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R appears useful to start with a concept so generally accepted as
to be practically an axiom that the emphysemas are anatoinic le-
mmummmummmm
“ﬁucﬂm.fhymmdmmmmmm
repair in a three phase (gas, liquid, solid) organ. The others are the
diffuse interstitial fibroses. Emphysema was first described by Sir
John Floyer in 1698 in @ horse [1). He observed, “'bladders of the
lmhovobuucmmuabwhmbymwdn...whm
Mbhm."mmphymlhomh
the rabbit [2]. Bacause it may be induced in animals experimental-
ly by various means, it is thought to have several mechanisms. in
the past 16 years dated from the first Aspen Symposium [3], three
mmm‘um:mmm'mmm
cigarette smoking, (2) its imitation by proteases placed in alveoli

ses. The objective of this appraisal is to focus attention on certain
other observations, the pursuit of which may be as important as
those mentioned. These observations have been grouped around
four questions.

(M. defect,
e emphysema a .l;llqmulal specitically a failure

lbhmum“mammum
which have been described in infants and children and which are

thought to be developmental 4] in a continuum ranging from agen-
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HBege along the bronchial tree; C the extension

agram includes aduft counts showing the increase
Bucher and Reid [ 12].

l bullae.” Although there are few anatomic studies of
‘ such patients, in one series of 69 patients with hy-
porbcency.Ohndcysucknga.:lw\gonwa
mvphyumundﬁhypaphshofhpumryu-
tery or a branch [6]. Does this continuum extend to
nmpnmbmau.unummm
emphysema?
Congenital lobar typically presents in
Hlncy.bmtictodlolhboam,mubﬂ
mamm,mmmauﬁw
emergency. Approximately half of the lobes removed
lhqw bronchomalacia [7). By 1967, the data on 166
patients were reviewed by Murray [8] who wondered
howmnydnrpaﬁontswhowonmmﬂc
survived into adulthood without a diagnosis being
; m.Ammhsbn.wnm
. fmare common on the left and in the lower lobes as
Lindskog and Hubbell [9] observed in 215 patients.
mumumwmm
f by&.tymmwhummlw-u].‘hy
. applied quantitative methods [13], that is, they
counted the number of bronchial

e

normal
waummwmm
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and (4) normal bronchial generations with increased
number of aiveoli [ 10].

These observations suggest that it would be usefu!
to study the numbers of branches and numbers of
bronchial generations together with numbers of al-
mummw.mmm
time consuming, only a few such studies have been
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iner population
Studies by Spain et al. [17) and by Kieinerman [18),
and from studies of patients who died in hospitals by
Pratt and Kilbun [19], Snider et al. [20], Thurbeck
and Angus [21), and Ishikawa et al. 22]. These ot-
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be useful to search fe: toxic agents which, when ad- \
Muh':: mother, would interfere with differ- }
entiation lungs. This would require quantita-
tive morphologic analysis. It subdividing and branch- |
ing of the lung are sensitive to maternal nutrition and ‘
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from the 5th through the 28th or 30th week [12)
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whsequent growth could produce abnormally large
spacos

’wco variation in pumonary ditfusing capacity

othin aGe ranges after adjusting for height and pro-

Foessve decrease during aging suggest that lungs

1ary considerably in their internal surface area [23]
o ansoi per cubic milimeter [24]. One wonders
sheirer the degree of alveolarization is controlled
aee Growth is compiete, particularty it is reduced
snen acTvity (oxygen demand) falls off incident to in-
acvity ¢ aging. Although there is evidence that lung
vonres are increased in acromegaly and decreased
o Svooooutarism, gas exchange is not affected
j2¢. Trus presumed correlation is seen in phyloge-
netic Stuces from frogs through mammals which
show an association between alveolarization and en-
gy use [26]. Perhaps this could be tested in an ani-
mal model. Recently, serial studies have shown that
e \ roinia Opossum pursues its puimonary develop-
men: largely after birth while breathing air and com-
gletes it to a compound complex (mammalian) lung
[27). This suggests that the information for both
sze-growth and subdividing is built into the primitive
autpouching from the foregut. The accessbility of
‘fetai”’ lung in marsupials recommends them for ex-
peniments to alter its development.

(2) Is the intersiitial space or its basal laminae es-
sential for alveolar organization and orderly repair?

Seccrcary lobular septums provide the boundaries
within which the elastic tissue and the distal exten-
scns ol smooth muscle define the anatomy of the
respratory bronchiolus and alveolar ducts [28-30).
Wihin the secondary lobule or acinus, there appear
0 be two distinct types of alveolar walls: thick ones
con‘aining connective tissue fibers mostly collagen
and e1astin and thin ones of basal lamina with few or
no tivers [31] (Figure 2). The thin walls have an in-
‘erstitial space with one or two basal laminae defined
ty transmission of electron microscopy of fixed tis-
sue but without structure in freeze fracture-etch pre-
tared ravpit lung [32). The composition of this inter-
sitiai space is even less well known than its anato-
my -

Experiments with organoid cultures of lung reveal
hat both mesenchyma and epithelium are required
0 lorm glandular or canalicular structures. Without
Soth types, cells grow in sheets. It is even possible
0 mix epithelium and mesenchyma from chicken
and mouse and achieve differentiation [33]. Explants
¢f lung from young rat fetuses go through several
$ages of expansion and branching in culture, and
tven pass into a state of many saccular chambers
enciosed by delicate walls [34). What controls this

network of kregular dichotomous branches as it
grows? t may be that running out of either mesen-
chyma or epithelium curtails normal development and
forces changes in dimensions during fetal life, atter
changing to air breathing and perhaps during repair
of injury. So little is known concerning the vascular
development and differentiation one wonders if the
limitation is of uncommitted mesenchymal cells in the
proper location [35]. Because the vascular system
develops poorly in vitro, damage to it gould also limit
lung differentiation in vivo [5].

The thinness and structural simplicity of the basal
lamina, bounded as it is by the membranes of endo-
thelial and epithelial cells, suggest vulnerability to
damage. Even many areas containing collagen and
elastin do not seem structurally robust. Little is
known of its chemistry, but it is of interest that Laros
et al. [36] found that the glucosamine to galactosa-
mine ratio is 0.77 in normal lungs and 2.1 in emphy-
sematous lungs. This represents more of a decrease
in the chondroitin component in emphysematous
lungs than an increase in the hyaluronic acid compo-
nent. Total protein, collagen and soluble collagen
were all similar in their 30 patients. However, proteo-
Iytic enzymes destroy alveoli [37]. Of the fibrillar pro-
teins, elastin appears to be most susceptible not only
to papain but aiso to pancreatic elastase and to elas-
tases from leukocytes. Although the leukocyte en-
2ymes, particularly those in the ar
leukocytes, appear capable of destroying lung (28],
it is curious that they co so when recruitec in pneu-
monia due to gram-neg:tive bacilli, but do not when
attracted by Pneumococci. Perhaps the degree of
damage to endothelial membranes accounts for re-
covery of the circulation through alveoli and is modu-
iated by leukocyte proteases. Certainly some pro-
teases have optimal activities at a pH of 4.5 or below
which could be reached in hypoxic lung with blocked
airways and an absent circulation. There is even evi-
dence that the lung destruction caused by nitrogen
dioxide is due to proteolysis as NO, affects lysosome
membranes [39]. Weissmann [40] has suggested
that vitamin A, by releasing hydrolases from cells,
might also produce alveolar hemorrhage, pulmonary
ederma and death, but emphysema has not been re-
ported [41]. There is a neuraminidase in influenza
virus membranes enabling such viruses to fuse with
cell membrane proteins and destroy them [42].

Oleic acid [43]) produces intra-alveclar hemor-
rhages, edema and infiltration within a few hours of
intravenous administration. By 3 days there are areas
of necrosis, with clusters of polymorphonuciear leu-
kocytes. Electron microscopy reveals partial detach-
ment of epithelial cells, bullae formation and, gener-
ally, loss of epithelial cells before endothelial ceils, al-
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Figue 2. Tog, these thin aiveolar walls are composed largely of capilaries containing erythro
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lead citrate; original magnification X 2,650, reduced by 16 per cent. :
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which could raise resistance particularly in an at.
tenuated vascular bed. Fulvine from Crotalaria also
raises vascular resistance and has been incriminated
in Kimberley horse disease [53). Finally, microsomes
from bovine lung catalyze Coagulation and do so bet-
wmnmm.mmb’amm
arcabcmmm-imwwd\bw
sential for coagulation [54].

Despite notable progress in understanding coagu-
lation, vascular thrombosis and small vessel Cisease,
a vascular hypotheses for puimonary emphysema
has never been popular, Endothehal damage could
expose the collagen in the interstitial space to Hage-
man lacmbmuucbmmum
been described in vitrc by Becker [55], by Ratnott

{58] and by Stecher et al. [57]. When this concept
{ is coupled with intermittent biood fNow [s8.59],
] svong forces appear to favor thrombosis in puimo-
nary vessels, particularly alveolar capillaries. Also,
hrchmmmuofﬂowhhm
mmmnummmbﬂkywhnm
} lar coagulation. Both disseminated intravascula
Olathesis associ-
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53
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hemorrhage, i
bodsandpmublyhhlmguw.l.m.h
Mﬁonmmwmbhmm-m
mmmmmmhmwwﬁ.
Recently veno-occiusive disease has been de-
scribec cue to pyrrolizicine alkaloids. For instance, in-
nusﬁmolummhausofbmmw
uCrmalar‘quahnbunuwchhdmhhmn
hepatic veno-occlusive disease [60). Feeding rats
Mhemdmotahpmduc“hmw

vhashypcﬂmsivopm\uymmw
; Muhypuvaphyofhrgtwmm
; arteries develop [61]. Emphysema has not been re-
l w‘hmmmﬁuuw
curring in children and in adults, small
veins are filed with cellular fibrous tissue which
stains like collagen and elastin. its etiology and rela-
tion to emphysema are unknown [62]. However,
porh.p:CrohhrWMuMaMbh
vestigate the effect of vascular occlusion on aiveolar
walls. The description of the vasculitis-granuloma-
b-h:yvﬂmcalodlmuod\vm'lwb
place it in this context [63).
Fm!mwhm:hnlmnmmm
mmmmmmm
nmmmimnm
platelet aggregation. Carbon monoxide has been

(L) Slay 1975 The American Jownal of Medicine Vohame 58

. o g 3
ryety R [ e
oy ekl

Ty ey v i

’

New Clues for the Emphysemas (1975)
ACL Doc 25328 - Page 6 of 9

x . 3 e .
6. wven B z-' e
“ e fa el “ B

shown to increase atheroma formation in cholgs.
terol-fed rabbits [64] and squirrel monkeys (65,
Cholesterol teeding in rabbits aiso produces plaques
In the pulmonary artery and increases the numbers
of _nolesterol laden macrophages in the lung

The lung can profoundly influence the numbers gf

ar leukocytes, by sequestering them as was shown
by Bierman [66) who infused leukemic leukccytes
into normal human subjects. Treatment of plasma
-Hie.lop'umm“lhnlbmwm.dbu.
kocyte sequestration which may be important to pa-
Bents undergoing renal dialysis [67]. The shock lung
syndrome as studied in human subjects [68] ana
is heavi; influenced by se.

mm&nofhkocmeh
Momlvmhmydlmoonmodymnrm
cells but also interstitial connective tissue [72,73]
mmmwh-mmmanmy.
-nmmm;ummmws:.m
-.Mhamlﬂyin[.'ﬂ].‘lhmbumh
mmwhmmuomw
numerous as to not require extensive description.
Emum«mdmmmm
shown to stimulate proinflammatory substances
[74). Coctrane [75] has shown that Arthus-type re-
mmmmwmma-u
mamum.
Folowhgwowﬁngornocmsh.fbrobhsuuen-
MWM.M&QMID&WM-
M.mmnmuuumw
cﬁmmwwm.mmna-

u.mummmnmm
pn[n].nu.mmmmww
Mymmdammlwuman

injected into the bronchial ar-
teries of horses produced focal atrophic alveolar
changes emphysema. However, Ricketis
MCUrhgwnln found that ablation of the bron-
W&Whmmmthm
effect on alveoli.
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or puimonary lavage fuid. Although the lungs’ com-
glexty in terms of types of cells mitigate against
acreving this aim, a few avenues should be pursued
n 'erms of excesses, collagen and elastin are in high
concentration in the lung and probably are mobilized
cuie easily. So far the excretion of amino acids
wrich are unique 1o collagen, such as hydroxyproline
|72.. or the detection of proline hydroxylase has
pe=n seful in other diseases. They have not been
accves n experimental kung disease, although they
wil zetsct lathyrism induced by beta aminoproprioni-
wyei Serum proline hydroxylase activity appears to
ret'»* anered liver function more than changes in tis-
sue ‘evess attributable to disease. A lead worth fol-
lowing i that patients anesthetized with methoxyfiu-
rane cr halothane show significant abrupt increases
in serum proline hydroxylase [80] (Figure 4). Des-
mosine and isodesmosine, amino acids specific to
elastin, have not been explored as markers, but they
might be tested in animal moceis for pulmonary em-
physema induced by elastase. An elastase inhibitor
has been measured in women before, during and
aher pregnancy [81]. it rises during each trimester
and falls shortly after parturition. That it is distinct
from alphay antitrypsin has not been established.
Studies of rats during uterine involution [82] and
studies during changes in the skin of human subjects
[83] may serve as models for effects on collagen.
Another lead has come from the detection of immu-
ncreactive basement memcrane antigens in periph-
eral blood of normal human subjects using sheep an-
tiserum to human glomerular basement membrane,
actually a semirefned glomerular preparation
[84,85]. Giomerular and alveolar basement mem-
branes are immunologically cross reactive so this
may be a fruittul lead.

Because guanylate cyclase has a higher concen-
tration in hamogenized lung than in any other tissue it
might reflect lung destruction even though we do not
know its cellular source. Also cyclic guanosine 3',5'
monophosphate (GMP) concentrations are high in
lung, but platelets also have high levels so that great
care must be taken in handling the blood sample so
as to not have cyclic GMP liberated. Cyclic AMP
cause selective release of lysosomal hydrolases in
cultuwres [86] and may operate in alveoli or intact
capilaries. Because the lungs are rich sources of
prostaglandins particularly E1, E2 and F2a, insults to
the lung might be reflected in elevations of these me-
Cators [87]. Chemical methods would have to re-
place bicassays to make these analyses practical.
They shouid reflect endothelial damage, and this may
not correlate with damage to the basal lamina or
connective tissue [73). The same argument applies

' to muramicase [88] or proteases released from leu-
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circulating agent present in apparent excess in some
patients. This is the “cystic fibrosis factor.” It ap-
pears to be a peptide of 7,200 mol wt attached to
gamma globulin and associated with polyamines,
which may cause glands and goblet cells o secrete.
This effect and inhibition of ciliary beating is observed
in serum from patients with asthma and ic dis-
eases as well as cystic fibrosis [89).

A search for deficiencies in plasma has yielded
that of alpha, antitrypsin which has stimulated the in-
terest of biochemists in the lung comparable to that
produced by the discovery of surfactant. The meth-
ods of detecting deficiency and phenotyping the defi-
cient subjects have been apphed o reasonable sized
populations and to patients with emphysema. How-
ever, the numbers of homozygotes have been 13 per
cent or less of selected patients with advanced em-
physema and such homozygotes account for less

May 1975  The American Journal of Medicine Volume S8 887
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s than 1 per cent of all patients with emphysema. Thus or from bronchiolar cells. Loosk has shown in mice
this is virtually useless as a screening method for that influenza PR-8 induces the latter with alveolar
) susceptible subjects. Most studies ol heterozygotes obliteration [90] Lamellar (type ¥ cells) can be in.
™ do not show them to be excessively susceplible 10 duced to proliferate particularly by drugs such as
r. emphysema. bleomycin [91] or by viruses such as in Maedi or
¥ Jaagsekie [92]. These hyperproliterative responses
3 Is it logical to neglect the alveolar cell populationin  may eventuate in granuloma formation from bery!i
2 these considerations? Are they not an essential line um in which macrophages play an important role or
3 of celense? Clearly, the membranous or squamous in adenomas induced by urethane [93,94] Resem.
¢ — fyce alveolar cells can be damaged by chemicals io- . blance of these models to desquamative pneumonia
3 clucing viruses, nitrogen dioxide, paraquat and cad- or to allergic extrinsic alveolilis is clear. A relation to
5 mium. However, as long as the basal lamina is not emphysema has been suggested only recently in re-
destroyed [43), re-epithelialization occurs by prolifer-  gard to cadmium [95]. Perhaps what has seemed a
ation probably from the lamellar (type ll) alveolar cells biind alley should be reexamined.
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