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Abstract Patterns of amyloid distribution and extracellikey words Haemodialysis B,-Microglobulin -

lar matrix changes in the heart and gastrointestinal traghyloidosis - Chondroitin sulfate - Heparan suiiate
were compared among,-microglobulin (B2M), AA
(secondary), and AL (primary and multiple myeloma-as-
sociated) amyloidosis cases. B2M amyloid was foundlistroduction

be mainly distributed in the small arterioles, venules, en-

docardium and muscularis propria of these organs, feewly established form of systemic amyloidosis, seen
deposits characteristically forming subendothelial nodisequently in patients on long-term haemodialysis, has
lar lesions in the vessels. A marked increase of chonds@iracted increasing attention [14, 31]. The major constit-
itin sulfate (CS) was consistently detected in B2M amyent protein in so-called haemodialysis-related amyloid
loid. Heparan sulfate (HS) also showed an increasehis been identified gs,-microglobulin (B2M) [7], with
amyloid deposits, but with less reactivity than CS in themolecular weight calculated to be about 11,800 Da,
small arterioles or venules. Basement membrane strwich is similar to that of native B2M. It is well known
tures stained positively for laminin and collagen type at B2M amyloidosis has a preferential tissue distribu-
were replaced by negative amyloid deposits. In the Aibn, involving the synovium, ligament, articular carti-
cases, the muscularis propria of the gastrointestinal triagfe and intervertebral discs. Arthropathy caused by this
was involved in amyloid deposits, as seen for the B2pe of amyloid is characterized by carpal tunnel syn-
type, but the vascular amyloid deposits were localizeddrome, persistent oligoarticular swelling and effusions,
the media and adventitia of larger vessels. InmunoreBgic bone lesions, and destructive spondyloarthropathy
tivity for HS was more intense than that for CS, and [m4, 31]. Recent case reports with examination of autop-
increase in laminin or collagen type IV was observed. 4§ materials have revealed that it may also affect the var-
the AA cases, amyloid deposits were distributed in thgis visceral organs, especially in long-term haemodialy-
capillaries, small arterioles, interstitium of the myocardiis patients [3].

um and mucosa. Immunoreactivity for laminin and colla- In our previous study, we established that amyloid de-
gen type IV was marked, and more intense than that @sition occurs much earlier in the cervical intervertebral
HS and CS. Although the existence of a direct relatiadiscs than in the visceral organs, and that this early depo-
ship between increase in extracellular matrix material agitlon is closely associated with tissue degeneration at-
amyloidogenesis remains to be proven, the observed valibutable to mechanical stress [21]. An increase of gly-
ation in extracellular matrix changes in the backgrougdsaminoglycans, such as chondroitin sulfate (CS), is a
of each type of amyloidosis may indicate different bindonstant finding shown not only in the amyloid deposits
ing sites of the amyloid precursor proteins, resulting bt also in the surrounding degenerative tissue changes

the specific histological features and distribution. [22]. Co-deposition of basement membrane components,
K. Ohashi () such as heparan sulfate (HS) proteoglycan, has been re-
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To define and compare the pattern of amyloid disttie Department of Pathology, Toranomon Hospital, Tokyo. Three

bution and_extracellular matrix changes in B2M, AAherBaM amyloidosis patients had been diagnosed at the Depart
; : ent of Pathology, Japan Red Cross Medical Center, Tokyo, an

(s_,econdary) a.nd AL (primary or multiple myeloma—assﬁ‘he at the Depargt?,nentpof Pathology, Nakano General Hosp%al, To-
ciated) amyloidosis, we collected 11 B2M, 8 AA and |8o. Clinical profiles of patients undergoing haemodialysis are

AL cases featuring visceral organ deposition. To rule cuimmarized in Table 1, cuprophane membrane being used in al-
organ-specific changes in extracellular matrix, we pépost all cases. Of the 8 AL-type patients, 4 presented with multi-
myeloma and 4 were diagnosed as having primary amyloido-

formed a compa_ratlve_ study using the same organs, gﬁ?Of the 8 AA-type patients, 5 had been associated with rheuma-
heart and gastrointestinal tract. B2ZM amyloid depositsgiy arthritis, 1 had a bladder cancer, 1 had pulmonary tuberculo-
visceral organs are generally scanty, and it is almost i1; and 1 had polycystic kidneys.

possible to extract and purify the extracellular matrix as- Organs taken at autopsy were fixed in 10% formalin solution

sociated with amyloid fibrils from these tissues. We iﬁl[]d routinely processed to paraffin blocks, which were cut serially

- . or 6um and deparaffinized. Sections cut giré were stained
vestigated extracellular matrix changes, such as HS, Q Congo red according to the method of Puchtner et al. [24].

dernatan sulfate (DS) proteoglycan (decorin), collag@myloid deposition was confirmed histologically by positive
type 1V, laminin and fibronectin immunohistochemicallygtaining and characteristic green birefringence under polarized
using various monoclonal antibodies or antisera. T?t. Using sections cut at @m, immunohistochemical staining

. . . B2M, AA protein,k-light chain,A-light chain (Dakopatts, Co-
role of extracellular matrix changes in amylmdogene% nhagen) and various extracellular matrix components was per-

is discussed. formed. Foci of positive staining in each case were compared with
the sites of amyloid deposition. In the present B2M amyloidosis
cases, amyloid deposits showed positive staining only for B2M
- and never showed a positive reaction for AA protein, okttend
Materials and methods A-light chains.

The monoclonal antibodies and antisera against extracellular
This study was performed using autopsy specimens from 11 B2iRtrix components used in the present study are listed in Table 2.
8 AL, and 8 AA amyloidosis patients. In all 11 B2M amyloidosifor CS staining, four kinds of monoclonal antibodies were ap-
cases, amyloid deposits were observed in both visceral organspliedl. CS56 recognizes the native glycosaminoglycans, and
periarticular tissues, such as synovium, ligament and intervertetW&225 the long chains of d-unit type, while 2B6 and 3B3 detect
discs. Seven of the B2M amyloidosis cases and all of the individbe disaccharided\Di-4S andADi-6S, remaining after digestion
als suffering from AL and AA amyloidosis had been diagnosedfat chondroitinase ABC. To detect heparan sulfate we used the

Table 1 Visceral organ in-

volvement of haemodialysis-re- No.of Age Sex Cause HD Amyloid deposition
lated amyloidosisHD haemo- ~ €ases period
dialysis,CGN chronic glomer-
ulonephritis,Y years,G-I tract 1 71 M Gout 12Y  Heart, G-I tract, adrenal gland
gastrointestinal tract) bladder 2 82 M CGN 16Y  Heart G-l tract, prostate
urinary bladderitalics indicate 3 66 F CGN 16Y  Heart, G-l tract, pancreas, liver
samples examined immuno- 4 66 F Unknown 17Y  Heart, G-I tract, liver, kidney, ovary, uterus, U bladder
histochemically; 5 36 M CGN 18Y  Heart, G-l tract, lung, pancreas, liver, kidney, adrenal
’ gland, tongue, prostate, U bladder, epididymis
6 59 M CGN 18Y Heart, G-I tract, salivary gland
7 53 M Unknown 18Y  Heart, G-I tract, peritoneum
8 53 M CGN 19Y G-l tract
9 72 M CGN 19Y Heart, G-I tract, lung, liver, kidney, salivary gland,
tongue, prostate, epididymis
10 54 F Unknown 21Y  Heart, G-I tract, salivary gland, U bladder, uterus
11 68 F Unknown 21Y  Heart, G-I tract, liver, kidney, lung, pancreas, thyroid

adrenal gland, ovary, tongue

Table 2 Monoclonal and polyclonal antibodies used in the present =tudy

Extracellular matrix Clone Dilution Pretreatment Source Reference
B2-Microglobulin (poly) 100 Trypsin DAKO

Amyloid A protein mcl 50 Trypsin DAKO [15]

Kk Light chain (poly) 500 - DAKO

A Light chain (poly) 500 - DAKO

Type IV collagen JK199 200 Pronase E Shiseido [11]
Laminin (poly) 50 Pepsin Sanbio

Fibronectin MF1B 10 Microwave Cappel

Heparan sulfate 10E4 100 - Seikagaku Kogyo [6]
Chondroitin sulfate CS56 200 - Seikagaku Kogyo [2]
Chondroitin sulfate MO225 100 - Seikagaku Kogyo [33]
Chondroitin sulfate4dDi-4S 2B6 100 Chondroitinase ABC Seikagaku Kogyo [4]
Chondroitin sulfate4dDi-6S 3B3 100 Chondroitinase ABC Seikagaku Kogyo [4]
Dermatan sulfate proteoglycan 6B6 1000 Chondroitinase ABC Seikagaku Kogyo [29]

(decorin), core protein
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10E4 monoclonal antibody, which recognizes glycosaminoglgtand, ovary or peritoneum was also observed in num-
cans, not core proteins. In the present study, since all matergdss of cases.

were taken at autopsy, the preservation of tissues was inferior to . .
that usual with experimental models. This is presumably the rea-AA' and AL-type amyloid deposits were also com-

son why the monoclonal antibody for detecting core protein Bionly observed in the heart and gastrointestinal tract.
heparan sulfate proteoglycan (perlecan) did not react with basable 3 summarizes findings for the localization of the

Lnoedr;; &ferzga;gofgﬁggﬁ gff glc?p%?iﬁgfygiﬁ”?e'clﬁﬁ g?gtrqrw‘ee types of amyloid in the heart and gastrointestinal
ments with pronase E, pepsin, chondroitinase ABC, or rﬁicrow;R/PéCt' B2M-type amyloid deposits in the heart were local-

heating were necessary for collagen type IV, lamiaibj-4S and 12€d in the intramyocardial small vessels and endocardi-
ADI-6S disaccharide, DS and fibronectin staining, as shown in T#m. Interstitial deposition surrounding individual myo-
ble 2. For HS, formic acid pretreatment was also performed, bugjites was not observed in any of the cases, in contrast to

did not change the immunoreactivity of positive control sectiorme frequent occurrence of AA amyloid deposits in this
Basement membrane structures in kidney tissue were stained a

a X ) ; .
positive control for HS, laminin, collagen type IV, and fibronectirﬁﬁe’ forming nodular lesions and sometimes replacing
Matrix material and chondrocytes in cartilaginous tissue weilde@ myocytes. AL-type amyloid deposits in the intramyo-
stained as a positive control for CS. Dermal interstitium of thgardial interstitium were noted at a frequency intermedi-
skin was utilized for DS proteoglycan. As negative controls, segre hetween those for the AA and B2M types.

tions were incubated with normal serum. . .
For immunohistochemistry, paraffin-embedded sections werg [N the gastrointestinal tract, both B2M and AL types

laid on poly-L-lysine-coated slides, and deparaffinized. Digesti§ifiowed parenchymal deposition in the muscularis muco-
by 0.1% pronase E for 60 min at room temperature, by 0.1% pspe and muscularis propria layers of smooth muscle. A
sin for 120 min at 37°C, or by 5 U/ml chondroitinase ABC_fOfota| of 4 B2M cases showed amy|0|d deposits in the

60 min at 37°C, and heating by microwave oven for 10 min ; ; ; ; _
95°C were performed where required. Subsequently, sections }éSCUIa”S propria and 1 in muscularis mucosae, the cor

incubated in methanol containing 0.3% (v/v}®4, washed in feésponding figures for AL being 3 and 4 cases. Amyloid
PBS, and exposed to normal serum, followed by reaction with pilieposits of both types often involved the muscularis pro-

mary antibodies for 2 h at room temperature in humidified charpria massively with replacement of muscle fibres. How-

bers. Excess antibody was removed by washing with PBS, and i ite i _
bound antibodies were labelled with biotinylated anti-mouse %r r, no AA cases showed amyloid deposits in the mus

anti-rabbit immunoglobulin and streptavidin—peroxidase (Ni&ularis mucosae and muscularis propria, although 7 of
hirei). After three additional washes, bound peroxidase was visufle 8 showed parenchymal deposition of fine granules in
ized with 0.02% diaminobenzidine (Sigma) at pH 7.6 in 0.05 he mucosal interstitium around the basement mem-
Tris buffer plus 0.015% §O,. Immunoreactivity was classified in- hranes of glands, associated with erosion or haemor-

to four grades: () no reaction, () questionable or slightly positi . .
reaction, (+) mildly positive reaction, (++) strongly positive reaél-ﬁage' This was not the case for B2M amyloid.

tion. Deposits of all three types were commonly observed
in the vascular wall. However, the histological features
differed. In the B2M cases, small to medium-sized arteri-
oles or venules located in the myocardium or submucosa
Results were frequently involved by amyloid deposits localized
mainly in the subendothelium, forming nodules with lu-
Table 1 summarizes data for the organ distribution minal stenosis or occlusion (Figs. 1a, f, 2a). Such charac-
B2M amyloid. The heart and gastrointestinal tract mastistic subendothelial nodular lesions were found in all
frequently demonstrated amyloid deposition, 10 and afises and in every organ with amyloid deposits. Outer
of 11 cases being affected, respectively. In the gastrdayers of the media and adventitia were rarely affected.
testinal tract, the stomach and small intestine were m@éth the AL type, a wider range of vessel sizes demon-
often involved. Histologically, the amyloid deposits wergtrated deposits, including medium to large arterioles and
found to be distributed mainly in the small vessels, aadhall arteries. Amyloid deposits were localized in the
the amounts were generally small. With regard to parenedia and adventitia (Fig. 2g), and the walls usually
chymal deposition, amyloid was localized in the endshowed marked thickening. Ischaemic changes in the
cardium and valves of the heart and the muscularis muyocardium, such as interstitial fibrosis and degenera-
cosae and muscularis propria of the gastrointestinal tréicm of myocytes, were observed around these vessels.
Interstitial deposition in the prostate, tongue, salivaBubendothelial nodular lesions were rarely observed in

Table 3 Amyloid deposition in the heart and gastrointestinal trAétfecondary amyloidosig\L primary and multiple myeloma-asso-
ciated amyloidosisf3,M haemodialysis-related amyloidos.s)

Type of No. of Heart Gastrointestinal tract
amyloid cases
Vessels Endocardium Interstitium  Vessels Mucosa Muscularis Muscularis
mucosae propria
AA 8 8 2 7 8 8 0 0
AL 8 5 3 4 6 4 4 3
AB,M 11 10 3 0 11 0 1 4

a|f amyloid was found in a layer in any part of the digestive tract, the layer was considered to be affected for the purpose «:f this table
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Fig. 1 Glycosaminoglycan changes of B2M
amyloid deposits ia—ea medium-sized
stomach arteriole arfej a heart venule.
Congo red stainingg( f), Congo red stain-
ing under polarized lighty g), immuno-
staining for CS56q, h), ADi-6S (, i), and

HS (e j). In both the arteriole and venule,
amyloid deposits are localized in the suben-
dothelium, forming nodular lesion with lu-
minal stenosis. In the medium-sized arteri-
ole, the amyloid deposits demonstrated in-
tense immunoreactivity for both CS and HS,
however, the immunoreactivity for CS is
more intense than that for HS in the venule.
Note that the endothelium and media around
the amyloid deposits are positively stained
with HS ) and that the endothelium of the
capillaries is mildly stained with C$,(d).

a, c—ex40,b x33,f, h—j x50,g x4C




483

AL-type cases. AA amyloid was frequently apparent in In the AA-type cases, amyloid deposits localized in
capillaries and small arterioles (Fig. 3a), which showedpillaries, arterioles and interstitium showed a positive
circumferential thickening with the deposits tending teaction for HS and CS, but the immunoreactivity was
extend toward the interstitium around the basemeggnerally weak compared with that in the B2M and AL
membrane. Subendothelial nodular lesions were not amyloid (Fig. 3d). In contrast, the immunoreactivity for
served in any AA-type case. laminin and collagen type IV was marked with intense

The results of immunohistochemical studies of extrand homogeneous staining in the amyloid deposits, dem-
cellular matrix changes in the heart and gastrointestioalstrating a clear difference from the B2M and AL cases
tract are summarized in Table 4. With B2M-type amyFig. 3b, c). Fibronectin was positively stained in intima
loid deposits, a marked increase of CS was obsenal myocytes, and not in the amyloid deposits (Fig. 3e).
consistently in both the vascular wall and the musculabl$ proteoglycan was found to be present in the fibrous
propria, along with binding of antibodies recognizing néaterstitium around the amyloid deposits.
tive glycosaminoglycan chains and disaccharides after
chondroitinase ABC digestion (Figs. 1c, d, h, i, 2c). The
intima of the normal vessels and myocytes of smodiiscussion
muscle layers also showed mildly positive reactions for
CS. Amyloid deposits in the muscularis propria and meype-specific distribution of amyloid deposits, especially
dium-sized arterioles showed positive for HS, immuna: the gastrointestinal tract, has long been the subject of
reactivity for HS being almost as same as that for @&earch, and early investigators such as Gilat et al and
(Fig. 1e). In contrast, those in the small arterioles or veéfemada et al. reported the AA type to be mainly distrib-
ules with thin smooth muscle layers of the media wewged in the mucosal interstitium and small vessels of the
much weaker for HS than that for CS (Figs. 1j, 2d). Tlsebmucosa, while AL cases demonstrated involvement
intima and media of small vessels, especially around tifehe muscularis propria and vessels of all layers [8, 32].
amyloid deposits, showed a positive reaction for HSur results on the distribution of AA and AL amyloid
Laminin and collagen type IV were localized to the intare therefore in line with previous reports. In B2M type,
ma and media of vessels, and myocytes of the musculpasenchymal deposits were shown in the muscularis pro-
propria. In vessels with amyloid deposits, basemeria of the gastrointestinal tract and not in the mucosal
membrane structures stained with laminin and collageterstitium, which is a similar distribution to that in the
type IV were displaced or replaced by amyloid, and théit. type. However, with respect to the histological fea-
immunoreactivity in the amyloid was very weak or negtires of vascular wall deposits, the B2M type differed
tive (Fig. 2e, f). Fibronectin was also observed in the iftom the AL type. Campistol et al. reported three B2M
tima of normal vessels and the myocytes. A slight immyloidosis cases with visceral organ involvement and
crease in fibronectin was occasionally observed in thlso pointed out subendothelial nodular lesions in the
amyloid deposits. The DS proteoglycan, decorin, wasall arterioles [3]. In the present study, we confirmed
positively stained in the fibrous interstitium around btihat such subendothelial nodules in small arterioles and
not within the amyloid deposits. venules are specific findings for B2M amyloidosis.

Both HS and CS showed an increase in the AL amy-Extracellular matrix changes, especially of the acidic
loid deposits as seen in B2M type, the reactivity for Hffycosaminoglycans, have been investigated in various
being generally stronger (Fig. 2i, j). In the large artemmyloid deposits [12, 26, 27, 34]. In experimentally in-
oles and small arteries, whole layers of media includidgced-mouse AA amyloidosis, an increase of the base-
amyloid deposits showed an intense reaction for HS. Iment membrane form of HS proteoglycans, perlecan, has
munoreactivity for laminin and collagen type IV wabeen reported [1, 16]. An increase of HS or CS/DS in
much weaker or negative (Fig. 2k, I). Fibronectin showedhyloid fibrils can also be detected by biochemical
guestionable to mild reactivity in the amyloid depositsethods in the human AA and AL amyloidosis, Alzhei-
and DS proteoglycan was shown only in the fibrous imer's disease and prion amyloidosis [17, 20, 23]. In
terstitium around the amyloid deposits. B2M amyloidosis, glycosaminoglycan changes in periar-

Table 4 Summary of immunohistochemical findings. Extracellusulfate, DS dermatan sulfate; no reaction, + slight reaction, +
lar matrix changes in amyloid depos@®IlV type IV collagen, mild reaction, ++ strong reactic:1)
Lam laminin, Fib fibronectin,HS heparan sulfateCS chondroitin

Type of  Site of ColVv Lam Fib HS CS DS
amyloid  deposition
CS56 MO225 2B6 3B3
AA Vessel +++ +++ */+ */+ + * -/x */+ -
AL Vessel -/ -/ +/+ +H++ */+ + * */+ -
Muscular layer —/+ -/ + ++ + + +/+ + -
AB,m Vessel - - + +/++ + ++ +/++ ++ -
Muscular layer -I+ +/+ ++ +/++ ++ +/++ ++ -







Fig. 3a—e Extracellular matrix changes of
AA amyloid deposits in capillaries and
small arterioles of the small intestine. Con-
go red stainingd), immunostaining for
laminin (b), collagen type IV ), HS d)

and fibronectin ). Amyloid deposits are
intensely and homogeneously stained for
laminin and collagen type I\Varow-

head$. Endothelium, muscularis mucosae,
and muscularis propria are also positive.
Immunoreactivity for HS is weak com-
pared with that for laminin and collagen
type IV (arrowhead$. Fibronectin is pres-
ent in the endothelium and smooth muscu-
lar tissue, but not in the amyloid deposits.
x40

ticular deposits include increments of both HS and CSiaslaminin and collagen type IV also occurs in human
demonstrated immunohistochemically, with the incread& amyloidosis, the immunoreactivity for laminin and
in CS being more marked than that of HS in the amylaidllagen type IV being much stronger than that for HS or
associated with ligaments and intervertebral discs [2€]S. Previous biochemical studies demonstrated total
Biochemical studies have also confirmed CS to be a namounts of glycosaminoglycans from 3 to 15 times those
jor component in the amyloid-rich periarticular tissuesxtracted from AL as opposed to AA amyloid fibrils [17,
[22, 23]. 20, 23]. The present finding of relatively weak immuno-
In the present study, we have confirmed that type-speactivity for glycosaminoglycans in AA-type deposits is
cific changes of extracellular matrix occur in associatidhus consistent with reports in the literature.
with amyloid deposits in the heart and gastrointestinal The amino acid sequence of B2M is homologous with
tract. Lyon et al. demonstrated co-deposition of laminithe sequences of the constant regions of both classes of
collagen type IV in amyloid deposits of mouse AA amyight chains K andA) [5]. B2M and AL types also have
loidosis model [16]. We have confirmed that an increasienilar features with regard to their distribution and as-
sociated extracellular matrix changes, as shown by pa-
renchymal deposition in the muscularis propria of the
IFoii% geEégigJ?rllllgagmn;ﬁtﬂé ;rlgz??eﬁisogﬁgﬁgl\gr{aendgaloAnL Oafrg)g <t astrointestinal tract and increased glycosaminoglycans,
ing (&, S), Congo red staining under polarized Iriébt h),gimmu- it factors O.ther tha_n primary struct_ure of p_rote_ln appear
nostaining for CS56¢( i), HS @, j), laminin @, k), and collagen to be associated .V\.Ilth differences in protein binding t.O
type IV (f, ). In B2M type, subendothelial nodular deposits ate vessel wall. Kisilevsky hypothesized a close associa-
positively stained with CS. The endothelium and thin media aien between amyloidogenesis and abnormal metabolism
e ek, Lo S o et 0 AT basement mermbrane components [12], and thus di-
dotheIiLFJ)m, and collagen type IV in thg endotr)(eﬁum and thin mErences in the e>_(tl’§lce|_|U|ar_ m_atrlx COl_JId be the bapk—
dia. In AL type, amyloid deposits localized in the outer media agound to the variation in binding of different amyloid
adventitia are intensely positive for HS, but the immunoreactivigrecursor protein, resulting in specific histological fea-

for CS is comparatively wealkufowheads. The endothelium and tres and distribution of amyloid deposits. A CS-domi-
media around the amyloid deposits are also positive for HS. La

nin is present only in the endothelium. Collagen type IV is stainrgi ted ".‘Cfease of glycosam_moglycans is probably aS.S‘OCI_
in the endothelium and media, but not in the amyioid depasis. ated with the subendothelial B2M-type nodular lesion,

x50; g—I x25 and an HS-dominant increase might be responsible for



486

the circumferential AL-type deposits in the media arfffhferences
adventitia. , - .
In previous studies, we demonstrated that an increase?illes L, Kisilevsky R, Young ID (1993) Induction of perlecan

. o . : gene expression precedes amyloid formation during ex-peri-
in CS, which is probably induced by mechanical stress, Jiantal murine AA amyloidogenesis. Lab Invest 69:443-448

is closely related to the B2M amyloidogenesis in periarz. avnur z, Geiger B (1984) immunocytochemical localization
ticular tissue or intervertebral discs [22]. The “mechani- of native chondroitin-sulfate in tissues and cultured cells using
cal stress theory” cannot be applied directly to the vascg—SPeC'f'C monoclonal antibody. Cell 38:811-822

e : : Campistol JM, Cases A, Torras A, Solar M, Munoz-Gomez J,
lar wall deposition; however, various pathological state Montoliu J, Lopez-Pedret J, Revert L (1987) Visceral involve-

such as hype(glycaemia, high levels of ang_iotensin Il and ment of dialysis amyloidosis. Am J Nephrol 7:390-393
atherosclerosis, have been reported to induce CS/@SCouchman JR, Caterson B, Christner JE, Baker JR (1984)

synthesis in endothelium [13, 25, 30]. Endothelium and Mapping by monoclonal antibody detection of glycosamino-

; ; glycans in connective tissues. Nature 308:650—652
vascular smooth musc.le EXPIess different .kmds Qof Cunningham BA (1976) Structure and significanceBgmi-
CSIDS proteoglycans, biglycan being present in the fof- ciqgi0bulin. Fed Proc 35:1171-1176

mer and biglycan and decorin predominating in the latte David G, Bai XM, Van der Schueren B, Cassiman JJ, Van den
[10], and it is possible that some unknown damage to en-Berghe H (1992) Developmental changes in heparan sulfate ex-
dothelium causes abnormal overproduction of CS pra- Pression:in situ detection with mabs. J Cell Biol 119:961-975

: . . .. /. Gejyo F, Odani S, Yamada T, Honma N, Saito H, Suzuki Y,
teoglycan, possibly biglycan, before amyloid deposition. Nal%mgawa O Y, Kobayashi H, Maruyama Y, Hirasawa Y, Su-

This might provide a particularly suitable microenviron- zuki M, Arakawa M (1986) Betamicroglobulin: a new form
ment for B2M amyloidogenesis, resulting in formation of amyloid protein associated with chronic haemodialysis.

of characteristic subendothelial nodular lesions in the Kidney Int 30:385-390

ot 3. Gilat T, Revach M, Sohar E (1969) Deposition of amyloid in
vessel walls. Further characterization of CS proteogly- o gastrointestinal tract, Gut 10:98-104

cans associated with BZM amyloid and determination @ Honma N, Gejyo F, Isemura M, Arakawa M (1988) Bets

factors that induce overproduction of CS proteoglycans croglobulin binding to collagen: an amyloidogenic factor in
in vessel walls appear warranted. chronic haemodialysis patients. In: Isobe T, Araki S, Uchino F,

The role of extracellular matrix components in amy- girtgssS'NTe?/\l/ﬂ\)(lcj;rri %p(ggg)_eé?ymid and amyloidosis. Plenum
loidogenesis has been analysed by a number of auth@r$sneiSinen HT, Kinsella MG, Wight TN, Sandell LJ (1991)
in vitro, with increase in formation ¢¥-sheet structure  Differential expression of small chondroitin/dermatan sulfate
of SAA protein being associated with binding to HS proteoglycans, PG-I/biglycan and PG-ll/decorin, by vascular

inhSmooth muscle and endothelial cells in culture. J Biol Chem
[18]. HS proteoglycans had been reported to show a h|gh266:23274_23281

affinity for the A3 _proteln n Athe'me'fS _d'sease [19'11. Kino J, Adachi E, Yoshida T, Nakajima K, Hayashi T (1988)
28], but the question as to whether this is also the casecharacterization of a monoclonal antibody against human pla-
for other amyloid precursor proteins is unclear. Various centa type IV collagen by immunoelectroblotting, antibody-
collagens, including type IV, bind to B2M strongly in coupled affinity chromatography, and immunohistochemical

. - . . : localization. J Biochem 103:829—-835
vitro [9]. With regard to CS, there is no available inforp, Kisilevsky R (1990) Heparan sulfate proteoglycans in amy-

mation on a possible role in amyloidogenesis, but the re-|gidogenesis: an epiphenomenon, a unique factor, or the tip of
sults of the present investigation indicate that its affinity a more fundamental process? Lab Invest 63:589-591
for different amyloid types warrants attention. Affinityl3. Klein DJ, Cohen RM, Rymaszewski Z (1995) Proteoglycan

; ; synthesis by bovine myocardial endothelial cells is increased
for the glycosaminoglycans and altera_tlon of the SecOnd'b))// Iong-terr¥1 exposureyto high concentrations of glucose. J
ary structure of B2M as a result of binding should also ¢ physiol 165:493-502
be examined as a next step. 14. Kleinman KS, Coburn JW (1989) Amyloid syndromes associ-
In summary, the present study revealed specific histo-ated with haemodialysis. Kidney Int 35:567-575 )
logical features and extracellular matrix changes assdd- Linke RP (1984) Monoclonal antibodies against fibril protein

. . - . AA. Production specificity, and use for immunohistochemical
ated with B2M amyloidosis, subendothelial nodular le- ;5jization and  classification of AA-type amyloidosis. J

sions in s_maII vessels and a CS—domi_nated increase OHistochem Cytochem 32:322—328
glycosaminoglycans being characteristic. A close relgs. Lyon AW, Narindrasorasak S, Young ID, Anastassiades T,
tionship between amyloidogenesis and specific binding Couchman JR, McCarthy KJ, Kisilevsky R (1991) Co-deposi-

: : : tion of basement membrane components during the induction
sites in the extracellular matrix were suggested by our ' " 0 splenic AA amyloid. Lab Invest 64:785-790

findings. However, further studies of the interaction bg7 magnus JH, Stenstad T, Husby G, Kolset SO (1992) Isolation

tween amyloid precursor proteins and glycosaminogly- and partial characterization of heparan sulphate proteoglycans

cans, and particularly between B2M and CS, are neciess-fl(/?nghggnanv\f/lgpargc arg\//llm?\-l B!OghemJ 28é3:§25l22_1’71 o R

; ; . McCubbin , Kay , Narindrasorasak S, Kisilevsky

sary to prove this hypothesis. (1988) Circular-dichroism studies on two murine serum amy-

. loid A proteins. Biochem J 256:775-783

Acknowledgements We thank Tamiko Takemura, MD, Depart-19 Narindrasorasak S, Lowery D, Gonzalez-DeWhitt P, Poorman

ment of Pathology, Japan Red Cross Medical Centre, and Takumiga Greenberg B, Kisilevsky R (1991) High affinity interac-

Akashi, MD, Department of Pathology, Tokyo Medical and Dental ions between the AlzheimerR-amyloid precursor proteins

University, for providing us with B2M amyloidosis cases. This anq the basement membrane form of heparan sulfate proteo-

study was supported by a Grant-in-Aid for Scientific Research glycan. J Biol Chem 266:12878-12883

from the Ministry of Education, Science, Sports and Culture of J&y Nelson SR, Lyon M, Gallagher JT, Johnson EA, Pepys MB

pan. (1991) Isolation and characterization of the integral glycos-
aminoglycan constituents of human amyloid A and monoclo-
nal light-chain amyloid fibrils Biochem J 275:67-73



487

21. Ohashi K, Hara M, Kawai R, Ogura Y, Honda K, Nihei H, Mi28. Snow AD, Kinsella MG, Parks E, Sekiguchi RT, Miller JD,
mura N (1992) Cervical discs are most susceptible to-neita Kimata K, Wight TN (1995) Differential binding of vascular
croglobulin amyloid deposition in the vertebral column. Kid- cell-derived proteoglycans (perlecan, biglycan, decorin, and
ney Int 41:1646-1652 versican) to the beta-amyloid protein of Alzheimer’s disease.

22. Ohashi K, Hara M, Yanagishita M, Kawai R, Tachibana S, Arch Biol Biophys 320:84-95
Ogura Y (1995) Proteoglycans in haemodialysis-related anB8. Sobue M, Nakashima N, Fukatsu T, Nagasaka T, Kato T,
loidosis. Virchows Arch 427:49-59 Ogura T, Takeuchi J (1988) Production and characterization of

23. Ohishi H, Skinner M, Sato-Araki N, Okuyama T, Gejyo F, monoclonal antibody to dermatan sulfate proteoglycan. J
Kimura A, Cohen AS, Schmid K (1990) Glycosaminoglycans Histochem Cytochem 36:479-485
of the haemodialysis-associated carpal synovial amyloid aB@. Stevens RL, Colombo M, Gonzales JJ, Hollander W, Schmid
amyloid-rich tissues and fibrils of heart, liver and spleen. Clin K (1976) The glycosaminoglycans of the human artery and

Chem 36:88-91 their changes in atherosclerosis. J Clin Invest 58:470-481
24. Puchtler H, Sweat F, Levine M (1962) On the binding of CoB41. Van Ypersele de Strihou C, Honhon B, Vandenbroucke JM,
go red by amyloid. J Histochem Cytochem 10:355-364 Huaux JP, Noel H, Maldague B (1988) Dialysis amyloidosis.

25. Simon G, Abraham G, Altman S (1994) Stimulation of vascu- Adv Nephrol 17:401-422
lar glycosaminoglycan synthesis by subpressor angiotensirBl. Yamada M, Hatakeyama S, Tsukagoshi H (1985) Gastrointes
in rats. Hypertension 23 [Suppl 1]:148-151 tinal amyloid deposition in AL (primary or myeloma-associat-
26. Snow AD, Mar H, Nicolin D, Sekiguchi RT, Kimata K, Koike ed) and AA (secondary) amyloidosis: diagnostic value of gas-
Y, Wright TN (1990) Early accumulation of heparan sulfate in tric biopsy. Hum Pathol 16:1206-1211
neurons and in th@-amyloid protein-containing lesions of33. Yamagata M, Kimata K, Oike Y, Tani K, Maeda N, Yoshida K,
Alzheimer’s disease and Dawn’s syndrome. Am J Pathol Shinomura Yoneda M, Suzuki S (1987) A monoclonal anti-
137:1253-1270 body that specifically recognizes a glucuronic acid 2-sulfate-
27. Snow AD, Wright TN, Nochlin D, Koike Y, Kimata K, Dear-  containing determinant in intact chondroitin sulfate chains. J
mond SJ, Prusiner SB (1990) Immunolocalization of heparan Biol Chem 262:4146-4152
sulfate proteoglycans to the prion protein amyloid plaques . Young ID, Willmer JP, Kisilevsky R (1989) The ultrastructural
Gerstmann-Straussler syndrome, Creutzfeldt-Jacob diseaselocalization of sulfated proteoglycans is identical in the amy-
and scrapie. Lab Invest 63:601-611 loids of Alzheimer's disease and AA, AL, senile cardiac and
medullary carcinoma-associated amyloidosis. Acta Neuropa-
thol 78:202—209



