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Development of Lung

Sequences of lung development

HUMAN FETAL AND POSTNATAL LUNG DEVELOPMENT AND GROWTH

Alveolar formation

Microvascular maturation

Normal growth perioc [

Lung development 2 Lung growth
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Development of Lung

Embryonic stage

Primitive pharynx Embryonic stage 3 to 6 weeks' GA
Foregut .

Lung bud/ e Ventral outpouching of the

Respiratory diverticulum o oo
primitive gut

b Esophagus e Primary bronchi elongate into the
mesenchyme and divide into the
Lver j y >tomach two main bronchi
Gallbladder e Pancreas

e Main pulmonary artery arises

Allantois — y Midgut from the sixth pharyngeal arch
Primitive
intestinal loop
Cloaca ——== | e Abnormal: lung agenesis,
P Hindgut

tracheobronchial fistula

Aros, C.J., Pantoja, C.J. & Gomperts, B.N. Wnt signaling in lung development, regeneration, and disease progression. Commun Biol 4, 601 (2021). https://doi.org/10.1038/s42003-021-02118-w
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Growth and Development of Lung

Pseudoglandular stage

Pseudoglandular stage B | > :
6 to 16 weeks' GA : th
» Mesenchyme differentiates into cartilage, (.
smooth muscle, and connective tissue around tﬁ%pmmﬁm e

the epithelial tubes
e End at terminal bronchioles

/

/\ B

e All preacinar arterial branches formed AT
o Abnormal: bronchopulmonary sequestration, >
cystic adenomatoid malformation, e
tracheo-esophageal fistula and congenital epithelum [———
diaphragmatic hernia E{b:m:df _
8 mesodem |

mesothelium

Aros, C.J., Pantoja, C.J. & Gomperts, B.N. Wnt signaling in lung development, regeneration, and disease progression. Commun Biol 4, 601 (2021). https://doi.org/10.1038/s42003-021-02118-w : Adapted from Yin et al., 2008
L}
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Development of Lung

Canalicular stage

Wntlow
Wnt———— | proximal I
Canalicular stage i
16 to 26 weeks' GA
e Respiratory bronchioles develop
e End at terminal sac formed B
e Glandular appearance is lost as the epiéﬁLm
interstitium has less connective tissue and the
lung develops a rich vascular supply
e Abnormal: pulmonary hypoplsia B
~ Wnthigh

]
1 Adapted from Shu et al., 2005

]
Aros, C.J., Pantoja, C.J. & Gomperts, B.N. Wnt signaling in lung development, regeneration, and disease progression. Commun Biol 4, 601 (2021). https://doi.org/10.1038/s42003-021-02118-w :



& , T —
Development of Lung

Saccular stage

ﬁ Saccular stage
26 to 36 weeks" GA

e Capillary proliferation and thinning of the epithelium => enabling gas exchange
e cuboidal (type 1) and thin (type |) epithelial cells begin to line the airspace
e Abnormal. respiratory distress syndrome

w% e L»
¥ - o -
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SITE OF GAS EXCHANGE
PRODUCE SURFACTANT

Aros, C.J., Pantoja, C.J. & Gomperts, B.N. Wnt signaling in lung development, regeneration, and disease progression. Commun Biol 4, 601 (2021). https://doi.org/10.1038/s42003-021-02118-w
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Development of Lung

Alveolar stage

‘ Alveolar stage sinces 36 weeks" GA through adult
(e

e Secondary septa form the walls and collateral airway
-7~ Wnt
T2Axin2

between alveoli
e Estimated alveolar units at birth are 20-150 million units
e Increased numbers of alveolar unit until 3 years of age
=> Total 200-300 million units
e |Increasing volume during childhood til adulthood

1
1 Adapted from Frank et al., 2016
1

e Abnormal: congenital lobar emphysema, acquired
diseases

Aros, C.J., Pantoja, C.J. & Gomperts, B.N. Wnt signaling in lung development, regeneration, and disease progression. Commun Biol 4, 601 (2021). https://doi.org/10.1038/s42003-021-02118-w



Embryo of Lungs

-
tMBRYOLOGY
oftheLungs*
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DEVELOPMENT
REV Y332 Med

- Budding of Lungs

BEGINNING OF 5TH WEEK

!

BLIDD!NG

SWIPE TO
REVIEW

Bronchial

Trachea buds

Trachea bifurcates

Right main _
bronchus Left main
bronchus
Secondary
Bronchial <]
buds Splanchnic
mesoderm

REV “§gt Med

Gastrulation

GASTRULATION

MESODERM

| ENDODERM

J

fomatic mesoderm  Neural
S PARIETAL PLEURA

Splanchnic mesoderm

SFVISCERAL PLEURA
CONNECTIVE TISSUE,
CARTILAGE, AIRWAY &
SMOOTH MUSCLES OF
THE LUNG

Superior
lobe

Middle
lobe

Inferior
lobe

Superior lobe

fecondary
bronchi

Middie lobe

Inferior lobe

% Visceral plevra

FROM SPLANCHNIC
MESODERM

tube

Paraxial  Intermediate
(MUSCLE) (GONAD &
KIDMNEYS)

Lateral plate

_‘/ HEART, LIMBS,
L SPLEEN, BLOOD,

ADIPOSE, LYMPH,
~ SMOOTH MUSCLE
& ENDOTHELIUM

Endoderm

EPITHELIUM (FROM GUT TUBE)
AND GLANDS OF THE TRACHEA,
BRONCHI, & ALVEOLI
OF THE LUNG

REV “§gt Med

Psuedoglandular period

BEGINNING OF 6TH -

Superior
lobe

Secondary

lobe

Trachea

REV “§gt Med

8 WEEKS

bronchial buds [3) “ 2]
Inferior

THREE SECONDARY
BRONCHI ON THE RIGHT
& TWO SECONDARY
BRONCHI ON THE LEFT

Left primary bronchos

S — bronchial

Superior lobe
Tertiary

buds

s Parietal plevra

FROM SOMATIC
MESODERM

Inferior lobe

SAGITTAL SECTION

- ENDODERM (GIT) Pharnyx

Foregut

Respiratory
diverticulum

% OUTPOUCHING OF
THE GIT (FOREGUT)

O

ftomach
Heart
feptum
Vitello-
intestinal transversum
duct Liver bud
Midgut
Allantois o ._
- Fetus at
Cloaca Hindgut NERLLLAL]
REV S§gt Med '

- Canalicular to Saccular

CANALICULAR PERIOD
16-24% weeks
Terminal bronchiole

Cuboidal () Squamous epithelium

Respiratory
bronchiole

Blood
capillariev

Future
respiratory
bronchiole

SACCULAR PERIOD _
36 weeks to birth :
Capillaries are now

in direct contact
with cells

Cuboidal

epithelium Terminal sacs

Alveolar Type 1 cells
SITE OF GAS EXCHANGE

Alveolar Type 2 celis
PRODUCE SURFACTANT

REV “ig2 Med

Budding of Lungs
BEGINNING OF 4TH WEEK

Tracheoesophageal
ridges

Respiratory

diverticolom
LARYNGO-

TRACHEAL
GROOVE
$planchnic

mesoderm

Bronchial
buds

REV “3g Med

Lung Stages Table

Stage of Maturation  Fetal Time period
EMBRYONIC | ([ 3-7WEEKS ]
EVENTS

Respiratory bud forms. Initial branching. Trachea and larynx forms.

(PseubocLanbuLAR ] ([ 6-16 weeks ]

EVENTS
Branching continues. Terminal bronchials. Closure of pleuroperitoneal folds.

[_canaucuiar ) [i6-2aweeks )

EVENTS

Development of respiratory bronchials (=) some alveolar ducts

@) Terminal sacs. Lung tissue vascularized. Gas exchange at 24 weeks.
(TERMINAL SAC)

EVENTS

Many terminal sacs. Epithelium thins. Type | & 2 pneumocytes.
o ) (Gewessvens)

REV “§gt Med

SACCULAR
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Adapted from
Sadler, 2004
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wnt low

proximal
epithelium

distal
epithelium

SMC differentiation Cartilage progenitors

Pdgfra/p+ Basal cell development
Mrtf-B+

Adapted from Shu et al,, 2005

Adapted from Frank et al., 2016

epithelium [

e
by
5

sub-epithelium
mesoderm

sub-mesothelium
mesoderm

Endoderm

mesench

mesothelium
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Adapted from Yin et al,, 2008
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Development of Lung

Chloride channel and fluid excretion in fetal alveoli

ﬁ s o e The polarized epithelium lining the fetal lung's
CIC

lumen actively secretes Cl-, with Na+ and H20
following => fluid distends the fetal lung.

e Cl- enters on the basolateral side through
membrane-bound protein transporters + secreted
out the apical membrane through different chloride
channels

e one of which is the chloride channel encoded by the
cystic fibrosis transmembrane regulator (CFTR)

=> Abnormal CFTR: Cystic fibrosis

BASOLATERAL (INTERSTITIAL)

A

Aros, C.J., Pantoja, C.J. & Gomperts, B.N. Wnt signaling in lung development, regeneration, and disease progression. Commun Biol 4, 601 (2021). https://doi.org/10.1038/s42003-021-02118-w
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Development of Lung

Chloride channel and fluid excretion in postnatal alveoli

ﬁ APICAL (ALVEOLAR) e Actively absorbs Na+, with Cl- and H20 following,

L @7] clears the fetal lung liquid that is present at birth

e Approximately 1/3 fluid is squeezed out during a
vaginal delivery

e Catecholamines released during labor: temporarily
convert the fetal lung from a fluid-secreting organ to
a fluid-absorbing organ

e Permanently converts the lung epithelium into a
sodium-absorbing mode

e Fluid retention in alveoli =>"TTNB" due to
painless labour or caesarean section

BASOLATERAL (INTERSTITIAL)

B

Aros, C.J., Pantoja, C.J. & Gomperts, B.N. Wnt signaling in lung development, regeneration, and disease progression. Commun Biol 4, 601 (2021). https://doi.org/10.1038/s42003-021-02118-w



APICAL (ALVEOLAR) APICAL (ALVEOLAR)

BASOLATERAL (INTERSTITIAL) BASOLATERAL (INTERSTITIAL)
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Normal lung anatomy
and cell function

Shape and Lobe of lung

embedded in a separate pleural cavity
and are separated by the mediastinum.
Except at the hilum

Hilum

Horizontal
fissure

Oblique
fissure
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Normal lung anatomy
and cell function ’

éj Bronchopulmonary Segmental Anatomy
Apical |
\
Posterior e, e
~ y_ “y" Apical &
\\ . 4 Postenor
Antenor pb———__ ¥ , ) ‘
.‘...,“ . . :’ ’\_—' Anterior
Supenor
\ Apical \—\\ L /
- ‘-V»—_Aprcal: /\k
Laleral \ ; | & - Iinlenor
—
Medial —-/
¥ [Anterior
Amer:or ,\k— Me{hal | basal |
basal basal

g Ry
lLateral bdmlﬁ\ 3
[»
Poa'lanor basal

Lateral
Dasa| te— Posterior |
baqal .

T\

Two functional compartments
1. proximal conducting zone
(the bronchial tree)

2. distal respiratory zone (the
alveolar region): gas exchange

e dichotomous branching, over
an average of 23 generations



Normal lung anatomy
and cell function

Dichotomous branching

Conducting airways

Acinar airways

Trachea
0
Bronchi 1
2
Y 3
: 4
Bronchioles
i 5
Terminal ¢
bronchioles 14 | 7/
Transitional
bronchioles 151 0
16 1
Respiratory
bronchioles‘ 171 2
18| &
19 | 4
20| 5
Alveolar ducts 4
21 6
o § F
Alveolar sacs 23 | 8




Normal lung anatomy
and cell function

BC CiC GC

Trachea/bronchus Bronchiolus Alveolus

Mucus/surfactant —F

il ‘Iﬁ |

*:':1. i L | 1;-I.I T Y T‘T
uial, i }f'_"f}j 1 1““*‘ .| Capillary  Surfactant

Aoy

Epithelium

4 k..

Basement membrane |l | - -
L. propria | Capillar

Smooth muscle layer —

Type | epithelial cell

Type |l
Gland epithelial cell

Cartilage

p—
* ¢ Interalveolar septum

Fibro-cartilaginous —

layer

Capillary




GOBLET CELLS CILIATED

PSEUDOSTRATIFIED
COLUMNAR EP|ITHELIUM

RESPIRATORY BRONCHIOLES

| - SR T A 5
"I'- ' " - r \Q
= y _ s
. Ve . :
»

!

MOVING DISTALLY

CLARA CELLS

* DIAMETER DECREASES - TALL
* EPITHELIUM TRANSITIONS to ~ NON-CILIATED
CILIATED SIMPLE COLUMNAR ~ COLUMNAR
& CUBOIDAL CELLS ~ DOME-SHAPED

APICAL ENDS

TYPE | PNEUMOCYTES

~ LARGE FLAT CELLS
~ ELONGATED NUCLEI
~ 95% of SURFACE AREA

TYPE || PNEUMOCYTES
~ CUBOIDAL CELLS

Lt

e

LOCATED near
NTERSECTIONS

HYPERPLASTIC when
there's INJURY

(OsMosis

from ELSEVIER



ALVEOLAR DUCTS

SMOOTH MUSCLE

~ LINEAR AIRWAYS

~ MULTIPLE ALVEOLI
ALONG the DUCT

SIMPLE CUBOIDAL
EPITHELIUM

* DIAMETER ~200 pm
* SURFACE EPITHELIUM

L T¥PE | PNEUMOCYTES
~ 95% of SURFACE AREA
~ LARGE
~ FLAT
~ ELONGATED NUCLEI
~ CYTOPLASM can be < 80 nm . N\
~ TIGHT JUNCTIONS . — . Py,

BETWEEN CELLS ! ¥ e ‘OSMOS|S

L TvPe Il PNEUMOCYTES — |48 CAPILLARIES i BLOOD VESSEL

-, e from ELSEVIER
~ 5% of SURFACE AREA ‘ .;

~ usually LOCATED near N
the INTERSECTIONS

~ TIGHT JUNCTIONS BETWEEN CELLS ~ REGENERATE BOTH TYPES of PNEUMOCYTES

~ SYNTHESIZE SURFACTANT ~ HYPERPLASIA is a MARKER for INJURY % REPAIR

INTERALVEOLAR
SEPTUM

L\

N\

Ny




Alveolars - Pneumocytes

Airway progenitor cells

S
Bone marrow == _
progenitor cells A AT\ ralle
\ Daughter cells ATI:ceIIs

e
?Intermediates

e Type | alveolar epithelial cells
o extremely broad, thin (0.1to 0.5
micrometers) total cover about 95% of
the alveolar surface
o Epithelial barrier for gas exchange
o Actively transporting Na+ with Cl-
and water; clearance of airspace fluid
e Type Il epithelial cells: cuboidal shape
o 5% of the total alveolar surface area
o Microvilli and osmophilic inclusions =>
lamellar bodies (storage sites for
surfactant)
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Case study of
abnormal lung development
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Case study of

abnormal lung development

G
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e 9O Term normal labour |
e [ASUAISSALIMUDIAISUIOAEDA La1ASI
e Physical examination haAgy => No defo

No abnormal HEENT, Lu

Il e

Uaans:=qa [uidmwed uiduaa
NovNavidgagikad [WdRNUdumuad
e UAlasus:=da sick contact (luAsaunSd

I ot -

Ngs: clear, equa
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S22, N0 mMurmur

uidUsykiusnnaon 9=
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'mity, No rash,

breath sound,



Case study of
abnormal lung development
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Case study of
abnormal lung development

Middle mediastinum

Anterior: Anterior margin of the pericardium
Posterior: Posterior border of the pericardium
Laterally: Mediastinal pleura of the lungs
Superiorly: Imaginary line extending between
the sternal angle and the T4 vertebrae
Inferiorly: Superior surface of the diaphragm
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Case study of
abnormal lung development

+ 4

- Double aortic arch
=l Vascular lesions _I‘I S ——
] Duplicated superior vena cava

— Lymphoma, leukemia

Lymphadenopathy: TB, histoplasmosis

= [Non-vascular lesions

Bronchogenic cyst

Hiatal hernia




Case study of
abnormal lung development
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Case study of
abnormal lung development
ﬁ Differential diagnosis

Cystic Lesions

Macrocystic adenomatoid malformation
Congenital diaphragmatic hernia
Bronchogenic cyst

Mediastinal encephalocele

Pleural and pericardial effusions




Case study of

abnormal lung development

CPAM (congenital pulmonary airway malformation)

New Nomenclature Old Terms Superseded

LR Congenital lobar emphysema
Polyalveolar lobe

CTM Cystic adenomatoid malformation (Type 0—4 pathologically)
Sequestration (intrapulmonary and extrapulmonary)
Bronchogenic cyst
Reduplication cyst
Foregut cyst

CSL Pulmonary hypoplasia

Absent lung, absent trachea | Agenesis of lung, tracheal aplasia

Absent bronchus Bronchial atresia

CLHL, Congenital large hyperlucent lobe; CSL, congenital small lung; CTM,
congenital thoracic malformation.




Case study of
abnormal lung development

ﬁ CTM (congenital thoracic malformation)

CTM Cystic adenomatoid malformation (Type 0—4 pathologically)
Sequestration (mtrapulmonarv d extrapulmonary)

Bronchogemc cyst __~

/" |

CCAM => malformation Sequestration =>

Bronchogenic cyst =>

abnormal division trocheobrc?nchtfs | Pulmonary tissue |
foregut, not only in Multi-cystic lesion is supply by systemic
MOost common arteries

lung areaq, Single cyst
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Case study of
abnormal lung development
ﬁ Suspected

e Bronchogenic cyst => Pseudogranular stage
abnormality [6-16 weeks of Gestation]

d

Adapted from
ler, 2004



Case study of
abnormal lung development

ﬁ Management

Surgery - complete resection => cystectomy
e Open Thoracotomy
e Video-assisted thoracoscopy (VATS)

Stapler GFgLG

. | : Video monitor
TN e Videothoracoscope
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Case study of
abnormal lung development
ﬁ In this case follow up

e CXR: post-op + before discharge




Case study of
abnormal lung development

Surgical Pathology Report

Sy 5, 4, bl T,
UHHAFAaMBNWEIEINGT NBINEEING a9IUHNe5ING)
315 051930 W9 angn 1n s 13 n3avwe 10400 Tna: 02-354-7600 AB 85126

Pathology

Diagnosis: Tissue, posterior mediastinum, removal:

- Fragments of benign cyst partially lined by benign columnar epithelium,

favor bronchogenic cyst.

- No malignancy seen.

NOTE: This case was reviewed by second pathologist (Kantang

Satavasoontorn, M.D.).
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Case study of
abnormal lung development
ﬁ Bronchogenic cyst

e Abnormal budding of the tracheal diverticulum of the foregut

e The most common cyst in infancy

e Late Embryonic budding to pseudogradular phase
abnormality




Case study of
abnormal lung development

ﬁ Bronchogenic cyst

e Symptoms: Recurrent infection, chest pain, productive cough,

nemoptysis, dysphagio

e Pathologuy: Fibrous scarring, brown discoloration (chronic
bleeding), purulent debris
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Case study of
abnormal lung development
ﬁ Bronchogenic cyst

e Complication:

o According to associated anomalies

o Distortion and compression of mediastinal organs -
Restrictive and obstructive lung disease
o Scoliosis

Surgery - complete resection => cystectomy
e Open Thoracotomy
e Video-assisted thoracoscopy (VATS)



Case study of
abnormal lung development

demonstrated abnormal mass-like opacity at the same area of previous

ﬁ During follow up at the OPD => no abnormal symptoms, but the CXR
bronchogenic cyst

i

before discharge Follow-up film (3-month later)



Case study of
abnormal lung development

ﬁ CTA

e suspected; Recurrent bronchogenic cyst




Case study of
abnormal lung development

Lung parem:h'f;r.la: Mo discrete pulmonary nodule or mass is demonstrated.
Trachea and bronchi:

- Decrease in size of bronchogenic cyst as evident by a round shape hypodensity lesion (12-24 HU),
now measured 3.0x3.2x2.6 cm in APXTRxCC dimensions (previous 4.0x4.1x4.3 cm) at right upper
lung zone with adjacent to the right sided trachea.

- Trachea and main bronchi are patent.

Pleura: No abnormal pleural thickening, pneumothorax or pleural effusion is seen.

Mediastinum and lymph node:

- Mo mediastinal mass is seen.

- Mo significant size of mediastinal and hilar lymph nodes is seen.

Heart and pericardium : No cardiomegaly or pericardial effusion is noted.

Major thoracic vessels :

- Normal size of main pulmonary artery is noted.

- Normal caliber of thoracic aorta, aortic arch and abdominal aorta are noted.

The included lower neck: Normal size of thyroid gland. Mo abnormal enlarged supraclavicular
node.

The esophagus : No esophageal dilatation or gross mass is noted.

Soft tissue and chest wall : No significant axillary node.

Bone : No osteolytic or osteoblastic lesion is detected..

The included upper abdomen : The visualized liver, stomach, bowel loops, pancreas and spleen,
bilateral kidneys are unremarkable.

IMPRESSION:
- Decrease in size of bronchogenic cyst at right upper lung zone as described.
- No suspicious pulmonary nodule or enlarged intra-thoracic node.



Case study of
abnormal lung development

ﬁ In this case

e Management : Open Thoracotomy with cystectomy




Case study of
abnormal lung development

Pathology from 2nd operation

fe ' H""ir Surgical Pathology Report
Ej’jﬂ‘ HHUNQAMBNENTING] NRINENTING aeIUUNENTING

Diagnosis: Posterior mediatinal mass, resection:

- Bronchogenic cyst
- All surgical margins are negative for tumor

= One lymph node with negative for malignancy
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Any ©
questions ?
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