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I . Hi stor i ca I Aspects 
' ' 

Few entities in medicine are s urrounded by as much confusion and 
e+ontroversy as amyloidosis. Prior to th e mid-19th century, this dis­
order was classified with other 11 \'Jaxy" or "lardaceous" degenerations 
of th e I iver. In 1842, Rokii·an sk y described the I iver in this condition 
as enlarged, indurated and waxy; he a l so noted s imi lar changes in the 
spleen an d other organs. Virchow (1 855 ) coined th e term "amyloid" because 
this tran s lucent, hyaline substance stained with iodine in a manner si milar 
to ~tarch. Virchow also was the f ir st to describe t he intimate relation of 
amyloid to blood vessels and to pos tulate the presence of a c irculatin g 
amyloid precur sor. These and other patholog ists recogni zed that ~h i le 
amyloi d often accompanied chronic s up puration, it a l so was found in the 
<;; bsence of predi spo: ing infection or infl ammation. Th e chemi str y of 
amy loi d was initi a lly investigated by Friedreich und l(eku le in 1859 ; these 
workers concluded that the s ubstance was neither starch nor eel lulose but 
largely protein. An experimental mode l of t he di sease \•tas described in 
1922 by Kuc zynski who showed that ma ny mice developed umy loi d depos its 
fo llowin g injections of case in. Divry and Florkin observed th at amyloid 
was birefringent when viewed in the pol ar i z in g microscope. The intro­
duction of the Congo red test and stain as wei I as the deve lopment of 
techni ques for direct biopsy of suspected involved ti ss ues in the 1920 ' s 
made clinicians more aware of the natural hi stor y and variable manifesta­
tions of the disorder. Wa ldenstr8m clearly demonstrated the di sap pearance 
o f hepatic amyloid in pati ents with tuberculosis and chronic draining 
fistulae once the infections were arrested. Although it had been previously 
recognized that amyloidosis occas ionally "complicated" multiple myeloma, 
Magnus-Levy emphasi <ed the association between amyloid and Bence Jones 
proteinuri~, Apitz cal led attention to the presence of marrow plasma­
cytosis in a large proportion of Ca$es of idiopathic or "primary" amyloid­
osis and raised the possibi I ity that m~ny (?alI) cases of thi s type repre­
sented occult or "pre-myeloma". Reimann et al proposed the popul ar 
c.las$ification of amyloidosis into primary, secondary, localized (tumor­
fo ~ming), and myeloma-associated types . The situation was further compli­
cated by th e desc ri ption of a hereditary amyloid S'/ndrome in Portuga l by 
Andrade in 1952. 

Two principal theories of the pathogenesis of amyloid recur in the 
I iterature: I) precipitation of a serum component (?antibody-antigen 
complexes, Letterer 1934); 2) local production by eel Is; amyloid forma r 
tion dependent on a 2-phase aberration of the protein-synthesizi ng 
function of reticuloendothelial eel Is (Tei lum 1956, 1964). 

I. Cohen AS: Amyloidosi s. New Eng J Med 277:522, 574, 628, 1967. 

2. Letterer E: History and development of amyloid research, Symposium 
on Amyloidosis (Mandema E, Ruinen L, Scholten JH, Cohen AS, 
eds), Amsterdam, Excerpta Medica Foundation, 1968, p. 3. 

3. Azar HA: Amyloidosis and plasma eel I disorders, chap 7, Vol I. 
MulTiple Myeloma and Related Disorders (Az ar HA, Potter J, 
eds), Hagerstown, Harper & Row ·' f' ub I i shers, Inc, 1973. 

4. 0 i vry P, F I ork in tv1: Sur I es r)ropr i etes opt i ques I ' amy I o ide. 
Bioi (Paris) 97 : 1808, 1927. 
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5. Waldenstr~m H: On the for matio n and disappearance of amy loid in 
man. Acta Chir Scand 63:479, 1928. 

6. Magnus-Levy A: Bence-Jones-Eiweiss und Amyloid. Ztsc hr Kl in Med 
116:510, 193 1. 

7. Magnus-Levy A: Amyloidosis in multiple myeloma. Progress noted 
in 50 years of personal observation. J Mt Sina i Hosp 19: 
8, 1952. 

II II 

8. Ap itz K: Die Paraproteinosi n. Uber die Storung des Eiweiss-
stoffwechsels bel Plasmocytom. Virchows Arch path Anat 
306:631' 1940 . 

9. Reimann HA, Koucky RF, Eklund CM: Primary amyloidosis I imited to 
tissue of mesenchymal origin . Am J Pathol I I : 977, 1935. 

10. Andr ade C: A peculi ar form of peripheral neuropathy. Brain 75: 
408, 1952. 

I I. Tei lum G: Pathogenesis of amyloidosis. The two-phase eel lular 
theory of local secret ion . Acta Pathol Microbial Scand 
6 I :21 , I 964 • 

I I. Spontaneous and Induced Amyloidosi s in Animals 

Amyloid occurs spontaneously in at least 16 species of animals 
including dogs, cats, mice and birds. As in man, its occurrence is often 
associated with aging. Amyloidosis can be induced experimentally in many 
species- mice, guinea pigs, rabbits, hamsters, etc . but susceptibility 
to the inducing regimen varies among species and strains. A variety of 
inducing agents have been uti I ized: bacterial toxins, antitoxins, whole 
serum, plasma globulins, dietary manipulation, RNA, methylcholanthrene, 
colloidal sulfur, experimental tumors and gamma irradiation. However, 
the most popular agent remains casein. The administration of nitrogen 
mustard or other cytotoxic agents has been alleged by some to accelerate 
amyloidogenesis. Deposits usually appear first in the perifollicular 
areas of the spleen, then in Disse's space in the I iver and the mesan~ial 
region of the kidney. Later, widespread deposition occurs in many sites 
including the blood vessels. The hi stologic and EM appearance of 
experimentally induced amyloidosis in animals is fully comparable to the 
human counterpart. 

It has been recognized for decades that horses given repeated 
toxoid injections to produce antiserum often develop amyloidosis. This 
fact together with the association of amyloidosis with chronic infection 
or inflammation suggested to many workers that hyperactivity or 
"exhaustion" of the immunologic apparatus led to the di sorder. Some 
investigators have proposed that impairment of eel lular immunity may be 
important In pathogenesis. Thus rabbits thymect omized as adults sometimes 
developed amyloidosis. If these animals were a lso irradiated, the fre­
quency of amyloidosis increased ; positive Coombs tests and a wasting 
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syndrome were also observed. Cohen and co-workers have postulated that 
tolerance to a specific immunogen may be crucial to the development of 
amyloidosis. Alterations in tolerance have also been invoked to explain 
the finding that parabiosis between animals differing at weak histo­
compatibi I ity loci results in amyloidosis whereas parabiosis between 
syngeneic animals does not (Walford). 

It should be noted that amyloidosis is not seen in ~ice with 
immunoglobulin-secreting p lasmacytomas although it has been reported in 
some anima ls with atypical plasma eel I leukemias. Amyloid has also been 
observed in the lupus-! ike disease of NZB mice. 

12 . Sorenson GD, Heefner WA, Kirkpatrick JB: Experimental amyloidos is. 
Methods and Achievements in Experimental Pathology, Vol I 
(Bajusz E, Jasmin G, eds), Basel, Karger, 1966, p. 514. 

13. Walford RL: The Immunologic Theory of Aging. Baltimore, WI I I lams 
& Wilkins, 1969, p. 84. 

14. Cohen AS, Shirahama T: Animal model: Spontaneous and induced 
amyloidosis. Am J Pathol 68:441, 1972. 

15. vii I lerson JT, Gordon JK, Talal N, Barth WF: Murine amyloid. 
I I. Transfer of an amyloid-accelerating substance. Arth 
Rheum 12:232, 1969. 

16. Barth WF, Wi I lerson JT, Asofsky R, Sheagren JN, Wolff SM: Experi­
mental murine amyloid. I I I. Amyloidosis induced with 
endotoxins. Arth Rheum 12:615, 1969. 

17. Hardt F: Acceleration of casein-induced amyloidosis in mice by 
immunosuppressive agents. Acta path microbiol scand, 
Section A, 79:61 , 1971 • 

18. Hardt F, Ranlov P: Amyloidogenesis. Israel J Med Sci 9:857, 1973. 

19. Kellum MJ, Sutherland DER, Eckert E, Peterson RDA, Good RA: Wasting 
disease, Coombs-positivity, and amyloidosis in rabbits sub­
jected to central lymphoid tissue extirpation and irradiation. 
lnt Arch AI lergy 27:6, 1965. 

20. Cathcart ES, Mul Iarkey M, Cohen AS: Amyloidosis: An expression of 
immunological tolerance? Lancet 2:639, 1970. 

21. Potter M: lmmunoglobul in-producing tumors and myeloma proteins of 
mice. Physiol Rev 52:631, 1972. 

Also see refs I and 3. 
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I I I • Structure 

A. Morphologic Properties 

Amyloid appears as an amorphous, eosinophi I ic, hyaline, extracellular 
substance in routine (H ~ E) tissue sections under the I ight microscope. 
It displays metachromatic properties when stained with crystal violet, 
methyl violet or Toluidine Blue and fluoresces after staining with thio­
flavine Tor S. When tissue sections stained with Congo red are viewed 
under the polarizing microscope, a unique green birefringence is seen 
(see Table 1) . 

TABLE I. Summary of Histological Techniques in the Study of Amyloid (from ref 22) 

A. Stains 
l. H ematoxylin and eosin 

2. Congo red 

3. Crystal or methyl violet 

4. van Cieson 

5. Periodic a<:id-Schiff 

B. Optical Tedmiqnes 
l. Fluorescence .in 11.v. light 

(a) Unstained 

(b) Stained with 
Congo reel 

(c) ThioflavitiC T 

2. Polarization microsc:opy 
(a) Unstainet! 

(I>) Congo ret! st<tin 

Appearance of Amyloid 

Amorphous, pink, refractile 

Pink 

1\fetachromatie 

Yellow-orange or khaki 

Pale violet 

\Vcakly auto!ltt~ll·escent 

Pink fluorescence 

Yellow llnorescence 

\\'t·<tkly lJirefringent (weak 
pale green htte ) 

Bircfri!tgent (green) 

Advantages of Technique Limitations. of Tt·'dllliquc 
- - ------------------ - ---- -·----

CooJ definition of general his­
tology; presumptive cvidt·uce 
of <tm~· loid in large deposits 

Few other subst<tnces shdn 
wit·h t!ti~ d ye 

Di~tindivc appearance of am~·­

loirl ; \'<tluablc in loc<tli ng 
small depo~its; distinguishes 
am )·loid from most otlter ex­
tral'(:llnl<tr deposits 

Clearlv difl"t-relltiatcs an tylo icl 
frotn collagt'n 

or possible tht•ordic-al interest 

.l\:one 

Vt·rv sensitive for sma ll d e­
p;>sits of amyloit! 

Very sensitive 

1'\ one 

Possibly specific; very sensitive 

1\i ot sped fie; not useful in 
locating minimal depo~its 

Poor contra~t; not t·ompld('ly 
SJlt'Ci fi c 

\ 'ariab ilitv of difkretll hat<-ltl·~ 
of the .d)T; r:1pid d<'lcriora­
tion of s lides 

Only of s11ggcstivt• va l11e i11 
SLTL'('Il ill g ; II Ot spec-ifit· 

t'nll('lpfnl dilfnc nti al diag11osis 

Noii~'[)Ccifi<:; tecltnicallv not 
suitable for routine liSt' 

Ct·t false positin·s 1t11kss Congo 
red s tai11ing pnfe<:l; t:IISIIit­

nblc for routi11c nsc 
J'\cc·d f.,r fluort'Sl't'llt Jltit'ro­

St'Pp('; probably ttol Spt'cific 

Diffit'ult to rt' :td ancl i11lc'rprl't 

1\'t•t·cl for polariz ing mit•roscopc 
·--------- ------------ ---- ------ - ------ -···---· . 

22. Cohen AS: The diagnosis of amyloidosis, chap I I. Laboratory 
Diagnostic Procedures in the Rheumatic Diseases (Cohen 
AS, ed), Boston, Little, Brown~ Co, 1967. 
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Ultrastructural studies have disclosed that alI amyloid ti§sue 
deposits consist of discrete fibri Is. These fibri Is are 70-100 A 
wide, rigid, non-branching and of indeterminate length. ~igh-resolution 

electron microscopy has demonstrated that each 70 to 100 1\ fi l~ment is 
made up of subunits {protofibri Is) which are approximately 35 !\ in 
diameter. The characteristic fibri I Jar component accounts for more than 
95% of amyloid and is apparently unique to this material. Isolated 
flbri Is possess alI the classic tinctorial properties of tissue amyloid 
including staining with Congo red, green birefringence on polarization 
microscopy after such staining,and crystal violet metachromasia. X-ray 
diffraction studies have revealed that the fibri Is consist of polypeptide 
chains arranged in an antiparal lei , ~-pleated sheet conformation. These 
physical properties are common to alI types of amyloid. 

In 1965, another structure, the pentagonal unit or plasma component 
{P component) was recognized in partia lly purified preparatio~s . though it 
has not been identified in tissues. The P component is= 9.0 A in diameter 
and appears as rod-like or doughnut-shaped structures under the electron 
microscope. It does not stain with Congo red or display crystal violet 
metachromasia and it is antigenically distinct from the fibri I . Th·is 
minor component apparently represents a normal serum a1-globul in and is 
largely removed during most fractionation procedures. Its role in the 
pathogenesis of amyloidosis is unknown. 

23. Cohen AS, Calkins E: Electron microscopic observations on a fibrous 
component in amyloid of diverse origins. Nature 183:1202, 
1959 . 

24. Bladen HA, Nylen MU, Glenner GG: The ultrastructure of human 
amyloid as revealed by the negative staining technique. 
J Ultrastruct Res 14:449, 1966. 

25. Shirahama T, Cohen AS: High-resolution electron microscopic 
analysis of the amyloid fibri I. J Cel I Bioi 33:679, 1967. 

26. Cathcart ES, Comerford FR, Cohen AS: Immunologic studies on a 
protein extracted from human secondary amyloid. New Eng 
J Med 273:143, 1965. 

27. Glenner GG, Bladen HA: Purification and reconstitution of the 
periodic fibri I and unit structure of human amyloid. 
Science 154:271, 1966. 

28. Pras M, Schubert M, Zucker-Frank l in D, Rimon A, Frankl in EC: The 
characterization of so luble amyloid prepared in water. 
J Cl in Invest 47:924, 1968. 

29. Eanes ED, Glenner GG: X-ray diffraction studies on amyloid fila­
ments. J Histochem Cytochem 16:673, 1968. 

30. Cohen AS, Shirahama T: Electron microscopic analysis of isolated 
amyloid fibri Is from patients with primary, secondary and 
myeloma-associated disease. Israel J Med Sci 9:849, 1973. 
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31. Frankl in EC, Zucker-Frankl in D: Current concepts of amyloid. 
Adv lmmunol 15:249, 1972. 

B. Chemical Characterization of Amyloid Fibri Is 

I. lmmunoglobul in Derived 

Early immunofluorescent studies of amyloid deposits disclosed 
the presence of y-globul in (Vasquez & Dixon). Osserman et al (1964) studied 
27 patients with amyloidosis and concluded that almost alI had evidence of 
an underlying plasma eel I dyscrasia. Moreover, immunofluorescence data 
supported the thesis that Bence Jones proteins (BJP)(monoclonal immuno­
globulin I ight chains) might be directly responsible for the production 
of tissue amyloid. Others were unable to confirm these findings and the 
issue was hotly debated in the I iterature. Thus the Boston group found 
no immunochemical evidence of whole immunoglobulins, heavy chains or I ight 
chains in sol ubi I ized amyloid fibri Is. 

With the advent of methods for denaturing and degrading the fibrils, 
they became susceptible to analysis by the classic techniques of protein 
chemistry: peptide mapping, amino acid compositional data and primary 
sequence determination. The results have disclosed that certain amyloid 
proteins are derived from immunoglobulin I ight chains while others originatb 
from non-immunoglobulin sources. 

lmmunoglobul in I ight (L) polypeptide chains have a molecular weight 
of~ 22,500 daltons and are composed of approximately 214 amino acid 
residues. The amino-terminal half, the first 107 amino acids, is character­
ized by variance in amino acid sequence; this half is referred to as the 
variable half ·(VL)· The remaining 107 amino acids, the carboxyl-terminal 
ha l f, are characterized by constancy in amino acid sequence within a class 
(K or l); this portion is referred to as the common or constant half (CL)· 
(See Figure 1.) 

' 
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c c 

COOH 

LINEAR STRUCTURE of an antibody m olecule is shown ochcmatically. The two h eavy 
ebains and two li ght ones are con•1ected h y dLmlfidc l>rid g:cs . Each chain h a; an amin o end 
(Nil~ l and a carboxyl end I COOH i. Chains are divided into variable U' ) re gions 
in" hieh the amino acid se quen ce varies in different antibodies, and con:< tant tC) reg ions. 

Fig. I 
From: Jerne NK: The immune system. Sci Amer, July, 1973. 

The strongest support for the immunoglobulin origin of some amyloid 
fibri Is comes from determination of their amino acid sequence. In 1971, 
Glenner et al reported that the major component of two amyloid fibri I pro­
teins was homologous to the variable-region sequence of a kappa-type BJP 
(Table 2). The minor differences were no greater than those seen between 
any two BJP. These results demonstrated conclusively that the major pro­
tein constituent of these 2 amyloid fibri I preparations was derived from 
the amino-terminal (variable) portions of homogeneou s kappa L chains. 
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TABLE 2 Sequence Analyses of Amyloid Protein X and Vlll-b as Compared to the Sequence of the Prototype VKJ, Ker. 
(Variant residues are in bold type; undetermined or equivocal residues are indicated by brackets.) 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Ker Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg 
Amyloid X Asp lie Gin Met Thr Gin Ser Ala Ser Ser Leu Ser Ala , Ser Val Gly Asp Arg 
Amyloid VIII Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg 

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

Ker Val Thr lie Thr Cys Gin Ala Ser Gin Asp lie Lys 
Amyloid X Val lie lie [ l Cys Glx Ala [ l Glx Asx lie [ l Pro Tyr Leu [ l Tyr 
Amyloid VIII Val Thr lie Thr Cys Gin Ala Ser Gin Asx lie Gly [ l Tyr Leu Trp 

From ref 35. 

Further studies have confirmed the I ight chain or1g1n of amyloid, 
particularly in patients with the ''primary" type {Table 3). 

Table 3. Amyloid Fibril Proteins of Immunoglobulin Origin (AIO) -------
Subgroup Classification 

Amyloid Protein (Ref. 66) Major Protein(s) • Clinical Classification Ref. 

Cos (Ill) VA 1 VL + Lc Primary (65) 74 
Spe (VI) VAll or IV VL Primary (65) 74 
Art(VIII) VKI VL+Lc Secondary(65) 62 
Ale (X) V Kl V L Primary i65) 62 
Cra (XIV) VAll or IV VL Primary (65) 74 
Lua(L) VAl VL lsolated(43) 97 
Tew V Kll Lc Plasma cell dyscrasia (93) 131 

"Predominant amino-terminal variable fragment and whole light chain are designated VL and Lc, 
respectively . From ref 45. 

Of particular interest is the Tew protein which was isolated from 
the intestine of a patient with a history of chronic colitis who subse­
quently developed primary systemic amyloidosis and a plasma eel I dyscrasia 
(K Bence Jones proteinuria). Osserman et al had previously shown that 
fluorescein-labeled Tew BJP had an unusual binding affinity for smal I 
intestine which could be specifically blocked by pretreatment with the 
unlabeled BJP. It was therefore postulated that the Tew BJP might have 
been part of an anti-intestine antibody which was produced in great excess 
after long-term intestinal inflammatory disease. Terry et al have shown 
that the amyloid fibri I protein from this patient was identical to his 
intact urinary BJP. Thus in some circumstances, complete monoclonal L 
chains may be directly incorporated into amyloid tissue deposits. 

Glenner et al also were the first to show that some, but notal I, 
BJP obtained from patients without amyloidosis can be made to form amyloid 
fibri Is in vitro. BJP can be cleaved into constant and variable halves by 
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enzymatic methods. With some proteins a precipitate forms which has 
the typical Congo red birefringence, EM fibri I lar appearance and X-ray 
diffraction pattern characteristic of alI amyloid fibri Is. Sequence 
analysis of one such protein showed that the fragment (mw 4600 daltons) 
was derived from the amino-terminal V region of the BJP. Cohen, Frankl in 
and their co-workers hav~ confirmed these findings. Thus V-region sequences 
of certain BJP (: 15% of nearly 100 proteins) can become amyloid fibri Is 
under near-physiologic conditions, i.e., they have V-region sequences which 
are "amyloidogenic". The preponderance of 1.-type BJP in patients with 
amyloidosis (unlike the L- chain ratios in normal immunoglobulins and in 
myeloma without amyloidosis) suggests that such specific amyloidogenic 
V-regions occur more commonly in 1. chains than in K chains. In this 
regard it is noteworthy that 1. BJP usually exist as dimers while K BJP 
exist as monomers and dimers. In addition, 1. chains have a ~-conformation 
at body temperature whereas the K-type acquire it before precipitation 
during the classic thermal reaction. These properties may account for the 
propensity of 1. BJP to form amyloid. 

The above studies also provide a reasonable explanation for the 
discrepancies noted in the earlier immunochemical studies on the nature of 
amyloid. Since most amyloid proteins of immunoglobulin origin are composed 
of VL fragments, it is not surprising that many previous studies using 
anti-immunoglobulin or anti-L chain sera were negative. Most antisera to 
BJP react with the constant region (CL) or to unique (idiotypic) determi­
nants of the variable region thereby reducing markedly the possibi I ity of 
an antiserum to L chains or whole immunoglobulins reacting with the 
amyloid fibri Is of any one patient. Although native fibri Is are only 
weakly immunogenic, antisera can be made to the denatured fibri Is which 
cross-react with other structurally-related amyloid proteins and also 
with many BJP of the appropriate class. 

To summarize, amyloid fibri Is of immunoglobulin or1g1n are demon­
strable in patients with plasma eel I dyscrasia and usually, but not 
exclusively, in those with the primary (idiopathic) type of the disorder. 
In these instances, the major protein of the amyloid fibri I has been shown 
to be a monoclonal I ight polypeptide chain (BJP) and/or its amino-terminal 
(VL) fragment. Amino acid sequence analyses and immunochemical studies 
have revealed that these amyloid fibri I proteins may be classified as 
either K or 1. type based on their chemical homology and/or sharing of 
antigenic determinants with kappa or lambda Bence Jones proteins. 

32. Vasquez JJ, Dixon FJ: Immunohistochemical analysis of amyloid by 
the fluorescent technique. J Exp Med 104:727, 1956. 

33. Osserman EF, Takatsuki K, Talal N: The pathogenesis of "amyloidosis". 
Sem Hematol I :3, 1964. 

34. Cathcart ES, Cohen AS: Relation between isolated human amyloid 
fibri Is and human y-globul in and its subunits. J lmmunol 
96:239' 1966 . 

35. Glenner GG, Terry W, Haroda M, lsersky C, PageD: Amyloid fibri I 
proteins: Proof of homology with immunoglobulin I ight chains 
by sequence analyses. Science 172:1150, 1971. 
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36. Terry WD, Page DL, Kimura S, lsobe T, Osserman EF, Glenner GG: 
Structural identity of Bence Jones and amyloid fibri I 
proteins in a patient with plasma cell dyscrasia and amyloid­
as is. J C I in Invest 52: 1276, 1973. 

37. Glenner GG, Ein D, Eanes ED, Bladen HA, Terry W, Page DL: Creation 
of "amyloid" fibri Is from Bence Jones proteins in vitro. 
Science 174:712, 1971. 

38. Shirahama T, Benson MD, Cohen AS, Tanaka A: Fibri I lar assemblage 
of variable segments of immunoglobulin I ight chains: An 
electron microscopic study. J lmmunol 110:21, 1973. 

59. Linke RP, Zucker-Frankl in D, Frankl in EC: Morphologic, chemical, 
and immunologic studies of amyloid-1 ike fibri Is formed from 
Bence Jones proteins by proteolysis. J lmmunol I I I :10, 1973. 

40. Linke RP, Tischendorf FW, Zucker-Frankl in, Frankl in EC: The formation 
of amyloid-1 ike fibri Is in vitro from Bence Jones proteins 
of the V:A.I subclass. J lmmunol Ill :24, 1973. 

41. Pol let R, Rossi G, Edelhoch H: Fluorescence and circular dichroism 
of Bence Jones proteins at high temperature. J Bioi Chern 
247:5921' 1972. 

42. Editorial: lmmunoglobul in origin of amyloid. Lancet I: 1046, 1973. 

43. lsersky C, Ein D, Page DL, Harada M, Glenner GG: 
cross - reactions of human amyloid proteins 
immunoglobulin I ight polypeptide chains. 
486, 1972 0 

lmmunochemical 
with human 
J I mmuno I I 08: 

44. Glenner GG, Ein D, Terry WD: The immunoglobulin origin of amyloid. 
Am J Med 52:141, 1972. 

45. Glenner GG, Terry WD, lsersky C: Amyloidosis: Its nature and 
pathogenesis. Sem Hematol 10:65, 1973. 

46. Glenner GG: lmmunoglobul in and amyloid fibri I proteins. Brit J 
Hematol 24:533, 1973. 

47. Cohen AS, Cathcart ES: Amyloidosis and immunoglobulins. Adv 
lnt Med 19:41, 1974. 

48. Glenner GG, Terry WD: Characterization of amyloid. Ann Rev Med 
25:131, 1974 . 

2. Non-immunoqlobul in Derived 

Benditt and Ericksen carried out extensive studies on 
secondary amyloid deposits isolated from I iver of a human and a monkey 
with tuberculosis . These investigators were able to isolate a component 
(amyloid A) with a molecular weight of 6000-8000 daltons. The proteins 
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had. a characteristic amino acid composition and a unique sequence. 
Moreover, both displayed the abi I ity to bind Congo red. Sequence data 
on theN-terminal 24 amino acids indicated that amyloid A was a com­
pletely new pro tein distinct from immunoglobulins and with a sequence 
unlike any other peptide previously reported. Other patients with 
secondary amyloid (associated with juvenile RA, ulcerative colitis, 
bronchiectas is or rheumatoid arthri tis) also were found to have the 
unique protein A. 

These findings have been confirmed in several other laboratories. 
Levin et al have characterized an amyloid fibri I protein (ASF) obtained 
from patients with secondary amyloidosis (TB, bronchiectasis and Hodgkin•s 
disease) and one type of fami I ial amyloidosis, i.e., fami I ial Mediterranean 
fever (FMF), which corresponds to protein A of Benditt and Ericksen. The 
protein from the FMF patient had a mol ecular weight of 8500 daltons. 
Husby and co-workers reported a nearly-identical protein (AS), mw 9145 
daltons, obtained from the liver of a patient with secondary amyloi.dosis 
and rheumatoid arthritis. Glenner et al have also reported the same 
protein. The subtle di f ferences in amino acid composition and size of 
the individual proteins reported imp I ies that, as with most amyloid 
fibril proteins of immunoglobulin origin, these non-immunoglobulin amyloid 
proteins are derived from a larger precursor by proteolytic digestion. 
The nature of the protein of origin is, at present, unknown. 

Table 4. Amyloid Fibril Protein of Unknown Origin (AUO) 

Amyloid Protein 

Med (IV) 

Paa 
Pab 
A-4 
Hodgkin's 
F_M.F. 

N-Terminal Sequence of Major Protein" 

Arg-Se r -P he- Phe-Ser-
Ser-Phe-Phe-Ser-
Ser-Phe-Phe-Ser-

A rg-Se r-Ph e-Phe-Se r-
Ser-Phe-Phe-Ser-
Ser-Phe-Phe-Ser-

* Sequences are aligned to afford maximal homology. 

Clinical Classification 

Secondary (65) 
Primary (31) 

Secondary (31) 
Secondary (12) 
Secondary (48) 
Heredo-familial (48) 

Ref . 

40 
52 
52 
14 
48 
48 

From ref 45. Protein AS is not included in the table but has an 
N-terminal sequence identical to proteins Med (IV) and A-4 
(ref 51). 

Levin et al have demonstrated that an antiserum to ASF cross-reacts 
with a human serum component (slightly larger than albumin) which has 
alpha- 1 electrophoretic mobi I ity. Seven per cent of normal sera and 
50-60% of patients with certain chronic diseases, some of which are 
associated with amyloidosis, had elevated levels of this component. 

Similarly, Husby and Natvig have described a serum component having 
mw ~ 100,000 daltons and electrophoretic mobility in the a-~ region which 
is antigenical ly related to amyloid protein AS. This protein (ASC) was 
detected in only 3% of normal sera but in 48 of 55 sera from patients with 
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various clinical types of amyloidosis. Protein ASC is structurally and 
antigenical ly distinct from the periodic rods (P component) seen in 
amyloid preparations. Protein ASC was also detected with increased 
frequency in sera of patients with diseases known to be complicated by 
amyloidosis. Moreover, it was detectable in 50% of aged but otherwise 
normal subjects and in a similar proportion of individuals with hypo­
gammaglobulinemia. Interestingly in some instances, ASC was identified 
in sera of patients 2-3 years before the diagnosis of amyloidosis was 
established. 

In summary, the major constituent of amyloid fibri Is isolated 
from patients with secondary amyloidosis and FMF is a protein with mw 
~ ~000-9000 daltons which is unrelated to any known immunoglobulin chain 
or fragment. Its origin is obscure but it appears to be related to a 
minor component present in normal serum which rises in conditions known 
to predispose to amyloidosis and which may rep r esent a circulating pre­
cursor of tissue amyloid. 

49. Benditt EP, Ericksen N: Chemical classes of amyloid substance. 
Am J Pathol 65:231, 1971 . 

50. Levin M, Franklin EC, Frangione B, Pras M: The amino acid sequence 
of a major nonimmunoglobul in component of some amyloid 
fibri Is. J Cl in Invest 51:2773, 1972. 

51. Sletten K, Husby G: The complete amino-acid sequence of non­
immunoglobulin amyloid fibri I protein AS in rheumatoid 
arthritis. Eur J Biochem 41 :I 17, 1974. 

52. Levin M, Pras M, Frankl in EC: Immunologic studies of the major 
nonimmunoglobul in protein of amyloid. I. Identification 
and partial characterization of a related serum component. 
J Exp Med 138:373, 1973. 

53. Husby G, Natvig JB: A serum component related to nonimmunoglobulin 
amyloid protein AS, a possible precursor of the fibri Is. 
J Cl in Invest 53:1054, 1974. 

Also see refs 44-48 (reviews). 

Although the correlation of L- chain derived amyloid with cases of 
primary and plasma eel I dyscrasia- associated amyloidosis is striking, it 
is not invariable. Thus immunoglobulin - derived amyloid has been described 
in a case of apparent secondary disease and non-immunoglobulin-derived 
fibri Is have been reported in a case of nonfami lial primary amyloidosis 
(see Tables 3 and 4). Small amounts of an immunoglobulin-like protein 
(? polyclonal) were detected by Frankl in's group in their FMF and secondary 
cases. In addition, a single report of immunologically detectable amounts 
of the non-immunoglobulin protein AS in amyloid associated with plasma eel I 
dyscrasia (lgG and lgM) has appeared. 
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Finally, a third class of amyloid protein has been reported recently. 
This component was isolated from the spleen of a patient with generalized 
primary amyloidosis who had no evidence of BJP or other M-component. 
Initial characterization of this protein suggests that it differs from any 
other known amyioid protein and also from immunoglobulin fragments. It 
seems I ikely that sti I I other classes of amyloid wi I I be identified in 
the future. Indeed, preliminary studies suggest that polymers of insulin 
and glucagon form ~-pleated sheet fibri Is having the morphologic char­
acteristics of amyloid. 

54. Husby G, Sletten K, Michaelsen TE, Natvig JB: Amyloid fibril protein 
subunit, '~rotein AS'': Distribution in tissue and serum in 
different clinical types of amyloidosis including that asso­
ciated with myelomatosis and Waldenstrom's macroglobulinemia. 
Scand J lmmunol 2:395, 1973. 

55. Husby G, Natvig JB, Sletten K: New, third class of amyloid fibri I 
protein. J Exp Med 139:773, 1974. 

56. Glenner GG, Eanes ED, Termine JD, Bladen HA, Linke RP: The structural 
characteristics of some proteins having the properties of 
Congo red-stained amyloid fibri Is. J Histochem Cytochem 21: 
406, 1973. 

The principal features of human amyloid fibrils are I isted in 
Table 5. 
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Table 5. CHARACTERIZATION OF HUMAN AMYLOID FIBRILS 

I. PHYSICAL PROPERTIES: common to all forms of amyloid 

A. Polarized I ight: green birefringence with Congo red 
0 

B. EM appearance: 70-100 A nonbranching fibri Is 
C. X-ray diffraction pattern: ~-pleated sheet conformation 

I I. CHEMICAL STUDIES: at least 2 distinct types of amyloid proteins 

A. Intact monoclonal immunoglobulin I ight chains &/or fragments 
from N-terminal (variable) region 

I) patients with nonfami I ial primary systemic or 
plasma eel I dyscrasia-associated amyloidosis 

2) about 15% of Bence Jones proteins apparently 
"amy I o i dog en i c" 0 .. > K) 

B. Protein A - also known as AS or ASF (not derived from L chains) 

I) patients with secondary amyloidosis (rheumatoid 
arthritis, bronchiectasis, tuberculosis, Hodgkin's) 
and fami I ial Mediterranean fever 

2) mol wgt = 9000 daltons 

3) no relationship to any known immunoglobulin fragment 

4) origin obscure but appears related to minor 
component in normal serum 

C. Additional types of amyloid proteins I ikely 

IV. Diagnosis 

Dye extraction tests with Congo red or Evans blue have proved 
unsatisfactory. A high incidence of false negatives occurs with both 
agents and anaphylactic reactions have been reported. 

Definitive diagnosis of amyloidosis requires adequate examination 
of involved tissue. A variety of biopsy sites have been uti I ized includ­
ing skin, rectum, gingiva, tongue, I iver, kidney, spleen, respiratory 
tract and smal I intestine. We have made the diagnosis from connective 
tissue removed at surgery for rei ief of the carpal tunnel syndrome and 
also from lymph node biopsy. The clinician should bear in mind the 
potential hazard of bleeding from friable amyloid tissue and the obvious 
fact that a negative biopsy does not rule out the diagnosis. 
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Rectal biopsy is the procedure of choice whenever amyloidosis is 
suspected. The diagnosis can be established in 75-85% of cases and morbidity 
is minimal. Amyloid deposits are most frequently observed in blood vessels, 
submucosa and muscularis mucosae. The key to correct diagnosis is appro­
priate staining and examination of tissue sections. AI I tissue should be 
stained with Congo red and examined for green birefringence under polarized 
I ight~ If possible, electron microscopy should also be done. 

Needle biopsy of subcutaneous abdominal fat has been recently advo­
cated as an accurate method for diagnosis of secondary amyloidosis. 

57. Blum A, Sohar E: The diagnosis of amyloidosis. Lancet I :721, 1962. 

58. Kyle RA, Spencer RJ, Dahl in DC: Value of rectal biopsy in the diag­
nosis of primary systemic amyloidosis. Am J Med Sci ~51 :501, 
1966 . 

59. Westermark P, Stenkvist B: A new method for the diagnosis of systemic 
amyloidosis. Arch Jnt Med 132:522, 1973. 

Also see ref 22. 

V. Cljnjcal Amvlojdosis 

A. Classification 

There is no satisfactory classification of amyloidosis. AI location 
of patients into primary, secondary, myeloma-associated, hereditary and 
localized categories has been largely on empirical grounds. Attempts at 
histologic distinction between primary and secondary types according to site 
of early amyloid deposition (perireticul in vs. pericol lagenous) or tinctorial 
properties are not valid. Classification based on differences in or~an 
distribution of amylo i d has also been uti I ized. Thus secondary or "typical" 
amyloid usually involves I iver, spleen, kidneys and adrenals. By contrast, 
the primary and myeloma-associated ("atypical") types tend to involve skin, 
tongue, G-1 tract, heart, ligaments and peripheral nerves. However, con­
siderable overlap occurs and such a. scheme has I imited clinical value. For 
example, renal disease is a major factor in most patients regardless of 
classification. Similarly, cardiac, G-1 and skin involvement occurs fre­
quently in subjects with the secondary type. It should be noted, however, 
that macroglossia and/or carpal tunnel syndrome generally indicat~ the 
primary or myeloma- associated variety. 

Primary and secondary have also been employed to denote absence or 
presence of predisposing chronic disease (infection or inflammation), 
respectively. If this feature is used as the distinguishing criterion, 
most current cases wi I I be labeled "primary". Clearly, the principal 
justification for retaining primary and secondary types according to chronic 
disease association is the recent chemical data on the nature of amyloid 
fibri Is (see Section I I 1). Moreover, there now seems I ittle reason to 
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maintain a separate myeloma-associated group (Section V-B). Table 6 
shows a tentative classification based on these considerat ions. A truly 
rational scheme awaits further elucidation of the chemical nature of the 
various kinds of amyloid. 

60. .Brandt K, Cathcart ES, Cohen AS: A clinical analysis of the course 
and prognosis of forty-two patients with amyloidosis. 
Am J Med 44:955, 1968. 

Also see refs I, 3 and 9. 

Table 6. CLASSIFICATION OF AMYLOIDOSIS 

I. Primary Systemic (nonhereditary) 

A. I mmunog I obu I in-derived 
i) M-component (usually Bence Jones protein) demonstrable . 

in urine and/or serum 
ii) Overt myeloma may or may not be present 

B. Non-immunoglobulin-derived 
i) No demonstrable Bence Jones protein 
ii) Uncommon 

2. Secondary Systemic 

A. Chronic disease association: TB, bronchiectasis, osteomyelitis, 
rheum. arthritis, leprosy, paraplegia, inflammatory bowel 
disease, Hodgkin's, renal cell carcinoma, etc. 

B. Most appear to be of non-immunoglobulin origin (no demonstrable 
Bence Jones protein) 

3. Heredofami lial 

4. Loca I i zed 

A. Amyloid "tumors"- esp. respiratory and urinary tracts 

B. Neoplasms with amyloid stroma 
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B. The Problem of Primary Systemic Amyloidosis 

It has long been recognized that amyloidosis occurs in 10-15% of 
patients with typical multiple myeloma. As noted, Magnus-Levy and Apitz 
originally pointed out the association between primary amyloid, marrow 
plasmacytosis and Bence Jones proteinuria. Later, the relations~ip between 
primary amyloid and BJP was re-emphasized by Kyle and Bayrd and by Osserman 
whose data suggested that nearly alI patients with primary amyloidosis had 
either frank myeloma or an underlying plasma eel I dyscrasis (PCD) that 
would ultimately result in myeloma. 

Many other investigators were unable to substantiate these findings 
(e.g. Barth et al). The magnitude of the conflict is perhaps best 
illustrated by Cohen's remarks in his extensive 1967 review (ref I). After 
recommending that patients with primary systemic amyloidosis have electro­
phoretic and immunochemical studies on serum and urine performed to search 
for M-proteins, he stated, "Although these tests wi I I occasionally uncover 
a patient with early multiple myeloma, it by no means indicates that alI 
patients with amyloidosis have active or inapparent ~yeloma, as has been· 
suggested'' (by Osserman). In discussing amyloid associated with multiple 
myeloma, he wrote, "Although it has been somewhat attractive in the past 
to associate amyloidosis with the patients whose urine contained Bence 
Jones protein, and to speculate that the protein constituted part of the 
amyloid, this hypothesis has clearly become untenable in recent years". 

61. Kyle RA, Bayrd ED: "Primary" systemic amyloidosis and myeloma. 
Discussion of relationship and review of 81 cases. Arch lnt 
Med 107:344, 1961. 

62. Barth WF, Wi I lerson JT, Waldmann TA, Decker JL: Primary amyloidosis. 
Clinical, immunochemical and immunoglobulin metabolism studies 
in fifteen patients. Am J Med 47:259, 1969. 

Also see refs I, 6-8 and 33. 

For the past few years, we have been interested in patients with 
"I ight chain disease" (LCD), i.e. patients whose only detectable monoclonal 
protein abnormality consists of excess production of either K or A light 
chains (Bence Jones protein). The diagnosis of myeloma in such individuals 
was based on the demonstration of theM-protein in urine and/or serum plus 
at least one of the following additional findings: marrow plasmacytosis in 
sheets or clusters> 10 eel Is, lytic bone lesions, or Bence Jones proteinuria 
in excess of 300 mg/day. Our criteria for the diagnosis of myeloma are 
similar to those of others; alI of 35 patients with LCD whom we studied met 
these criteria. Systemic amyloid was identified in 7 of the patients; their 
initial serum and urine protein findings are shown in Figure 2. 

63. Stone MJ, Frenkel EP: The clinical spectrum of I ight chain myeloma. 
A study of thirty-five patients with special reference to 
the occurrence of amyloidosis. Am J Med, in press. 
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The following case protocols i I lustrate the clinical presentation and 
course of our patients with LCD and systemic amyloidosis. 

Case 2. This 59 year old woman oresented to another hospital with tarry 
stools. She was "found to have anemia, proteinuria and diffuse infiltrates 
in both lung fields on chest roentgenograms. She was given transfusions 
and antibiotics. Blood urea nitrogen (BUN) had been 48 mg/100 ml initially 
but repeat determination on the twenty-first hospital day was 102 mg/100 ml. 
An intravenous pyelogram (IVP) did not visuali ze but retrograde pyelograms 
were normal. The development of oliguria led to her transfer to Parkland 
Memorial Hospital. 

On admission, she was obtunded, edematous and in acute respiratory 
distress with diffuse rales and dul I ness at both lung bases. A crepitant 
6 em mass was noted in the region of the right 9th rib posteriorly. The 
I iver was enlarged (overal I span 18 em) but splenomegaly and lymphadenopathy 
were absent. 

Admission laboratory data disclosed hemoglobin 10.4 g/100 ml, Hct 32 
per cent, white blood eel I count 16~100/mm3 with a left shift in the differen­
tial, and platelet count 260,000/mm~. The BUN was 83, serum creatinine 13.5 
and serum uric acid 12.2 mg/100 ml. Except for a plasma chloride of 83 
meq/1 iter, electrolytes were normal. The arterial pH was 7.45, carbon 
dioxide tension (pC02) 33 mm Hg, oxygen tension (p02) 43 mm Hg and oxygen 
saturation 83 per cent. Serum protein electrophoresis (SPE) showed hypo­
albuminemia, increased alpha-2 globulin and no evidence of a monoclonal 
spike (Figure 2). Urine showed 3+ protein by Dipstix with negative heat 
test for Bence Jones protein. The stool guaiac was 3+. Chest roentgeno­
grams disclosed bilateral diffuse reticulonodular inti ltrates and a lytic 
lesion of the right posterior 9th rib. Skul I films were negative. The 
bone marrow was hypercel lular with 83 per cent pleomorphic plasma eel Is in 
sheets. Serum lgG, lgA and lgM levels were markedly decreased (Figure 2); 
lgD and lgE were undetectable. IEP demonstrated Bence Jones proteinemia, 
type K. The patient became anuric and, in spite of peritoneal dialysis, 
expired. 

Autopsy confirmed the diagnosis of multiple myeloma; the 9th rib 
lesion was due to sheets of plasma eel Is. The patient also had amyloidosis 
involving the lungs, gastrointestinal tract, kidneys, I iver and spleen. The 
pulmonary alveolar septa and renal glomeruli were diffusely involved with 
amyloid. Extensive casts fi I led the kidney tubules; atrophic tubular 
epithelium and giant eel Is were present (myeloma kidney). 

Comment: This patient presented with unexplained renal failure and proteinuria. 
The initial evaluation failed to quantify and characterize this proteinuria. 
An IVP was performed after which the patient developed ol iguric renal failure, 
an event extensively documented in the past. Myeloma was considered in the 
differential diagnosis of her renal failure but the absence of a monoclonal 
serum spike and the negative Bence Jones heat test misled her physicians. 
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This patient also had generalized amyloidosis. Osteolytic lesions 
are rare in patients with amyloidosis and may be due to amyloid infi ltra­
tion of bone or, 3 S in this case, focal plasma eel I tumor. 

64. Gardner H: Bone lesions in primary systemic amyloidosis. Brit J 
Radio! 34:778, 1961 . 

65. Grossman RE, Hensley GT: Bone lesions in primary amyloidosis. 
Am J Roentgen 101:872, 1967. 

66, Gordon DA, Pruzanski W, Ogryz lo MA, Little HA: Amyloid arthritis 
simulating rheumato id disease in five patients with multiple 
myeloma. Am J Med 55:142, 1973 . 

Case 20. This 59 year old man developed bilateral carpal-tunnel syndrome 
(surgically rei ieved), hoarseness, a thick tongue and bilateral submandibular 
swel I ing during the year prior to admission. 

On physical exam his tongue was indurated and enlarged as were the 
submandibular glands. The jugular veins were distended and cardiomegaly 
was present. Scrotal and pretibial edema also was noted. The hemoglobin 
was 14.2 g/100 ml, hematocrit 42 per cent, white blood eel I count 8,200/mm3, 
platelets 265,000/mm3 and ESR 15 mm/hour. Rouleau was absent. Blood 
chemistries (BUN, creat., calcium and uric acid) were normal. SPE showed 
hypoalbuminemi a and hypogammag lobul inemia (Figure 2). Serum levels of lgG, 
lgA and lgM were low; lgD and lgE were undetectable. Urine protein was 
negative by Dipstix but 4+ by SSA; quantitative urine protein excretion was 
4.5 g/24 hours. Bence Jones protein was present by both the heat and TSA 
tests. Urine protein electrophoresis demonstrated a typical M-spike in the 
fast y region which accounted for > 90 per cent of the protein present (see 
Figure 2) ; IEP showed a marked increase in A I ight chains, a smal I amount of 
albumin and no evidence of K determinants. Serum IEP revealed A Bence Jones 
proteinemia. Voltage was normal on the electrocardiogram and a bone survey 
was negative. 

Needle biopsy of the tongue showed marked infiltration with amyloid. 
Bone marrow aspiration demonstr ated 75 per cent pleomorphic plasma eel Is in 
sheets and clusters. 

The patient was begun on intermittent melphalan. His 24 hour urine 
protein excretion was reduced to 650 mg 10 months later and 260 mg 16 months 
after institution of therapy, although A Bence Jones protein remained the 
major urine protein component. His macroglossia did not change. However, 
he developed claudication of thigh muscles and expired from refractory con­
gestive heart failure 18 months after diagnosis. 

Post mortem examination disclosed a 690 g heart 
amyloidosis. Amyloid also was present in tpe tongue, 
spleen, kidneys and smal I arterioles of the muscles. 
glomeruli were involved with amyloid and there was no 
kidney. 

with extensive 
esophagus, I iver, 
Only occasional renal 
evidence of myeloma 
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Comment: This patient presented with the classic features of primary 
systemic amyloidosis: bilateral carpal-tunnel s yndrome, macroglossia, 
and congestive heart failure in the absence of a coexisting chronic 
disease. His persistent muscle pain on exertion was ischemic in origin 
due to amyloid inti ltration of arterioles with consequent I imited capacity 
for vas6di latation during exercise. 

Case 20 is a striking examp le of the relationship between primary 
systemic amyloidosis and mu lti ple myeloma. As was true in our other 
amyloid patients , the initial clinical manifestations and subsequent 
course were dominated by the sequelae of amyloid deposition. It is 
noteworthy that this patient did not have anemia, lytic bone lesions or 
evidence of severe renal functional impairment desp ite diffuse infi ltra­
tion of his marrow by plasma ee l Is and profound Bence Jones proteinuria. 

67. Zel is R, Mason DT, Barth W: Abnormal peripheral vascular dynamics 
in systemic am yloidosi s. Ann lnt Med 70: I 167, 1969. 

Al so see refs 3, 33, 44 and 61. 

Case 24. This 60 year old woman presented with a 2 year history of inter­
mittent melena, right upper quadrant pain and a 20 pound weight loss. On 
examination, she appeared pale and chronically iII. The only other abnormal 
finding was I iver enlargement to 7 em below the left costal margin. 

Laboratory examination revealed a microcytic hypochromic anemia (hemo­
globin 7.1 g/100 ml) with anisocytosis, poikilocytosis, target eel Is and 
Howel 1-Jol ly bodies . Stool guaiac was positive . Urinalysis showed 4+ pro­
tein by Dipstix but was otherwi se negative . Liver function chemistries re­
vealed hypoalbuminemia (2.7 g/100 ml) and an elevated alkaline phosphatase 
(28 King-Armstrong units) . Other blood chemistries and coagulation studies 
were within normal I imits. Roentgenograms of the chest, esophagus, stomach, 
colon and bones were negative; an oral cholecystogram demonstrated chole­
lithiasis. A 99mTc-sulfur colloid scan confirmed the presence of marked 
hepatomegaly; no splenic uptake was seen. Percutaneous needle biopsy of the 
liver demonstr ated extensive infiltration by amyloid. SPE disclosed total 
protein of 5.8 g/1 00 ml and an abnormal component in the y region (Figure 
2). Serum levels of lgG and lgM were normal; lgA was reduced. Neither lgD 
nor lgE was detectable in the serum. IEP demonstrated l Bence Jones pro­
teinemia. Urin e protein excret ion was 2.54 g/24 hours. Electrophoresis 
(Figure 2 ) and IEP confirmed multiple-component proteinuria. Both I ight 
chain classes were present but with altered K/l ratio and the l precipitin 
I ine was bowed anodally. Bone marrow examination showed 24 per cent 
pleomorphic plasma eel Is , demonstrable amyloid and absence of stainable 
iron. Amyloid was also seen in sma l I bowel and rectal biopsies. A diagnosis 
of polymeric l Bence Jones proteinemia with primary systemic amyloidosis was 
made. Therapy consisted of melphalan, allopurinol and oral iron. She did 
wei I except for the development of orthostatic hypotension which was felt to 
be due to amyloid dysautonomia. After 4 courses of melphalan, urinary 
protein excretion was< 500 mg/24 hours and remained so throughout her 
course; however, Bence Jones protei nemia persisted. She died of massive 
gastrointest inal bleeding 17 months after diagnosis. 
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Post mortem examination disclosed extensive amyloid involvement of 
the I iver (3900 g), spleen (329 g), adrenals, kidneys and entire gastro­
intestinal tract. Amyloid deposits also were present in the smal I 
arterioles, heart, lungs, peripheral nerves, pancreas, ovaries, uterus, 
neurohypophysis and dura mater. Multifocal mucosal hemorrhages were pres­
ent throughout the gastrointestinal tract. 

Comment: This patient presented with abdominal pain, hepatomegaly and 
anemia secondary to gastrointestinal blood loss . Biopsies of multiple 
organs demonstrated amyloidosis. There was no history of previous symp­
tomatic chronic suppurative or inflammatory disease. The abnormal compo­
nent on SPE (Figure 2) was identified as A Bence Jones protein. Although 
the urine electrophoretic pattern did not suggest the presence of an M­
protein, the intensity and contour of the precipitin arc developed with 
monospecific anti-A serum demonstrated that a smal I amount of the mono­
clonal I ight chain was present in the urine. Since the patient was neither 
ol iguric nor azotemic, the finding of marked Bence Jones proteinemia with 
only a smal I amount of this protein in the urine was distinctly unusual and 
suggested that high molecular weight polymers of A light chains were present 
which could not be filtered through the glomeruli. 

Similar instances of Bence Jones proteinem ia with I ittle or no Bence 
Jones proteinuria have been described. Most Bence Jones proteins exist 
naturally as dissociable or stab le dimers of molecular weight 45,000 
daltons; these are filtered by normal glomeruli. Our patient closely 
resembles the one described by Parr et al .; their patient also had general­
ized amyloidosis with A Bence Jones proteinemia and, to a minor extent, 
proteinuria. In that case, the monoclonal I ight chain existed as a tetramer 
in both serum and urine. Presumably, the increased glomerular permeability 
resulting from renal amyloidosis at lowed passage of some of the tetrameric 
Bence Jones protein into the urine. The size of the lambda polymer in our 
patient's serum has not been precisely established but preliminary gel fi 1-
tration studies indicate that it has a molecular weight in excess of 100,000 
daltons (i.e., larger than a tetramer) and that the A I ight chains are co­
valently bound to each other . 

In view of the relationship between monoclonal I ight chains and some 
amyloid fibri I proteins, it is intriguing to consider that selective reten­
tion of an "amyloidogenic" Bence Jones protein in this patient's serum 
accelerated the incorporation of I ight chain fragments into amyloid fibri Is. 
Such speculation suggests the potential therapeutic value of a vigorous 
plasmapheresis program. High polymeric Bence Jones proteinemia does not 
appear to be invariably associated with either type A I ight chains or amyloid­
osis. Another of our patients had persistent K Bence Jones proteinemia in 
the absence of urine Bence Jones protein and azotemia. Except for his early 
age of onset, this patient had typical multiple myeloma without clinical or 
autopsy evidence of amyloidosis. Similarly, the patients with tetrameric 
Bence Jones proteinemia reported by Grey and Kohler and Caggiano et al. had 
no evidence of amyloid deposition. 

Several other unusual c linical features noted in patients with amyloid­
osis were present in this patient. Despite marked hepatomegaly due to 
amyloid infiltration, abnormalit ies of I iver function chemistries were 
I imited to an increased serum alkaline phosphatase and hypoalbuminemia. This 
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discrepancy between extent of hepatic amyloidosis and derangement of I iver 
function tests has been wei I documented. Gastrointestinal bleeding, an 
initial finding in this patient, is common in amyloidosis and occurred in 
more than half th e patients described by Brandt et al. Similarly, the 
development of s0vere orthostatic hypotension in our patient appeared due 
to autonomic impairment by amyloid. The acquired dysautonomia associated 
with amyloidosis may involve abnormalities in control of gastrointestinal 
and respiratory as wei I as circulatory function. 

Finally, the triad of abnormal red eel I forms with Howel 1-Jol ly 
bodies on peripheral blood smear, absence of splenic uptake following in­
jection of 99mrc-sulfur colloid, and splenomegaly established the presence 
of functional hyposplenism in this patient. Although the occurrence of 
functional hyposplenism in amyloidosis has not been reported, we have re­
cently seen it in 3 other patients with amyloidosis and plasma eel I dyscrasia. 

68. Parr OM, Pruzanski W, Scott JG, Mi I Is OM: Primary amyloidosis with 
plasmacytic dyscrasia and a tetramer of Bence Jones type 
lambda globulin in the serum and urine. Blood 37:473, 1971. 

69. Grey HM, Kohler PF: A case of tetramer Bence Jones proteinemia. 
Cl in Exp lmmunol 3:277, 1968. 

70. Caggiano V, Dominguez C, Opfel I RW, Kochwa S, Wasserman LR: lgG 
myeloma with closed tetrameric Bence Jones proteinemia. 
Am J Med 47:978, 1969. 

71. Levine RA: Amyloid disease of the I iver. Correlation of clinical, 
functional and morphologic features in forty-seven patients. 
Am J Med 33:349, 1962. 

72. Kyle RA, Kottke BA, Schirger: Orthostatic hypotension as a clue to 
primary systemic amyloidosis. Circulation 34:883, 1966. 

73. Capone R, Amsterdam EA, Mason DT, Zel is R: Systemic amyloidosis, 
functional coronary insufficiency and autonomic impairment. 
Ann lnt Med 76:599, 1972. 

74. French JM, Hal I G, Parish OJ, Smith WT: Peripheral and autonomic 
nerve involvement in primary amyloidosis associated with 
uncontrol I able diarrhea and steatorrhoea. Am J Med 29:277, 
1965. 

75. Eisele JH, Cross CE, Rausch DC, Kurpershoek CJ, Zel is RF: Abnormal 
respiratory control in acquired dysautonomia. New Eng J 
Med 285:366, 1971. 

76. Stone MJ: Functional hyposplenism in amyloidosis. Proc 17th Annual 
Meeting Am Soc Hematology, 1974. 

Also see refs 60 and 62. 
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The 7 subjects with primary amyloidosis differed in several respects 
from the remaining 28 patients in our study. A presentation with carpal­
tunnel syndrome (5 patients ), acute renal failure (I patient), or gastro­
intestinal symptoms (I patient) characterized the patients with amyloid 
deposition. In addition, macroglossia, congestive heart failure, 
arthralgias and peripheral neuropathy were seen only in the amyloid group. 
By contrast, patients without evidence of amyloidosis presented with the 
more typical symptoms of myeloma, viz., skeletal pain. Although we cannot 
prove that alI patients in this latter group had no tissue amyloid, we 
failed to obtain evidence for it at autopsy or on various biopsies in 16 
of these individuals. 

Clinical and laboratory findings in the amyloid and "nonamyloid" 
p~tients are compared in Table 7. Age at diagnosis, K/A frequency and 
hemoglobin values were simi Jar in both groups. Although the initial BUN 
was somewhat lower in amyloid subjects, serum creatinines were identical. 
Serum uric acid levels and degree of marrow plasmacytosis also were simi Jar 
in both groups. Serum lgG levels tended to be lower and daily proteinuric 
rates higher in patients with amyloidosis. Albuminuria paralleled the 
severity of glomerular involvement with amyloid. In the absence of 
extensive glomerular amyloid deposition, the predominant urine protein 
component consisted of Bence Jones protein (Cases 20, 25, 27 and 29)(Fig. 2). 

Three major differences between the amy loid patients and the other 
I ight chain myeloma subjects were apparent (Table 7). First, the serum 
albumin level s were significantly lower in the amyloid group. Second, 
lytic bone lesions were rare in amyloid patients but present in 75 per cent 
of the others. This difference in frequency of ske I eta I I es ions appeared 
to explain the higher serum calcium values observed in the "non-amyloid" 
group. Finally, median surv ival after dia~nosis was 7 months in amyloid 
patients and 19 months in the ''non -amy loid' group. 
Table 7. C0~1PARISON OF CLINICAL AND LABORATORY FEATURES IN AMYLOID 

AND "NON-AMYLOID" PATIENTS 

Parameter 

No. patients 
Light chain class 
Mean age (yr.) 
Mean hemoglobin (g/100 ml) 
Mean BUN (mg/100 ml) 
Mean serum creatinine (mg/ 100 ml) 
Mean serum calcium (mg/100 ml) 
Mean serum uric acid (mg/100 ml) 
Mean serum albumin (g/100 ml) 
Mean serum lgG (mg/ml) 
Bence Jones proteinemia 
Lytic bone lesions C%) 
Marrow plasma eel Is (%) 
Mean 24 hr. proteinuria (g) 
Median survival (mo.) 

(From Ref. 63) 

Amyloid 

7 
3 IC, 4 

56 
I I • 7 
28 
3.3 
9.7 
8 . I 
3.0 
5.0 
6/7 
1/7 

50 
3.80 
7 

"Non-Amy I o i d 11 

28 
A 13 K, 15 A 

60 
I I .4 
40 
3.3 

I I • I 
8.4 
3.9 p < 0.01 
6.8 

22/28 
21/28 p < 0.025 
54 
3.05 

19 p < 0.001 
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The recent insights into the chemical nature of amyloid fibri Is have 
clinical imp I ications which are pertinent to our study. The amyloid pa­
tients presented with complaints directly relating to tissue deposition of 
amyloid, whereas the other LCD patients exhibited the usual symptoms and 
signs of myeloma. Yet the monoclonal I ight chain abnormality and degree 
of evident plasma eel I prol iterat ion were similar in both groups. These 
considerations emphasize that the distinction between "primary amyloidosis 
associated with p lasmacytic dyscrasia" and "myeloma-associated amyloidosis" 
is vague, particularly when theM-protein disturbance involves overpro­
duction of Bence Jones protein exclusiveiy. The experimental studies relat­
ing monoclonal I ight chains and amyloid (see Section I I 1-B) may explain the 
rather high incidence (20 per cent) o f amyloidosis which we observed. 
Amyloid has been identified only rarely in the remainder of our myeloma 
population, a finding similar to that of Hobbs. Thus accurate appraisal of 
the incidence of amyloidos is in multiple myeloma is largely dependent .on 
the LCD subg ro up. The data are consistent with the hypothesis that LCD pa­
tients who s ynthesi ze and secrete Bence Jones proteins possessing "amyloid­
ogenic" propert ies tend to have an iII ness dominated by the features of 
primary amyloidosis instead of the usual manifestations noted in other 
myeloma patients. The resul t in g clinical picture would be, therefore, more 
dependent on the molecular structure of the individual Bence Jones protein 
produced than on any intrinsic difference between primary amyloidosis and 
multiple myeloma. Such a hypothesi s does not dictate that every patient 
producing "amyloidogeni c" I ight chai ns need necessarily develop clinical 
amyloidosis; some clearly do not suggesting that additional factors play a 
role in the tissue deposition of amyloid fibri Is. 

Skel eta l destruction was rare in the amylo id group. In fact only I of 
7 patients had a n osteo lytic les ion (Case 2 ) . This rarity may be due to an 
earlier presentation of patients because of symptoms referable to the amyloid 
deposition. Cel I kinetic data in lgG myeloma support such a concept since 
patients with more than 2 X 1012 "myeloma'' cells generally have osteolytic 
lesions whereas such lesions are usually absent when the tumor eel I burden 
is less than I X 1012 eel Is. This hypothesis has not been tested by eel I 
kinetic studies in LCD . 

77. Hobbs JR: lmmunochemica l classes of myelomatosis. Brit J Haematol 
I 6: 599, I 969 . 

78 . Salmon SE: lrnmunoglobul in synthes is and tumor kinetics of multiple 
mye I oma. Sern Hemato I I 0: I 35, 1973. 

Also see refs 31, 37, 44 and 46 . 

In alI we have studied 20 patients with biopsy-proved amyloidosis 
during the past 5 years. Sixteen had t he primary systemic type; the remain­
ing 4 had only loca li zed involvement. As shown in Table 8, 14 of the 16 
subjects with generalized amy loidosis had identifiable M-components in serum 
and/or urine. Bence Jones protei n a lone accounted for the monoclonal pro­
tein abnormality in 10 patients (3 K, 7 A). 



A. 

B. 

- 27 -

Table B. AMYLOIDOSIS - 20 PATIENTS 
I I /69 - 9/74 

WITH associ oted plasma eel I dyscrasia 
(a I I had systemic involvement) 

Light chains (Bence Jones protein) only 
lgG, K 
lgA, K 
lgA, A. 
lgM, A. 

WITHOUT associated pI asma cell dyscrasia 

Loca I i zed 
Systemic 

No. 

14 

10 (3K, 7). .. ) 

I 
I 
I 
I 

6 

4 
2 

Much more extensive data has recently been pub I ished. lsobe and 
Osserman documented M-proteins in 88 of 100 patients with primary (Pattern 
I) and secondary (Pattern I I) amyloidosis (see Table 9). These included 
50/50 in primary cases, 9/17 in secondary cases and 26 / 30 in mixed cases. 
36/50 primary cases had BJP only and 10 others had BJP associated with lgG 
or lgA serum spikes. Therefore 92% of the primary cases were characterized 
by the production of free monoclonal L chains. The relative ly higher fre­
quency of type A. proteins i s evident from the table (K/A. amyloidosis=0.75; 
KI A. mye loma without amyloidosis=! .1). The possibi I ity that amyloid-re lated 
Bence Jones proteins are fragments of auto-reactive antibodies which In i ­
tially bind to tissues in a specific manner was proposed by Osserman in 1964 
(see ref 33). Indeed, Glenner has suggested that Bence Jones dimers them­
selves might mimic Fab fragments and bind specifically to tissue antigens 
prior to becoming ~-pleated sheet fibri Is (see Fig. 3). It seems probable 
that L-chain po lymers and V-region half molecules could arise in v ivo via 
enzymatic degradation which mi ght be related to normal I ight catabo l ism. 
Thus Tan and Epstein have found that a lysosomal enzyme preparation from 
normal human kidney can degrade BJP; during this process polymers are formed 
which are insoluble under physiologic conditions. These insolub le polymers 
have the EM appearance of amyloid fibri Is and display green polarization 
birefringencE after staining with Congo red. 

79. lsobe T, Osserman EF: Patterns of amyloidosis and their association 
with plasma-ee l I dyscrasia, monoc lonal immunoglobulins and 
Bence Jones prote i ns. New Eng J Med 290:473, 1974. 

80. Tan M, Epstein W: Polymer formation during the degradation of human 
I ight chain and Bence Jones proteins by an extract of the 
lysosomal fraction of normal human kidney. Immunochemistry 
9 :9' 1972. 

81. Epstein vJV, Tan M, ~'lood IS: Formation of "amyloid" fibri Is in vitro 
by action of human kidney lysosomal enzymes on Bence Jones 
proteins . J Lab Cl in Med 84:107, 1974. 
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Table 9, F roquency of M-proteins in Different Patterns of 
Amyloidosis . 
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Fig. 3 • Similarity between 
Fab fragment, having antigen 
binding activity, and interchain 
disulfide dimer of light chains. 
Variable regions are in black. 

Two other recent studies are noteworthy. The Boston group has reported 
finding M-proteins in serum or urine of 7 of 14 cases of primary amyloidosis. 
No monoclonal proteins were identified in 8 patients with localized amyloid, 
6 patients with hereditary amyloidosis or in 23 patients with secondary 
amyloidosis. These authors raise the possibi I ity that the M-proteins in the 
primary group might simply represent coexisting and unrelated nonprogressive 
(benign) plasma eel I dyscrasias which are known to occur in a variety of 

- conditions as wei I as in healthy and aged persons. If so, one wonders why 
M•proteins were uniformly absent in their other groups of amyloid patients! 
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82. Cathcart ES, Ritchie RF, Cohen AS, Brandt K: lmmunoglobul ins and 
amyloidosis. An immunologic study of sixty-two patients 
with biopsy-proved disease. Am J Med 52:93, 1972. 

In an autopsy study of 35 myeloma patients and 138 age-matched con­
trols, Limas et al concluded that myeloma did not enhance the development 
of age-related amyloid. Their more interesting finding was that the over­
at I frequency of amyloid inti ltration in the myeloma patients did not differ 
significantly from that in the age-matched control group. The authors sug­
gest that one possible explanation for the alleged frequency of amyloidosis 
in myeloma might be that previous workers did not give sufficient considera­
tion to the incidence of amyloid accumulation in elderly persons without 
myeloma. Interestingly, the criteria for diagnosis of myeloma and the 
number of patients studied were essentially identical to those in our study 
(ref 63). However, most subjects had serum spikes and immunochemical · typing 
of M-proteins was performed in only 13 of the 35 patients studied by Limas 
et at. Failure to focus on the light chain myeloma group leads to erroneous 
conclusions regarding the incidence of amyloidosis in myeloma. 

83. Limas C, Wright JR, Matsuzaki M, Calkins E: Amyloidosis and multiple 
myeloma. A reevaluation using a control population. Am J 
Med 54:166, 1973. 

Finally, alI homogeneous components on electrophoresis of urine from 
~atients with amyloidosis are not Bence Jones protein. We have recently 
studied a previously healthy 40 y/o man (AB) who developed the nephrotic 
syndrome . Renal biopsy demonstrated amyloid in at I glomeruli present (Congo 
red and EM). Liver biopsy and bone marrow examination were negative. 
Urinary protein excretion was 8.5 g/day; the urine was positive for BJP by 
both the heat and TSA methods. Serum and urine electrophoretic patterns 
are shown in Fig. 4. lmmunochemical analysis disclosed that the homogeneous 
~-migrating urine component was transferrin which was present in a concen­
tration of 150 mg%. Transferrin purified from normal human serum exhibited 
thermal properties virtually identical to those of true Bence Jones proteins. 

Thus another potential source of confusion in amyloidosis! 

84. Guest WS, Stone MJ: Urine transferrin masquerading as Bence Jones 
protein in the nephrotic syndrome of primary amyloidosis. 
Cl in Res 22 :529A, 1974. 
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C. Heredofami I ial Amyloidoses 

These syndromes are I isted in Tables 10 and I I according to their 
principal clinical patterns of involvement. Except for fami I ial Mediterranean 
fever (FMF), the mode of inheritance is autosomal dominant. No characteristic 
biochemical, hematologic or immunologic abnormalities have been identified 
thus far. As noted in Section I I I, the amyloid fibri I protein in FMF is of 
non-immunoglobulin origin. 

Table I 0 • H l RfDOF.\.\!ILIA L A\IYL.OIDOS ES 

,\'europu:hy 
I. Lower limb (D) 

a. Ponuguesc 
b. Japa nese 
c. Other('" U.S.A. --Greck ,·ariet' l 

2. Upper limb- carpa l tunnel -- vitreous opacities (D) 
a. Swiss (Indian a) 
b. German (Maryland) 

3. Lower then upper limb plu> nephropathy (0) 
a. English-- Irish- Scottish (Iowa) 

Nephropail~ t · 

I. With marked neuropathy [(3) above ] 
2. Familial Mediterranean fever (r) 

Non-Ashkcnazi Jev.s ; Armenians ; Arabs; Turks 
3. Fever and abdominal pain (D) 

Swedish 
Sicilian 

4. Urticaria. deafness. and renal d isease (0) 
5. Renal failure and hypertension (Dl 

Cardiopmhr 
I. Progressive heart failure 

Danish {D) 
2. Persistent a tria l standstill 

Miscellaneous 
I. Medullary .:arcinoma of the thyroid 
2. l a ttice wrneal dystrophy 
3. Cutaneous 

From ref 85. 



Phase 

Genet ic mode of 
transmiss ion 

Ethnic Predilection 

- 32 -

Table II . Comparison of the Hereditary Amyloidoses 

Portuguese-Japanese 
families 

Autosomal , dominan t 

Portuguese and 
Japa nese 

Indiana-Maryland 
families 

Autosomal, dominant 

Swiss and German 

Iowa fam ily 

Autosomal , dominant 

Scotch -English-Irish 

Familial Mediterranean 
f ever 

Autosomal , recessive 

Mediterranea n Jews 
and Armenians 

Age of onset (decades) 3rd-4th 4th-5th 3rd - 5th 1st-2nd 

Progression onset to 
death (yr) 

Neuropathy 

Nephropathy 

Vitreous opac ities 

* 12, average. 

10-12 

++++ Lower ex· 
trem ities 

16-35 

++++ Upper ex· 
tremities 

++ 

From ref. 86. 

1- 26* 

++++ Lower extremities; 
++ Upper extremities 

++++ 

2-10 

++++ 

85. Cohen AS: Inherited Systemic Amyloidosis, chap 50. The Metabolic 
Basis of Inherited Disease (Stanbury JB, Wyngaarden JB, 
Fredrickson OS, eds), New York, McGraw-Hi I 1, 1972. 

86. Andrade C, Araki S, Block WD, Cohen AS, Jackson CE, Kuroiwa Y, 
McKusick VA, Nissim J, Sohar E, Van AI len MW: Hereditary 
Amyloidosis. Arth Rheum 13:902, 1970. 

87. Blum A, Gafni J, Sohar E, Shibolet S, Heller H: Amyloidosis as the 
sole manifestation of familial Mediterranean fever (FMF). 
Further evidence of its genetic nature. Ann lnt Med 57: 
79 5, 1962 . 

88 . Sohar E, Gafni J, Pras M, Heller H: Familial Mediterranean fever. 
A survey of 470 cases and review of the I iterature. 
Am J Med 43:227 , 1967. 

89. Rukavina JG, Block WD, Jackson CE, Fal Is HF, Carey JH, Curtis AC: 
Primary systemic amyloidosis: A review and an experimental, 
genetic and clinical study of 29 cases with particular 
emphasi s on the fami I ial form. Medicine 35:239, 1956. 
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90. Mahloudji M, Teasdal I RD, Adamkiewic z JJ, Hartmann WH, Lambird PA, 
McKusick VA : The genetic amyloidoses: With particular 
reference to hereditary neuropathic amyloidosis, type I I 
(Indiana or Rukavina t ype) . Medicine 48:1, 1969. 

91 • Lamb i rd PA , Hartmann v'IH: Hereditary amy I o i dos i s, the f I exor 
retinaculum, and the carpal tunnel syndrome. Am J Cl in 
Pathol 52:714, 1969. 

92. Frederiksen T, Gotzsche H, Harboe N, Kiaer W, Mel lemgaard K: 
Fami I ial primary amyloidosis with severe amyloid heart 
di s ease. Am J Med 33:328, 1962. 

93. Allensworth DC , Ri ce GJ, Lowe GW: Pers istent atrial standsti 1-1 in 
a family with myocardial disease . Am J Med 47:775, 1969 . 

A I so see ref 50. 

D. Neoplasms with Amy lo id Stroma 

Locali zed amyloid deposits are characteristically found in certain 
types of tumors. These include medullary carc inoma of the thyroid, 
pancreatic ~-eel I adenoma or ins ul inoma, calcifying epithelial odontogenic 
tumor and basal eel I carcinoma. Microdeposits of amyloid also may be 
found in non-neoplastic pituitary, thyro id and adrenal glands as wei I as 
in the islets of Langerhans. It seems I ikely that amyloid in these areas 
may be derived from fragments of polypeptide hormones. 

94. Meyer JS , Hutton WE, Kenny AD: Medullary carc inoma of the thyroid 
gland. Subcellular distribution of calcitonin and relation­
ship between granules and amyloid. Cancer 3 1:433, 1973. 

95. Gordon PR, Huvos AG, Strong EW: Medullary carcinoma of the thyroid 
gland . A clinicopathologic study of 40 cases. Cancer 3 1: 
915, 1973. 

96. Hi I I CS , Ibanez ML, Samaan NA, Ahearn MJ, Clark RL: Medullary 
(solid) carcinoma of the thyroid gland : An analysis of the 
M. D. Anderson Hospital experience with patients with the 
tumor, its special features, and its hi stogenesis. Medicine 
52:141, 1973. 

97. DeLel I is RA, Gieser RA: Amy loid in endocrine tumors (Letter). New 
Eng J Med 288: 1024, 1973 . 

98 . Wolfe HJ, Melvin KEW, Cervi-Skinner SJ, AI Saadi AA, Jul iar JF, 
Jackson CJ, Tashjian AH: C-ce l I hyperplasia precedi ng 
medullary thyroid carcinoma. New Eng J Med 289:437, 1973. 

99. Porta EA, Yerry R, Scott RF: Amyloidosis of functioning islet eel I 
adenomas of the pancreas. Am J Pathol 41:623, 1962. 
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100. Gardner DG, Michaels L, Liepa E: Calcifying epithelial odontogenic 
tumor: An amyloid-producing neoplasm. Oral Surg 26:812, 
1968. 

101. Ravid M, Gafni J, Sohar E, Missmahl HP: Incidence and origin of 
non-systemic microdeposits of amyloid. J Cl in Pathol 20: 
15' 1967. 

Also see refs 3 and 56. 

E. Amyloidosis and Aging 

Senile amyloidosis has been said to be the single most ubiquitous 
disease of vertebrates. The frequency and extent of amyloid depositjon 
increases with age in both animals and humans . Amyloid-! ike material 
occurs in the brain as senile plaques, in Down's syndrome and Alzheimer's 
disease, and following head injury or X-irradiation. The incidence of 
cardiac amyloidosis apparently increases with each decade and is a wei!­
recognized cause of noncoronary cardiomyopathy. Similarly, the incidence 
and severity of pancreatic islet amyloid is age-related. In an autopsy 
study of 83 general hospital patients, Wright et al determined the 
distribution and incidence of amyloid deposits. In those individuals over 
70 years of age, cerebral amyloid was identified in 63%; cardiac amyloid 
in 3/:%; aortic amyloid in 50%; and pancl-eatic amyloid in 30%. The incidence 
of these deposits was significantly greater in the over 70 age group than in 
the group between 30 and 70 years of age. The same workers have reported 
that the incidence of amyloidosis in patients with rheumatoid arthritis is 
no greater than in age-matched controls. 

Although the chemical nature of senile amyloid is unknown, the 
studies of Husby and Natvig (ref 53) suggest that it is of non-immunoglobulin 
origin. 

102. Walford RL: Immunologic theory of aging: Current status. Fed Proc 
33:2020' 1974. 

103. Schwartz P: Senile cerebral, pancreatic insular and cardiac 
amyloidosis. Trans NY Acad Sci 27:393, 1965. 

104. Terry RD, Gonatas NK, Weiss M: Ultrastructural studies in Alzheimer's 
presenile dementia. Am J Pathol 44:269, 1964. 

105. Mandybur Tl, Gore I: Amyloid in late postirradiation necrosis of 
brain. Neurology 19:983, 1969. 

106. Editorial: Amyloidosis of Alzheimer's disease: A clue to ageing? 
Lancet 2:598, 1970. 

107. Schwartz P: Amyloidosis. Cause and Manifestation of Senile Deteriora­
tion. Springfield, Charles C. Thomas, 1970. 
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108. Wright JR, Calkins E, Breen WJ, Stolte G, Schultz RT: Relationship 
of amyloid to aging: Review of the I iterature and systematic 
study of 83 patients derived f rom a general hospital popula­
tion. Medicine 48 :39, 1969 . 

109. Ozdemir AI, Wrigh t JR, Calkins E: Influence of rheumatoid arthritis 
on amyloidosi s of aging . Compari son of 47 rheumatoid patients 
with 47 controls matched for age and sex. New Eng J Med 285 : 
534, 1971 . 

Also see refs. 13 , 53 , 83, 101 and Section V-D. 

F. Specific Organ Involvement and Clinical Features 

Amyloid deposits may occur anywhere in the body and nearly always 
involve blood vessels to some extent. Consequently, the clinical manifesta­
tions are legion. An excel lent discu ssion of amyloidosis of the kidney, 
heart, G-1 tract, I iver, res piratory tract, nervous system, eye and skin can 
be foun d in ref I. In addition, the following are recommended: 

Kidney 

I 10. Heptinstal I RH: Amyloidos is, multiple myeloma, and Waldenstrom's 
macroglobulinemia, chap 20. Pathology of the kidney. Boston, 
Little, Brown & Co., 1966. 

I I I. Carone FA, Epstein FH: Nephrogenic diabetes insipidus caused by 
amyloid disease. Evidence in man of the role of the collecting 
ducts in concentrating urine. Am J Med 29:539, 1960. 

112. Sebastian A, McSherry E, Ueki I, Morris RC: Renal amyloidosis, 
nephrotic syndrome, and impaired renal tubular reabsorption 
of bicarbonate. Ann lnt Med 69:541, 1968. 

I 13. Rosenmann E, Pollak VE, Pi rani CL: Renal vein thrombosis in the 
adult: A clinical and pathologic study based on renal biopsies. 
Medicine 47:269, 1968. 

I 14. Craciun EC, Nicolesco s, Rau C, Tomescu E: Amyloi d in Balkan nephro­
pathy . Lancet I :676, 1969. 

I 15 . Littman E: Renal amyloidosis with nephrotic s yndrome associated with 
retroperitoneal fibrosis. Ann lnt Med 74:240, 1971. 

116. Gardner KD, Castell ino RA, Kempson R, Young 8\'1, Stamey TA: Primary 
amyloidosis of the renal pelvis. New Eng J Med 284:1196, 1971. 

117. Ooi BS, Pesce AJ, Pollak VE, tv1andalenakis N: tv1ultiple myeloma with 
massive proteinuria and terminal renal failure. Am J Med 52: 
538' 1972. 

Also see refs . 60 , 62 , 63, 84, 85, 87, 88 
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Heart 

I 18. James TN: Pathology of the cardiac conduction system in amyloidosis. 
Ann lnt Med 65:28, 1966. 

I 19. Buja LM, Khoi NBA, Roberts WC: Clinically sign ificant cardiac 
amyloidosis. Clinicopathologic findings in 15 patients. 
Am J Cardiel 26:394, 1970. 

120. Barth RF, Wi I lerson JT, Buja LM, Decker JL, Roberts WC: Amyloid 
coronary artery disease, primary systemic amyloidosis and 
paraproteinemia. Arch tnt Med 126 :627, 1970. 

121. Case records of the MGH (Case 7-1972). New Eng J Med 286:364, 1972. 
(Excellent discussion by J. Y.Ji llerson.) 

122. Case records of the MGH (Case 25-1974). New Eng J Med 290:1474, 1974. 
(Sinus node involvement by amyloid. Interesting comment at 
end of discussion.) 

Also see refs. 60, 62, 63, 67, 72, 73, 92, 93, 103, 108 

Respiratory tract 

123. Kamberg S, Leitman BS, Holtz S: Amyloidosis of the tracheobronchial 
tree. New Eng J Med 266:587, 1962. 

124. Domm BM, Vassallo CL, Adams CL: 
lower respiratory tract. 

Amyloid deposition localized to the 
Am J Med 38: 151, 1965. 

125. Gonzalez-Cueto DM, Rigel i M, Gioseffi LM, Lancel le B, Martinez A: 
Diffuse pulmonary amyloidosis. Am J Med 48:668, 1970. 

126. Gal lege FG, Canelas JL: Hi lar enlargement in amyloidosis (Letter). 
New Eng J Med 291:531, 1974. 

Also see refs 63 and 75. 

G-1 tract, I i ver 

127. Gregg JA , Herskovic T, Bartholomew LG: Ascites in systemic amyloidosis. 
Arch lnt Med 116 :605, 1965. 

128. Katz J, Savin R, Spiro HM: The basal eel I nevus syndrome and inflam­
matory djsease of the bowel. Am J Med 44:483, 1968. 

129. Gi I at T, Spiro HM: Amyloidosis and the gut. Am J Digest Dis 13:619, 
1968. 

130. Mawas C, Sors C, Bernier JJ: Amyloidosis associated with primary 
agammaglobulinemia, severe diarrhea and familial hypogamma­
globul inemia. Am J Med 46:624, 1969. 

Also see refs 57, 58, 60, 62, 63, 71, 74, 133, 134. 
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Joints, connective tissue 

131. Gelderman AH, Levine RA, Arndt KA: Dermatomyositis complicated by 
generalized amyloidosis. New Eng J Med 267:858, 1962. 
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renal amyloidosis secondary to infective endocarditis and tuberculosis with 
bronchiectasis, respectively, has followed appropriate therapy for the in­
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amyloid 2° osteomyelitis) with surprisingly good results. 
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Bence Jones proteins. 
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if the inciting stimulus leading to their production is removed. Hope­
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various sites wi I I lead to more effective therapy for this fascinating 
group of disorders. 
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"Then you should say wha t you 
mean," th e 1\Iarcll Hare went on. 

"I do," Alice has tilv repl ied; "at leas t 
-at least I 1ncan what I say - th at's 
the same thing, you kno\\'." 

"Not th e same thing a bit!" said the 
Hatter. "\Vl1y, you might just as wc:ll 
say that ' I sec wh at I ca t' is the same 
thing as 'I eat what I sec' !" · 

- Lewis Carroll 


