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Abstract Fourty-three cases of systemic amyloidos|}iroduction
were identified in an unselected autopsy series from our

institute (6305 autopsies between 1979 and 1993) &l term systemic amyloidosis is applied to a variety of
classified immunohistochemically by means of a pangkease entities with a wide morphological and clinical
of antisera directed against five major amyloid fibril prasnecirym. It is characterized by the extracellular deposi-

Mfion of amyloid proteins in various tissues and organs.
. . o . Filure of the heart or the kidney is a common complica-
Egdgo;“)’ed ('S‘T.TR) amyllogj()lslslwﬁs pr:efsegt n 1; ggfﬁﬁns and sometimes even fatal. Though all amyloid pro-
.6%), and immunoglobulin light chain-derive ins h biophvsicall ble feat C d
amyloidosis in 10 cases (23.3%). A single case (2.3 ?ns ave biophysically comparable features (Congo re

ined d ; ¢ h ¢ ding, green colour in polarized light, fibrillar appear-
contained deposits of more than one type of systémjgee o electron microscofsheet structure), there are
amyloid. AA amyoloidosis was associated with chron

. . ; : \ Kumerous distinctive types of amyloid classified by their
inflammatory or infectious diseases (81%), malignant t4z,arse biochemistry [%/pm 18 237/]_ y

mours (19%) or both (9.5%). Immunoglobulin light " c4seq of systemic amyloidosis can be classified in tis-
cham-déerlved amyloidoses were assoomated with myelgre sections by using well-defined antibodies against the
ma (50%) or primary (idiopathic; 50%). In AA and Alyarious amyloid fibril proteins. Single antibodies have

amyloidosis the kidney was the organ most freq”ené}feady been tested on biopsy or autopsy collections [10,
5, 48], but few systematic studies of the immunohisto-

EMEmical classification of systemic amyloidosis in autop-

amyloidosis was the cause of death in 5 cases (12%) &)y aterial have been conducted [5, 10, 21, 25]. Only
caused symptoms in 17 cases (39%). Our results suggpst study, by Baretton et al. [1], revieweduarselected

that most cases can be classified by using a panel of $gfiahsy series where cases of systemic amyloidosis were
sitive and specific antibodies against five major amylojgl, <sifieqd by immunohistochemistry.

fibril proteins. This technique may make amyloid type- g hresent study was performed to evaluate the quality
specific therapy possible for AL amyloid patients Whgr \arious antibodies used for the immunohistochemical

do not have evidence of an underlying plasma cell dy$sssification of systemic amyloidoses in a large unselected

crasia. autopsy series. These antibodies were directed not against
. L the precursor, but against the amyloid fibril proteins AA,
Key words Systemic amyloidosis - Postmortem study ») ‘ax ATTR and A32M. We also examined the clinical

Immunohistochemistry - Classification - and morphological features of systemic amyloidoses.
Histomorphological patte: n

Materials and methods

. & The study group was made up of 6305 autopsy cases dissected at
::ﬁlgt'itﬁgaegfesz\r/io?gge)?grienkrankenhaus Hamburg our Institute between January 1979 and December 1993, which
Alfredstrasse 9. D-22087 Hamburg, Germany, ' were reviewed to identify cases of systemic amyloidosis. Histolog-
Tel: (+49)-40-2546-2472 Fax: (+4§)-40-2588'85 ical sections of several organs (heart, lung, liver, kidney, spleen

' ' ' and pancreas) were routinely available. In some cases, various
R.P. Linke numbers of additional organs or tissues were investigated. All
Max Planck Institute of Biochemistry, Am Klopferspitz 18a, cases in which amyloid was detected macroscopically or micro-

D-82152 Martinsried, Germany scopically in the routine autopsies were selected. The criterion for
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Table 1 Antibodies applied for immunohistochemical classificanoglobulin kappa-light chain origiATTRamyloid of transthyre-
tion of systemic amyloidAA amyloid A protein, A1 amyloid of tin origin, A32M amyloid of 2-microglobulin origin,PAP peroxi-
immunoglobulin lambda-light chain origid\x amyloid of immu- dase-antiperoxidas&BC avidin-biotin peroxidase comple )

Antibody Animal Monoclonal/ Dilution Method Reference
polyclonal

Anti-AA (mcl)a Mouse m 1:10 PAP [30, 36]

Anti-AX (HAR)D Rabbit p 1:1200-1:4000 ABC [31, 36]

Anti-AK (SIN)P Rabbit p 1:1000 ABC [31, 36]

Anti-ATTR (TIE)b Rabbit p 1:600-1:1500 ABC [29, 36]

Anti-AB2M (WOEY Rabbit p 1:200 ABC [43]

aCode of monoclonal antibody
bHAR, SIN, TIE, WOE: initials of the patients from whom the amyloid fibrils used as immunogen were isolated
¢ Possible alternative source: Dakopatts, Hamiiurg

systemic amyloidosis was the involvement of at least two orgament of more than 50% of tissue [24]. An additional score of 0.5+

Clearly organ-limited or local amyloid deposition (e.g. pancreaffrace) was used to identify barely detectable deposits. The pattern

insular amyloid) was not further examined. of deposits was classified as vascular, interstitial, or mixed type
In each case, tissue specimens were formalin fixed (4% b(fascular and interstitial involvement).

fered formaldehyde) and paraffin embedded. All available tissue Fisher’s exact test and the Fisher-Freeman-Halton test (modifi-

sections of cases with amyloid deposits were stained with alkalgaions of the Chi-square test) were used for statistical evaluation.

Congo red [42] and inspected with a Leitz microscope in brighbe correlation between amyloid types and age was analysed by

and polarized light with tension-free optics. Green birefringentiee Fisher-Freeman-Halton test. The prevalences of amyloid types

under polarized light proved existing amyloid. In all cases withere correlated with the frequencies of basic diseases by Fisher’s

amyloid deposits in two or more organs, sections containing aneyact test. Included in the calculations were the number of patients

loid were used for immunostaining. having basic diseases recognized to be partially associated with
Immunohistochemical analysis was performed using a panelA# or AL amyloidosis and documented as basic diseases in the

antibodies reactive with five major amyloid fibril proteins as listed mutopsy reports. The correlation was graded as significant at

Table 1: anti-AA (mcl) against amyloid A [30, 36], aAli-and an- P<0.05 or highly significant &<0.001.

ti-Ak for reaction with immunoglobulin light chain-derived amyloid

[31, 36], anti-ATTR against transthyretin-derived amyloid [29, 36],

and anti-A32M for identification off32-microglobulin-derived amy-

loid [43]. The monoclonal antibody directed against amyloid A w&esults

applied according to the peroxidase-antiperoxidase (PAP) method of

Sternberger [47] (pretreatment with normal swine serum, diluti®@ystemic amyloidosis was revealed in 43 of the 6305 un-

1:50, secondary antibody goat-anti-mouse immunoglobulin, dilutigg|ected autopsy cases (0.7%). The immunohistochemi-

1:10, PAP complex, dilution 1:100). AntiM\ anti-Ak, anti-ATTR, @I classification showed that there were 21 cases

and anti-AR2M were used according to the avidin-biotin-peroxidaa ; . .
complex (ABC) method of Hsu et al. [22] (pretreatment with normd8.8%) of amyloid A (AA) amyloidosis, 11 cases

swine serum, dilution 1:50, biotinylated secondary antibody goat §85.6%) of transthyretin-related (ATTR) amyloidosis, 10

ti-rabbit immunoglobulin, dilution 1:200, ABC, dilution 1:100). Im-cgses (23_3%) of immunoglobulin |ight chain-related
munoreactions were visualized by using 3,3-diamino-benzidine-

ra-hydrochloride (DAB). The counterstain was haematoxylin. Irﬁé‘l‘) amylp'dos's’ and a single case (2.3%) with coexis-
munostains were reported as negative, weakly positive or strori@jice of different types of amyloid (Table 2).

positive. In all cases positive and negative controls were included,

with different specimens containing known types of amyloid or amy-

loid-free specimens, and with omission of the first antibody. AdghA Amyloidosis

tional immunoreactions were performed on all available tissue sec-

tions of bone marrow by conventional antibodies directed against ifmy|oid deposits showed the strongest immunoreaction

munoglobulin light chains (ank; antik). Finally, all data from pre- . . ; _
vious performed immunoelectrophoreses were reviewed. with anti-AA in 21 cases (48.8%). Furthermore, a weak

Each case was classified immunohistochemically by the corfd-immunostaining with anti-Roccurred inconsistently
sponding antibody with the strongest staining reaction. A weak ia-some specimens of 9 AA amyloid patients. The mean

action with noncorresponding antifantibody in some AA amy- age of this group, consisting of 12 women and 9 men
loids was considered to be nonspecific and due to immunoglobyli s 70 (48-104) years (Table 3, Fig. 1).

trapped within the amyloid deposits, particularly in inflammatory . : . .
disease, as previously observed [1, 5, 12, 25, 36]. Since both seAssociated diseases (inflammatory processes in 62%,

nile and familial amyloid had revealed common antigenic deterngiironic infectious diseases in 19%, malignant tumours in
nants and a similar reaction pattern with anti-ATTR (TIE) anti9%) are summarized in Table 4. Statistical analysis of dis-
pody in a previeus study [29] the differentiation of both Wagases showed a significant correlati<q.05) between
ini , i - ; ”» : b ,
ence or absence Ofya fgm”y history%f amyloidgsis. IOl'r'13_1eumat0|d arthritis, ankylosing spondylitis (Bechterew's
Histological sections were examined for the severity and mélisease), and renal cell carcinoma and the immunohisto-
phological pattern of amyloid deposits without prior knowledge ahemically classified AA amyloidosis. The other diseases

clinical history and chemical types of amyloid. The degree of agy nd in association with AA amyloid as listed in Table 4

yloid deposition was assessed according to established stand L . _
a score of 1+ indicates replacement of <10% of tissue with anmy= e not significantly correlatedt0.05; Table 5). Amy

loid; a score of 2+, replacement of 10-25% of tissue; a scorel@osis was diagnosed before death in only 2 cases
3+, replacement of 26-50% of tissue; and a score of 4+, repla@5%). The other 19 cases were incidental findings.
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Table 2 Clinicopathological data and immunohistochemical findings in 43 patients with systemic amyloidosial€, f female,

IFE immunofixation electrophoresiz)

Case Type of Age/sex Clinicopathological Amyloid  Anti- Anti- Anti- Anti- Anti- Not  Amki- Anti-k IFE
no. amyloid diagnosis positve/ AA WA Ak ATTR AP2M classi-
examined fiable
organs
1 AA 54/m Lung carcinoma 717 7 0 0 0 0 0
2 AA 104/m Bronchiectasis 5/5 5 0 0 0 0 0
3  AA 53/m Renal cell carcinoma 217 2 0 0 0 0 0
4 AA 48/m Ankylosing spondylitis 16/17 15 0 0 0 0 al o0 0
5 AA 68/f Bronchiectasis 7/8 7 0 0 0 0 0 Normal
6 AA 73/t Rheumatoid arthritis 9/9 9 0 0 0 0 0 0 0
7 AA 71/ Tuberculosis 6/6 6 2) 0 0 0 0
8 AA 84/f Bronchiectasis 6/9 6 1) 0 0 0 0
9 AA 79/f Bronchiectasis 6/8 6 1) 0 0 0 0
10 AA 70/f Tuberculosis 717 7 0 0 0 0 0
11 AA 65/m Ankylosing spondylitis 11/11 11 (6) 0 0 0 0 0 0
12 AA 62/m Tuberculosis 6/6 5 2 0 0 0 ajl
13 AA 75/m Bronchiectasis 2/6 2 0 0 0 0 0
14 AA 75/m Gallbladder carcinoma 10/11 10 (8) 0 0 0 0 Normal
15 AA 69/f Renal cell carcinomsa  11/13 11 (1) 0 0 0 0 0 0
16 AA 73/m Bronchiectasis 417 4 0 0 0 0 0
17 AA 69/f Rheumatoid arthritis 9/13 8 4 0 0 0 al o0 0
18 AA 74/m Tuberculosis 5/6 5 0 0 0 0 0
19 AA 66/m Rheumatoid arthritis 17/19 17 0 0 0 0 0
20 AA 81/f Decubitus ulcer 2/8 1 0 0 0 0 al
21 AA 61/f Rheumatoid arthritis 3/10 3 3 ) 0 0 0
22 A\ 82/m Multiple myeloma 5/8 0 5 0 0 0 0 1/1 0 A
23 A\ 62/m Waldenstrom's disease 21/22 0 18 0 0 0 21 11 0 A
24 A\ 64/m Multiple myeloma 8/10 0 7 0 0 0 1 A
25 A\ 86/f - 77 0 7 0 0 0 0
26 A\ 76/m - 9/9 0 9 0 0 0 0
27 A\ 47/m - 20/20 0 20 0 0 0 0 Normal
28 A\ 71/ Multiple myeloma 2/8 0 2 1) 0 0 0 1/1 0
29 A\ 75/m - 16/19 0 0 15 0 0 al
30 Ak 77/m Multiple myeloma 3/11 0 (3) 3 0 0 0 0 0 K
31 A 82/f - 9/14 0 0 9 0 0 0
32 ATTR 99/t - 6/11 0 0 0 6 0 0
33 ATTR  84/f - 217 0 0 0 2 0 0
34 ATTR 78/m - 2/8 0 0 0 1 0 1
35 ATTR 95/m - 3/7 0 0 0 3 0 0
36 ATTR  90/f - 317 0 0 0 2 0 1
37 ATTR  87/f - 2/12 0 0 0 2 0 0
38 ATTR 83m - 3/7 0 0 0 1 0 2
39 ATTR 92/m - 7/12 0 0 0 6 0 1
40 ATTR 88/m  — 6/7 0 0 0 6 0 0
41 ATTR  89/m  — 6/9 0 0 0 6 0 0 0 0
42 ATTR 80/m - 5/6 0 0 0 5 0 0
43 Mixed  93/f - 24/29 6 4 0 24 0 0 Normal
aSample size too small for further immunohistochemical evaluation
b With additive colon carcinoma
¢ With additive ovarian carcinon:a
Table 3 Amyloid types: relative frequency and clinical featu.res
Type No. (%) of No. (%) of Mean age Median Range of age Deviation standard Male Female
43 systemic 6305 autopsies (years) (years) (years) (years) No. (%) No. (%)
amyloidoses
AA 21 (48.8) 21 (0.33) 70 70 48-104 11.6 9 (43) 12 (57)
AL 10 (23.3) 10 (0.16) 72 75.5 47-86 111 6 (60) 4 (40)
ATTR 11 (24.4) 11 (0.17) 88 88 78-99 6 7 (64) 4 (36)
ATTR+AL+AA 1(2.2) 1(0.01) 93 - - -

AB2M 0 0
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Fig. 1 Different types of sys-
temic amyloid by ac: 0

Patients (%)

70=>79 80 =>89 >89
Age (years) p

’ WAA(n=21) @AL(n=10)  DATTR (n=11) ‘

Table 4 Amyloid type and as- ) ) - . . .
sociated disea:a Type of amyloid Associated clinical disease/diagnosis Number

AA Bronchiectasis 6
Rheumatoid arthritis 4
Tuberculosis 4
Ankylosing spondylitis 2
Renal cell carcinonta 2
Lung carcinoma 1
Gallbladder carcinoma 1
Decubitus ulcer 1
AA Primary (idiopathic) amyloidosis 3
Multiple myeloma 3
Waldenstrom’s macroglobulinemia 1
2

AK Primary (idiopathic) amyloidosis
Multiple myeloma 1
aTwo with additive colon car- ATTR Senile systemic amyloidosis 11

cinoma ATTR+AAAA Senile systemic amyloidosis 1
b One with additive ovarian car- Total 43
cinome

Fig. 2 Distribution of the dif-
ferent types of systemic amy- 120
loid by orgar:

Heart Lung Liver idne! Spleen Pancreas

Organs
| mm BAL OATTR |
R

The average amount of amyloid was estimated sespleen (18/21=86%), liver (16/21=76%), pancreas (vessel
guantitatively in 8 patients as grade 1+ (38%) and in 13amyloid, not islet amyloid: 17/20=85%) and adrenal gland
grade 2+ (62%). The pattern of organ distribution showgsi5) were other major sites of deposition.
the kidneys were most frequently involved, being affected Amyloid deposits affected the arterioles and small ar-
in 20 of 21 cases, or 95%, (Fig. 2). Heart (18/21=86%¢ries of parenchymal organs, but hardly any veins and
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Table 5 Correlation between amyloid type and associated di-2ase

Basic disease Autopsy cases Non-AA cases AA cases Non-AL cases AL castgalue
(n=6305) (=6284) 0=21) (=6295) ©=10)
Rheumatoid arthritis 34 30 4 34 0 P<0.001
Ankylosing spondylitis 3 1 2 2 0 P<0.001
Tuberculosis 183 179 4 183 0 P<0.05
Renal cell carcinoma 33 31 2 33 0 P<0.05
Decubitus ulcer 14 13 1 14 0 P=0.05
Colon carcinoma 191 189 2 191 0 P>0.05
Lung carcinom@& 192 191 1 191 1 P>0.05
Ovarian carcinonta 64 63 1 0 0 P>0.05
Gallbladder carcinonta 75 74 1 75 0 P>0.05
Bronchiectasis About 2500 About 2500 6 About 2500 0 P>0.05
Multiple myeloma 35 0 0 31 4 P<0.05
Waldenstrom’s macroglobulinaemia 2 0 0 1 1 P<0.05

aMinimal number of cases scored as basic diseases
b Adenocarcinoma
¢ Squamous cell carcinoma

interstitial tissues only to a lesser extent (Fig. 3). Amy- Underlying clinical diseases occurring at a statistical-
loid was found in the glomeruli as vascular and interstity significant frequency #<0.05) were multiple myelo-
al (especially mesangia) deposits (Fig. 4). The splema and Waldenstrém’s macroglobulinaemia in one half
displayed the most abundant amyloid masses. In 6 of ¢fiehe cases, whereas the other half were classified as
9 cases examined, intestinal tissue specimens had a imilchary (idiopathic) (Tables 4, 5). Only 5 (50%) of the
to moderate amyloid (score 1+ to 2+), which was vasdf cases of AL amyloidosis were recognized clinically
lar and interstitial in all layers, especially in mucosal amfiliring the patients’ lifetime.
submucosal arterioles. In 9 of 21 cases amyloid depositAssessment of the extent of average amyloid deposition
were found in all tissue specimens examined. revealed mild to moderate extent (score 1+) in 1 case; mod-
About one third of the patients (6/21=29%) sufferegtate (score 2+), the most frequent extent, in 7, and moderate
from kidney involvement resulting in clinical symptom$o severe (score 3+) in 1 case. The heart and the kidney con-
ranging from renal dysfunction to failure. Cardiac amyained amyloid most frequently (9/10=90%) (Fig. 2), the ex-
loid probably resulted in heart failure in 4 cases (19%)tent mostly being mild to moderate. The heart nearly always
which the amount of vascular amyloid clearly exceedsdowed the strongest amyloid involvement, with moderate to
the grade of atherosclerosis. severe extent. Lung (8/10=80%), pancreas (7/10=70%), liver
and spleen (6/10=60%) were less frequently and less exten-
sively involved. Moreover, AL was apparent in many other
AL Amyloidosis different organs or tissues of predominantly mesenchymal
origin (tongue) (4/4), skeletal muscles (3/3), thyroid gland
Six men and 4 women with a mean age of 72 yed&d#4), skin (2/2), peripheral nerves (3/3) and intestinal tissue
(47-86) were involved (Table 3, Fig. 1): 7 cases we(@6). In contrast to amyloid A, AL amyloid was obviously
classified as A type and 3 as Ktype. more interstitial than vascular (Figs. 3, 5).

Fig. 3 Deposition pattern of
the different types of systemic %
amyloid in six orgar s Heart Lung Liver Kidney Spleen Pancreas

Number of specimens

AA AL  ATIR AA AL ATTR AA AL ATTR AA AL ATTR AA AL ATTR AA AL ATTR

Type of amyloid

’ Bvascular vascular/finterstitial DOinterstitial
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Fig. 4a, b Amyloid A deposits in the glomeruli of the kidney.Systemic senile amyloid (ATTR) had affected the lung in
aCongo red Parallel section. Anti-AA, PAP, hematoxylin, 30 g|| 11 and the heart in ten patients as far as amyloid was
Fig. 5 A\ deposits in the vessel of the prostate. Anki-ABC, detectable, whereas extracardiac amyloid in smaller

haematoxylin, x17: amounts was detected less frequently, for example, in
Fig. 6 ATTR deposits in a vessel wall of heart. Anti-ATTR, ABCpancreas (5/11), liver (4/11) and kidney (3/11) (Fig. 2).
haematoxylin, x17: This ATTR pattern of organ distribution differed clearly

from the AL pattern and even more markedly from the
In 9 of 10 cases (90%) clinical symptoms had beéw pattern, as demonstrated in Fig. 2.
recorded, while in the remaining case there was noThe heart contained the most extensive deposits of
record of any symptoms. Cardiac insufficiency was se@fyloid. Its histomorphological pattern was relatively
in 7 patients (70%), three of whom died of heart failurgistinct from that of other amyloid types (Fig. 3). We
2 also had macroglossia. Renal insufficiency was repdaund only interstitial amyloid in 45%, combined with
ed in 4 cases (40%) by the clinicians. smaller vascular deposits in 55% (Fig. 6). Perimyocytic
interstitial deposits coexisted with patchy deposits in
some cases. In contrast to the heart, more vascular than
Senile systemic amyloidosis interstitial amyloid was found in the other organs, such

i ) . as lung, liver, kidney, spleen and pancreas (Fig. 3).
All ATTR cases were diagnosed as senile systemic amy-gn “the basis of autopsy findings, congestive heart

loidosis on the basis of age and the absence of heregiiyre was considered to have been caused by TTR amy-
The mean age of this_group, comprising 7 men anqufyj in 5 cases (45%), lethal myocardial infarction being
women, was 88 years (78-99 years) (Table 3, Fig. 1). gi?en in 1 of them. The autopsy results suggested that the

prevalence of senile systemic amyloidosis among the 63@verity of symptoms had corresponded to the amount of
autopsy cases increased significantly with &®(001).  amyioid present.

The most frequent disease caused by TTR-amyloid
was congestive heart failure, which was found in 100%
of ATTR cases. None of these cases was diagnosed wditexistence of different amyloid diseases
the patient was alive, despite the clinical symptoms.
The degree of amyloid involvement was scored @be coexistence of different amyloid classes in the same
grade 1+ in 8 cases (73%) and as grade 2+ in 3 (27p@tient was noted only in a single case, in which general-
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ized senile systemic amyloidosis with symptomatic heaitan appropriate antiserum [10]. Additional reasons for
failure was identified by positive immunoreaction witkliscrepancies in results may come from antigenicity loss
anti-ATTR in 23 of 28 organs and tissues immunaturing chemical preparation or from the presence of
stained. Additional deposits of both AA and Ammu- small amounts of ATTR amyloid that were inadequate
noreactivity were found at different localizations, as pufer detection.
lished in detail elsewhere [43]. Hoshii et al. [21], who applied antibodies raised
against all major types of systemic amyloid by the strep-
tavidin-biotin (SP) method — the most sensitive tech-
Discussion nigue [45] — had 19 cases (14%) they were not able to
classify in their large series. Fujihara et al. [10] were un-
Examination of 43 unselected autopsy cases of systeatite to classify 23 of their 51 cases (43%), and Chasto-
amyloidoses enabled us to identify all cases analyseday et al. [5], 9 out of 71 (13%). In spite of an occasional
a retrospective series, with AA amyloid in 21 casestrong resemblance between AL and ATTR amyloids in
ATTR in 11, A in 7 and A in 3 cases. f2M amyloid clinical and morphological characteristics [28], the non-
was not found at all, which can be explained by the atbassified cases were assumed to be AL amyloidoses or,
sence of patients with uraemia treated with long-teless probably, ATTR because of the greater general diffi-
haemodialysis [15]. An exact immunohistochemicallties with immunohistochemical identification of AL
classification of amyloid type was possible in each of tklean of ATTR amyloidoses. These difficulties were as-
43 cases since chemically different and thus clearly idesmimed to be due to varying antigenic specificity of the
tifiable proteins can assume amyloid conformation [Rght-chain variable regions, but this was never con-
16, 18]. firmed [16, 23]. Moreover, most of the nonclassified
Formerly used classifications based on clinical andfaises (16 of 19) in the study of Hoshii et al. [21] were
morphological features [20, 40] are less precise [5, Dlnically diagnosed primary or myeloma-associated am-
21, 28, 49] and failed to classify the cases in this stuglpidosis.
precisely. Although there were differences in the patternsAlmost all systemic amyloidoses were classified by
of amyloid deposition, they did not allow a reliable diBaretton et al. [1], van de Kaa et al. [25], Linke et al.
tinction to be made between the different types in ind86], and by us despite using different methods: IP [36];
vidual cases. Similarly, some basic diseases correla®dd [1, 25]; ABC (this study) but the same antibodies
significantly with certain types of systemic amyloid ifianti-AA(HAR), anti-Ak(SIN)] directed against amyloid
our series and seemed to be causally involved in the af-immunoglobulin light chain origin. The results
yloid deposition. Other syndromes of the same chemiezhieved by us and by Baretton et al. [1] were underlined
amyloid type, however, remained without any clear relay the fact that completely unselected cases were exam-
tionship to associated disease or lacked any associatioresd (in other studies clinical-pathologically diagnosed
These morphological and clinical findings are in goarhses selected randomly were used).
agreement with current knowledge. Successful classification of each case is practicable
The potassium permanganate method [50] was thexause of the high specificity and sensitivity of the anti-
first histochemical differentiation technique and is nobodies applied. These were directed against the amyloid
considered today less differential and less precise tlidonil proteins and not against the precursor proteins as in
immunhistochemical techniques [5, 10, 21, 48, 49]. Wee study of Chastonay et al. [5]. Using antibodies
used the immunoperoxidase technique, which shows lagainst precursor proteins (pooled Bence-Jones proteins)
background staining and longer stable reaction produpteved to be less sensitive [3]. About 90% of amyloid
than the immunofluorescence method [11]. deposits were classified in three immunofluorescence
Comparison of our series with previous reports ofséudies in amyloid-proven, frozen biopsy tissue sections
few comparable examinations [1, 5, 10, 21, 25, 36] indi-2, 13, 26], and this comparatively high percentage of
cated some interesting differences in methods and seecessfully classified cases of AL amyloid reactive with
sults. The methods used were — in order of increasangi-light-chain antiserum raised against pooled kappa or
sensitivity — the indirect immunoperoxidase (IP) [33lambda Bence-Jones proteins was attributed to the pres-
peroxidase-antiperoxidase (PAP) [11, 30], avidin-biotience of sufficient constant region determinants in the
peroxidase complex (ABC) [22], and streptavidin-biotiamyloid.
(SP) methods [45]. The quality of our antibodies has been demonstrated
The varying frequency of AL and ATTR amyloidgpreviously. The use of a large panel of antibodies pre-
seen in the different series was striking: the numerigared against amyloid fibril proteins and the selection of
dominance of secondary AA was a common result se¢be antibodies with the widest specificity finally resulted
in five out of seven studies. Fujihara et al. [10], van de reagents [anti-A(HAR), anti-AK(SIN)] that were
Kaa et al. [25] and Hoshii et al. [21] did not find anghown to detect virtually all A and A amyloids [1,
ATTR amyloid at all. The lack of ATTR amyloid was4-7, 14, 25, 28, 31, 32, 36—39, 44, 46] regardless of idio-
thought to be the result of examining mainly kidney dype and\-chain subgroup. The fact thahAamyloids of
intestine rather than heart as the major deposition sitehofse, dog and cat [14, 34, 38, 44] could also be specifi-
senile systemic amyloid [21, 25] or of the unavailabilityally identified with anti-A(HAR) indicates that the an-
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tigenic determinants responsible are independent of dase of a known inflammatory process or senile cardiac
respective idiotype. Data from serum immunoelectrophamyloidosis is not likely to shorten life, missing the di-
resis and bone marrow data corresponded with the mgnosis of AL or familial amyloidosis will shorten life,
munohistochemical results in this study. Similarly, thence there are effective treatments for both conditions.
aminoacid sequence analysis on extracted amyloid fibrilOur results suggest that immunohistochemical stain-
proteins confirmed the immunohistological classificatiang techniques such as were applied in this study are
in all cases in which such examination was subsequerstljtable for diagnostic purposes when used in unfrozen,
performed [38, 39]. paraffin-embedded tissues. This approach enables a
The basis of the broad reactivity and high sensitivity ohemical classification of most cases of systemic amy-
the antibodies applied, especially ani{AAR) and anti- loidoses and may help patients to obtain timely access to
AK(SIN), is still unclear in detail. This reactivity cannotherapies for this otherwise fatal disease.
be explained by the presence of the constant region pep-
tides in the amyloid, because parts of the constant regigknowledgement The studies were supported by the Ernst und
were found only inconstantly in a maximum of aboﬁerta Grimmke-Gedéachtnisstiftung (Dusseldorf, Germany)
80-90% of AL amyloid fibril proteins [3, 8]. There must
be another antigenic component common to virtually ah
amyloids of the same immunoglobulin light chain clasBeferences

Some findings Squ.e.St that Conformaf['onal Ch‘?‘nges of tl:l]FaBaretton G, Linke RP, Lohrs U (1990) Systemische Amyloido-
tertiary structure arising from the fibrillogenesis of amy-" sen. iImmunhistochemische Typisierung an Autopsien mit Hilfe
loid influence the antigenic characteristics [35]. This zahlreicher spezifischer Antikorper. Pathologe 11: 71-79
“switch of antigenic epitopes” was recently studied in th@. Benditt EP, Eriksen N (1971) Chemical classes of amyloid
pathogenesis of amyloid of transthyretin origin [19], an% sBuuzsbtglrJ%e;]A(\rlnggzljal\t/lhec::lh%sﬁis?r?wls_;‘zdzisease' monoclonal immu-
the results indicate that previously hidden antigenic deter-nogiobulin deposition. Hematol Oncol Clin North Am 6:
minants of the precursor protein may become accessible323-346

due to amyloidogenesis. This may explain why antibodies Casanova S, Donini U, Zucchelli P, Mazzucco G, Monga G,

raised against the amyloid fibril proteins functioned better éirﬂkleoiE;iélfr?f)ﬁSmgfnﬁﬂséfﬁ'&egﬁa' Aﬂsgi'gﬁié’gaﬁﬁg’l"g‘;_“
than those raised against the precursor proteins. ey oe g pathy '
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