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Change in elastin structure in human aortic connective tissue diseases
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Summary. Biochemical pathogenesis of the aortic connective tissue diseases (such
as, Marfan’s syndrome, dissecting aneurysm or aortic aneurysm) was examined
by estimating glycoprotein, collagen and elastin contents in the aorta and the
intramolecular cross-linking component (isodesmosine) and the intermolecular
cross-linking components (cystine, histidinoalanine) in comparison with the
control samples obtained from subjects with aortic regurgitation. The elastin
content in the aorta and isodesmosine content obtained from the extract of the
aortic sample found to be decreased. Ratio of cysteine residues (Cys/Cys-Cys)
in the elastin fraction in disease increased. Content of histidinoalanine was found
to be decreased. It may be suggested that elastin is maintained in its native nature
and shape by intra- and inter-molecular cross-linking bridges, and they are
readily denatured by various disease conditions. After elastin was solubilized by
elastase, immunoreactive elastin content in those aortic diseases was found
to be increased in the human connective tissue. Serum elastase and elastase-like
activities tend to increase more than those in the control. These findings may
suggest that the change in the structure of elastin would make more susceptible
to elastase and other proteolytic enzymes. The reasonable hypothesis may
be that molecular defect of fibillin or other constitutional structural glycopro-
teins produce deficient and functionally incompetent elastin associated micro-
fibrils, and the defect of microfibrils cause to insufficient intra- and inter-molecu-
lar cross-links in elastin.
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Introduction

Marfan’s syndrome and aneurysm were histologically defined as connective
tissue desease accompanying aortic media distruption and systemic medial
necrosis of aorta. Diseases of the connective tissue can result either from alter-
ations in the quantity of normal connective tissue or from abnormalities affecting



288 Y. Seyama et al.

the molecular structure and organization. Previously, biochemical abnormality
has been demonstrated in elastin content and its cross-links in those patient’s
aortae (Abraham et al., 1982; Campa et al., 1987). Recently, fibrillin, one of the
structural glycoproteins, was characterized and proved immunologically to
be elastin-associated microfibrils in human tissues (Hollister et al., 1990). The
ocular and cardiovascular manifestations of Marfan’s syndrome are consistent
with a defect in the gene coding for a structural constituent of these connective
tissues (Lee et al., 1991; Maslen et al., 1991). Mature elastic fibers are composed
of two distinct structural components of amorphous elastin, surrounded by
microfibriles. It may be suggested that disorder of elastin and elastin-associated
microfibriles (containing fibrillin) interaction were one of pathogeneses of con-
nective diseases, Marfan’s syndrome and aneurysm. In this study, we have
examined the change of aortic connective tissue components and elastin related
intra- or inter-molecular cross-links to estimate biochemical pathogenesis of
these aortic connective tissue diseases (Marfan’s syndrome, dissecting aneurysm
or aortic aneurysm).

Material and methods

The abdominal aortae and sera with Marfan’s syndrome (n = 8), dissecting aneurysm (n = 6)
and aortic aneurysm (1 = 6) were obtained from the human adults (Age: 20-50) at surgical
operation at Tokyo Womens Medical University. For comparison, aortae were obtained
from age-matched control patients with aortic regurgitation (n = 5). All samples of them
were analyzed for the enzyme activity in serum, and several samples of them were estimated
from content of connective tissue or content of cross-linking components, because aortic
sample was not sufficient, since it was obtained from small pieces at surgical operation. The
intima-media of the aortic samples were separated from the adventitia, washed with 0.9%
NaCl and then water, and the aortae were freeze-dried, defatted and dried with a mixture
of CHCl1;-MeOH (2: 1) and then with acetone (dry tissue). Each connective tissue was
separated as described in the previous report (Seyama et al.,, 1990), that is, the sample was
left in 0.9% NaCl for 24 h. The extract was then decanted and the residue was extracted with
5.1 M guanidium chloride for 24 h. The supernatant solution {A: glycoprotein fr.) was
decanted and then the precipitate was suspended in water and autoclaved according to the
method of Fisher and Liaurado (1966). The supernatant (B: collagen fr.) and residue
(C: elastin fr.) were separated by the autoclaving. Each fraction (A, B and C) were dialyzed
against water, then freeze-dried (freeze dry weight of each fraction), and then elastin fr. was
purified by extraction with CNBr-HCOOH solution as described by Rasmussen et al. (1975).
The purified elastin fr. was neutralized with dil. NH,OH and then freeze-dried. The elastin
content in the aorta was expressed as the amount of (C) fr./tissue dry weight (3, dry weight).
The amount of purified elastin fr. was also expressed as the amount of purified elastin fr./
(C) fr. (%, dry weight). The measurement of isodesmosine, which is the specific component
in elastin, in the acid hydrolysate of tissue have been analyzed by HPLC as described in the
previous report (Seyama et al., 1987). We have applied on enzyme-linked immuno sorbent
assay (ELISA) for the quantitative determination of elastin in the purified elastin fr. solubi-
lized by porcine pancreatic elastase (Eisai Co.), by using the method described by Rennard
et al. (1980). For ELISA, the antigen and antibody were prepared by the method of Mecham
and Lange (1982). Insoluble purified elastin (antigen) was prepared from human aorta by
the above described method of purification method. The proportion of the elastin as judged
by isodesmosine content was analyzed by HPLC. The human insoluble elastin solubilized
by porcine pancratic elastase (an enzyme: substrate mg ratio of 1: 100), and antiserum was
prepared using the above mentioned elastase solubilized insoluble elastin. The antiserum
(dilution 1 : 200) can be obtained and maintained rabbits immunized with the above antigen
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in the complet Freund’s adjuvant injected twice weekly for 6 months. A useful property
of thus obtained antiserum to human elastin is the ability to specifically react with elastase
solubilized elastin and to cross-react with human a-elastin, and the antiserum showed similar
properties to commercially available antihuman a-elastin. For the determination of cysteine
and cystine residues in elastin fr., the cysteine residue in purified elastin fr. was derivatized
with a fluorogenic reagent, ammonium-7-fluorobenzo-2-0xa-1,3-diazole-4-sulphonate
(SBD-F) with or without tributylphosphine (reductive disulfide bonds dissociating reagent)
according to the method of Sueyoshi et al. (1985). The reaction product was hydrolyzed with
6N HCI for 24 h at 110°C and then the cyteine in hydrolyzate was separated on HPLC as
described by Toyooka and Imai (1983), and the ratio (Cys/Cys-Cys) was calculated by results
of HPLC. On the other hand, collagen fr. was hydrolyzed to estimate hydroxyproline (Hyp)
content as described by Jamall et al. (1981), and the collagen content in the aorta was
expressed as ug Hyp/mg freeze-dried weight of collagen fr. and the glycoprotein fr. also
hydrolyzed to estimate sialic acid content by acid ninhydrine reaction (Yao et al,, 1989). To
obtain the glycoprotein content, the sialic acid content (pmol sialic acid) was divided by
amount of glycoprotein fr. Another aliquot of dried aortic sample was weighed, and hy-
drolyzed with 6N HCl for 24 h at 110°C. The histidinoalanine, new cross-links of connective
tissue proteins, was analyzed according to the method described by Fujimoto (1982). Flastase
[EC: 3.4.21.11] and elastase-like (N-succinyl-Ala;-p-nitroanilide; Suc-Ala; pNA hydrolytic)
activities in the serum were measured according to the previous reports (Seyama et al., 1982;
Katagiri et al., 1979). For the comparison with other enzymatic activities, f-glucuronidase
[EC: 3.2.1.31] and collagen related peptidase (X-prolyl dipeptidyl-aminopeptidase; Gly-pro-
pNA hydrolytic) activities were measured according to the previous reports (Inoue et al.,
1982 ; Hino et al., 1976).

Results and discussion

In this study, we examined various connective tissue contents in the aortae of
patients with Marfan’s syndrome, dissecting aneurysm or aortic aneurysm in
comparison with the control samples obtained from subject with aortic regurgi-
tation (Table 1). Collagen, glycoprotein and elastin were fractionated by the
method of previous report (Seyama et al., 1990), and amount of each connective

Table 1. Comparison of aortic glycoprotein, collagen and elastin contents obtained from different

patients
AR M DA AA
Glycoprotein content 341 +3.62 393 4+ 426 30.8 + 7.07 24.5 + 5.00
(p mol sialic acid/ (5) 5 (3) 3
mg glycoprotein fr.)
Collagen content 419+ 292 39.2 + 3.18 393 4+ 746 39.6 + 3.10
(ug Hyp/mg collagen fr.) (5) (™) 4 @
Elastin content 432 +5.23 184 4 2.38**  29.6 + 4.71 19.9 + 3.20%*
elastin fr./tissue dry weight 5 (8) 6) (6)
(% dry weight)
Purified elastin content 322 +3.13 8.47 + 3.12* 240 + 6.06 277 + 11.0
purified elastin fr./elastin fr. 2) (3) 4) 4)

(% dry weight)

AR Aortic regurgitation, M Marfan’s syndrome, DA Dissecting aneurysm, A4 Aortic aneurysm.
*P < 0.05,**P < 0.01. Significantly from the control {Aortic regurgitation). { ): Nos. of assay sample.
Results are given as mean + SE.
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tissue was estimated by specific component of each fraction. Because, extraction
of the composition of each fraction revealed that the glycoprotein fraction
contained mostly sialic acid, the collagen fraction and elastin fraction have Hyp
and the elastin fraction have only isodesmosine, and the amount of Hyp in the
collagen fr. accounted for 80-90°% of the sum of the Hyp content of each
connective tissue, as described by previous report (Seyama et al., 1990). Collagen
content (estimated from Hyp) and glycoprotein content (estimated from sialic
acid) are similar to those in the control sample. While, the elastin content in the
aortae obtained from those patients decreased in comparison with the control
sample. The relative amount of purified elastin fr. from those patients, especially
Marfan’s syndrome, decreased in comparison with the control sample. We
suggest that the reduction of elastin is due either to altered properties of elastin
or to negative balance in its turnover, and then the content of intramolecular
cross-linking component (isodesmosine) and intermolecular cross-linking com-
ponents (cystine, histidinoalanine)in the aortae was examined (Table 2). Elastin
specific cross-linking component, isodesmosine obtained from the extract of
aortic sample greatly decreased in comparison with control. Recently, Indik
reported that tropoelastin containes two Cys residues and basic amino acid
residues located in the near C-terminus, and tropoelastin may interact, possibly
through disulfide bonds, with other acidic matrix protein, such as microfibrill.
Ratio of cysteine residues (Cys/Cyc-Cys) in the elastin fr. in these diseases
increased more than those in the control. The content of histidinoalanine, formed
between acid structure protein residues and elastin or collagen, was found to be
decreased in comparison with control. Such abnormally intra- or inter- molecu-
lar cross-linked elastic fibers can also be expected to be solubilized more easily
by the extraction. These alterations can make the elastin fibers more susceptible
to elastolytic processes, €.q., to proteases of the circulating blood or to endo-
geneous aortic elastase. These metabolic change is similar to experimental
lathyrism (treatment with inhibitor of cross-linking required enzyme), and the
possibility was supported by previous reports (Dubick et al., 1988) in case of

Table 2. Contents of inter- and intra-molecular cross-linking components and immunoreactive
elastin obtained from different patients

AR M DA AA

Isodesmosine content 13.8 4+ 3.43 349 + 1.68*  3.83 + 1.66* 3.38 + 1.22%
(nmol isodesmosine/mg 4) (5 (6) 6)
elastin fr.)

Ratio of Cys/Cys-Cys in 8.82 19.8 22.7 12.7
the elastin fr. (3}) (2) 2) (2) 2

Histidinoalanine content 14.6 + 4.27 317 £ 1.24 3.73 + 0.602 4.85 + 2.18
(nmol histidinoalanine/mg 3) (3) 3) 3)
dry tissue)

Immuno-reactive elastin 265 + 304 572 + 111 354 + 574 629 + 156
content (ug elastin/mg (4) (6) (3) (3)

elastin fr.)

Refer to Table 1 for various abbreviations, etc.
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Table 3. Comparison of various serum enzymatic activities obtained from different patients

AR M DA AA
o) (8) (6) (6)
Elastase activity 0.0465 + 0.0165 0.0689 4+ 0.0245 0.179 + 0.0807* 0.0770 + 0.362
Elastase-like 0.115 + 0.0389 0.240 + 0.0683  0.306 + 0.0765* 0.195 + 0.0778
activity
f-glucuronidase 26.4 + 8.48 13.3 4+ 2.37 25.8 +£ 6.50 19.6 + 3.68
activity '
X-prolyl dipeptidyl- 433 +2.42 46.8 + 4.67 42.0 +5.23 50.8 +2.33
amino peptidase
activity

Flastase activity (substrate; elastin, unit; Leu pmol/2 h/0.1 ml serum), Elastase-like activity
(substrate; Suc-Alay; pNA, unit; pNA umol/min/l serum), f-glucuronidase activity (substrate;
4-methylumbelliferyl-sulfate, unit; 4-methylumbelliferone nmol/h/l serum), x-prolyl dipeptidyl-
aminopeptidase activity (substrate; Gly-Pro pNA, unit; pNA pmol/min/l serum).

Refer to Table 1 for various abbreviations, etc.

aortic aneurysm. These findings may suggest that elastin lost its specific elas-
tomer due to its hydrophobic nature and to a series of lysine-derived or cysteine-
derived covalent cross-links. After elastin was solubilized by elastase, immuno-
reactive elastin content in those aortic diseases were found to be increased in
comparison with the control sample as demonstrated by ELISA (Table 2). The
data would suggest that the denatured elastin due to various disease conditions
caused to increase solubilization by elastase treatment, and consequently caused
to increase immuno-reactivity, and in addition to serum elastase and elastase-
like activity tend to increase especially in dessecting aneurysm more than that
in control (Table 3). These findings may suggest that the change in the structure
of elastin fiber due to various disease conditions would make more susceptible
to elastase and other proteolytic enzymes. These findings well correlate with the
histopathogenic changes observed in the aorta, demonstrating fragmentation
and loss of elastic fibers in disease states. A reasonable hypothesis may be that
molecular defect of fibillin or other constitutional stractural glycoproteins pro-
duce deficient and functionally incompetent elastin associated microfibrils, and
the defect of microfibrils cause to insufficient intra- and inter-molecular cross-
links in elastin, these structual changes make more susceptible to elastase and
other proteolytic enzymes.

Acknowledgments

The authors thank to Dr. D. Fujimoto for supplying authentic standard of histidinoalanine
and to Dr. K. Seino for human aortic samples obtained from different patients at operation.

References

Abraham PA, Perejde AJ, Carnes WH, Uitto J (1982) J Clin Invest 70: 1245—1252
Campa JS, Greenhalgh RM, Powell JT (1987) Atherosclerosis 65: 1321



292 Y. Seyama et al.: Elastin structure

Dubick MA, Hunter GC, Perez-Lizano E, Mar G, Geokas MC (1988) Clin Chim Acta 177:
1-10

Fischer GM, Liaurado JG (1966) Circ Res 19: 394-399

Fujimoto D (1982) Biochem Biophys Res Commun 109: 1264—1269

Hino M, Fuyamada H, Hayakawa T, Nagatsu T, Oya H, Nakagawa Y, Takemoto T,
Sakakibara S (1976) Clin Chem 22: 12561261

Hollister DW, Godfrey M, Sakai LY, Pyeritz RE (1990) N Engl J Med 323: 152-159

Indik I, Yeh H, Ornstein-Goldstein N, Rosenbloom J (1990) In: Sandeli LJ, Boyd CD (eds)
Extracellular matrix genes. Academic Press, New York, p 223

Inoue H, Seyama Y, likura Y, Yamashita S (1982) Jpn J Clin Chem 11; 29-37

Jamall IS, Finelli VN, Que-Hee SS (1981) Anal Biochem 112: 70-75

Katagiri K, Ito K, Miyaji M, Kakeuchi T, Yoshikane K, Sasaki M (1979) Clin Chim Acta
95: 401-404

Lee B, Godfrey M, Vitale E, Hori H, Mattei MG, Sarfarazi M, Tsipouras P, Ramirez F,
Hollister DW (1991) Nature 352: 330-334

Maslen CL, Corson GM, Maddox BK, Glanville RW, Sakai LY (1991) Nature 352: 334--339

Mecham RP, Lange G (1982) Methods Enzymol 82: 744-759

Rasmussen BL, Brenger E, Sandberg LB (1975) Anal Biochem 64: 255-259

Rennard SI, Berg R, Martin GR, Foidart JM, Robey PG (1980) Anal Biochem 104:205-214

Seyama Y, Usami E, Yamashita S (1982) Chem Pharm Bull (Tokyo) 30: 644—651

Seyama Y, Inoue H, Iwama M, Watanabe H, Irie M, Orimo H, Yamashita S (1987) Jpn J
Clin Chem 16: 38—47

Seyama Y, Hayashi M, Usami E, Tsuchida H, Tokudome S, Yamashita S (1990) Jpn J Clin
Chem 19: 53-61

Sueyoshi T, Miyata T, Iwanaga S, Toyooka T, Imai K (1985) J Biochem 97: 18111813

Toyooka T, Imai K (1983) J Chromatogr 282: 495-500

Yao K, Ubuka T, Masuoka M, Ikeda T (1989) Anal Biochem 179: 332-335

Authors’ address: Y. Seyama, Department of Clinical Chemistry, Hoshi College of
Pharmacy, 2-4-41 Ebara, Shinagawa-ku, Tokyo 142, Japan.



