/v

@
® o

+* Cholestasa IgA



METABOLICKA

* Syntéza a metabolismus latek krevni plazmy

— Proteosyntéza — ER + Golgi (plasmatické proteiny — albuminy, prothrombin, fibrinogen)
— Metabolismus tukl — sER, peroxisomy (lipidova konverze mastnych kyselin a glukézy,
syntéza lipoprotein()

- Metabolismus glukdzy a sacharidu - syntéza glykogenu, glykogenolyza a glukoneogeneze
(insulin / glukagon)

Two hours post-feeding



METABOLICKA AK

Detoxifikace

sER (steroidy, barbituraty, polyaromaticke
latky rozpustné v tucich atd., endo- a
exotoxiny)

Lysozomy (autofagie, degradace
endocytovanych molekul)

Peroxisomy

Metabolismus a deponovani
vitamint a stopovych prvku

HoC

Produkce zluci
Recyklace zlucovych kyselin (90%)
10% syntéza de novo

konjugace nerozpustného (toxického)
bilirubinu a glukuronové kyseliny na
rozpustny (netoxicky) komplex bilirubin-
glukuronid

<ER

hyperbilirubinemie
(nekojugovany/konjugovany bilirubin)

—CH,

CHy
NADPH + O,
Heme oxygenase
CO + Fe® + NADP*
M \ M P P

M M Vv

\)’\ J\/ Biliverdin)
—
SN NN N0

4

Biliverdin
reductase

‘ ‘ | | Bilirubin
R % T B




DISSEHO PRO

* Mezibunécny prostor mezi
» endotelem sinusoid a hepatocyty

— Spojeni Dissého prostoru a lumen sinusoidu
diky fenestrovanym endotelialnim burikam

— Hepatocyty v pfimém kontaktu s plazmou
(mikroklky)

— Itovy bunky




DISSEHO PROST

Joseph Disse (1852-1912)

o8 "

* Mezibunécny prostor mezi
« endotelem sinusoid a hepatocyty

— Spojeni Dissého prostoru a lumen sinusoidu diky
fenestrovanym endotelialnim bunkam

— Hepatocyty v pfimém kontaktu s krevni plazmou
(mikroklky)

— Itovy buriky

Photomicrographic:
Apparatus :
(circa 1910)




KUPFFEROVY BUNKY

« Jaterni makrofagy
*  Mononuklearni fagocytarni systém
* Fagocytuji cizi Castice, poSkozené erytrocyty, bakterie, ...

| - 0 e A TS T
. = ',, - o w .
’ Njad = P \? N o Y FIsde 2 Karl Wilhelm Kupffer
. [ s O SN, et . ‘ 1866
. e S o - a9 2 y
L ‘1 a L &0 - _o%
- ;¢ "'f"f.o “
Do TPy . ")
“oae A AT s "": .
- ¢ 9;. -v‘ q ...l I e
o . T — £ ¢
& e - R
» 20 zco m’* 5w N s S

Hepatocyte[ I I ]

Endothelial cell

= . <— Dendritic cell
Kupffer cell

Sinusoidal lumen

QQG@

Stellate cell & ] Space of Disse

B2ER

P

rﬁ




KUPFFEROVY




ITOVY BUNKY

« Hvézdicovité (stelatni, perisinusoidové) buriky

«  Kupffer 1876

«  Tukové kapénky (— lipocyty) Toshio Ito
«  Deponuiji vitamin A 1951

*  Produkuji jemné retikularni vazivo

«  Antigen prezentujici buniky (lipidové antigeny)

«  Pericyty, myofibroblasty?




ITOVY BUNKY

Hepatocyte

Sinusoid 2 activated Ito cell : —
quiescent Tto cell | } S I Endothelial ceIII } [smusondl
activated Kupffer cell

Kupffer cell I Endothelial cell

* Asociace s patologiemi (fibroticka onemocnéni,
nadory)

collagen deposition]

doi.org/10.1007/s10620-006-9082-8



Bile Zonula Golgi Space of Disse endoplasmic endoplasmic

canaliculus occludens apparatus reticulum reticulum Glycogen

Fo O

Space of Disse

Endothelium  Smooth Glycogen Golgi Zonula Bile
RO(;‘ghl . endoplasmic apparatus occludens canaliculus
endoplasmic ticeil . :
seticaliiti regeuium Mitochondria

LUMEN OF SINUSOID



MIKROPROSTREL

hepatic
sinusoid -

B

Lumen of sinusoid

‘ I ndothellal cell nucleus

| — stellate cell -
(Ito cell)




ENTEROHEPATI

LY b 4

Acety] CoA

Liver
iosynthesis

Cholester

Plasma
compartment \

Upper small intestine

Enterohepatic
circulation

Sterols

Bile acids



Secreted bile salts
consist of 95% old, recycled
bile salts and 5% newly
synthesized bile salts.

* Resorpce v terminalni Casti ilea
E) Reabsorbed bile

e Vena portae salts are recycled by
. . enterohepatic
» Sinusoidy circulation.
Krevni pdl

Common
bile duct

)

Hepatocyty Q=20

Sphincter
of Oddi

Duodenum

Zlucovy pol

«  Zluéové kanalky
* Intra a extrahepatalni cesty
* Duodenum

Hepatic
portal
vein

pancreas

@) 5% of bile salts
are lost in feces.

Colon\

i’f S

'\
A \Termmal B 95% of bile salts

1 \lleum are reabsorbed by

KEY

<«—— = Enterohepatic
circulation of
bile salts

the small intestine.




INTRAHEPATALNI EXTRAHEPATALNI

Zluéové kanalky Ductus hepaticus, ductus cysticus,
- mezibunédény prostor mezi hepatocyty ductus choledochus

- 1-2um

- nemaji sténu, ohranicené jen membranami - sliznice

hepatocytu - fibromuskularni vrstva

- spojovaci komplexy _ finkter
Heringovy kanalky

- navazuji na zluCové kanalky

- jednoduchy dlazdicovy epitel

Interlobularni zlu€ovody
- cholangiocyty
- kubicky nebo nizky cylindricky epitel + vazivo

Lobarni zluéovody

- ductus hepaticus dexter et sinister

- vysoky jednovrstevny cylindricky epitel
- mucindzni zlazky




Diagram of hepatic structure N _
biliary canaliculus

cholangiole
"l:E-"___.-"
> +1 & interlobular haﬁg}":
central vein tule duct atic

cords of hepatocytes
and sinusoids

portal space



Hepatic structure (close-up)

tight junction

L
-

— half canaliculus

canaliculus ']
Golgi apparatus - liver cell

space of
Disse

http://alexandria.healthlibrary.ca/documents/notes/bom/unit_4/unit%204%202005/L-
39%202008%20%20histology%200f%20the%20pancreas.xml



INTRAHEPAT

¥V The box indicates a bile canaliculus.

A EM of a bile canaliculus in transverse section. The lumen shows short stubby microvill
(arrows) of two hepatocytes. Desmosomes (rectangle) and tight junctions (circles) link cell
membranes, which seals the canaliculus and prevents bile leakage to surrounding tissues. 47,000x.
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CHOLANGIOCYTY HEPATOCYTY

Heringlv
kanalek

Interlobularni
zlucovod

Zluéovy
kanalek

A
Portalni <
arteriola @

Centralni
véna

Cirkulobularni

Cholangiocyte
venula Hepatic stem cell Hepatoblast / Mature Hepatocyte
s
Ep-CAM+ Ep-CAM+
weriee | [ wrrg- [1] vl
AFP- \ . AFPe My o AFP-
cancer stem cell N
m s P
‘ -----
E]]
/ HB C1-subtype
Ep-CAM +
KRT19 -
AFPs
HB C2-subtype
Ep-CAM o+
KRT19+
e

AFP



PoJa collection ¢ 5T a3 . B > POJA COLLECTION

: : MICROSCOPIC
microscopic anatomy ANATOMY
et ! ANATO]

e

Radboud u—m‘c




d. hepaticus communis + d. cysticus — d. choledochus o/suc\auct

papilla duodeni major
m. sphincter ampullae hepatoduodenalis (Oddiho sfinkter)

DOI: 10.1007/500534-010-0362-5 -

Common
hepatic duct

Common
bile duct

Submucosa

Longitudinal muscle
il well Circular muscle
Common bile duct

Mucosa

Pancreas

Pancreatic duct



Sliznice

- podélné fasy

- jednovrstevny cylindricky epitel (cholangiocyty)
- ve vazivu mucinozni zlazky a poharkové bunky

Fibromuskularni vrstva
- husta sit’ kolagennich a elastickych vliaken
- leiomyocyty

Modifikace zluci

Amino
acids Glucose
Glutathione

GGT

Extracellular

fluid 201~ HCO;
Koeppen & Stanton: Beme and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved




| ZLUGNIK (VESICA

R. and L. hepatic ducts Cystic duct

R. and L. hepalic arteries Ri S
) ight hepatic duct

Common hepatic duct b / 8 f

Cystic duct g

Proper hepatic artery Neck of

Common bile duct gallbladder

Sténa silna 1-2mm

I 1 C on hepatic duct

- Sliznice ) mmon b
orpus /7
(body)

i : ,’:;.-);
- Svalova vrstva . s -

Pancreatic duct

- Seréza/adventicie

Papilla of Vater

“ < Gallbladder

&
muscle ) ‘\J”‘ti"
(schematic). T* #5

Blue: diagonal fibers
Red: longitudinal
fibers branching

off to deeper level

Sliznice

- slizniéni fasy

- 20-50um jednovrstevny cylindricky epitel s mikroklky
- Cetné spojovaci komplexy

- lamina propria mucosae - fidké kolagenni vazivo s mucindéznimi
tuboalveolarnimi zlazkami

- lamina muscularis mucosae chybi

Lamina propria

Epithelium Muscle

Viucosal
fold

Epithelial

Adventitia

Svalova vrstva (Muscularis propria) s
- prostorova sit' hladkych svalovych bunék,
- elasticka vlakna

Seroéza
- mohutna vrstva subserézniho vaziva (l. propria serosae)



Na™*

H,0 I Gallbladder
lumen

Koncentrace zlucCi

- Sekrece Zludi jatry — cca 0,8-11 denné -
- Cholecystokinin (enteroendokrinni buriky)

- Objem zluéniku 15-60 m|

Pressure

- Resorpce vody :

! |
Basement membrane

Capillary
Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved

Approximate Values for Major Components of Liver and Gallbladder Bile

COMPONENT LIVER BILE GALLBLADDER BILE

Na* (mEq/L) 150 300 1

K* (mEg/L) 4.5 10t
Ca** (mEg/L) 4 20 1

CI- (mEg/L) 80 5
HCO;~ (mEq/L) 25 12

Bile salts (mEq/L) 30 315 1
pH 74 6.5
Cholesterol (mg/100 mL) 110 600
Bilirubin (mg/100 mL) 100 1000




ZLUCNIK (VE
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PRESTAVKA
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SLINIVKA BRISNI

Slozena, Cisté serdzni tuboalveolarni zlaza nferor vena cava
Exokrinni i endokrinni charakter O frunk
— pankreaticky acinus Common bile duct.

S

— Langerhansovy ostravky

Lesser omentum
(free edge)

Hlavni vyvod (Wirsunguv) usti do Vaterské
papily jako spoleCny zluCovy a pankreaticky
vyvod

Vazivové pouzdro z hustého kolagenniho
vaziva

Lingula
(uncinate process)

Septa — krevni cévy, inervace a ; el
Interlobulérnl’ Vyvody i Sup:srior mesenteric vessels‘ mesentery

7 IR B A

b y
High magnification: acini,

intercalated duct and
zymogen granules

Low-power section of pancreas
1. Acini, 2. islet, 3. interlobular
septum, 4. interlobular duct

Pancreatic islet: A, B, and D
cells. 1. Reticulum, 2. acini



« Epitelialni buniky pyramidového tvaru
* Pankreatické travici enzymy
*  Vsunuté vyvody

« Serdzni bunky acinu
— Polarizované sekrecni bunky
— Bazofilni
— Apikalni ¢ast — Golgi a zymogenni granula
— Microklky

— Spojovaci komplexy

« Centroacinozni bunky

— Centralné umisténé jadro, dlazdicov
charakter

— Navazuji na vsunuté vyvody

yr,




Intralobular duct
Intercalated duct

S -_.;_-.:_Centroacmar c_e_lISjr :.-\.,__ '

5 Zymogen”.. o
granules

acinar cell

Zymogen granules Acinar cells
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PANKREATICK

Inar

Centroac




« Centroacinozni bunky
* Vsunuté vyvody

— jednovrstevny plochy epitel + bazalni membrana
* Intralobularni a interlobularni vyvody

— jednovrstevny kubicky — nizky cylindricky epitel

« Hlavni pankreatické vyvody
— D. pancreaticus major — Wirsungi a D. pancreaticus accessorius — Santorini
— vysoky, misty vrstevnaty cylindricky epitel a vrstva hustého kolagenniho vaziva
— intramuralni mucindzni tubulézni Zlazky, poharkoveé bunky, EC buriky

Intralobular duct

Intercalated duct

. =z= Centroacinar.cells =2 .
o . 4 N

Zymogen .. _
granules

Common bile duct

Principal pancreatic duct
(Wirsung)

Accessory pancreatic duct
(Santorini)




 PANKREATICKE Vi O

Figure 17-6. Exocrine pancreas

~ = ':.—ﬂ'—-‘—— Capillary

Centroacinar cell

It is recognized by its location
in the center of the pancreatic
acinus and by its pale

cytoplasm.

 Islet of Langerhans

This endocrine component
of the pancreas is
surrounded by serous
acini.

Intercalated duct

It is the continuation of
the centroacinar cells
into the connective tissue
stroma.

Zymogen granules
They are present at the
apical portion of the
pancreatic acinar cell.
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« cca 1000-2000 ml denne
« alkalické pH (8.8), HCO4 (epitel vsunutych vyvodu)
* mucin (epitel velkych vyvodu)

* Hydrolazy rizného druhu
— Trypsinogen
— Chymotrypsinogen
— Proelastaza
— Karboxypeptidaza
— Pankreaticka lipaza
— Amylazy
- ...20

Hormonalni regulace (sekretin, cholecystokinin) + parasympatikus









ENDOKRINNI FUNK

bile
l pancreatic duct

common (duct of Wirsung)

bile duct

\
”

plicae
circulares

.Y head o}“\
W

duodena/

papilla

(papilla of VYater)

hepatopancreatic ampulla
Campulla of Vater)

terlobul
flow of digestive 310::50 e
enzymes to
duodenum

body of
pancreas

/\ interlobular

duct

tail of
pancreas

islet of Langerhans

‘_.—:'.Av =

Ve

.'\ alpha cell

beta cell
delta cell

Glukagon

- Spotifeba glykogenu v jatrech a svalech
- ZvySeni hladiny krevni glukozy

Insulin

» ZvySeni permeability bunéénych
membran pro glukézu

» Oxidace glukdzy v tkanich

« SniZzeni hladiny krevni glukézy

» Syntéza glykogenu v jatrech a
svalech

Pankreaticky polypeptid

- Autoregulace pankreaticke
sekrece

Somatostatin

. Zastavuje uvoliovani GIT
hormonu



LANGERHANS

- Zymogen . _
granules

Intralobular duct



ANGERHANSOVY oS T

« Skupiny svétle zbarvenych bunék

« ccalbx106

« Tenké vazivové pouzdro

«  Tramce epitelialnich bunék A bunky: 20%, glukagon =
*  Sinusoidy B buriky: 60-70%, insulin ®

* Obecné znaky APUD bunék . L _
D bunky: minoritni, somatostatin |

PP bunky: minoritni, pankreaticky polypeptid
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INSULO-ACINARN

DOI: 10.1007/978-90-481-9060-7_2
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STRUCNA HISTOR

DM (1)
Kachexie
Ztrata zraku
Ztrata koncCetin

r

Renalni selhani

Srdecni selhani
Smrt Frederlclf M. A_\Il?‘n
,Starvation diet

1921




FG Bantlng Ch Besta
Pes 408
1922

1923



PROGRESS THROUGH RESEARCH

Ietin CInsulin, Lilly) was the first Insulin

commercially avarlable in the United States




STRUCNA HISTOR

. . Harold Percival
@rles Best, Fredrick Ban@ Robert Tattersall Stefan Fajans

Himsworth
? 5

Leonard
Thompson

Dorothy Hodgkin 4

THE LANCET
=

Andrew ateriey  Robant Turoer

r— Y e : M? |
- : 1936 / : : . Discovery of Artificial :
Di i 'HNF1A & HNF4A 1
ngscove.ry of ol Type1&Type2 | Lo, ) Recoml?lnan.t : Pancreas 1
Insulin i : Diabetes 1969 human insulin j nS VT eenes I I

Il .

Structure of . of Diabetes g ! !

i Inetlin First Gene ) / 2028

First person S - doriifedfor First GWAS GWAS study

 treated with : monogenic :  istudyforType2 | in>1M

L 5 diabetes i diabetes ; i individuals ;

Timeline indicating key genetic discoveries in the context of our understanding of the hormone insulin and its use therapeutically.



EMBRYONALNI VYVOJ
JATER A PANKREATU



pOéa’tek 4 " tyd ne Tracheobronchial diverticulum Liver bud
« orofaryngova (stomodeoum) membrana
« kloakova (proktodeum) membrana succopmarynges

membran

Allantois

Predni strevo o
« primitivni farynx (— a derivaty) D
« dolni cesty dychaci (— laryngotrachealni vychlipka)

« jatra a zlucové cesty (— jaterni divertikulum)

* pankreas (— pankreatické vychlipky)

mesopastrinm

celiac
artery

« jicen a zaludek
proximalni duodenum

mesenteric
artery
Mesentery

Stredni strevo

« distalni duodenum, ileum, jejunum

e caecum, appendix, colon ascendens, colon
transversum (1/2-2/3)

Zadni strevo

« colon transversum (1/3-1/2), colon descendens, colon sigmoideum
* rectum, analni kanal

» Cast mocCového systému (vystelka moCového méchare, uretry)

inferior
mesenteric



Trachea = --

= i"'i"f: == Lang 3 -- Trachen

Bile-duct ---

V-shaped loop of
small inlesline ===

Fitelline duct -----
Cloaca =~=—-----




Vychlipka ventralni st&ny embryonalniho
duodena — jaterni divertikulum

peritonedlini dutina dorzalni aorta ventralni mezenterium dorzalni mezenterium
Pars hepatica (parenchym + ductus hepaticus)  nepaticks \ - provam\ . /
a pars cystica (ductus cysticus + zluénik) wenee I ' }— Zaludek (primorcium jater) { L )
vytvafi d. choledochus il predni ‘” 7l
Rychle proliferujici bunky pronikaji do septum vk e 4 seve !
transversum (mesodermalni ploténka mezi ey N
perikardialni dutinou a Zloutkovym vakem) a 8 sugmici | .\ pupen
vristaji do ventralniho mesenteria syeanr B o
. , . branice Zaludek
Entoderm: jaterni tramce brénice \_ -
5 1- ductus cysticus /
Interakce mezi bufikami jaternich tramcua a wv. ,,;_-_;:/“'/ —
omphalomesentericae indukuji vznik jaternich B g mil Ty |
H 1 jatra i
sinusoid i ; o \ S
) L, . éJ 7| Sggmam 4y | 2usovod . . 32%?2{3.-1
Vazivo, Kupfferovy a hematopoetické buriky — z P \ e e s
mesodermu septum transversum \(€ / \ 2 B 3 A e
: Zlu(‘fovy d‘uc(us \ventrélni ;
méchyf cysticus pankreaticky pupen
Mesoderm na povrchu diferencuje ve visceralni c D
peritoneum
10. tyden:
-10% téla
- hematopoeze

12. tyden: produkce zlucCi



Pankreas ‘

b 4. tyden Pancreatic Bud
« dvoji vychlipka kaudalniho useku predniho stfeva

E9.5 -
- pancreas dorsale panrsic b

epithelial expansion

- pancreas ventrale
» rotace arust
* ductus pancreaticus (major et accesorius)

Pancreatic Bud

— vyvod ventralniho pankratu splyva s vyvodem dorsalniho pankreatu a déli jej na E10.5
proximalni a distalni ¢ast Microlsmes formatisn

—  proximalni ¢ast dorsalniho vyvodu zanika, pfipadné pfetrvava jako vedlejsi vyvod enines
— vyvod ventralniho pankreatu a distalni ¢ast vyvodu dorsalniho pankreatu — hlavni vyvod
Trunk Cells

* pankreas je sekundarné retroperitonealni i y
« Langerhansovy ostravky aktivni od 4. mésice R

Septum transversum

~ Tip Cells

E13

Epithelial remodeling to
mature pancreatic tissue
architecture

L \(

Islet of

Langerhans S
SIntercalated

Pancreatic
Acinus ™ ¢
Duct Cells
7 v b Centroacinar
;‘ Cells
Centroacinar " 4
Cell

=
Ventral anlage

Dorsal anlage
(a)

(b)

e




| VYVOJ PANKREAT

Entoderm predniho stfeva

Rostouci zaklad pankratu

Specifikace tkariovych domén
Mikroluminizace

Legenda

B B (] (o] (o] @] [e (e ]

Entoderm predniho stfeva

Multipotetni progenitorové buriky (MPP)

Bipotentni prekurzory vyvodl a endokrinnich bunék
Prekurzory acindznich bunék

Duktalni buriky

Centroacindzni buriky

Acindzni buriky

Predpokladané adultni pankreatické kmenové bunky

“1’ |
E a -

KLINICKA

PANKREATOLOGIE

2., prepracované a doplnéné vydani

Bipotentni
prekurzory

Luminizace a vétveni vyvodu
Formovani exokrinni a endokrinni sloZky

Pdx1  Nkx6.1 Nkx6.1 Pdx1
Ptfla Nkx6.2 Nkx6.2 Hnf6
Sox9  pnf1 Sox9  Hes1
Gata4 f1p Hnf1p Glis3
Entoderm pfedniho _,Shh'
stieva
lShh‘
Pdx1
I Entoderm duodena | Ptfla
Sox9
Nkx6.1 ? Tip
| Centroacinézni buriky |

Pankreatické adultni
kmenové buriky

Budouci
Trunk Langerhansiv
ostrivek

Acindzni buriky

Centroacinézni
bunky

Definitivni morfogeneze

Sox9  Prox1
Hnflp Gata6
Hnfé Hesl
Pax6 Glis3

wee | [k | ——— [[vivoay

Nkx6.1  Ngn3
Pdx1 Ins1/2
Arx Pax6
Pdx1 Pax4 Rfx3
Ptfla NeurodD Glis3
Gata4
c-myc Endokrinni
Sox9 progenitory
Nr5a2
Nkx6.1
Ptfla
Gata4
Mist1

Nr5a2

Zraly Langerhansv
ostrivek

Pax6 Arx FoxA2 Pou3f4 MafB

Pdx1 Nkx6.1 NeuroD Pax6
Pax4 Isl1 Rfx3 Gli3 Mnx1

Pdx1 Hhex Isl1 Pax4

Arx Isl1 Rfx3



VYVOJ PANKREATU

Retroperitonealni umisténi pankreatu je sekundarni

Dorsal
mesoduodenum

Head of
pancreas

Pancreas and
duodenum in

retroperitoneal
Duodenum positio




VELKE SLINNE ZLAZY
A JEJICH VYVOJ



Serous S e Myoepithelial
acinar cells /\.o N "4 cells
/ .'&-\\_.‘_. &/%? 'i ‘
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@ S Saliva
> flow
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Mucous

@ Intercalated Striated Excretory
acinar cells “g

duct duct duct
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VELKE SLINNE

« Serdzni aciny
« Serdzni demiluny

* Mucindzni tubuly
* v nékteré literatufe mucindzni aciny/aciny mucinézniho typu

Mucinézni tubuly

/ / \
Parotid Submandibular Sublingual
gland gland gland



GL. PAROTIS




I GL. PAROTIS
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VELKE SLINNE ZLAZ
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Gl. parotis

* prvni (6. tyden)

» ektodermové pupeny koutkll stomodea
» proliferace solidnich provazcu

* luminizace a vyvoj acinu (10. tyden)

* vazivo - mesenchym

Gl. submandibularis

* konec 6. tydne

« entodermové pupeny baze stomodea

» proliferace solidnich provazcu paralelné
S vyvijejicim se jazykem

» luminizace a vyvoj acinl (12. tyden)

* vazivo — mesenchym

* rusti po narozeni

Gl. sublingualis
« 8. tyden

* viceCetné entodermové pupeny v paralingvalnim zlabku
» proliferace solidnich provazcu

* luminizace a vyvoj zlazového parenchymu

e vazivo — mesenchym

* 10-12 nezavislych vyvodu







VYVOJ VELKYCH

Epitheliu

Collagen types Fand IV -
Basement membran

9

e — g

(4
Prebud stage %§° 20 (]

Mesenchyma
cell in ECM

Initial bud stage

Early pseudoglandular
stage

Late pseudoglandular
stage

Canalicular stage

&

-

<+ 3
2 B ‘
Ipleise
Early terminal
stage

Late terminal stage




VYVOJ VELKYCH

Parotid anlage :

Sublingual anlagen

Submandubular anlage

emporal and zygomatic branches

Cervicofaci e
ramus ¢

External carotid
artery

Cervical branc Retromandibular vein



VYVOJ VELKYCH

Prebud Pseudoglandular Canalicular

FGFS/FGFR2-11Ic Eda/Edar
e [
FGF10/FGFR2-111b Shihv/Pte
TGF-wWEGF/EGFR

Terminal Bud BMP7, Pax6

Also involved in budding are:
E-cadherin, and tenascin,

fibronectin, collagens I, III, and IV,
HGAGs, CDGAGs, MNMIPs, and TIMPs.

EGF FGF7 FGF10  PDGF

‘ \ ; \ ¢ Mesenchyme

N =
EGF-R  FGF-R PDGF-R 'Pithelium

LR

ERK-1/2 P13-K  PLCyl

v
Bud Cell Bud/duct
formation survival  elongation
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VYVOJ VELKYC

Mucous acinus

L o Seromucinous acinus

Lumen of acinus

Excrry duct

Basement membrane

Intercalated duct

Mucous acini

Serous acini

Dalsi &teni: Hypotonic saliva

The Embryology of the Salivary
Glands: An Update

P.M. Som and I. Miletich

Neurographics 2015 July/August; 5(4):167-177; www.neurographics.org



Dekuji za
0Z0rnost

Otazky? Komentare?

pvanhara@med.muni.cz

“Whoa! Watch where that thing lands — we’ll probably
need it.”



