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BPD and no longer give rise to fibril forma-
tion upon routine passage. It is possible to
induce a surface type growth by scraping the
cells from the glass surface and transplanting
them into new BPD media with a minimum
of agitation. Under these conditions the
floating cells never produce the long strands
shown in Fig. 3, but grow and expand as cell
sheets with a morphology similar to, but not
as compact as, the attached cell sheet.

Early passages of the L cell line(4) in the
BPD medium produce floating cell sheets
similar to those seen with the mouse lung line.
The discrete fibrils seen in the case of the
mouse lung cells have not been seen with the
L cells.

Discussion. As a result of the above inves-
tigation certain facts concerning fibril forma-
tion can be stated. It is certain that fibrils
can arise without agitation of the medium.
and are therefore not the result of entwining
of single strands of material. From the pho-
tomicrographs it appears that the fibrils arise
from the cell body per se and are not the re-
sult of entrapment of cells in fibrous material
released by the degenerated cells. The fact
that the fibrils are no longer seen once the
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cells become adapted to a rapid growth in the
BPD medium points up the fact that they
may be the result of unfavorable growth con-
ditions as previously hypothesized(1). At-
tempts to stimulate a similar response by other
sub-optimal conditions in the absence of BPD
have failed. It is probable therefore that the
Bactopeptone itself is at least partly responsi-
ble for formation of this material.

Summary. The presence of fibril-like ma-
terial in a strain of mouse lung cells grown
in a serum-free medium is described. This
material was resistant to digestion by hyal-
uronidase and trypsin and susceptible to di-
gestion with collagenase. The period of ap-
pearance and disappearance is discussed and
photographic evidence of the cell body-fibril
association is presented.
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Elastic tissue is readily demonstrated his-
tologically in the parenchymal tissue of the
human lung but no quantitative chemical
studies of it have been reported in this tissue.
Such investigations are now in progress in
this laboratory. Chemical estimation of elas-
tic tissue at present must be based on its con-
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tent of the fibrous protein, elastin. The pur-
pose of this communication is to report the
amount of elastin in the human lung, and
the correlation between pulmonary elastin
concentration and age. In addition, the nor-
mal concentrations of elastin have been com-
pared with those obtained in lung parenchyma
subjacent to areas of bulla formation. It has
been suggested that elastic tissue plays a role
in the pathogenesis of such lesions.

Of several methods of elastin determination
which have been reported(1,2,3), the method
of Lowry et al. was chosen for study of the
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lung, and adapted to exclude insoluble sub-
stances other than elastin which may be en-
countered in lung tissue.

Materials and methods. The lungs exam-
ined were fresh specimens obtained at the
time of autopsy. Causes of death were either
traumatic or of extrapulmonary nature. Tis-
sue was selected which was ostensibly free of
pulmonary disease.

Elastin was determined by the following
modification of Lowry’s method(1). The
samples were minced, ground to a paste, sus-
pended in 0.1N NaOH and digested in a boil-
ing water bath for 10 minutes. The insoluble
material was separated by centrifugation, re-
suspended in NaOH and digested similarly
twice more. The residue was then washed,
dried and weighed. It consisted of elastin and
insoluble foreign material and was designated
W-1. Elastin was then removed by auto-
claving in 6% KOH for 45 minutes. The resi-
due was again washed, dried and weighed to
give W-2. Difference in weight between W-1
and W-2 was assumed to be the weight of elas-
tin in the sample. The amount of soot and
other insoluble foreign matter in the lung
could also be calculated from the difference
between W-2 and the weight of the empty
tube.

For each lung, 4 contiguous pieces weigh-
ing between 1.0 and 1.7 g were selected for
quadruplicate analyses. These specimens
were taken from the left upper lobe in nearly
all cases. Pleura and large blood vessels and
bronchi were excluded. Water content was
determined in other specimens from the same
area. In addition, selected specimens were
taken for routine histological examination
using Weigert’s resorcin-fuchsin elastica stain
and Golder’s modification of Masson’s tri-
chrome stain, respectively. In 4 lungs with
bullae, specimens for analysis were taken
from the tissue directly beneath the bullae.
The results are reported as per cent of dry
weight of the tissue.

Results. Analyses of normal pulmonary
parenchyma from men and women between
16 and 93 years of age revealed that elastin
constituted an average of 8.28 == 0.6% of the
solids of the lung. The range of values was
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TABLE I. Concentration of Elastin in the Human

Lung.
Group No. Elastin, % dry wt
Normal men 17 8.08 +14
” women 12 9.48 + 1.2
Men with bullae 4 461+ 9

TABLE II. Comparison of Concentrations of In-
soluble Residue and Elastin in Lung.

Insol. residue,

Age % dry wt Elastin, % dry wt
25 1 7.23
22 1.65 3.65
42 1.53 11.2
65 4.70 11.5
60 : 18.1 7.5
66 12.6 11.2

from 1.75 to 13.1%. These results are sum-
marized in Table I.

The last step in the revised method of
analysis described above was added to correct
for insoluble residue in the lung. Data cal-
culated from 6 experiments are presented in
Table II to illustrate the necessity for this
correction. The accumulation of this residue
increases with age and is quite evident on
gross inspection of the lungs.

In Fig. 1, results of analyses of lungs from
29 apparently normal men and women are
plotted against age at time of death. Data
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FIG. 1. Elastin concentration plotted against age:
% of dry wt of tissue.
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obtained from tissue under bullae in lungs of
4 older men are also included. Statistical
analysis of this graph shows a highly signifi-
cant increase in relative amount of elastin
with age (t = 3.87, p>0.001). The regres-
sion slope shows an increase in elastin content
of the lung of 0.816% per decade of life. On
superficial examination of the graph, women
over 50 appeared to have more pulmonary
elastin than men in this age group. However.
when subjected to statistical analysis, the dif-
ference in this small series was found to be
insignificant (t = 0.75, p = 0.4). Compari-
son of the elastin content of sub-bullous tis-
sue with that of normal lung parenchyma of
older men revealed a highly significant de-
crease in the former (t = 5.09, p>0.001).

Histological studies of the elastin isolated
by our method showed that the end-product
was composed only of elastic tissue. However.
one preparation contained traces of collagen
deep within the walls of a pulmonary ar-
teriole.

Discussion. It has been generally believed
that the elastic tissue content of the aging
lung is reduced. Our measurements must be
viewed critically and are simply a prelude to
further investigation. Although the method
was well standardized and corrected for errors
due to foreign material in the lung, results
obtained from lungs of different ages may not
be entirely comparable. Pulmonary elastin
may change physically and chemically with
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age as has been demonstrated in elastin from
the aorta(4), and these changes may affect
the efficiency of isolation and separation.
Confirmatory studies of elastin content by
other methods are needed. Simultaneous
measurement of pulmonary collagen is con-
templated in view of the close relationship be-
tween collagen and elastin. It is of consider-
able interest that concentration of elastin in
the lung is relatively high. Of the tissues thus
far analyzed, only the aorta and the ligamen-
tum nuchae contain more elastin than the
lung(1,2).

Summary. 1. An alkaline digestion method
for quantitative determination of elastin has
been adapted for study of lung parenchyma.
2. Concentration of elastin in the adult hu-
man lung has been determined over a wide
age span, and has been found to increase with
age. 3. Concentration of elastin in lung par-
enchyma subjacent to areas of bulla formation
is significantly reduced.
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Since immunologic mechanisms participate
in the rejection of homografts by experi-
mental animals(1), some modification of the
immune response is necessary in order to
achieve a “take” of the grafted tissue. Alter-
ation of antibody production may occur na-
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turally, as in agammaglobulinemia(2), or may
be induced by means of X-radiation(3) or
cortisone(4). Protein(5) or vitamin(6) de-
ficiencies obtained by means of special diets
(7) or by the action of amino acid analogues
(8) may lead to suppression of antibody for-
mation and to prolonged survival of skin ho-
mografts(9). In the special case of tumor



