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DISEASES OF THE LUNGS

Healthy Lungs

) Chronic Obstructive Pulmonary Disease (COPD)

Emphysema
Emphyrema, the other maia component of COPD, b typicady cavned
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Proc se zabyvat plicni ultrastrukturou a histogenezi?

Onemocnéni Postizena tkan Terapeuticky cil
RDS Alveolamni epitel Regenerace epitelu a kapilarni sité
Endotel kapilar 9 P P
Bronchiolarni epitel Utlum zanétu
Astma Myofibroblasty Prevence remodelace DC

Hladka svalovina DC

Prevence hyperplasie hladké svaloviny

Chronicka plicni nemoc
(Bronchopulmonarni dysplasie)

Alveolarni epitel
Endotel kapilar
Intersticialni fibroblasty

Utlum zanétu
Prevence fibrotizace a cévni dysgeneze
Regenerace alveolarnich sept a epitelii

Genova terapie CFTR

Cysticka fibroza Epitel DC (cystic fibrosis conductance regulator)
Alveolarni epitel . _—
CHOPN Endotel kapilr Komplexni obnova 3D alveolarni

Intersticialni fibroblasty

architektury

Bronchiolitis obliterans

Epitel DC

Regenerace bronchiolarniho epitelu
Prevence obliterace bronchioll

Nadorova onemocnéni

VSechny plicni tkané

Uplna eliminace abnormalnich tkani,
regenerace plicnich struktur




| FUNKCE

Respirace = dychani = proces vymény plynt kysliku, oxidu uhli¢itého mezi organismem

a zevnim prostredim. % VELKE
24 N SLOUNIK
Ventilace Vyména plynt a perflze plic  Bunéc¢na respirace
Respirace vnéjsi Respirace vnitrni
(plicni) (tkanova)

° Syntéza a aktivace vazoaktivnich latek, hormonu neuropeptidd, eikosanoidd,

lipoproteinovych komplexu ...

* hemostaza - trobmoplastin, heparin ...

e |munita - aktivace komplementu, leukocytu, produkce cytokin( ...



Horni dychaci cesty

* nosni dutina

~ _Trachea

* vedlejsi nosni (paranazalni) dutin

« nasopharynx (nosohltan) Bronchioles

* oropharynx

Gas Exchange
and Alveoli

Dolni dychaci cesty Airway
* hrtan

* pridusnice (trachea)

B |
|
i
1
:
b4

* pradusky (bronchi) —— Lung

* pradusinky (bronchioli)

Respiraéni oddil — sklipkovy strom

< respiracni bronchioly 6 Nucleus Medical Medin AllRights Resrved wwaulessine.com
« alveolarni chodbi¢ky (ductus alveolares)

« alveolarni vacky (sacculi alveolares)

* plicni sklipky (alveoli)



Funkce

nasal cavity « Transport

nasopharynx

» Zvlihéeni
oropharynx )

* Filtrace
larynx L

* Ohrati
trachea

bronchi «
Stavba

bronchioles /£

Kost / Chrupavka

(mechanicka podpora)
alveoli ; Sliznice
alveolar alveolar diaphragm * Epitel
: ducts sacs . .
respiratory « Lamina propria

bronchioles

Figure 18.1. Diagram of respiratory passages.




B. s malymi granuly (Kulgického)
DNES - diffuse neuroendocrine system

Vrstva hlenu

Lamina epithelialis

» Vicerady cylindricky epitel s
fasinkami a poharkovymi
burikami

Lamina propria mucosae
* fidké kolagenni vazivo

Bazalni b. l:arta'éové. IT( « arterialni a vendzni pletené
(kmenove buriky) (C(pj(;:::ée:hi?;;me) * hojné smiSené seromucindzni zlazky
poharkam) * hojné lymfoidni elementy

Poharkové b.
(mucin)

Rasinkové b.
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SLIZNICE DYCHACIC




Hlen - mucus

* zejména glykoproteiny ve vodé

* zvlh€uje sliznici a vzduch

* obsahuje IgA imunoglobuliny (slizni¢ni immunita)
* zachycuje Castice ze vzduchu

* pomaha Cistit dychaci cesty

MUC5AC MUCSB

‘-M Mucus gel layer

Periciliary layer

Ciliated cell

Goblet cell

Basal cell




Hlen - mucus

* zejména glykoproteiny ve vodé

* zvlh€uje sliznici a vzduch

* obsahuje IgA imunoglobuliny (slizni¢ni immunita)
* zachycuje Castice ze vzduchu

* pomaha Cistit dychaci cesty

Respiratory cilia
Gel layer
l Sol layer

Respiratory cilla are bathed in the sol portion of the mucus layer above them. Their
power strokes allow mucus movement by contacting the viscous gel layer, always in the same
direction. (From Martin DE and Youtsey JW: Respiratory anatomy and physiology, St Louis,
1988, The CV Mosby Co.)




Mukociliarni transport

- koordinovany pohyb rfasinek smérem k nosohltanu
- 5mm/hod

Movement &\\@ N j

of mucus ¢ -
to pharynx é’:§f S <, Ciliated columnar

@q . epithelial cell
Goblet cell
Stem cell

— Lamina propria

Mucus layer




Mucociliary Clearance

Airway Epithelial Cell Secretory Products

O'US » 07080 00 oe ’/ oo 0.‘00 ® oo 8000 e®, rallyc;'sal
S 3 /// .. ‘(
N o ’@ag gﬁﬁn Epithelium

TBasaI

Type Il Club @ ( \
Alveolar Resident Cell Coll
Eplthellal alveolar X \
cell Serous
macrophage NKT Cells MAIT  Goblet CD103*

Type | Ciliated Cell Cell Cell Intraepithelial

Alveolar Cell Dendritic Cell

Epithelial cell Neuroendocrine flt)r:aos"th il ILCs

0 Cell ntraepithelia
18 Tce CD8* T Cell
O @@ Mucin, p-defensin, LL37, IFNa.f, = Apical Tight junctions

TGF-8, IL-10, IL-6, TNF-«, IL-8, CCL-2, or IL1-§

SP-A, SP-D



SLIZNICE DYCHACICH CEST

Mukociliarni transport

- koordinovany pohyb fasinek smérem k nosohltanu

- 5 mm/hod




Makrofagy ve vrstvé hlenu



| NOSNI DUTI

nasal cavity

nasopharynx Tractus Bulbus
olfactorius olfactorius

oropharynx

larynx

trachea

bronchi Smyslovy epitel

bronchioles

T —— -o.o.gq..' - - 2 \
o —— SN -
F!'.‘-‘.’OE .

Nozdra

Lamina cribriformis )
(naris)

cichové kosti

alveoli AN\ y
\ Cichovy
alveolar alveolar  diaphragm epitel

. ducts sacs
respiratory

bronchioles

Figure 18.1. Diagram of respiratory passages.




Regio olfactoria

Sinus frontalis ) Horni skofepa Sinus sphenoidalis

Stiedni skofepa M) | I Vnitfni nozdra

Regio rg
Dolni
skorepa
Nasopharynx
v, { . [\
VnéjSi nozdra "
Regio cutanea
Regio cutanea Regio respiratoria Regio olfactoria
Epidermis v€etné koznich adnex, ve vestibulu Sliznice dychacich cest, Smyslovy epitel, lamina propria s
pfechazi v epitel dychacich cest v lamina propria seromucinozni zlazy, Bowmanovymi flazami

podkladem je kost nebo chrupavka,
podsliznicni vazivo chybi



e 5 -6 mm Siroka zona od nozder

* prechod dermis ve sliznici dychacich cest — chlupy + mazové a potni zlazy
« vrstevnaty dlazdicovy keratinizujici epitel

frontal sinus olfactory nerve and bulb

fila olfactoria and
olfactory epithelium

opening of
ethmoid sinuses

) sphenoid sinus
opening of

maxillary sinu pituitary gland

: turbinate bones
nasal cartilage

nasopharynx

vestibule opening of eustachian

(auditory) tube in
nasopharyngeal fold

anterior nares

@ upper lip

(hair bearing)

— soft palate

— mouth and oropharynx



» Strop nosni dutiny, horni ¢ast nosni pfepazky, horni skofepa
+ 70-100 um
* Vicerady cylindricky epitel se smyslovymi burikami

* Lamina propria s arterialnimi a vendznimi pletenémi
* Axony smyslovych bunék
* Bowmanovy zlazky

frontal sinus

opening of
ethmoid sinuses

opening of

maxillary sinus

nasal cartilag fiii
vestibule ‘ il

anterior nares

@ upper lip

olfactory nerve and bulb

fila olfactoria and
olfactory epithelium

sphenoid sinus
pituitary gland
turbinate bones

nasopharynx

opening of eustachian
(auditory) tube in
nasopharyngeal fold

— soft palate

(hair bearing)

mouth and oropharynx




NOSNI DUTINA- R

olfactory epithelial openings of «
Bowman's glands
* bipolarni neuron - apex — dendrit — €ichovy
vezikul
* 10-20 nepohyblivych fasinek odstupuje z
LGN A jednoho vezikulu

(sustentacular) » modifikované fasinky obsahuiji receptory pro
odoranty

* baze bunky - axon
central bulge
containing nucleus

Podpiirné bunky

proximal process (sustentakularni)

* kartacovy lem - mikroklky
« fyzicka podpora + vyziva

* nizké bazofilni
* kmenové burky podpurnych
Lowe, Anderson 2015 | Cichovych bunék (regenerace neuronti)

axon

(non-myelinated)
basement membrane

Bowman's gland



NOSNI DUTINA- R

olfactory epithelial
surface

openings of
Bowman's glands

Olfactory
receptor cell

sustentacular cell

central bulge
containing nucleus

VINaE

proximal pro .
, .
'll.nul‘

basal cells

(non-myelinated)

basement membrane

Bowman's gland

Lowe, Anderson 2015



NOSNIi DUTINA - F




NOSNIi DUTINA -

Axony
; Cichovych bunék
P'_'OStuP pres ] (Fila olfactoria)
lamina cribriformis

cichové kosti

Schwannell YL

Synapse se sekundarnimi

neurony bulbus olfactoriu
(N. olfactorius)

Dendritex

Olfactory vesicle

Bowman's
gland

Connective

|_— Basal cell

_— Olfactory

receptor cell

Sustentacular
cell

Olfactory cilia Microvilli
Duct of Bowman's gland




| NOSNI DUTINA- N

. Kisselbachova pleted”

.




NOSNI DUTINA — SIN

* sinus maxillaris (15-25cm3)

* sinus ethmoidalis

* sinus frontalis

. . . brain
* sinus sphenoidalis ~__ olfactory
qlfac?ory nerve bulb

Sliznice epithelium

* obdoba sliznice dychacich cest orbit ethmoid

* slabsi, méné zlazek LA SInuses
midline T

* chybi submukéza septum urbinate

bones

( maxillary
| sinus

Lowe, Anderson 2015

nasal cavity

hard palate

frontal sinus

olfactory nerve and bulb

opening of fila olfactoria and
[ethmoid sinuses o olfactory epithelium
opening of —
[maxillary sinuses ) pituitary gland

turbinate bones

nasopharynx

opening of eustachian
(auditory) tube in
nasopharyngeal fold

anterior nares

@ upper lip

(hair bearing)

— soft palate

— mouth and oropharynx




Krizeni dychaciho a traviciho traktu

nasal cavity

nasopharynx Nasopharynx

__ oropharynx « vicefady cylindricky epitel s fasinkami
larynx « tonsila pharyngea (nosni mandle — infiltrace lamina
A trachea propria lymfocyty)
bronchi < * vyusténi Eustachovy trubice
bronchioles
Oropharynx
« vrstevnaty dlazdicovy epitel
alveoli
alveolar alveolar diaphragm
: ducts sacs
respiratory
bronchioles

Figure 18.1. Diagram of respiratory passages.



LARYNX

nasal cavity

nasopharynx

oropharynx

L larynx

trachea

bronchi

©

: Frontal sinus
Nasal cavity R
Internal nares \
5 AN

Nasopharynx

bronchioles Nasal

conchae

Pharyngeal tonsil 25 Nasal
: 5 vestibule
Entrance to auditory tube ~ l/ —
Soft palate ' 1 r nares
Palatine tonsil ; , Hard palate
Oropharynx Oral cavity

. Epiglottis

alveoli D : ) Tongue
alveolar  “alveolar  diaphragm ; - Mandible
ducts 5acs « Laryngopharynx

respiratory Glottis =

bronchioes =) Oy B TR e e .

. Thyroid cartilage :

. Vocal fold . e : .
A - + Cricoid cartilage :
Figure 18.1. Diagram of respiratory passages. ‘ Messmmsmmsmmsmnanaat

Esophagus
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Frontal section

Epiglottis

/' = ‘ | Vestibulum

Plica ventricularis
(nepohybliva)

Priblizné 4 cm

Ventriculus
laryngealis
(Hrtanova duitna)

Plica vocalis
(pohybliva)

Cavum
infragloticum

Tvar presypacich hodin




Chrupavky

Spojeny vazy a ovladany svaly.
* Hyalinni

* Elastickeé

Epiglottis —

. | Corniculate cartilage

: Plica ventriculari
Thyl_‘OId .Ca ent .CU ars Horni ¢ast
cartilage | \ / « ; Plica vocalis
\ -Arytenoid cartilages
Cricoid cartilage |+
s Dolni ¢ast
Tracheal tie
cartilages %

(b) Posterior view

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings



LARYNX

| - Epiglottis

“‘ LY Vestlpulum

\l‘

Plica
ventricularis

Ventriculus
laryngealis
— g

Plica
vocalis

. 4l““ll

|||||'J"
I'tll,..u |
“ml

!l Hm! ittt ,“.m”)‘v] ::’
Hi



st

Sew (Seromucinozni)
w@'\{‘ b,;w‘j Y

Plica ventricularis

Vicefady cylindricky e N SRR
epitel s Fasinkami v

Vrstevnaty
dlazdicovy epitel

¥

Ligamentum vocale %
(elastické) K

Plica vocalis



LARYNX

Lingual surface —— Elastic cartilage

Stratified squamous epithelium

Pharyngeal surface

PI|cavent||cuIar|s T id
2N 73 Seromucous :
glands

Pseudostratified ciliated epithelium
Ventricularis muscle

smojbeidng

Laryngeal ventricle
False vocal cord. The

smon

Reinkeho edém
exudat v Reinkeho prostoru
= chraplavy hlas

True vocal cord lined
by stratified .
squamous epithelium  Vocalis muscle cricoarytenoid

Cricoid cartilage

Vocal ligament

smojbgng

Pseudostratified ™~~~ \® @ oooooooooes
ciliated epithelium
[
Seromucous glands




| LARYNX

Prechod epiteli na spodnim okraji plica vocalis
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Laryngealni strana Lingualni strana

Vrstevnaty

Vicerady cylindricky dlazdicovy epitel

epitel s Frasinkami




Délka cca.: 12cm

Primércca:2cm
nasal cavity

nasopharynx — Esophagus
oropharynx ; e
larynx N[ cobetnm
| L trachea -
bronchi\ 7 \
bronchioles
Trachea- oy
achea Chrupavcité prstence
* hyalinni
*+ 10 az 12
* C-shaped
Primary bronchi
alveoli
alveolar alveolar diaphragm A%
: ducts sacs S
respiratory JON 0
bronchioles N !?’}@ s
Figure 18.1. Diagram of respiratory passages. RIGHT LUS d LF NG
econdary

(a) bronchi
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« Sliznice — epitel dychacich cest
* Opérny aparat - tunica fibro-musculo-cartilaginea
« Tunica adventitia

Ligamentum anulare

Loose CT
Smooth muscle .t sk (serosa where
trachealis _,,:;:5,*' ______ S % not attached)

Lontitudinal
elastic fibers
at the lamina
propria-
submucosa
border

g Respiratory
epithelium

Submucosal
seromucous
glands

Ea,l:tllage 7 Dense CT
C" ring submucosa


http://medcell.med.yale.edu/histology/respiratory_system_lab/trachea.php

| TRACHEA

= Paries membranaceus
* vazivova memnrana
Musculus trachealis

Vicerady cylindricky epitel s fasinkami

-, :
o : ,.._._ ‘ B b b
Musculus trachealis

— -~




Vicerady cylindricky epitel s Fasinkami
+ bifurkace: vrstevnaty dlazdicovy epitel

Sliznice

Lamina propria mucosae

» fibroelastické vazivo + lymfoidni buriky
 bohata inervace — kaslaci reflex

« Cetné seromucindzni zlazky — gll. tracheales
(dominantné v urovni ligg. anularia)

Perichondrium

‘ .
f 1
o Chrupavka — prstence spojeny ligg. anularia
f. )

Adventitia
« fibroelastické vazivo




Zacina bifurkaci pridusnice

nasal cavity
nasopharynx
oropharynx
larynx

trachea

bronchi \

:;‘Mu(\\'-

bronchioles

» Primarni bronchy - Extrapulmonarni

)y
i

* mensi prameér, slr stejna stavba jako trachea
* doprovazeny plicnimi arteriemi, zilami, a lymfatickymi cévami
* gll. bronchiales

alveoli

alveolar alveolar diaphragm

; ducts sacs
respiratory

bronchioles

Figure 18.1. Diagram of respiratory passages.



Anizotomni dichotomické vétveni

Trachea

Primarni (hlavni) bronchy
Lobarni bronchy (vlevo 2, vpravo 3)

Segmentové bronchy (10), @ cca 8 mm

Stfedni, malé a nejmensi bronchy
* 7 generacivétvenido @ cca1 mm

Bronchioly

* chybi chrupavka a zlazy
s J<1mm ‘
« jeden primarni bronchiolus definuje plicni lalGéek 7
« 4 xsevétvi, posledni vétve jsou: M)

Terminalni bronchioly

* konecny usek dychacich cest
e Jcca,4-0,5mm

Respiracni bronchioly
e Jcca0,4mm
* 3generace vétveni

Ductuli alveolares
* b5-7 generacivétveni

Sklipkovy strom

Sacculi alveolares



| BRONCHIALNI

Bronchopulmonarni segment

* jedensegment-cca 10-12% objemu plice
* vlastni cévni zasobeni

*  fibrozni pouzdro

» dulezité v plicni chirurgii

Trachea Anterior Posterior
IS
N
L )
R (= L
Apvcal ( (\‘ J T Apical -5 Posterior
Upper Posterior ~ AN NN o : ~
lobe P & } N 3 ,9. P ‘ — Apicoposterior
"'\17 = 7o 20 Anterior
’/ / L
e Vg e
o i—————Suponof—__. Medial
o ' Anteromedial
5 Ant. basal 9% - Med. basal ;& e
lobe  Lat: basal— @ 3 Post. basal -+ Lat. basal
\Post. basal Lateral
[ Apical [ superior [ Anteromedial basal Apical Superior [} Anteromedial basal
Bl Posterior [l Ant. basal Posterior [ Ant. basal
B Anterior [} Lat. basal B Anterior [ Lat. basal
B Lateral [~ ] Post. basal £ Lateral | | Post. basal

A B Medial  [] Med. basal B | BN Medial [ Meo. basal
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Makroskopicky obraz

BRONCHIALNI STRO



Bronchiolus - pradusinka

Sliznice Sliznice

« typicky epitel dychacich cestﬂ:ﬁejpoéetnéjél’ * jednovrstevny epitel s Fasink%ymi bufkami
fasinkové bunky, poharkové a bazalni buriky * poharkove bunky vzacné a distalné zcela chybi

+ vysSka epitelu distalné klesa * neuroendokrinni buriky

* podélna elasticka vlakna v lamina propria « Kkyjovité (Clarovy) buniky

* seromucinozni bronchialni zlazy v lamina propria * respiracni bronchioly — kubické buriky bez

* BALT v lamina propria rasinek, pfilezitostné pneumocytl typu Il

Hladka svalovina Relativné silna vrstva hladka svaloviny

Podpurna vazivo-chrupavgéita vrstva Chrupavky i zlazy chybi

* nepravidelné chrupavcité ploténky

Peribronchialni vazivo Vazivo

» od plicniho hilu po bronchioly » prechazi ze stény bronchiolu na okolni elastické

vazivo — udrzeni prasvitu



BRONCHIALNi STRO

Bronchus vs. trachea



http://medcell.med.yale.edu/histology/respiratory_system_lab/trachea.php

e

BRONCHIALNi STROM

bronchus

arni

I 4

Intrapulmon




BRONCHIALNi STROM

Intrapulmonarni bronchus




BRONCHIALNI STR

Intrapulmonarni bronchus




Bronchioly — od primarnich po terminalni

l’ o Y
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4 = & - s
. % ..‘ - . " 4
> ~ 5 A ot

Alveolus




Bronchioly — od primarnich po terminalni

Alveolus

Alveolus

Alveolus

Alveolus
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BRONCHIALNi STROM

inalni

h po term
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y

— od primarnic

Bronchioly




Terminalni vs. respira¢ni bronchioly

Lowe, Anderson 2015

terminal
bronchiole

respiratory
bronchioles

smooth
muscle

alveolar
sacs

alveoli




ZMENY VE STRUKTU

Mouse
(~5,000 branches)

)

Terminal
airway
cuboidal

Human
(~54,000 branches)




TEMNY PRIBEH CLARO

Clarovy bunky

I Il

Il gl

Clara cells Ciliated cells

Basal cells

Goblet cells

HISTORICAL PERSPECTIVE

The Clara cell: a “Third Reich eponym’?

A. Winkelmann* and T. Noack®

ABSTRACT: German anatomist Max Clara (1899-1966) described the “Clara cell” of the
bronchiolar epithelium in 1937. The present article investigates Clara’s relationship with National
Sacialism, as well as his use of tissue from executed prisoners for research purposes, details
about both of which are largely unknown to date. Our methodology for the present study focussed
on analysis of material from historical archives and the publications of Clara and his co-workers.

Clara was appointed as Chair of Anatomy at Leipzig University (Leipzig, Germany) in 1935. He
owed his career, at least in part, to Nazi support. He was an active member of the Nazi party
(Nationalsozialistische Deutsche Arbeiterpartei (NSDAP)) and engaged in university politics; this
included making anti-Semitic statements about other academics in appointment procedures.
Nevertheless, he also supported prosecuted colleagues.

Much of Clara’s histological research in Leipzig, including his original description of the
bronchial epithelium, was based on tissue taken from prisoners executed in nearby Dresden
(Germany).

Max Clara was an active and outspoken Nazi and his histological research exploited the rising
number of executions during the Nazi period. Clara’s discovery is thus linked to the Nazi system.
The facts given in the present paper invite discussion about the eponym’s neglected history and
its continued and problematic use in medical terminology.

KEYWORDS: Bronchioli, Clara cell protein, histology, National Socialism, research ethics
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Alveolar sac
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"ORDINARY" RESPIRATORY ALVEOLAR
BRONCHIOLE BRONCHIOLE DUCT NO APPARENT
Ductus alveolares — sténa tvorena:
* skupinami kubickych bunék
° indivi.dueéln‘imilalveoly a jejich ustim Sacculi alveolares
* elastickymi vlakny « skupiny alveol(l otevienych do

* hladkosvalovymi burikami kolem vstupt do alveoll spolecné predsing
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Alveoli Alveolar duct Blood vessels Lumen of bronchiole  Alveolar sac
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Respiracni oddil

Alveolus

Alveolus

Alveolus

Alveolus

Alveolus

Hvézdicovity prisvit bronchiolu je post-fixacni artefakt
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Plicni lalticek (lobulus pulmonis)
* tvofijej cca 8 plicnich acint

e velikostcca2 cm

Plicni acinus (acinus pulmonis)

* zahrnuje vSechny respiracni bronchioly,
ductus alveolares a nékolik tisic plicnich
sklipkl - alveold, néalezicich k jednomu
terminalnimu bronchiolu

* velikost cca 0,5 mm, obdam velmi tenkym
fibréoznim pouzdrem

* morfologicka jednotka dulezZita pro

nektera plicni onemocnéni (emfyzém)

Bronchi

Bronchioles

Segmental
bronchus

bronchi
(about 5

feccccccccaccas

Small bronchi
(about 15
generations)

o -

Terminal
bronchioles

Acinus—

Respiratory
bronchioles

(3 orders)

e = - -

Alveolar
ducts and
alveolar sa

Lobule

- Acinus

Terminal bronchiole

Smooth muscle
Elastic fibers
Alveolus

1st order

2nd order

sa|oiyouaiq
Aojesdsay

3rd order

Alveolar
sacs and
alveoli

Pores
of Kohn



Plicni lalucek
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Smooth muscle
fibers

Pulmonary
artery (carrying
deoxygenated

Intra-alveolar blood)

septum

Respiratory
bronchiole

Respiratory
bronchiole

(carrying
oxygenated

blood) Alveolar duct

Alveolar
pore

Alveolar elastin
network

Plicni sklipky - alveoly

Misto vymény dychacich plynt
 primeér cca 200 um
» celkovy pocet cca 300 — 400 million
« celkova plocha cca 100 — 140 m?
« interalveolarni septa (elastin + kolagen typu
1)
« alveolarni pory (Kohnovy; 8 — 60 um prumér)

« kapilary s celistvou sténou

pneumocyty I. all. typu



Kohnovy pory

* mezi sousedicimi alveoly

* 13-21vkazdém alveolu, 3-13 um

» chybi u novorozenc, vyvijeji se kolem 3-
4 roku Zivota spolu s vyvojem alveol(

Terminal T\IY Lambe I‘tovy kana'ly
\/ beunchioke A\ ool * bronchoalveolarni spojeni mezi alveoly a
/4 \ artin
N\ bronchioly
\ e — ct i of / A
~ < ) = G um

* vyviji se spolu s Kohnovymi pory

Al\eoh \ N \
£ {
Respiratory //t}\ \ = \\// Mal'tlnovy kanaly
e ""‘/Q\ * meziterminalnimi a respiracnimi
J
/ )) Pore of Kohn bronCthly

Alveolar
duct

* variabilni velikost 30-150 pm

: @CJ T Aol s Interlobularni kanaly

Pores of Kohn A0\
«  a7z200 um

10.22541/au.159818335.5362380

Klinicky vyznam u rtiznych plicnich onemocnéni (napf. CHOPN)



Elasticka vlakna Kapilara

Pneumocyty typu | (membranézni)

* velmi ploché — cca 80 nm
* okluzni spoje
* cca 95% alveolarniho povrchu

\
\\\\\\\\

Pneumocyty typu Il (granularni)

* kubické (10 um)

* poCetnéjSi nez pneumocyty typu |

 lamelarni téliska — surfaktanty SP-A, -B, -C, -D

* kmenové buriky (pro pneumocyty typu | a ll)

Alveolarni makrofagy — ,,prasné bunky*
* pohyblivé

» nékteré migruji do hltanu kde jsou spolknuty Ci vykaslany
* nékteré migruji lymfatickymi cévami



PLICNIi SKLIPKY — INTE

type | pneumocyte alveolar macrophage moving

through alveolar pore of Kohn

red cell

interalveolar septum
containing elastic
and collagen fibres

fused basement membranes of
capillary and type 1 pneumocyte
at areas of contact

=

alveolar capillaries Lowe, Anderson 2015



Alveoli

> '

| — pneumocyt typu | [l — pneumocyt typu Il A - alveolus C - kapilara M - makrofag



0,1-1,5um
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Vyména plynu: pasivné difuzi na zakladé gradientu parcialniho tlaku

Jadro endotelové
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| PLICNIi SKLIPKY — AL




| PLICNI SKLIPKY —

Lumen alveolu

GAGS trap
water

Surfactant proteins

Phospholipid monolayer

with hydrophobic tails

Cytoplazma pneumocytu typu |
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Surfactant Composition in Human BALF

s _o© PC  %ofPC
10% proteinu 16:0/14:0 8.7
16:0/16:1 10.4 (PPPC)
SP-A, SP-D (hydrophilic) 16:0/16:0. 50.0 (DPPC)
SP-B, SP-C (hydrophobic) 16:0/18:1 2.7
16:0/18:2 5.7
16:0/18:1 10.4 (POPC)
Chcas 16:0/18:0 2.0
— por 18:0/18:2 2.4
Protein 5%
Pl  3%. %ofPl 10% o
16:0/18:1 20.9 o
18:1/18;1 32.0 N
18:0/18:1 313 Other PLs Phosphatidyl choline /\ !
18:0/20:4 8.2 5% 5%
Ptdins

3%

Phosphatidyl Glycerol
8%

40% dipalmitoylfosfatidylcholin

ll 90% lipidii g

(0] CHQ—O* C—R
PG % of PG 5l
16:0/16:0. 6.6 R—C—-0O _(l_';H CH)
16:0/18:2. 8.2
16:0/18:1. 33.0 (POPG) CHQ—O—F"—O—CH Q—CHOH—CH ,OH
18:1/18:2. 54 >
18:1/18:1  22.3
18:0/18:1  20.7

40% dalsi fosfolipidy (napf. fosfatidylglycerol)
* shizuje povrchové napéti
e ushadnuje dychani (compliance)
* imunologicka bariéra ALVEOL

P—
-

10% neutralni lipidy (napf. cholesterol)

SURFACE TENSION




PLICNI SKLIPKY

Aqueous hypophase Surfactant extruded from

Surfactant Lipid monolayer lipoprotein vesicle

Small lamellar body fusing to
lipoprotein vesicle

Multivesicular body
(protein)

Surfactant
covering

type | and
Il cells

- SN
/

Basement membrane Capillary endothelium Choline Amino acids ~ Occluding junction




reore

Visceralni pleura (poplicnice) — pokryva plice

Parietalni pleura (pohrudnice) — vystyla hrudni dutinu

Mediastinum

'f

®.,

~ Left Lung

’l
2

Visceral pleura

Parietal pleura
Right pleural cavity Pericardial cavity Left pleural cavity

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings



| PLEURA

4= Mezotel (jednovrstvy diazdicovy ep.)

Tenka vrstva vaziva (cca 1 mm)




Plicni obéh Bronchialni obéh
,funkéni ,hutritivni‘

Pulmonarni tepny Bronchialni tepny

Kapilary

Terciarni bronchus

Pulmonary artery
(deoxygenated blood)

Bronchial artery __1]

(oxygenated blood)| | ,
‘ i !
Pulmonary vein ___ )
(oxygenated blood) Lymphatic
vessel

Bronchopulmonarni segment



Entoderm

* epitel

« Zlazy Openings of
pharyngeal pouches

Mezenchym

* vazivo Respiratory

* chrupavka

* svalova tkan
Stomach

Hean / , Liver bud
Vitelline [‘l -w-{‘t / Duodenum
duct 9 3 Midaut . Attachment of
\ 9 buccopharyngeal
Allantois membrane

Cloacal
membrane

A B Laryngotracheal
Sadler 2000 orifice

Zacatek 4. tydne: Laryngotrachealni vychlipka predniho stfeva (ventralni strana)



Tracheoesofagealni

rasy

Esophagotracheal L
ridge  Foregut Esophagus Tracheoesofagealni

....... septum

Trachee
Laryngotrachealni ‘Lung L,
vychlipka = uds BI'OHCh'Opu_ImonaInl
L3 B vychlipky

Casny 4. | | Pozdni 4.| | Casny 5.
tyden tyden tyden




Vnitrni strana ventralni
stény hitanu

Lingual swelling

7-Laryngeal
orifice

6. tyden 12. tyden

* Lumen nejprve obliteruje a pozdéji rekanalizuje
* vyviji se Ventriculus pharyngealis + Plica ventricularis a Plica vocalis
* vyviji se chrupavky + vazy + svaly hltanu (ze 4. and 6. Zaberniho oblouku)



Celkovy pocet vétveni

Pred narozenim - 18 x Po narozeni - 7x
az do 8 roku véku

Left bronchus Left upper

lobe

Right upper lobe

A y o
Bronchopulmonalni Right
vychlipky B middle lobe

Right lower lobe :

Pozdni 5. Pozdni 6. Pozdni 8.
tyden tyden tyden




EMBRYONALNI

Parietal

Bronchopulmonalni Bronchopulmonalni

vychlipka vychlipka
Pericardioperitoneal F#%" Pleuropericardial
canal i N fold
\j Phrenic nerve
/~*Common
4  cardinal
vein
Al Visceral peritoneum B  'Hean

* bronchopulmonalni vychlipky penetruji do primitivnich pleuralnich dutin
* splanchnicky mezoderm, pokryvajici vnéjsi povrch plic, vytvafri visceralni pleuru
* télni mezoderm, vystylajici télni dutinu, vytvari parietalni pleuru

* prostor mezi visceralni a parietalni pleurou dava vznik pleuralni dutiné



Blood
Respiratory  capillaries

Stadium pseudoglandulové (5. -17. tyden) , %)
* jsou vytvoreny terminalni bronchioly iﬁi‘é‘.‘.’f&@
* terminalni bronchioly jsou slepé zakonceny — pfipominaji exokrinni zlazu R
* jednovrstvy kubicky epitel (entoderm)

* respiracni bronchioly ani alveoly nejsou vyvinuty

Terminal
bronchiolus

Thin
squamous

Stadium kanalikularni (13. - 25. tyden) g
* vyviji se respiracni bronchioly a vacky, vaskularizace \
* dychani a preziti je mozné, pouze ale s lék. pomoci
* stale zavazny stupen nezralosti

capillary

=
:“)

F\

4 0

uboidal
ithelium

T

Thin squamous

Stadium primitivnich alveoll (terminalnich sakul) (24. tyden - porod)
* vyznamny nardst poc¢tu vackl a alveoll s dobre diferencovanymi
pneumocyty
* vytvorena bariéra krev-vzduch
* od 26. tydne je mozné preziti bez lék. pomoci
(hmotnost plodu cca 1000 g)

~~~~~

2
¢ “Lymph

Mature alveolus ©@Pillary
Terminal bronchiolus

Stadium definitivnich alveolli (alveolarni) (32. tyden - 8. rok)
* nejdelSi stadium
* vyvoj plic se ukoncuje



Terminal

I bronchicle ‘ﬁfm““q

Embryonic

Respiratary

Pseudoglandular [ ", bronchiole

Canalicular
Lung bud differentiation
Trachea and bronchi

Pulmonary vein and arery

Alveoli saccules
Extra-celiular matrix

Neural network
mafurafion

Conducting ainvays Alveolar

Terminal bronchioles
Immature newral networks

Expansion of gas exchange area,
nerves and capillaries

Pre-acinar bicod vessels Primilive aiveol
Tvpe I, Type Il cells PA
Surfactant synthesis 4 il Continved callular prolifaration
B Lung growth and expansion
4-7 weeks | 7-17 weeks | 17-26 weeks | 27-36 weeks | 36 weeks-2years |---=-=-=-=-===-srsrrurcrennn- ~ 18 years
In utero . Postnatal
Birth »

10.1289/ehp.0901856



http://dx.doi.org/10.1289/ehp.0901856

VROZENE vYvoJovs VAN S

Priklady

» Atrézie/stendza/diafragma laryngu

+ Stendza trachey a tracheoezofagealni pistél - VACTERL
» Ageneze/hypoplazie plic

» Sekvestrace plic

+ Kongenitalni emfyzém

* Monogenné podminéné choroby - CF

* Poruchy v souvislosti s oligohydramnion

« RDS

» Vrozené vady velkych cévnich kmenu
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M a embryologie
Dekuji za pozornost

pvanhara@med.muni.cz

http://www.histology.med.muni.cz
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