
resides in the 536 nucleotides and the 
polyadenylate stretch that are present on 
the 3' side of the coding region. At 
present we cannot rule out the possibility 
that a small noncrystallin polypeptide is 
coded within this region. Although the 
length of this 3' region is large in compar- 
ison with numerous other mRNA's, such 
as the 92-nucleotide untranslated region 
of rabbit p-globin mRNA (25), it is not 
unprecedented among eukaryotic mRNA's. 
For example, the 3' untranslated se- 
quence of chicken ovalbumin mRNA 
consists of 634 nucleotides (26). Also, 
the length of the 3' untranslated region 
for the dihydrofolate reductase mRNA in 
the mouse ranges from about 80 nucleo- 
tides to about 930 nucleotides in the four 
different RNA's found for this enzyme 
(27). The size of the polypeptide encoded 
by the dihydrofolate reductase mRNA's 
is approximately the same as aA-crystal- 
lin. The function of the sequences on the 
3' side of the coding region is not known 
yet for any mRNA. Possibly, compari- 
sons of the 3' sequences of the 14s 
mRNA for a-crystallin from different or- 
ganisms will reveal stretches of con- 
served nucleotides and provide insight as 
to their functional significance. 

Note added in proof: After submission 
of this report, the sequence of a rat aA- 
crystallin cDNA was reported (30). The 
findings were similar to those reported 
here. Comparison of the 3' noncoding 
regions of the mouse and rat aA-crystal- 
lin cDNA's show that 24 insertion-dele- 
tion and 32 base change events have 
occurred during the evolutionary diver- 
gence of these organisms. There are 18 
synonymous base differences within the 
encoding region. 

CHARLES R. KING 
TOSHIMICHI SHINOHARA 

JORAM PIATIGORSKY 
Laboratory of Molecular and 
Developmental Biology, 
National Eye Institute, 
Bethesda,' Maryland 20205 

References and Notes 

1 .  J. J. Harding and K.  J. Dilley, Exp. EyeRes. 22, 
1 (1976); H. Bloemendal, Science 197, 127 
(1977) , - ? . , , . 

2. W. W. de Jong, in Molecular and Cellular 
Biology of the Eye Lens, H.  Bloemendal, Ed. 
(Wiley, New York, 1981), p. 221. 

3. W. Manski and S. P. Halbert, Protides Biol. 
Fluids Proc. Colloq. 12, 117 (1964); R. M. 
Clayton, in The Eye, H. Davson and L. T. 
Graham, Eds. (Academic Press, New York, 
19741, p. 399; L. A. Williams and J .  Piatigorsky, 
Eur. J .  Biochem. 100, 349 (1979). 

4.  P. Zelenka and J .  Piatigorsky. Proc. Natl. Acad. 
Sci. U.S.A. 71, 1896 (1974); R. Reszelbach, T. 
Shinohara, J. Piatigorsky, Exp. Eye Res. 25, 583 
11977). 

5. H; ~ioemendal ,  in Molecular and Cellular Biol- 
ogy of the Eye Lens, H.  Bloemendal, Ed. (Wi- 
ley, New York, 1981) p. 189. 

6. H. J .  Dodemont, P. M. Andreoli, R. J .  M. 
Moormann, F. C. S. Ramaekers, J .  G. G. 
Schoenmakers, H. Bloemendal, Proc. Natl. 
Acad. Sci. U.S.A. 78, 5320 (1981). 

SCIENCE, VOL. 215, 19 FEBRUARY 1982 

7 .  A. J. M. Berns, G. J. A. M. Strous, H .  Bloemen- 
dal, Nature New Biol. 236, 7 (1972); A. Berns, 
P. Janssen, H. Bloemendal, Biochem. Biophys. 
Res. Commun. 59, 1157 (1974); J .  H .  Chen and 
A. Spector, Biochemistry 16, 499 (1977). 

8. L. H. Cohen, D. P. E. M. Smits, H .  Bloemen- 
dal, Eur. J .  Biochem. 67, 563 (1976). 

9. F. J. van der Ouderaa, W. W. de Jong, H .  
Bloemendal, ibid. 39, 207 (1973). 

10. F. A. M. Asselbergs et a / . ,  Biochim. Biophys. 
Acra 520, 577 (1978). 

1 1 .  A. Favre, U. Bertazzoni, A. J .  M. Berns, H .  
Bloemendal, Biochem. Biophy. Res. Commun. 
56. 273 (1974). 
J .  H. c h i n  and A. Spector, Proc. Natl. Acad. 
Sci. U.S.A. 74, 5448 (1977). 
S. P. Bhat and J. Piatigorsky, ibid. 76, 3299 
(1979); H. W. Boyer et a/ . ,  in Recombinant 
Molecules: Impact on Science and Society, R. 
F. Beers and E. G. Basset. Eds. (Raven. New 
York, 1977), p. 9 .  
J. Parnes et a/ . ,  Proc. Natl. Acad. Sci. U.S.A. 
78, 2253 (1981). 
A. Maxam and W. Gilbert, Methods Enzymol. 
65, 499 (1980). 
W. W. de Jong, F. J. van der Ouderaa, M. 
Versteeg, G. Groenewoud, J .  M. van Amels- 
voort, H. Bloemendal, Eur. J .  Biochem. 53, 237 
(1975). 
D. E. Kohne, Q. Rev. Biophy. 3, 327 (1970); E.  
Brownell, thesis, Yale University (1980). 

18. N. J. Proudfoot and G. G. Brownlee, Nature 
(London) 263, 21 1 (1976). 

19. J .  V. Maizel, Jr. ,  and R. Lenk, Proc. Natl. 
Acad. Sci. U.S.A., in press. 

20. F. J. van der Ouderaa, W. W. de Jong, A. 
Hilderink, H. Bloemendal, Eur. J .  Biochem. 49, 
157 (1974). 

21. H. P. C. Driessen, P. Herbrink, H .  Bloemendal, 
W. W, de Jong, Exp. Eye Res. 31, 243 (1980). 

22. L. R. Croft, Biochem. J .  128, 961 (1972). 
23. H. Lehrach, D. Diamond, J .  N. Wozney, H. 

Boedtker, Biochemistry 16, 4743 (1977). 
24. E. M. Southern, J .  Mol. Biol. 98, 503 (1975). 
25. N. J .  Proudfoot, Cell 10, 559 (1977). 
26. L. McReynolds et al., Nature (London) 273,723 

(1978). 
27. D. R. Setzer, M. McGrogan, J .  H. Numberg, R. 

T. Schimke, Cell 22, 361 (1980). 
28. J. N. Hansen, B. H. Pheiffer, J. A. Boehnert, 

Anal. Biochem. 105, 192 (1980). 
29. C. L.  Queen and L. J .  Korn, Methods Enzymol. 

65, 595 (1980). 
30. R. J. M. Moormann et a/.  , Nucleic Acids Res. 9, 

4813 (1981). 
31. We thank Dr. J. V. Maizel, Jr., and B. Norman 

for help with the dot matrix, Drs. P. Hieter and 
R. E. Jones for technical advice, and Dr. C. G. 
Sibley for a discussion concerning the dwer- 
gence of rats and mice. 

18 September 1981 ; revised 5 November 1981 

Cardiac Catabolic Factors: The Degradation of 
Heart Valve Intercellular Matrix 

Abstract. Cultures of porcine heart valves and aorta secrete a factor that 
stimulates the degradation of cartilage matrix in a fashion similar to that displayed 
by synovial catabolin. The heart valve factor also induces the release of chondroitin 
sulfate and hydroxyproline from isolated heart valve cultures. The present observa- 
tions support the hypothesis that tissues producing catabolic factors (catabolins) 
may well be responsive to them and that these messengers may play a role in the 
cellular regulation of the degradation of intercellular macromolecules. 

Our present understanding of the 
mechanisms associated with the degra- 
dation of intercellular macromolecules 
stems largely from observations on carti- 
lage matrix breakdown. Until recently 

Table 1. Tissues and cells producing and 
responding to catabolin. N.D., not deter- 
mined. 

Pro- Tissues duc- Re- 
or cells tion sponse 

Synovium (human) 
Synovium (pig) 
Synovium (rabbit) 
Cartilage (human) 
Cartilage (pig) 
Cartilage (rabbit) 
Heart valve (pig) 
Blood vessels (pig) 
Placenta 
Kidney 
Fibroblasts (human 

synovial) 
Fibroblasts (pig 

synovial) 
Blood vessel (smooth 

muscle cells) 
Blood vessel 

(endothelium cells) 
Activated 

monocytes 

+ 
N.D. 
N.D. 
N.D. 

N.D. 
+ 

N.D. 
+ 

N.D. 
N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

the local invasion of the articular carti- 
lage by synovial pannus was believed to 
be responsible for the degradation of 
proteoglycan and collagen that consti- 
tute the major structural components of 
the matrix. However, Fell and Jubb ( I )  
and somewhat later Steinberg's group (2) 
demonstrated that normal as well as 
rheumatoid synovium secreted a diffus- 
ible product which induced chondro- 
cytes to destroy their own matrix. Dingle 
and co-workers (3-5) have isolated and 
partially characterized a small acidic 
protein (catabolin) from porcine syno- 
vium which also stimulates viable chon- 
drocytes to rapidly degrade their matrix. 
Although it is apparent that synovial 
catabolin initiates the breakdown of car- 
tilage matrix in vitro, it is not known 
whether there is a more fundamental role 
for such factors in regulating the content 
and distribution of intercellular macro- 
molecules in other tissues. It is possible 
that autologous and heterologous classes 
of catabolin-like factors mediate the in- 
tercellular turnover of proteoglycan and 
collagen, and that the interaction of "ca- 
tabolins" with other factors that pro- 
mote the synthesis of matrix components 
control the composition of connective 
tissue elements under altering physiolog- 
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ical and pathological states (6). Howev- 
er, if this were the case the release of 
putative catabolic factors from a specific 
tissue would have to initiate the deple- 
tion of or enhance the turnover of the 
intercellular matrix of that same tissue. 
We have investigated this hypothesis us- 
ing vascular tissue as the test system. 

Heart valves, including the chordae 
tendinae, the proximal 2 cm of the aorta, 
and the papillary muscles, were removed 
from hearts of freshly slaughtered pigs 
and minced. The minced tissue was cul- 
tured in Dulbecco's modified Eagle's 
medium (DME) at 37°C in an atmosphere 
of 5 percent C02  and 95 percent air (3). 
The medium was changed every other 
day for up to 14 days, with each portion 
being diluted 1: 1 with DME plus 10 
percent fetal calf serum. This medium 

Fig. 1. Kinetics of chondroitin sulfate release 
from bovine nasal cartilage in response to 
partially purified synovial catabolin (C) and 
catabolic factors from pig hearts. Bovine na- 
sal disks were exposed for 2 weeks to catabo- 
lin (20 pg/ml) or 1: 1 dilutions of medium from 
4-day cultures of heart valve (HV), aortic ( A ) ,  
or papillary (P) muscle. At specified intervals 
the medium was digested with papain and the 
chondroitin sulfate was determined by means 
of dimethylmethylene blue reagent. After 2 
weeks the remaining disks were also digested 
and the results were expressed as micrograms 
of chondroitin sulfate released per milliliter of 
medium (mean & standard error). Live and 
dead cartilage disks were used as controls to 
demonstrate the degree of spontaneous re- 
lease of matrix which occurs over the course 
of the experiment. All assays were conducted 
in quintuplicate. 

8 0  Chondroitin sulfate 

was then tested for its catabolic activi- 
ty on bovine nasal cartilage disks (1 
by 3 mm) or on portions of heart valve 
(50 mm2). After culturing the tissue for 
up to 2 weeks we measured the chon- 
droitin sulfate and hydroxyproline con- 
tent in portions of the medium and in a 
papain digest of the cartilage and heart 
valves (7, 8). 

Cultivation of bovine nasal disks in the 
presence of medium obtained from cul- 
tured heart valve and aorta induced the 
degradation of cartilage matrix, whereas 
medium from papillary muscle cultures 
elicited little or no release of chondroitin 
sulfate (Fig. 1). This response required 
the presence of live cartilage; dead carti- 
lage failed to respond to either catabolin 
or the heart valve factors. The kinetics of 
chondroitin sulfate liberation stimulated 

7% Dead cartilage 

2 6 10 14 

Time in culture (days) 

40 r Hy droxyproline 

0-0 c 
A-A HV 
0-0 Live 
0-0 Dead 

Time in culture (days)  

Fig. 2. The kinetics of (A) chondroitin sulfate and (B) hydroxyproline release from heart valves 
(50 mm2) cultured in the presence of porcine synovial catabolin (C) or a 1: 1 dilution of heart 
valve (HV) medium. Chondroitin sulfate was measured as outlined in Fig. 1. Hydroxyproline 
was determined in portions of the papain digests of media and heart valves by means of 
Stegemann's method as modified by Rurleigh et a/ .  (8). Controls consisted of cultures that were 
not supplemented or tissue that had been killed by three repeated freeze-thaw cycles. 
Chondroitin sulfate and hydroxyproline content was expressed as micrograms of the glycosa- 
minoglycan or amino acid acid per milliliter of medium (mean 2 standard error). All assays 
were conducted in quintuplicate. 

by these cardiac factors closely resem- 
bled the kinetics of chondroitin sulfate 
release in response to partially purified 
synovial catabolin (Fig. 1). After 2 weeks 
in vitro, disks exposed to catabolin had 
released approximately 85 percent of the 
chondroitin sulfate, whereas those ex- 
posed to the heart factors showed a 65 to 
80 percent breakdown of cartilage matrix 
(Fig. 1). 

The medium derived from cultured 
heart valves was then itself exposed to 
freshly explanted valves, and chondroi- 
tin sulfate and hydroxyproline were mea- 
sured to determine whether autologous 
media would induce the degradation of 
valvular extracellular matrix. Although 
heart valves contain far less proteogly- 
can than bovine nasal cartilage (10 per- 
cent of that in a cartilage disk), synovial 
catabolin and the heart valve medium 
both stimulated the release of chdndroi- 
tin sulfate with almost identical kinetics 
(Fig. 2A). Maximum release appeared to 
occur after exposure to the factors for 12 
days. Control cultures of live and dead 
tissue spontaneously released very little 
proteoglycan during this intervening pe- 
riod. In contrast, the degradation of col- 
lagen proceeded much more slowly with 
little release of hydroxyproline being ap- 
parent until day 8 of culture. Even after 2 
weeks of exposure to either catabolin or 
the heart valve factor only 30 to 40 
percent of the collagen appeared degrad- 
able (Fig. 2B). 

These experiments indicate that cul- 
tured heart valves and aorta, but not 
papillary muscle, may be added to the 
list of cells and tissues (Table 1) that 
produce a factor that stimulates the 
breakdown of proteoglycan and collagen 
in bovine nasal disks. Since the kinetics 
of chondroitin sulfate release closely 
parallel those produced by synovial cata- 
bolin, it is possible that these cardiac 
factors are similar or identical to synovi- 
a1 catabolin (4). 

The heart valve factor acts on the 
tissue of its origin and generates the 
degradation of its own intercellular ma- 
trix. It is tempting to suggest that the 
regulated secretion of these factors may 
interact with those controlling synthesis, 
thereby modulating the turnover of ma- 
trix macromolecules, and that only dur- 
ing severe pathological circumstances do 
they provoke tissue injury. One such 
pathological insult, termed "floppy 
valve," is characterized by a progressive 
depletion of extracellular matrix from 
diseased mitral valves (9). Although the 
etiology of the disease is unknown, the 
depletion of collagen, elastin, and gly- 
cosaminoglycans is extensive and is ac- 
companied by a mild cellular hyperplasia 
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(10). Since no mononuclear inflamma- 
tory cells have been observed in this 
lesion, it has been proposed that resident 
fibroblasts are responsible for the matrix 
destruction. It  is conceivable that cata- 
bolic factors of the variety secreted from 
porcine mitral and aortic valves mediate 
such tissue injury. 

The present observations imply a pos- 
sible role for such factors during devel- 
opment of degenerative disease; howev- 
er, their mode of action implies that they 
might function in the normal turnover of 
extracellular macromolecules as  well. 
Tissue catabolids may also be active 
during wound healing. Since human and 
porcine synovium fail to produce catabo- 
lin in the presence of hydrocortisone 
( l l ) ,  the poor wound healing that fre- 
quently attends corticosteroid therapy 
may well reflect an inhibition of turnover 
and repair processes that require these 
factors. Therefore, the hypothesis that 
catabolins may have a more general role 
in cell-tissue interactions may be perti- 
nent not only to our understanding of the 
mechanisms that modify tissue integrity 
but also to the pharmacological control 
of tissue damage in catabolic diseases. 
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Anti-Inflammatory Steroids Without 
Pituitary-Adrenal Suppression 

Abstract. When two new steroids, methyl prednisolonate and methyl 20-dihydro- 
prednisolonate, were applied locally their anti-inflammatory activities were nearly 
equivalent to those of the parent compound prednisolone in the cotton pellet 
granuloma bioassay. However, when these two derivatives were administered 
systemically, their anti-inflammatory activities were weaker than those of the parent 
compound. Furthermore, unlike the parent compound, these new anti-injlamtnato~y 
steroids did not suppress pituitary-adrenal function or cause liver glycogen depletion 
in rats. 

Although the beneficial effects of natu- 
ral and semisynthetic corticosteroids in 
the treatment of inflammatory and aller- 
gic conditions have been appreciated for 
over 30 years, complications arising 
from steroid therapy have imposed limi- 
tations on the clinical use of this class of 
drugs (I). The shortcomings are largely 
inherent in the nature of corticosteroids 
themselves; not only do glucocorticoste- 
roids possess multiple biological activi- 
ties, but the structural requirements for 
various activities appear to be overlap- 
ping and inseparable. If the actions of 
corticosteroids could be localized, many 
of the complications could be eliminated. 
Although methods for the local adminis- 
tration of steroids have been devised (2), 
complications associated with local ste- 
roid treatment for psoriatic, rheumato- 
logic, eczematous, asthmatic, and oph- 
thalmic patients have been reported (3). 
This situation calls for new approaches 
in developing anti-inflammatory steroids 
that are devoid of toxicities. 

In developing a new concept, we were 
guided by several considerations: (i) cor- 
ticosteroid pharmacotherapy appears to 
offer an abundance of agents, but no 
truly safe drug; (ii) systemic effects of 
steroids are unnecessary complications 
which accompany treatment of many in- 
flammatory conditions; (iii) an intact ke- 
to1 side chain is not an absolute require- 
ment for the anti-inflammatory activity 
of corticosteroids (4, 4a, 5); and (iv) 
steroid acid esters with intact ring struc- 
tures corresponding to the known potent 
glucocorticoids retain anti-inflammatory 
activity but upon entry into the circula- 
tory system from the site of administra- 
tion are hydrolyzed to steroid acids that 
are inactive and readily excreted (6). 

We now report that ester derivatives 
of steroid-21-oic acids, applied local- 
ly, possess anti-inflammatory activity 
equivalent to the parent compound but 
do not suppress adrenal function or liver 
glycogen content in rats. 

The anti-inflammatory activities of 
methyl prednisolonate (7), methyl 20- 
dihydroprednisolonate, and 20-dihydro- 
prednisolonic acid (8) were evaluated in 

the cotton pellet granuloma bioassay in 
rats (9). Thymolytic, liver glycogen de- 
pository, and pituitary-adrenal (PA) sup- 
pressive effects were monitored. When 
the rats were under mild anesthesia we 
implanted two cotton pellets (35 i 1 mg 
each) subcutaneously, one in each axilla. 
The local effects of the steroids on granu- 
loma formation were determined by in- 
jection of the compound into the cotton 
pellet before implantation; the systemic 
effects were evaluated by giving daily 
intramuscular injections of the com- 
pounds after pellet implantation. Seven 
days after implantation the rats were 
killed and granuloma, adrenal, thymic, 
and body weights were measured. Blood 
samples were analyzed for adrenocorti- 
cotropin (ACTH) (10) and corticosterone 
(11) and livers were analyzed for glyco- 
gen content (12). 

Prednisolone caused a significant de- 
crease in all the values measured in 
control rats. In contrast, the new ste- 
roids methyl prednisolonate and methyl 
20-dihydroprednisolonate, when they 
were administered locally, selectively 
suppressed the weights of granulomas 
and thymus glands but did not alter adre- 
nal weights, plasma ACTH, plasma cor- 
ticosterone, or liver glycogen (Fig. 1A). 
In this study high doses of steroids were 
administered deliberately in order to de- 
tect any possible systemic toxicities. At 
the dose level of 2.5 mg per pellet, meth- 
yl prednisolonate and methyl 20-dihy- 
droprednisolonate decreased granuloma 
formation by 56.9 percent and 58.6 per- 
cent, respectively. These values are 
comparable to the 58.3 percent granulo- 
ma inhibition obtained with the same 
dose of the parent compound predniso- 
lone, and suggest that some degree of 
freedom is available for modifying the 
ketol side chain of corticosteroids with- 
out losing anti-inflammatory activity. 
This is supported by the anti-inflamma- 
tory activity reported for the fluocorto- 
lonate esters (4a, 13). However, with 
doses of 5 mg per pellet, prednisolone 
exhibited a higher inhibitory effect on 
granuloma formation (70.29 percent) 
than either methyl prednisolonate (55.6 
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