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De kleurpotloodtekening op de vorige bladzijde, gemaakt door de Utrechtse 
graficus en etser Gerard van Rooy (1938-2006), is een mij dierbaar geschenk van 
Bram en Milja van Vliet uit 2001. 
De titel verwijst naar een van onze gesprekken over het zeldzame voorkomen van 
systemische amyloïdose. Deze aandoening lijkt even onwaarschijnlijk als wanneer 
hoefgetrappel op de Grote Markt in Groningen afkomstig zou zijn van een zebra (of 
eenhoorn) in plaats van een paard*. 
 
 
 
* Op zijn beurt is dit weer een verwijzing naar een passage uit “The House of God” van Samuel Shem 
blz. 47 waarin de Fat Man zich sarcastisch uitlaat over een student uit de Best Medical School (BMS), 
die bij een patiënt de diagnose amyloïdose suggereert, en tegen de hoofdpersoon mompelt: 
“ … typical BMS. A BMS hears hoofbeats outside his window, the first thing he thinks of is a zebra. …” 
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INTRODUCTION 
 
Amyloidosis is the name of a group of diseases all characterized by deposition of 
proteinaceous fibrils with a molecular β-pleated sheet structure [1]. This structure 
of amyloid is held responsible for its insolubility, resistance to proteolysis, and 
binding affinity for Congo red dye and the consequent green birefringence with 
polarized light. Amyloid fibrils may be derived from different precursor proteins. 
Extracellular deposition of amyloid fibrils in organs and tissues results in loss of 
organ function and sometimes prominent swelling of the affected organ. 
Differences in the clinical features of the various types of systemic amyloidosis are 
related to differences in the proteins involved [1, 2]. Because all types of amyloid 
are secondary to the production of a specific precursor, the old nomenclature, 
using terms such as primary and secondary amyloidosis, has become obsolete and 
has been replaced by a modern nomenclature based on the protein precursor [2]. 

Precursor production with resultant deposition of amyloid may remain 
restricted to a single site of the body, the so-called localized type, and give rise to 
tumor-like lesions of particular tissues such as the upper airways, larynx, 
conjunctiva, eyelid, and urinary tract. Although local deposition of amyloid also 
seems to play a still unresolved role in the development of widespread serious 
diseases such as Alzheimer’s disease (β-protein in the plaques) and diabetes 
mellitus type II (amylin in the islands of Langerhans), our main interest is directed 
to the systemic types of amyloidosis in which amyloid deposition is present 
throughout the body. The different types of systemic amyloidosis need to be 
distinguished from each other because the origin, signs, symptoms, and prognosis 
vary considerably and the choice of treatment will be fundamentally different for the 
various types of amyloidosis. The three most common types are AA, AL, and ATTR 
amyloidosis [1-3]. 

AA amyloidosis is caused by longstanding inflammation. Serum amyloid A 
protein (SAA), an acute phase reactant, is the precursor protein of this type. Renal 
manifestations are observed most frequently (about 90% of cases), such as 
proteinuria (progressing to nephrotic syndrome) and loss of renal function 
(progressing to renal failure). However, although less frequently observed, 
autonomic neuropathy, hepatomegaly, goiter, and cardiomyopathy may also be 
part of the clinical picture [4, 5]. AL amyloidosis is caused by a plasma cell 
dyscrasia. A lambda or kappa immunoglobulin free light chain is the precursor 
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protein of this type. Clinical  manifestations are very diverse, such as 
cardiomyopathy, hepatomegaly, splenomegaly, nephrotic syndrome, renal failure, 
orthostatic hypotension, diarrhea, wasting, peripheral and autonomic neuropathy, 
arthropathy, carpal tunnel syndrome (CTS), myopathy, haemorrhagic diathesis, 
goiter, adrenal insufficiency, skin lesions, and glossomegaly. ATTR amyloidosis is 
caused by autosomal dominant hereditary point mutations of the precursor protein 
transthyretin (TTR). More than 80 of these mutations have been described in ATTR 
amyloidosis. Prominent clinical manifestations are (familial) peripheral and 
autonomic neuropathy and cardiomyopathy. Renal failure, eye involvement 
(vitreous opacities), and meningeal thickening are also sometimes observed. In 
very old age, normal (“wild-type”) TTR may also behave as precursor protein. This 
so-called senile systemic amyloidosis is characterized by a slowly progressive 
cardiomyopathy [1]. 

Although the precursor protein differs among the various types of amyloid, 
other constituents are invariably present in all types of amyloid, such as 
glycosaminoglycans (GAGs), laminin, apolipoprotein E, entactin, collagen IV, and 
the pentraxin serum amyloid P component (SAP) [1, 3].  

Amyloid is a histological diagnosis, therefore it is mandatory to detect its 
presence in tissue. Amyloid fibrils can be identified by electron microscopy and 
appear to be rigid non-branching fibrils with a diameter of 7.5-10 nm and indefinite 
length. In a Congo red-stained tissue specimen amyloid deposits are stained red 
with a characteristic apple-green birefringence when viewed in polarized light. 
Abdominal subcutaneous fat aspiration is a simple and elegant method to obtain 
tissue for the detection of amyloid. Smears of fat tissue, after being stained with 
Congo red, have high sensitivity (more than 80%) and high specificity (about 
100%) for the diagnosis of systemic amyloidosis [6]. 

A precise classification of amyloid is extremely important because of the 
clinical consequences for prognosis and therapy. Immunohistochemistry is the 
current method used in routine practice for characterization of amyloid in tissue 
specimens. Antibodies raised against the different precursor proteins are used. 
However, the antigenic epitopes of amyloid proteins have often undergone some 
conformational change after becoming part of the new fibril structure, leading to 
reduced recognition of these amyloid proteins by the antibodies. Such a 
conformational change does not seem to pose a real problem in AA and ATTR 
amyloidosis, but in AL amyloidosis the combination of this conformational change 
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and a high variability of light chain proteins results in a high percentage (32-35%) 
of false negative staining reactions hampering a reliable immunohistochemical 
diagnosis of this type of amyloid [7, 8]. 

The clinician’s challenge is to obtain a reliable understanding of the 
severity of the “amyloid load” of the patient, i.e. the number of organs and tissues 
affected and the severity of disease of vital organs, such as heart, liver, and 
kidneys. History and physical examination are important for obtaining a first clinical 
impression of the severity of the amyloidosis. A systematic clinical approach is 
helpful to assess organ involvement [9, 10]. Serum amyloid P component (SAP) 
scintigraphy is a technique that has been developed in London by Pepys and 
Hawkins for detection and evaluation of systemic amyloidosis [11]. SAP binds in a 
calcium-dependent way to all amyloid deposits. Scintigraphy with 123I-labeled SAP 
shows specific uptake of organs such as liver, spleen, kidneys, adrenals, bone 
marrow, and joints [11]. It is important, however, to realize that the heart cannot be 
visualized with this technique. Measurement of 123I-SAP retention in the body after 
24 or 48 hours provides a quantitative estimate of the amyloid load in an individual 
patient [11, 12]. 

Generally the prognosis is poor if the underlying disease is not treated 
effectively. Current treatment (using the so-called “precursor – product” concept) 
aims at reducing or eliminating any production of precursor protein in order to stop 
ongoing deposition of amyloid by blocking the supply of this essential constituent. 
The prognosis depends largely upon the type of amyloid, the severity of amyloid 
deposition, the number of vital organs affected, the presence of symptomatic 
cardiomyopathy, the severity of the underlying disease, and the response of the 
underlying disease to therapy (1, 3). 
 
 
AIM OF THIS THESIS 
 
The aim of the present thesis is twofold: 

Part I. To investigate in patients with systemic amyloidosis the diagnostic 
accuracy of an immunochemical method for quantification of the concentration of 
amyloid A protein in fat tissue. 

Part II. To investigate in patients with systemic amyloidosis the diagnostic 
accuracy of 123I-SAP scintigraphy and 123I-SAP body retention. 
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The ultimate goal of these studies is to improve the diagnosis and characterization 
of systemic amyloidosis, to obtain a better understanding of the “amyloid load” of 
the body in patients with systemic amyloidosis, and to establish and improve robust 
criteria for evaluating the effect of treatment. 
 
 
THESIS OUTLINE 
 
The thesis is structured as follows: In part I, chapter 2 describes the development 
of a fully monoclonal antibody-based ELISA (enzyme-linked immunosorbent assay) 
for measuring the concentration of serum amyloid A protein in serum and chapters 
3, 4, and 5 evaluate this ELISA for measuring the concentration of amyloid A 
protein in aspirated fat tissue. In part II, chapter 6 describes the isolation of clinical-
grade SAP from donor blood and chapters 7, 8, and 9 evaluate 123I-SAP 
scintigraphy and 123I-SAP turnover and retention. 
 In chapter 2, we describe the development of a fully monoclonal and 
reproducible ELISA for detecting serum amyloid A protein in serum of patients with 
various diseases with special attention to concurrent glucocorticoid treatment. In 
chapter 3, we use this new, quantitative, and reproducible ELISA for detecting 
amyloid A protein in aspirated fat tissue of patients with systemic amyloidosis, 
healthy persons, and disease controls. The amyloid A protein concentrations are 
related to semi-quantitatively assessed fat smears stained with Congo red. In 
chapter 4, 112 Egyptian patients with longstanding rheumatoid arthritis are 
screened for the presence of amyloid in fat tissue in two ways: by using Congo red-
stained fat smears and by using the ELISA for quantification of the concentration of 
amyloid A protein. Associated clinical and laboratory characteristics of the patients 
with amyloid are assessed. In chapter 5, the diagnostic performance of the ELISA 
for quantification of amyloid A protein in fat tissue is studied in 154 patients with 
clinical AA amyloidosis. 
 In chapter 6, clinical-grade SAP for scintigraphy is isolated and purified 
from donor blood by calcium-dependent affinity chromatography on pyruvate-rich 
agarose. In chapter 7, kinetic turnover studies of 123I-SAP are performed in 49 
patients with systemic amyloidosis of the AA and AL types. In chapter 8, the 
diagnostic accuracy and additional information of 123I-SAP scintigraphy are studied 
in 167 patients with systemic AA, AL, and ATTR amyloidosis. In chapter 9, the 
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diagnostic performance and prognostic value of a simple parameter describing 
extravascular 123I-SAP retention are studied in the same patients with systemic 
amyloidosis described in chapter 8. 

Finally, we present our conclusions and discuss future perspectives in 
chapter 10. 
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ABSTRACT 
 
Objective. To describe a fully monoclonal sandwich enzyme-linked 
immunosorbent assay (ELISA) for quantification of the human acute-phase 
apolipoprotein serum amyloid A protein (SAA). 
Methods. Monoclonal murine antibodies were raised against apo-SAA isolated 
from the HDL fraction of pooled acute-phase sera. Two antibodies were selected 
for the ELISA that recognized different epitopes on SAA: one (Reu.86.5) was 
coated to the microtiter plate (capture antibody), whereas the second (Reu.86.1) 
was coupled to peroxidase (detector antibody). 
Results. Both monoclonal antibodies were highly specific for SAA. Antibody 
Reu.86.5 reacted with SAA1 and SAA2 subtypes, whereas Reu.86.1 reacted 
probably only with SAA1, the major SAA subtype. The lowest detection limit of the 
ELISA for SAA was 8 μg/L. Pretreatment of test samples was not necessary, 
plasma and serum levels did not differ, and rheumatoid factors did not interfere 
with the assay. Both the intra-assay and interassay coefficients of variation were 
lower than 10%. The 95% upper limit of the basal reference interval for serum of 
healthy controls was 4.3 mg/L. SAA differed from CRP among various diseases 
and individuals. Glucocorticoid therapy was associated with relatively high SAA 
levels compared to CRP. 
Conclusions. This monoclonal antibody-based sandwich ELISA is a reproducible 
method for quantification of SAA in serum, permitting standardization, inter-
laboratory comparability and general availability. The lowest detection limit is 
8 μg/L, allowing its use in biological fluids and in in-vitro systems. SAA and CRP 
serum levels differ considerably among patients and diseases. Measuring only 
CRP may seriously underestimate actual SAA serum levels, especially during 
glucocorticoid therapy. 
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INTRODUCTION 
 
The acute-phase proteins serum amyloid A protein (SAA) and C-reactive protein 
(CRP) reflect the severity of inflammation in acute and chronic inflammatory 
diseases. CRP assays are generally available and CRP is routinely used as 
serological marker of inflammation. However, SAA is sometimes more useful than 
CRP. Firstly, because in some diseases SAA seems to be a more sensitive marker 
of inflammation than CRP [1, 2], such as malignancies [3], rheumatic diseases [4-
8], inflammatory bowel diseases [9], exudate [10], renal allograft rejection [11], 
infectious diseases [12-18], and cardiovascular diseases [19-24]. Secondly, 
because SAA is the precursor protein of AA amyloid fibrils [25]. Sustained elevation 
of SAA serum levels may result in rapid deterioration of renal function in patients 
with AA amyloidosis [26-28]. Current therapy of AA amyloidosis is focused on cure 
or at least suppression of the associated inflammatory disease, thereby stopping 
ongoing production and supply of SAA that is processed into AA amyloid fibrils [27, 
28].  
 Therefore, monitoring the SAA concentration in blood is sometimes 
preferred to CRP or even mandatory. Quantification of SAA, however, remains a 
problem in routine clinical practice. Although many different assays have been 
developed since the discovery of SAA in 1973 [29], few have proved to be 
satisfactory and currently available for general use. Apart from standardization and 
technical differences, only a few specific antibodies directed to human SAA are 
generally available. We produced a panel of monoclonal murine anti-human SAA 
antibodies and set up an enzyme-linked immunosorbent assay (ELISA) for SAA 
that can be used in general clinical practice. Objective of this study was to describe 
this fully monoclonal sandwich ELISA for quantification of human SAA and to 
compare it with CRP in a number of diseases. 
 
 
PATIENTS AND METHODS 
 
Study design 
We describe the development of a fully monoclonal antibody-based sandwich 
ELISA for quantification of SAA concentration in blood and in other biological fluids. 
Monoclonal murine antibodies were raised against apo-SAA isolated from the high 
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density lipoprotein (HDL) fraction of pooled acute-phase sera. Two antibodies were 
selected to be used in the ELISA and compared with a standard polyclonal rabbit 
antibody raised against amyloid A protein isolated from tissue AA amyloid. The 
specificity of the polyclonal and two monoclonal antibodies was tested and 
confirmed by several techniques. The lowest detection limit of the ELISA was 
established, the coefficients of variation were calculated, denaturing conditions 
were tested, and the 95% reference interval of basal control values was assessed. 
CRP and SAA serum values were studied in patients with several inflammatory and 
malignant diseases, with particular attention to the effect of concurrent use of 
glucocorticoids. 
 
Human AA protein 
AA amyloid fibrils were isolated from the thyroid of a patient with systemic 
amyloidosis (protein VIS) according to the water extraction method of Pras [30]. 
The amyloid fibril protein was purified by serial gel filtration on Sepharose CL-6B 
and Sephadex G-50 (Pharmacia, Uppsala, Sweden). Purity and molecular weight 
were assessed by sodium dodecyl sulphate-polyacryl amide gel electropheresis 
(SDS-PAGE). Amino acid composition was determined with a Contron Liquimat III 
analyzer. Amino acid sequence analysis was performed by automated Edman 
degradation on a Beckman 890 C sequencer [31]. 
 
Human apo-SAA 
Apo-SAA was isolated from pooled serum obtained from 150 patients with active 
inflammatory conditions (CRP >100 mg/L). The HDL3 fraction was isolated by 
preparative ultracentrifugation in a Beckman L5 65 ultracentrifuge [32], followed by 
delipidation [33] and gel filtration on Sephadex G-100. Final purification of apo-SAA 
was achieved by high-performance liquid chromatography (HPLC) and dialysis to 
0.01 M phosphate-buffered saline (PBS), pH 7.4. The molecular weight was 
estimated by SDS-PAGE (Phast System, Pharmacia). The actual SAA 
concentration was established by quantitative amino acid analysis. Results were 
compared with those of the Bradford [34] and the Lowry [35] assay - both using 
bovine serum albumin (BSA) as reference - and with the optical density at 280 nm 
(E280). Reconstitution of an exact quantity of purified apo-SAA into normal plasma 
provided the standard of the assay. Finally the concentration was recalculated to 
the international standard for SAA (0.15 IU per ampoule, WHO code 92/680) [36]. 
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Polyclonal rabbit antibody to human AA (Ra.34) 
Antiserum to amyloid A protein (AA) was produced in rabbits after repeated 
immunization with NaOH-denatured amyloid fibrils. Anti-AA antibodies were 
purified from this crude antiserum by affinity chromatography using purified AA 
coupled to CNBr-activated Sepharose-4B (Pharmacia) to a final antibody 
concentration of 0.04 g/L [37]. These antibodies (Ra.34) were tested against AA, 
SAA, amyloid P component (AP), light chain-derived amyloid protein (AL), CRP 
and human immunoglobulin G (IgG) in ELISA. Reactivity in immunohistochemistry 
was determined on sections from AL and AA amyloid and control tissues. 
 
Monoclonal mouse anti-SAA antibodies (Reu.86.1 and Reu.86.5) 
Purified apo-SAA was linked to Helix Pomatia Haemocyanin (HPH) with 
glutaraldehyde (GA): SAA (0.1 mg/mL) and HPH were mixed 1:3 (w/w) and 
coupled with GA at a final GA concentration of 7mM and a total protein 
concentration of 0.25 g/L for 30 min at room temperature. The reaction was 
stopped by the addition of glycine (final concentration 0.1 M) for 30 min followed by 
extensive dialysis to PBS. 
 Balb/C mice were immunized with this SAA-HPH complex together with 
complete Freund’s adjuvant 1:1 (v/v) 1 mL intraperitoneally in a final SAA dosage 
of 0.03 mg. After the second immunization the presence of antibodies was 
confirmed, followed by a final intravenous booster with SAA-HPH. After 3 days 
spleen cells were fused with the myeloma cell-line Sp2-0 [38]. This resulted in 15 
clones producing different antibodies that were tested for reactivity to apo-SAA as 
well as to NaOH-denatured AA amyloid fibrils dissolved in guanidine. A panel of 
five monoclonal antibodies were selected to proceed with because of excellent 
reactivity. Two of these antibodies (Reu.86.1 and Reu.86.5), both belonging to the 
IgG1 subclass, were selected for the assay. The reactivity of the Reu.86.1 and 
Reu.86.5 antibodies was tested against AA, apo-SAA, AP, AL, and human IgG in 
ELISA and in immunohistochemistry on sections from AL and AA amyloid 
containing tissues and control tissues.  
 
SDS-PAGE with immunoblotting 
Samples were denatured in SDS-ß-mercaptoethanol and run on a 15% 
polyacrylamide (PAA) gel. Subsequently the proteins were blotted for 1.5 hr in a 
semi dry electroblotter (Ancos APS, Olstykke, Denmark) onto nitrocellulose 
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membranes (Schleicher and Schuell, Dassel, Germany; BA-35 pore size 0.2 μm). 
After blotting, the controls for molecular weight were cut off and stained with 0.1% 
Amido Black. The remaining membrane was blocked overnight in 0.01 M Tris-HCl, 
0.15 M NaCl, 3% BSA, 1% Triton X-100, pH 8.0. After washing in PBS, the 
membranes were probed with the antibodies (Reu.86.1 and Reu.86.5 culture 
supernatants diluted 1:25, Ra.34 concentration 0.4 μg/mL and with control 
antibodies) for 3 hr at room temperature by slowly shaking. All incubations were 
done in PBS, 0.3% BSA and 0.5% Triton X-100, pH 7.4. After washing the blot was 
incubated with the appropriate peroxidase-conjugated antibodies (final dilution 
1:250) for 1.5 hr. The complexed antibody was visualized by incubating the blot for 
10 min in a mixture of 50 mL 0.02 M Tris-HCl, 0.15 M NaCl, pH 7.5 and a solution 
of 30 mg 4-Chloro-1-naphtol (Sigma, St Louis, USA) in 10 mL methanol together 
with 75 μL 30% H2O2. The reaction was terminated by washing the blot in water. 
 
Isoelectric focusing and immunochemical detection of SAA subtypes 
Dialysed serum samples, without prior isolation of HDL3 fraction, were focused with 
pH 3.5-10 ampholytes (BioRad Laboratories) in a flatbed apparatus (LKB 2117 
Multiphor) according to the method described by Strachan et al [39] with some 
modifications. The 1.5 mm thick gel consisted of 5% (w/v) acrylamide, 8% (v/v) 
ampholytes, and 7M Urea. The circulating coolant was at 10°C.  Prefocusing was 
performed at 25W (max.) and 300V for 30 minutes. After sample application the 
focusing was performed for 3 hr at 5W. At the end of the focusing, a strip of gel 
was cut into 0.5 x 1.0 cm pieces, which were placed in 2 mL distilled water for 
checking the pH gradient. Another strip with reference markers (BioRad 
Laboratories) was fixed and stained with Coomassie Brilliant Blue. 
 The focused proteins were transferred onto 0.2-μm nitrocellulose 
membranes (Schleicher and Schuell) by capillary blotting for 2 hr at room 
temperature. After the blotting the nitrocellulose sheet was blocked for 1 hr at 37 
°C followed by incubation overnight at room temperature with antibodies Ra.34, 
Reu.86.1, and Reu.86.5. The incubation with the appropriate horseradish 
peroxidase (HRPO)-labeled second antibodies were performed for 1.5 hr at room 
temperature followed by detection with the chromogenic substrate 4-Chloro-1-
naphtol. 
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Two sandwich ELISAs: polyclonal and hybrid poly/monoclonal-based 
Microtiter plates (Greiner GmbH, Nürtingen, Germany) were coated overnight at 
room temperature with polyclonal anti-AA (Ra.34) 1 mg/L in 0.1 M carbonate 
buffer, pH 9.6. After being washed (with 0.025 M Tris-HCl, pH 8.0, 0.15 M NaCl 
and 0.05% Tween-20) the plates were incubated with patient sera for 2 hr at 37 °C. 
Because of the wide range in SAA levels sera were routinely analyzed at dilutions 
1:1,000 to 1:27,000 and for low concentrations at dilutions 1:200 to 1:12,800. The 
plates were washed. For the polyclonal ELISA, the plates were incubated with 
biotin-conjugated Ra.34-biotin 1:500 for 1 hr at 37 °C followed by streptavidin-
HRPO (Dakopatts A/S, Copenhagen, Denmark) 1:1,500 for 0.5 hr. For the hybrid 
sandwich ELISA, the plates were incubated with monoclonal anti-SAA (Reu.86.1, 
1:50 dilution of culture supernatant) for 1 hr at 37 °C. After washing, rabbit anti-
murine IgG complexed with HRPO was added, 1:500 in incubation buffer for 0.5 hr 
at 37 °C. One mg of the chromogen 3’3’5’5’tetramethylbenzidin (TMB, Carl Roth, 
Karlsruhe, Germany) was dissolved in 11 mL 0.1 M acetate buffer, pH 6.0, and 
0.004% H2O2. After washing, the plates were incubated with the chromogen 
solution at room temperature until the reaction was stopped after 20 min by the 
addition of 1 M H2SO4. The absorption at 450 - 575 nm was read in an Emax 
microplate reader and the concentrations were calculated by SOFTmax® PRO 
software (Molecular Devices, Sunnyvale, USA). All incubations were done in 0.05 
M Tris-HCl, pH 8.0, 0.3 M NaCl, 0.05% Tween-20, and 2% BSA. 
 
Fully monoclonal murine sandwich ELISA for human SAA 
Microtiter plates (HB, FB, Corning Costar, Badhoevedorp, The Netherlands) were 
coated at room temperature on an EASIA shaker (500 rpm) with the IgG fraction of 
the pan-reactive capture antibody Reu.86.5 (diluted to 0.5 μg/well in 0.01 M PBS, 
pH 7.4) overnight. After washing it was followed by incubation of the samples in 
serial fourfold dilutions, starting with 1:250. Incubations were done in duplicate at 
room temperature on the EASIA shaker in 0.01 M PBS, pH 7.4, 1% BSA, and 
0.05% Tween-20 in a final volume of 0.1 mL/well for one hour. The plates were 
washed, followed by incubation for one hour with the IgG fraction of the SAA1-
reactive detection antibody Reu.86.1 coupled to HRPO (diluted to 0.2 μg/well). The 
color reaction was performed as described in the other ELISAs.  
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Standardization of the ELISAs 
Reconstitution of an exact amount of the purified apo-SAA into normal plasma 
(initial SAA concentration was 1.0 mg/L) provided the ultimate standard of all our 
ELISAs yielding a final SAA concentration of 146 mg/L. In every routine assay an 
aliquot of a well-known plasma was used as internal standard. 
 Sera were denatured with alkali, formic acid, and heating as well as with 
repeated (5x) freezing and thawing to evaluate these effects on serum levels of 
SAA. Serum and plasma levels of identical samples were also compared. The 
intra-assay and interassay coefficient of variation (CV) were calculated for the 
lower, intermediate, and upper range. 
 
Sandwich ELISA for CRP 
Microtiter plates (Greiner GmbH, Nürtingen, Germany) were coated overnight at 
room temperature with rabbit anti-CRP (Dakopatts A/S, Copenhagen, Denmark) 
1:10,000 in 0.1 M carbonate buffer, pH 9.6. After washing, the wells were 
incubated with patient sera in dilutions 1:250 to 1:16,000 for 45 min. Rabbit anti-
CRP conjugated to HRPO (Dakopatts A/S) was applied at 1:2,000 dilution for 30 
min. Incubation, washing and color reaction were performed as described in the 
polyclonal SAA-ELISA. CRP-reference serum (Behringwerke AG, Germany) was 
used as the standard. Intra-assay CV and interassay CV were both 5%. 
 
Serum and plasma samples 
Human research was carried out according to the principles of the Declaration of 
Helsinki and informed consent was obtained. Samples of serum and plasma were 
stored at -20 °C until analysis. Plasma samples of fifty apparently healthy members 
of the medical and nursing hospital staff were taken at three consecutive moments 
with monthly intervals. The 50 median values served as basal controls both for 
SAA and CRP. 
 A spectrum of well-defined non-infectious chronic and subacute 
inflammatory diseases together with two malignant diseases was investigated in a 
cross-sectional study. All patients were sampled consecutively in our referral-based 
university hospital. Patients with chronic active hepatitis (CAH), primary biliary 
cirrhosis (PBC), rheumatoid arthritis (RA), and Crohn’s disease (Crohn) that were 
selected were all with active disease and without any immunosuppressive 
treatment. Patients with a clear exacerbation of a connective tissue disease (CTD) 
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were included after careful exclusion of infectious complications: almost all of these 
CTD patients used a small dose of prednisolone (median 5 mg daily). Most patients 
with polymyalgia rheumatica (PMR) used prednisolone with a median dose of 7.5 
mg daily. Patients with biopsy-proven renal allograft rejection (RTx) were divided 
into two groups: RTx(1) with ciclosporine treatment (median 7 mg/kg daily) and 
RTx(2) with the combined treatment of prednisolone (median 40 mg daily) and 
azathioprine (median 100 mg daily). In addition, patients with non-seminoma testis 
tumor (NSTT) and hepatocellular carcinoma (HCC) were investigated before start 
of treatment. 
 The group of RA patients without immunosuppression was compared with 
three treatment groups: One with prednisolone (median dose 7.5 mg daily), 
another with azathioprine (median dose 100 mg daily) and the third with the 
combination of azathioprine (median dose 150 mg daily) and prednisolone (median 
6.5 mg daily). All these RA patients were selected randomly with regard to disease 
activity from our out-patient department. 
 
Table 2.1. Amino acid composition (percentages) of AA protein VIS (AA-VIS) [31] and of purified apo-
SAA derived from pooled acute phase sera (apo-SAA). Related to three well-defined SAA subtypes 
(SAA-1/2) from literature [40]. 
 

Amino acid AA-VIS apo-SAA SAA-1/2 
Asp, Asn 10.8 12.4 14 
Thr 3.4 2.1 0-1 
Ser 7.8 8.4 7 
Glu, Gln 11.4 11.6 8-9 
Pro 4.6 4.7 4 
Gly 11.0 11.0 12 
Ala 10.8 13.2 16 
Cys½ ND 0.0 0 
Val 3.0 2.4 1 
Met 2.3 0.4 2 
Ile 3.5 2.7 3 
Leu 6.9 5.4 3-4 
Tyr 3.9 3.5 5 
Phe 5.2 7.3 6-8 
His 1.8 2.2 2-3 
Lys 4.2 6.1 4 
Arg 7.2 7.6 10-12 
Trp 1.2 ND* 3 
       Total 100 % 104 % 104 % 

 
* for quantitation Trp was assigned 3. 

 
 
Statistical analysis 
Statistical analysis was performed using the statistical package GraphPad Prism, 
version 4.02 (GraphPad Software Inc., San Diego, CA, USA). Logarithmic 
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transformation was used for normalization of the data if deemed necessary, linear 
regression and Pearson’s correlation test were used for correlation studies, and 
Bland-Altman test was used for assessing agreement between ELISAs. One-way 
ANOVA with Dunnet’s multiple comparison test was used for comparison of 
disease groups with controls and Tukey’s multiple comparison tests were used for 
comparison among all groups where appropriate. Testing was done two-sided, 
except for the upper limit of the 95% basal reference of controls for SAA and CRP 
that was done one-sided. P<0.05 was considered significant. 
 
 
RESULTS 
 
Human protein AA and apo-SAA 
The isolated and purified amyloid fibril protein (protein VIS) yielded one major and 
two minor protein peaks on Sephadex G-50. The major peak was brought on SDS-
PAGE and resulted in one single band with an estimated molecular weight of 12 
kD. This protein AA was chosen for the production of antibodies in the rabbit 
because of its high molecular weight. The amino acid composition of this protein is 
shown in Table 2.1 [31]. Sequencing the first 13 N terminal residues resulted in: 
Ser-Phe-Phe-Ser-Phe-Leu-Gly-Glu-Ala-Phe-Asp-Gly-Ala-. 
 

A         B 
 
 
 
 
 
 
 
 
Figure 2.1. Immunohistochemical staining of a glomerulus with monoclonal anti-human apo-SAA 
(Reu.86.1) antibody (x128) on a kidney section of a non-amyloid control (A) and on a kidney section of a 
patient with AA amyloidosis (B). 
 
 
HPLC chromatography of the apo-SAA purified from pooled acute-phase sera 
resulted in one single peak. This peak was dialyzed to PBS and subsequently 
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brought on SDS-PAGE, resulting in one single line with an estimated molecular 
weight of 12.5 kD. The amino acid composition of this apo-SAA is also presented in 
Table 2.1 and related to data from literature [40]. Calculation of the quantitative 
amino acid composition enabled us to quantify the concentration of the purified 
apo-SAA. The optical density E280, 1 g/L in PBS, resulted in a value of 3.5. 
Results of protein determinations according to Bradford and Lowry, using BSA as a 
reference, were both about 5% higher than expected. 
 
Ra.34, Reu.86.1, and Reu.86.5 antibodies 
In the ELISA the Ra.34, Reu.86.1, and Reu.86.5 antibodies reacted with AA and 
apo-SAA bound to the microtitration plate. No reaction of these antibodies was 
observed with AP, AL, CRP, or human IgG, whereas these proteins clearly reacted 
with the corresponding antibodies. In immunohistochemistry the Ra.34, Reu.86.1, 
and Reu.86.5 antibodies showed intense staining with amyloid A deposits, 
whereas only minimal background staining was seen with Ra.34 and no 
background staining at all was seen with Reu.86.1 and Reu.86.5 in control sections 
(normal tissue and tissue containing other types of amyloid); see Figure 2.1 in 
which Reu.86.1 is presented as typical example for all three antibodies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2. Electrophoretic patterns on 15% SDS polyacrylamide gel showing normal control plasma 
(A), pooled acute phase serum (B) and purified apo-SAA in PBS (C). Immunodetection was performed 
after electroblotting with normal rabbit IgG (1), rabbit anti-CRP (2), Ra.34 (3), Reu.86.1 (4), and control 
culture supernatant (5). 
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SDS-PAGE and isoelectric focusing of SAA 
Results of SDS-PAGE are presented in Figure 2.2. Purified apo-SAA reacted 
intensely with Ra.34 (lane C-3) and Reu.86.1 (lane C-4). The estimated molecular 
weight of this single apo-SAA band was 12.5 kD. High specificity of Ra.34 and 
monospecificity of Reu.86.1 is clearly visualized in acute phase plasma (lanes B-3 
and B-4) and in normal control plasma (lanes of A). Reu.86.5 (data not shown) 
reacted similarly to Reu.86.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3. Isoelectric focusing patterns of the three SAA isoforms patterns in acute-phase sera: 
SAA2αβ, SAA2αα, and SAA2ββ. Lane A, Reu.86.1; lane B, Reu.86.5; lane C, combination of Reu.86.1 
and Reu.86.5; Lane D, Ra.34 antibody. 
 
Isoelectric focusing and immunochemical detection of SAA subtypes 
No bands were detected in non-acute-phase control sera. Two major isoforms with 
pI values 6.0 and 6.4 (thought to represent SAA1-desArg and SAA1, respectively) 
were present in all sera with SAA levels >64 mg/L and were detected by all three 
antibodies. The remaining 4 isoforms were visualized equally by the Ra.34 and 
Reu.86.5 antibodies, whereas Reu.86.1 failed to do so, suggesting a specific 
reactivity only with SAA1 subtype (see Figure 2.3). The four major isoforms with 
the highest pI values (thought to be SAA2α-desArg (pI 7.0), SAA2β-desArg (pI 
7.4), SAA2α (pI 7.5), and SAA2β (pI 8.0)) were seen in combination in three 
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patterns: all the four isoforms (the SAA2αβ heterozygous pattern) and two patterns 
with just two isoforms (the homozygous SAA2α and SAA2β patterns, respectively) 
as shown in Figure 2.3. In all sera two additional bands were seen at pI 5.2 and pI 
5.6, which we designated SAA1*-desArg and SAA1*. These major bands are 
probably SAA1 subtypes for they can be detected with Reu.86.1, which did not 
detect the SAA2 subtypes (Figure 2.3). 
 

Comparison of the three sandwich ELISAs for human SAA 
The polyclonal rabbit, the hybrid polyclonal rabbit/monoclonal murine, and the fully 
monoclonal murine SAA-ELISA had similar results. Figure 2.4A shows an example 
of results for the polyclonal rabbit ELISA and fully monoclonal murine SAA-ELISA: 
the results of 32 sera with a wide range of SAA concentrations were compared and 
both methods correlated well (r 0.97, P<0.0001). Differences were small, as shown 
in the Bland-Altman plot (after exclusion of the single outlier) with a positive bias of 
27% for the monoclonal ELISA compared with the polyclonal ELISA (Figure 2.4B). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4. A. SAA concentrations in sera measured with polyclonal rabbit ELISA and monoclonal 
murine ELISA. B. Bland Altman plot of the average and the ratio of the SAA concentrations measured 
with monoclonal and polyclonal ELISA. The dotted line is the mean bias.  
 
 
Monoclonal murine sandwich ELISA for human SAA 
Acute-phase plasma with a concentration of 219 mg/L was used in the fully 
monoclonal SAA-ELISA as the routine standard. The ELISA results using 146 mg/L 
apo-SAA in PBS (curve a) and a same quantity of apo-SAA reconstituted in normal 
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plasma (SAA level 1.0 mg/L; curve b) are presented in Figure 2.5 together with the 
routine standard plasma (curve c) and plasma from one of our basal controls (SAA 
level 1.0 mg/L; curve d). The absorbance values of apo-SAA reconstituted in 
plasma were slightly higher than those of apo-SAA in PBS. The lowest detection 
limit of the ELISA for SAA was 8 μg/L (using samples diluted 1:5), allowing its use 
in biological fluids and in in-vitro systems. The routine detection limit of the assay 
was selected to be 0.6 mg/L (using samples diluted 1:250). The intra-assay CV 
was 8.0% in the lower range (0.81 mg/L), 5.4% in the intermediate range (73 mg/L) 
and 8.9% in the higher range (280 mg/L). The interassay CV was 8.8%, 5.9% and 
10.2% respectively. Each CV was based on 6 measurements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5. Monoclonal murine SAA ELISA: Absorbance at 450 nm. a: (○--○) Apo-SAA in PBS. b: (●--●) 
reconstituted apo-SAA in normal plasma. c: (□--□) internal standard (219 mg/L). d: (∆--∆) control (1.0 
mg/L). 
 
Denaturing of serum samples with formic acid, alkali, or heating resulted in a 
decline of SAA reactivity compared to native serum. Repeated (5x) freezing and 
thawing of serum or plasma did not affect the results. No differences were found 
between plasma and serum levels. The presence of rheumatoid factors did not 
affect the results. 



A monoclonal sandwich ELISA for quantification of human SAA 

 33 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6. A. CRP and B. SAA levels in mg/L of basal values of healthy controls and disease groups. 
The dotted lines are the 95% upper limits of the basal values. C. SAA/CRP ratio of disease groups. The 
dotted line is the SAA/CRP ratio of 1. See legend of table 2.2 for the abbreviations of the diseases. 
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SAA and CRP measurements in sera of patients 
The healthy control group had a median basal CRP value of 0.5 mg/L, and a one-
sided 95% upper confidence limit of 2.0 mg/L. The median value for SAA was 1.1 
mg/L with a one-sided 95% upper confidence limit of 4.3 mg/L. 
 
Table 2.2. Median serum concentration of SAA, CRP, and SAA/CRP ratio for various diseases and 
percentage of patients with elevated values of SAA and CRP and of patients with SAA/CRP ratio >1. 
 

   SAA CRP SAA / CRP* 
Disease N  Median 

(mg/l) 
> 4.3 mg/L 
(% of pat) 

 
 

Median 
(mg/l) 

> 2.0 mg/L 
(% of pat) 

 Median > 1 
(% of pat) 

CAH 35  1.3 17  6.9 77  0.15 4 
PBC 20  4.0 45  7.8 85  0.47 33 
HCC 23  7.1 52  15.5 83  0.39 26 
NSTT 20  15.0 75  36 90  0.55 22 
Crohn 25  13.7 64  20 84  0.69 38 
CTD 35  7.6 57  8.6 86  1.53 58 
PMR 35  13.1 89  5.7 83  3.32 79 
RTx(1) 13  43 77  14.0 100  2.46 69 
RTx(2) 10  83 100  9.0 80  11.3 100 
           
RA:           
  No imm. 35  9.1 69  15.0 86  1.02 50 
  Pred 37  105 100  36 100  2.70 89 
  Aza 17  20 88  32 100  0.87 35 
  Pred+Aza 34  44.4 94  16.7 88  3.26 82 

 
* The ratio of SAA/CRP was only determined in case SAA or CRP levels exceeded the 95% upper limit of basal 
controls (for SAA >4.3 mg/L and for CRP >2.0 mg/L). 
CAH = chronic active hepatitis, PBC = primary biliary cirrhosis, HCC = hepatocellular carcinoma, NSTT = non 
seminoma testis tumor, Crohn = Crohn's disease, CTD = connective tissue disease, PMR = polymyalgia rheumatica, 
RTx = renal allograft rejection receiving ciclosporine (1) or prednisolone and azathioprine (2). RA = rheumatoid 
arthritis: No imm. = without immunosuppressive treatment; Aza = azathioprine; Pred = prednisolone; Pred+Aza = 
combined treatment with prednisolone and azathioprine. 
 

 
Figure 2.6 shows the SAA and CRP serum concentrations and SAA/CRP ratio of 
healthy controls and of patients in various disease groups. Table 2.2 shows the 
corresponding median values of SAA, CRP, and SAA/CRP ratio. The percentage 
of patients with elevated SAA and CRP levels and with an arbitrary chosen 
SAA/CRP ratio higher than 1 are also presented in table 2.2. 
 In all disease groups the CRP levels (P<0.01) were higher than basal 
control values. SAA levels of the CAH and PBC groups did not differ from basal 
control values, but all other disease groups had higher SAA concentrations 
(P<0.01).  Figure 2.6C and Table 2.2 illustrate the wide variation of the SAA/CRP 
ratio among the diseases: all but one of the CAH patients had higher CRP 
concentrations than SAA and all patients with renal allograft rejection who were 
treated with prednisolone and azathioprine showed the opposite. 
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Figure 2.7. SAA/CRP ratios in patients with rheumatoid arthritis in relation to treatment with 
prednisolone and azathioprine. No immunosuppression (No imm.), azathioprine (Aza), prednisolone 
(Pred), and both drugs (Pred+Aza). Horizontal bars denote median values. *, P<0.01; **, P<0.001. 
 
 
The influence of therapy with prednisolone on SAA and CRP concentrations in a 
cross-sectional study of patients with RA is shown in Table 2.2 and its influence on 
the SAA/CRP ratio further illustrated in Figure 2.7. The SAA/CRP ratio of untreated 
RA patients was lower than of patients treated with prednisolone. The SAA/CRP 
ratio of the azathioprine group did not differ from the untreated group, but was 
lower than the group in which prednisolone was added to azathioprine. In the two 
groups of RA patients treated with prednisolone, the dosage was almost 
homogeneous. In the PMR group, however, the prednisolone dose varied 
considerably, ranging from 0 to 30 mg daily. The SAA/CRP ratio correlated with the 
prednisolone dose in this disease group (r 0.65, P<0.0001), as shown in Figure 
2.8. 
 
 
DISCUSSION 
 
We have described a fully monoclonal murine sandwich ELISA for human SAA. 
This ELISA is a reproducible method for quantification of SAA in serum, permitting 
standardization, inter-laboratory comparability, and general availability: the 95% 
upper limit of the basal reference interval of serum SAA in healthy controls appears 
to be 4.3 mg/L. The lowest detection limit of the assay is 8 μg/L, therefore allowing 
its use in biological fluids and in in-vitro systems [41]. 
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Figure 2.8. SAA/CRP ratio versus daily dose of prednisolone in 33 PMR patients. The solid line denotes 
the regression line. 
 
Constant quality and general availability make monoclonal antibodies excellent 
tools for ELISA and for immunohistochemistry. In this study murine monoclonal 
antibodies were raised against human apo-SAA prepared from acute-phase sera. 
The amino acid composition of the isolated apo SAA [40, 42] and the pI values of 
its major subtypes showed a close resemblance with the expected values [43-46]. 
Monoclonal antibodies Reu.86.1 and Reu.86.5 were selected because of superior 
test results. Background staining in immunohistochemistry was absent. Both 
monoclonal antibodies were highly specific for SAA. Antibody Reu.86.5 reacted 
with SAA1 and SAA2 subtypes, whereas Reu.86.1 reacted probably only with 
SAA1, the major SAA subtype. The monoclonal SAA ELISA showed similar results 
to the ELISA using a polyclonal rabbit anti-AA antibody. 
 A limitation of this SAA ELISA is the probable lack of recognition of the 
SAA2 subtype. In serum, however, SAA1 is the major subtype that is present in a 
relatively constant proportion of the total serum SAA concentration (74-77% ± 12%) 
[47]. Because of the internal standard that is used routinely the results will be 
corrected for the bias, as confirmed in our results of comparing the three ELISAs. 
 It is known that in some diseases SAA seems to be a more sensitive 
marker of inflammation than CRP, such as malignancies [3], rheumatic diseases 
[4-8], inflammatory bowel diseases [9], renal allograft rejection [11], infectious 
diseases [12-18], and cardiovascular diseases [19-24]. As expected SAA and CRP 
serum levels differed among patients and among diseases in this small cross-
sectional study. The high SAA/CRP ratio of patients with renal allograft rejection 
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was confirmed in our study [1, 11]. Prednisolone treatment was associated with an 
increased SAA/CRP ratio of patients with RA and PMR. An intriguing finding was 
the low SAA response in CAH and PBC, two chronic inflammatory diseases of the 
liver, the major source of acute-phase proteins. 
 In AA amyloidosis it is essential to measure actual SAA levels for 
monitoring possible progression of the disease and the effect of therapeutic 
intervention [26-28]. Particularly the effects of prednisolone treatment may be 
misjudged by monitoring only CRP levels, since SAA levels appear to be affected 
in a different way. This effect of prednisolone has already been described for some 
diseases, such as cystic fibrosis [48] and rheumatoid arthritis [49]. The high 
SAA/CRP ratio in serum is probably caused by an enhancement by prednisolone of 
SAA production compared with CRP production by liver cells [50]. 
 In conclusion, this monoclonal antibody-based sandwich ELISA is a 
reproducible method for quantification of SAA in serum, permitting standardization, 
inter-laboratory comparability, and general availability. Quantification of SAA is 
important in AA amyloidosis, because measuring only CRP as surrogate marker 
may seriously underestimate actual SAA serum levels, especially during 
glucocorticoid therapy. 
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ABSTRACT 
 
Objective. To describe a new, quantitative, and reproducible method for detecting 
deposits of amyloid A protein in aspirated fat tissue and to compare it with smears 
stained with Congo red. 
Methods. After extraction of at least 30 mg of abdominal fat tissue in guanidine, 
the amyloid A protein concentration was measured by a monoclonal antibody-
based sandwich ELISA. 
Results. The concentrations in 24 patients with arthritis and AA amyloidosis 
(median 236, range 1.1-8,530 ng/mg tissue) were higher (P<0.001) than in non-
arthritic controls, uncomplicated rheumatoid arthritis, and other types of systemic 
amyloidosis (median 1.1, range 1.1-11.6 ng/mg tissue). Patients with extensive 
deposits, according to Congo red staining, had higher concentrations than patients 
with minute deposits. 
Conclusions. This is a new, quantitative, and reproducible method for detecting 
deposits of amyloid A protein in aspirated fat tissue of patients with arthritis, even 
when minute deposits are present as detected in smears stained with Congo red. 
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INTRODUCTION 
 
About three to ten percent of the patients with rheumatoid arthritis develop AA 
amyloidosis in the course of their disease [1, 2]. Deposits of amyloid A protein are 
found in many tissues and in the walls of blood vessels throughout the whole body. 
These amyloid A protein deposits are derived from serum amyloid A protein (SAA), 
an acute-phase reactant, which is produced by the liver during inflammation. If 
accumulation of amyloid A protein deposition cannot be stopped or delayed, 
serious renal and gastrointestinal problems will arise, and most patients will die 
within two to four years [3, 4]. However, if the underlying inflammation is 
adequately suppressed, further loss of renal function and increase of proteinuria 
can be stopped and survival will improve [5-7]. Therefore, AA amyloidosis should 
be diagnosed as early as possible. 
 Amyloid is diagnosed by the typical green birefringence in polarised light of a 
tissue biopsy specimen stained with the Congo red dye. Subsequent 
immunohistochemistry with anti-AA antibodies establishes the amyloid A nature of 
the amyloid involved [8]. However, minute deposits of amyloid are hard to detect in 
Congo red-stained biopsy specimens, and can be overlooked easily [9]. A 
quantitative biochemical measurement of the amyloid A protein concentration in 
tissue might therefore improve the diagnostic yield of a biopsy in an independent 
way. An additional advantage will be the characterisation of the amyloid as the 
amyloid A protein type. Amyloid A protein has already been quantified in small 
samples (10-60 mg) of mouse and human necropsy tissues of the spleen [10]. 
However, the clinician who treats patients with arthritis needs a procedure that is 
easy to perform routinely during life, which can be repeated at intervals, and with 
results that are reproducible and can be obtained within days. In patients, 
abdominal subcutaneous fat tissue is very appropriate for this purpose: this tissue 
is easy to obtain by aspiration, and smears are frequently found to be positive for 
amyloid by staining these with Congo red [11]. 
 The aim of this study was to develop a new, clinically usable, quantitative, 
and reproducible method for detecting deposits of amyloid A protein in aspirated fat 
tissue of patients with arthritis. The new method was tested in patients with arthritis 
and AA amyloidosis, in non-arthritic controls, in patients with rheumatoid arthritis 
without AA amyloidosis, and in patients with other types of systemic amyloidosis. In 
all patients and controls, the new method was compared with the standard method 
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for detecting amyloid deposits in smears of fat tissue stained with Congo red. 
 
 
PATIENTS AND METHODS 
 
Study design 
We describe a monoclonal antibody-based sandwich enzyme-linked immuno-
sorbent assay (ELISA) for measuring the amyloid A protein concentration in 
extracts of human abdominal fat tissue. This ELISA for quantifying the amyloid A 
protein concentration was tested in various groups of patients and the results were 
compared with the semi-quantitative scores of fat tissue smears stained with 
Congo red. The influence of the concentration of serum amyloid A protein in 
simultaneously obtained blood samples was investigated as well as the effect of 
the duration of the AA amyloidosis, the duration of the arthritis, and the age of the 
patients. Immunoblotting of the fat extracts was used to determine the size of the 
amyloid A protein fragments involved. 
 
Patients 
The new method was tested from January 1997 until February 1998 in 24 patients 
with arthritis and biopsy-confirmed AA amyloidosis (AA group). The causes of the 
arthritis were rheumatoid arthritis in 17 patients, ankylosing spondylitis in three 
patients, juvenile chronic polyarthritis in two patients, psoriatic arthritis in one 
patient, and SAPHO (an acronym derived from synovitis, acne, pustulosis, 
hyperostosis, and osteitis) in another patient. Three groups served as controls: 22 
members of the hospital staff and patients without arthritis (Control group), 25 
patients with active rheumatoid arthritis for many years without clinical signs of 
amyloidosis (RA group), and 25 patients with other types of systemic amyloidosis 
(19 with the AL type and 6 with familial amyloidosis of the ATTR type) and a 
positive Congo red stain of the fat tissue (AL / ATTR group). Rheumatoid arthritis 
was defined by the ARA revised criteria [12]. The systemic nature of the 
amyloidosis was assessed by the detection of amyloid in biopsy specimens from at 
least two different tissues or organs. Amyloid of the AA type was demonstrated  
by reactivity with anti-AA antibodies in immunohistology. Amyloid of the ATTR type 
was demonstrated by a family history of amyloidosis, the presence of  a variant 
transthyretin by DNA analysis, and reactivity with anti-TTR antibodies in 
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immunohistology. Amyloid of the AL type was demonstrated by signs of a clonal 
plasma cell dyscrasia, such as the presence of a light chain in serum or urine 
detected by immunofixation electrophoresis or the presence in the bone marrow of 
a relative excess of cells producing one of the light chains, and the lack of reactivity 
with anti-AA and anti-ATTR antibodies in immunohistology. The study was 
approved by the local ethical committee. All patients and controls gave their 
informed consent. Table 3.1 shows the characteristics of the patients and the 
controls. 
 
Table 3.1. Patients’ characteristics, serum acute phase proteins, and fat tissue measurements. 
 
 Control RA AA AL / ATTR 
Patients     
    Number of patients 22 25 24 25 
    Men/women 11/11 9/16 5/19 10/15 
    Age (years) 43.5 (24-70)† 69 (42-82) 63 (29-85) 59 (34-84) 
    Duration of arthritis (years) NA 20 (2-57) 22.5 (9-41) NA 
    Duration of amyloidosis (months) NA NA 9 (0-139) 13 (0-162) 
Serum acute phase proteins     
    SAA level (mg/L) 0.4 (0.4-146)† 9.3 (3.1-295) 14 (0.4-229) 0.4 (0.4-87)‡ 
    CRP level (mg/L) 2 (1-198)* 15 (2-210) 17.5 (1-84) 3 (1-58)† 
Fat tissue     
    Amyloid A (ng/mg fat tissue) 1.1 (1.1-4.2)‡ 1.1 (1.1-5.4)‡ 236 (1.1-8,530) 1.1 (1.1-11.6)‡ 
    Amyloid A (μg/mg protein) 0.11 (0.11-0.88)‡ 0.11 (0.11-0.56)‡ 31.5 (0.11-515) 0.11 (0.11-1.24)‡ 
    Protein (µg/mg fat tissue) 6.6 (3.8-16.1) 7.2 (2.7-21.6) 9.5 (3.5-27.3) 10.1 (4.3-39.3) 
    Total wet weight (mg) 87 (31-278) 88 (32-361) 107 (30-415) 79 (38-244) 

 
Data are median and (range). RA = rheumatoid arthritis without AA amyloidosis, AA = arthritis with AA amyloidosis, AL / ATTR = 
AL amyloidosis and ATTR amyloidosis. CRP = C-reactive protein, SAA = serum amyloid A protein. NA denotes not applicable. 
*P < 0.05, †P < 0.01, and ‡P < 0.001 versus the AA group. 
 
Fat aspiration 
Skin and subcutaneous tissue on both sides of the umbilicus of the patients and 
controls were anaesthetised with lidocaine. The aim was to aspirate at least 30 mg 
of fat tissue to enable the quantification of amyloid A protein, and adequate 
material to enable microscopy with Congo red staining. The fat tissue was 
aspirated with a needle of 16 gauge connected to a syringe of 10 mL [13]. A small 
quantity (0.4 mL) of sodium citrate (0.109 M) was present in the syringe to prevent 
clotting of accidentally obtained blood. The procedure was performed on both sides 
of the umbilicus to obtain two different samples which were used to calculate the 
within subjects coefficient of variation of the new method. However, if the fat tissue 
in one of the samples weighed less than 30 mg, the two samples were combined. 
 
Microscopy 
At least four visible fragments of fat tissue were put on each of three glass slides 
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and crushed into a single cell layer by pressing a second slide perpendicularly to 
the first. The three smears were dried in the air at room temperature, fixed with 
acetone, and stained with alkaline Congo red dye according to Puchtler [14]. The 
affinity of tissue for Congo red was analysed by the apple-green birefringence in 
polarised light using the Olympus BX 50 microscope, 100 Watt. Two independent 
and blinded investigators (JB and BPCH) scored all slides in a random order and 
semi-quantitatively: (0), no apple-green birefringence detectable; (1+), minute 
deposits; (2+), moderate deposits; (3+) extensive deposits. Subsequently, the three 
slides of each individual patient were scored simultaneously to obtain one final 
score for the individual patient. When the two blinded investigators scored a patient 
differently, the three slides were discussed to obtain a final score for the patient. 
 
Preparation and extraction of the fat tissue aspirates 
The fat tissue was collected from the syringe and separated from the sodium citrate 
fluid, weighed (wet weight), and washed three times for 10 minutes with 1 mL of 
phosphate buffered saline (PBS) to remove possible remnants of blood. The 
washed fat tissue was extracted in 1 mL of a solution of 0.1 M Tris-HCl, pH 8.0, 
and 6 M guanidine hydrochloride and this suspension was shaken continuously at 
room temperature overnight. The suspension was centrifuged at 10,000 x g for 10 
minutes and the supernatant fat tissue extract was collected. The total protein 
concentrations in the fat tissue extracts were measured with the Pyrogallol red 
method (Instruchemie, Hilversum, The Netherlands) and expressed in albumin 
equivalents [15]. The pellets were stained with Congo red and extracted again to 
assess the efficiency of the extraction procedure. 
 
Quantification of the amyloid A concentration of fat tissue extracts 
The concentration of amyloid A protein was measured in the fat tissue extracts by a 
monoclonal antibody-based sandwich ELISA as described previously for serum 
samples [16]. Human SAA was purified from the HDL3 fraction of acute phase 
serum. The purified apo-SAA was linked to helix pomatia haemocyanin and 
injected into Balb/c mice to produce monoclonal antihuman-SAA antibodies. One 
monoclonal antibody Reu.86.2 (ICN Biomedicals, Zoetermeer, The Netherlands) 
displays a high affinity for tissue deposits of amyloid A protein in 
immunohistochemistry [17]. Two other monoclonal antibodies Reu.86.5 and 
Reu.86.1 demonstrate high affinity for purified SAA and for purified amyloid A 
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protein both in ELISA and in immunoblotting techniques. Monoclonal antibody 
Reu.86.5 reacts with all acute phase subtypes of SAA, whereas Reu.86.1 reacts 
only with SAA1, the major SAA subtype. Reu.86.5 and Reu.86.1 were used in the 
sandwich ELISA. 
 Microtitre plates (HB, FB, Corning Costar, Badhoevedorp, The Netherlands) 
were coated at room temperature on an EASIA shaker (500 rpm) with the IgG 
fraction of the pan-reactive capture antibody Reu.86.5 (diluted to 0.5 μg/well in 
0.01 M PBS, pH 7.4) during one hour. Then the plates were washed with the 
washing solution of 0.025 M Tris HCl, pH 8.0, 0.15 M NaCl, and 0.05% Tween-20. 
This was followed by incubation of the samples in serial dilutions, starting with 
1:20. Incubations were done in duplicate at room temperature on the EASIA shaker 
in 0.01 M PBS, pH 7.4, 1% BSA, and 0.05% Tween-20 in a final volume of 0.1 
mL/well during one hour. The plates were washed, followed by incubation with the 
IgG fraction of the SAA1-reactive detection antibody Reu.86.1 coupled to 
horseradish peroxidase (diluted to 0.2 μg/well in 0.01 M PBS, pH 7.4). One mg of 
the chromogen 3’3’5’5’tetramethylbenzidin (TMB, Carl Roth, Karlsruhe, Germany) 
was dissolved in 11 mL 0.1 M acetate buffer, pH 6.0, and 0.004% H2O2. After 
washing, the plates were incubated with the chromogen solution at room 
temperature until the reaction was stopped after 20 minutes by the addition of 1 M 
H2SO4. The absorption at 450 - 575 nm was read in an Emax microplate reader 
and the concentrations were calculated by SOFTmax® PRO software (Molecular 
Devices, Sunnyvale, USA). Reconstitution of an exact quantity of purified apo-SAA 
into normal plasma provided the ultimate standard of the assay. Recently the 
international standard for SAA protein (0.15 IU per ampoule, WHO code 92/680) 
has been published [18], and we recalculated the standard of our assay according 
to this WHO standard. No effects were seen of sample storage, repeatedly freezing 
and thawing, or the addition of increasing concentrations of guanidine 
hydrochloride in the assay (up to 0.75 M). The intra-assay and interassay 
coefficients of variation were both less than 10%; the lower limit of detection of the 
amyloid A protein was 1.6 ng/mL (or 1.6 μIU/mL). 
 
Serum acute phase proteins 
Blood concentrations of SAA were measured by ELISA as described above. Basal 
control values of healthy controls are below 4.2 mg/L [16]. Blood concentrations of 
C-reactive protein (CRP) were measured by ELISA. No effects were seen of 
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sample storage or the addition of increasing concentrations of guanidine 
hydrochloride in the assay (up to 0.75 M). Basal control values of healthy controls 
are below 2.1 mg/L [19]. 
 
Immunoblotting of fat tissue extracts 
Fat tissue extracts of the patients and controls were applied to a mini-gel format 
(Mini-Protean II, Biorad, Veenendaal, The Netherlands) of a 15% sodium dodecyl 
sulphate poly acrylamide gel (SDS-PAGE), according to the method of Laemmli 
[20]. The proteins were separated by this SDS-PAGE technique and electroblotted 
onto a nitro-cellulose sheet. Remaining binding sites were blocked with 4% milk 
powder dissolved in 0.01 M PBS, then incubated with the pan-reactive antibody 
Reu.86.5, followed by incubation with rabbit antimouse immunoglobulin coupled to 
horseradish peroxidase (Dakopatts, Copenhagen, Denmark), and finally visualised 
with the chemiluminescence technique (SuperSignal Substrate, Pierce, Rockford, 
IL, USA). Rainbow molecular weight markers were used in the range from 2.35 to 
46 kDa (Amersham, Buckinghamshire, UK). 
 
Statistical methods. 
The kappa statistic was used to measure the interobserver agreement of the two 
blinded investigators who scored the Congo red stained slides [21]. Statistical 
analysis was performed by using the statistical package GraphPad Prism, version 
2.01 (GraphPad Software Inc., San Diego, CA, USA). Non-parametric tests were 
used all the time. The Mann-Whitney test was used for differences between two 
unpaired groups. The Kruskal-Wallis test was used in combination with Dunn’s 
multiple comparison test to detect differences of the patients’ characteristics, serum 
acute phase proteins, and fat tissue measurements between the patients with AA 
amyloidosis and the other three groups. These tests were also used for differences 
of concentrations of amyloid A protein in fat tissue between patients with AA 
amyloidosis having more or less amyloid in the fat smears stained with Congo red. 
The Spearman test for correlation was used in patients with AA amyloidosis to 
detect correlations between the amyloid A protein concentration and variables such 
as age, disease duration, and acute phase proteins. In all tests two-tailed P values 
<0.05 were considered significant. 
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RESULTS 
 
The aspiration of fat was a gentle and almost painless procedure, without any 
adverse effects except for bruising in some patients and controls. In all cases 
bruising was minor and self limiting. 
 The lower detection limit for measuring amyloid A protein in fat extracts 
(diluted 1:20) was 32 ng/mL. The volume of the suspension in which at least 30 mg 
of fat tissue was extracted was 1 mL and the lowest concentration of protein found 
in this volume was 0.27 mg/mL. Therefore the lower detection limits for measuring 
amyloid A protein in fat extracts were 1.1 ng/mg fat tissue and 0.11 μg/mg protein. 
The within subjects coefficient of variation (CV) was 22%. In order to calculate this 
CV, ample fat tissue (wet weight more than 30 mg) was obtained from each side of 
the umbilicus in 18 of the 24 patients with AA amyloidosis. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1. The amyloid A protein concentration (ng/mg tissue) of aspirated fat tissue of 22 controls, 25 
patients with rheumatoid arthritis without AA amyloidosis (RA), 24 patients with arthritis and AA 
amyloidosis (AA), and 25 patients with AL or ATTR amyloidosis (AL/ATTR). Horizontal lines indicate 
median values. The limit of detection is 1.1 ng/mg fat tissue. The asterisk (*) indicates the difference 
(P<0.001) between the patients with arthritis and AA amyloidosis and each of the three other groups. 
 
The amyloid A protein concentration of fat tissue was higher (P<0.001) in the group 
of patients with AA amyloidosis (median 236 ng/mg tissue) than in each of the 
three control groups (median values of all three groups 1.1 ng/mg tissue), as 
shown in Figure 3.1. The results were comparable whether the concentration of 
amyloid A protein was expressed in μg/mg protein or in ng/mg tissue (see Table 
3.1). In the two patients with AA amyloidosis and amyloid A protein values below 
11.6 ng/mg tissue (the upper limit of the controls), amyloid could neither be 
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detected in the fat smears stained with Congo red (see below). When the upper 
limit of controls (11.6 ng/mg tissue) was chosen as the cut-off level, the specificity 
of the new method to detect AA amyloidosis was 72/72 (100%) and the sensitivity 
was 22/24 (92%). In only 13 (18%) of the 72 subjects of the three control groups 
the amyloid A protein concentration was above the detection limit of 1.1 ng/mg 
tissue. 
 
 
 
 
 
 
 
 
 
 
Figure 3.2. The amyloid A protein concentration of aspirated fat tissue (ng/mg tissue) of 24 patients with 
AA amyloidosis divided into four groups with increasing deposition of amyloid in fat smears. The 
deposition of amyloid was scored by staining the smears with Congo red. Horizontal lines indicate 
median values. The asterisk (*) indicates the difference (P<0.05) between the eight patients with 
extensive deposits (3+) and the eight patients with minute deposits (1+). No difference was found 
between the six patients with moderate deposits (2+) and the other groups. 
 
The two investigators did not detect any amyloid in the Congo red-stained fat 
smears of any of the 22 healthy controls nor in any of the 25 patients with 
rheumatoid arthritis. Amyloid was detected in the fat smears of 22 of the 24 
patients with AA amyloidosis. The interobserver kappa of the slide scores of these 
patients with AA amyloidosis was 0.61 and the kappa of the final patient scores 
was 0.88. When the patients with AA amyloidosis were arranged in order of the 
final score of amyloid deposition in the Congo red stained smears, the median 
amyloid A protein concentration increased parallel to this score, as shown in Figure 
3.2. Deposition of amyloid was absent (0) in two, minute (1+) in eight, moderate 
(2+) in six, and extensive (3+) in eight patients. The concentration of amyloid A 
protein was higher (P<0.05) in the patients with extensive (3+) deposits than in the 
patients with minute (1+) deposits (median 1,240 vs. 110 ng/mg). When amyloid 
was present, its presence was not always detected in all three glass slides of a 
patient. Amyloid was overlooked four times in one of the three glass slides, twice 
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by each observer, namely in three patients with minute (1+) deposition and in one 
patient with moderate (2+) deposition. 
 The amyloid A protein concentration of fat tissue of the 17 patients with AA 
amyloidosis and rheumatoid arthritis (median 358 ng/mg) did not differ significantly 
from the seven patients with other types of arthritis (median 144 ng/mg). In none of 
the 24 patients with AA amyloidosis a correlation was found between the amyloid A 
protein concentration of fat tissue and the age of the patients, the duration of the 
AA amyloidosis and the arthritis, and the blood concentrations of serum amyloid A 
protein (SAA) and C-reactive protein (CRP). Table 3.1 shows the blood 
concentrations of CRP and SAA of the four groups. No difference was found 
between the SAA concentrations of the arthritic patients with AA amyloidosis and 
the patients with uncomplicated rheumatoid arthritis. The SAA concentrations of 
the eight patients with uncomplicated rheumatoid arthritis and measurable amyloid 
A protein concentrations of fat tissue, i.e. above 1.1 ng/mg, were higher (median 
93 mg/L vs. 6.2 mg/L, P<0.01) than the SAA concentrations of the 17 patients 
without measurable concentrations, i.e. 1.1 ng/mg (Figure 3.3). 
 
 
 
 
 
 
 
 
 
 
Figure 3.3. The serum amyloid A protein (SAA) levels (mg/l) of the 25 patients with rheumatoid arthritis 
without AA amyloidosis. Horizontal lines indicate median values. The asterisk (*) indicates the difference 
(P<0.01) between the eight patients with a measurable amyloid A protein concentration of fat tissue 
(>1.1 ng/mg) and the 17 patients without a measurable concentration (1.1 ng/mg).  
 
Immunoblotting of fat tissue extracts with anti-AA antibodies showed coexistence of 
relatively large serum amyloid A-like protein bands (about 12-14 kDa) as well as 
smaller amyloid A-like protein bands (ranging in size from 10 to 4 kDa) in some 
patients with AA amyloidosis (Figure 3.4). The same bands were observed with the 
SAA1-reactive antibody Reu.86.1 (although the intensity was somewhat weaker) 
and with a polyclonal rabbit anti-amyloid A protein antibody RA-29 (data not 
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shown). After extraction of the fat tissue with guanidine, the remaining pellets were 
stained with Congo red. No amyloid was observed in the Congo red stained pellets 
of patients with extensive deposition of amyloid in the fat smears. The amyloid A 
protein concentrations in the re-extracts of these pellets were lower than 4.2 ng/mg 
of the original fat tissue (and less than 2% of the value of the first extracts). 
 
  
 
 
 
 
 
 
 
 
Figure 3.4. SDS-PAGE of non-acute phase serum (lane 1), acute phase serum (lane 2), fat extracts 
(lane 3-8) of a healthy control (lane 3), of patients with arthritis and AA amyloidosis (lane 4, 6, and 8), of 
a patient with rheumatoid arthritis without AA amyloidosis (lane 5), and of a patient with AL amyloidosis 
(lane 7) run on 15% polyacrylamide gel, immunoblotted, detected with the monoclonal antibody 
Reu.86.5 raised against serum amyloid A, followed by a chemiluminescence technique. Rainbow 
molecular weight markers were chosen from 2.35 to 46 kDa (Amersham, Buckinghamshire, UK).  
 
 
DISCUSSION 
 
We have described a new, quantitative, and reproducible method for detecting 
deposits of amyloid A protein in aspirated fat tissue of patients with arthritis. A 
concentration of amyloid A protein higher than 11.6 ng/mg tissue appears to be 
diagnostic for AA amyloidosis. Very promising is the finding in this study that all 22 
Congo red positive biopsy specimens were identified with this method 
(concentration of amyloid A protein ranging from 21.9 to 8,530 ng/mg tissue). The 
higher concentration of amyloid A protein in fat extracts from AA patients with more 
extensive deposition of amyloid in the Congo red stained smears suggests that this 
quantitative measurement may represent an estimation of the amount of amyloid 
present in fat tissue. The highest value of amyloid A protein was 515 μg/mg protein 
(see Table 3.1) which would mean that amyloid A protein can constitute up to 51% 
of all protein in fat tissue. 
 Both sensitivity and specificity of the method for detecting AA amyloidosis 
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seem to be appropriate, although this should be confirmed in a larger group of 
patients with AA amyloidosis of variable duration and severity, as well as in larger 
control groups. If the prevalence of AA amyloidosis is 5% in patients with 
rheumatoid arthritis, the figures found for sensitivity, 92% (95% confidence 
intervals 73%, 99%), and for specificity, 100% (97.5% confidence intervals 95%, 
100%), will yield a positive predictive value of 100% and a negative predictive 
value of 99%. The coefficient of variation between the amyloid A protein 
concentration on either side of the umbilicus (within the patient) was 22%. This 
within subjects coefficient of variation shows the good reproducibility of the method. 
The interobserver agreement of the standard Congo red method was good (kappa 
of the slide scores was 0.61) to very good (kappa of the final scores was 0.88). 
However, it appeared to be useful to score three glass slides of an individual 
patient because in some patients (especially those with minute deposits of amyloid) 
amyloid was overlooked in one of the three glass slides by one of the two 
observers. 
 The new method is not the first published assay for the quantification of 
amyloid A protein in tissue. Amyloid A protein has already been quantified by 
inhibition ELISA in small samples (10-60 mg) of mouse and human autopsy tissues 
of the spleen [10]. However, our new sandwich ELISA offers at least three major 
advantages. The first advantage is that the extracted material can be used directly 
in the assay instead of first being lyophilised. The second advantage is the general 
availability and constant quality of the assay by using monoclonal instead of 
polyclonal antibodies. The third advantage is its applicability to aspirated fat tissue 
of live patients instead of autopsy tissues. However, a possible disadvantage of the 
assay may be the lack of reactivity of the SAA1-reactive monoclonal antibody 
Reu.86.1 with SAA2. Although other techniques can detect amyloid A deposition in 
fat tissue of live patients, such as immunodiffusion [22], immunoblotting [23], and 
immunofluorescence microscopy [24], these techniques provide qualitative instead 
of quantitative results. Having quantitative instead of qualitative information 
concerning amyloid A protein may be important for monitoring disease progression 
or the results of treatment. This will be studied in the near future. 
 The immunoblotting technique of this study also provided qualitative results 
that confirm the presence of amyloid A protein-like material in the fat extracts (see 
Figure 3.4). Amyloid A protein has a molecular weight of about 8 kDa, whereas its 
serum precursor SAA has a molecular weight of about 12 kDa. Immunoblotting with 
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polyclonal and monoclonal anti-SAA antibodies showed several bands with 
molecular weights ranging between 10 and 4 kDa, indicating the presence of 
amyloid A protein and some of its degradation products. Although monoclonal 
antibody Reu.86.1 does not recognise SAA2 and its fragments, it recognised the 
same bands as the pan-reactive monoclonal antibody Reu.86.5 and the polyclonal 
antibody RA-29. It remains speculative whether the 12-14 kDa band (see lane 4 of 
Figure 3.4) represents “fresh” or “ongoing” deposition of SAA into amyloid, dimers 
of smaller amyloid A fragments, or pollution with SAA from accidentally obtained 
peripheral blood. The absence of this band in controls with raised serum SAA 
concentrations make the latter explanation less likely.  
 Concentrations of amyloid A protein in fat tissue above the detection limit 
were found in 18% of the 72 controls (see Figure 3.1). In RA patients without AA 
amyloidosis, the SAA blood concentrations were higher in patients with measurable 
amyloid A protein levels in fat tissue than in those without. Although the tissue was 
washed vigorously, pollution with SAA from accidentally obtained peripheral blood 
(with concentrations about 100 times higher than those of the fat tissue) will be the 
most likely explanation. Theoretically, however, some amyloid A protein has to be 
present in fat tissue as a substrate for the generation of amyloid A fibrils. In this 
respect, the presence of measurable amyloid A protein in fat tissue in patients with 
high serum SAA concentrations might be related to a normal role in fat tissue of 
SAA as an HDL3-associated apolipoprotein. If this is the case, the 
pathophysiological phenomenon of amyloid A deposition in fat tissue might be 
linked to a derangement of the normal function of SAA. 
 Amyloid deposition is a dynamic process that can progress, stabilise, and 
regress. The dynamics of this process has been documented by clinical 
examination, organ function assessment, echography, and serum amyloid P 
component (SAP) turnover studies [25, 26]. We hypothesise that quantification of 
the amyloid A protein concentration of tissue on regular occasions will similarly 
reflect the accumulation, stabilisation or even regression of the amyloid deposited. 
Abdominal subcutaneous fat tissue seems to be very suitable for this purpose, 
because it is easy to obtain by aspiration and it can be obtained repeatedly. The 
combination of the Congo red stain with the quantitative measurement of amyloid A 
in fat tissue may thus become the microscopic counterpart of SAP scintigraphy, the 
best currently available tool to monitor ongoing deposition, stabilisation or 
regression of amyloid in the whole body [25, 26]. It could be used to monitor the 
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effect of treatment. If a partial response or even complete remission of AA 
amyloidosis is achievable, we will need some well defined tools to measure it. 
 In conclusion, this study shows that quantification of the amyloid A protein 
concentration of abdominal subcutaneous fat aspirates in patients with arthritis is a 
new, gentle, and reproducible procedure that discriminates between patients with 
and without AA amyloidosis. An advantage of the new method is that minute 
deposits of amyloid can be detected more easily than with the standard Congo red 
method. Whether this method will detect amyloid earlier than the Congo red 
method has to be studied in a prospective way. It is also an excellent method for 
discriminating between AA amyloidosis and other types of systemic amyloidosis. 
Patients with extensive amyloid A deposits in the fat smear have higher 
concentrations of amyloid A protein than those with minute deposits. Therefore this 
new method may have the potential for monitoring actual deposition of amyloid A 
protein in tissue of patients with AA amyloidosis. 
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ABSTRACT 
 
Objective. To screen for amyloid and to assess associated clinical and laboratory 
characteristics in Egyptian patients with rheumatoid arthritis (RA). 
Methods. Abdominal subcutaneous fat aspirates were consecutively collected from 
112 patients (103 women, nine men) having RA for 5 years or more. To detect 
amyloid, fat smears were stained with Congo red and the concentration of amyloid 
A protein in fat tissue was measured. Clinical, radiological, and laboratory 
characteristics of the patients were assessed. 
Results. Amyloid was detected in 8 (7%) of the fat smears stained with Congo red. 
Compared with the Congo red stain, the sensitivity for detecting amyloid by 
measurement of amyloid A protein in fat tissue was 75% and the specificity was 
100%. The amount of amyloid found was small for both methods. The median 
disease duration of the eight amyloid patients was significantly longer (17 years) 
than that of the non-amyloid patients (10 years). Bronchopulmonary disease and 
constipation were more common, whereas proteinuria and chronic renal 
insufficiency were not. The number of swollen joints and the number of red blood 
cells were significantly lower in the amyloid group. 
Conclusions. Quantification of amyloid A protein and staining with Congo red are 
strongly concordant methods of screening for amyloid in fat tissue. The prevalence 
of amyloid in Egyptian patients with RA is 7%. Proteinuria is not a discriminating 
feature, whereas long disease duration, constipation, bronchopulmonary 
symptoms, and a moderate to low number of red blood cells may help to identify 
the arthritic patients with amyloid. 
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INTRODUCTION 
 
AA amyloidosis is a well known complication of chronic inflammatory diseases, 
such as rheumatoid arthritis (RA) [1, 2]. The prevalence of AA amyloidosis in RA 
varies considerably among different geographical populations [1, 3]. In Egypt and 
Jordan, only familial Mediterranean fever is reported as a cause of AA amyloidosis 
and has been described in 11 and seven patients with renal failure respectively [4, 
5]. Although amyloid is also a well known complication in children with juvenile 
chronic arthritis (JCA), no amyloid was reported in Arab patients with JCA in a 
study from Kuwait [6] and another from Saudi Arabia [7]. Only one case of a Saudi 
patient with JCA and amyloid has been reported [8]. It was speculated that Arabs 
might differ genetically from others in their ability to develop amyloid [7]. However, 
another explanation for the almost complete absence of amyloidosis in Arab 
patients with arthritis may be a concealed presentation of its clinical features. 
 Common clinical features of AA amyloidosis are proteinuria, loss of renal 
function, and gastrointestinal disorders [1, 9, 10]. Although AA amyloid can be 
detected sometimes in patients with arthritis in the absence of clinical features of 
amyloidosis, the clinical importance of such “silent” deposits remains to be 
determined [11]. The presence or absence of risk factors, such as longstanding 
disease, may also influence the development of AA amyloid [1, 12]. Whether Arab 
patients with longstanding RA do not develop AA amyloidosis or differ in the way of 
presenting clinical features is unknown. 
 To determine the prevalence of AA amyloid in RA, tissue should be 
examined for the presence of amyloid. The gold standard for detecting amyloid is a 
positive Congo red-stained tissue specimen [2, 13]. The simplest and most 
acceptable way to screen for amyloid is by aspirating abdominal subcutaneous fat 
tissue [14], which has a sensitivity ranging between 54% [15] and 82% [16]. 
Measurement of amyloid A protein in fat tissue may be an alternative method of 
detecting AA amyloid and the value of the Congo red method may even be 
improved by combining both methods [17]. 

Therefore this study aimed at screening for amyloid in fat tissue of 
Egyptian patients with RA by two different methods in order to assess the 
prevalence of amyloid, possible risk factors for its development, and associated 
clinical characteristics. 
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PATIENTS AND METHODS 
 
Study design 
Abdominal subcutaneous fat tissue was screened for the presence of amyloid by 
examination of Congo red-stained smears and by quantification of the amyloid A 
protein concentration of the tissue involved. Patients identified as having amyloid 
were compared with non-amyloid patients.  Because of the expected longer 
duration of the RA in amyloid patients, every amyloid patient was matched with 
three non-amyloid patients for disease duration, age, and sex. Clinical, radiological, 
and laboratory characteristics of the groups were compared. 
 
Patients 
Egyptian patients with RA fulfilling the criteria of the American College of 
Rheumatology [18] were gathered consecutively from two outpatient clinics of El-
Minia and Cairo University Hospital in the period from January until August 1999. 
Only patients with disease duration of five years or more were included in the 
study. Patients with disease onset before 16 years of age were excluded. No other 
exclusion criteria were used. The total number of patients was 112 (103 women, 9 
men). Informed consent was obtained from all patients and the principles of the 
Declaration of Helsinki were followed. The median disease duration was 10 years, 
ranging from five to 27 years. The median age was 48 years, ranging from 23 to 75 
years. 
 
Clinical and radiological assessment 
Disease and drug history, routine physical and musculoskeletal examinations were 
performed. Disability was measured by Health Assessment Questionnaire (HAQ) 
index [19] and functional capacity according to Steinbrocker’s classification [20]. A 
numerical analogue scale was used for the patient’s global assessment of the pain 
[21]. Clinical disease activity was scored as the Ritchie articular index (maximum 
score 78) [22], the number of swollen joints, and the number of deformed joints 
(both maximum number 38) [23]. Chest X-ray examinations of all patients were 
carried out as well as plain radiographs of the hands, graded according to 
Steinbrocker [20]. 
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Laboratory investigations 
Routine laboratory tests were carried out in all patients, i.e. the erythrocyte 
sedimentation rate (ESR), complete blood count, liver and kidney function tests, 
urine analysis, and microscopic sediment. The acute-phase reactants serum 
amyloid A protein (SAA) and C-reactive protein (CRP) were measured by enzyme-
linked immunosorbent assay (ELISA). Reference basal values are <4.2 mg/L and 
<2.3 mg/L respectively [17, 24]. Serum amyloid P component (SAP) levels were 
measured by ELISA, (normal median 30.5 mg/L for men and 22.5 mg/L for women, 
range 10-48 mg/L) [25]. The IgM rheumatoid factor (RF) levels were measured by 
ELISA (reference normal values are <10 IU/mL) [26]. 
 
Abdominal fat aspiration 
Abdominal fat tissue was aspirated with a needle of 16 gauge connected to a 
syringe of 10 mL [27]. A simple modification by adding maintained negative 
pressure (suction force) made the procedure easier. The aspirated fat was treated 
in two different ways. Fat smears on three glass slides were stained with alkaline 
Congo red [28] and investigated with polarised light under an Olympus BX 50 
microscope, 100 W. Two independent investigators (TMEM and BPCH) scored 
blindly the severity of amyloid deposition of three smears of every patient. Severity 
was assessed by visual estimation of the percentage of the smear area affected by 
amyloid deposition in polarised light: negative (-) was no detectable amyloid, little 
(+) was less than 10%, moderate (++) was between 10% and 60%, and abundant 
(+++) was more than 60%. The remaining fat tissue was stored at -20°C until the 
amyloid A protein concentration was quantified [17]. The reference values of a 
group of Dutch non-amyloid AA controls are <1.3 μg/mg protein in fat tissue [17]. 
 
Statistical methods 
Statistical analysis was performed by using the statistical package Graph Pad 
Prism, version 3.02 (Graph Pad Software Inc., San Diego, CA, USA). The Mann-
Whitney test was used for detecting differences between two unpaired groups. The 
Spearman rank correlation was used for correlations. The chi-square test for trend 
was used to detect a trend and Fisher’s exact test was used in the 2x2 tables. A 
two-tailed P value <0.05 was considered significant. 
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RESULTS 
 
Detection of amyloid in fat tissue specimens 
Fat tissue was obtained from all 112 patients for making smears. After this, ample 
fat tissue of each patient (median weight 176 mg, range 42-460 mg) was available 
for measurement of amyloid A protein. Apart from minor bruising in 24 patients 
(21%) and a mild self limiting subcutaneous infection in one patient (1%), no 
adverse reactions were reported. 

Eight of 112 (7%) fat tissue specimens were positive for amyloid in the 
Congo red stain. Small deposits (+) were found in seven specimens, moderate 
deposition (++) in only one specimen, whereas abundant amyloid (+++) was not 
seen at all. In one of the specimens only a small area of one of the three slides was 
positive for amyloid, whereas in each of the other seven specimens all three slides 
were positive. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1. Quantification of amyloid A protein in fat tissue (μg/mg protein) of the eight patients with a 
positive Congo red stain and the 104 patients with a negative Congo red stain. Horizontal lines indicate 
median values and the three asterisks indicate the difference (P<0.0001) between the median values of 
both groups. The dashed line (D) indicates the upper limit (1.3 μg/mg protein) of a group of Dutch 
controls without AA amyloidosis. 
 
The results of quantification of amyloid A protein in fat tissue were evaluated by 
using the Congo red stain as the gold standard. As shown in Figure 4.1, amyloid A 
protein concentrations of all 104 Congo red negative specimens were below the 
upper limit of a group of Dutch controls without AA amyloidosis (<1.3 μg/mg 
protein), resulting in a specificity of 100% (with a 97.5% confidence interval of 97-
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100%). Six of the eight specimens positive for amyloid in the Congo red stain had 
raised concentrations of amyloid A protein (ranging from 2.4 to 92 μg/mg protein), 
resulting in a sensitivity of the quantitative method of 75% (with a 95% confidence 
interval of 35-97%). A seventh Congo red positive specimen had a borderline 
concentration (1.1 μg/mg protein), whereas the concentration in the eighth 
specimen was negative (0.06 μg/mg protein). One of the six specimens with an 
increased amyloid A protein concentration (5.4 μg/mg protein) was the specimen 
with a small Congo red positive area in only one of the three slides. 
 
Table 4.1. Main clinical characteristics of amyloid patients compared with all non-amyloid patients and 
matched non-amyloid patients. Results are shown as number of patients (percentage) or median value 
(range). 
 
Variable Amyloid All non-amyloid P* Matched group P† 
General      
   Number 8 104  24  
   Gender (F / M) 8 / 0 95 / 9 ns 24 / 0 ns 
   Age (yrs) 54 (41-65) 48 (23-75) ns 52.5 (35-75) ns 
   Age at onset RA (yrs) 32.5 (22-50) 36 (18-63) ns 33 (18-62) ns 
   RA duration (yrs) 17 (12-25) 10 (5-27) 0.0005 15.5 (12-27) ns 
Past co-morbidity      
   Tuberculosis 1 (13%) 0 (0%) ns 0 (0%) ns 
   Chron. Urin. Inf. 2 (25%) 10 (10%) ns 3 (13%) ns 
   Chronic bronchitis 3 (38%) 13 (13%) 0.09, ns 2 (8%) 0.09, ns 
   Chronic infection‡ 4 (50%) 24 (23%) ns 5 (21%) ns 
Medication      
   Past use of gold 3 (38%) 10 (10%) < 0.05 5 (21%) ns 
   Present methotrexate 3 (38%) 76 (73%) < 0.05 14 (58%) ns 
Examination      
   Ritchie articular index 11.5 (0-20) 12 (0-30) ns 13 (4-30) ns 
   Swollen joints 2 (0-7) 5 (0-12) < 0.02 5 (0-11) < 0.05 
   Deformed joints 11 (2-19) 5 (0-20) < 0.02 10.5 (1-20) ns 
   Steinbrocker I/II/III/IV 0 / 0 / 2 / 6 2 / 20 / 40 / 42 < 0.05 0 / 1 / 6 / 17 ns 
   Past proteinuria 2 (25%) 2 (2%) < 0.05 1 (4%) ns 
   Chronic renal failure 0 (0%) 1 (1%) ns 0 (0%) ns 
   Constipation 5 (63%) 22 (21%) < 0.02 6 (25%) 0.09, ns 
   Diarrhoea 1 (13%) 11 (11%) ns 2 (8%) ns 
   Bronchopulmonary 5 (63%) 25 (24%) < 0.05 6 (25%) 0.09, ns 
   Palpable spleen 0 (0%) 1 (1%) ns 0 (0%) ns 
   Hepatomegaly (mild) 0 (0%) 2 (2%) ns 0 (0%) ns 

 
P-values <0.1 are shown; P* amyloid vs. all non-amyloid; P† amyloid vs. matched non-amyloid; ns, not significant. 
RA, rheumatoid arthritis; Chron. Urin. Inf., chronic urinary infections; Chronic infection‡, any kind of past chronic 
infection (such as tuberculosis, chronic urinary tract infections, chronic bronchitis, and other infections); 
Bronchopulmonary: symptoms, signs, or radiological changes suggestive of bronchopulmonary disease. 
 
 

Clinical characteristics of the patients with amyloid 
All eight patients with amyloid were women who had a longer disease duration 
(median 17 years) than the 104 patients without amyloid (median 10 years). Table 
4.1 shows their main clinical characteristics. All 112 patients were white subjects. 
The patients with amyloid did not differ in religious background, occupation, and 
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marital status from the other patients. No differences were detected in type or 
mode of onset of the arthritis, in the course of the disease, in the frequency of joint 
surgery, in the use of non-steroidal anti-inflammatory drugs, and in the use of 
disease modifying antirheumatic drugs such as d-penicillamine, sulfasalazine, 
glucocorticoids, antimalarial drugs, and cyclophosphamide. Past use of parenteral 
gold was more common and present use of methotrexate less common in the 
patients with amyloid (Table 4.1). 

No difference was found between the patients with amyloid and the others 
in fatigue, morning stiffness, grip strength, HAQ, functional capacity, and the 
frequency of extra-articular manifestations. The Ritchie articular index showed no 
difference, but the number of swollen joints was lower and the number of deformed 
joints was higher in the amyloid group. Radiological severity according to 
Steinbrocker showed a trend towards more severe disease in the patients with 
amyloid (see Table 4.1). The frequency of other symptoms, such as abdominal 
pain, diarrhoea, nausea, vomiting, symptoms or signs of ischemic heart disease, 
hypertension, pitting oedema, and neuropathic symptoms, did not differ from the 
other patients. Constipation, a history of proteinuria, and bronchopulmonary 
disease were seen more frequently in the patients with amyloid (Table 4.1). 

 
Table 4.2. Blood variables of the amyloid patients compared with those of all non-amyloid patients. 
 

  Amyloid (n = 7)  Non-amyloid (n = 96)   
Variable  Normal range Median Range  Median Range  P 
ESR F:  0-30 mm/hr 90 17-130  60 10-145  0.05 
 M: 0-20 mm/hr    45 25-92   
CRP      < 2.3 mg/L 9.0 4.0-22  23 2.0-610  0.08, ns 
SAA      < 4.2 mg/L 5.0 2.0-50  25 1.0-455  < 0.05 
SAP      10-48 mg/L 28 11-38  26 3-60  ns 
RF      < 10 kIU/L 72 4-350  130 4-1450  ns 
Hb F:  115-155 g/L 101 71-139  110 58-146  ns 
 M: 140-180 g/L    114 102-138   
RBC F:  3.5-5.0 x1012/L 3.86 3.33-4.56  4.45 3.22-5.95  0.005 
 M: 4.3-5.9 x1012/L    4.69 3.95-5.74   
Platelets      130-400 x109/L 320 200-560  310 140-710  ns 
Leukocytes      3.2-9.8 x109/L 8.1 3.5-14.5  7.6 3.5-16.4  ns 
Urea      3.0-6.5 mmol/L 11.4 4.3-22.5  8.6 5.0-36.8  ns 
Creatinine      62-106 μmol/L 78 64-190  76 36-179  ns 
Albumin      34-47 g/L 37 17-43  36 12-46  ns 

 
P values below 0.1 are shown; ns, not significant. 
F, values for female patients; M, values for male patients; ESR, erythrocyte sedimentation rate; CRP, C-reactive 
protein; SAA, serum amyloid A protein; SAP, serum amyloid P component; RF, rheumatoid factor; Hb, haemoglobin; 
RBC, red blood cell count. 
 
 



Screening for amyloid in fat tissue of Egyptian patients with rheumatoid arthritis 

 65 

Table 4.2 presents the laboratory measurements. The results of the ESR, 
haemoglobin, and the number of red blood cells (RBC) are presented and were 
analysed separately for both sexes because of differences in the normal reference 
ranges between the sexes. Blood was not available from one of the amyloid 
patients and eight of the non-amyloid patients. The ESR values of the amyloid 
group tended to be higher those of the non-amyloid group. Both SAA and RBC of 
the amyloid group were lower than in the non-amyloid group. ESR and RBC were 
negatively correlated (Spearman’s r -0.41, P<0.0001). Haemoglobin and RBC were 
positively correlated (r 0.39, P<0.0001). Proteinuria was present in three patients 
with amyloid and in 20 patients without amyloid (38% vs. 19%); this difference was 
not significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2. The amyloid patients, matched non-amyloid patients, and the remaining non-amyloid 
patients. Horizontal lines indicate median values and the asterisks indicate the differences (*, P<0.05; 
**, P<0.01; ***, P<0.005; ns, not significant) between the median values of the groups. 
(A) Number of swollen joints (maximum 38); (B) Number of deformed joints (maximum 38); (C) Serum 
amyloid A protein (SAA) concentration (mg/L); (D) Number of red blood cells (RBC) x 1012/L. 
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Comparison with matched non-amyloid patients 
Some of the differences detected between the patients with amyloid and the other 
patients may be explained by the longer duration of the arthritis. Therefore, each 
amyloid patient was matched with three non-amyloid controls for disease duration, 
age, and sex. In this way the group of non-amyloid patients was divided into two 
subgroups: 24 matched controls and 80 remaining non-amyloid patients (median 
disease duration 8 years). 

Table 4.1 shows the results of the comparison of the amyloid patients and 
the matched non-amyloid patients. Constipation and bronchopulmonary disease 
tended to be more common in the amyloid group, but the difference did not reach 
statistical significance. Figure 4.2A shows that the number of swollen joints was 
lower (P<0.05) in the amyloid group than in the matched group. Figure 4.2B shows 
that the number of deformed joints was higher both in the amyloid group (P<0.005) 
and in the matched group (P<0.001) compared to the remaining group of non-
amyloid patients. 

Figure 4.2C shows the serum SAA levels. These tended to be lower in the 
amyloid patients than in the matched controls, although this difference did not 
reach significance (P=0.08). The ESR did not differ between the amyloid patients 
(median 90, range 17-130) and the matched patients (median 65, range 23-130). 
Figure 4.2D shows that the RBC count was lower in the amyloid patients than in 
the matched controls (P<0.01). 
 
Table 4.3. Laboratory and clinical characteristics of the eight patients with amyloid. The patients are 
arranged according to the amyloid A protein concentration in fat tissue. 
 
Patient number 1 2 3 4 5 6 7 8 
Age (years) 45 55 41 60 61 44 53 65 
Arthritis duration (years) 23 15 19 12 25 15 25 15 
Congo red score ++ + + + + + + + 
Amyloid A in fat (μg/mg protein) 92 67 21 5.4 2.4 2.2 1.1 0.1 
Serum SAA (mg/L) 50 4.0 5.0 6.0 2.0 ND 14 3.0 
Serum CRP (mg/L) 22 6.0 4.0 14 9.0 ND 9.0 14 
Serum creatinine (μmol/L) 88 190 83 75 70 77 64 78 
Proteinuria (by stick) + +++ - - - - ++ - 
Bronchopulmonary disease - + - + + - + + 
Constipation + + + - - - + + 

 
SAA, serum amyloid A protein; CRP, C-reactive protein; ND, not done. 
 
Individual characteristics of the eight patients with amyloid 
Table 4.3 shows some characteristics of the individual patients with amyloid. The 
patient classified as (++) in Congo red stained slides had the highest concentration 
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of amyloid A protein in fat tissue. This patient had proteinuria (+) with an onset less 
than 6 months before the investigation. Patients number 2 and number 7 had a 
history of proteinuria for more than two years. A kidney biopsy was not performed 
in any of the patients. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3. Disease duration and number of red blood cells (RBC) of the amyloid patients (■) and the 
non-amyloid patients (o). Dashed lines represent disease duration (10 years) and RBC (4.56 x 1012/L), 
respectively. 
 
The prevalence of amyloid patients in the whole group of 112 patients was 7%. All 
eight patients belonged to the group of 51 patients with disease duration more than 
10 years (prevalence 16%).  Figure 4.3 shows the situation in which the maximum 
RBC count of the amyloid patients (4.56 x 1012/L) is shown as a horizontal dashed 
line. All eight patients with amyloid can be found in the right lower quadrant (a 
group of 31 patients with low RBC count and long disease duration), resulting in a 
prevalence of 26% in this selected group. 
 
 
DISCUSSION 
 
Amyloid is present in some Egyptian patients with RA. The prevalence of amyloid 
is 7% in the group of patients with five years’ or more duration of RA, and 
increases to 16% in the group with disease duration of more than 10 years. 
Although the sensitivity of detecting amyloid in rectal tissue (80-90%) [10] may be 
somewhat higher than in fat tissue, aspiration of fat tissue is nowadays the 
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preferred way to screen patients for the presence of amyloid. Aspiration of fat is 
easy to perform at an outpatient clinic and requires no speciality consultation or 
technical expertise, has a high yield, and has only minimal side effects for the 
patients. 

As may be expected in a screening study, the amount of amyloid in fat 
tissue is low, both in the semi-quantitative Congo red stain and in the quantitative 
amyloid A protein determination. A strong concordance is present between the 
quantification of amyloid A protein and the Congo red method. The upper limit of 
the amyloid A protein concentration in fat tissue of RA patients without amyloid 
appears to be similar to that described for a group of Dutch patients [17]. 
Compared with the Congo red stain, the specificity of the quantitative method is 
high (100%), whereas the sensitivity is only 75%. One Congo red positive 
specimen had a borderline value, but another Congo red positive specimen was 
definitely negative in the quantitative method. Although the possibility that the latter 
patient had a different type of amyloid (AL type or ATTR type) cannot be excluded 
[2], the clinical picture did not point in that direction. Despite a sensitivity of 75%, 
the quantitative method definitely has a place in the detection of AA amyloid in fat 
tissue. Firstly, the amount of amyloid in most of the Congo red positive specimens 
was so small that it might have been missed very easily under routine 
circumstances. This aspect was clearly demonstrated in one specimen, in which 
only one of the three slides showed the presence of a small Congo red positive 
area. Secondly, measurement of amyloid A protein lacks the observer dependency 
of the Congo red method. Thirdly, quantification confirms the amyloid A nature of 
the amyloid type involved. Therefore, we conclude that measurement of amyloid A 
protein is a highly specific method for AA amyloid detection in fat tissue and 
combining this method with the Congo red method makes it more objective and 
convenient to detect small amounts of AA amyloid in fat tissue. 

Because the number of patients with amyloid is rather small, the 
comparison with the non-amyloid patients should be interpreted with caution. Long 
disease duration (median 17 years) is the most important risk factor for the 
development of amyloid in our Egyptian patients with RA. Long disease duration is 
also related to the higher number of deformed joints, the higher radiological 
severity score, and the more frequent use of gold medication in the past by the 
amyloid patients. A possible second risk factor for amyloid in this population may 
be comorbidity in the form of concurrent bronchopulmonary disease. However, this 
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relation did not reach statistical significance. Contrary to other reports, in this study 
antimalarial drugs, chronic urinary tract infections, or the absence of rheumatoid 
factor are not associated with an increased risk of developing amyloid [12, 29, 30]. 

Most Egyptian amyloid patients detected in this screening study do not 
have the common clinical features of AA amyloidosis. Although the three patients 
with proteinuria probably had amyloid deposition in the kidneys, this remains 
speculative because no renal biopsies were carried out. Proteinuria and chronic 
renal insufficiency are not significantly more common in these patients. The most 
prominent symptom of the amyloid patients is constipation (in 63%), which may be 
more discriminating than diarrhoea in this particular group. Constipation may be 
caused by gastrointestinal or autonomic nervous system involvement. The SAA 
levels tended to be lower and the ESR higher in the amyloid patients, although 
both differences lose statistical significance when the amyloid patients are 
compared with matched controls. The low number of swollen joints and the 
possible low SAA levels, both rather unexpected, seem to reflect a low level of 
inflammatory activity of the arthritis of these patients at the moment of 
investigation. The low number of red blood cells of the amyloid patients may 
explain the raised ESR in this situation of low inflammatory activity. 
 Except for one case report of a patient with JCA [8], AA amyloid was not 
detected in previous studies of Arabs with arthritis [6, 7]. One possible reason for 
this may be the different presentation of AA amyloidosis in Arab patients, because 
both studies were looking for proteinuria as a presenting sign. Amyloid was also 
not found in one study of Arab patients with nephropathy [31]. However, none of 
the three studies described the means of detecting amyloid [6, 7, 31]. Although 
amyloid was detected in about 5% of cases in two other Arab studies of kidney 
biopsies, from Kuwait and the United Arab Emirates, arthritis was not described as 
one of the underlying conditions [32, 33]. A second possible reason why amyloid 
was not detected may be an almost complete absence of clinical features of 
amyloidosis in Arab patients with arthritis. This so-called asymptomatic (“silent”) 
amyloidosis may be more common than previously thought. In a Spanish survey of 
313 patients with RA for more than five years, amyloid was detected in 16% by 
using fat smears stained with Congo red [34]. Common clinical features of 
nephropathy were present in 25% of these amyloid patients, whereas 18% 
developed some features of nephropathy and 49% remained asymptomatic after 
1–14 years (median 6 years) of follow up (“silent” amyloidosis). However, all 
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patients with “silent” amyloidosis need to have a follow up of at least 10 years to 
see which of the patients will develop features of amyloidosis. The final outcome 
may be the result of a dynamic equilibrium between deposition and removal of 
amyloid. In this respect quantification of amyloid A protein in fat tissue may help to 
monitor the level of amyloid deposition in individual patients and provide more 
knowledge of its dynamics during follow-up. 
 To conclude, amyloid is present in some Egyptian patients with RA. The 
prevalence of amyloid is about 7% and increases to 26% in a selected group of 
patients with a combination of a long disease duration and a moderate to low 
number of RBC. In our opinion this selected group represents those patients 
particularly at risk of having amyloid. Comorbidity in the form of concurrent 
bronchopulmonary disease may be an additional risk factor to look for. 
Quantification of amyloid A protein concentration is a highly specific method for 
amyloid detection in fat tissue and the combination of this method with the Congo 
red method makes it more objective and convenient to detect small amounts of 
amyloid. The amount of amyloid in this screening group is low, and the renal 
function (i.e. serum creatinine and urine protein) seems not to be affected by the 
amyloidosis. Although the number of amyloid patients is too small to draw firm 
conclusions, and the results should therefore be interpreted with caution, it seems 
that constipation, a small number of swollen joints, a low acute phase response 
(i.e. low SAA levels), and a small number of red blood cells are prominent features 
of these Egyptian patients. Follow up studies are needed to investigate whether 
this “silent” amyloidosis will eventually develop into clinically significant 
amyloidosis.  
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ABSTRACT 
 
Objective. Amyloid A protein quantification in fat tissue is a new immunochemical 
method for detecting AA amyloidosis, a rare but serious disease. The objective was 
to assess diagnostic performance in clinical AA amyloidosis.  
Methods. Abdominal subcutaneous fat tissue of patients with AA amyloidosis was 
studied at the start of an international clinical trial with eprodisate (NC-503; 1,3-
propanedisulfonate; Kiacta™), an anti-amyloid compound. All patients had renal 
findings, i.e. proteinuria (≥1 g/day) or reduced creatinine clearance (20-60 mL/min). 
Controls were patients with other types of amyloidosis and arthritic patients without 
amyloidosis. Amyloid A protein was quantified by ELISA using monoclonal anti-
human serum amyloid A antibodies. Congo red-stained slides were scored by light 
microscopy in a semi-quantitative way (0 to 4+). 
Results. Ample fat tissue (>50 mg) was available for analysis in 154 of 183 
patients with AA amyloidosis and in 354 controls. The sensitivity of amyloid A 
protein quantification for detection of AA amyloidosis (>11.6 ng/mg fat tissue) was 
84% (95% CI: 77%-89%) and specificity 99% (95% CI: 98%–100%). Amyloid A 
protein quantification and semi-quantitative Congo red scoring were concordant. 
Men had lower amyloid A protein values than women (P<0.0001) and patients with 
familial Mediterranean fever had lower values than patients with arthritis (P<0.001) 
or other inflammatory diseases (P<0.01).  
Conclusions. Amyloid A protein quantification in fat tissue is a sensitive and 
specific method for detection of clinical AA amyloidosis. Advantages are 
independence from staining quality and observer experience, direct confirmation of 
amyloid AA type, and potential for quantitative monitoring of tissue amyloid over 
time. 
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INTRODUCTION 
 
AA amyloidosis is a progressive and often fatal systemic condition occurring in 
some patients with chronic inflammatory diseases [1]. Because of its long latency 
period, it frequently remains undiagnosed unless significant organ damage has 
occurred. Median survival after diagnosis is 2-10 years [2-4]. Renal involvement, 
reflected by proteinuria or renal insufficiency, is the most frequent and prominent 
feature of clinical AA amyloidosis [2, 3]. Amyloid deposition is detected by tissue 
biopsy and histology. Amyloid deposits stain with Congo red and show apple-green 
birefringence under polarized light [1]. Confirmation of AA type is achieved by 
immunohistochemistry, using specific antibodies to AA protein [5, 6]. 

The kidney is the most obvious site to biopsy for detection of amyloid in 
patients with renal abnormalities [2, 7]. However, kidney biopsy is an invasive 
procedure and potentially hazardous complications, such as perirenal bleeding, 
occur in about 0.7% [8]. Aspiration of abdominal subcutaneous fat is easy to 
perform, has a low risk of complications, and can be used to detect tissue 
deposition of amyloid [9, 10]. Specimens of abdominal fat tissue reacting positively 
after Congo red staining confirm the presence of amyloid in 52-88% of patients [11, 
12]. Familial Mediterranean fever (FMF), however, may differ in this respect 
showing negative Congo red staining of abdominal fat tissue in patients with AA 
amyloidosis [13]. 

Quantification of amyloid A protein concentration in fat tissue by enzyme-
linked immunosorbent assay (ELISA) is a recently developed, different way of 
detecting AA amyloid deposition [14]. This immunochemical method has potential 
advantages compared to the Congo red stain, such as independence from quality 
of staining procedure and observer experience, direct confirmation of the AA type 
of amyloid, the possibility to become highly automated, and quantitative monitoring 
of tissue amyloid at predetermined points in time during the course of the disease. 
Recommendation for routine clinical application requires previous assessment of 
its sensitivity and specificity. An international study on efficacy and safety of a new 
drug in patients with clinical AA amyloidosis provided an opportunity for a substudy 
in which sensitivity of the method was assessed in this well-defined and large 
group of patients. The aim was to study the diagnostic performance of amyloid A 
protein quantification in fat tissue of patients with well-defined clinical AA 
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amyloidosis as well as in fat tissue of patients without AA amyloidosis, but having 
closely related other diseases. 
 
 
PATIENTS AND METHODS 
 
Study design and patients 
The sensitivity of amyloid A protein quantification in fat tissue was studied in 
patients with clinical AA amyloidosis. The patients were participants enrolled 
between July 2001 and January 2003 in an international, randomized, placebo-
controlled phase II/III clinical trial with eprodisate (NC-503; 1,3-propanedisulfonate; 
Kiacta™), a potential anti-amyloid compound. The trial was registered with 
ClinicalTrials.gov (Identifier #NCT00035334). Trial eligibility required that patients 
have AA amyloidosis proven by a biopsy positively stained with Congo red in 
combination with positive anti-AA amyloid immunohistochemistry. In addition all 
patients were required to have renal findings, i.e. proteinuria of ≥1 g/day or reduced 
creatinine clearance between 20 and 60 mL/min.  

Specificity was studied in controls without AA amyloidosis, particularly 
those with closely related other diseases, who had been seen in our hospital in 
Groningen between October 1996 and April 2005. Controls comprised different 
groups: healthy controls and patients with diseases unrelated to amyloidosis, and 
controls with closely related diseases, such as chronic arthritis without any sign of 
amyloidosis, typical localized amyloidosis, systemic AL (light chain-derived) 
amyloidosis, and systemic hereditary ATTR (transthyretin-derived) amyloidosis. 
Different cut-off values of amyloid A protein concentration in fat tissue were used to 
calculate sensitivity and specificity and to establish the baseline amount of this 
protein in fat tissue of controls. In all controls concurrent serum amyloid A protein 
(SAA) concentration in blood was measured to study its relation with amyloid A 
protein concentration in fat tissue. The local Ethics Committees approved the study 
and all patients and controls gave informed consent according to the Declaration of 
Helsinki. 
 
Fat aspiration, Congo red staining, and scoring of staining intensity 
Abdominal fat tissue was aspirated as previously described [14]. Skin and 
subcutaneous tissue were anaesthetized with lidocaine and subsequently a 16 
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gauge needle connected to a 10 mL-syringe were used to aspirate at least 50 mg 
of fat tissue. Fat tissue was kept at room temperature, transported, and analyzed in 
a single center within seven days after aspiration. About 20-30 mg of fat tissue was 
required to make three fat smears per individual as described [14]. Smears were 
dried in air at room temperature, fixed with acetone, and stained with alkaline 
Congo red dye according to Puchtler et al. [15]. Affinity of tissue for Congo red was 
analyzed by apple-green birefringence in polarized light using an Olympus BX 50 
microscope, 100 Watt, equipped with a polarization filter. Congo red-stained slides 
were scored semi-quantitatively and blinded for clinical data by two independent 
observers (BPH and JB). Grading was similar to that described before [16] with 
minor modification: 0 (negative), 1+ (minute, <1% of surface area), 2+ (little, 
between 1% and 10%), 3+ (moderate, between 10% and 60%), and 4+ (abundant, 
>60%). Examples are shown in Figure 5.1. Scores of three smears per patient 
were used to achieve an overall score. When the overall score of a patient differed 
between the two observers, all three smears were reviewed and discussed to 
obtain consensus. 
 
Amyloid A protein quantification 
Amyloid A protein was quantified as described [14]. Remaining fat tissue (at least 
20 mg) was collected, weighed, and washed three times for 10 minutes with 
phosphate-buffered saline to remove remnants of blood. Washed fat tissue was 
extracted in a solution of 6 M guanidine hydrochloride and 0.1 M Tris-HCl, pH 8.0, 
mixed thoroughly, and shaken overnight. The suspension was centrifuged at 
10,000 x g for 10 minutes and the supernatant fat tissue extract was collected. 
Microtiter plates were coated with the IgG fraction of the SAA-reactive mouse 
monoclonal capture antibody Reu.86.5 (Hycult Biotechnology, Uden, The 
Netherlands). The plates were washed, followed by incubation of the samples. The 
plates were washed again, followed by incubation with the IgG fraction of the 
SAA1-reactive mouse monoclonal detection antibody Reu.86.1 (Hycult 
Biotechnology) coupled to horseradish peroxidase. After washing, the plates were 
incubated with the chromogen 3’3’5’5’tetramethylbenzidin (TMB, Carl Roth, 
Karlsruhe, Germany) dissolved in acetate buffer until the reaction was stopped by 
adding H2SO4. The absorption at 450-575 nm was read in an Emax microplate 
reader and amyloid A protein concentrations were calculated by SOFTmax® PRO 
software (Molecular Devices, Sunnyvale, USA) according to a standard curve of 
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purified SAA. The intra-assay and interassay coefficients of variation were both 
less than 10% and the lower limit of detection of the amyloid A protein in fat extract 
was 1.6 ng/mL extraction fluid. Amyloid A protein reference range of patients 
without AA amyloidosis was <11.6 ng/mg fat tissue [14, 16]. Blood levels of SAA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1. Examples of Congo red (CR)-scored fat smears in normal light (red-stained deposits) and 
polarized light (green birefringence), bar length 200 μm. A. Grade 0 (negative). B. Grade 1+ (minute, 
<1% of surface area), the arrow points to Congo red-positive material. C. Grade 2+ (little, between 1% 
and 10%). D. Grade 3+ (moderate, between 10% and 60%). E. Grade 4+ (abundant, >60%). 
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were measured using ELISA (basal control values <4.2 mg/L) as described [14, 17] 
using the World Health Organization reference standard [18]. 
 
Statistical analysis 
Statistical analysis was performed by using the statistical package GraphPad 
Prism, version 4.02 (GraphPad Software Inc., San Diego, CA, USA). Receiver 
operating characteristic (ROC) curve analysis was used to visualize different 
possible cut-off points of amyloid A protein values of fat tissue. The unpaired t test 
was used to detect differences between two groups. One-way ANOVA was used in 
combination with Bonferroni’s multiple comparison test to detect differences among 
multiple groups. Pearson test for correlation was used to detect correlations. In 
case of strongly skewed distribution, data were log transformed to approach normal 
distribution. Fisher’s exact test was used to calculate differences in 2 x 2 tables and 
Chi-square test was used for trend of 2 x k tables where appropriate. In all tests 
two-tailed P values <0.05 were considered significant.  
 
 
RESULTS 
 
Patients 
One hundred and eighty-three patients with clinical AA amyloidosis from 27 sites in 
13 countries were enrolled in the study. Twenty-five sites participated in the fat 
aspirate substudy. Ten fat aspirates (6%) were either missing or not analyzable 
and in 19 patients the amount of fat tissue (about 20-30 mg) was insufficient to 
allow for additional quantitative amyloid A protein quantification and was used only 
for Congo red-stained fat smears. The final substudy group comprised 154 patients 
from whom ample fat tissue (at least 50 mg) was available to be used for both 
Congo red staining and amyloid A protein quantification. The AA type of amyloid 
was confirmed by immunohistochemistry in tissue other than fat tissue in 83% of 
the 154 patients. Patients were subdivided in three disease categories: 93 with 
chronic arthritis, 25 with FMF, and 36 with a different chronic inflammatory disease 
or more than one of such diseases. Table 5.1 shows age and gender of the study 
group. The 29 patients in whom insufficient fat tissue was available for amyloid A 
protein quantification did not differ from the 154 of the study group with respect to 
gender, age, and disease category. However, all 29 patients belonged to 10 sites 
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(accounting for 82 patients enrolled) whereas sufficient fat tissue was obtained 
from the remaining 15 sites (accounting for 101 patients). 
 
Table 5.1. Characteristics of 154 patients with AA amyloidosis and 354 controls. 
 

 
FMF, familial Mediterranean fever; other, other inflammatory diseases; local, localized amyloidosis; AL, systemic AL amyloidosis; ATTR, 
systemic ATTR amyloidosis. 
 
 

Three hundred and fifty-four controls without AA amyloidosis were studied: 36 
healthy controls, 79 patients with miscellaneous diseases unrelated to amyloidosis, 
95 patients with chronic arthritis without amyloidosis, 27 patients with localized 
amyloidosis, 87 patients with systemic AL amyloidosis, and 30 patients with 
systemic ATTR amyloidosis (see Table 5.1). Apart from minor bruising in some 
patients, all biopsies were taken without any complication. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2. Receiver operating characteristic curve of amyloid A protein concentration in fat tissue of 
154 patients with clinical AA amyloidosis and 354 controls without AA amyloidosis. Some cut-off values 
(ng/mg fat tissue) are specifically shown. 
 

   Controls 
 AA amyloidosis     Amyloidosis 
 Arthritis FMF Other  Healthy Miscellaneous Arthritis Local AL ATTR 

Number 93 25 36  36 79 95 27 87 30 
Gender (M : F) 30 : 63 13 : 12 20 : 16  20 : 16 46 : 33 35 : 60 11 : 16 46 : 41 15 : 15 
Median age (yr) 57 42 51  40 58 66 51 63 52 
Age range (yr) (23-77) (21-73) (25-75)  (21-71) (26-83) (24-84) (23-77) (33-84) (28-77) 
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Diagnostic performance of amyloid A protein quantification 
In Figure 5.2 the ROC curve displays different cut-off values for amyloid A protein 
concentration in fat tissue. Area under the ROC curve was 0.97 (95% confidence 
interval (CI): 0.95-0.98). The currently used cut-off level of 11.6 ng/mg fat tissue as 
assessed in earlier studies [13, 15] was associated with sensitivity of 84% (95% CI: 
77%-89%) and specificity of 99% (95% CI: 98%-100%) in the present populations 
of patients with clinical AA amyloidosis and controls. 

Because of skewed distribution, amyloid A protein concentration values in 
fat tissue were log-transformed to obtain normal distribution. Amyloid A protein 
concentration in fat tissue appeared to be lower in men (mean 63 ng/mg) than in 
women (mean 315 ng/mg), as shown in Figure 5.3A. The sensitivity of the test was 
lower in fat samples from men (73%) than women (91%) (P<0.01). No correlation 
with age was found. In patients with FMF, amyloid A protein concentration in fat 
(mean 24 ng/mg) was lower than in patients with chronic arthritis (mean 280 
ng/mg) or patients with other diseases (mean 151 ng/mg), as shown in Figure 
5.3B. The sensitivity was lower in FMF patients (68%) than in patients with chronic 
arthritis (90%) (P<0.01). The sensitivity in patients with other diseases (77%) did 
not differ from the sensitivity in patients with FMF and arthritis, respectively. 

In the group of patients with chronic arthritis, amyloid A protein 
concentration in fat was lower in men (mean 131 ng/mg) than in women (mean 394 
ng/mg) (P<0.05) and this difference was also seen in the group with other diseases 
(mean 44 vs. 655 ng/mg for men and women respectively) (P<0.01). In the group 
of patients with FMF, amyloid A protein concentration in fat did not differ between 
men (mean 17.7 ng/mg) and women (mean 32 ng/mg) (P=0.41). 
 
Semi-quantitative Congo red score 
Congo red-stained slides were positive in 143 of the 154 patients, resulting in 
sensitivity of the Congo red method of 93% (95% CI: 88%-96%). Sensitivity of 
Congo red was 95% in women and 90% in men (difference not significant). 
Sensitivity was lower in FMF (80%) than in chronic arthritis (96%) (P<0.05) and did 
not differ from the group with other diseases (94%). Median Congo red score was 
lower for men (2+) than for women (3+) (P<0.0001) and lower for patients with 
FMF (1+) than for those with chronic arthritis (3+) or other diseases (3+) 
(P<0.0001). 
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Figure 5.3. Amyloid A protein concentration in fat tissue of patients with clinical AA amyloidosis. The 
dotted line marks the upper reference limit of controls (11.6 ng/mg fat). Asterisks (*), (**), and (***) 
represent P<0.05, P<0.001, and P<0.0001, respectively. The horizontal lines denote the means of the 
log-transformed values. A. Men (N = 63) and women (N = 91). B. Patients with chronic arthritis (N = 93), 
patients with FMF (N = 25), and patients with other diseases or more than one disease (N = 36). C. 
Congo red (CR) stain scores of fat tissue: CR negative (N = 14), CR 1+ (N = 25), CR 2+ (N = 34), CR 
3+ (N = 55), and CR 4+ (N = 45). 
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The semi-quantitative Congo red method and quantitative amyloid A protein 
measurement were concordant: mean amyloid A protein concentration was 2.1, 
10.1, 82, 383, and 1,393 ng/mg fat tissue for negative, 1+, 2+, 3+, and 4+ positive 
Congo red specimens, respectively (see Figure 5.3C). The median Congo red 
score for the 19 patients in whom only Congo red-stained specimens were 
available (3+) did not differ from the median score for the 154 patients (3+) of the 
study group (P=0.74). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.4. Amyloid A protein concentration in fat tissue and concurrent serum amyloid A protein (SAA) 
concentration in blood in 354 controls without AA amyloidosis. The solid line is the linear regression line 
and the dotted line marks the upper reference limit (11.6 ng/mg fat). 
 
 
Amyloid A protein in fat tissue and SAA levels in blood of controls 
Amyloid A protein concentrations in fat tissue of 354 controls were used to assess 
specificity of different cut-off values, as shown in Figure 5.2. Concurrent SAA 
concentrations in blood of controls correlated positively (r 0.37, P<0.0001) with 
amyloid A protein concentrations in fat tissue within the reference range (Figure 
5.4). Amyloid A protein concentration in fat tissue of controls did not correlate with 
age, and no differences were found between the sexes and among the various 
disease groups. 
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DISCUSSION 
 
Amyloid A protein quantification in fat tissue (cut-off point 11.6 ng/mg) has a good 
diagnostic performance with high sensitivity (84%) and high specificity (99%) for 
detection of clinical AA amyloidosis. Noteworthy is that in this study sensitivity of 
Congo red-stained tissue is even somewhat higher (93%) than amyloid A protein 
quantification. Even in FMF, sensitivity of Congo red-stained fat tissue (80%) is 
much higher than reported [13]. Therefore the Congo red method retains its 
established place in the diagnosis of amyloidosis. However, to achieve this high 
sensitivity the Congo red method needs strict quality control of staining procedure, 
a high-quality microscope, as well as experienced and well-trained observers. The 
less subjective immunochemical quantification of amyloid A protein bypasses these 
specific demands for patients suspected to have AA amyloidosis. 
 By measuring the amyloid A protein content in a large number of patients 
with non-AA types of amyloidosis or with chronic inflammatory diseases without AA 
amyloidosis, it was possible to determine cut-off values to clearly differentiate 
patients with AA amyloidosis. Fat tissue appears to play a substantial role in 
inflammation, recently designated as metabolic syndrome [19], with adipocytes 
releasing such adipokines as leptin, resistin, adipsin, visfatin, and adiponectin [20], 
and with modulating factors such as apolipoprotein A-I [21], lipoxin A4 [22], and 
SAA [23]. In this respect it is interesting to recall the correlation in controls between 
amyloid A protein concentration in fat tissue and blood levels of SAA. The most 
likely explanation is contamination of fat tissue by SAA derived from direct contact 
with blood during fat aspiration. It is, however, conceivable that SAA is locally 
induced by the same circulating cytokines that stimulate SAA production in the liver 
[24, 25]. Therefore, knowing that a low concentration of amyloid A protein is always 
present in fat tissue of patients with AA amyloidosis unrelated to amyloid 
deposition, the cut-off values with high specificity are very important to avoid false 
positives.  

The clinical value of this method was further supported by analyzing the fat 
aspiration biopsies of patients with confirmed AA amyloidosis. Lower amyloid A 
protein concentrations in fat tissue of FMF patients as well as lower sensitivity 
(68%) and lower median Congo red score (1+) than in the other groups of patients 
with chronic arthritis (3+) and other diseases (3+) all indicate that deposition in 
subcutaneous fat tissue in FMF is less prominent than in the other inflammatory 
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diseases. It is therefore more difficult to detect AA amyloid in FMF than in chronic 
arthritis and this might explain lower sensitivity reported in the literature [12]. 
However, in this study sensitivity of amyloid A protein quantification of fat tissue is 
68% and sensitivity of the Congo red method 80%. This means that two-thirds of 
FMF patients with clinical AA amyloidosis can be detected with this 
immunochemical method and one-third should be detected in another way, such as 
through a kidney biopsy. Therefore, we recommend that the first diagnostic step for 
detection of AA amyloidosis should be analysis of subcutaneous fat tissue, even in 
FMF patients. 

Higher amyloid A protein concentration in fat tissue of women was an 
unexpected finding and may indicate influence of sex hormones on amyloid 
deposition in fat tissue. In mice the numbers of fat tissue macrophages are higher 
in females compared with males, but it is unknown whether the same holds true for 
humans [26]. The number of macrophages present in fat tissue is directly 
correlated with adiposity and with adipocyte size in both humans and mice [27, 28]. 
Fat tissue seems to be directly involved in AA amyloidogenesis and is therefore a 
suitable target for future research in this field. 

In conclusion, amyloid A protein quantification in fat tissue has a good 
diagnostic performance with high sensitivity and high specificity and without any 
significant complications. Advantages are independence from staining quality and 
experience of observers, direct confirmation of amyloid AA type, and the possibility 
of quantitative monitoring of tissue amyloid over time. Although in men and in 
patients with FMF sensitivity is somewhat lower than in women and in patients with 
chronic arthritis, amyloid A protein quantification in fat tissue is a valuable 
technique currently being utilized in specialized centers for detection of AA 
amyloidosis. General availability of the technique may make it an appropriate first 
step for early detection of clinical AA amyloidosis. 
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ABSTRACT 
 
Objective. Scintigraphy with 123I-labeled human serum amyloid P component 
(SAP) is used to detect organ involvement in patients with systemic amyloidosis. 
Objective of this study was a non-commercial production of clinical-grade SAP from 
donor blood by calcium-dependent affinity chromatography on pyruvate-rich 
agarose for clinical use in scintigraphy.  
Methods. SAP was obtained from serum of healthy blood donors by calcium-
dependent affinity chromatography on pyruvate-rich agarose, elution from agarose 
by calcium depletion and immunoglobulin desorption on a protein G column, and 
was stored at -80 °C until use. The production of SAP was in line with the 
requirements of Good Manufacturing Practice and regulatory guidelines of the 
European Agency for the Evaluation of Medicinal Products assuring quality and 
safety of the product. All components of the procedure were sampled for detection 
of endotoxin and microbial contamination. Identity, quantity, purity, biological 
activity and toxicity of recovered SAP was analyzed by biochemical and 
immunochemical methods, immunization of rabbits, test labeling with 123I-NaI, 
toxicity studies in mice, and shelf life studies. 
Results. Serum of 12 donors was used in each SAP isolation procedure. Three 
test runs were followed by three consecutive production procedures. Endotoxin 
was not detected in any sample tested. Two samples showed bacterial 
contamination, but this was not found in any fraction used for SAP purification. 
Most (>90%) of initially present SAP was recovered after isolation on the agarose 
column. One procedure was not approved because of contamination with albumin 
and IgG. SAP used in scintigraphy yielded results similar to reference clinical-grade 
SAP. The quality of 123I-SAP scintigraphy was maintained during 8 years of SAP 
storage. 
Conclusions. Calcium-dependent affinity chromatography on pyruvate-rich 
agarose is an effective method to isolate SAP and the biochemical and 
immunochemical purity of recovered SAP is high. Although reproducibility of SAP 
production needs to be further improved, this purified SAP is suitable for clinical 
use in 123I-SAP scintigraphy. 
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INTRODUCTION 
 
Amyloidosis is the name of a group of protein-misfolding diseases characterized by 
deposition of amyloid fibrils in tissues leading to severe organ dysfunction and 
eventually to death [1]. Serum amyloid P component (SAP) is a glycoprotein that is 
present in all types of amyloid [2-4]. It binds to amyloid in a calcium-dependent way 
[5]. SAP belongs to a group of proteins referred to as pentraxins and consists of a 
pentameric dimer composed of ten identical subunits with a total molecular weight 
of approximately 254 kDa [6]. The physiological function of SAP is as yet unclear 
but its plasma concentration appears to be regulated to a constant level in 
individuals [7]. Synthesis [2] and catabolism [8] are confined to the liver [3], and the 
plasma half-life is approximately 24 hr [9]. Human SAP is a lectin that binds to the 
cyclic pyruvate acetal of galactose, chromatin, DNA, apoptotic bodies, fibronectin, 
zymosan, C1q, phosphoethanolamine, and some bacteria [4]. Under physiological 
conditions SAP is a single uncomplexed pentamer [10]. Amyloid P component is 
also present outside the circulation, binding to components of the extracellular 
matrix, such as elastin microfibrils, glycosaminoglycans, calumenin, and the 
glomerular basement membrane [11-14]. 

Scintigraphy with 123I-labeled SAP is used to evaluate patients with 
systemic amyloidosis [15, 16]. For this purpose SAP has been isolated from normal 
serum by calcium-dependent affinity chromatography on unsubstituted Sepharose 
beads, followed by solid-phase immunoabsorption of contaminants, and finally gel 
filtration on Sephacryl S-300 with a recovery of about 50% [17]. Pyruvate-rich 
agarose binds also strongly in a calcium-dependent way to human SAP [18, 19]. 
Therefore agarose has been used to isolate SAP from serum [20]. SAP must be 
highly purified (clinical-grade SAP) to be suitable for scintigraphy. Production of 
SAP, however, should meet requirements of Good Manufacturing Practice (GMP) 
and regulatory guidelines of the European Agency for the Evaluation of Medicinal 
Products (EMEA) assuring quality and safety of the product [21-27]. 

Objective of this study was a non-commercial production of clinical-grade 
SAP from blood of healthy donors on pyruvate-rich agarose by calcium-dependent 
affinity chromatography, necessary to produce its 123I-labeled compound for 
scintigraphy. 
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MATERIAL AND METHODS 
 
Study design 
SAP was obtained from serum of healthy donors, selected according to standard 
Blood Bank practice. Isolation was performed by calcium-dependent affinity 
chromatography on pyruvate-rich agarose. Three test runs were completed and 
analyzed before three final SAP purification procedures were performed. In order to 
remove contaminating IgG present in the products from the test runs, the fractions 
eluted from agarose were passed over a protein G column in the final procedures. 
All consecutive batches underwent an extensive range of in-process and 
characterization tests to assess consistency and required quality. The obtained 
SAP fractions were pooled and formulated, i.e. concentrated to 6.25 mg/mL, 
sterility filtered, distributed to vials, and stored at -80 °C until use.  
 
Donor serum 
Pooled serum of 12 healthy donors was used for each isolation procedure. All 
donors gave informed consent that only the serum fraction of their blood donation 
was used. Donor blood was screened for transmissible diseases (hepatitis virus 
type B and type C, human immunodeficiency virus type 1 and type 2, human T-cell 
lymphotropic virus type I and type II, and syphilis) according to the Blood Bank 
protocol. The screening was repeated 6 months after donation of blood to verify 
that serum was not collected during the window phase of one of the tested 
infectious diseases. After the results of the second screening were checked, the 
serum was released for SAP isolation. 
 
Production 
All procedures were done by a well-trained and qualified technician under strictly 
aseptic conditions in a clean-room according to standard operating procedures, 
that were signed by the responsible hospital pharmacist. The Department of 
Hospital and Clinical Pharmacy and Department of Radiopharmacy have a Quality 
Management System, are ISO 9001:2000 certified, and meet the requirements for 
Good Manufacturing Practice for Clinical Drug Research. Unless otherwise stated, 
sterile European Pharmacopoeia quality raw materials, reagents, and starting 
solutions, including elution buffers, were used. Analyses were performed under 
good laboratory practice (GLP) conditions by a GLP certified laboratory (Laboratory 
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Center of the University Medical Center Groningen). 
 
SAP isolation 
Affinity chromatography of SAP on agarose. Serum was decomplemented by 
heating at 56 °C for 1 hr, subsequently centrifuged at 3,500 rpm for 15 min, and the 
supernatant was stored frozen at -80 °C until use. The complete chromatography 
system - the empty column, pump, and connecting tubes - was first cleaned with 
ethanol 70% and then the complete empty system was washed with 1M NaOH (1 
L) for 1 hr before further use. For preparation of the column, 25 g of pyruvate-rich 
agarose HEEO (SeaKem, Biozym, Landgraaf, The Netherlands) of analytical 
quality was permitted to swell in 300 mL of TC solution (0.01 M Tris-HCl, 0.14 M 
NaCl, 2 mM CaCl2, pH 8.0) for 2 hr and thereafter the agarose was used for 
casting a column of about 200 mL. The column was washed with TC solution 
overnight at a pump rate of 120 mL/hr. The next day decomplemented serum 
(about 2,500 mL, flow rate 2 mL/min) was passed over the column followed by TC 
solution and the extinction of the 10 mL elution fractions (fraction 1 to 60) was 
measured at 280 nm. When the extinction of the recovered fractions became lower 
than 0.05, SAP was eluted from agarose using TE solution (0.01 M Tris-HCl, 0.14 
M NaCl, 10 mM EDTA, pH 8.0). The SAP concentration of the fractions with eluted 
SAP was measured, SAP containing fractions were pooled, the solution was 
concentrated to 6.25 mg/mL in a Centiplus-30 concentrator (Millipore, Bellerica, 
USA) and subsequently passed over a second column, a 5 mL Protein G column 
(HiTrap Protein G column, Pharmacia Biotech, Uppsala, Sweden) with a flow rate 
of 2 mL/min.  
 
Formulation 
The final SAP solution was filtered through a 0.22 μm sterility filter and distributed 
to vials containing 50 μL each. All vials were numbered and stored at -80 °C until 
use.  
 
Quality control 
Identity, quantity, and purity of SAP in the final solution were studied biochemically 
and immunochemically. Product integrity was studied by labeling with 123I-NaI. As 
in-process control microbial contamination was studied by sterility testing and 
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endotoxin measurement. Acute toxicity of the formulated batches was studied in 
mice. Shelf life studies were performed using the formulated batches. 
 
Identity, quantity, and purity of SAP 
Identity of SAP was studied using SAP-ELISA, SDS-PAGE, HPLC, and - if judged 
necessary - with amino acid analysis by Edman degradation. SAP quantity was 
measured using SAP-ELISA. Purity of SAP was studied using bacterial cultures, 
measurement of endotoxin, albumin, and C-reactive protein (CRP), SDS-PAGE, 
immunoelectropheresis, immunofixation, HPLC, and immunization studies of 
rabbits. 
Sandwich ELISA for SAP. Microtiter plates (Greiner GmbH, Nürtingen, Germany) 
were coated for 48 hours at 4 °C with a goat anti-mouse antibody (Fcγ specific; 3.2 
μg/mL (Jackson Immunoresearchlabs, Cambridgeshire, USA)) in 0.1 M carbonate 
buffer, pH 9.6. After washing, the wells were incubated with a monoclonal anti-SAP 
(Novocastra Laboratories, Newcastle on Tyne, UK) 1:2,000 for 1 hr. Fractions were 
incubated in serial dilutions 1:5,000 to 1:320,000 for 45 min. The next step was the 
detection of the captured SAP with a polyclonal rabbit anti-SAP (Dakopatts A/S, 
Copenhagen, Denmark) 1:10,000. After one hour a HRPO (horseradish 
peroxidase)-conjugated goat anti-rabbit (SBA, Birmingham, USA) 1:4,000 was 
added for 30 min. One mg of the chromogen 3’3’5’5’tetramethylbenzidin (TMB, Carl 
Roth, Karlsruhe, Germany) was dissolved in 11 mL 0.1 M acetate buffer, pH 6.0, 
and 0.004% H2O2. After washing, the plates were incubated with this chromogen 
solution until the reaction was stopped after 20 minutes by the addition of 1 M 
H2SO4. The absorption at 450-575 nm was read in an Emax microplate reader and 
the concentrations were calculated by SOFTmax® PRO software (Molecular 
Devices, Sunnyvale, USA). All incubations were done in 0.05 M Tris-HCl, pH 8.0, 
0.3 M NaCl, 0.05% Tween-20, and 2% BSA at room temperature on an EASIA 
shaker and washing was performed after each step unless mentioned otherwise. 
SAP, purified from pooled human ascites (kindly provided by Professor Philip N. 
Hawkins, London, UK), was used to standardize the ELISA and to quantify the 
exact amount of pooled human sera as standard. The intra-assay variation was 
5%, whereas the interassay variation was 8%. The lower detection limit was 15 
pg/mL.  
SDS-PAGE and immunoblotting. Samples were denatured in SDS-ß-
mercaptoethanol and run on an 8-25% polyacrylamide (PAA) gel (Phast System, 
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Pharmacia Biotech, Uppsala, Sweden). The protein bands were stained with silver 
according to the method described in the Phast System protocols. In a similar 
procedure the proteins were not stained with silver, but subsequently blotted for 20 
min, using the Phast Transfer unit of the Phast System, onto nitrocellulose 
membranes (Schleicher and Schuell, Dassel, Germany; BA-35 pore size 0.45 μm). 
Prestained markers were used for molecular weight reference. The membrane was 
blocked for 45 min in 0.01 M PBS, pH 7.4, 0.1% Tween-20 and 4% ELK. After 
washing in PBS and 0.1% Tween-20, the membranes were probed with antibodies 
(protein concentration about 100 μg/mL) for 1 hr at room temperature (by slowly 
shaking). All incubations were done in PBS, 0.3% BSA and 0.1% Tween-20. After 
washing the blot was incubated with the appropriate peroxidase-conjugated 
antibodies (dilution 1:50) for 30 min. The complexed antibody was visualized by 
incubating the blot for 10 min in a mixture of 50 mL 0.02 M Tris-HCl, 0.15 M NaCl, 
pH 7.5 and a solution of 30 mg 4-Chloro-1-naphtol (Sigma, St Louis, USA) in 10 
mL methanol together with 75 μL 30% H2O2. The reaction was terminated by 
washing the blot in water. 
Microbial cultures and endotoxin measurement. Samples were taken before 
and after all steps of the procedure for aerobic and anaerobic bacterial cultures 
and fungal cultures (Bact/Alert, Bio-Merieux, Boxtel, The Netherlands). The limulus 
amoebocyte lysate (LAL) test was performed to exclude pyrogenic contamination in 
accordance with the European Pharmacopoeia. 
Sandwich ELISA for CRP. Microtiter plates (Greiner GmbH, Nürtingen, Germany) 
were coated overnight at room temperature with rabbit anti-CRP (Dakopatts A/S, 
Copenhagen, Denmark) 1:10,000 in 0.1 M carbonate buffer, pH 9.6. After washing, 
the wells were incubated with patient sera in dilutions 1:250 to 1:16,000 for 45 min. 
Rabbit anti-CRP conjugated to HRPO (Dakopatts A/S, Copenhagen, Denmark) 
was applied at 1:2,000 dilution for 30 min. Incubation, washing and color reaction 
were performed as described in the SAP-ELISA. CRP-reference serum 
(Behringwerke AG, Germany) was used as standard. Intra-assay CV and inter-
assay CV were both 5%. 
Immunization of rabbits. Two twelve-week-old Chinchilla rabbits were immunized 
subcutaneously with 100 μg SAP (from the final SAP solution) mixed with complete 
Freund’s adjuvant (CFA) in order to raise antibodies against SAP and possible 
contaminating proteins. The rabbits received a booster subcutaneously (100 μg 
SAP mixed with incomplete Freund’s adjuvant) seven weeks later. Serum was 
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obtained prior to immunization and after four and ten weeks. The Committee for 
Animal Experiments approved all animal procedures. 
 
Toxicity 
Acute toxicity, according to European Pharmacopoeia, of the final SAP solution 
was tested in three healthy mice (weighing 17-22 g). Of each batch 22 μg SAP (1 
mg/kg weight) was injected and the substance passed the test if none of the mice 
had died within 24 h. If one of the animals had died the test was repeated.  
 
Product integrity 
SAP was labeled with 123I-NaI [28] and the TC/TE ratios (measuring calcium-
dependent binding to agarose beads [17, 19]) were compared with those of original 
clinical-grade SAP kindly provided by Prof. Philip Hawkins. 
 
Shelf life studies 
Shelf life studies were performed using fifteen vials of the first final procedure. The 
quantity of SAP was measured in each vial that was stored for one, two or three 
years at -80 °C, -20 °C, 4 °C, 20 °C, and 37 °C, respectively. 
 
In vivo evaluation 
After approval of the quality of SAP for clinical use, SAP scans of 12 consecutive 
patients who had had an earlier scan were compared with the earlier scans [29]. 
The quality of 5 SAP scans was checked at the end of each year until eight years 
after isolation. 
 
 
RESULTS 
 
SAP isolation in test runs 
Different lots of pyruvate-rich agarose were studied and the one with the highest 
binding affinity for SAP was chosen (lot number 317092). Before the final 
procedures were started, SAP isolation on agarose was studied during three test 
procedures (T1-T3). At the start of the first test procedure (T1) serum had not been 
decomplemented, and complement bands were found as contamination in the final 
batch. The batches were also analyzed by immunoelectrophoresis (Figure 6.1): 
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SAP was present as shown with precipitating anti-SAP antibodies, but a second 
precipitation line (not present in clinical-grade SAP from London) was detected with 
anti-total human serum. Analysis of this precipitation line showed that it was 
caused by contamination with IgG-kappa in the eluted fractions as shown by 
immunofixation (Figure 6.1) and quantification (Table 6.1). Therefore we decided to 
modify the production procedure (P1-P3): fractions eluted from the agarose column 
containing SAP were subsequently passed over a protein G column to remove 
possible contaminating immunoglobulins. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.1. A and B. Immunoelectropheresis of test procedure T3 (batch 97-003). The upper panels of 
the glass slides show the precipitation lines of the pooled serum (starting material) and the lower panels 
show the precipitation lines of the concentrated SAP solution: A slides show the isolated SAP and B 
slides show the reference SAP from London. Long arrows show SAP and short arrows point to the IgG 
and kappa bands. C. Immunofixation of the concentrated isolated SAP solution. 
 
SAP isolation in production runs 
Three procedures (P1-P3) were performed for the production of clinical-grade SAP. 
Serum of 12 healthy (according to standard blood bank selection procedure) 
donors (2,050-2,850 mL) was used for each procedure. The results of procedures 
are presented in Table 6.1 and an example of the E280 profile and SAP 
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concentration of fractions obtained from the agarose column (P3) is shown in 
Figure 6.2. SAP was formulated as described and the vials were stored at -80 °C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.2. Typical chromatogram of a production procedure (P3, batch 02-001). E280 profile and SAP 
concentration of fractions obtained after first being eluted with TC solution from the agarose column 
(until the extinction drops below 0.05, see arrow). 0 marks the start of the elution of SAP from the 
column with TE solution (see arrow). The horizontal bar on top marks the fractions that were pooled for 
the next steps. 
 
Quality control 
Overall recovery of SAP in all fractions obtained after the protein G column 
appeared to be 98%, 90%, and 93%, respectively, of the amount of SAP initially 
present in serum (Figure 6.2 and Table 6.1). 
Identity of SAP. The final SAP batches were analyzed with SDS-PAGE stained 
with silver (Figure 6.3A) and SDS-PAGE immunoblotted with anti-SAP (Figure 
6.3B). Clinical-grade SAP purified in London was used as reference. The SAP 
solution was analyzed in two ways: denatured by heating for 5 min at 95 °C in SDS 
buffer with β-mercaptoethanol (β-ME) (“denatured”) or only diluted in SDS buffer 
without β-ME (“non-denatured”). The protein bands in Figure 6.3A of denatured 
SAP showed a pattern similar to reference SAP but with some differences. A small 
low molecular band (about 20 kDa) was only visible in the reference SAP, whereas 
some large molecular bands were visible in the final SAP product. Protein bands in 
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Figure 6.3A of not-denatured SAP showed similar patterns, although one band of 
about 50 kDa was more clearly visible in the SAP product than in reference SAP. 
This band was cut and Edman degradation  (EuroSequence, Groningen, The 
Netherlands) of the first 15 residues showed the following sequence: His-Thr-Asp-
Leu-Ser-Gly-Lys-Val-Phe-Val-Phe-Pro-(Arg)-(Glu)-(Ser)-(Val)- that was 100% 
identical with the N-terminal sequence of human SAP.  
 
Table 6.1. Characterization tests for the SAP batches of test and production procedures. 
 

  T1 T2 T3 P1 P2 P3 
Batch number  97-001 97-002 97-003 98-001 00-001 02-001 
Initial serum SAP mg 59.3 77.5 62.9 72.8 49.2 66.3 
Protein G column  no no no yes yes yes 
SAP recovery:        
    All fractions % 37 94 94 98 90 93 
    Pooled fractions % 24 43 76 84 89 90 
    Concentrated SAP % 22 13 56 40 33 86 
    Concentrated SAP mg 13.2 10.1 35.3 29.0 16.3 57.1 
        
Test method Specification       
    SAP ELISA (μg/mL) Aim > 5000 4630 1911 17660 5084 1920 7050 
    CRP ELISA (μg/mL) < 0.1 μg/mL < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 
    Albumin (μg/mL) < 5% of SAP ND < 18.3 ND 22.7 199 < 18.7 
    IgG (μg/mL) < 5% of SAP 386 44.2 1868 < 4.3 301 < 3.6 
    IE Only SAP Extra 

bands 
Passed IgG-

kappa 
Passed Passed Passed 

    SDS-PAGE Bands alike 
standard SAP 

Extra 
band 43 

kD 

Passed Passed Passed Extra 
band 60 

kD 

Passed 

    HPLC As above ND ND ND Passed ND Passed 
    Endotoxin Negative Passed Passed Passed Passed Passed Passed 
    Bacterial growth Negative Passed Passed Passed Passed Passed Passed 
    Immunizing rabbits Only anti-SAP 

antibodies 
ND ND ND Passed ND ND 

    Toxicity in mice Negative ND ND ND Passed ND Passed 
    Labeling with 123I:        
        Efficiency 50-80% ND ND ND 62 ND 73 
        TCA precipitation > 95% ND ND ND 98 ND 98 
        TC binding > 90% ND ND ND 96 ND ND* 
        TE binding < 10% ND ND ND 4 ND ND* 
Final batch approval  NA NA NA yes no yes 
Remark  Comple-

ment 
contam. 

 IgG-
kappa 

contam. 

Clinical-
grade 

Albumin 
and IgG 
contam. 

Clinical-
grade 

 
T, test procedure; P, production procedure; SAP, serum amyloid P component; CRP, C-reactive protein; IgG, 
Immunoglobulin G; IE, immunoelectopheresis; SDS-PAGE, see text; TC binding, calcium-dependent binding to PE-
sepharose; TE binding, calcium-independent binding to sepharose; ND, not done; contam, contamination; NA, not 
applicable; ND*, not done because PE-sepharose was no longer commercially available. 
 
Purity of SAP. The second procedure (P2) was not approved because of 
contamination with albumin and IgG. Except for those contaminations, no albumin, 
CRP, IgG, IgA, IgM, C3, C4, C5, PFB, transferrin, kappa light chain, or lambda light 
chain contaminations were detected in the batches of concentrated SAP. Also 
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none of these proteins were detected using immunoelectrophoresis (Figure 6.4) or 
immunofixation with anti-light chains and anti-heavy chains (Sebia, Norcross, GA, 
USA; data not shown).  

Bacterial and fungal cultures were sampled before and after all steps of the 
procedures. Samples of agarose swollen in TC solution did not show bacterial 
contamination, except for one sample that after two days appeared to be positive 
for Acinetobacter Iwoffi. In the same procedure (P3) a Bacillus species was 
detected in fractions recovered from agarose after passing pooled serum over the 
agarose column and subsequent washing with TC solution. However, extensive 
culturing of fractions eluted with TE solution containing SAP and of samples 
obtained later in the procedure did not show any growth of bacteria or fungi. 
Endotoxin was not detected in any sample. 

Immunization of the rabbits (n=2) yielded antibodies directed against 
human SAP, but no antibodies against other human proteins were detected in a 
blotting technique against normal human serum (data not shown). 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.3 
Typical SDS-PAGE (8-25%) of pooled SAP from a production procedure (P3, batch 02-001). Lane 1 
shows references, lane 2 & 3 standard SAP (London), lane 4 & 5 produced SAP before concentration, 
lane 6 & 7 concentrated produced SAP, lane 8 fluid eluted from protein G column. Lanes 2, 4, 6 & 8 are 
denatured by heating for 5 min at 95 °C in SDS buffer with β-mercaptoethanol, lanes 3, 5 & 7 are not 
denatured. A. Silver-stained proteins. B. Immunostaining with rabbit anti-human SAP. The arrow shows 
the major SAP band. 
 
Toxicity 
Toxicity tests in mice (n=3) did not show any signs of acute toxicity of the purified 
SAP solutions. 
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Product integrity 
Test labeling with 123I-NaI yielded results similar to standard clinical-grade SAP: 
median TCA 98% vs. 99%, TC-TE value 94% vs. 92%, labeling efficiency about 
70% for both. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.4. Typical example of immunoelectropheresis of a production procedure (P3, batch 02-001). 
The upper panels of the glass slides show the precipitation lines of the pooled serum (starting material) 
and the lower panels show the precipitation lines of the concentrated SAP solution. The arrow indicates 
the SAP precipitation line. 
 
Shelf life studies 
Shelf life studies did not show any decrease in SAP concentration during three 
years of storage at -80 °C, -20 °C, +4 °C, and +37 °C, but a significant decrease 
was found after two and three years of storage at +20 °C.  
 
In vivo evaluation 
Twelve scans were performed in patients with systemic amyloidosis (three ATTR 
type and nine AL type) of whom an earlier scan was available for comparison: Ten 
yielded similar results or the differences were small (see Figure 6.5 for two 
examples) and two patients showed clear progression of amyloidosis on the scan 
that ran parallel to the clinical course. The scintigraphic quality was maintained in 
scans tested each year during eight years of SAP storage at -80 °C. 
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Figure 6.5. Follow-up SAP scintigraphy 24 hours after injection of two patients (A and B) with stable 
systemic amyloidosis. A. Posterior view with clearly positive uptake of kidneys and spleen. B. Anterior 
view with clearly positive uptake of liver and spleen. A1 and B1. Standard SAP produced in London. A2 
and B2. SAP produced in Groningen. 
 
 
DISCUSSION 
 
Calcium-dependent affinity chromatography on pyruvate-rich agarose is an 
effective one-step isolation procedure for SAP. The biochemical and 
immunochemical purity of recovered SAP in approved batches is high (>99%) and 
this clinical-grade SAP appears to be suitable for use in 123I-SAP scintigraphy. 

The overall recovery of SAP isolated on agarose was high (>90%). In order 
to obtain SAP with highest purity, peak fractions were preferably used for the next 
steps in the procedure. This resulted in losses of SAP after pooling the SAP-
enriched fractions and after the SAP-concentration step, resulting in a final 
recovery of 40% and 86% of SAP in the two approved batches (Table 6.1). 

Our main goal was the production of SAP with the highest grade of purity. 
Prior decomplementation of serum was necessary to remove complement factors. 
CRP was considered to be a possible contaminant because both CRP and SAP 
are members of the pentraxin family. However, the calcium-dependent affinity of 
SAP for agarose differentiates SAP from CRP [17]. IgG-kappa was detected 
(quantity was 2.3-10.6% of recovered SAP) in fractions eluted from agarose as has 
already been described for immunoglobulins [20]. The contamination with IgG-
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kappa was removed successfully using a protein G column without a significant 
loss of SAP. Albumin was not retrieved in any procedure, except for the rejected 
procedure P2, in which albumin (10.4%) and IgG (15.7%) were retrieved and the 
yield of SAP was low (33%). A satisfying explanation for this failure is lacking. The 
purity of recovered SAP in the two approved batches was high (>99%).  

Two rabbits were immunized with SAP of the first approved batch (P1). As 
expected this immunization resulted in the generation of antibodies directed 
against human SAP. Because of the possible presence of other proteins in purified 
SAP we also screened for precipitating antibodies against other human proteins. 
Such antibodies, however, were not detected.  

A serious concern is the possibility of microbial contamination of agarose. 
The quality of agarose was high (analytical-grade), but agarose is a linear galactan 
hydrocolloid that is derived from marine algae [20]. The product was clean and 
bacterial cultures did not show any growth in most of our procedures. However, we 
cannot exclude that some of the bacterial contaminants we detected were actually 
derived from agarose. Attempts to sterilize agarose by autoclaving, irradiation, or 
ethylene exposure seriously reduced the specific SAP binding properties. 
Therefore we decided to wash the agarose column extensively with sterilized TC 
solution overnight before use, to culture samples of all parts of the procedure, and 
to introduce two filtration steps, i.e. the protein G column and a final Millipore filter 
of 0.22 μm to remove any possible microbial contaminant. This approach turned 
out to be successful and the finally recovered SAP solution neither contained any 
microbial contaminants nor endotoxin. No acute toxicity of the approved batches of 
SAP was found in mice. 

Shelf life studies did not show any decrease in SAP concentration during 
three years of storage at various temperatures except for storage at 20 °C. This 
decrease of SAP concentration at room temperature (and not at 37 °C) was 
unexpected and cannot be explained easily. However, shelf life at -80 °C was 
satisfactory, enabling a constant supply of SAP for scintigraphy. The approved 
batches of SAP yielded similar results when used for 123I-SAP scintigraphy as the 
original SAP standard we received from London. Scintigraphic quality was 
maintained until after eight years of SAP storage at -80 °C.  

A promising way to overcome the need for human blood is the generation 
of recombinant human SAP, as has been described for glycosylated SAP 
monomers in yeast [30]. However, human SAP is glycosylated with a single N-
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linked biantennary complex oligosaccharide per subunit [4]. This specific 
glycosylation is necessary for the normal function of SAP, because asialo human 
SAP is very rapidly cleared from the circulation via the hepatic asialoglycoprotein 
receptor and is immediately catabolized [4]. Apart from the specificity of 
glycosylation, the main question is whether recombinant monomeric SAP will 
behave physiologically in a similar way to genuine pentameric SAP in scintigraphy. 
For the time being, isolation of SAP from human serum remains to be the best way 
to obtain SAP for clinical use. 

In summary, the purity of produced SAP was high and the biological 
behavior of SAP used in scintigraphy was as expected. Although not all production 
procedures were successful, the isolation procedure of clinical-grade SAP on 
pyruvate-rich agarose is a good alternative to the standard Sepharose method [17].  
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ABSTRACT 
 
Objective. In systemic amyloidosis, widespread amyloid deposition interferes with 
organ function, frequently with fatal consequences. Diagnosis rests on 
demonstrating amyloid deposits in the tissues, traditionally with histology although 
scintigraphic imaging with radiolabeled serum amyloid P component (SAP) has 
lately been developed as a specific noninvasive alternative. We report a detailed 
analysis of the abnormal turnover of SAP in patients with systemic amyloidosis and 
an assessment of its clinical value. 
Methods. Iodine-123-labeled human SAP (200 MBq) was injected intravenously 
into 49 patients with histologically proven systemic AA or AL amyloidosis and in 7 
control subjects. Plasma clearance and whole-body retention of labeled SAP were 
analyzed over 48 hr using plasma sampling, whole-body gamma camera imaging 
and measurement of radioactivity in the urine. The rate of SAP synthesis and 
interstitial exchange were determined, and the size of the amyloid compartment 
was compared with clinical estimates of whole-body amyloid load and patient 
survival. 
Results. All plasma time-activity curves were biphasic. In comparison with control 
subjects, patients with amyloidosis showed significantly faster plasma 
disappearance [4-hr value: AA 48% ± 18%, AL 45% ± 15% versus 65% ± 8% 
(P<0.05)], higher total-body retention 48 hr p.i. [AA 74% ± 14%, AL 73% ± 17% 
versus 46% ± 15% (P<0.01)] and especially higher extravascular retention 48 hr 
p.i. [AA 59% ± 16%, AL 58% ± 19% versus 30% ± 14% (P<0.01)]. Extravascular 
retention correlated with clinical estimation of the amyloid load. If extravascular 
retention values in patients with AL amyloidosis were over 60%, survival was 
decreased (median 4 versus 23 mo, P<0.001). Markedly increased interstitial 
exchange rates were present in amyloidosis (AA 64 ± 61, AL 50 ± 37 versus 18 ± 8 
mg/hr), whereas the SAP synthesis rate did not differ from the control values (AA 
5.0 ± 3.0, AL 5.5 ± 3.2 versus 4.5 ± 1.4 mg/hr). 
Conclusions. The presence of systemic amyloidosis is characterized by 
accelerated initial clearance of 123I-SAP from the plasma and increased interstitial 
exchange rate and extravascular retention. These findings reflect reversible binding 
of radiolabeled SAP to amyloid deposits and provide clinically useful information for 
diagnosis, monitoring of therapy and prognosis in patients with systemic 
amyloidosis. 
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INTRODUCTION 
 
Amyloidosis is a serious condition caused by deposition of fibrillar protein, amyloid, 
in various tissues leading to severe organ dysfunction and eventually death [1]. 
There are many different subtypes that can be characterized by systemic or 
localized deposition of amyloid and by different amyloid fibril precursor proteins in 
plasma [2]. The two main nonhereditary forms of systemic amyloidosis are AA and 
AL amyloidosis. AA amyloidosis is a major complication of chronic inflammatory 
diseases such as rheumatoid arthritis and tuberculosis [3]. The deposits arise from 
serum amyloid A, an acute phase protein, present in high concentrations during 
inflammation [4]. AL amyloidosis is a complication of plasma cell dyscrasias, such 
as multiple myeloma or monoclonal gammopathy of undetermined significance. AL 
deposits consist of monoclonal (κ or λ) immunoglobulin light chains [5].  
 Serum amyloid P component (SAP) has been found in every form of 
amyloid, independent of the type [6, 7]. It has been shown in vitro to bind to all 
types of amyloid in a calcium-dependent fashion [8]. SAP belongs to a group of 
proteins referred to as pentraxins and consists of a pentameric dimer composed of 
ten identical subunits with a total molecular weight of approximately 254 kDa [9]. 
The physiological function of SAP is as yet unclear but its plasma concentration 
appears to be regulated to a constant level in individuals [10]. Synthesis [6] and 
catabolism [11] are confined to the liver [7], the plasma half-life is approximately 24 
hr [12].  Amyloid P component is also present outside the circulation, binding to 
certain components of the extracellular matrix (e.g., elastin microfibrils, 
proteoglycans, glomerular basement membrane) [13-15].  
 Histological proof is the gold standard for the diagnosis of amyloidosis [1]. 
However, sampling errors, the invasive nature of biopsy procedures and the 
required pathological experience are hampering its use for diagnostic evaluation. 
For these reasons and the insidious onset of the disease, amyloidosis frequently 
remains undetected for a long time. Recent observations have shown that 
amyloidosis may recede after intensive treatment aimed at the elimination of 
precursor production [16-18]. Therefore, a noninvasive method for diagnosing 
amyloidosis and monitoring the effect of treatment would be a helpful clinical tool.  
 The concept of using radiolabeled SAP as tracer for amyloid deposits was 
developed by the group of Pepys and Hawkins [19, 20]. They found scintigraphy 
and kinetic studies using radiolabeled SAP to be helpful in diagnosing and 
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localizing amyloidosis [21] as well as for monitoring treatment [22]. The three basic 
principles of detecting amyloidosis by means of 123I-SAP-studies are: (a) rapid 
disappearance from the circulation caused by binding to extracellular amyloid 
deposits resulting in (b) high total-body retention, and (c) accurate localization of 
amyloid deposits.   
 In this article, we describe 123I-SAP metabolism in a control group and in 
patients with AA and AL amyloidosis using plasma disappearance rates, retention 
values and a few derived parameters. We addressed the following questions: are 
there differences in these metabolic parameters, and are these related to the type 
and the amount of amyloid present? The imaging aspects of 123I-SAP scintigraphy 
in amyloidosis were also analyzed in this study but will be reported separately. 
 
 
PATIENTS AND METHODS 
 
Patients 
Fifty-six people were studied: a control group of 7 with repeatedly negative biopsies 
and no clinical or laboratory evidence of amyloid during the past years, 25 
consecutive patients with AA amyloidosis and 24 consecutive patients with AL 
amyloidosis.  All patients had histological proof of systemic amyloidosis (multiple 
positive biopsies taken from subcutaneous fat tissue, liver, kidney, gastrointestinal 
tract, myocardium, bone marrow, nerve tissue, etc). Patient characteristics are 
presented in Table 7.1. 
 After their SAP study, all patients were studied prospectively for at least 6 
months. Maximum follow-up was 6 years. At the end of the study period, 20 
patients had died (8 AA and 12 AL patients), and 29 patients were still alive 
(median 27 months, range 6 to 79 months).  
 The study was approved by the local Ethics Committee and all patients gave 
informed consent. 
 
Radiolabeling and quality control 
Highly purified human SAP was kindly supplied by Dr. Philip N. Hawkins and Prof. 
Mark B. Pepys. Radiolabeling with 123I (t½ = 13.2 hr, obtained from Amersham 
Cygne, Eindhoven, The Netherlands) was performed according to the method 
described by Mather and Ward [23]. Iodine-123-SAP was purified by gel-filtration 
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chromatography using a sterile PD-10 column (Pharmacia, Woerden, The 
Netherlands). The protein-containing fractions were pooled and transferred to a 
sterile vial through a 0.22-μm Millex GV filter (Millipore®, SA, Molsheim, France). 
Samples were demonstrated to be sterile and pyrogen-free. The TCA-precipitable 
fraction of the solution was >95%. Calcium-dependent binding to agarose beads 
[24, 25]  was >90%, indicating functional integrity of 123I-SAP.  
 
Table 7.1. Patient characteristics. 
 

Parameter Controls AA AL 
Number 7 25 24 
Sex    
    Female 2 19 8 
    Male 5 6 16 
Age    
    Median (yr) 53 61 62 
    Range 25-72 13-74 47-75 
Associated disease 3 RA 16 RA 7 Multiple Myeloma 
 1 JCA 4 JCA 13 MGUS 
 1 MGUS 1 Ankylosing Spond 2 Idiopathic 
 2 None 1 Psoriatic Arthritis 1 Waldenstrom 
  1 Infected burns 1 NHL 
  1 FMF  
  1 Recurrent pulm inf  
Creatinine clearance (median, mL/min) 50 40 63 
    Range 46-131 7-107 13-190 
Clinical amyloid score (median, points) 1 4 8 
    Range 0-5 1-7 1-13 

 
AA = AA amyloidosis patients; AL = AL amyloidosis patients; RA = rheumatoid arthritis; JCA = Juvenile Chronic 
Arthritis; MGUS = monoclonal gammopathy of undetermined significance; Spond = Spondylitis; pulm inf = pulmonary 
infections; FMF = Familiar Mediterranean Fever; NHL = Non Hodgkin Lymphoma. 
 
 

Administration and sampling 
A precisely known dose of 150-200 MBq 123I-SAP containing 100 μg protein 
(effective dose equivalent reported approximately 4 mSv [20]) was given as an 
intravenous bolus. Venous plasma samples were drawn from the contralateral arm 
15, 30 and 60 minutes and at 2, 4, 6, 24 and 48 hours after injection. In the first five 
patients, samples up to 6 days after administration were obtained. Urine was 
collected for the first and second 24 hr after administration. Thyroid uptake of free 
iodide was prevented by oral administration of potassium iodide (100 mg daily) 
from 2 days before to 3 days after injection.  
 One milliliter of each plasma sample and 2 mL of the urine portions were 
counted together with an aliquot of the injected material using a gamma counter 
(Compugamma, LKB Wallac, Finland). The protein-bound fraction in each sample 
was determined by TCA precipitation. 
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SAP plasma levels were measured by enzyme-linked immunosorbent assay 
(ELISA). In this sandwich ELISA, a monoclonal anti-SAP (Novocastra Laboratories, 
Newcastle on Tyne, United Kingdom) was used as a catching antibody and a 
polyclonal anti-SAP (Dakopatts, Glostrup, Denmark) as a detection antibody. SAP 
purified from pooled human ascites (provided by Philip N. Hawkins) was used as a 
standard for the assay. The intra-assay variation was 5%, whereas the interassay 
variation was 8%. The lower detection limit was 15 pg/mL. Reference values were 
obtained from 50 healthy control subjects: mean SAP levels 26.4 mg/L (men 30.5 
mg/L, women 22.7 mg/L) with a range of 10-48 mg/L. 
 
Analysis of I-123-SAP clearance 
Time-activity curves were constructed from the TCA-precipitable radioactivity. 
Therefore, the presence of nonprotein-bound radioactivity (e.g., free iodide) did not 
interfere with the SAP clearance determination. All individual complete plasma 
disappearance curves were analyzed using fits to a monoexponential, 
biexponential and tri-exponential function in the first 20 patients. Goodness-of-fit 
and inter-relations between fitted parameters were compared for these functions 
using variation coefficients and cross-correlation coefficients for the fitted 
parameters, the F-ratio test, the linear correlation coefficient between observed and 
fitted values and Akaike’s information criterion. From the use of these criteria, 
biexponential functions yielded the statistically best fits and were chosen to analyze 
all further plasma-activity data. 
 Relative variation coefficients for these biexponential fits were: 10.8% 
(mean, range 6%-20%) for parameter a, 8.3% (range 2%-17%) for parameter b, 
22.6% (range 2%-17%) for parameter m1 and 23.1% (range 6%-45%) for 
parameter m2 (Figure 7.1). Cross-correlation coefficients were generally under 
0.50. Linear correlation coefficients were over 0.98 in all cases. 
 In the first five subjects, plasma samples up to 6 days confirmed the 
exponential behavior of the terminal clearance phase. Because data from the 
literature also supported this finding, we stopped sampling at 48 hr p.i. [12]. 
 All fits were produced by a computer fitting routine using the Marquardt-
Levenberg algorithm (least squares minimization after logarithmic transformation, 
assuming a constant relative error). 
 The chosen biexponential function corresponds to a two-compartment model 
with a central (plasma) compartment and a second reversible compartment [26].  
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Plasma radioactivity can thus be described by the weighted sum of two exponential 
functions consisting of an initial rapid component and a second slower component 
(Figure 7.1). The initial fast clearance represents equilibration with the reversible 
compartment; the second component reflects catabolism and disappearance from 
the circulation. The two components of the curve are characterized each by their 
half-time and relative fraction. The extrapolated t=0 value was set to 100% injected 
dose. The plasma samples were thus expressed as percentage of the injected 
dose. Individual values were subsequently averaged per group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.1. Two-compartment model, time-concentration curves and formulas for 123I-SAP metabolism. 
(A) Injection in central plasma compartment 1. The rate constants are k12, k21, k13. (B) Time-
concentration (time-activity) curves; ci = concentration in compartment i. (C) m1, m2, a, b = parameters 
of the corresponding biexponential function, obtained by curve fitting. C1(t) = concentration in 
compartment 1 (cpm/mL); Clinit = initial clearance from compartment 1-2 (mL/min); Cltotal = total 
clearance (mL/min); V1 = volume of compartment 1 (ml); IDR = initial disappearance rate (%/hr); TDR = 
total disappearance rate (%/24hr); SR = synthesis rate (mg/hr); IER = interstitial exchange rate (mg/hr); 
[SAP] = SAP plasma level (mg/L).  
 
The initial clearance, total clearance, initial disappearance rate and total 
disappearance rate of 123I-SAP were determined from the two-compartment 
modeling theory (Figure 7.1). Because it can be assumed that SAP metabolism is 
in steady-state during the 48 hr procedure, the amount of SAP that disappears 
from the body is equal to the amount that is produced in the body: the synthesis 
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rate of SAP (expressed in mg/hr). The SAP interstitial exchange rate was derived 
from the initial clearance from compartment 1 into 2 and the total cold SAP plasma 
concentration (Figure 7.1). 
 
Gamma camera measurements and total-body retention 
Within 10-30 minutes after injection and after 4, 24 and 48 hours, an anterior and 
posterior total-body scan and spot views were acquired on a large-field-of-view 
rectangular gamma camera (Siemens DIACAM or Multispect 2, Hoffman Estates, 
Illinois, USA) equipped in the first 12 patients with a low-energy, all-purpose 
collimator and later with a medium-energy, all-purpose collimator. All four scans in 
one patient were acquired using the same collimator, and no difference in the 
relative retention values was found after collimator transition. 
 The geometric mean of the total counts in the anterior and posterior total-
body scans (background-corrected) shortly after injection was set to 100%. The 
background- and decay-corrected geometric means of the later scans were 
expressed as a percentage of this initial value. No attenuation correction was 
performed. 
 
Table 7.2. Metabolic data of Iodine-123-SAP; mean values (SD). 
 

Metabolic parameter Controls AA AL 
T1/2 initial (min) 66 (24) 52 (42) 49 (27) 
    Relative fraction (%) 30 (11) 48 (19)* 49 (17)* 
T1/2 total (hr) 23 (4) 34 (22) 28 (10) 
    Relative fraction (%) 70 (11) 52 (19)* 51 (17)* 
Initial disappearance rate (%/hr) 71 (23) 126 (78) 118 (73) 
Total disappearance rate (%/24h) 74 (11) 58 (21) 68 (27) 
Plasma SAP (mg/L) 32 (7) 34 (11) 25 (13) 
Initial clearance (mL/min) 9 (3) 33 (29)* 49 (52)* 
Interstitial exchange rate (mg/hr) 18 (8) 64 (61)* 50 (37)* 
Total clearance (mL/min) 2.3 (0.5) 2.6 (1.5) 4.7 (4.7) 
Synthesis rate (mg/hr) 4.5 (1.4) 5.0 (3.0) 5.5 (3.2) 

 
*P<0.05 for comparison between AA or AL vs. controls. 
AA = AA amyloidosis patients; AL = AL amyloidosis patients. 
 
The total-body retention was also calculated by determining the urine radioactivity 
expressed as a percentage of the injected dose, as there is no significant 
extrarenal excretion [12]. All urinary activity was TCA-soluble, even when severe 
proteinuria was present. In principle, the retention values determined by the urinary 
excretion method were used for all calculations. The gamma camera-derived 
retention values were used as a measure of quality control of the urine collection. 
When the difference between the two methods of retention calculation was greater 
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than 10% and when doubts or proven errors regarding adequate urine collection 
were present, the gamma camera-derived values were used instead. The two 
methods were compared to determine whether camera-derived values were 
equally reliable. 
 The extravascular retention was determined by subtracting the total-plasma 
radioactivity, expressed as a percentage of the injected dose, from the total-body 
retention given by the gamma camera or urine data. 
 
 

Clinical estimation of amyloid load 
A scoring system grading organ involvement was developed in which both organ 
size and organ function were represented. For each of five categories (heart, 
kidneys, liver, spleen and all other organs together) a maximum score of 4 points is 
possible. For the heart: heart failure = 1 point, left ventricular wall thickness >12 
mm = 1 point,  low voltage on electrocardiogram = 1 point, left ventricular wall >15 
mm = 2 points. For the kidneys: proteinuria >0.25 g/day = 1 point, proteinuria >3.5 
g/day = 2 points, endogenous creatinine clearance (ECC) <60 mL/min = 1 point, 
ECC <30 mL/min = 2 points. For the spleen: enlargement (palpable) = 2 points, 
Howell Jolly bodies = 2 points. For the liver: enlargement (liver span >15 cm) = 2 
points, alkaline phosphatase >200 kU/L = 1 point, alkaline phosphatase >500 kU/L 
= 2 points. Other organs: clinical dysfunction of gastrointestinal tract (motility 
disorders, malabsorption), adrenals, thyroid or joints, enlargement of tongue, carpal 
tunnel syndrome, neuropathy, sicca syndrome: all 1 point, with a category 
maximum of 4. In this way, the maximum score of organ involvement can be 20. 
 
Table 7.3. Iodine-123-SAP retention data: mean values (SD). 
 

Retention Controls AA AL 
Urinary excretion method:    
Total-body retention 24h p.i. (%) 71 (13) 87 (9)† 86 (10)† 
Total-body retention 48h p.i. (%) 46 (15) 74 (14)‡ 73 (17)† 
    
Gamma camera method:    
Total-body retention 24h p.i. (%) 74 (12) 88 (10)† 86 (12)* 
Total-body retention 48h p.i. (%) 50 (16) 74 (15)† 70 (19)* 
    
Extravascular retention 24 hr p.i. (%) 37 (11) 58 (15)† 59 (16)‡ 
Extravascular retention 48 hr p.i. (%) 30 (14) 59 (16)† 58 (19)† 

 
*P<0.05; †P<0.01; ‡P<0.001 for comparison between AA or AL vs. controls. 
AA = AA amyloidosis patients; AL = AL amyloidosis patients. 
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Statistical analysis 
Means and standard deviations were calculated for all parameters in the three 
groups. Kruskall-Wallis’ nonparametric one-way-analysis-of-variance (ANOVA) with 
Bonferroni’s multiple comparisons test was used to compare parameters between 
the three groups. Parametric tests could not be used because the assumption of 
equal standard deviations in the reference populations from which our samples 
were drawn was not satisfied (validated by Bartlett’s test for homogeneity of 
variances). Correlation coefficients (linear) were parametric or nonparametric as 
appropriate. Survival analysis was performed using the Kaplan-Meier method for 
presentation and the log-rank test for comparison of groups. Two-tailed probability 
(P) values <5% were considered significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.2. Iodine-123-SAP plasma disappearance curves for the control group (●, Ctrl) and the two 
amyloidosis groups (□, AA and *, AL). 
The table shows the corresponding mean values and (SD), * P<0.05; ^ P=0.06 (vs. controls). 
 
 
RESULTS 
 
Iodine-123-SAP plasma disappearance curves were biphasic in the control 
subjects and in all amyloidosis patients and could adequately be fitted to a 
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weighted biexponential function. In the amyloidosis patients there was a 
significantly faster initial plasma disappearance compared to the control subjects, 
especially in the AL patients. This difference was only present in the initial 
exponential phase (the first 6 hr) and had disappeared at 24 and 48 hr after 
injection. Parameters describing plasma disappearance are presented in Table 7.2 
and Figure 7.2. No difference in plasma kinetics, as represented by total clearance 
rates, fractional catabolic rates and synthesis rates, was found in the second part 
of the curves, from 24 hr to 48 hr. We observed no differences in SAP plasma 
levels between the AA amyloidosis patients and control subjects. In AL 
amyloidosis, plasma SAP tended to be lower, but the difference did not reach 
statistical  significance (Table 7.2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.3. Comparison of 48-hr total-body 123I-SAP retention derived from urinary excretion (x-axis) 
with retention value calculated from gamma camera data (y-axis) for all patients with AA amyloidosis 
(□), AL amyloidosis (*), and controls (●). The continuous line is the line of identity. Dotted lines represent 
10% difference region, the tolerance level. Points outside this region contain errors in urinary sampling. 
 
Total-body retention was clearly higher in the two amyloidosis groups in 
comparison with the controls at 24 and 48 hr after injection (Table 7.3). The 
difference was slightly larger at 48 hr. The gamma camera-determined retention 
values correlated well with the retention as determined from the urinary excretion 
(Figure 7.3). If the difference between the two methods was greater than 10%, 
errors in urine collection appeared to be the cause in nearly all cases.  
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The extravascular retention values (total-body retention minus plasma activity) 
were clearly higher in the amyloidosis patients compared to the control group 
(Table 7.3). While in the control subjects the extravascular 123I-SAP retention is 
decreasing after 24 hr, retention in the amyloidosis patients remained stable. 
Presumably, this is due to a large proportion of the tracer still binding in the 
extravascular amyloid deposits. Figure 7.4 shows a typical example of plasma 
kinetics and retention values in one of the control subjects and in a patient with 
extensive AL amyloidosis. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.4. Plasma disappearance curve (●), total-body retention curve (□), and extravascular retention 
curve (*) for (A) one of the control subjects and (B) for a severely affected AL amyloidosis patient. In this 
patient, very rapid plasma disappearance is present as well as very high total-body and extravascular 
123I-SAP retention.  
 
Total-body retention correlated inversely with renal function, reflecting slow 
excretion of free iodide and other small metabolites in patients with impaired renal 
function (r -0.54, P<0.01). This was particularly true in the AA amyloidosis group, 
which had a lower average endogenous creatinine clearance value. The 
extravascular retention values, however, were less influenced by renal function 
(r -0.35, P<0.01) (Figure 7.5A and 7.5B). When combining plasma disappearance 
and extravascular retention most patients are well outside the normal range (Figure 
7.6). 
 The clinical amyloid severity score correlated with the extravascular 123I-SAP 
retention at 48 hr p.i. in amyloidosis patients (Figure 7.7A). For the AA amyloidosis 
patients, we found a correlation coefficient r 0.54 (P<0.01). AL amyloidosis patients 
had a wider range of scores, in agreement with the higher degree of severity of AL 
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amyloidosis, resulting in a correlation coefficient r 0.67 (P<0.001) in this group 
(Figure 7.7B). 
 Thirteen of the twenty patients who died during the study period had more 
than 60% extravascular 123I-SAP retention at 48 hours. In the patients with AA 
amyloidosis and retention values of 60% or more no difference in survival was 
found (Figure 7.8A). In patients with AL amyloidosis and retention values of 60% or 
more the survival (median 2.5 months) differed significantly (P<0.01) from the 
survival (median 22 months) of the patients with retention values below 60% 
(Figure 7.8B). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.5. (A) Scatterplot for all subjects with endogenous creatinine clearance versus 123I-SAP total-
body retention at 48 hr p.i.; r -0.54, P<0.01. (B) Scatterplot with creatinine clearance versus 
extravascular retention at 48 hr p.i.; r -0.35, P<0.01. 
 
 
DISCUSSION 
 
The metabolism of 123I-SAP in patients with amyloidosis shows distinct differences 
from amyloid-free control subjects. This relatively large protein (SAP) appears to 
exchange rapidly between plasma and a second compartment, most likely the 
extracellular space. Although modeling and fitting to any compartment model must 
be a simplification of the complex reality, such a two-compartment model is 
suggested by the bi-exponential shape of the plasma curves with a rapid initial 
component, and rapid organ uptake as can be visualized on scintigrams [19], the 
finding of radiolabeled SAP in tissue sections at autopsy [20] and the experience in 
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animal models [27, 28]. Whereas others report a monoexponential disappearance 
in normal control subjects and patients [12, 29], we observed biexponential 
disappearance in all subjects, although the relative fraction of the initial exponential 
component was lower in the control group (Table 7.2). This is consistent with the 
fact that SAP is present in conjunction with certain components of the extracellular 
matrix also in subjects without amyloidosis [13-15].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.6. Scatterplot combining 123I-SAP plasma level 4 hr p.i. (x-axis) with 123I-SAP extravascular 
retention 48 hr p.i. (y-axis) for patients with AA amyloidosis (□), AL amyloidosis (*), and controls (●). The 
outlined area below right contains the observations obtained in the controls, “the normal area”.  
 
 
Iodine-123-SAP plasma clearance 
The rapid exchange between plasma and the extracellular compartment is 
illustrated by the initial SAP clearance from plasma to this second compartment 
(presumably the interstitium) being enhanced by a factor 3-4 in amyloidosis. When 
expressed as interstitial exchange rate in milligrams per hour, this exchange 
appeared to be over 200 mg/hr in some patients (versus 18 mg/hr in the control 
subjects) at a plasma SAP level around 30 mg/L, indicating a very dynamic 
process. 
 Plasma SAP levels in the control group were in the same range as reported 
by others [12, 30]. There was no difference between the control subjects and the 
amyloidosis patients, although the level in AL patients tended to be lower. In a few 
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very severely affected AL amyloidosis patients, SAP plasma levels were markedly 
decreased compatible with terminal failure of liver protein synthesis function. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.7. Relation between amyloid load score and 123I-SAP extravascular retention at 48 hr p.i. for 
(A) AA amyloidosis patients (r 0.54, P<0.01), including regression line, and (B) AL amyloidosis patients 
(r 0.67, P<0.001), including regression line. 
 
Whereas the initial SAP clearance and SAP interstitial exchange rate clearly 
differed between patients and control subjects, we found no difference in total SAP 
clearance and SAP synthesis rate in the amyloidosis patients compared with the 
control subjects. This indicates that the high initial binding to amyloid deposits is at 
least partly reversible. Such a mechanism seems to be more conceivable than 
assuming irreversible trapping of 123I-SAP in amyloid deposits. This would lead to a 
highly increased synthesis rate as described by Hawkins et al. [12, 19] who found a 
much increased (30-fold) SAP synthesis rate in amyloidosis. Their studies were 
performed using 125I-labeled SAP, permitting prolonged observation. However, with 
a plasma half-life of approximately 24 hr, it is possible to get a reasonable 
estimation of the terminal clearance phase using 123I in a 48-hr procedure, as was 
validated by others and in our first five patients [12]. Therefore, the discrepancy 
cannot be attributed to the longer sampling interval possible when using 125I. Their 
calculations, however, were performed in only a few patients with extremely large 
amyloid deposits with probably massive first-pass extraction. In that case, curve 
fitting procedures, especially to the second exponential phase, might produce 
unreliable results. Our SAP synthesis rate in the control subjects, however, was 
slightly higher, but basically in the same range, as previously reported [12]. 
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Figure 7.8. Survival curves of patients with extravascular 123I-SAP retention 48 hr p.i. >60% (closed 
symbols, solid line) and ≤60% (open symbols, dashed line). (A) Patients with AA amyloidosis. (B) 
Patients with AL amyloidosis. 
 
Reliably expressing very fast 123I-SAP clearance in one parameter is difficult. When 
extensive amyloid is present, the plasma disappearance can be too fast for 
adequate venous mixing by first-pass extraction in, for example, the liver or spleen 
during the first 15 or even 30 minutes in extreme cases. Back extrapolation to t=0 
in this initial steep part of the curve could introduce a large error. Expressing 
plasma retention as a percentage of this t=0 value and calculation of the initial 
distribution volume will, therefore, contain the same error. This might be one of the 
reasons that different authors find different 6-hr plasma values [20, 29, 31]. Precise 
calculations of the volume of distribution at t=0 in severely affected patients should 
be used with caution for these reasons [29]. In normal control subjects and patients 
with only minor deposits, however, this error is scarcely present.  
 Despite these difficulties in extreme cases, the 2-, 4- or 6-hr plasma value 
can serve as good and simple measure of 123I-SAP disappearance, displaying a 
clear difference between control subjects and amyloidosis patients although with 
some overlap. Because amyloid deposition is a gradual and slow process, this 
overlap probably reflects the transition of no amyloid to clinically relevant amyloid. 
Others have found less overlap between normal subjects and amyloidosis patients, 
but this may depend on patient selection and especially the relative number of 
severe cases included [20, 31]. In our situation the study population consisted of 
consecutive patients with all ranges of severity. 
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Total-body retention 
Total-body 123I-SAP retention, which can be considered another measure of the 
amount of amyloid present, was significantly higher in the amyloidosis patients, and 
the difference with the control group was already present at 24 hr and especially at 
48 hr after injection. We observed no systematic difference in the retention values 
determined by urinary excretion analysis or gamma camera measurements, which 
was consistent with the absence of major extrarenal clearance [12]. However, total-
body retention values are slightly influenced by renal function: in control subjects, 
34% of the injected dose is still present as protein-bound radioactivity (SAP) in the 
plasma at 24 hr post injection. Because total-body retention at 24 hr was found to 
be 74%, 40% of the dose is still present in the body in the form of 123I-SAP, free 
123Iodide or 123Iodo-amino-acid residues in tissues. This is more than expected from 
the fractional catabolic rate (74%/24 h) and, therefore, there must be some delay in 
excreting the metabolites. Also, because iodide clearance in normal renal function 
is on the order of 30 mL/min [32] and SAP clearance generally around 3-4 mL/min 
it can be expected that in severe renal dysfunction the free iodide clearance will 
approach the SAP clearance. The assumption that elimination of SAP metabolites 
by the kidney is so fast that its influence on the retention can be neglected [12, 19, 
20] needs modification. In severely impaired renal function, this results in a too high 
total-body retention. This occurred especially in the AA amyloidosis group in which 
renal function is frequently impaired (Figure 7.5A). The analysis of plasma 
disappearance, however,  is not affected by the impaired clearance of free iodide, 
because only TCA precipitable radioactivity was analyzed.   
 Extravascular retention values were less troubled by this effect, probably 
because subtracting plasma activity partly corrects for renal function abnormalities 
(Figure 5B). Saile et al. also found extravascular retention to be a quite sensitive 
parameter for grading amyloidosis [31]. Their determination of plasma activity, 
however, was only based on three samples and an estimation of plasma volume 
instead of analyzing a complete curve. Hawkins et al. found extravascular retention 
values in the same range as in this study [12]. Zingraff et al. also concluded 
extravascular distribution to be a sensitive parameter for the presence of 
amyloidosis, although in a different population of (dialysis associated β2-
microglobulin) amyloidosis patients [29]. 
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Clinical value 
Our clinical amyloid load score, although only an estimation, correlated with the 48-
hr extravascular retention (Figure 7.7). In patients with AL amyloidosis, high 
extravascular 123I-SAP retention of 60% or more was associated with shorter 
survival, as also observed elsewhere [33]. This effect was not seen in patients with 
AA amyloidosis, possibly because in AA amyloidosis disease progression is 
generally much slower and fewer vital organs are affected compared to AL 
amyloidosis requiring a longer follow up than in this study. 
 Based on the observations in the control group, we used 50% as a cut-off 
value between normal subjects and patients (2 SD from the mean), both for the 4-
hr plasma value and for the 48-hr extravascular retention parameter. By using this 
50-50 criterion, we calculated a sensitivity for the detection of amyloidosis of 73% 
at a specificity of 100% for the 4-hr plasma value and the 48-hr extravascular 
retention parameters together (Figure 7.6). By using a cutoff value of 55% for 4-hr 
plasma value and 45% for the 48-hr extravascular retention sensitivity rises to 
84%, but specificity decreases to 71%.  
 These parameters can serve as clinical tools for evaluation of amyloidosis 
patients. A quantitative impression of the amount of amyloid present is almost 
impossible to get using other procedures during life. Even multiple biopsies from 
many organs provide only a qualitative idea of the amount of amyloidosis and serial 
monitoring is not possible. 
 
 
Proposed 123I-SAP behavior in vivo 
After injection, 123I-SAP rapidly equilibrates between the plasma and the 
extravascular space with possible interactions with basement membranes, 
proteoglycans [15], fibronectin [34], and type IV collagen [35]. However, if amyloid 
is present, SAP binds avidly and, to a large extent, reversibly to amyloid. This 
occurs especially where close contact exists between plasma and the 
extravascular matrix as in the liver, spleen and bone marrow. Therefore, the 
disappearance rate of 123I-SAP from the circulation depends on the amount as well 
as the accessibility of the amyloid deposits. Consequently, it is not likely to find 
early 123I-SAP uptake (i.e., within 48 hr) in organs with a nonaccessible amyloid 
pool (e.g., myocardium, brain), as has indeed been observed in imaging studies, 
whereas amyloid deposits in liver, spleen, and kidneys are easier to visualize [19-
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21]. Imaging of Alzheimer’s disease-associated amyloid deposits is, therefore, 
highly unlikely within days after 123I-SAP injection. 
 Because the SAP synthesis rate appears to be rather constant, the 
increased quantity of SAP present in amyloidosis must be caused by an only 
slightly elevated synthesis rate present for a long time. In the extravascular pool, 
part of the SAP might become irreversibly trapped in deeper amyloid layers that 
are not prone to backdiffusion to the circulation anymore. 
 
 
CONCLUSIONS 
 
There are striking differences in 123I-SAP metabolism between amyloidosis patients 
and normal control subjects. Like others, we found a faster initial disappearance 
from the plasma, a higher total-body retention and, especially, a higher 
extravascular retention. Retention values could reliably be determined with a 
gamma camera. While markedly increased interstitial exchange rates were present 
in amyloidosis, we observed no difference in SAP synthesis rate in these patients 
compared with the control subjects. Patients with AA and AL amyloidosis did not 
differ from each other in this respect. 
 In combination with total-body scintigraphy, these data are of clinical use in 
supporting the diagnosis, establishing the gravity of the disease, determining 
prognosis and probably monitoring treatment. The results of 2- ,4- or 6-hr plasma 
retention values, total-body and, especially, extravascular retention values are 
presumably good measures of the total-body amyloid burden. This nuclear 
medicine procedure might be the only method to provide this information during 
life, although the overlap between normal control subjects and patients with 
minimal amyloid deposition make this method less suitable for screening purposes. 
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ABSTRACT 
 
Objective. To assess the diagnostic accuracy and additional information provided 
by 123I-labeled serum amyloid P component (SAP) scintigraphy in patients with 
systemic and localized amyloidosis. 
Methods. 123I-labeled human SAP was injected intravenously into 20 controls and 
189 consecutive patients with histologically proven amyloidosis: of AA type in 60 
cases, AL type in 80, hereditary ATTR type in 27, and localized amyloidosis in 22 
cases. SAP scintigrams were obtained 24 hours after tracer injection and were 
analyzed for abnormal patterns of uptake. Sensitivity and specificity were 
determined, and scintigraphic findings were compared with clinical data. 
Results. Diagnostic sensitivity of SAP scintigraphy for systemic AA, AL, and ATTR 
amyloidosis was 90%, 90%, and 48% respectively, and specificity was 93%. The 
distribution of amyloid was less diverse in AA than in AL type. Myocardial uptake 
was not visualized in any patient. Splenic amyloid was very frequent (80%) in AA 
and AL type, but rarely detected clinically (14%). Abnormal tracer uptake in the 
liver and kidneys correlated with disturbed liver function and proteinuria, 
respectively. Bone marrow uptake was specific for AL (21%), and was more 
frequent in AL kappa than AL lambda. Localized amyloid deposits were not 
imaged. 
Conclusions. SAP scintigraphy is diagnostic of amyloid in most patients with AA 
and AL type but fewer with hereditary ATTR type, relating to differing distributions 
and burdens of amyloid in these disorders. It usually reveals more widespread 
organ involvement than is identified clinically, and certain distributions of amyloid 
are characteristic of particular fibril types. 
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INTRODUCTION 
 
Detection of amyloid in a biopsy specimen warrants further clinical evaluation to 
determine its type, clinical significance, and extent. It is particularly important to 
make a distinction between systemic and localized forms of amyloidosis, which can 
be found in the oropharynx, upper airways, ureters, bladder, skin, and eyelids [1], 
and have a vastly better prognosis than systemic forms. The three major systemic 
types are amyloid type A (AA), amyloid associated with light chains (AL), and 
amyloid associated with transthyretin (ATTR) amyloidosis [2]. AA amyloidosis is 
associated with longstanding inflammatory disorders, and nephropathy is its 
predominant clinical feature. AL amyloidosis is associated with free light chains 
producing monoclonal plasma cell dyscrasias and has remarkably diverse clinical 
manifestations. Hereditary ATTR amyloidosis is associated with mutations of the 
transthyretin (TTR) gene and presents mainly with neuropathy and cardiomyopathy 
[2]. 
 All amyloid deposits contain the nonfibrillar glycoprotein amyloid P 
component, which is derived from and identical to serum amyloid P component 
(SAP) [1, 3]. SAP binds in a calcium-dependent manner to amyloid fibrils of all 
types [3]. SAP labeled with radioactive 123iodine (123I-SAP) has been used as a 
tracer to detect amyloid and to determine the extent and distribution of amyloid 
deposits in systemic AL, AA, and ATTR amyloidosis by scintigraphy and turnover 
studies [4-9]. The majority of experience with SAP scintigraphy has, however, been 
accrued in just a single centre.  
 The aim of the present study was to independently reproduce and assess 
the diagnostic accuracy of and additional information provided by 123I-SAP 
scintigraphy in our Dutch amyloidosis practice. We report here clinical and 
scintigraphic findings, and their correlation in 189 consecutive patients with biopsy-
proven localized and systemic amyloidosis of AA, AL, and hereditary ATTR types 
who have been assessed over ten years. 
 
 
PATIENTS AND METHODS 
 
Patients 
All 219 consecutive patients with histologically proven amyloidosis who were 
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evaluated at Groningen University Hospital, a tertiary referral centre, from February 
1990 until December 2003 were prospectively screened for the study. Patients 
were classified to have systemic amyloidosis of the AA, AL, or hereditary ATTR 
type, or localized amyloidosis [10].  
 Amyloid was diagnosed in all patients by the presence of typical apple-green 
birefringence in polarized light in a tissue specimen stained with Congo red dye. 
Localized amyloidosis was defined by its typical clinical presentation of only one 
tissue affected with amyloid, despite a rigorous search of amyloid in other sites, 
such as rectum, bone marrow, and subcutaneous fat. Systemic amyloidosis was 
defined either by the detection of amyloid in a biopsy of kidney, liver, nerve, spleen 
or subcutaneous fat, or by positive biopsies derived from at least two different 
organs or tissues. AA amyloid was distinguished immunohistochemically using 
monoclonal murine anti-human AA antibodies (Reu.86.2, Euro-Diagnostica, 
Arnhem, The Netherlands). AL amyloid was defined by the detection of a clonal 
plasma cell dyscrasia in patients whose amyloid deposits were negative 
immunohistochemically for AA type. A clonal plasma cell dyscrasia was diagnosed 
when a free kappa or lambda light chain was detected in serum or urine by 
immunofixation electrophoresis or when a relative excess of cells producing one of 
the two light chains was detected in bone marrow. In patients with only 
cardiomyopathy or neuropathy, a mutation in the TTR gene was excluded before 
the diagnosis of AL amyloid was accepted. ATTR amyloid was defined by the 
detection of a TTR mutation in patients whose amyloid deposits stained specifically 
with anti-TTR antibodies (Dakopatts, Glostrub, Denmark) [10]. Twenty control 
subjects were studied, comprising patients who had diseases that can underlie 
amyloidosis, but in whom biopsies for amyloid had been negative and no features 
suggesting amyloidosis had developed during follow-up of two to eight years. The 
local Ethics Committee approved the study, and all patients and controls who gave 
informed consent were included. Thirty amyloid patients who did not participate (12 
AL, 8 AA, 2 ATTR, 3 localized, and 5 unclassified) were not included for a variety of 
reasons including inability to classify their fibril type in five, logistical problems in 
ten, individual preference in six, or through severe illness or death before 
scintigraphy could be scheduled in nine. 
 
Clinical evaluation of organ involvement 
All patients were evaluated in a standardized way, and organ involvement was 
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assessed according to established criteria [11] with some small modifications. The 
heart was considered to be involved when clinical heart failure (NYHA grade 3 or 
4), low voltage electrocardiogram, or mean left ventricular wall thickness >12 mm 
was present. Liver involvement was defined as liver span measuring >16 cm or an 
elevated serum alkaline phosphatase (>180 kU/L, i.e. 150% of upper reference 
limit) was present. Pulmonary amyloid was defined as pulmonary infiltrates on 
standard chest radiography that were not related to heart failure. Splenic amyloid 
was defined when it was >13 cm on ultrasound scanning or when Howell Jolly 
bodies were present in the blood film. Bone marrow involvement was defined as 
amyloid present in a bone marrow biopsy, although these were performed 
systematically only in patients with AL amyloidosis. Renal amyloid was defined as 
proteinuria (>0.5 g per day) or endogenous creatinine clearance (ECC) <60 
mL/min. Clinically overt adrenocortical insufficiency was sought in all patients. Joint 
involvement was defined by the ‘shoulder pad’ sign or other unexplained stiffness, 
deformity, or restriction of hand joints. Carpal tunnel syndrome (CTS) was present 
when both typical symptoms and a positive Tinel sign were present. In all cases, 
other causes that might explain the increased size or disturbed function of the 
organ were excluded. 
 
Radiolabeling and Quality Control 
From 1990 to 1999 highly purified human SAP was obtained from London 
(provided by PNH) [4]. Since 1999 SAP was independently purified and prepared 
from Dutch blood donors according to Dutch pharmaceutical standards in our 
center in Groningen. Radiolabeling with radioactive iodine (123I, t½ =13.2 hours, 
obtained from Amersham Cygne, Eindhoven, The Netherlands) and quality control 
were performed as described elsewhere [12]. TCA-precipitable fraction of the 
injected product was >95% (median 99%). 
 
Scintigraphy 
Two hundred MBq 123I-SAP containing 100 μg protein was given as an intravenous 
bolus [12]. Thyroid uptake of free iodide was prevented by oral administration of 
potassium iodide. A history of adverse reactions to intravenous radiological 
contrast media was excluded before administration. 
 Scintigraphy was performed 24 hours after injection. Total body anterior and 
posterior views as well as abdominal anterior, left anterolateral (LAO), and 



Chapter 8 

 136 

posterior spot views were acquired on large-field-of-view rectangular gamma 
cameras (Siemens DIACAM or MULTISPECT 2, Hoffman Estates, Illinois, USA), 
equipped with a medium energy all-purpose collimator. 
 
Visual assessment 
The guidelines used by two blinded investigators (PLJ and BPCH) to assess 
increased organ uptake are shown in Table 8.1. Provisional criteria were added to 
be used for myocardium and lungs: more uptake than background outside and 
“blood pool” inside the heart was indicative for myocardial uptake and more uptake 
than in liver or inside the heart was indicative for pulmonary uptake. Patients and 
controls were scored in random order in a semi-quantitative way and compared 
with normal blood-pool distribution established previously by PNH: overwhelming 
(3+); intense (2+); positive without any doubt (1+); weak or doubtful (±); normal (-); 
inadequate image, no judgment possible (X). Differences were resolved by 
consensus, in which usually the most conservative score was chosen. For final 
analysis uptake scores – and ± were considered negative and uptake scores 1+, 
2+, and 3+ were considered positive for all organs investigated. The highest organ 
score present in a patient determined the body uptake score. A Receiver Operating 
Characteristic (ROC) curve was made showing the tradeoff between sensitivity and 
specificity for the different possible cutoff points of body uptake scores of all 
patients with systemic amyloidosis, versus the pooled group of controls and 
patients with localized amyloidosis. 
 
Table 8.1. Guidelines for visual assessment of SAP scintigraphy. 
 
Sequence View Organ Abnormal uptake indicative of amyloid deposition 
1 Anterior Liver More than over the heart 
2 Posterior/LAO Spleen Obviously more than liver. If liver is positive, similar uptake is 

abnormal 
LAO view is valuable to distinguish spleen from radioactivity in the 
stomach 

3 Posterior Bone marrow Obviously visible sacral bone and pelvis, long bones, or individual 
vertebrae 

4 Posterior Kidneys Obviously more than the interrenal region 
If bone marrow is strongly positive, similar uptake is abnormal 

5 Posterior Adrenals One or both visible separate from kidneys, liver, and spleen 
6 Both sides Joints More than surrounding tissues 

NB. False positive in patients with arthritis 
7 Both sides Body At least one of the criteria above positive without any doubt (+ or 

more) 
 
LAO = left anterior oblique position. Semi-quantitative score of uptake: overwhelming (3+); intense (2+); positive 
without any doubt (1+); weak or doubtful (±); normal (-); inadequate image, no judgment possible (X). 
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Statistical analysis 
Statistical analysis was performed by using the statistical package GraphPad 
Prism, version 4.02 (GraphPad Software Inc., San Diego, CA, USA). The one-way 
ANOVA test was used in combination with Dunnett’s multiple comparison test to 
detect differences in variables of patient groups versus the control group. Fisher’s 
exact test was used to calculate differences in 2 x 2 tables where appropriate. In all 
tests, two-tailed P values < 0.05 were considered significant. 
 
Table 8.2. Characteristics of 20 controls and 189 patients with systemic and localized amyloidosis 
studied from 1990 until 2003. 
 

 
NA = not applicable; RA = rheumatoid arthritis; JIA = juvenile idiopathic arthritis; FMF = familial Mediterranean fever; 
MGUS = monoclonal gammopathy of undetermined significance; MM = multiple myeloma; Spond ank = spondylitis 
ankylopoietica; Rec pulm infect = recurrent pulmonary infections; SAPHO = acronym for synovitis, acne, pustulosis, 
hyperostosis, and osteitis; TRAPS = TNF-receptor-associated periodic syndrome; NHL = non-Hodgkin’s lymphoma. 
* P<0.05 vs. controls; § duration of amyloidosis in months between histological proof and scintigraphy; † patient with 
variant TTR detected in plasma and without any sign of monoclonal plasma cell dyscrasia, who died before DNA 
analysis was performed; ‡ amyloidoma in one patient localized in mediastinum and retroperitoneum and in the second 
patient in the cervicobrachial plexus. 
 
 
RESULTS 
 
Diagnostic performance 
All patients. A total of 189 patients were included: 60 with AA, 80 with AL (21 
kappa and 59 lambda), and 27 with hereditary ATTR types of systemic 

Type Controls AA AL ATTR Localized 
Number 20 60 80 27 22 
Duration § 
(median, range)  

NA 3 (0-467) 2 (0-167) 3 (0-140) 7 (1-111) 

Male : Female 14 : 6 19 : 41 46 : 34 13 : 14 12 : 10 
Age (mean, SD) 53.2 (16.6) 56.5 (14.7) 61.8 (10.2) * 51.8 (10.5) 50.5 (12.1) 
 
Association 

 
Associated 
disease: 
 
RA 7 
TTR mutant 6 
MGUS or MM 3 
Polyneuropathy 1 
FMF 1 
JIA 1 
Healthy 1 

 
Associated 
disease: 
 
RA 37 
JIA 6 
Spond ank 3 
Rec pulm infect 2 
FMF 2 
M. Crohn 1 
Infected burns 1 
Psoriat. arthritis 1 
Paraplegia 1 
M. Wegener 1 
Tuberculosis 1 
SAPHO 1 
TRAPS 1 
M.Waldenström 1 
Idiopathic 1 

 
Associated 
disease: 
 
MGUS 59 
MM 16 
NHL 3 
Plasmocytoma 1 
M.Waldenström 1 

 
Mutation: 
 
 
Cys114: 9 
Met30: 8 
Glu47: 5 
Ala71: 3 
Ala94: 1 
Unknown: 1† 

 
Tissue site: 
 
 
Larynx 6 
Eyelid 4 
Skin 2 
Joint 3 
Bowel 2 
Amyloidoma 2‡ 
Bronchus 2 
Oropharynx 1 
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amyloidosis, whereas 22 had localized disease. Nineteen patients without amyloid 
and one healthy person served as controls. Patient characteristics are shown in 
Table 8.2. 
 Positive uptake was seen in 54 AA, 72 AL, and 13 ATTR patients, as shown 
in Table 8.3; abnormal images were also obtained in 3 patients with localized 
disease but in none of the controls. Thus, diagnostic sensitivity for AA was 90%, 
with a 95% confidence interval (95% CI) between 80% and 96%. Sensitivity for AL 
was 90% (95% CI, 81% to 96%). Sensitivity for ATTR was much lower, 48% (95% 
CI, 29% to 68%). Pooling controls and patients with localized amyloidosis into one 
nonsystemic amyloidosis control group yielded a diagnostic specificity for systemic 
amyloidosis of 93% (39 out of 42; 95% CI, 81% to 99%). The ROC curve showed 
that the cutoff point ≥1+ was the best discriminator (Figure 8.1). No adverse 
reactions to the tracer were observed. 
Systemic AA amyloidosis. Abnormal organ uptake in AA amyloidosis was seen in 
spleen in 87%, in kidney in 67%, in adrenal glands in 20%, and in liver in 8% of the 
patients. No uptake in bone marrow, myocardium, or lung was detected in any AA 
patient. Non-specific uptake in joints was present in 13%, all known with arthritis. 
No differences in specific organ uptake were detected between patients with and 
without rheumatoid arthritis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.1. Receiver Operating Characteristic (ROC) curve showing the tradeoff between sensitivity 
and specificity for different possible cutoff points of positive body uptake score of 123I-SAP scans: ie, the 
cutoff points ≥± (doubtful), ≥1+ (positive without any doubt), ≥2+ (intense), and 3+ (overwhelming). 
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Table 8.3. Organ and body uptake of 123I-SAP; percentages of patients with AA, AL, and ATTR 
amyloidosis for each uptake score. 
 
  AA (N=60)  AL (N=80)  ATTR (N=27) 
Tissue  - 1+ 2+ 3+  - 1+ 2+ 3+  - 1+ 2+ 3+ 
Myocardium  100 0 0 0  100 0 0 0  100 0 0 0 
Liver  92 3 2 3  58 6 8 29  100 0 0 0 
Lungs  100 0 0 0  100 0 0 0  100 0 0 0 
Spleen  13 20 20 47  25 20 16 39  63 30 7 0 
Bone marrow  100 0 0 0  79 18 4 0  100 0 0 0 
Kidneys  33 52 15 0  69 18 14 0  89 11 0 0 
Adrenals  80 18 2 0  100 0 0 0  100 0 0 0 
Joints  87 13* 0 0  84 15 1 0  100 0 0 0 
                
Total body  10 20 23 47  10 28 20 43  52 41 7 0 

 
* Denotes nonspecific uptake in joints of AA patients with arthritis. 
 
Systemic AL amyloidosis. Organ uptake in AL amyloidosis was seen in spleen in 
75%, in liver in 43%, in kidney in 31%, in bone marrow in 21%, and in joints in 16% 
of the patients. No uptake in adrenal glands, myocardium, or lung was detected in 
any AL patient. No differences in organ uptake were detected among 16 patients 
with multiple myeloma (MM) and 59 patients with monoclonal gammopathy of 
undetermined significance (MGUS). Bone marrow and joint uptake was more 
frequent in patients with kappa, as compared to lambda light chain involvement 
(43% vs 14% and 33% vs 10%, respectively; P<0.05 for both). 
Hereditary systemic ATTR amyloidosis. Organ uptake in hereditary ATTR 
amyloidosis was seen only in spleen in 37% and in kidney in 11% of the patients. 
Uptake was seen less frequently (1 of 8) in patients with a TTRMet30 mutation 
than in patients (12 of 19) with a non-Met30 TTR mutation (13% vs 63%; P<0.05). 
Localized amyloidosis and controls. Three (14%) of 22 patients who had been 
deemed to have localized amyloidosis showed abnormal uptake (all 1+): in spleen 
(2 cases) and kidney (1 case); it was not deemed ethical to obtain biopsies to 
confirm or refute the positive scan findings. No accumulation of tracer in visceral 
organs was observed in any of the 20 nonamyloid controls. However, some 
nonspecific signal in joints was evident in 2 of 8 controls with arthritis, consistent 
with the expected ingress of tracer into the expanded synovial fluid space.   
 
Patterns of tracer localization 
Controls. Scans of control subjects showed a normal blood-pool distribution of the 
tracer (ie, within major blood vessels and heart and within the major viscera 
reflecting their blood content). Variable minor nonspecific signal was evident in 
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sites in which it is known that free radioiodine or tracer degradation products can 
accumulate or be excreted, including the blocked thyroid, salivary glands, 
nasopharynx, stomach, and the bladder. An example of a normal scan is shown in 
Figure 8.2, panel A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.2. Total body 123I-SAP scan, anterior (A) and posterior (P) view, 24 hours after injection. 
(A) Male control. Blood pool activity as well as minor nonspecific uptake can be seen in the (blocked) 
thyroid, nasopharynx, stomach, urine in bladder, and testicles. 
(B-F) Five patterns of organ uptake in AA amyloidosis. (B) Kidney uptake only (and prostatism with 
urine retention in bladder). (C) Intense splenic uptake only. (D) Spleen and kidney uptake. (E) Spleen, 
kidney, and adrenal gland. (F) Spleen, kidney and liver uptake (and non-specific uptake in the stomach 
adjacent to the left liver lobe, providing the illusion of liver enlargement). 
(G-I) Three examples of organ uptake in AL amyloidosis. (G) Joints only (8%). (H) Spleen and liver 
(20%). (I) Spleen, liver, and bone marrow (10%). 
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AA amyloidosis. The most common abnormality was uptake in the spleen, 
occurring in 87% of cases. Five different patterns of organ uptake were present in 
the 54 AA patients with abnormal scans: increased signal in the spleen and 
kidneys in 35%; spleen only in 23%; spleen, kidneys and adrenal glands in 20%; 
spleen, kidneys and liver in 8%; and kidneys alone in 3%, as shown in Figure 8.2, 
panels B-F. 
AL amyloidosis. The most common abnormality in AL amyloidosis was also 
increased signal in the spleen, in 75% of cases. Organ uptake otherwise was 
extremely diverse, including  38% of patients whose abnormal scan findings were 
encompassed by the patterns described above that occurred in patients with AA 
amyloidosis. Figure 8.2, panels G-I shows three frequent patterns that differed from 
AA amyloidosis. 
Hereditary ATTR amyloidosis. The spleen or kidneys were the only organs that 
showed abnormalities in hereditary ATTR amyloidosis.  
 

Correlation between clinical evidence of organ involvement and SAP scan 
findings 
All patients. Cardiac involvement was identified by echocardiography in 31% of 
patients with systemic amyloidosis and in none of those with localized amyloidosis, 
but was not evident on SAP scintigraphy in any case. Pulmonary abnormalities 
were not identified on SAP scans or radiographs in any patient. 
AA amyloidosis. The findings are summarized in Table 8.4. Liver involvement, 
defined by size and alkaline phosphatase, was present in 5 patients (5%), of whom 
3 showed abnormal increased liver uptake. Liver scans were also positive in a 
further 5% whose liver size was not increased, and whose alkaline phosphatase 
was not elevated above the threshold to be categorized as involved by amyloid 
clinically. There were clinical indications of splenic involvement by amyloid in 8%, 
all of whom had positive spleen images; a further 78% of patients showed 
abnormal uptake in the spleen without clinical evidence of involvement. More 
patients (71%) with splenic uptake than patients (25%) without had proteinuria 
(P<0.05). A bone marrow biopsy was performed in only 17% of patients. Bone 
marrow uptake was not seen on any of the patients’ scans. 
 Presence or absence of renal involvement accorded with scan findings in 
73% of cases. Two percent had normal kidney function and positive scans, but 
25% had impaired renal function and showed normal tracer uptake. Creatinine 
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clearance did not differ between patients with abnormal and normal kidney images, 
but proteinuria increased with renal uptake score (Figure 8.3A). Median proteinuria 
values were 0.4, 2.4, and 4.8 g/24h for uptake scores 0, 1+, and 2+, respectively. 
 
Table 8.4. Percentages of AA and AL patients with (C+) or without (C-) clinical organ involvement who 
had (S+) or had not (S-) increased uptake of 123I-SAP. 
 
  AA (N = 60)  AL (N = 80) 
Tissue  C+/S+ C-/S+ C+/S- C-/S-  C+/S+ C-/S+ C+/S- C-/S- 
Myocardium  0 0 18 82  0 0 55 45 
Liver  3 5 2 90  28 16 3 54 
Lungs  0 0 0 100  0 0 0 100 
Spleen  8 78 0 13  18 58 1 24 
Bone marrow  0 0 20* 80*  10 11 36 43 
Kidneys  65 2 25 8  30 1 53 16 
Adrenal glands  2 18 2 78  0 0 1 99 
Joints  NA NA NA NA  11 5 4 80 

 
NA denotes not applicable. * Denotes that only 10 of 60 AA patients underwent a bone marrow biopsy. 
 
 

Adrenal uptake was seen in 20%, compared with adrenal failure in just 3%.  
However, clinical investigation was hampered because many AA patients had been 
treated with low dose prednisolone for years. Joint uptake was not seen in any of 
12 patients without arthritis, whereas some joint uptake was seen in 8 of 48 arthritic 
patients. The 8 arthritic patients with joint uptake had higher serum C-reactive 
protein (CRP) levels (median value 47 vs. 14.5 mg/L) than the 40 arthritic patients 
without joint uptake (P<0.005), consistent with joint images representing the 
expected nonspecific extension of the blood-pool in patients with larger synovial 
effusions.  
AL amyloidosis. The findings are also summarized in Table 8.4.  Presence or 
absence of liver involvement accorded with scan findings in 82% of cases. Positive 
liver scans were obtained in 16% of the patients in whom hepatic amyloid was not 
suspected clinically, whereas the opposite occurred in 3%. Serum alkaline 
phosphatase values among patients with 3+ hepatic uptake (median 244 kU/L) 
were higher (P<0.001) than those without uptake (median 80 kU/L). Hepatic uptake 
was not associated with signs of backward failure of the heart. 
 Clinical involvement of the spleen was present in 19% of all AL patients, 
whereas abnormal splenic images were seen in 75%. Howell Jolly bodies were 
present in 26% of patients with 3+ splenic uptake and absent in all patients with 
lower uptake or no uptake (P<0.001). 
 Bone marrow uptake was seen in 21% of AL patients. Small amyloid 



Diagnostic performance of SAP scintigraphy in patients with amyloidosis 

 143 

deposits were present in periosteal tissue or blood vessels in 43%, but this was not 
associated with bone marrow uptake. However, diffuse deposition of amyloid was 
present in bone marrow biopsies in 4% of patients, and all of these had intensive 
bone marrow uptake (2+). 
 
 
 
 
 
 
 
 
 
 
Figure 8.3. Proteinuria (g/24 h) and 123I-SAP kidney uptake (negative uptake 0; positive uptake 1+ and 
2+). *, P<0.05 ; **, P<0.001. The dashed line indicates heavy proteinuria (>3.5 g/24h). Horizontal lines 
show median values. (A) AA patients. (B) AL patients.  
 
Positive or negative renal images accorded with clinical evidence of involvement in 
46% of the patients. Abnormal tracer uptake was not seen in 53% of cases; intense 
adjacent liver or spleen signal in 18 (43%) of these 42 cases obscured visualization 
of the kidneys. Creatinine clearance did not differ between patients with abnormal 
and normal kidney images, but proteinuria increased with renal uptake score 
(Figure 8.3B). Median proteinuria values were 0.7, 2.2, and 9.5 g/24h for uptake 
scores 0, 1+, and 2+ respectively. 
 Adrenal uptake was not seen and adrenal failure was present in only one 
patient. Presence or absence of clinical joint involvement accorded with scan 
findings in 91% of AL patients. Thirty-eight percent of patients with joint uptake had 
CTS compared to 15% of those without (n.s.). 
ATTR amyloidosis. Clinical evidence of splenic involvement was absent in all 
patients, whereas splenic amyloid was evident on SAP scintigraphy in 37%. Renal 
dysfunction was present in 15% of cases, which did not overlap at all with 11% of 
patients who had abnormal renal uptake on SAP scintigraphy. CTS was present in 
22%, whereas joint uptake was absent in all patients. Neither clinical involvement 
nor abnormalities on SAP scintigraphy were present in liver, adrenal glands, joints, 
and bone marrow. 
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Localized amyloidosis. No definite abnormal uptake of tracer was seen at the 
sites of the amyloid lesions. The significance of apparent minor and variable uptake 
in the spleen and kidneys in three patients is unclear. None of these latter patients 
had developed clinically overt systemic amyloidosis during follow-up of 3, 10, and 
10 years respectively.  
 
 
DISCUSSION 
 
This study confirms that 123I-SAP scintigraphy is an effective noninvasive tool for 
diagnosis of systemic AA and AL amyloidosis, which provides additional 
information on the distribution and amount of amyloid in various visceral sites. 
Characteristic patterns of organ involvement can give a strong indication of amyloid 
fibril type, although substantial overlap between types does occur. The sensitivity 
of SAP scintigraphy is greatest for larger solid viscera, including the spleen, liver 
and kidneys, more modest for bones and joints, but it is inadequate for evaluating 
the heart muscle. The chief value of SAP scintigraphy in localized amyloidosis is to 
provide further corroboration of the local nature of the disease by excluding 
systemic deposits. 
 The diagnostic sensitivity of SAP scintigraphy for AA and AL amyloidosis 
was 90% for both types but was substantially lower among patients with hereditary 
TTR amyloidosis at 48%. The frequency of positive images was especially low 
among patients with the most common TTRMet30 variant, contrasting with results 
of Rydh et al [8]. Although factors including the density and absolute amount of 
amyloid in various organs are major determinants in producing diagnostic images 
in SAP scintigraphy, the scoring method we chose to use here may also have been 
more stringent than those used in other studies. The overall diagnostic specificity of 
SAP scintigraphy for systemic amyloidosis was 93%, based on data derived from 
the pooled group of controls and the patients who had localized amyloidosis, 
although it was generally not possible to definitely confirm the presence or absence 
of amyloid in individual organs histologically. 
 The utility of SAP scintigraphy in systemic amyloidosis has not been clearly 
assessed yet. SAP scintigraphy is very useful to detect amyloidosis in patients with 
strong suspicion on amyloidosis in whom a biopsy is negative or equivocal. 
Besides the advantage of high diagnostic accuracy in AL and AA amyloidosis, the 
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method lacks potential risks (e.g., bleeding, infection, perforation) of invasive 
procedures such as biopsy of kidney, liver, or heart. On the other hand, however, 
amyloidosis is, by definition, a histological diagnosis, SAP is available in only a few 
centers, and 123iodine is not generally available and rather expensive. Not only 
should the diagnostic value of body uptake be studied, but also the prognostic 
value of specific organ uptake and the possible influence of organ uptake on the 
application of specific treatment ultimately leading to a different clinical outcome for 
the patient. 
 Patterns of involved organs in patients with AA and AL differed markedly in 
some respects. The distribution of amyloidotic organs in AA amyloidosis reflected a 
continuum in which spleen, kidney, and a combination of both are the three key 
findings. Additional involvement of the liver or the adrenal glands was observed in 
a small proportion of cases. Although renal involvement is the presenting clinical 
feature in more than 85% of patients with AA amyloidosis [13], splenic involvement 
is the most prominent early feature of experimentally induced AA amyloidosis in the 
widely used mouse model. Amyloid deposition starts in perifollicular regions of the 
spleen and spreads later to other organs such as liver and kidneys [14]. The high 
frequency of spleen positivity on scintigrams in our series supports the possibility 
that it may be possible to identify amyloid in the spleen of patients before clinically 
significant renal damage has occurred. On this note, the lack of splenic images in 
13% of the AA patients in this study, which contrasts with virtually 100% 
involvement in previous reports, is puzzling and seems most likely to be explained 
by our inclusion of some patients with minimal clinical disease. For example, 
creatinine clearance of less than 60 mL/min, used as a criterion for classifying renal 
amyloid involvement, could have many other etiologies in patients with rheumatoid 
arthritis. Serial studies in patients with unexpectedly positive and negative findings 
may provide important clues to the natural history of AA amyloidosis. 
 The patterns of abnormal tracer uptake in AL were much more 
heterogeneous, concordant with the clinical differences between AA and AL 
amyloidosis. Uptake of bone marrow and adrenal glands is particularly dissimilar: 
bone marrow uptake occurred only in AL in 21% of cases, whereas adrenal gland 
uptake was seen in this study only in AA in 20% of patients. Adrenal gland uptake, 
however, is not specific for AA amyloidosis and has been described in AL [4, 9] and 
ATTR patients [8]. Within the group of AL patients, kappa light chain class was 
more frequently associated with uptake in joints and bone marrow than lambda, in 
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contrast to the greater proportion of patients with AL amyloid of lambda type in 
general. 
 The associations between findings on SAP scans and clinical manifestations 
of disease varied considerably between different organs. For example, splenic 
uptake is extremely frequent in AA and AL amyloidosis, but only a minority of 
patients has related clinical signs. On the other hand, all eight AL patients with 
manifestations of splenic involvement as evidenced by Howell Jolly bodies had 
overwhelming (3+) uptake in the spleen on SAP scintigraphy. Liver involvement 
suggested on scans also was not evident clinically in many cases, possibly 
reflecting the very nonspecific indicators of size and elevated serum alkaline 
phosphatase that are widely used to clinically categorize the presence or absence 
of hepatic amyloid. Enlargement of the liver occurs as a reactive phenomenon in a 
proportion of patients with chronic inflammatory diseases and in patients with fluid 
retention, and serum alkaline phosphatase can be increased by more than 50% 
both as a manifestation of cardiac failure and the acute phase response. In 15 
autopsy cases with systemic amyloidosis, performed 8 hours to 5 months after 
SAP scintigraphy, histological and scintigraphic estimates of the quantity of amyloid 
in the liver (R 0.95) and spleen (R 0.90) showed a close correlation [15]. Therefore, 
SAP scintigraphy may have a useful role in detecting splenic and hepatic 
involvement when it is present without causing detectable clinical abnormalities. 
Although certain organs can continue to function in an apparently normal manner 
despite the presence of substantial amyloid deposition, such organs may 
nevertheless function inadequately or fail altogether under stress, including during 
chemotherapy, hypovolemia, surgery and infections.  More intense bone marrow 
uptake, equal or greater to 2+ in our scoring scale, accorded with diffuse deposition 
of amyloid in bone marrow biopsies. Joint uptake is less useful because, although it 
occurred in some AL patients with arthropathy, synovial effusions in arthritic joints 
represent an extension of the blood-pool background in all nuclear medicine 
procedures. Therefore, nonspecific images of such joints were not unexpected in 
controls and AA patients who had arthritis. 
 Our findings here further confirm that SAP scintigraphy is not suitable for 
evaluating myocardial amyloid, which was present clinically in many patients in this 
series. Echocardiography and the serum markers NT-proBNP and troponin are 
currently the best means of evaluating myocardial involvement in routine practice 
[16, 17]. There are many plausible factors that may contribute to the poor 
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performance of labeled SAP studies in imaging amyloidotic heart muscle, including 
movement artifact, ventricular blood-pool content, and frequent intense uptake of 
tracer into the adjacent spleen. However, the most important factor is likely to be 
the lack of a fenestrated endothelium in the myocardium, hindering access of the 
large 127 kDa tracer to the amyloidotic interstitium within the available timescale of 
the short half-life 123iodine isotope. Myocardial uptake has been demonstrated over 
48-72 hours using 131iodine, which has a half-life of 8 days, but which is generally 
unsuitable for routine clinical use [18, 19]. 
 Besides diagnosis, SAP scintigraphy can also be used to monitor the 
amyloid load of the body during treatment. Cure of the underlying disease results in 
stabilization or regression of visceral uptake on serial SAP scans in systemic 
amyloidosis of the AA type [20-22], of the AL type [23, 24], and of the ATTR type 
[8]. Liver uptake is associated with major amyloid in other organ systems and 
carries a poor prognosis in AA type [25].  
 Other tracers have been described for visualizing amyloidosis, including β2-
microglobulin in dialysis-related amyloidosis [26], aprotinin in AL amyloidosis [27], 
pyrophosphates and diphosphonates in AA and AL amyloidosis [28], and 3,3-
diphospho-1,2-propanodicarboxic-acid (DPD) in ATTR amyloidosis [29]. Whereas 
the mechanism responsible for affinity of the tracer for amyloid may be specific in 
the case of β2-microglobulin, which is the amyloid fibril precursor protein in dialysis-
related amyloidosis, mechanisms responsible for the localization of DPD and other 
diphosphonates and aprotinin are nonspecific and are probably due to charge 
interactions.   
 In summary, SAP scintigraphy permits the noninvasive diagnosis of 
amyloidosis in the majority of patients with AA and AL types and enables deposits 
to be imaged in many organs before this is apparent clinically. Although histological 
examination of tissue remains the diagnostic gold-standard, SAP scintigraphy 
offers the only means to serially monitor amyloid throughout the body in a 
quantitative manner. SAP scintigraphy may be of value in addressing the many 
evident limitations in clinical criteria that are widely used to define involvement by 
amyloid in organs including the liver, kidneys, adrenals, and spleen in patients who 
have been shown to have amyloid histologically at other sites. 
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ABSTRACT 
 
Objective. Serum amyloid P component (SAP) binds to amyloid. 123I-SAP 
scintigraphy is used to evaluate the extent and distribution of amyloid in systemic 
amyloidosis and has great clinical value in the detection of systemic amyloidosis. 
The aim of the study was to asses during scintigraphy the diagnostic performance 
and prognostic value of a simple parameter describing extravascular 123I-SAP 
retention in systemic amyloidosis. 
Methods. Two hundred megabecquerels of 123I-labeled human SAP was injected 
intravenously for scintigraphy in 20 controls and in 189 consecutive patients with 
systemic and localized amyloidosis. Extravascular retention of 123I-SAP was 
quantified from serum and urine measurements after 24 hr (EVR24) and 48 hr. 
Sensitivity and specificity were assessed, and retention was correlated with kidney, 
heart, liver, and nerve involvement and with survival. 
Results. The cut-off value representing a desired specificity of 90% of EVR24 was 
50%. The associated sensitivity of EVR24 for detecting reactive systemic (AA), 
immunocyte-derived (AL), and hereditary ATTR amyloidosis was 65%, 61%, and 
22%, respectively, using a cut-off point of 50%. In AL amyloidosis, the EVR24 
increased with the number of organs involved (from a mean of 43% for 1 organ to a 
mean of 81% for 4 organs). The EVR24 correlated with serum alkaline phosphatase 
(r 0.63) and with creatinine clearance (r -0.36). In AL amyloidosis, both cardiac 
involvement (hazard ratio, 3.9; 95% CI, 2.0-7.8) and EVR24 (hazard ratio, 2.0; 95% 
CI, 1.1-3.9) were independent predictors of survival. 
Conclusions. In AL amyloidosis, the EVR24 is strongly associated with organ 
involvement and with prognosis and might serve as an indicator of the body 
amyloid load. Quantification of SAP retention using the EVR24 has no additional 
value over 123I-SAP scintigraphy in the detection of systemic amyloidosis. 
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INTRODUCTION 
 
Systemic amyloidosis is characterized by a loss of organ and tissue function 
caused by deposition of amyloid throughout the body [1]. The three major systemic 
types of amyloidosis are reactive systemic (AA), immunocyte-derived (AL), and 
hereditary (ATTR). AA amyloidosis is associated with chronically elevated serum 
amyloid A protein levels induced by an underlying inflammatory disease process, 
and the main clinical feature is nephropathy. AL amyloidosis is associated with 
elevated immunoglobulin free light chains in serum produced by monoclonal 
plasma cells, and the clinical features are diverse. ATTR amyloidosis is associated 
with variant transthyretin levels in serum caused by mutations of the transthyretin 
gene, and the main clinical features are neuropathy and cardiomyopathy [1]. 
Amyloid deposition is often systemic but may sometimes be localized, that is, 
restricted to a single organ or tissue such as the larynx, eyelids, or urinary tract [2]. 
 All amyloid deposits contain the non-fibrillar glycoprotein amyloid P 
component, which is derived from and identical to serum amyloid P component 
(SAP). SAP binds in a calcium-dependent way to amyloid fibrils of all types [2, 3]. 
SAP labeled with radioactive iodine, 123I-SAP, has been used as a tracer to detect 
amyloid and to determine the extent and distribution of amyloid deposits in 
systemic AL, AA, and ATTR amyloidosis by scintigraphy [4-10] and retention 
studies [4-6, 11-14]. 123I-SAP scintigraphy permits the noninvasive diagnosis of 
systemic amyloidosis in most patients with AA and AL types and enables deposits 
to be imaged in many organs before the condition is apparent clinically [10]. 123I-
SAP turnover studies show different dynamics between controls and patients with 
systemic amyloidosis of the AA and AL types [4, 6, 11]. The rationale for measuring 
SAP retention in blood and body is that binding of SAP to extracellular amyloid 
deposits causes increased disappearance of SAP from the blood into extravascular 
tissues (resulting in low plasma retention) and decreased disappearance of SAP 
from the extravascular tissues out of the body (resulting in high body retention). 
Tissue retention of SAP may be related to survival in patients with systemic 
amyloidosis [12, 14]. However, measuring 123I-SAP turnover and retention is 
laborious because several blood samples are needed to calculate the extrapolated 
distribution volume at the moment of injection [4, 12]. 
 From 1990 until December 2003, 189 patients with amyloidosis were 
evaluated in our center using 123I-SAP scintigraphy, and retention of SAP was 
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measured in this population as well [10]. The aim of the current study was to 
evaluate the diagnostic performance and prognostic value of a simple parameter 
describing extravascular 123I-SAP retention. 
 
 
PATIENTS AND METHODS 
 
Patients 
All 216 consecutive new patients with amyloidosis who were evaluated at the 
University Medical Center Groningen, a tertiary referral center, from February 1990 
until December 2003 were prospectively screened for the study and subsequently 
followed until July 2006. Amyloidosis was diagnosed in all patients by the presence 
of typical apple-green birefringence in polarized light in a tissue specimen stained 
with Congo red dye. The definition and characterization of localized and systemic 
amyloidosis, the classification of systemic amyloidosis into AA, AL, and ATTR 
types, and the clinical evaluation of heart, liver, and kidney involvement have been 
described in detail elsewhere [10]. Peripheral nerve involvement was defined to be 
present clinically if so judged by a consultant neurologist. Autonomic nerve 
involvement was defined to be present when the modified Ewing test battery 
yielded abnormal results [15]. Twenty-five patients were not included: ten because 
of logistical problems, nine because of sudden death, and six because they did not 
want to participate. Twenty controls were studied. They were patients who had 
diseases that can underlie amyloidosis but in whom biopsies for amyloid had been 
negative and no features suggesting amyloidosis had developed during follow-up 
of 3 to 9 years. The local Ethics Committee approved the study, and all 189 
patients and 20 controls included gave informed consent to participate. The 
population used in this study was identical to an earlier-described population in 
which the diagnostic performance of 123I-SAP scintigraphy was studied [10].  
 
Radiolabeling and quality control  
From 1990 to 1999, highly purified human SAP was obtained from London (kindly 
provided by Professor Philip Hawkins) [4]. Since 1999, SAP has been purified and 
prepared from Dutch blood donors according to Dutch pharmaceutical standards in 
our center in Groningen. An essential part of these standards was the extensive 
screening of the donor blood for infectious diseases, including HIV. In all donors, 
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this screening was repeated 6 months after blood donation. Radiolabeling with 
radioactive iodine (123I, half-life of 13.2 hr, obtained from GE Healthcare [formerly 
Amersham Cygne], Eindhoven, The Netherlands) and quality control were 
performed as described elsewhere [12]. 
 
Dose administration, blood sampling, and visual assessment of scintigraphy 
Tracer administration and blood sampling were performed as reported earlier, with 
few modifications [12]. In short, 200 MBq of 123I-SAP containing 100 μg of protein 
were given as an intravenous bolus. The dose used was chosen for imaging. 
Venous plasma samples were drawn just before injection and 10 min, 4 hr, 24 hr, 
and 48 hr after infection. Urine was collected for the first and second 24 hr after 
administration. Thyroid uptake of free iodide was prevented by oral administration 
of potassium iodide. Subjects with a history of adverse reactions to iodide or to 
intravenous radiologic contrast media were excluded before administration. 
 Scintigraphy was performed 24 hr after injection and assessed visually as 
described elsewhere [10]. In short, total-body anterior and posterior views, as well 
as abdominal anterior and posterior spot views, were acquired. Two investigators 
(PLJ and BPCH) who were blinded to the clinical data assessed normal or 
increased organ uptake (graded from 1+ to 3+) in patients with amyloidosis and 
controls. The highest organ score present in the patient determined the body 
uptake score. 
 
SAP retention studies 
One milliliter of each plasma sample and 2 mL of the urine portions were counted. 
Trichloroacetic acid-precipitable (protein-bound) radioactivity in plasma was used 
to measure the percentage of the injected dose still present in the vascular 
compartment, by using a calculated estimate of the plasma volume [16]. The blood 
volume (in mL) was calculated by applying an algorithm using sex, body weight (in 
kg), and height (in m) [17]: male blood volume = (366.9 x height3) + (32.19 x 
weight) + 604, and female blood volume = (356.1 x height3) + (33.08 x weight) + 
183.3. Whole-body hematocrit was calculated from the venous hematocrit by 
multiplying by 0.91 [18]. Plasma volume was calculated by subtracting the 
calculated red cell mass from the blood volume: plasma volume = blood volume – 
0.91 x venous hematocrit x blood volume. The calculated plasma volume 
measurements were compared (Bland-Altman analysis) with the extrapolated 
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distribution volumes at the moment of injection, as had been assessed previously 
[12] in 75 patients: After correction for the influence of four extreme outliers, the 
mean bias between distribution volume at injection and plasma volume was 11.7% 
(SD, 25.9%). Compared with other possible approximations, this calculation of the 
plasma volume appeared to be the closest to the extrapolated distribution volume. 
The plasma volume – multiplied by 1.12 to correct for the bias – was used to 
estimate the distribution volume of SAP, resulting in the following equation: 
distribution volume of SAP = 1.12 x plasma volume = 1.12 (blood volume – 0.91 x 
venous hematocrit x blood volume). For practical use and simplicity, the ratio of the 
injected dose to the distribution volume of SAP was the concentration of 
radioactivity at the moment of injection and was set to 100%. Plasma samples (at 
10 min and 4, 24, and 48 hr) were thus expressed as percentage of injected dose. 
123I-SAP disappearance from the circulation was also measured independently of 
the distribution volume by calculating the ratio of plasma retention after 4 hr to that 
after 10 min. This ratio was called the plasma SAP disappearance index (PSDI). 

Because there is no significant extrarenal excretion, the total-body 
retention was calculated by subtracting the cumulative urine radioactivity, 
expressed as a percentage of injected dose, from the given dose. Total-body 
retention values after 24 and 48 hr were thus calculated. Whole-body counting 
during scintigraphy may be an alternative way to measure total-body retention [12]. 
Extravascular retention values after 24 and 48 hr (EVR24 and EVR48) were 
determined by subtracting the total-plasma radioactivity (expressed as a 
percentage of the injected dose) from the total body retention [12]. 
 
Statistical analysis 
Statistical analysis was performed using the statistical package GraphPad Prism, 
version 4.02 (GraphPad Software Inc., San Diego, CA, USA). The Bland-Altman 
analysis was used to compare the distribution volume with the calculated plasma 
volume. The one-way ANOVA test was used in combination with the Bonferroni 
multiple-comparison test to detect differences in variables among groups. 
Receiver-operating characteristic curves were used to analyze the different 
possible diagnostic cut-off points for SAP retention studies. The Pearson test was 
used to detect correlations. Survival curves were constructed according to the 
Kaplan-Meier method, and the groups were compared using log-rank tests. In all 
tests, two-tailed P values of less than 0.05 were considered significant. 
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SPSS 12.0.1 (SPSS Inc., Chicago, USA) for Windows (Microsoft) was used for 
predictors of survival. We identified predictors of survival in univariate and 
multivariate Cox proportional-hazard models and calculated the relative hazards 
and 95% confidence intervals. Multivariate analyses were performed with a 
stepwise forward-regression model, with an entry probability for each variable set 
at 0.05. 
 
Table 9.1. Patient characteristics and organ involvement.  
 

Parameter Controls AA AL ATTR Localized 
Number of patients 20 60 80 27 22 
Male : Female 14 : 6 19 : 41 46 : 34 13 : 14 12 : 10 
Age (yr) 53.3 (17.0) 56.5 (14.7) 61.8 (10.2) 51.8 (10.5) 50.6 (12.1) 
I. Heart      
   a. Mean thickness* > 12 mm 1 (5%) 7 (12%) 36 (45%) 9 (33%) 0 (0%) 
   b. Heart failure† 1 (5%) 3 (5%) 24 (30%) 2 (7%) 0 (0%) 
   c. Low-voltage electrocardiography 0 (0%) 4 (7%) 23 (29%) 1 (4%) 0 (0%) 
   Heart involvement (a, b, or c) 2 (10%) 11 (18%) 44 (55%) 9 (33%) 0 (0%) 
II. Kidney      
   d. Proteinuria > 0.5 g/24h 8 (40%) 39 (65%) 51 (64%) 1 (4%) 0 (0%) 
   e. Creatinine clearance < 60 mL/min 10 (50%) 41 (68%) 38 (48%) 3 (11%) 1 (5%) 
   Kidney involvement (d or e) 11 (55%) 54 (90%) 66 (83%) 4 (15%) 1 (5%) 
III. Liver      
   f. Liver span > 16 cm 0 (0%) 0 (0%) 15 (19%) 0 (0%) 0 (0%) 
   g. Alkaline phosphatase > 180 kU/L 0 (0%) 3 (5%) 18 (23%) 0 (0%) 0 (0%) 
   Liver involvement (f or g) 0 (0%) 3 (5%) 24 (30%) 0 (0%) 0 (0%) 
IV. Nervous tissue      
   h. Peripheral polyneuropathy 2 (10%) 2 (3%) 26 (33%) 21 (78%) 1 (5%) 
   i. Autonomic neuropathy 1 (5%) 7 (12%) 33 (41%) 20 (74%) 1 (5%) 
   Nerve involvement (h or i) 2 (10%) 8 (13%) 40 (50%) 23 (85%) 1 (5%) 
Number of organs involved:      
   0 6 (30%) 4 (7%) 2 (3%) 2 (7%) 20 (91%) 
   I 12 (60%) 41 (68%) 20 (25%) 15 (56%) 2 (9%) 
   2 2 (10%) 10 (17%) 27 (34%) 9 (33%) 0 (0%) 
   3 0 (0%) 5 (8%) 24 (30%) 1 (4%) 0 (0%) 
   4 0 (0%) 0 (0%) 7 (9%) 0 (0%) 0 (0%) 

 
* Of cardiac septum and left ventricular wall; † According to the New York Heart Association grades 3 or 4. 
Data are mean, with SD in parentheses, or number, with percentage in parentheses. 
 
 
RESULTS 
 
Patient characteristics 
One hundred and eighty-nine patients were included in the study: 60 with AA, 80 
with AL, and 27 with ATTR amyloidosis and 22 with localized disease [10]. In 
addition, 19 patients without amyloid (8 with chronic arthritis, 3 with plasma cell 
dyscrasia, 6 with transthyretin mutations, 1 with familial Mediterranean fever, and 1 
with polyneuropathy) and 1 healthy person served as controls. Patient 
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characteristics and organ involvement for the four most prominently affected 
organs are shown in Table 9.1. Patients with AL amyloidosis were older (P<0.05) 
than controls. As expected, cardiac involvement (55%) and liver involvement (30%) 
were most prominent in AL amyloidosis. Kidney involvement was most prominent 
in both AA (90%) and AL types (83%) and was also frequently part of the clinical 
picture of the controls without amyloidosis (55%). Nerve involvement was most 
prominent in ATTR (85%), but was also frequent in AL amyloidosis (50%). Patients 
with the AL type most frequently had involvement of more than two of the four 
organ systems (39%). Visceral organ disease was judged to be a coincidental 
finding in two patients with localized amyloidosis (nerve and kidney), and in both 
cases amyloid deposition in the affected tissue and organ was excluded. 
 
Diagnostic sensitivity and specificity 
Table 9.2 shows retention values of plasma, total body, and extravascular 123I-SAP 
at the four intervals after injection. Patients with AA and AL amyloidosis had lower 
plasma retention 4 hr after injection, as well as higher total-body and extravascular 
retention 24 and 48 hr after injection compared with controls. Patients with ATTR 
and localized amyloidosis did not differ from controls. 
 
Table 9.2. Retention figures of 123I-SAP (percentage of dose) at different intervals after injection in 
patients.  
 

Parameter Controls AA AL ATTR Localized 
Plasma retention      
    10 min 105 (21) 95 (23) 90 (28) * 99 (22) 105 (18) 
    4 hr 72 (19) 56 (23) * 52 (28) ** 68 (19) 74 (17) 
    PSDI 0.69 (0.13) 0.57 (0.17) * 0.55 (0.19) ** 0.68 (0.11) 0.71 (0.11) 
    24 hr 40 (13) 32 (16) 29 (17) * 40 (14) 41 (12) 
    48 hr 20 (10) 18 (9) 16 (10) 21 (7) 22 (8) 
Body retention      
    TBR 24 hr 76 (13) 86 (11) ** 85 (11) ** 75 (10) 69 (14) 
    TBR 48 hr 56 (17) 71 (16) ** 71 (18) ** 53 (15) 47 (17) 
    EVR 24 hr 36 (15) 54 (19) ** 56 (22) ** 35 (17) 29 (10) 
    EVR 48 h 36 (18) 53 (18) ** 55 (22) ** 32 (15) 26 (12) 

 
* P < 0.05 vs. controls; ** P < 0.01 vs. controls 
PSDI, plasma SAP disappearance index; TBR, total body retention; EVR, extravascular retention. 
Retention was measured in plasma, total body, and extravascular compartment of the body. 
Data are mean, with SD in parentheses. 
 
Receiver-operating characteristic curves were used to assess diagnostic cut-off 
points for the 123I-SAP retention studies. All patients with systemic amyloidosis 
were merged into a “systemic amyloidosis” group, and controls and patients with 
localized amyloidosis were merged into a “non-systemic amyloidosis” control group 
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to calculate diagnostic specificity for systemic amyloidosis. Analysis of plasma 
retention measurements showed that PSDI discriminated best, with an area under 
the curve of 0.73. When a cut-off value of 0.51 was chosen for PSDI, reflecting a 
desired specificity of 90%, the sensitivity figures turned out to be 30% for AA, 38% 
for AL, and 11% for ATTR amyloidosis. Analysis of body retention measurements 
showed that EVR24 discriminated best, with an area under the curve of 0.83. When 
a cut-off value of 50% was chosen for EVR24, reflecting a desired specificity of 
90%, the sensitivity figures turned out to be 65% for AA, 61% for AL, and 22% for 
ATTR amyloidosis. The combination of the two parameters using their cut-off 
values (PSDI >0.51 and EVR24 <50%) produced an associated specificity of 86% 
and associated sensitivities of 70% for AA, 63% for AL, and 26% for ATTR 
amyloidosis. 
 All 167 patients with systemic AA, AL, or ATTR amyloidosis were 
subdivided on the basis of the intensity of scintigraphic uptake from 0 to 3+. Figure 
9.1 illustrates the sensitivity figures of 18%, 44%, 53%, and 92% for these patients 
with scores of 0, 1+, 2+, and 3+, respectively (i.e., the percentage of patients in 
each group with values outside the combined reference area). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.1. 123I-SAP plasma retention 4 h/10 min (PSDI) and extravascular body retention after 24 hours 
(EVR24) of all 167 patients with systemic amyloidosis (AA, AL, and ATTR types). Patients are subdivided 
according to intensity of scintigraphic uptake, represented by  (negative, N = 28), ∆ (score 1+, N = 45), 

 (score 2+, N = 32), and  (score 3+, N = 62). Dotted lines are reference limits of controls (>0.51 for 
PSDI and <50% for EVR24), resulting in a reference area in upper left quadrant. 
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EVR24 and organ involvement 
The EVR24 was higher in AL (P<0.001) and ATTR (P<0.05) patients with heart 
involvement (means of 64% and 45%, respectively) than in such patients without 
heart involvement (means of 47% and 30%, respectively). The EVR24 did not differ 
between patients with and without nerve involvement in any of the amyloid groups. 
 In AL amyloidosis, the EVR24 correlated modestly well with serum alkaline 
phosphatase (r 0.63, P<0.0001, Figure 9.2A) after log-transformation and 
correlated weakly with the endogenous creatinine clearance (r -0.36, P<0.005, 
Figure 9.2B). In AA amyloidosis, the correlation of EVR24 with these liver and 
kidney function tests was poor (r 0.11 and r -0.21, respectively) and statistically not 
significant. In all groups with amyloidosis, no correlation was found between EVR24 
and proteinuria.  

The mean EVR24 increased significantly (P<0.001) with the number of 
organs involved in AL amyloidosis (from 43% for one organ to 83% for four 
organs), whereas this increase was not found in AA amyloidosis. The number of 
ATTR patients was too small to show differences, but a linear trend was present 
(P<0.05). 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.2. Relationship between extravascular body retention of 123I-SAP after 24 hours (EVR24), 
serum alkaline phosphatase (A), and endogenous creatinine clearance (B) in patients with AL 
amyloidosis. Solid lines are linear regression lines. 
 
Survival analysis 
After the 123I-SAP retention study, the median follow-up of the 167 patients with 
systemic amyloidosis was 54 months. Lost to follow-up were 5 AL patients were 
(after a median of 3 months), 12 AA patients (after a median of 20 months), and 1 
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ATTR patient (after 11 months). Fifty-five AL patients, 38 AA patients, and 12 
ATTR patients had died. Median survival differed among the groups (P<0.005): 12 
months in AL patients, 37 months in AA patients and 134 months in ATTR patients. 
Univariate survival analysis was performed on all groups of patients during the first 
five years after the study. Significant results were seen only in patients with AL 
amyloidosis, as shown in Table 9.3. A significantly elevated hazard ratio was found 
for elevated EVR24, underlying multiple myeloma, heart involvement, and number 
of organs. Multivariate survival analysis in AL amyloidosis showed that elevated 
EVR24 still remained a predictor of survival (hazard ratio, 2.0) after clinical heart 
involvement (hazard ratio, 3.9) or heart failure (hazard ratio, 5.0) had first been 
entered, as shown in Table 9.3, whereas the number of organs and underlying 
multiple myeloma lost their significance as predictors of survival. 
 
Table 9.3. Predictors of survival of patients with AL amyloidosis during first five years after inclusion. 
 

  Predictor Hazard ratio (95% CI) P 
Univariate analysis   
 EVR24 > 50% 2.3 (1.2-4.5) 0.01 
 The male sex 1.2 (0.7-2.1) 0.6 
 Age > 60 yr 0.9 (0.5-1.5) 0.6 
 Multiple myeloma 2.2 (1.2-4.0) 0.01 
 I. Heart   
  a. Mean thickness* > 12 mm 3.3 (1.8-5.9) < 0.001 
  b. Heart failure† 5.1 (2.8-9.3) < 0.001 
  c. Low voltage electrocardiography 2.5 (1.4-4.5) 0.002 
  Heart clinical (a, b, or c) 4.2 (2.1-8.3) < 0.001 
 II. Kidney   
  d. Proteinuria > 0.5 g/24h 1.2 (0.7-2.3) 0.5 
  e. Creatinine clearance < 60 mL/min 0.8 (0.4-1.3) 0.3 
  Kidney clinical (d or e) 1.6 (0.7-3.5) 0.3 
 III. Liver   
  f. Liver span > 16 cm 0.8 (0.4-1.8) 0.6 
  g. Alkaline phosphatase > 180 kU/L 1.4 (0.7-2.7) 0.3 
  Liver clinical (f or g) 1.2 (0.7-2.2) 0.6 
 IV. Nerves   
  h. Peripheral polyneuropathy 0.9 (0.5-1.7) 0.8 
  i. Autonomic neuropathy 1.2 (0.7-2.2) 0.5 
  Neuropathy clinical (h or i) 1.3 (0.7-2.3) 0.3 
 Number of organs involved (I-IV) > 2 2.4 (1.4-4.3) 0.002 
Multivariate analysis (1)   
 Heart clinical 3.9 (2.0-7.8) < 0.001 
 EVR24 > 50% 2.0 (1.1-3.9) 0.04 
Multivariate analysis (2)   
 Heart failure† 4.9 (2.6-9.1) < 0.001 
 EVR24 > 50% 2.1 (1.1-4.0) 0.03 

 
EVR24, extravascular retention after 24 hours; * Of cardiac septum and left ventricular wall; † According to New York 
Heart Association grades 3 or 4. Data in parentheses are 95% confidence intervals. 
 
The predictive role of both cardiac involvement and EVR24 is shown in Figure 9.3. 
Figure 9.3A demonstrates the survival curves of AL amyloidosis patients with 
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cardiac involvement (median survival, 6 months) and without cardiac involvement 
(median survival not reached after 60 months). Figure 9.3B demonstrates the 
survival curves of AL amyloidosis patients with elevated EVR24 (median survival, 6 
months) and normal EVR24 (median survival, 59 months). Figure 9.3C 
demonstrates the survival curves for the group with or without cardiac involvement 
further subdivided into patients with normal or elevated EVR24: The effect of EVR24 
on survival was particularly evident in the group with cardiac involvement (median 
survival was 4 months for members of this group with elevated EVR24 and 25 
months for members of this group with normal EVR24; P<0.05), whereas this effect 
of EVR24 was not found in the group with normal cardiac function (median survival 
of both groups had not been reached for either group by 5 years). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.3. Five-year survival of 80 patients with AL amyloidosis. A. Patients with (dotted line) and 
without (solid line) clinical involvement of the heart. B. Patients with high (>50%) ( ) and with low 
(<50%) ( ) extravascular retention of 123I-SAP after 24 hours (EVR24). C. Patients stratified according to 
high (>50%) ( ) and low (<50%) ( ) EVR24 and presence (dotted line) or absence (solid line) of clinical 
involvement of the heart. * P<0.01; ** P<0.005; *** P<0.0001. 
 



Diagnostic performance of SAP retention in patients with amyloidosis 

 163 

DISCUSSION 
 
The diagnostic performance of EVR24 was suboptimal for detecting AA and AL 
amyloidosis and was inferior for detecting ATTR amyloidosis because of low 
sensitivity values: 65%, 61%, and 22%, respectively. However, in AL amyloidosis, 
EVR24 was strongly associated with organ disease - such as of the heart, kidney, or 
liver - and with the number of organs affected by the disease. EVR24 is a distinct 
predictor of survival in AL amyloidosis patients and appears to be independent of 
cardiac involvement, the most important predictor of survival [19]. In this respect, 
EVR24 behaves as an indicator of the amyloid load of the body. One should keep in 
mind that these conclusions are biased by application of criteria to the same 
population that was used to establish the criteria. Therefore, the results need to be 
confirmed in another independent series of patients. 
 The two 123I-SAP retention parameters with the highest sensitivity are PSDI 
for blood retention and EVR24 for body retention. However, the sensitivity of both 
retention parameters (associated with a desired specificity of 90%) was much lower 
than the sensitivity of 123I-SAP scintigraphy: 90%, 90%, and 48% for AA, AL, and 
ATTR amyloidosis, respectively [10]. Because the sensitivity of EVR24 in patients 
with systemic amyloidosis and negative 123I-SAP scintigraphy findings was low, 
only 18%, measuring EVR24 had no additional value in the negative scintigraphy 
group. 
 EVR24 was associated with heart, kidney, and liver disease and with the 
number of organs involved in patients with AL amyloidosis, whereas these 
associations were not found for AA and ATTR amyloidosis. The main reason for 
this difference probably is that AL amyloidosis is the most serious of the three 
diseases, as reflected by a higher number of organs involved; by rapidly ongoing 
deposition of amyloid, resulting in progressive loss of organ function; and by the 
worst survival. In this progressive disease with extensive deposition of amyloid, a 
relationship with SAP retention may be detected earlier and more easily than in 
diseases with a slower course and moderate deposition of amyloid. EVR24 appears 
to be also a predictor of survival in AL amyloidosis. It may be important to 
recognize this risk factor because of its independence from other risk factors such 
as cardiac involvement and the number of involved organs. Especially in the group 
of patients with cardiac involvement, a normal EVR24 (Figure 9.3C) may identify 
patients with an intermediate prognosis who possibly may have lower risks and 
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more time left to respond to and benefit from chemotherapy. Recently, the serum 
levels of N-terminal pro-B-type natriuretic peptide and troponin have been identified 
as additional important cardiac predictors of survival in patients with AL 
amyloidosis [19, 20]. The relationship between these new serum markers of 
cardiac involvement and EVR24 should be the subject of a more extensive future 
study in which other identified predictors of survival in AL amyloidosis, such as β2-
microglobulin [19] and response to chemotherapy [21], also need to be evaluated. 
 In this study, a simple parameter was introduced for EVR24 to facilitate the 
routine measurement of body retention of SAP in patients with amyloidosis. In 
addition to the 123I-SAP scintigraphy planned about 24 hr after injection, one needs 
only patient data such as sex, length, and weight; a single blood sample for the 
haematocrit and for counting radioactivity; and the volume of the urine collected for 
24 hr after injection. The EVR24 obtained in this way is indeed a useful 
measurement of body retention of SAP for routine clinical practice. Major 
drawbacks of the method, however, are high costs and the limited availability of 
purified SAP and 123iodine. Recombinant biotechnology for the production of SAP 
and the use of cheaper and more widely available isotopes such as technetium 
might be a possible way to solve this problem. However, labeling of SAP with 
technetium, a metal nuclide, is demanding, and its degradation products 
accumulate in the kidneys and liver, increasing the non-specific background at 
these sites. Therefore, currently technetium is not a realistic alternative to iodine. A 
second possible way to proceed is to unravel the binding mechanisms of SAP and 
Congo red to amyloid, eventually resulting in the development of new ligands to 
amyloid that can be used as tracers instead of SAP [22, 23]. A third possible way is 
the generation of antibodies directed against conformational epitopes shared by all 
types of amyloid (such as antibody 11-1F4 in the mouse) that can be used as 
tracers [24]. 
 
 
CONCLUSION 
 
In summary, EVR24 has distinct clinical value as an independent predictor of 
survival in patients with AL amyloidosis. Because of its association with liver and 
kidney involvement and with the number of organs involved, EVR24 seems to be an 
indicator of the amyloid load of the body in AL amyloidosis. For the detection of 
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systemic amyloidosis, however, the body retention of SAP measured by EVR24 has 
no additional value over 123I-SAP scintigraphy [10].  
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INTRODUCTION 
 
Amyloidosis is the name of a group of diseases, all characterized by deposition of 
protein fibrils with a beta-pleated sheet structure. This structure is held responsible 
for the affinity of amyloid for Congo red dye and the resistance to proteolysis. 
Amyloid deposition may be localized (restricted to one tissue or organ) or systemic 
(deposition throughout the body). Three types of systemic amyloidosis are 
important to be recognized by the clinician: AA, AL, and ATTR amyloidosis. AA 
amyloidosis is caused by deposition of serum amyloid A protein (SAA), an acute-
phase protein which concentration is chronically increased in blood of patients with 
severe longstanding inflammation. AL amyloidosis is caused by deposition of a 
lambda or kappa immunoglobulin free light chain that is produced by a monoclonal 
plasma cell dyscrasia. ATTR amyloidosis is caused by deposition of mutated 
transthyretin (TTR) that is the result of an inherited point mutation or by deposition 
of wild type transthyretin in very old age. Signs and symptoms vary considerably 
among the three types and the choice of treatment differs completely [1, 2].  

Amyloid is a histological diagnosis and its presence can be detected in a 
Congo red-stained tissue specimen. The Congo red-stained amyloid deposits show 
apple-green birefringence when viewed in polarized light. Aspiration of 
subcutaneous abdominal fat tissue is a very simple and useful technique to obtain 
tissue that can be used for the detection of amyloid [1]. 

SAA, kappa or lambda light chains, and TTR are so-called precursor 
proteins. Such a precursor protein is characteristic for a particular type of amyloid 
and immunohistochemistry (using antibodies directed against the different 
precursor proteins) is used routinely to detect the type of amyloid involved. Beside 
the characteristic precursor protein, all amyloid deposits invariably contain other 
constituents, such as glycosaminoglycans (GAGs) and serum amyloid P 
component (SAP). SAP is a pentraxin that binds in a calcium-dependent way to all 
amyloid deposits [2]. After labeling with 123iodine, 123I- SAP scintigraphy has been 
used for detection and evaluation of systemic amyloidosis [3]. 

This thesis has been focused on two diagnostic techniques in the field of 
amyloidosis: Part I. A fully monoclonal antibody-based ELISA for the quantification 
of amyloid A protein in fat tissue. Chapters 2-5 describe diagnostic studies using 
the amyloid A protein ELISA for fat tissue analysis of patients with systemic 
amyloidosis. Part II. Radiolabeled serum amyloid P component (123I-SAP) for 
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assessing organ involvement and “amyloid load”. Chapters 6-9 describe diagnostic 
scintigraphic and retention studies using 123I-SAP. 

The remainder of the current chapter contains two sections: the first 
section (summary) introduces the different chapters and describes their most 
important results and conclusions, the second section (future perspectives) 
discusses some of the clinical implications and future developments. 
 
 
SUMMARY 
 
After a short introduction, this thesis starts in chapter 2 with the description of the 
development of a new, reproducible, and fully monoclonal ELISA for the 
quantification of serum amyloid A protein (SAA). The lowest detection limit of the 
assay was 8 μg/L allowing its use in biological fluids and in in-vitro studies. The 
95% upper limit of the basal reference interval for serum of healthy controls was 
4.3 mg/L. SAA and CRP concentrations differed among diseases and SAA 
concentrations were relatively higher than CRP especially in patients treated with 
glucocorticoids.  

In chapter 3 the new ELISA was used for the quantification of amyloid A 
protein in guanidine extracts of aspirated subcutaneous abdominal fat tissue. The 
concentrations in 24 patients with arthritis and AA amyloidosis were higher than in 
controls without arthritis, controls with uncomplicated rheumatoid arthritis, and 
controls with other types of systemic amyloidosis. The upper reference limit of 
controls without AA amyloidosis appeared to be 11.6 ng/mg fat tissue. Patients with 
extensive deposits, as reflected by semi-quantitatively assessed fat smears stained 
with Congo red, had higher amyloid A protein concentrations than patients with 
minute deposits. 
 In chapter 4, fat tissue specimens of 112 Egyptian patients with 
longstanding rheumatoid arthritis were screened for the presence of amyloid by 
Congo red-stained smears. Eight patients appeared to have amyloid deposits in 
their fat tissue, resulting in a prevalence of amyloid in Egyptian patients with 
longstanding RA of about 7%. Quantification of the concentration of amyloid A 
protein in fat by ELISA (using the upper reference level that had been established 
in Dutch controls) identified six of the eight patients with AA amyloidosis, whereas 
none of the remaining 104 patients had increased concentrations. Contrary to the 
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expectations, proteinuria was not a discriminating feature in the eight patients, 
whereas long disease duration, constipation, bronchopulmonary symptoms, and a 
moderate to low number of red blood cells might help to identify the arthritis 
patients with amyloid in this population. 

In chapter 5, the diagnostic performance of the ELISA for quantification of 
amyloid A protein in fat tissue was studied in 154 of 183 patients with clinical AA 
amyloidosis and in 354 controls. Amyloid A protein quantification in fat tissue 
proved to be a sensitive (84%) and specific (99%) detection method. Advantages 
are its independence from staining quality and observer experience, the direct 
confirmation of amyloid AA type, and its potential for quantitative monitoring of 
tissue amyloid over time. Amyloid A protein quantification and semi-quantitative 
Congo red grading were concordant. Men had lower amyloid A protein values than 
women and patients with Familial Mediterranean Fever (FMF) had lower values 
than patients with arthritis or other inflammatory diseases. These remarkable 
differences between both sexes and between inflammatory diseases cannot be 
explained easily. The capacity of fat cells to produce SAA as well as the 
mechanisms that produce and deposit amyloid A fibrils in fat tissue may be 
influenced directly by sex hormones and cytokines. This seems to be an interesting 
area for future fundamental research. 
 In chapter 6, serum amyloid P component (SAP) was isolated on a column 
of pyruvate-rich agarose from the blood of healthy donors. The method turned out 
to be effective and the purity of isolated SAP was high (>99%), so the isolated SAP 
was suitable for use in scintigraphy studies of patients with systemic amyloidosis. 
 In chapter 7, kinetic turnover studies of 123I-SAP were performed in 49 
patients with systemic amyloidosis of the AA and AL types. Systemic amyloidosis 
was characterized by accelerated initial clearance of 123SAP from plasma and 
increased interstitial exchange rate and extravascular retention. These findings 
reflect reversible binding of radiolabeled SAP to amyloid deposits and provide 
clinically useful information for diagnosis, monitoring of the effect of therapy and for 
the assessment of the prognosis in patients with systemic amyloidosis. 

In chapter 8, the diagnostic accuracy and additional information of 123I-
SAP scintigraphy was studied in 167 patients with systemic amyloidosis. 
Diagnostic sensitivity of SAP scintigraphy for systemic AA, AL, and ATTR 
amyloidosis was 90%, 90%, and 48% respectively, and specificity was 93%. The 
distribution of amyloid was less diverse in AA than in AL type. Myocardial uptake 
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was not visualized in any patient. Splenic amyloid was very frequent (80%) in AA 
and AL type, but rarely detected clinically (14%). Abnormal tracer uptake in the 
liver and kidneys correlated with disturbed liver function and proteinuria, 
respectively. Bone marrow uptake was specific for AL (21%), and was more 
frequent in AL kappa than AL lambda. Localized amyloid deposits were not 
imaged. It is concluded that SAP scintigraphy is diagnostic of amyloid in most 
patients with AA and AL type but to a lesser extent in patients with hereditary ATTR 
type, relating to differences in distribution and amyloid load among these disorders. 
It usually reveals more widespread organ involvement than is identified clinically, 
and certain patterns of distribution of SAP uptake are characteristic of particular 
fibril types. 

In chapter 9, the diagnostic performance and prognostic value were 
studied of EVR24, a simple parameter describing extravascular 123I-SAP retention  
after 24 hours. In this study the same patients with systemic amyloidosis were used 
as in chapter 8. The EVR24 appeared to have no additional value to 123I-SAP 
scintigraphy in the detection of systemic amyloidosis. In AL amyloidosis the EVR24 
was strongly associated with organ involvement (the number of organs and the 
severity of involvement of liver and kidney) and with prognosis and appears to be a 
suitable indicator of the amyloid load in the body.  
 
 
FUTURE PERSPECTIVES 
 
The ultimate goal of these studies was to improve the tools for diagnosis and 
characterization of systemic amyloidosis and to obtain a better understanding of 
the amyloid load in the body of patients with systemic amyloidosis. 
 Measurement of the amyloid A protein concentration in fat tissue using 
ELISA shows high accuracy for diagnosing AA amyloidosis. Therefore this amyloid 
A ELISA applied to fat tissue is a reliable diagnostic tool that can be used for 
detection and characterization of AA amyloidosis. Immunochemical quantification 
of other amyloid constituents such as SAP, TTR, light chains, laminin, entactin, 
collagen IV, apolipoprotein E, and GAGs may also be considered, although one 
should keep in mind that the extraction procedure of proteins from amyloid fibrils by 
guanidine may induce conformational changes of some of the epitopes that will 
result in decreased antigen recognition by the antibodies used. In case 
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immunochemical methods will fail to detect and quantify the proteins mentioned 
above, other specific chemical techniques, such as two-dimensional blotting in 
combination with mass spectrometry, should be considered [4]. Application of 
these techniques to fat tissue is at this moment already useful and may be even 
more promising for the detection of changes of amino acid sequence and 
composition, specific mutations and variants, and assessing relative amounts of 
mutations versus wild-type proteins. A first goal of these proteomic studies in the 
near future should be to detect and diagnose a particular type of amyloid with 
almost complete certainty and to exclude all other possible types with the same 
certainty. A second goal may be the unraveling of the role of wild-type protein, 
subtypes, variants, and mutated proteins, the role of enzymatic cleavage and other 
modifications of precursor proteins, and the role of other amyloid constituents such 
as SAP, laminin, entactin, collagen IV, and GAGs in amyloid fibril formation [5, 6]. 

Fat tissue can easily be obtained for analysis at regular intervals to monitor 
the actual course of amyloid deposition at tissue level. This monitoring of fat tissue 
may be useful in AL and ATTR amyloidosis because fat tissue in these diseases is 
not actively involved in the production of the precursor protein. Fat tissue in AA 
amyloidosis, however, may behave differently in this respect because of active 
production of SAA by adipocytes in fat tissue [7-9]. An in vitro monocyte culture 
system of amyloidogenesis has been developed in the mouse [10, 11]. A fully 
human cell culture model of amyloidogenesis, however, is not yet available [12]. 
Fat tissue cultures may provide the means to further elucidate the regulation of 
SAA synthesis, the processing of SAA into AA amyloid fibrils in a human system, 
the mechanisms of fibril deposition, amyloid toxicity in tissue, and the role of other 
amyloid components such as SAP.  
 123I-SAP scintigraphy appears to be a very useful tool for diagnosing 
systemic AA and AL amyloidosis and in particular for showing involvement of some 
specific organs, such as liver, spleen, kidneys, adrenal glands, bone marrow, and 
joints [3]. The pattern of organ involvement in patients with AA amyloidosis as 
displayed using 123I-SAP scintigraphy shows remarkable similarity to the well-
known mouse model. In that model the spleen is affected first followed by the 
kidney and other organs such as the liver [13]. 123I-SAP scintigraphy is currently the 
best method for detecting liver or spleen involvement, before other clinical signs 
such as organ enlargement or abnormal laboratory function tests have become 
apparent. This knowledge, as well as the utility of serum NT-proBNP [14], has been 
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added in our hospital to the current clinical consensus criteria concerning organ 
and tissue involvement [15]. The EVR24, a simple parameter measuring 
extravascular tissue retention, appears to be a useful marker of severity of the 
amyloid load in patients with systemic AL amyloidosis. This marker may also be 
helpful for assessing the risks of chemotherapy in AL amyloidosis patients with 
heart involvement. 

Until the introduction of 123I-SAP scintigraphy, regression of amyloidosis 
was supposed to occur occasionally as documented in biopsy studies of case 
reports, but convincing proof of regression was lacking. A real break-through of 
123I-SAP scintigraphy is that this technique undoubtedly has shown that regression 
of the amyloid load of the body is indeed possible and should become a realistic 
goal. However, the amyloid load of the body is still more a theoretical concept than 
a practically measurable variable. To understand the dynamics of amyloid 
deposition and the background of therapy, it may be useful to construct a model of 
the total amyloid load of the body. The “sink” model - as everyone knows from daily 
life – might be such a way of looking at the amyloid load (Figure 10.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.1. The “sink” model of the total amyloid load of the body in patients with systemic 
amyloidosis. Tap, precursor producing process; A, amyloid growth; B, amyloid breakdown; C, the 
amount of fluid in the sink is the amyloid load. 
 
This simple model may illustrate the dynamics of amyloid deposition in the whole 
body as well as in individual organs. Variable A, amyloid growth, may be thought to 
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be a product of the increased concentration of the precursor protein in the blood 
and the deposition rate. Variable B, amyloid breakdown, is caused by a yet 
completely unknown mechanism and may differ considerably among individual 
patients and various organs. Variable C, the amyloid load, is reflected by signs and 
symptoms of the amyloidosis. The current aim of therapy is to reduce C. This 
should be done in the first place by elimination of A (decrease to zero) or in the 
second place by decreasing A or increasing B to such an extent that A becomes 
smaller than B, not only for the body as a whole, but also for the affected individual 
organs. The additional approach of reducing C should be to treat the signs and 
symptoms in such a way that the suffering caused by the amyloid load will 
decrease. A benefit of such a model is that it helps to focus our future research to 
study the dynamics of underlying mechanisms, such as the precursor production 
rate, the deposition rate, and the amyloid breakdown rate.  

Although 123I-SAP scintigraphy and EVR24 appear to be useful tools in 
clinical practice, further improvements should be sought for because 123iodine is 
expensive and SAP needs to be isolated and purified from the blood of healthy 
donors. Until now, the use of other isotopes has not been successful in replacing 
123iodine. SAP is a relatively large protein of 127 kD and this high molecular weight 
may be held responsible for a reduced penetration of the basement membrane of 
blood vessels in cardiac tissue and for a reduced penetration of the intact blood-
brain barrier. Smaller molecules than SAP with similar binding characteristics to 
amyloid are interesting because they will probably increase the current yield of 
scintigraphy in systemic amyloidosis, especially for detection of heart involvement. 
In case such molecules and other ones will be developed, they need to be 
compared with 123I-SAP scintigraphy as the current gold standard. 

It should be said here that the prospects for many patients with systemic 
amyloidosis are still grim, although for some of the patients considerable progress 
has been made: e.g. the introduction of intensive chemotherapy with stem cell 
rescue in highly selected patients with AL amyloidosis [16], the introduction of liver 
allograft transplantation in highly selected patients with ATTR amyloidosis [17], and 
the effect of complete suppression of chronic inflammation in patients with AA 
amyloidosis [18, 19]. New developments are underway, such as the introduction of 
lenalidomide in AL amyloidosis [20], the recently started clinical trial with diflunisal 
in ATTR amyloidosis [21], and the GAG-mimetic drug eprodisate in AA amyloidosis 
[22]. Also other possible useful drugs should be mentioned here, such as IDOX 
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[23], CPHPC [24], and doxycycline [25]. Important in this respect is the 
development of an accurate set of criteria for assessing progression, stable 
disease and regression of the amyloidosis as well as the underlying disease. 
Quantification in serum of precursor proteins such as SAA for AA amyloidosis and 
immunoglobulin free light chains for AL amyloidosis are very helpful for monitoring 
and assessing the activity of the underlying disease process [18, 19, 26]. A first set 
of clinical criteria for assessing clinical signs of (AL) amyloidosis has already been 
established by an International Consensus Committee in Tours in 2004 [15]. 
However, direct measurement and monitoring of the actual deposition of amyloid 
needs to be studied too. In this respect analysis of fat tissue at regular intervals in 
combination with SAP scintigraphy will probably yield important information at the 
microscopic as well as macroscopic level of amyloid deposition. This direct 
assessment of amyloid deposition will become increasingly important with further 
development of methods for therapeutic intervention. Especially in circumstances 
where the other criteria are not helpful, such as early detection of relapse of 
amyloidosis in case of only partial response of the underlying disease, direct 
assessment of amyloid deposition may have a key position. 

I would like to finish with three comments. Firstly, I would like to thank the 
UMCG, the “Dutch Arthritis Association”, and the “Jan Kornelis de Cock Stichting” 
for the financial support that enabled us to do most of the research presented in 
this book. Secondly, I want to state that amyloidosis research really is a fascinating 
and promising area of research. Thirdly, I hope that effective treatment modalities 
that arrest and control these devastating diseases will be developed in the near 
future resulting in better prospects not only for selected groups, but for all patients 
with systemic amyloidosis. 
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INLEIDING 
 
Amyloïdose is de benaming van een groep ziekten die gekenmerkt wordt door 
afzetting van eiwitfibrillen (“vezeltjes”, die zichtbaar gemaakt kunnen worden onder 
de elektronenmicroscoop) waaraan een driedimensionale β-vouwbladstructuur ten 
grondslag ligt. Men veronderstelt dat deze β-vouwbladstructuur zich bindt aan 
congoroodkleurstof en tevens verantwoordelijk is voor de weerstand tegen 
eiwitafbraak. 
Het woord amyloïd is afkomstig van het Griekse woord amylum (zetmeel) en heeft 
als betekenis “zetmeelachtig”. Goede Nederlandse woorden voor amyloïd en 
amyloïdose ontbreken. Amyloïdose is de naam van de aandoening waarbij 
afzetting van amyloïd ziekteverschijnselen geeft. Afzetting van amyloïd kan 
gelokaliseerd zijn (beperkt tot slechts één enkel orgaan of type weefsel) of 
systemisch (waarbij afzetting door het gehele lichaam bestaat). Drie typen van 
systemische amyloïdose zijn voor de behandelend clinicus van belang om te 
herkennen: AA-, AL- en ATTR-amyloïdose. AA-amyloïdose wordt veroorzaakt door 
afzetting van het voorlopereiwit serumamyloïd A (SAA), een ontstekingseiwit, als 
amyloïdfibrillen. Die afzetting kan alleen plaats vinden als de concentratie van SAA 
chronisch verhoogd is, zoals in het bloed van patiënten die ernstige en langdurige 
ontstekingen doormaken. AL-amyloïdose wordt veroorzaakt door afzetting van een 
kappa of lambda vrije lichte keten, een onderdeel van een immunoglobuline 
(afweereiwit) dat geproduceerd wordt door een plasmacelkloon. ATTR-amyloïdose 
wordt veroorzaakt door afzetting van gemuteerd transthyretine (TTR, een 
transporteiwit) als gevolg van een overgeërfde puntmutatie, dan wel door afzetting 
van het normaal voorkomende transthyretine op zeer hoge leeftijd. De symptomen 
en verschijnselen verschillen sterk tussen de drie typen en de behandeling is 
compleet verschillend [1, 2]. 
 De diagnose amyloïd kan pas gesteld worden na weefselonderzoek, 
waarbij de aanwezigheid ervan bij microscopisch onderzoek kan worden 
aangetoond in een stukje weefsel dat gekleurd is met congoroodkleurstof. De 
onder gewone belichting rode amyloïdafzettingen veranderen in appelgroen als het 
microscopisch preparaat bekeken wordt in gepolariseerd licht (fenomeen van 
dubbelbreking). Het weefsel wordt verkregen door aspiratie (met een dikke naald 
opzuigen) van onderhuids buikvetweefsel, een uiterst eenvoudige, weinig 
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belastende en nuttige techniek om weefsel te verkrijgen voor het aantonen van 
amyloïd [1]. 
SAA, kappa en lambda vrije lichte ketens, en TTR zijn zogeheten voorlopereiwitten 
(precursors). Zo’n voorlopereiwit kenmerkt een bepaald type amyloïd. Met behulp 
van immunohistochemie (een kleuringtechniek waarbij gebruik gemaakt wordt van 
antilichamen die slechts één bepaald type voorlopereiwit kunnen herkennen in een 
stukje weefsel) als routinebepaling kan het specifieke type amyloïd worden 
aangetoond in het onderzochte weefsel. Naast dit kenmerkende voorlopereiwit 
bevatten alle typen amyloïd een aantal andere gemeenschappelijke elementen, 
zoals glycosaminoglycanen (GAG’s, polymeren van suikermoleculen) en 
serumamyloïd P component (SAP). SAP is een pentraxine (een uit vijf identieke 
eiwitten bestaande ringvormige structuur die onder de elektronenmicroscoop te 
herkennen is aan de donutachtige vorm) die zich via een calciumafhankelijk 
mechanisme bindt aan alle amyloïdafzettingen [2]. Nadat het SAP gemerkt is met 
het isotoop jodium123 (“labelen”) kan het product gebruikt worden als spoorzoeker 
(“tracer”) om via een afbeeldende techniek (scintigrafie, een zogeheten 123I-SAP 
scan) amyloïd op te sporen en verder in kaart te brengen [3]. 
 Dit proefschrift richt zich op een tweetal diagnostische technieken die 
toegepast worden op het gebied van amyloïdose: Deel I. Dit betreft een volledig op 
monoklonale antilichamen gebaseerde sandwich ELISA-techniek (een techniek 
waarbij met behulp van antilichamen een eiwit uit een te onderzoeken monster 
wordt gevangen en met een tweede antilichaam wordt herkend en gemeten) voor 
het meten van de concentratie van het amyloïd A eiwit in vetweefsel. In de 
hoofdstukken 2 t/m 5 worden diagnostische studies beschreven waarbij gebruik 
gemaakt wordt van de ELISA-bepaling om hiermee de concentratie van amyloïd A 
eiwit in vetweefsel te bepalen bij patiënten met systemische amyloïdose. Deel II. 
Met jodium123 gemerkt SAP (123I-SAP) wordt gebruikt voor het bepalen van 
betrokkenheid van organen bij de amyloïdose en voor het krijgen van een indruk 
van de hoeveelheid amyloïd in het lichaam (de “amyloïdmassa”). De hoofdstukken 
6 t/m 9 beschrijven diagnostische studies waarbij 123I-SAP gebruikt wordt zowel 
voor scintigrafie als voor meting van in het lichaam overgebleven SAP (retentie) op 
verschillende tijdstippen na inspuiting. 

De rest van dit hoofdstuk beslaat nog twee gedeelten: het eerste gedeelte 
(samenvatting) leidt de verschillende hoofdstukken in en beschrijft de meest 
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belangrijke resultaten en conclusies, het tweede gedeelte (toekomstperspectief) 
bespreekt een aantal klinische implicaties en toekomstige ontwikkelingen. 
 
 
SAMENVATTING 
 
Na een korte inleiding begint dit proefschrift in hoofdstuk 2 met de beschrijving 
van de ontwikkeling van een nieuwe, kwantitatieve, reproduceerbare en volledig 
monoklonale sandwich ELISA voor de meting van de concentratie van SAA. De 
ondergrens van de bepaling ligt op 8 μg/L, waardoor deze methode zich leent voor 
onderzoek van allerlei biologische vloeistoffen en voor in vitro studies. De 
bovengrens van de basale serumconcentratie bij gezonde controlepersonen is 4.3 
mg/L. C-reactieve proteïne (CRP) en SAA-waarden verschillen bij allerlei ziekten.  
SAA blijkt vaak relatief hoger te zijn dan CRP, vooral bij patiënten die behandeld 
worden met glucocorticoïden.  

In hoofdstuk 3 wordt de toepassing beschreven van de nieuwe ELISA 
voor de meting van de concentratie van amyloïd A eiwit in guanidine-extracten van 
geaspireerd onderhuids buikvetweefsel. De concentraties van amyloïd A eiwit in 24 
patiënten met zowel artritis als AA-amyloïdose waren hoger dan die van controles 
zonder artritis, van controles met artritis zonder amyloïdose en van controles met 
andere typen van systemische amyloïdose. De bovengrens van het 
referentiegebied van alle controles zonder AA-amyloïdose bleek 11.6 ng/mg 
vetweefsel te zijn.  Patiënten bij wie veel amyloïd in het vetweefsel werd gevonden, 
zoals weerspiegeld werd in semi-kwantitatief beoordeelde uitstrijkpreparaten van 
vetweefsel die met congorood gekleurd waren, hadden hogere amyloïd A 
eiwitconcentraties dan diegenen met slechts geringe afzetting van amyloïd.  
 In hoofdstuk 4 wordt een onderzoek beschreven bij 112 Egyptische 
patiënten met langdurige reumatoïde artritis, die op de aanwezigheid van amyloïd 
werden gescreend met behulp van congorood gekleurde uitstrijkpreparaten van 
vetweefsel. Acht patiënten bleken amyloïd te hebben in hun vetweefsel, waardoor 
de prevalentie van amyloïd bij Egyptische patiënten met langdurige reumatoïde 
artritis uitkomt op circa 7%. Kwantificering van de amyloïd A eiwitconcentratie in 
vet met behulp van ELISA (gebruik makend van de bovengrens die gevonden was 
bij Nederlandse controles) leidde tot herkenning van 6 van de 8 patiënten met AA-
amyloïdose, terwijl bij geen van de resterende 104 patiënten een verhoogde 
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concentratie in het vetweefsel werd gevonden. In tegenstelling tot de verwachting 
bleek proteïnurie geen onderscheidend kenmerk te zijn van de 8 patiënten met AA-
amyloïdose, terwijl daarentegen een lange ziekteduur, obstipatie, 
bronchopulmonale symptomen en een laag normaal of verlaagd aantal 
circulerende rode bloedcellen juist wel behulpzaam leken te zijn om patiënten met 
amyloïd op te kunnen sporen in deze artritispopulatie.  
 In hoofdstuk 5 werd de diagnostische bruikbaarheid van de ELISA voor 
de kwantificering van amyloïd A eiwit in vetweefsel onderzocht bij 154 van 183 
patiënten met verschijnselen van AA-amyloïdose, alsmede bij 354 controles zonder 
AA-amyloïdose. De kwantificering van amyloïd A eiwit in vetweefsel bleek een 
sensitieve (84%) en specifieke (99%) opsporingsmethode. Voordelen zijn de 
onafhankelijkheid van de kwaliteit van weefselkleuring en van de ervarenheid van 
de beoordelaar, de directe bevestiging dat sprake is van het AA-type en de 
mogelijkheid om op kwantitatieve wijze de hoeveelheid amyloïd in weefsel in de 
loop van de tijd te kunnen vervolgen. Amyloïd A eiwitconcentratie in vetweefsel en 
semi-kwantitatieve beoordeling van de hoeveelheid amyloïd in datzelfde 
vetweefsel kwamen overeen. Mannen hadden lagere amyloïd A eiwitconcentraties 
dan vrouwen en patiënten met familiaire Mediterrane koorts (FMF) hadden lagere 
concentraties dan patiënten met artritis of andere ontstekingsziekten. Deze 
opmerkelijke verschillen tussen de beide geslachten en tussen de 
ontstekingsziekten onderling laten zich niet gemakkelijk verklaren. Zowel de 
mogelijkheid van vetcellen om SAA te produceren als de mechanismen die 
verantwoordelijk zijn voor de aanmaak en afzetting van amyloïd A fibrillen in 
vetweefsel worden mogelijk direct beïnvloed door geslachtshormonen en 
cytokines. Dit lijkt een veelbelovend gebied te zijn voor toekomstig fundamenteel 
onderzoek.  
 In hoofdstuk 6 werd SAP in een aantal procedures geïsoleerd uit bloed 
van gezonde donoren op een kolom van pyruvaatrijke agarose. De methode bleek 
effectief te zijn en de zuiverheid van het geïsoleerde SAP was hoog (>99%), zodat 
het SAP geschikt was voor gebruik in scintigrafische studies van patiënten met 
systemische amyloïdose. 

In hoofdstuk 7 werden kinetische verdwijningstudies verricht met 123I-SAP 
bij 49 patiënten met systemische amyloïdose van het AA- of AL- type. Systemische 
amyloïdose werd gekenmerkt door een versnelde initiële klaring van 123I-SAP uit 
het plasma en een toegenomen interstitiële uitwisselingssnelheid en 
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weefselretentie. Deze bevindingen weerspiegelen reversibele binding van het 
radioactief gemerkte SAP aan afzettingen van amyloïd en verschaffen daardoor 
nuttige informatie voor de diagnostiek, voor het vervolgen van het effect van 
behandeling en voor het inschatten van de prognose van deze patiëntengroep. 
 In hoofdstuk 8 werd de diagnostische nauwkeurigheid en toegevoegde 
informatie van 123I-SAP scintigrafie bestudeerd bij 167 patiënten met systemische 
amyloïdose. De diagnostische sensitiviteit van SAP-scintigrafie voor systemische 
AA-, AL- en ATTR-amyloïdose was respectievelijk 90%, 90% en 48%, waarbij de 
specificiteit 93% was. Het verdelingspatroon van amyloïd, zoals zichtbaar gemaakt 
werd door de scan, was veel minder divers bij het AA-type dan bij het AL-type. 
Verhoogde opname in de hartspier werd bij geen enkele patiënt gezien. 
Miltopname werd frequent waargenomen zowel bij AA- als bij AL-amyloïdose, maar 
klinische verschijnselen van deze miltbetrokkenheid werden slechts zelden 
gevonden. Verhoogde opname in lever en nieren correleerde respectievelijk met 
gestoorde functietesten van de lever en met de ernst van proteïnurie. Verhoogde 
opname in het beenmerg was specifiek voor AL-amyloïdose (bij 21%) en werd 
vaker gezien bij AL-kappa dan bij AL-lambda amyloïd. Gelokaliseerde amyloïdose 
werd niet zichtbaar op de SAP-scans. Concluderend kan men stellen dat SAP-
scintigrafie diagnostische waarde heeft voor het aantonen van amyloïd bij de 
meeste patiënten met AA- en AL- amyloïdose, hoewel deze waarde beperkt is bij 
patiënten met een erfelijke ATTR-amyloïdose. Dit laatste kan waarschijnlijk 
verklaard worden door onderlinge verschillen zowel in amyloïdmassa als in 
betrokkenheid van de organen. In het algemeen openbaart de SAP-scintigrafie een 
grotere en wijder verspreide orgaanbetrokkenheid dan met andere klinische 
middelen gevonden kan worden. Sommige verdelingspatronen van SAP-opname 
op de scan zijn kenmerkend voor bepaalde typen amyloïdose. 

In hoofdstuk 9 werd de diagnostische bruikbaarheid en prognostische 
waarde bestudeerd van EVR24, een eenvoudig af te leiden parameter die de 
weefselretentie 24 uur na inspuiting van 123I-SAP beschrijft. Deze studie betrof 
dezelfde patiënten als die beschreven zijn in hoofdstuk 8. De EVR24 bleek voor het 
opsporen van systemische amyloïdose geen toegevoegde waarde te hebben 
boven 123I-SAP scintigrafie. Bij patiënten met AL-amyloïdose bleek de EVR24 sterk 
geassocieerd te zijn met orgaanbetrokkenheid (zowel met het aantal organen als 
met de ernst van de betrokkenheid van de lever en de nier) en met de prognose.  
EVR24 lijkt daarom een bruikbare indicator van de amyloïdmassa van het lichaam. 
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TOEKOMSTPERSPECTIEF 
 
Het uiteindelijke doel van deze studies was enerzijds het verbeteren van het 
gereedschap voor het diagnosticeren en typeren van systemische amyloïdose en 
anderzijds het verkrijgen van een beter begrip van de amyloïdmassa in het lichaam 
van patiënten met systemische amyloïdose. 
 Het meten van de concentratie van amyloïd A eiwit in vetweefsel met 
behulp van een ELISA blijkt zeer nauwkeurig te zijn voor het diagnosticeren van 
AA-amyloïdose. Daarom is deze op vetweefsel toegepaste amyloïd A eiwit ELISA 
betrouwbaar diagnostisch gereedschap om te gebruiken voor opsporing en 
typering van AA-amyloïdose. Immunochemische kwantificering van andere 
componenten van amyloïd zoals SAP, TTR, lichte ketens, laminine, entactine, 
collageen IV, apolipoproteïne E en glycosaminoglycanen of glycoproteïnes kan ook 
overwogen worden. Hierbij moet men wel in gedachten houden dat de 
extractiemethode om eiwitten uit amyloïdfibrillen te elueren met behulp van 
guanidine vormveranderingen van epitopen op de eiwitten kan veroorzaken, 
waardoor verminderde antigeenherkenning door de gebruikte antilichamen kan 
optreden. Indien immunochemische methoden onvoldoende behulpzaam blijken 
voor de detectie en kwantificering van bovengenoemde eiwitten kunnen andere 
specifiek chemische technieken worden overwogen, zoals tweedimensionale 
blotting in combinatie met massaspectroscopie [4]. Toepassing van deze laatste 
technieken op vetweefsel is op dit moment al nuttig gebleken en is zelfs 
veelbelovend voor de opsporing van veranderingen in de aminozuurvolgorde en 
-samenstelling, van specifieke mutaties en varianten en voor het bepalen van de 
onderlinge verhouding van gemuteerde en normale eiwitten in amyloïd. Een eerste 
doel van deze zogeheten “proteomic” studies in de nabije toekomst kan zijn het 
opsporen en met vrijwel volledige zekerheid typeren van een bepaald type 
amyloïd, waarbij dan tevens alle andere mogelijke typen amyloïd met dezelfde 
hoge waarschijnlijkheid kunnen worden uitgesloten. Een tweede doel kan zijn het 
ontrafelen van de rol van de normale eiwitten, van mogelijke subtypen, varianten 
en gemuteerde eiwitten, de rol van enzymatische klieving en andere modificaties 
van voorlopereiwitten en de rol van andere componenten van het amyloïd zoals 
SAP, laminine, entactine, collageen IV en glycosaminoglycanen bij de vorming van 
amyloïdfibrillen [5, 6]. 
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Vetweefsel kan gemakkelijk op geregelde tijdstippen worden verkregen voor 
analyse om op deze wijze het feitelijk beloop van amyloïdafzetting op 
weefselniveau te vervolgen. Dit vervolgen van amyloïd in vetweefsel kan nuttig zijn 
bij AL- en ATTR-amyloïdose omdat vetweefsel bij deze ziekten niet actief 
betrokken is bij de productie van het voorlopereiwit. Vetweefsel bij AA-amyloïdose 
kan zich echter in dit opzicht anders gedragen vanwege de actieve productie van 
SAA door adipocyten in het vetweefsel [7-9]. Een in vitro monocytair 
celkweekmodel van amyloïdogenese is ontwikkeld voor de muis [10, 11]. Een 
celkweeksysteem voor bestudering van de amyloïdogenese van volledig 
menselijke origine is nog niet beschikbaar [12]. Vetweefselkweken kunnen mogelijk 
de middelen gaan leveren om een beter inzicht te krijgen in de regulatie van de 
SAA-synthese alsmede de verdere verwerking van SAA tot AA-amyloïdfibrillen in 
de menselijke situatie, maar ook in mechanismen van fibrildepositie, toxiciteit van 
amyloïd in weefsel en de rol van andere amyloïdcomponenten zoals SAP. 
 123I-SAP-scintigrafie blijkt een zeer nuttige techniek te zijn voor het 
diagnosticeren van systemische AA- en AL-amyloïdose en in het bijzonder voor het 
aantonen van betrokkenheid van een aantal specifieke organen, zoals de lever, 
milt, nieren, bijnieren, beenmerg en gewrichten [3]. Het patroon van 
orgaanbetrokkenheid zoals dat met deze techniek zichtbaar wordt in patiënten met 
AA-amyloïdose toont opmerkelijke gelijkenis met het bekende muizenmodel van 
AA-amyloïdogenese. In dat model is de milt het eerst betrokken bij de afzetting van 
amyloïd, gevolgd door de nieren en andere organen zoals de lever [13]. 123I-SAP-
scintigrafie is op dit moment de beste methode om orgaanbetrokkenheid van lever 
en milt aan te tonen, voordat andere klinische verschijnselen zoals 
orgaanvergroting en abnormale functietesten van de lever zichtbaar zijn. Deze 
kennis, alsmede het aangetoonde nut van serum NT-proBNP (het N-terminale pro-
eiwit van B-type natriuretisch peptide) voor de betrokkenheid van het hart [14], zijn 
in ons ziekenhuis toegevoegd aan de huidige consensuscriteria voor 
betrokkenheid van organen en weefsels [15]. De EVR24, een eenvoudige 
parameter waarmee weefselretentie na 24 uur kan worden gemeten, lijkt een 
nuttige maat te zijn voor de omvang van de amyloïdmassa in patiënten met 
systemische AL-amyloïdose. Deze parameter lijkt mogelijk ook nuttig om de risico’s 
van intensieve chemotherapie in te schatten bij patiënten met AL-amyloïdose bij 
wie het hart betrokken is. 
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Voorafgaand aan de introductie van de 123I-SAP scintigrafie werd afname van de 
amyloïdose af en toe gesuggereerd in beschrijvingen van individuele patiënten op 
grond van vervolgbiopten, maar overtuigend bewijs van amyloïdafbraak ontbrak. 
Een werkelijke doorbraak van 123I-SAP-scintigrafie is dat deze techniek 
onmiskenbaar aangetoond heeft dat afname van de amyloïdmassa inderdaad 
mogelijk is en een realistisch behandelingsdoel behoort te worden. De 
amyloïdmassa van het lichaam is echter nog steeds meer een theoretisch begrip 
dan een praktisch meetbare grootheid. Om een beter begrip te krijgen van de 
dynamiek van de amyloïdafzetting en de uitgangspunten van therapie, kan het 
nuttig zijn om een model te maken dat de totale amyloïdmassa van het lichaam 
beschrijft. Het zogeheten “gootsteen” model – zoals een ieder dat wel kent uit het 
dagelijks leven – zou zo’n manier kunnen zijn om te kijken naar de amyloïdmassa 
(Figuur 11.1). 
 
 
 
 
 
 
 
 
 
 
 
 
Figuur 11.1. Het “gootsteen” model van totale amyloïdmassa van het lichaam in patiënten met 
systemische amyloïdose. De kraan representeert de productie van voorlopereiwitten, A de groei van 
amyloïd, B de afbraak van amyloïd en C (de hoeveelheid vloeistof in de bak) de amyloïdmassa. 
 
Dit uiterst simpele model van amyloïdose kan de dynamiek van afzetting van 
amyloïd illustreren voor het gehele lichaam, maar ook voor de afzonderlijke 
organen. Variabele A, amyloïdgroei, kan voorgesteld worden als een product van 
de toegenomen concentratie van het voorlopereiwit in het bloed en de snelheid van 
afzetting. Variabele B, amyloïdafbraak, wordt veroorzaakt door een tot nu toe 
volstrekt onbekend mechanisme en lijkt sterk te verschillen tussen de patiënten 
onderling, maar waarschijnlijk ook per orgaan. Variabele C, de amyloïdmassa, 
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wordt weerspiegeld in de klachten en verschijnselen van de amyloïdose. Het 
huidige behandeldoel is het reduceren van C, de amyloïdmassa. Dit zou in de 
eerste plaats moeten gebeuren door volledige eliminatie van A (terugbrengen naar 
nul) of in de tweede plaats door het zodanig verminderen van A of vergroten van B, 
dat A kleiner wordt dan B, niet slechts voor het lichaam als geheel, maar ook voor 
elk orgaan dat bij de ziekte betrokken is. Als aanvullende benadering behoort de 
behandeling zich ook te richten op de reductie van C door het behandelen van de 
klachten en verschijnselen en wel zodanig dat het lijden als gevolg van de 
amyloïdmassa hierdoor zal afnemen. Een voordeel van zo’n model is dat het helpt 
om toekomstig onderzoek te richten op het bestuderen van de dynamiek van 
achterliggende mechanismen, zoals de productiesnelheid van voorlopereiwitten en 
zowel de afzettingssnelheid als de afbraaksnelheid van amyloïd. 
 Hoewel 123I-SAP-scintigrafie en meting van de EVR24 nuttige technieken 
lijken te zijn voor de klinische praktijk, dient te worden gezocht naar verdere 
verbeteringen omdat jodium123 duur is en omdat SAP geïsoleerd en gezuiverd 
moet worden uit bloed van gezonde donoren. Tot nu toe is het gebruik van andere 
isotopen niet succesvol gebleken om jodium123 bij deze techniek te kunnen 
vervangen. Daarnaast is SAP een relatief groot eiwit van 127 kD en heeft door dit 
hoge moleculaire gewicht een verminderd vermogen om de basaalmembraan van 
bloedvaatwanden in hartweefsel en de intacte bloed-hersenbarrière te 
doordringen. Kleinere moleculen dan SAP met vergelijkbare binding aan amyloïd 
zijn interessant omdat die waarschijnlijk de huidige opbrengst van scintigrafie in 
systemische amyloïdose kunnen verbeteren, vooral voor de detectie van 
betrokkenheid van het hart. Als dergelijke moleculen inderdaad worden ontwikkeld, 
kunnen zij als tracer worden vergeleken met 123I-SAP-scintigrafie, de huidige 
goudstandaard. 
 Het moet hier worden gezegd dat de vooruitzichten voor veel patiënten met 
systemische amyloïdose nog steeds somber zijn, ondanks de aanzienlijke 
vooruitgang die bij sommige patiënten is behaald:  bijvoorbeeld de introductie van 
intensieve chemotherapie met teruggave van eigen stamcellen in een 
geselecteerde groep van patiënten met AL-amyloïdose [16], de introductie van 
levertransplantatie in een geselecteerde groep van patiënten met ATTR-
amyloïdose [17] en het effect van volledige onderdrukking van chronische 
ontsteking in patiënten met AA-amyloïdose [18, 19]. Nieuwe ontwikkelingen zijn 
onderweg, zoals de introductie van lenalidomide bij AL-amyloïdose [20], de recent 
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gestarte klinische trial met diflunisal bij ATTR-amyloïdose [21], en de GAG-achtige 
stof eprodisate bij AA-amyloïdose [22]. Ook andere mogelijk nuttige medicijnen 
dienen hier genoemd te worden, zoals IDOX [23], CPHPC [24] en doxycycline [25]. 
Van groot belang in dit verband is de ontwikkeling van een set nauwkeurige criteria 
om progressie, stabiliteit en afname van zowel de amyloïdose, als van het 
achterliggende ziekteproces vast te stellen. De kwantificering van de 
serumconcentratie van voorlopereiwitten zoals SAA bij AA-amyloïdose en de 
immunoglobuline vrije lichte ketens bij AL-amyloïdose zijn zeer behulpzaam voor 
het vervolgen en bepalen van de activiteit van het achterliggende ziekteproces [18, 
19, 26]. Een eerste set van klinische criteria om de orgaanbetrokkenheid bij (AL-) 
amyloïdose te bepalen is reeds opgesteld door een internationaal Consensus 
Comité in Tours in 2004 [15]. Daarnaast valt ook veel te zeggen voor het direct 
bestuderen en daarna vervolgen van de feitelijke afzetting van amyloïd in weefsel. 
In dit opzicht kan analyse van vetweefsel op gezette tijden, in combinatie met SAP-
scintigrafie, mogelijk belangrijke informatie opleveren over afzetting van amyloïd op 
zowel het microscopische als het macroscopische niveau. Deze directe bepaling 
van de afzetting van amyloïd zal waarschijnlijk in belang toenemen bij de verdere 
ontwikkeling van nieuwe behandelingsmethoden. Juist in die omstandigheden 
waar de andere criteria niet behulpzaam zijn, zoals vroege opsporing van 
progressie van de amyloïdose bij een onvolledige respons van de achterliggende 
ziekte, kan een directe vaststelling van veranderingen in de feitelijke afzetting van 
amyloïd een sleutelpositie gaan innemen. 
 Tot slot nog een drietal opmerkingen. Allereerst wil ik zowel het UMCG, het 
Reumafonds als de Jan Kornelis de Cock Stichting bedanken voor de cruciale rol 
die zij hebben gespeeld bij het realiseren van dit moeilijk te financieren onderzoek 
naar amyloïdose. In de tweede plaats wil ik benadrukken dat research met 
betrekking tot amyloïdose een werkelijk fascinerend en veelbelovend 
onderzoeksgebied is. Tenslotte hoop ik dat effectieve behandelingsmogelijkheden 
voor het tot stilstand brengen en beheersen van deze slopende ziekten in de nabije 
toekomst ontwikkeld zullen worden, leidend tot betere vooruitzichten. Betere 
vooruitzichten niet slechts voor een selectieve minderheid, maar juist voor alle 
patiënten met amyloïdose. En dat is waar het om gaat. 
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Het in dit proefschrift beschreven onderzoek heb ik met genoegen verricht. Vanaf 
1985 mocht ik het werk van Enno Mandema, Luuk Ruinen, Jan Scholten, Jan 
Marrink, Martin van Rijswijk en Sven Janssen voortzetten. Het was - in alle 
eerlijkheid - lange tijd niet mijn bedoeling om te promoveren, maar de 
veranderende wereld maakt dat mijn promotie een noodzakelijke voorwaarde is 
geworden om zelfstandig onderzoek te kunnen blijven verrichten. 
 
Dit onderzoek werd mogelijk door steun van vele medewerkers in en rond ons 
ziekenhuis. Zonder al hun waardevolle bijdragen was dit werkje nooit tot stand 
gekomen. Van al die mensen wil ik vier met naam en toenaam bedanken. 
 
Martin van Rijswijk, jij bent in de eerste plaats degene geweest die wat in mij zag, 
mij vertrouwde, en bovenal mij ruimte en vrijheid bood om onderzoek te doen. Ik 
realiseer mij zeer wel dat dit een luxe situatie was. Door je goede en speelse 
ideeën, strategische overwegingen, scherpe inzicht in problemen, kritisch lezen en 
corrigeren van mijn teksten en - last but not least - je persoonlijke warmte en begrip 
heb je mij al deze jaren krachtig steun gegeven waar ik je dankbaar voor ben. Ik 
hoop dat mijn promotie een mooie afronding is van onze gezamenlijke 
werkzaamheden, maar ik hoop ook dat je op afstand bij het amyloïd onderzoek 
betrokken wilt blijven. 
 
Piet Jager, jij hebt mij tijdens een dip een duw in de goede richting gegeven 
waardoor ikzelf en daarmee het onderzoek weer los kwam. Het samen bespreken 
van de scans, het doen van onderzoek en het opschrijven van de verhalen was 
ronduit plezierig. Je open en kritische instelling heb ik zeer gewaardeerd en het 
doet mij goed dat je in Canada nieuwe kansen kunt aanboren. 
 
Piet Limburg, jij was aanwezig vanaf de eerste besprekingen met Martin, Sven en 
Johan in 1985. Wat ik in het bijzonder van jou heb geleerd is, dat een mislukte 
proef geen ramp is maar een uitdaging om van te leren, het opnieuw te doen, maar 
dan beter en uiteindelijk bij een fraai resultaat toch niet tevreden achterover te 
gaan leunen, maar ook dan kritisch tegenover dat resultaat te blijven staan. De 
amyloïdwerkbesprekingen waren daarom een continue bijspijkercursus waarin ik 
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een manier van denken aanleerde die mij als clinicus practicus tot dan toe vreemd 
was. Ik hoop dat je betrokken wilt blijven bij het amyloïdonderzoek, zodat mijn 
opvolgers net zoveel baat van je zullen hebben als ik. 
 
Johan Bijzet, naast de bovengenoemde drie trekkrachten ben jij al die jaren de 
onmisbare stuwkracht geweest achter het amyloïdonderzoek. Het is ondenkbaar 
dat dit boekje er zonder jou ooit was gekomen. Hoofdstuk na hoofdstuk ademt 
jouw werk. Het samen beoordelen van blots, bekijken van preparaten, bespreken 
van resultaten, het isoleren en zuiveren van SAP, het aanleren en gebruiken van 
allerlei computerprogramma’s, het maken van posters en het samen werken aan 
de vetaspiratievideo zijn zo maar wat zaken die me te binnen schieten. Steeds was 
het samenwerken een plezierig en harmonieus gebeuren, waar ik met genoegen 
op terug kijk. Het samen bijwonen van amyloïdsymposia is een uitstekend concept 
gebleken waardoor we in samenspraak beiden nieuwe ideeën konden opdoen voor 
het onderzoek. Ik hoop dat het ook in de toekomst mogelijk zal zijn dat je op deze 
wijze bij het onderzoek betrokken blijft. 
 
Zoals boven al gemeld is, weerspiegelt het onderzoek hulp die geboden werd door 
veel collega’s en medewerkers van afdelingen zoals de Reumatologie en Klinische 
Immunologie, Nucleaire Geneeskunde, Apotheek, Bloedbank, Pathologie en het 
Laboratoriumcentrum. I want to thank here for all help I received from colleagues 
abroad, in particular from Philip Hawkins and Tarek Magdy El Mansoury. 
 
Tot slot wil ik hier met nadruk de patiënten met amyloïdose noemen en bedanken 
voor hun inzet. Voor hen is dit werk bedoeld: om eerder en gemakkelijker achter de 
diagnose te komen, om risico’s beter in te kunnen schatten, om te zoeken naar een 
veilige en effectieve behandeling, zodat uiteindelijk deze ernstige ziektes genezen 
en - indien mogelijk - zelfs voorkomen kunnen worden. 
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