
PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 157,369-373 (1978) 

Biosynthesis of Insoluble Elastin in Hamster Lungs during Elastase-Emphysema 
(4 00 5 5) 

SHIU YEH YU,l N. R. KELLER AND AKIRA YOSHIDA 
Veterans Administration Hospital, St. Louis, Missouri 631 25, and Department of Internal Medicine, Washington 

University, School of Medicine, St. Louis, Missouri 63110 

Recently, an experimental model of em- 
physema induced by elastase has been exten- 
sively studied ( 1 4 ) .  In the elastase model of 
experimental emphysema, a single injection 
of elastase caused diffuse destruction of lung 
structural components and led to a lung mor- 
phology which resembled human panlobular 
emphysema. It has been observed in this 
model that the elastin content of the lung 
decreased shortly after the elastase instillation 
but gradually returned to a nearly normal 
value within 60 days (5). The possibility of 
the replacement of this connective tissue fiber 
after the elastase-injury by active synthesis of 
elastin has been indicated (5). This report 
describes further studies of elastin synthesis 
in the lungs of hamsters with elastase-induced 
emphysema. 

Mature elastin has been considered a bio- 
logically stable and metabolically inert sub- 
stance (6). For example, in aortic tissues of 
mature rats, Slack (7), Kao et al. (8) and 
Walford et al. (9) showed that elastin has no 
active turnover. Previous work in our labo- 
ratory has shown that elastin in lung tissue is 
also inert, with little or no synthetic activity 
of the protein in the mature lungs of normal 
hamsters (Yu, S.Y. and Keller, N.R., unpub- 
lished data). Therefore, in mature hamsters, 
it is difficult to label in vivo with a radioactive 
precursor by the conventional technique for 
studying the metabolism of elastin. 

The following three procedures were used 
for the studies of elastin synthesis. 

(a) The synthetic activity of lung elastin 
was measured by comparing rates of incor- 
poration of ['4C]-~-proline into elastin be- 
tween the experimental and control lungs. 
The [ 14C]-~-proline was administered by a 
series of injections which followed the elas- 

Mailing address for Shiu Yeh Yu: Veterans Admin- 
istration Hospital, Jefferson Barracks, St. Louis, MO 
63125. 

tase-instillation. (b) The synthetic activity of 
lung elastin was also studied in hamsters 
which had been labeled with a series of injec- 
tions of [3H]-~-proline during a rapid growth 
period and subsequently injected with elas- 
tase 3 months after the labeling. (c) Finally, 
since desmosines in elastin are characteristic 
amino acids and only found in fully cross- 
linked elastin, the rate of incorporation of 
[14C]-~-lysine into desmosines found in lung 
extracts from the experimental and control 
group was compared. 

Materials and methods. Incorporation of 
[14C]- L-proline into lung elastin. All hamsters 
used in the experiments were obtained from 
Engle Laboratory Inc., Farmersberg, IN. 

Experimental emphysema was developed 
in mature male hamsters, weighing 115-120 
g each, by an intratracheal instillation of 0.3 
ml of saline solution containing 0.25 mg or 
25 Sachar's units of porcine pancreatic elas- 
tase (2). For controls, the animals were in- 
stilled with 0.3 ml of saline solution. Three 
days after the instillation of elastase, all ham- 
sters, 25 controls and 21 experimentals, re- 
ceived a series of 14 intraperitoneal injections 
of [14C]-~-proline, at intervals of 12 hrs; each 
dose containing 0.2 ml of 0.9% NaCl solution 
and 4 pCi of uniformly labeled [14C]-~-pro- 
line, SpA 225 Ci per mole (New England 
Nuclear). 

Preparation of insoluble elastin. Lungs were 
pooled respectively, homogenized with 100 
vol of cold 0.9% NaC1, and then the insoluble 
residues were extracted in polyethylene plas- 
tic centrifuge tubes successively with the fol- 
lowing solutions: 0.16 M NaCl solution at 4", 
5X; 5 M of guanidine HC1, 0.1 M Tris pH 
7.4, at 27", 2X; 5 M of guanidine . HCl, 0.1 
M Tris, 50 mM dithiothreitol and 0.1 M 
EDTA pH 7.4, at 27O, 2~ (10); water, 3 ~ ;  
autoclaving at 15 lb for 4 hr, 2 ~ ;  acetone, 3 ~ ;  
and ether, 2 ~ .  The insoluble residue was 
treated with 0.1 M NaOH at 98" for 45 min. 
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The extracted residue (elastin) was washed 
several times with water, finally resuspended 
in water, lyophilized, and weighed. Dry elas- 
tin, 3-5 mg, was weighed on a filter paper 
and combusted in a Packard’s Sample Oxi- 
dizer Model 306. Radioactivity was counted 
with a liquid scintillation counter, and ex- 
pressed as specific activity. 

Prelabelling Hamsters with pH]-  L-  Proline. 
Young male hamsters, litter mates, initially 
weighing 54 f 5 g each, were chronically 
labelled with a series of intraperitoneal injec- 
tions, one dose daily of 0.1 ml saline contain- 
ing 2.8 pCi of [3H]-3,4-~-proline (33.5 
Ci/mmole, New England Nuclear), and the 
injections were repeated 2 2 ~ .  By the end of 
the labelling the animals weighed 88 f 7 g 
and then were kept until body weight reached 
117 g, which was approximately 3 months 
after the labelling. The solutions of elastase 
or saline were intratracheally instilled in the 
prelabelled hamsters, and lung elastin was 
prepared and radioactivity was measured as 
described previously (see above). 

Incorporation of p4C]- L-lysine into desmo- 
sines. Mature male hamsters, 18 of the elas- 
tase-instilled and 11 controls, were used. 
Three days after the elastase-instillation each 
animal received a series of 30 intraperitoneal 
injections, at 12-hr intervals, each dose con- 
taining 0.2 ml of saline and 1.1 pCi of uni- 
formly labeled [‘4C]-~-lysine, 279 mCi/ 
mmole (New England Nuclear). The animals 
were sacrificed 18 days after the elastase-in- 
stillation. Lungs were pooled into control and 
experimental groups and extracted as de- 
scribed previously (see above), and the “au- 
toclave” residue was obtained. The “auto- 
clave” residue was hydrolyzed with 6 N HC1, 
and desmosines isolated. Desmosines in the 
hydrolyzate were separated by a preparative 
column of Aminex A-5 resin, 1.5 X 15.5 cm 
(Bio-Rad Lab), at 50°, by eluting with 0.15 
M pH 4.5 pyridine-acetate buffer and 0.3 M 
pyridine (1 1). The corresponding fractions of 
isodesmosine and desmosine were collected, 

0.38 N, pH 4.50 for 60 min. The fractions 
were collected, and aliquots of the appropri- 
ate fractions were used for determination of 
the amount of desmosines in the analytical 
column. A second aliquot was used for count- 
ing radioactivity by a liquid scintillation 
counter. 

The elastase-instillation produced a disten- 
sion of normal lung structure, which has been 
studied using the mean linear intercept 
method to quantify this dilation (2) (12). The 
present study yielded a similar change in the 
gross morphology of lungs of the elastase- 
instilled hamsters. 

Results. Post-elastase labelling. Elastin syn- 
thesis, studied by the incorporation of [“C]- 
L-proline in which the isotope was adminis- 
tered after the elastase-instillation, showed 
that the specific activity of elastin in the lungs 
of the elastase-instilled groups increased 8- 14 
fold over those of the respective control (Ta- 
ble I). Within the experimental group, there 
was a reduction of the specific activity in lung 
elastin of day 30 compared to that of day 18 
which presumably was a result of the dilution 
of the radioactive elastin by nonradioactive 
elastin synthesized during the period of days 
18 and 30. These data suggested that elastin 
synthesis was active, not only in the period 3 
to 18 days after the elastase-instillation but 
also during the period 18 to 30 days. 

Preelastase labelling. Elastin synthesis, 
studied in the prelabelled hamsters, showed 
that the specific activities of lung elastin were 
lower in the elastase-instilled groups as com- 
pared to those of controls (Table 11). Since 

TABLE 1. INCORPORATION OF [ ‘‘C]-PROLlNE INTO 
LUNG ELASTIN OF CONTROL AND ELASTASE- 

INSTILLED HAMSTERS.= 

S Act Rate of 
F4ci incorpo- 

dpm/mg Average ration 
Control day 18 165’ 1 
Control day 30 208’ X =  187 1 
Elastase day 18 2552‘ 14 
Elastase day 30 1429’ 8 

pooled, and the Each 
compound was further separated by an ana- 
lytical column 0.9 X 13 cm with Beckman 
PA-35 resin and eluted at a flow rate of 68 
d / h r  with sodium citrate buffers under the 
following conditions; at 55”,  0.2 N, pH 4-35 
for 30 mh,  0.2 N, pH 4.50 for 40 min and 

Hamsters were intratracheally instilled with the elas- 
tase, and then a series of [l4c]-~-proline injections was 
carried out. Control groups at days 18 and 30 contained 

stilled groups contained 1 1  and 10 hamsters. 
‘Each experiment was based on at least two deter- 

minations of the radioactivity, and the average was 
obtained. 

15 and 10 hamsters respectively, while the elastase-in- 
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TABLE 11. SPECIFIC ACTIVITIES OF LUNG ELASTIN 
FROM PRELABELED HAMSTERS, CONTROL AND 

ELASTASE-INSTILLED.~ 
S Act3H % de- 
JDm/me P' crease' 

Control day 18 640 k 48' 
Control day 30 662 f 50' 
Elastase day 18 561 f 62b NS 14% 
Elastase day 30 429 k 62' P < 0.05 34% 

Hamsters were prelabeled with [3H]-~-proline during 
a rapid growth period and then 3 months after the 
labeling instilled with the elastase intratracheally. The 
animals were sacrificed 18 and 30 days after the elastase, 
with the control groups containing five animals and the 
experimental groups containing four animals. 

Mean k SEM. The data were compiled from three 
experiments. 

Compared with the corresponding control; NS, not 
significant . 

Compared with the average of control day 18 and 
30. 

mature-normal lung showed no active syn- 
thesis of elastin, a decrease in the specific 
activity of the prelabelled elastin by incor- 
poration of non-radioactive elastin after the 
elastase-instillation indicated the synthetic 
activity of elastin. This decrease in the spe- 
cific activity after the elastase-instillation was 
observed in lung elastin of day 30 (P < 0.05). 

f4CJ- L-lysine incorporation into desmosines. 
Although the insoluble elastin as prepared 
showed the characteristic amino acid com- 
position with no evidence of possible contam- 
ination by other impurities (9, this method 
is often subjected to criticism since the elastin 
prepared is the insoluble residue after the 
exhaustive extractions which include hot 0.1 
N NaOH. Thus the possibility of losing elas- 
tin by this treatment or of contamination by 
other insoluble materials might remain, es- 
pecially in the case of extracting tissues of 
diseased, aged or extremely young animals. 
However, studies using desmosines, which 
are amino acids exclusively found in mature- 
insoluble elastin, should nevertheless provide 
an insight into the metabolism of insoluble 
elastin. The result of the incorporation of 
['4C]-~-lysine into desmosines is presented in 
Table 111. The specific activities of desmo- 
sines isolated from the lung fractions ob- 
tained from the elastase-instilled hamsters 
were higher than those of the corresponding 
controls, 3600 and 3800 dpm per pmole of 
isodesmosine and desmosine, vs 309 and 190 
dpm of isodesmosine and desmosine, for the 

experimentals and control, respectively. 
Discussion. In lungs of the hamsters with 

elastase-induced emphysema, there was a de- 
crease in the amount of elastin shortly after 
the injection of elastase, presumably resulting 
from proteolysis by the enzyme (Table IV); 
thereafter, the amount of elastin per lung rose 
and then became stable within 18 days after 
the elastase-injection. In addition to this ac- 
tive elastin synthesis in lungs of the elastase- 
instilled hamsters, the accelerated turnover of 
elastin persisted beyond the point of the res- 
toration of nearly-normal amounts of elastin. 

This activation of elastin synthesis after 
lung injury by elastase was accompanied by 
simultaneous collagen synthesis ( 13), there- 
fore we believe that this activation of mes- 
enchymal tissue resulted from a tissue re- 
sponse to the specific injury to the lung. The 
synthesis of elastin which was observed in 
hamster lungs after the elastase-instillation is 

TABLE III. INCORPORATION OF ['4C]-L-LYSINE INTO 
DESMOSINES IN AUTOCLAVE RESIDUES OF HAMSTER 

LUNGS, CONTROL AND ELASTASE-INSTILLED.~ 
No. of Isodesmosineb Desmosineb 
lungs dpm/pmole dpm/pmole 

Control 11 309 190 
Elastase 18 3808 3636 

a Hamsters were intratracheally instilled with the elas- 
tase solution and then a series of [14C]-~-lysine injections 
was carried out. The animals were sacrificed 18 days 
after the elastase-instillation, and then the lungs were 
pooled. The autoclave residues were prepared after a 
series of extractions with solutions of NaC1, 
guanidine . HC1 and autoclaving. 

Desmosines were obtained from hydrolysates of au- 
toclave residues of hamster lungs after purification on 
ion exchange columns. The amount of desmosines were 
estimated by the ninhydrin reaction using lysine as the 
standard. 

TABLE IV. ELASTIN AND TOTAL DESMOSINES IN 
HAMSTER LUNGS OF CONTROL AND ELASTASE- 

INSTILLED. 
Days after Desmosines Elastinh 
Injectiona pmole/lung mg/lung 

Control 3 (2) 0.25 1 2.1 
Elastase 3 (2) 

18 (2) 
30 (2) 

0.8 0.092 
1.8 0.221 

0.245 1.9 

Numbers in parentheses indicate number of animals 
used. ' The estimation was based on the concentrations of 
0.070 pmole desmosine and 0.055 pmole isodesmosine 
per mg elastin. 
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seemingly a reparative process in response to 
the elast ase-inj ury . 

Kuhn and Tavassoli (14) observed from 
morphological evidence that the rearrange- 
ment of the lung structure had been contin- 
uing up to 2 months after the elastase-instil- 
lation in similar experiments. This suggests 
the possibility that the synthesis and degra- 
dation of elastin might be activated and per- 
sisted for a long time in these lungs. There is 
some evidence from our data (Table 11) which 
suggested that the synthetic activity in lungs 
remained elevated even 18 days after the 
elastase-instillation, although it is not certain 
whether the elastin synthesis continues be- 
yond one month after the elastase-instillation. 
If the synthesis of elastin were continuing in 
lungs of the hamsters with elastase-induced 
emphysema, the degradation of elastin might 
have occurred to balance out the increase. 

The insoluble elastin, prepared by the pres- 
ent method, probably was “pure” lung elastin 
and contained little or no contaminating sub- 
stances such as tropoelastin (1 5) or microfibril 
(10). The presence of the latter compound 
was negligible because the elastin prepared 
contained no significant amount of polar 
amino acids. However, despite the anatomi- 
cally distinguishable appearance of lung elas- 
tic fibers in the elastase-instilled hamsters (5) 
(12), our studies failed to show any significant 
change in the amino acid composition of lung 
elastin obtained from hamsters 4 months after 
the elastase-instillation. This might be due to 
the hot alkaline treatment per se since Sand- 
berg pointed out that elastin prepared from 
different tissues and species by this method 
showed similar amino acid composition be- 
cause the hydrolytic nature of the reagent 
reduced elastic fiber to a common composi- 
tion (16). Therefore, the possibility of the 
presence of a different elastic tissue in the 
emphysematous lungs might still remain. 

In the lung, elastin occurs in airways, vas- 
cular trees, alveolar septa, and pleura. It is, 
however, impossible to identify the exact site 
of the synthesis by the present method, de- 
spite the demonstration of elastin synthesis in 
lungs of the hamsters with elastase-induced 
emphysema. By morphological observations 
(12) (17), the site of the elastase-injury was 
observed more frequently in perivascular 
areas, alveolar septa, and pleura; however, 

discrete and fibrillar elastic fibers were often 
found in alveolous septa, and a spongelike 
elastic structure was seen in peripheral areas 
of the elastic lamella under the mesothelial 
plane. Although these elastic fibers were ob- 
served only in lungs of hamsters with the 
elastase-induced emphysema, it is not known 
whether these fibers are some of the degra- 
dated products resulting from the elastase- 
instillation or newly synthesized fibers. 

Following an injury, the normal tissue re- 
sponse is to repair by synthesizing collage- 
nous fibers but not elastic fibers. The reason 
for the synthesis of both elastic and collage- 
nous fibers in the emphysematous lungs is 
not known, although a similar situation was 
also observed in cultured aortic cells which 
formed both collagen and elastin ( 18-20). 

Summary. The synthesis of elastin in vivo 
in normal-mature animals is difficult to dem- 
onstrate because of a very slow turnover of 
this protein. Thus most of the studies of elas- 
tin synthesis have been limited to aortic tissue 
cultures or in in vivo young animals. Our data 
indicate that the lung, upon elastase-injury, 
synthesized elastin at demonstratively faster 
rates than normal. However, the mechanism 
by which the activation of elastin synthesis 
occurs in the emphysematous lungs remains 
for further study. 

Supported by the Medical Research Service of the 
Veterans Administration and Grant No. HL16118 from 
the National Heart and Lung Institute. We wish to 
express our thanks to Ms. Sharon Musielak for her 
technical assistance in working on this project. 

1 .  

2. 

3. 

4. 

5. 

6. 

7. 
8. 

Johanson, W. G., and Pierce, A. K., J. Clin. Invest. 
51,288 (1972). 
Kaplan, P., Kuhn, C., and Pierce, J. A., J. Lab. Clin. 
Med. 82,349 (1973). 
Senior, R. M., Kaplan, P. D., Kuhn, C. and Linder, 
H. E., in “Fundamental Problems of Cytic Fibrosis 
and Related Disease” (Mango, J. A. and Talamo, R. 
C., eds), p. 183, Symposia Specialists, Miami, Florida 
(1973). 
Hayes, J.  A., Korthy, A., and Snider, G. L., J. Path. 
117, I(1975). 
Kuhn, C., Yu, S. Y., Chraplyvy, M., Linder, H. E., 
and Senior, R. M., Lab. Invest. 34,372 (1976). 
Thompson, R. C., and Ballou, J .  E., J.  Biol. Chem. 
223,795 (1956). 
Slack, H. G. B., Nature (London) 174, 5 12 (1954). 
Kao, K. T., Hilker, D. M., and McGavack, T. H., 
Proc. SOC. Exp. Biol. Med. 106, 121 (1961). 



ELASTIN SYNTHESIS IN EMPHYSEMATOUS LUNG 373 

9. Walford, R. L., and Kaplan, L., AMA Arch. Pathol. 
63,75 (1957). 

10. Ross, R. and Bornstein, P., in “Chemistry and Mo- 
lecular Biology of the Intercellular Matrix” (E. A. 
Balazs, ed.), p. 641, Academic Press, New York 
(1970). 

11. Green, R. A., Foster, J. A., and Sandberg, L. B., 
Anal. Biochem. 52, 538 (1973). 

12. Yu, S. Y., Sun, C. N., and Still, M. F., in “Elastin 
and Elastic Tissue” (L. B. Sandberg, W. R. Gray 
and C. Franzblau, eds), p. 39, Plenum Press, New 
York (1977). 

13. Keller, R. N., and Yu, S. Y., Fed. Proc. 34, 3507 
(1975) (abstract). 

14. Kuhn, C., and Tavassoli, F., Lab. Invest. 34,2 (1976). 

15. Smith, D. W., Brown, D. M., and Carnes, W. H,, J. 
Biol. Chem. 247,2427 (1972). 

16. Sandberg, L. B., in “International Review of Con- 
nective Tissue Research.” (D. A. Hall and D. s. 
Jackson, eds.), 7, p. 159, Academic Press, New York 
(1976). 

17. Yu, S. Y., and Keller, R. N., Fed. Proc. 35, 2342 
(1976) (abstract). 

18. Abraham, P. A., Smith, D. W., and Carnes, W. H., 
Biochem. Biophy. Res. Commun. 58,597 (1974). 

19. Narayanan, A. S., and Page, R. C., J. Biol. Chem. 
251, 1125 (1976). 

20. Rosenbloom, J., and Cywinski, A., Biochem. and 
BioDhvs. Res. Commun. 69,613 (1976). 

Received June 30, 1977. P.S.E.B.M. 1978, Vol. 157. 


