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MORPHOGENESIS OF CENTRILOBULAR EMPHYSEMA:
THREE-DIMENSIONAL OBSERVATION OF ELASTIC FIBER AND BLOOD
VESSEL ARCHITECTURAL ALTERATIONS USING THICK LUNG SECTIONS
AND HISTOLOGICAL RECONSTRUCTION.

Takuya INacaki™% Hiroshi Hano', Toshiaki MORIKAWA®

'Department of Pathology, The Jikei University School of Medicine
‘Department of Surgery, The Jikei University School of Medicine

In this study we aimed to elucidate the morphogenesis of centrilobular emphysema by preparing thick
histological sections (70, 100, or 150 £t m) from normal lungs and lungs of patients with emphysema and
conducting three-dimensional examination of the structural alterations. We further investigated the alteration
of blood vessel architecture by preparing serial sections 5 or 150 ftm thick and performing histological
reconstruction. Thick sections showed various stages of lung damage from primary lesions, referred to as
fenestrae, in alveolar tissues around emphysematous cysts to extensive destructive lesions with wire-like
residual tissues containing elastic fibers. The destructive lesions extended to the alveolar attachment of
bronchovascular bundles. Furthermore, the architecture of clastic fibers, which were distributed as a
continuous network across the whole parenchyma in the normal lung, showed widespread collapse as
destruction progressed. Collapse of this histological architecture may cause additional destruction by
mechanical stress from air during respiration. As a result, the enlargement of the cystic lesions provoked
check-valve formation in bronchioles. Eventually, the bronchioles and pulmonary arteries came to hang
inside the expanded emphysematous air cavities. This change implies further loss of elastic recoil.
Histological 3-dimensional reconstruction revealed a marked decrease in pulmonary artery branches as the
emphysematous lesions progressed. This decrease may be caused by loss of the rich capillary bed in this
region associated with destruction of the alveolar wall, and the resulting increase in vascular resistance may
trigger secondary pulmonary hypertension.

(Tokyo Jikeikai Medical Journal 2012;127:129-39)

Key words: centrilobular emphysema, elastic fiber architecture, blood vessel architecture,
lung elastic recoil, 3-dimensional reconstruction
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ty in individual patients. Its pulmonary component is
characterized by airflow limitation that is not fully re—
versible. The airflow limitation is usually progressive
and associated with an abnormal inflammatory re-
sponse of the lung to noxious particles or gases” & &
%é NTW5. ZDCOPD D& DR EMIH
REZ it &I & obstructive bronchitis D {E1E T & 2.

SUE(CIZHR SRR AL Z E DA TH 5. filik
JiE 12 DUy Tl “Emphysema is a condition of the lung
characterized by abnormal, permanent enlargement of
airspaces distal to the terminal bronchiole, accompa-
nied by the destruction of their wall, and without ob-

vious fibrosis” E EFE I N5 ?. 2RKICD I 7 O
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OIS morphogene51s EHIBSZEEHMEL,
Il DMEEZEZS, £ & U THIORRAEREE, & <ITiM
PR ORN L OE 2, IEHFEEZILEIC
IRTTHIBIERIT K > TBFEL 2. AT, UM

TW, EFEMEfEs KON, FRIITEREN IS i EAE O R 2 S D 282580
T H#MHRETH %. 5ERLI.
Table 1. Clinical background of the cases studied.
case emphysema age gender principal disease
autopsy case
1 - 37 male  medullary infarct (inner side)
3 - 53 male  putaminal hemorrhage (intracerebral hemorrhage)
4 - 58 male  hypertrophic cardiomyopathy
6 - 67 female multiple myeloma
7 - 68 male  liver cirrhosis
11 - 74 male  acute cardiac failur with chronic renal failure
13 - 7 male liver cirrhosis
14 - 78 female ovarian carcinoma
15 - 79 male  malignant lymphoma
16 - 80 female multiple myeloma
19 - 94 female renal carcinoma
2 + 48 male  retroperitoneal abscess (chronic pancreatitis)
5 + 65 male  myelofibrosis suspect
8 + 69 male  multiple organ falure by shower embolization
9 + 71 male  renal carcinoma
10 + 72 male  chronic obstractive pulmonary disease with pneumonia
12 + 75 male  lung cancer
17 + 80 female colon ileus
18 + 90 male  pancreatic carcinoma, prostatic carcinoma
surgical case
1 * - 32 male  chronic broncho—bronchiolitis of lung
2 - 51 male  metastatic adenocarcinoma of lung
3 - 63 male  adenocarcinoma of lung
9 - 75 male  squamous cell carcinoma of lung
4 + 65 male  adenocarcinoma of lung
5 + 67 male  adenocarcinoma of lung
6 + 68 male  adenocarcinoma of lung
7 + 73 male  squamous cell carcinoma of lung
8 + 73 male  adenocarcinoma of lung
10 * + 76 male  adenocarcinoma of lung

*: Cases illustrated in Figures 1 to 11.
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Fig 1. Elastic fiber architecture of normal lung tissue: Surgical Case 1 (100 pm-thick sections stained by elastica van Gieson stain).

a. An area of alveoli. Alveoli belonging to multiple alveolar ducts are densely distributed. Many alveolar entrances (arrow heads)
encircled by relatively thick elastic fiber bundles are present. Original magnification: x100.

b. Elastic fibers of alveolar wall (higher magnification of the area enclosed by the square 'b' in Figure 1a). In the alveolar wall, elastic
fibers originated from relatively thick elastic fiber bundle at the alveolar entrance (arrow head) form an irregular network with each
other. Original magnification: x200.

c. Alveolar duct and the surrounding alveoli. Original magnification: x40

d. Higher magnification of the area enclosed by the square 'd' in Figure 1c. Thick elastic fiber bundles forming the alveolar entrances
(arrow heads) are shown. Original magnification: x100.

e. Higher magnification of the area enclosed by the square 'e' in Figure 1¢. Thick elastic fiber bundles similar to those shown in Figure
1d form the 'wall' of alveolar duct. These thick elastic fiber bundles (arrows) probably play a role in expansion and contraction of the
alveolar duct. Original magnification: x100.

f. Transition from the distal end of respiratory bronchiole to alveolar duct. Elastic fibers of the respiratory bronchiole wall are
connected with the thick elastic fiber bundles of the alveolar duct 'wall' and alveolar entrance (arrow head). Original magnification:
x100.

g. Alveolar attachment (red arrow head). Elastic fibers of the alveolar wall and elastic fibers of the respiratory bronchiole wall are
connected via the alveolar attachment. Original magnification: x100.

h. Overview of the lung elastic fiber architecture. Elastic fibers are distributed continuously in every minute structure throughout the
whole lung parenchyma, and form a system. Original magnification: x20.
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Fig 2. Alterations of elastic fibers in emphysematous lung: Surgical Case 10

(100 um-thick sections stained by elastica van Gieson stain)

a. Fenestrae (arrow heads) in the alveolar wall. Fenestrae are observed as oval defects in the alveolar wall. Original magnification:
x100.

b. Wire-like residual tissues (arrows) in the alveolar wall. Destruction of the alveolar wall progresses through expansion and fusion of
fenestrae. Finally only wire-like tissues containing elastic fibers remain. Original magnification: x100.

c. Area of multiple destroyed alveoli. Wire-like residual tissues (arrows) decrease and air space becomes enlarged. Original
magnification: x40.

d. Loss of alveolar attachment. Original magnification: x40.

e. Higher magnification of the area enclosed by the square 'e' in Figure 2d. Alveolar attachments become wire-like tissue, and remain
only irregularly. Original magnification: x100.

f. Respiratory bronchiole (*) hanging inside the cyst cavity. The respiratory bronchiole that has lost structural support by the alveolar
attachment becomes hanging in emphysematous air cavity. Original magnification: x20.

g. Check-valve formation of respiratory bronchiole (¥). The respiratory bronchiole wall becomes a 'free wall' after losing the alveolar
attachment, and the respiratory bronchiole wall is compressed by surrounding cystic air cavities. The narrowed respiratory
bronchiole probably leads to obstruction of air outflow. Original magnification: x20.
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Fig 3. Alterations of alveolar wall capillaries in emphysematous lung: Surgical Case 10 (50 um-thick sections stained
immunohistochemically with monoclonal antibody against human laminin: LAM-89).

a. Alveolar wall of non-damaged segment (portion enclosed by dotted line). The capillary basement membrane is stained brown by
lamininimmunostaining. The capillary bed is distributed densely. Original magnification: x200.

b. Primary lesion of damage. Fenestra (*) are formed between capillaries. Original magnification: x200.

c. Early advanced lesion of damage. Fenestrae (*) expand and fuse with each other, and capillaries are lost (**). Original
magnification: x200.

d. Low magnification of section. Capillary beds decrease markedly with progression of damage. Areas enclosed by squares a, b and ¢
correspond to the micrographs shown in Figure 3a, b and c, respectively. Original magnification: x20.

Fig 4. Normal lung tissue: Surgical Case 1. Three-dimensional Fig5. The 7th serial section: one of the original images used in
reconstruction of twenty 150 um-thick serial sections (total reconstruction of Figure 4 (normal lung tissue: Surgical
thickness 3 mm) for an area of 5 x 5 mm2 (elastica van Case 1; area of 5 X 5 mm?2 in a 150um-thick section stained
Gieson stain). by elastica van Gieson stain).

Bronchiole includes the portion from the distal end of < : transition from respiratory bronchiole to alveolar duct.
terminal bronchiole to respiratory bronchiole. Pulmonary Original magnification: x4

arteries run along bronchioles and branch repeatedly. The
branches of pulmonary artery interdigitate with ones of
pulmonary vein like fingers of two hands being locked
together. Pulmonary arteries and veins of similar calibers
distribute in approximately 1:1 ratio. As a result, blood
vessels distribute equally in an orderly manner. Red:
pulmonary artery, blue: pulmonary vein, yellow:
respiratory bronchiole,

3 : transition from respiratory bronchiole to alveolar duct.
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Fig 6. Normal lung tissue: Surgical Case 1. Three-dimensional
reconstruction of two hundred 5Sum-thick serial sections
(total thickness 1 mm) for an area of 3 x 3 mm?2 (elastica
Masson-Goldner stain).

More detailed structures of peripheral blood vessel
branches are depicted compared with Figure 4. The portion
enclosed by dotted line shows extensive branching of
pulmonary artery branches. Red: pulmonary artery, blue:
pulmonary vein, yellow: respiratory bronchiole,

3 : transition from respiratory bronchiole to alveolar duct.
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Fig 7. Emphysematous lung tissue: Surgical Case 10. Three-

dimensional reconstruction of twenty 150pm-thick serial
sections (total thickness 3 mm) for an area of 5 x 5 mm?2
(elastica van Gieson stain).
Arteries and veins show markedly uneven distribution
compared with normal lung tissue in Figure 4. The density
of pulmonary arterial branches decrease significantly in
area 'A' enclosed by dotted line, but is relatively normal in
area 'B'. This image provides convincing evidence of the
impact of tissue destruction in emphysema on blood
vessels. Red: pulmonary artery, blue: pulmonary vein,
yellow: respiratory bronchiole, *: broncho-vascular
bundle.
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Fig 8. The sixth serial section: thick section equivalent to area
'A" shown in Figure 7 (150pum-thick section stained by
elastica van Gieson stain).

Pulmonary artery branches decrease markedly in area 'A'
enclosed by dotted line. *: broncho-vascular bundle.
Original magnification: x4.

Fig 9. The 11th serial section: thick section equivalent to area 'B'
shown in Figure 7 (150um-thick section stained by
elastica van Gieson stain).

Pulmonary artery branches are relatively conserved in area
'B' enclosed by dotted line. Original magnification: x4
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Fig 10. Emphysematous lung tissue: Surgical case 10. Three-
dimensional reconstruction of two hundred 5 pm-thick
serial sections (total thickness 1 mm) for an area of 3 x 3
mm?2 (elastica Masson-Goldner stain).
Loss of pulmonary artery branches and pulmonary vein
branches results in a marked reduction in density of
vascular branches compared with normal lung tissue in
Figure 6. Especially, emphysematous air cavity becomes
an avascular zone. Red: pulmonary artery, blue:
pulmonary vein, yellow: respiratory bronchiole.
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Fig 11. The 92th serial section: section equivalent to Figure 10
(5um-thick section stained by elastica Masson-Goldner
stain). Original magnification: x4.
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