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New Clues for the Emphysemas 

munnmmm-m--nmm- 
sl chengs Them when they Neve served et purpose, 83 we change & bhunt ncet 
Pt wo Nove used long encugn QAUDE BERNARD 

Iwm’uhmflhawwmwu 
to be practically an axiom that the emphysemas are anatounic le- 
mmnwmumummm 
M.Mmmdmmmmmw 
repair in a three phase (gas, liquid, solid) organ. The others are the 
MNMIMM.EquMWbyS& 
John Floyer in 1698 in 8 horse [1). He observed, “bladders of the 
wm»m.muuawmbymwm...whm 
Mbnm."mw‘homnh 
the rabbit [2]. Because 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 
mmwm:mmm'mmm 
Cigarette smoking, (2) its imitation by proteases placed in alveoli 
w(&)thWthM.mfi- 
m.wmwmum-mumm 
ses. The objective of this appraisal is to focus aftention on certain 
mmnwummuummmu 
MWMWMMMM 
four questions. 

(I)hmm.md“m.malmo 
Enveonmental Meds- of bronchial subdividing? 

of Medcine and . 
University of Mssowi Medical Center, R is instructive 1o arrange the defects of pulmonary segmentation Sy wes soorag Which have been described in infants and children and which are Health Service Grant 2- thought to be developmental (4] in a continuum ranging from agen- the Nations! instttes of @sis of both lungs [5]. included are agenesis of one ing, congeni- 

»Gm: tal lobar emphysema, congenital cystic adenomatoid malformation, 
: . 

bronchiolectasis. 
c of congenital bronchiectasis, and 

. Missouri 85201, €y of the lung in conditions including “MaclLeod's syndrome,” 
July 26, 1974. “Swyer-James syndrome,” “‘honeycomb lung.” and “blebs and 

May 1973 The American Jounsi of Medicine Velume 58 ", 
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bullae.”” Although there are few anatomic studies of 
such patients, in one series of 69 patients with hy- 
porbcmcy.ah-dcyancw.smhou 
MWQMDWMNMU- 
tery or & branch (6]. Does this continuum extend to 
ummmwmm 
emphysema? 
Mlmwwmh 

chy.hmmodb.hboovm.mudyhbfi 
wamm.wmm-ml 
emergency. Approximately half of the lobes removed 
show bronchomalacia [7]. By 1967, the data on 166 
patients were reviewed by Murray [8] who wondered 
howmomuummwommfic 
mem-mum 
M.Ammw.mbm 
fmare common on the left and in the lower lobes as 
uquunw[s]mmzvspm. 

congenital emphysema weve made 
nu.tmmwh-mho-u].n-y 
applied quantitative methods [13), that is, they 
counted the number of bronchial 
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and (4) normal bronchial generations with increased 
number of aiveoli [ 10]. 
Mmmmnnumumm 

to study the numbers of branches and numbers of 
hvmdhlmm with numbers of a- 
veoli in emphysematous lungs. Because methods are 
time consuming, only a few such studies have been 
made in lungs 

WWMNWommfim 
Studies by Spain et al. [17) and by Kieinerman [18), 
wmmunmmauhmuw 
Pratt and Kilburn [19), Snider et al. {20], Thurbeck 
and Angus [21), and ishikawa et al. [22]. These ob- 
mmmwmumm 
emphysema across the age range. Perhaps it would 
be useful to search fe: toxic agents which, when ad- 
ministered 10 the mother, would interfere with differ- 

mwmumww 
ing of the lung are sensitive 1o maternal nutrition and 
bm.umuuummnw 

Sth through the 28th or 30th week [12] from the 
mn.mw«na)mywh " important subdivisions. because, with insufficient 
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Wwice variation in puimonary diffusing capecity 
othin aGe ranges after adjusting for height and pro- 
gessve decrease during aging suggest that lungs 
1ary considerably in their internal surface area (23] 
o anwoi per cubic millimeter [24]. One wonders 
sherer the degree of alveolarization is controlled 
afer growth is complete, particularty i it is reduced 
wnen acTvity (oxygen demand) fals off Incident to in- 
acvitv o aging. Although there is evidence that lung 
vonr &5 are increased in acromegaly and decreased 
o Svoootutarism, gas exchange is not affected 
j26. This presumed correlation is seen in phyloge- 
aetic sucies from frogs through mammals which 
show an association between alveolarization and en- 
wey use [26]. Perhaps this could be tested in an ani- 
mal model. Recently, serial studies have shown that 
e \ r3iNia 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 
size-growth and subdividing is built into the primitive 
autpouching from the foregut. The accessibility of 
‘fetai”’ lung in marsupials recommends them for ex- 
periments to alter its development. 

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

Seccrcary lobular septums provide the boundaries 
wethin which the elastic tissue and the distal exten- 
scns of smooth muscle define the anatomy of the 
respratory bronchiolus and alveolar ducts [28-30). 
Wanin the secondary lobule or acinus, there appear 
10 be two distinct types of alveolar walls: thick ones 
containing connective tissue fibers mostly collagen 
and e'astin and thin ones of basal lamina with few or 
no fibers [31] (Figure 2). The thin walls have an in- 
‘erstital 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 ravoit lung [32]. The composition of this inter- 
sital space is even less well known than its anato- 
my - 

Experiments with organoid cultures of lung reveal 
hat both mesenchyma and epithelium are required 
© form glandular or canalicular structures. Without 
Soth types, cells grow in sheets. It is even possible 
0 mix epithelium and from chicken 
and mouse and achieve differentiation [33]. Explants 
¢l lung from young rat fetuses go through several 
$'ages of expansion and branching in culture, and 
#ven pass into a state of many saccular chambers 
enciosec by delicate walls [34). What controls this 
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network of iregular 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 
Wmitation 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 iungs. 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 0 elas- 
tases from leukocytes. Although the leukocyte en- 
2ymes, particularly those in the polymorphonuclear 
leukocytes, appear capable of destroying lung 28], 
it is curious that they ¢o 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- 
lated 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 sugpested 
that vitamin A, by releasing hydrolases from cells, 

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- 

ally, loss of epithelial cells before endothelial cells, al- 
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Figuwe 2. Top, mmm-..mmmummmym 
MMwMMb.MWMMW.MMM L m).mnm.mmmnwwuwmmmw & foroblast (F). Mhmwm*&mm“uh“m 

- umwmu..mmmwmmmu 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] Finaly. microsomes 
from bovine lung catalyze Coaguiation and do so bet- 
hmnmm.m»boumm 
nunnndycm-mohouma-fia\bw 
sential for coagulation [54]. 

Despite notable progress in understanding coagu- 
lation, vascular thromboss and small vessel Cisease, 
a vascular hypotheses for Ppuimonary emphysema 
has never been popular. Endothelial damage coukd 
expose the collagen in the interstitial space to Hage- man factor to initiate the cascade as has been described in vitrc by Becker [55]. by Ratnott (58] and by Stecher et al. [57]. When this 
is coupled with intermittent blood flow [58.59], 
mmunppwbuvornmnm 
nary vessels, particularly aiveolar capillaries. Also, 
the relative slowness of flow in the whole 
circuit might increase its susceptibility to intravascu- 
lar coagutation. Both disseminated intravascular 
coagulation (DIC) and 

mwm.mmmm 
Muhymomyofhrpwmm 
arteries develop [61]. Emphysema has not been re- 
ported. In spontaneous veno-occlusive disease oc- 
curring in children and in adults, small 
veins are flled with cellular fibrous tissue which 
mmm-m;w&m.uwwm— 
tion 1o emphysema are unknown [(62]. However, 
mm&oMWMuManh 
mm:.mmmo'mrmmm 
walls. The description of the vasculitis-granuloma- 
womummm'cwb 
place it in this context [63). 
rmmnmunmmmm 

shown to increase atheroma formation in choles. terol-fed rabbits [64] and squirrel monkeys (65), Cholesterol leeding in rabbits aiso produces plaques In the pulmonary artery and increases the numberg of .nolesterol laden macrophages in the fung 
The lung can profoundly influence the numbers of circulating leukocytes, particularly polymorphonucie. ar leukocytes, bymmm.ansmom. 

by Bierman [66) who infused leukemic leukccytes into normal human subjects. Treatment of plasma with cellophane induces a transient but marked ley. kocyte sequestration which may be important to pg. 
tlents undergoing renal dialysis [67). The shock lung syndrome as studied in human subjects [68] ang modelled In dogs [69) is heavi; influenced by se. 

doses of nitrogen dioxide [70) and also in rats [71). &Mmmuonmuocm'ymh Mflmlvunhmyamoommomhfial 
cells but also interstitial connective tissue [72,73) mmmuu‘mmmanmv. 
mmnm-.mmmms:.m er, Sorkin and Ryan [57]. The tie-ins between the 
Coagulation and inflammation 

shown to stimulate proinflammatory substances [n].cm.n.[?s]mmntmwu- 
mmflmwm%hh 
mumm‘ 
meamm.muoren- m“ls.wfichuc&ffiunb&w"u- 

m.mmhmuuumw 
m:mwbybcwm.fhymnd& 
mmwwumnmm 
n.uumwmmmmm pu[n).n-..mmmmam» 
wmnummmr-ww 

changes sema. However, Ricketts 
and Carrington (78] found that ablation of the bron- 
wmmmmmm»am 
effect on alveoli. 

(4) Are there marker substances for alveolar de- struction or host in the 

WMM&&WWN@M 
mawmwdmhm 
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or puimonary lavage fuid. Although the lungs' com- 
gleaty 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 to collagen, such as hydroxyproline 
|72 o the detection of proline hydroxylase has 
ve=n seful in other diseases. They have not been 
accve n experimental kng disease, although they 
wil zetect lathyrism induced by beta aminoproprioni- 
yci Serum proline hydroxylase activity appears to 
reve* anered liver function more than changes in tis- 
sue ‘evels attributable to disease. A lead worth fol- 
lowing is 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 De tested in animal moceis for pulmonary em- 
physema induced by elastase. An elastase inhibitor 
has been measured in women before, during and 
ater pregnancy [81]. it rises during each trimester 
and falls shortly after parturition. That it is distinct 
from alpha, 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 etfects on collagen. 
Another lead has come from the detection of immu- 
ncreactive basement memcrane antigens in periph- 
eral bloo¢ of normal human subjects using sheep an- 

tserum to human glomerular basement membrane, 
actually a semirefinec glomerular preparation 
[84,85]. Giomerular and alveolar basement mem- 
branes are immunologically cross reactive so this 
may be a fruitful lead. 

Because guanylate cyclase has a higher concen- 
tration in homogenized 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 
cultures [86] and may operate in alveol or intact 
capilaries. Because the lungs are rich sowrces 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 should 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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than 1 per cent of all patients with emphysema. Thus 
this is virtually useless as a screening method for 
susceptible subjects. Most studies of heterozygotes 
do not show them to be excessively susceptible 1o 
emphysema. 

Is it logical to neglec! the alveolar cell population in 
these considerations? Are they not an essential line 
of celense? Clearly, the membranous or squamous 
fyce alveolar cells can be damaged by chemicals io- . 

mium. However, as long as the basal lamina is not 
destroyed [43), re-epithelialization occurs by prolifer- 
ation probably from the lamellar (type ) aiveolar cells 

or from bronchiolar cells. Loosk has shown in mice 
that influenza PR-8 induces the latter with alveolar 
obliteration [90] Lamellar (type ¥ cells) can be in. 
duced to proliferate particularly by drugs such as 
bleomycin [91] or by viruses such as in Maedi or 
Jaagsekte [92]. These hyperproliterative responses 
Mmay eventuate in granuloma formation from bery!li. 
um in which macrophages play an important role or 
in adenomas induced by urethane [93,94] Resem. 
blance of these models to desquamative pneumonia 
or 1o allergic extrinsic alveolitis is clear. A relation to 
emphysema has been suggested only recently in re- 
gard to cadmium [95]. Perhaps what has seemed a 
biind alley should be reexamined. 
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