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il Genetically engineered mice related to emphysema

Classifica-
tion

defect in
alveogen-
esis

surfactant
protein

Genes

Pdgfa

Pdgfa

Ltb-3

Ltb-4

Fbnl

Itgh6

Fut8

Smad3

Eln

Eln

Ada

Sftpd

Sftpal,
Sftpd

Sftpd,
(tetO)
CMV-rat
SP-D Tg

Sftpd,
rSftp-
dCDM Tg

Function

PDGEF is one of the
numerous growth factors, or
proteins that regulate cell
growth and division

see above

One function of LTBPs may
be to target latent TGF-B
complexes to the extracel-
lular matrix

One function of LTBPs may
be to target latent TGF-8
complexes to the extracel-
lular matrix

LTBP-1 has been immunolo-
calized to microfibrils
containing fibrillin-1 and
LTBP-1 and LTBP-4 interact
with fibrillin-1

receptor for latent TGF-8

add fucose to TGF-B
receptor

signaling molecule
downstream of TGF-8

elastin provides reversible
distensibility during
respiratory cycling. Within
the parenchyma, elastin is
distributed extensively within
the alveoli, including the
alveolar septae, septal
junctions, and along the
septal- free edges.

elastin provides reversible
distensibility during
respiratory cycling. Within
the parenchyma, elastin is
distributed extensively within
the alveoli, including the
alveolar septae, septal
junctions, and along the
septal-free edges.

ADA is an enzyme involved
in purine metabolism. ADA
irreversibly deaminates
adenosine the nucleoside
inosine by the removal of an
amino group.

surfactant protein

surfactant protein

surfactant protein

surfactant protein

388

Age at onset
Type of mouse  of emphy-

sema

KO 2 weeks of
age

KO 2 weeks of
age

KO 6 days of
age

KO 9 days of
age

KO 9 days of
age

KO 6to 12
months of
age

KO 18 days of
age

KO 7 days of
age

KO after birth

KO+ human after birth
BAC Tg

KO. KO+Tg 18 days of
(trophoblast  age
specific

promoter +

Ada minigene)

KO 3 weeks of
age

double KO 3 weeks of
age

KO and Tg rescue of
emphysema
in newborn,
but not in
adult

KO and Tg(col- no rescue by
lagen domain  collagenous

deletion domain
mutant) mutant
SP-D

Spontaneous
or induced

spontaneous

spontaneous

spontaneous

spontaneous

spontaneous

spontaneous

spontaneous

spontaneous

spontaneous

spontaneous,
CS induced

spontaneous

spontaneous

spontaneous

spontaneous

spontaneous

Mechanisms for emphysema

abnormal development of alveolar
septation

alveogenesis failure due to lack of
distal spreading of alveolar
smooth muscle cell projgenitors

transient decrease of TGF-8
signaling between 4 to 6 days of
age

reduced deposition of TGF-8 in
the extracellular space

dysregulation of TGF-8 signaling

dysregulation of TGF-8 signaling,
increased expression of MMP12

dysregulation of TGF-3
signaling,increased expression of
MMP-12 and -13.

decreased peripheral lung cell
proliferation and tropoelastin,
resulting retarded alveolarization

branching defect is accompanied
by fewer distal air sacs.

low levels of elastin results in
congenital emphysema and
mouse with intermediate elastin
develop worse emphysema
following CS

increased adenosine and 2’
-deoxyadenosine caused
aberrant adenosine signaling,
leading to abnormal alveogenesis
at 5 dysa of age which is later
accompanied by macrophage
related infllamtion, finally resulting
emphysema.

enlarged, foamy macrophage,
increased MMP-2 and -9,
increased hydrogen peroxide

accumulaion of macrophage
leading to expression of high level
of MMP-12

treatment with doxycyclin after
birth correct lung pathology, but
can not correct emphysema in
adult although phospholipid
homeostasi and alveolar
macrophage becoame normalized

collagenous domain of Sftd gene
can correst lipid homeostasis,
macrophage activity, structural
integrity of peripheral airspace
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Classifica-

e Genes
surfactant ~ Sftpd
protein

Sftpd
Sftpd
Adipoq

phospho-  Lipa
lipid

protease/

antiprote-  nase

ase (MMP-1)

papain

Mmp12

Elane

al-

antitrypsin

al-

antitrypsin

al-

antitrypsin

Timp3

oxidant/
antioxidant

collage-

NADPH
Oxidase

Function

surfactant protein

surfactant protein

surfactant protein

adipocyte-derived cllection KO
(lectin)

Lal hydrolyze cholesteryl KO
ester and triglyceride to free
cholesterol and free fatty

acid

MMP-1 is one of interstitial
collagenase, like MMP-8,

-13, involved in the
breakdown of extracellular
matrix.
elastase activity
lung
macrophage elastase, KO

degrade al-antitrypsin

serine proteinase, degrade KO
tissue inhibitor of methalo-
proteinase-1

serine protease inhibitor

serine protease inhibitor

serine protease inhibitor

secreted protein, localized at KO
the ECM, inhibit MMP-1, -2,
-3,-9

involved in oxidant produc- KO
tion, inactivate MMP-7 and
MMP-12 by cross-linking
adjacent tryptophane and

glycine residues within the
catalytic domain of enzyme.

Type of mouse

KO and
intranasal
application of
truncated
60-kDa
fragment of hu-
man recombi-
nant SP-D

KO and
intranasal
application of
truncated
60-kDa
fragment of hu-
man recombi-
nant SP-D

KO+ iNOS
inhibitor

Tg: haptoglob-
ulin promoter-
collagenase

intratracheal
injection of
papain into rat

pallid mouse,
al-antitrypsin
level 60%

pallid mouse,
al-antitrypsin
level 60%

pallid mouse,
al-antitrypsin
level 60%

Age at onset
of emphy-
sema

no data on
emphysema

attenuation
of emphy-
sema

attenuation
of emphy-
sema

3 months of
age

6 months of
age

1to 12
months of
age
depending
on transgenic
line

6 hours after
papain
injection

protection of
emphysema

protection
(59%) of
emphysema

8 months of
age

5 days/week
for 7 months
in B6 and
ICR, for
4months in
pallid mouse

40r6
months after
CS in pallid
or B6,
respectively

2 weeks of
age

start at 6
months of
age and
progresses
with age

Spontaneous
or induced

spontaneous

spontaneous

spontaneous

spontaneous

spontaneous

spontaneous

induced by
papain

CS induced
for 6 days per
week for 6
months

CS induced
for 6 days per
week for 6
months

spontaneous

CS-indiuced

CS induced
from 3
months of
age for up to
6 months

spontaneous

spontaneous

Mechanisms for emphysema

treatment with rfhsp-D results in
clearance of apoptotic macro-
phage leading to atenuation of
macrophage-mediated inflamma-
tion

By intranasal application of
rfhsp-D, structural abnormalities
is prevented as judged by the light
and electron-microscopic studies

treatment with iNOS inhibitor by
osmotic pump for 7 wk from 3 wk
of age resulted decreased total
lung NO ssynthase activity and
decreased MMp =2, -9,
chemokines, INF-y

increased TNF-a and MMP-12 by
macrophage

blockage of neutral lipid metabolism,
increased neutrophils and
macrophages influx, increased
production of IL-18, IL-6, TNF-c,
then MMP-8, -9, -12.

disruption of the alveolar walls
and coalescence of the alveolar
spaces with no evidence of
fibrosis or inflammation

histological analysis only, silicotic
lungs (produced by inhalation of
silica dust) were less susceptible
to the development of papain-
induced emphysema

reduced macrophage accumula-
tion in the lung

decreased recruitment of
neutrophils and monocytes,
deacreased macrophage
accumulation

the lung changes in pallid mice
are the result of an elastolytic
process due to a severe inborn
deficiency of serum al-antitrypsin

emphysema development in B6
and DBA/2, but not in ICR. This is
due to decrease of elatase
inhibitory capacity (low a1~
antitrypsin) in B6 and antioxidant
capacioty in B6 and DBA/2.

The pattern of emphysema in
pallid is more duiffuse than in
B6.T cell (CD4, CD8 etc)
inflammation in the alveolar wall in
pallid, but no in B6.

increased MMP activity, but no
increase of inflammatory cell
infiltration

increased MMP-12 acitivity, but
not expression, led to the
enhanced migratory activity of
macrophage
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