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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, 



Isolation and purification of serum amyloid P component from donor blood 

 97 

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-



Isolation and purification of serum amyloid P component from donor blood 

 105 

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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