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For ove r 100 years, seconda r y amyloidosi s has remained la r ge l y an abstruse 

curiosity of pathologis t s . It i s traditionally viewed as a n un treatable 

progressive disease tha t result s from ch r onic infections o r inflammat ory diseases . 

During the past 5 years, thi s view has been dramatically changed, owing to a se ries 

of remarkable observations concerning the chemistry and metabolism of amyloid. The 

disease can now be precisely defined in modern biochemical terms. If Rokitansky 

a nd Virchow, the two pathologists who initially described the pathologic cond ition 

of amy loidoisis over 100 years ago , were a live t oday, i t wou l d come as a great 

s u rp ri s e to them t o find that tissue amyloid origina t es from a normal pl asma 

protein that fluctuates a 1000-fold Hithin hours of an acute inflamma t ory s timulu s . 

In this Gr and Round , I wil l r eview curren t concepts of the pathogenesis of 

secondary amyloidosis, emphasizing how detailed knowledge of the hiochemistry of 

amyloid is leading to the deve lopment of ra t ional t herapeutic app roache s . 

CASE REPORT- 25 year old Iranian male 

• Age 5 -episodic attacks of abdominal pain and fever, 
attack every 1 to 2 months 

• Age 20 -student at Univ. of Texas at Austin; diagnosis of 
FMF; negative family history (3 sibs at risk) 

• Age 21 -attack of pleuritis 

• Age 22 -proteinuria; amyloidosis confirmed by rectal biopsy 

• Age 23 -nephrotic syndrome with anasarca; serum albumin, 
1.6 gm %; edema disappeared after 2 weeks of 
Lasix; diuretics discontinued 

• Age 24-hypotension; "low" plasma cortisol and "high" 
plasma ACTH;? adrenal insufficiency; treated with 
hydrocortisone and fluorohydrocortisone; 
serum creatinine, 6 mg % 

• Age 25 -admitted to PMH in June 1983; BP 80/50; no 
edema; BUN, 77 mg %; urine prote in, 20 g/day; 
creatin ine clearance, 6.6 ml/min; ACTH stimulat ion 
test(50 units/24 hr IV)- plasma cortisol rose from 
1 ,ug% to 9 ,ug%; treated with hydrocortisone, 
fluorohydrocortisone, colchicine, and peritoneal 
dialysis. 
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I . CL I NICAL ASPECTS OF SECONDARY AtiTLOIDOSIS 
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~-
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AMYLOIDOSIS· HISTORICAL LANDMARKS . 1842 Rokilansky Chrome sepsis . 1858 Virchow Speculations on chemical natura . 1859 Kekule and 
Friedreich 

Protein. not starch 

. 1903 Ehrlich Stain1ng characteristics . 1923 Kuczynski Mouse model- casein . 1924 Domagk Ret iculoendothelial system . 1970's Glenner Biochemistry and cell biolooy 
Bendln 
Franklin 

CLASSIFICATION OF AMYLOIOOSIS 

CliNfCAL. TYPE PROTEIN CONSTITUENT OF 
DESIGNATION 

TISSUE AMYLOID 

.... ,.,., 
• Pl.uml <All ()ytcraaiu Al Fraomenta ol immunoglobulin 

hght Chfllnl 

Soeondory 
• Chrontc lnf'-mmatory Dlseaaes M Acute Phue reactant • FMF 

~amlli.l l 
• Pottuoeee .,.rietv AF Prealbumln 

Localized 
• M.OlHtaty Thyrofd Carcinoma AE, Thyrocalcitonin 
• 0'-bet .. M~lttua A E., Glucagon. 1 tniUiin --•H_, AS Prea lbumln • lltoln AS PrMibumln 

ETIOLOGY OF SECONDARY AMYLOIDOSIS 

• Genetic- Familia l Mediterranean Fever 

• Nongenetic- Osteomyelitis - paraplegics 
Tubercu losis 
Bronchiectasis 
Rheumatoid Arthritis and Spondylitis 
Hodgkin's Disease 
Chronic Inflammatory Bowel Disease 
Renal Cell Carcinoma 
Drug Addicts 
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~- FAMILIAL MEDITERRANEAN FEVER 

• Autosomal Recessive Disorder 

• Mediterranean Geographic Distribution -
Arabs, Turks, Sephardic Jews> Ashkenazic Jews, 
Armenians, Italians, Greeks 

• Periodic Attacks That Revert Spontaneously -
Peritonitis, Pleuritis, Arthritis 

• Erysipeloid-like Erythema 

• Prevention by Long-term Administration of Colchicine 

II. STRUCTURAL ASPECTS OF &'ITLOID PROTEIN 

~- Twisted S- pleated sheet configuration o f 
amy l oid protein demonstrating the sites 
of binding of Congo red dye. 

... 
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AMYLOID PROTEINS 

AA Amyloid A Fibril Tissues 

SAA Serum Amyloid ~ 
(Acute Phase Reactant) 

Plasma 

STRUCTURAL RELATION BETWEEN SAA AND AA 

SAA 

mol. wt.• 8500 Arg 

AA 

mol. wt. • 12,000 Arg 

Polyacrylamide gel 
electrophoresis of 
SAA and AA pro teins. 

SAA 

76 
Ser 

76 77 104 
Ser Leu--- Tyr 

t 

AA MW 

- 25,000 

- 13,700 

- 5' 700 
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~· Amino acid 
sequence of 
AA proteins 
from multiple 
species. 

c.- ... 
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III. PATHOGENESIS OF SECONDARY AMYLOIDOSIS: SYNTHESIS 

AND SECRETION INTO PLAS~~ 

Fig. 10. Model for 
pathogenesis 
of secondary 
amyloidosis. 

{@ I """'"'" 
Inflammation 

..... ~ 
~\ 

SAA Protein 
(plasma) 

AAFibrils/ 
(tissue) 

FACTORS INDUCING 
SYNTHESIS OF SAA 

• Tissue Injury 
• Infectious Agents 
• Drugs 

• Inflammatory Stimuli 
• Chemical Agents 

Common 
Mediator 
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Fig . 13 . 

Fig. 14 . 
Concentration of SAA 
in norma l subjec t s in 
rela tion to age. 

ACUTE PHASE PROTEINS IN HUMANS 

Concentration Increases by 50% 

Ceruloplasmin 
C3 • Complement Component 

Concentration Increases 2 to 3·1old 

a 1-Acid Glycoprotein 
a , ·Antitrypsin 
Hapt09lobin 
Fibrinogen 

Concentration Increases up to 1 QOO-fold 

CReactive Protein 
SAA Protein 

NORMAL PLASMA 
CONCENTRATION {mg %) 

15-60 
80-170 

55·140 
2()().400 

40-180 
2()().450 

<0.5 
<10 

SYNTHESIS OF SAA 

• Liver 

• > 500-fold increase in mANA after acute 
treatment of mice with endotoxin 

• 2.5% of total hepatic protein synthesis 
Albumin synthesis decreases to 1/3 of its 
normal rate 

• > 1 000-fold increase in plasma level 
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Fig . 15 . Concentra t ion of 

SAA in var ious 
disease s tates . 

Fig . 16 . Concentra tion of 
SAA i n amy l oidosis . 
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Fig . 17. SDS polyacrylamide gel 
electrophoresis of normal 
mouse plasma HDL (left 
lane) and mouse plasma 
HDL 20 hours after 
endotoxin administration 
(right lane). 

• 

....... 

apo A-I 

..apoSAA ; 

~apo SAA _, 
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Fig. 18. Induction of 
SM by 
endotoxin 
in mice. 
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Fig, 20 , 

Fig . 21. 
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Appear ance of 
SAA i n HeJ mi ce 
trea t ed wi t h 
lipopol ysaccha r ide 
(A ) , no rmal ser um 
fr om HeN mi ce (B), 
or with s e r um from 
l i po polysaccha ride
t r ea t ed HeN mice . 

I.PS NOtrTHJI Senll'l l rom 

l-I eN Mtt • 

I 
s.twn I rom LPS-TriiGieol 

HeN W1e• 

/ t 

Syn t hesis and 
of a po A-I of 

10 0 

HOURS AFTER INJECTION 

INTERLEUKIN·I (ll· l) 

1. Protein with mol wt ; 15.000 

2. Synthesized by macrophages undergoing an immune response 

3. Actions 
• Activates 8 and T cells 
• Raises body temperature 
• Increases number of circulating neutrophils 
• Induces hepatic synthesis of acu te phase reactants. such as 

SAA 

sec r e t i on 
HDL and 

1 0 ~- AI I 
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WHAT IS NORMAL 
FUNCTION OF SAA? 

SAA suppresses antibody production by 

8 cells and thereby regulates immune 

response to certain foreign antigens and 
to altered autologous antigens. 

IV . PATHOGENESIS OF SECONDARY AMYLOIDOSIS: 

DEGRADATION AND TISSUE DEPOSITION 

Fig. 23 . Degradation 
of SAA and 
AA by human 
blood 
monocy t es . 

Time Of Incubation (hours) 

0 0 2 2 7 7 22 22 

SAA AA 

10 
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I!_g~. Patterns of A 8 
degradation of 
SAA by human 
monocytes . 

---
SAA •• SA.A AA 

Ohr 24 hr Ohr 24 hr 

DEGRADATION OF S.V. Fig. 25. Patterns of 
degradation of 
SAA by human 
monocytes from 
normal subjects 
and from patients 
with secondary 
amyloidosis . 

NUMBER OF SUBJECTS 

Fig . 26. 

PAT'tfiJAY OF DEGIWlATION 
NORMAL 2• AMYLOIO 

1. 12.») Pro<ein ---- Amino Adds 

2. 12.500 Protein ...., 8.0(X) - Amino Acids 

3. 12.500 Protein 8.000 

AMYLOID ENHANCING FACTOR 

• Glycoprotein extracted from reticulo
endothelial cells of spleen or liver of 
mice that have been subjected to re
peated episodes of inflammation 

• Action· Accelerates extracellular deposi· 
tiOii" of AA fibrils in mice with elevated 

plasma levels of SAA 

0 



Fig . 27 . Kine t ics of amyloi d 
deposition in spleen 
of mice t rea t ed wi t h 
(i---t) and withou t 
(G--0 ) amyl oid 
enhancing fac t or. 
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Fig . 28 . GENETICS OF AMYLOID DEPOSITION 
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V. TREATHENT OF SECONDARY M!YLOIDOSIS 

Effect of colchicine 
in 62 patients with 
Famil i a l ~editerranean 
Fever. 

Number 
Tested 

20 
20 

20 
43 

40 

"' c 30 
Ql 

~ 20 
0 
~ 10 

None 

Number Resistant 
to Amyloid 
Deposition 

0 
20 

0 
19 

0 Before R, 

• During R, 

1-4 5-8 9-12 

No. Of Atta ck s Per Year 

>12 



Fig. 30. Effect of 
colchicine and 
DMSO on kinetics 
of amyloid 
deposition in 
liver of 
caesin-treated 
mice. 

Fig. 31. Effect of 
colchicine and 
DMSO on kinetics 
of amyloid 
deposition in 
spleen of 
caesin- trea t ed 
mice. 

"0 
·a 

€ 
<I 

a-!! 

60 ~ 
~~ 

!50 

~~ 

~0 

3l! 

30 

2l! 

20 

1~ 

10 

~ 

0 
0 

15 

10 

13 

6 • 10 12 14 16 18 20 22 24 26 28 ~0 

Ooys After St ort 1nQ ln ,ecli ons 



,;_ 14 

REFERENCES 

Rev iew Articles and Chapters 

I. Kushner, I, J.E. Volanakis, and H. Gewurz, eds. (1982) C- Reactive protein 

and the plasma protein response to tissue injury. Ann. N.Y. Acad. Sci. 389: ----
1-479. 

2 . Glenner, G.G., P. Pinho e Costa, and A. Falcao de Freitas, eds . (1980) 

Amyloid and Amyloidosis. Excerpta Nedica, Amste rd am. pp . 1-629. 

J . Gorevic, P.D., and E. C. Franklin. (1981) Amyloidosis. Ann. Rev. Hed . 32 : 

26 1-271. 

4 . Franklin, E.C. (1980) Immunopa thology of the amy l oid diseases . Hospi t al 

Pr ac tice September: 70-77. 

5. Cohen, A.S., T. Shirahama, J .D. Sipe, and M. Skinner. (1983 ) Amyloid 

proteins, precursors, mediator, and enhancer. Lab . Inves t. 48 : l-4. 

Structure of SAA and AA 

6. Benditt, E.P., and N. Eriksen. (1977) Amyloid protein SAA is associated with 

high density lipoprotein from human serum. Pr oc . •a tl. Acad . Sci . USA 74 : 

4025- 4028 . 

7 . Gorevic , P. D., M. Greenwald, B. Frangione, M. Pras , and E. C. Franklin. (1977) 

The amino ac id sequence of duck amyloid A (AA) prot e in . J . Immunol . 118 : 

1113- 1118 . 

8. Ande r s , R.F., J.B . Na t vig , K. Sletten, G. Husby , and K. No rd stoga . (1977) 

Amyloid-related serum protein SAA f rom three animal spec i es : Comparison with 

human SAA. J . Immunol . 118 : 229 - 234 . 

9 . Go r ev ic, P. D., Y. Levo, B. Frangione, and E. C. Franklin. (1978) Polymorphism 

of tissue and serum amyloid A (AA and SAA) proteins in the mou se. J . Inununol . 

121 : 138-140 . 



· .. ·:·• ._ j 

· " ! 15 

10. Benditt, E.P., N. Eriksen, and R.H. Hanson . (1979) Amyloid pr otein SAA is an 

apoprotein of mouse plasma hi gh density l ipoprotein. Proc. ~at l. Acad . Sci . 

USA ~: 4092-4096. 

11. Bausserman, L.L., P.N. Herbert, and K.P.W.J. McAdam. (1980) Heterogenei t y of 

human serum amyloid A proteins. 2· ~- Med. 152: 64 1-656 . 

Synthesis of SAA 

12 . Rosenthal, C.J., and E.C. Franklin. (1975) Variation with age and disease of 

an amyloid A protein-related serum component. 2· Clin. Invest. 55 : 746-753. 

13 . McAdam, K.P.W.J., and J .D. Sipe. (1976) Murine model fo r human secondary 

amyloidosis: Genetic variability of the acute- phase serum protein SAA response 

to endotoxins and casein. · 2· ~- Med. 144: 11 21-11 27 . 

14 . McAdam, K.P.W.J., R.J; Elin, J.D. Sipe, and S.N . Wolff. (1978) Changes in 

human serum amyloid A and C-reactive protein after etiocholanolone-induced 

inflammation. J. Clin. Inves t. 61: 390- 394. 

15 . Sipe, J.D., S.N . Vogel, J . L. Ryan, K.P.W . J. NcAdam , and D.L . Rosenstreich. 

(19 79) Detection of a mediator derived from endotoxin-stimulated macrophages 

that induces the acute phase se rum amyloid A r esponse in mice . 2· ~- Med . 

150 : 597- 606. 

16. Benson, M.D., and E. Kleiner. (1980) Synthesis and secre tion of serum 

a~y lo id protein A (SAA) by hepa t ocy t es i n mice treated with casein . J . 

Immunol. 124: 495 - 499 . 

17. Selinger, M.J., K.P. W.J. McAdam , M. M. Kaplan, J. D. Sipe , S.N . Vogel , and D.L . 

Ro sens treich. (1980) Monokine-induced synthesis of se rum amyloid A protein 

by hepatocyt es . Nature 285 : 498-500. 

18 . Morrow, J.F., R.S . Stearman, C. G. Peltzman, and D. A. Po tt er. (1981) 

Induction of hepatic syn thes is of serum amyl oid A pr o tein and ac tin. Proc. 

Na tl. Acad. Sci . USA 78 : 4718-4722 . 



16 

19. Sztein, M.B., S . N. Vogel, J.D. Sipe, P.A. Murphy, S.B. Mizel, J.J . Oppenheim, 

and D. L. Rosenstreich. (1981) The role of macrophages in the acute-phase 

response: SAA inducer is closely related to lymphocyte activating factor and 

endogenous pyrogen. Cell. Immunol. 63: 164-176. 

20. Hoffman, J.S., and E.P. Benditt. (1982) Secretion of serum amyloid protein 

and assembly of serum amyloid protein-rich high density lipoprotein in primary 

mouse hepatocyte culture. J. Biol. Chern. 257: 10518-10522. 

21. Hoffman, J.S., and E.P. Benditt . (1982) Changes in high density lipoprotein 

content following endotoxin administration in the mouse. Formation of serum 

amyloid protein-rich subfractions . J. Biol. Chern . 257: 10510-10517. -----
22. Hoffman, J.S., and E.P . Benditt . (1983). Plasma clearance kinetics of the 

amyloid-related high density lipoprotein apoprotein, serum amyloid protein 

(ApoSAA), in the mouse. Evidence for rapid ApoSAA clearance . J. Clin. Invest. 

7l: 926-934. 

23 . Kisilevsky, R., and L. Boudreau . (1983) Kinetics of amyloid deposition. l. 

The effects of amyloid-enhancing factor and splenectomy . Lab. Invest. 48: 

53- 59. 

24. Kisilevsky, R., L. Boudreau, and D. Foster. (1983) Kinetics of amyloid 

deposition. II. The effects of dimethylsulfoxide and colchicine therapy. 

Lab. lnves t. 48: 60.-6 7. 

25. Wohlgethan, J . R., and E.S. Cathcart. (1979) Amyloid r esis t ance in A/J mice 

is determined by a single gene. Nature 278: 453-454. 

26 . Benson, M.D., M. A. Scheinberg, T. Shirahama, E.S. Cathcart, and M. Skinner. 

(1977) Kinetics of serum amyloid protein A in casein-induced murine 

amy l oidosis. J. Clin. Invest. 59: 412-417 . 

27. Lachman, L.B . (1983) Human interleukin 1: purification and properties. Fed. 

Proc . 42: 2639-2645 . 



.j 

' :· - :~<::: :,://~ 17 

Actions of SAA on Immune Function 

28 . Benson, M.D., and M. Aldo-Benson. (1979) Effect of purified prote in SAA on 

immune response in vitro: Mechanisms of suppression. J. Immunol. l11: 
2077-2082. 

29. Aldo-Benson, M.A., and M.D. Benson. (1982) SAA suppression of immune 

response in vitro: Evidence for an effect on T cell-macrophage interaction. 

J. Immunol. 128: 2390-2392. 

Degradation of SAA by Monocytes 

30. Lavie, G., D. Zucker-Franklin, and E.C. Franklin. (1978) Degradation of 

serum amyloid A protein by surface-associated enzyme s of human blood 

monocytes. I· ~· Med. 148: 1020-1031. 

31. Lavie, G., D. Zucker-Franklin, and E.C. Franklin. (1980) Elastase-type 

proteases on the surface of human blood monocytes: Possible role in amyloid 

f ormation. J. Immunol. · 125: 175-180. 

Clinical Aspects of Amyloidosis 

32. Wright, J.R., and E. Calkins . (1981) Clinical-pathologic differentiation of 

common amyloid syndromes. Medicine 60: 429-448. 

33. Cohen , A.S. (1981) An update of clinical, pathologic, and biochemical 

aspects of amy loidosis. Internatl. I· Trap. Derma tol. 20 : 515-530. 

Familial Med iterranean Fever 

34 . Heller, H., E. Schar, and L. Sherf. (1958) Familial Medite rranean fe ver. 

Arch. In tern. Med. 102: 50-71. -----
35. Schar, E., J. Gafni, M. Pras, and H. Heller. (1967) Familial Hediterranean 

fever . A survey of 470 cases and review of the literature. Am. J. Ned. 43 : 

227 - 253 . 



18 

36. Schwabe, A.D., and R.S. Peters. (1974) Familial Mediterranean fever in 

Armenians. Analysis of 100 cases. Medicine 53: 453-462 . 

37. Meyerhoff, J. (1980) Familial Mediterranean fever: Report of a large family, 

review of the literature, and discussion of the frequency of amyloidosis. 

Medicine 59: 66-77. 

38. Goldfinger, S.E. (1972) Colchicine for familial Mediterranean fever. N. 

Engl. !_. Med. ~: 1302. 

39. Ravid, M., M. Robson, and I. Kedar (Keizman). (1977) Prolonged colchicine 

treatment in four patients with amyloidosis. Ann. Intern. Med . 87: 568-570. -----
40 . Wolff, S.M. (1978) Familial Mediterranean fever: A status report. Hospital 

Practice November: 113-123. 

41. Metaxas, P., and N.E. Madias. (1981) Familial Mediterranean fever and 

amyloidosis. Kidney International 20: 676-685. 

42. Peters, R.S., T.J.A. Lehman, and A.D. Schwabe. (1983) Colchicine use for 

familial Mediterranean fever. Observations associated with long-term 

treatment. West. J. Hed. 138: 43-46. 
~. 


