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Fibrosis and Myofibroblasts in Diffuse Alveolar Damage

Julaite Tohute, Tomoko Nakayama, Masamichi Ishizaki, and Yuh Fukuda
Department of Analytic Human Pathology, Nippon Medical School, Tokyo

Abstract

Objective: Diffuse alveolar damage�DAD�is a pathological pattern of acute respiratory
distress syndrome that can be a direct cause of death in many diseases. The process of fibrosis
and myofibroblasts�MFS�in DAD were investigated.

Methods: Lung tissues obtained at autopsy from 23 cases of DAD were studied with light
microscopy and the light microscopic immunoperoxidase method.

Results: Four cases of exudative stage DAD and 18 cases of organizing stage DAD were
detected. All cases showed hyaline membranes and α smooth muscle actin-positive MFS. MFS
were located in the alveolar walls in the exudative stage. MFS were observed in the intra-
alveolar spaces in all 18 cases of the organizing stage. Fifteen of 18 cases showed Mib-1-
positive proliferating MFS in the alveolar spaces. Eleven of 18 cases of the organizing stage
showed proliferation of MFS in the alveolar walls themselves, in addition to that in the intra-
alveolar spaces.

Discussion: In previous reports, intra-alveolar fibrosis composed of MFS or fibroblasts or
both was essential in lung fibrosis. In this study, we found that � in the early stage of DAD,
MFS appear in the alveolar walls, � in organizing DAD, intra-alveolar fibroses were formed as
in the previous reports, � in addition, fibroses were formed in the alveolar walls themselves in
11 of 18 cases of organizing DAD.
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Table 1 Clinical  matter

ChemotherapyPrimary　diseaseDyspnea onset time before the death SexAgeNo

Acute myocardial infarction2dF82 1 

Sepsis11dM75 2 

○Hepatoma 2dF63 3 

○Lung  cancer2m, 5w, 3d＊F61 4 

Dermatomyositis , IP10dM74 5 

○Hepatoma11dF71 6 

○Lung  cancer7dM40 7 

○Hepatoma5dF73 8 

○Malignant lymphoma11dM56 9 

○Adult T-cell leukemia12d, 5d＊F7110 

Infectious endocarditis9dF7611 

Sepsis9dF6912 

Pneumonia3w, 10d＊F3413 

○Malignant lymphoma15dM8114 

Lung  cancer22dM6915 

IPF13dM7316 

Microscopic polyangitis, IP5w, 1d＊M7017 

IPF10wM7018 

Localized scleroderma, IP6w, 8d＊F5519 

Rheumatoid arthritis, IP4WM7420 

IPF5wM7821 

○Lung  cancer3wF5922 

Malignant mesothelioma1wM6923 

IPF: Idiopathic pulmonary fibrosis

IP: Intersititial pneumonia
＊: repeated episode of dyspnea
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Table 2 Immunohistochemistry

PretreatmentAnimalDilutionMakerAntibody

CCA 120℃ 20minMouse300×DAKOα-SMA

CCA 120℃ 20minRabbit100×DAKOMib-1

0.1% pep 1h, 0.05%pronase E 10minGoat300×SBAType Ⅳ collagen

0.1% pep 10～60minRabbit3,000×DAKOKeratin

SBA: Southern Biotechnology Associates, Inc.

Pep: pepsin

CCA: citraconic anhydride23
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Table 3 Light microscopic findings

Phase of DADMallory bodyMural fibroblastIntraalveolar fibroblastHyaline membraneNo

Ex 5d－＋±＋ ＋1

Ex 1w－－±＋ ＋2

Ex 5d－＋±＋ ＋3

Ex 5d－±±＋ ＋4

Ex 1w－＋＋＋ ＋5

Early org  2w－＋ ＋＋ ＋＋6

Early org  10d－＋＋ ＋＋ ＋7

Early org  10d－＋＋ ＋＋ ＋ ＋8

Early org  2w＋＋ ＋＋ ＋＋9

Early org  2w＋ ＋＋ ＋ ＋＋ ＋ ＋10

Early org  10d－－＋＋ ＋ ＋11

Late org 2～3w－－＋ ＋±12

Late org  3w＋－＋ ＋＋13

Late org  3w－－＋ ＋ ＋±14

Late org 2～3w＋＋＋ ＋ ＋＋15

Late org  2～3w－－＋ ＋ ＋±16

Late org  3w－－＋ ＋ ＋±17

Late org  3w～－－＋ ＋ ＋±18

Late org  3w－－＋ ＋ ＋±19

Late org  3w～＋－＋ ＋ ＋±20

Late org  4w－－＋ ＋±21

Late org  1w, 3w－＋＋ ＋＋22

Late org  3w＋ ＋＋＋ ＋ ＋±23

Ex: Exudative stage of DAD

Early org: Early organizing stage of DAD

Late org: Late organizing stage of DAD
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Table 4 immunohistochemistry

Mib-1/

intraalveolar F

ⅣColl/

intraalveolar fibrosis

aSMA/

mural MF

aSMA/

intraalveolar MF

Keratin/

epithelial damage 
No

－－＋±＋ ＋ 1 

－－－±＋ ＋ ＋ 2 

＋ ＋－＋＋＋ ＋ 3 

－－－±＋ 4 

＋－＋＋＋ ＋ 5 

＋ ＋＋＋＋ ＋ ＋＋ ＋ 6 

－－＋±＋ ＋ 7 

－－＋＋＋ ＋ ＋ 8 

＋＋＋＋＋ ＋ 9 

＋＋＋ ＋＋ ＋＋ ＋10 

＋－－±＋ ＋11 

－＋－＋＋ ＋12 

＋＋ ＋ ＋－＋ ＋ ＋＋ ＋13 

＋＋ ＋－＋ ＋＋ ＋14 

＋＋＋＋＋ ＋15 

＋ ＋ ＋＋－＋ ＋ ＋＋ ＋16 

＋ ＋＋ ＋－＋ ＋ ＋＋17 

＋＋ ＋－＋ ＋＋ ＋18 

＋ ＋＋ ＋ ＋－＋ ＋＋ ＋ ＋19 

＋ ＋＋ ＋ ＋－＋ ＋ ＋＋ ＋20 

＋ ＋＋－＋ ＋ ＋＋ ＋21 

＋＋ ＋＋＋＋22 

＋ ＋＋ ＋ ＋＋＋ ＋ ＋＋ ＋23 

aSMA: a Smooth Muscle Act

MF: myofibroblast

ⅣColl: typeⅣcollagen

F: fibroblast
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Fig. 1

a. Exudative stage of DAD.  Amorphous hyaline membrane（arrowheads）is formed in the 

alveolar space and adhered to the alveolar walls of the area of alveolar duct.（EMG stain）

b. Early organizing stage of DAD.  Increased fibroblasts are present in association with the 

deposit of loose collagen component（asterisks）. （EMG stain）

c. Late organizing stage of DAD.  Dense collagen component（asterisks）is deposited in the 

area of alveolar duct.（EMG stain）

d.- j. Early organizing stage of DAD.  d. Keratin-positive alveolar epithelial cells 

（arrowheads）are discontinuous and detached from the organized alveolar walls.

e. In all cases of organizing stage of DAD, the organization（asterisks）is found in the area 

of intraalveolar space.　Finely fibrous type I V collagen is found in intraalveolar area.（type 

I V collagen） 

f. In some cases, alveolar walls themselves（arrowheads）are thickened and fibroblasts are 

increased in their walls.（typeI V collagen）

g. Increased fibroblasts located in intraalveolar space are α smooth muscle actin-positive 

myofibroblasts.（α smooth muscle actin）

h. and i. are serial section. In some cases, α smooth muscle actin-positive myofiborblast 

（arrowhead）is also found in the thickened alveolar wall.  h.:（type I V collagen）, i.:（α smooth 

muscle actin）

j. Fibroblasts（arrowheads）in intraalveolar fibrosis are Mib-1 positive and a fibroblast shows 

mitotic figure.（Mib-1）
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