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AbstrAc t 
Serum amyloid P (SAP) exerts important functions in 
innate immunity, including clearance of apoptotic cells 
and exposed DNA. In addition, SAP is found in all 
types of amyloid deposits, including cerebral amyloid in 
patients with Alzheimer’s disease (AD). Whereas SAP in 
serum has been suggested to have a pentameric structure, 
little is known about the composition and size of SAP 
in cerebrospinal fluid (CSF). In this study, we used fast 
protein liquid chromatography (FPLC) using a Superdex 
200 gelfiltration column to analyze the polymerization 
state of SAP in CSF, serum, urine and human brain tissue 
homogenates. SAP in CSF was found to mainly consist 
of two isoforms, pentameric (pSAP) and monomeric 
SAP (mSAP), whereas the main isoform in serum and 
urine was decameric SAP (dSAP). Monomeric SAP 
in CSF was unstable and aggregated into pentamers 
when isolated from its natural CSF environment. 
Furthermore, dSAP purified from plasma and added to 
undiluted CSF dissociated into mSAP. In a pilot study 
no evidence was found that mSAP could serve as a new 
CSF biomarker for AD. In conclusion, our study showed 
the presence of a monomeric SAP isoform in CSF, which 
is absent in serum, urine and very low in brain tissue 
homogenates. We suggest that the different isoforms of 
SAP may have different physiochemical properties and 
distinct inflammatory effects. Unravelling the functional 
properties of these isoforms of SAP may give insight 
into the processes leading to amyloid aggregation and 
amyloid plaque deposition. 8
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introduc tion
Serum amyloid P (SAP) and C-reactive protein (CRP) are members of the pentraxin 
familiy. They are characterized by calcium-dependent ligand binding and by a flat 
pentameric disk arrangement of five, non-covalently associated, identical monomers of 
25 kD 1, 2. SAP can recognize a wide range of substances, such as bacteria, apoptotic cells, 
nuclear material and amyloid-beta (Aβ) 3-5. The complement system and pentraxins 
closely cooperate in the innate immune system to tag and opsonize targets. C1q, the 
recognition molecule of the complement system can bind SAP and CRP bound to their 
ligands to initiate complement activation 3, 6-8.

SAP is associated with the fibrillar deposits in systemic amyloidosis and in Alzheimer’s 
disease (AD). SAP can prevent proteolysis of the amyloid fibrils in vitro and enhance 
amyloid deposition in vivo as is shown by delayed and reduced peripheral amyloid 
deposition in SAP-deficient mice 9, 10. Thus, interference with binding of SAP to amyloid 
fibrils in vivo may reduce amyloid deposits. Indeed, application of the compound 
CPHPC, to patients with systemic amyloidosis depleted more than 95% of circulating 
SAP and reduced 90% of systemic amyloid 11. Whether this compound can also reduce 
cerebral amyloid remains unclear 12.

The cerebrospinal fluid (CSF) is in close connection with the brain and (pathological) 
processes in the brain have impact on the composition of this fluid. Several cross-
sectional studies have been conducted in which SAP levels were determined in CSF of 
control and AD patients. One study showed an increase in SAP levels in AD patients 
13, whereas all other studies did not report a difference between control subjects and 
AD patients 14-16, implicating that SAP is unsuitable as a biomarker for AD. A recent 
study by our group showed that the concentration of SAP in CSF is lower than could 
be expected from its molecular weight (mw) 17. SAP in serum circulates as a single 
pentamer, whereas upon purification it forms decamers by stacking of two pentamers 
18, 19. However, little is known about the size and composition of SAP in CSF. Therefore, 
we analyzed SAP in CSF by fast protein liquid chromatography (FPLC) gel filtration. 
We report here the presence of a new isoform of SAP with a lower molecular weight 
(mw) than pentameric SAP (pSAP). This new isoform of SAP in CSF was identified as 
monomeric SAP (mSAP). Finally, we evaluated if mSAP CSF levels could serve as a 
biomarker for AD.
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mAteriAl And methods
patients
Patients participating in the present study visited the VU Medical Center for evaluation 
of memory complaints. All patients underwent a standard clinical assessment, including 
medical history, physical and neurological examination, screening laboratory tests, 
and magnetic resonance imaging. The diagnosis of probable AD was made according 
to the NINCDS-ADRDA criteria 20 by consensus in a multidisciplinary team, which 
was blinded to the results of the CSF analyses. When all investigations yielded normal 
results, patients were considered to have subjective memory complaints and were 
diagnosed as controls. The local ethical review board approved this study and all 
subjects gave written informed consent. 

CSF Aβ42, t-tau and p-tau-181 were determined by commercially available ELISAs 
(Inno-genetics, Ghent, Belgium) as described before 21-23. Performance of the assays 
was monitored using pools of surplus CSF specimens, that had been stored in aliquots 
at -80°C. The inter-assay coefficient of variation was 11.3% ± 4.9% for Aβ42, 9.3% ± 
1.5% for t-tau and 9.4% ± 2.5% for ptau-181. Cut-off values for CSF Aβ42, t-tau and 
p-tau were calculated in our laboratory from Receiver Operating Characteristics 
(ROC) curves based on a sensitivity of ≥85% as described before 24. Based on these 
cut-off values 10 patients with probable AD were selected with a CSF biomarker profile 
characteristic for AD. AD-like biomarker profile was composed of three biomarkers 
abnormal: Aβ42< 550 pg/ml in combination with t-tau > 375 pg/ml and p-tau > 52 pg/
ml. In addition 10 control subjects (matched in age and gender with the AD patients) 
were included with a normal CSF biomarker profile (no abnormal biomarker present).

collection of csf and serum sample
CSF samples were obtained by lumbar puncture between the L3/L4 or L4/L5 
intervertebral space, and were collected in polypropylene tubes. Next, CSF samples 
were centrifuged at 1800 g (4°C) for 10 min to remove cells. CSF samples from our 
memory clinic were aliquoted in 0.5 and 1 ml portions and stored at -80°C until further 
analysis. Blood samples were collected and clotted for at least 30 minutes, after which 
the samples were centrifuged at 1800 g (room temperature (RT)) for 5 minutes. Fresh 
collected urine samples were centrifuged (10,000 g for 10 min, RT) and directly applied 
to the gel filtration column. For some experiments, such as validation of the method to 
measure SAP isoforms in CSF and serum, surplus CSF and serum specimens from the 
routine lab were used. The samples were pooled anonymously and stored in aliquots at 
-80°C until tested. 

Gel-filtration of sAp
Fast protein liquid chromatography (FPLC) with a Superdex 200HR10/30 gel 
filtration column (GE Healthcare, Buckinghamshire, UK) was performed to assess 
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the molecular size of SAP in biological samples. The column was connected to the 
AKTA purifier system (GE Healthcare, Buckinghamshire, UK) and used according 
to the manufacturer’s instructions. A standard physiological buffer containing 50mM 
phosphate and 0.15 M NaCl (pH 7.0) was used as running buffer and 240 µl of serum 
or purified protein samples were applied. To compensate for the low concentrations of 
SAP in CSF compared to plasma, as observed before 17, 650µl to 900µl of CSF samples 
were applied to the column. All samples were centrifuged at 10,000 g for 10 min before 
application to the column. The flow rate was set at 0.5 ml/min and fractions of 250µl 
were collected and samples were centrifuged. The column was calibrated using the 
high-molecular-mass and low-molecular-mass gel-filtration Calibration kits (GE 
Healthcare, Buckinghamshire, UK). The fractions obtained were stored at -20°C until 
SAP/CRP levels were determined by ELISA. 

sAp elisA
Quantification of SAP levels in the collected fractions was determined with a sandwich 
ELISA as described before 16, 17. A SAP-specific rabbit polyclonal antibody (Dako, 
Glostrup, Denmark) or monoclonal antibodies specifically detecting SAP (SAP14 and 
SAP15) 3 were used as a coating antibody. All FPLC fractions were tested undiluted, 
except fractions of serum samples which were diluted 250 times with assay buffer (PBS 
containing 0.1%, w/v, Tween, 0.2%, w/v, gelatin and 10 mM EDTA, pH 7.4). Bound 
SAP was then detected with biotinylated polyclonal anti-human SAP (Dako, Glostrup, 
Denmark; In house biotinylated) and with streptavidin horse radisch peroxidase (HRP; 
(Dako, Glostrup, Denmark). Finally, 3,3’,5,5’-tetramethylbenzidine at a concentration 
of 100 µg/ml with 0.003% H2O2 was used as a substrate. The substrate reaction was 
stopped by adding 2M H2SO4. Absorption at 450 nm was determined and corrected 
for background at 540nm. Human SAP purified from serum (Calbiochem, La Jolla, 
Ca, USA) was used to prepare the calibration curve. The lower detection limit is 0.1 
μg/l, the intra-assay coefficient of variance was 3.2% (n = 14) and the inter-assay 
coefficient of variance was 13.1% for SAP (n = 35; tested during a period of four years) 
as determined for three aliquoted pools. All pools were stored at −80 oC and run each 
time as internal control. 

After total SAP levels were determined in all FPLC fractions, mSAP and pSAP 
concentrations were quantified by calculating the area under the curve (AUC) for each 
peak. Fractions from 11.7-14.2ml were selected to quantify pSAP levels and fractions 
from 14.4-19.2 ml were selected to quantify mSAP levels in CSF. AUC was calculated 
using GraphPad Prism 4.0. 

crp elisA
Quantification of CRP in the collected fractions was performed with a sandwich ELISA 
as described before 17, 25. In short, rabbit anti-human CRP (Dako, Glostrup, Denmark) 
was used as a coating antibody in this assay. CSF fractions from FPLC were added 
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undiluted, whereas serum (1:10) and purified CRP fractions (1:100) were diluted with 
assay buffer (0.01 g/ml BSA in PBS 0.1%, w/v, Tween 20). Bound CRP was detected 
after incubation with peroxidase-labeled rabbit anti-human CRP (Dako, Glostrup, 
Denmark). Finally, substrate-o- phenylenediamine (OPD; Sigma-Aldrich St. Louis, 
MO, USA) was used as a substrate and the reaction was stopped with 2M H2S04. The 
optical density (OD) was measured at 492nm/540nm. Human serum CRP calibrator 
(Dako, Glostrup, Denmark) was used for the standard curve in this assay. The lower 
detection limit is 0.1 μg/l, the intra-assay coefficient of variance was 3.9% (n = 21) and 
the inter-assay coefficient of variance was 6.7% (n = 62) and 7.1% (n = 59) for CRP low 
(0.76 mg/L) and high (7.49 mg/L) pools respectively. All pools were stored at −80 and 
run each time as internal control.

brain lysates
Mid-temporal cortex specimens of one AD patient (Braak 6-C, male, 69 years) and 
one control patient (Braak 1-0, male, 93 years) that had been snap-frozen and were 
stored in liquid nitrogen, were used to determine the presence of mSAP in brain 
tissue. Cryostat sections were cut and collected in 1.5ml tubes. Tissue was dissolved 
in Mammalian protein extraction reagent (MPER; Thermo Scientific, Rockford IL, 
USA) with the addition of an complete protease inhibitor cocktail (Roche, Mannheim, 
Germany). Next, the solution was incubated on ice for 30 minutes, after which the vial 
was centrifuged at 15,000 g at 4°C for 30 minutes. Supernatant was used for FPLC.

statistical Analyses
Levels of CSF markers were compared between controls and AD subjects using the 
non-parametric Mann-Whitney U test and levels were depicted as median with 
corresponding range values. Spearman correlation was used to investigate the relation 
of mSAP and pSAP with the total SAP level in CSF. All analyses were performed using 
SPSS version 16.0 for Windows (SPSS Inc, Chicago, USA). A p value of <0.05 was 
considered to reflect statistical significance.

results
identification of monomeric sAp in csf
A sample of purified SAP and several pools of CSF and serum were applied to a 
Superdex 200 column for FPLC, after which SAP levels were determined in the 
collected fractions by ELISA. Purified SAP is known have a decameric conformation 
(dSAP) with a molecular weight (mw) of about 250 kD. Indeed, purified SAP was 
found to elute after 12.4 ml, with the same retention time as Catalase that has a mw of 
232 kD (Fig 1A). SAP in serum was eluted at approximately the same point as purified 
SAP (12.7 ml), indicating SAP in serum is also a decamer. On the other hand, CSF SAP 
eluted later than purified SAP and serum SAP (12.9 ml), consistent with a pentameric 
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isoform with a mw of 125 kD. Interestingly, a second peak of SAP was found in CSF. 
This peak was absent in serum and purified SAP samples and had an apparent mw of 14 
to 43kD (Fig 1A), suggesting it represented a monomeric form of SAP (25kD). We will 
refer to this isoform of SAP as monomeric SAP (mSAP) in this article. Next, several 
individual CSF samples (n=16) were applied to the column for FPLC to see if mSAP 
can be detected in individual patients as well. All samples had been frozen before, 
except for two CSF samples that were applied to the column directly after collection 
and centrifugation to exclude any artefacts possibly induced by freezing and thawing of 

 

Figure 1. Identification of mSAP 

Application of CSF, serum, urine and purified protein to FPLC and the subsequent 

quantification of SAP in the collected fractions lead to the discovery of a new SAP isoform in 

CSF that is absent in serum, urine and purified protein (A). Two monocloncal antibodies 

against SAP were used as catching antibody in ELISA: SAP 14 (B) and SAP 15 (C). 

Quantification of CRP levels in these fractions, showed the presence of pSAP only (D). 

 

Figure 1. Identification of mSAP. Application of CSF, serum, urine and purified protein to FPLC 
and the subsequent quantification of SAP in the collected fractions lead to the discovery of a new 
SAP isoform in CSF that is absent in serum, urine and purified protein (A). Two monocloncal 
antibodies against SAP were used as catching antibody in ELISA: SAP 14 (B) and SAP 15 (C). 
Quantification of CRP levels in these fractions, showed the presence of pCRP only (D).
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the sample. In all the CSF samples tested, both the pSAP and mSAP peak were present 
(data on non-frozen CSF shown in figure 2A). To determine if the absence of mSAP in 
blood was due to rapid clearance via the kidney, we also analyzed fresh urine samples 
(n=4) for the presence of mSAP. The urine samples contained no detectable mSAP 
though dSAP was detected in these samples (Figure 1A).

The sandwich ELISA we used for the measurement of SAP consists of the same 
polyclonal antibody for both catching and detection of SAP. To confirm that the mSAP 
peak is definitely a SAP isoform, the samples were also tested in ELISAs in which the 
polyclonal anti-SAP used for coating, was replaced by monoclonal antibody SAP14 or 
monoclonal antibody SAP15 specific for SAP 3. The pSAP as well as the mSAP peak 
were invariably detectable in CSF using both monoclonal antibodies in our ELISA (Fig 
1B and 1C). Replacement of the SAP-specific antibody used for coating by an antibody 
unrelated to SAP (α1-antichymotrypsin) resulted in the abrogation of the signal in 
the ELISA (data not shown), further demonstrating the specificity of the ELISA. Thus 
these data ruled out that the low molecular weight mSAP was an ELISA artefact but 
rather supported the concept that it represented a new isoform of SAP.

Analysis of crp isoforms in csf
SAP and CRP share 51% homology and monomeric CRP (mCRP) has been identified 
before in several tissues throughout the body 26, 27. Hence, we evaluated the presence of 
mCRP in CSF using the same analytical approach as for mSAP. Purified CRP, which has 
a mw of 125 kD, eluted from the gelfiltration column at 13.2 ml, consistent with a mw 
of 125kD, and at the same position as polymeric SAP in CSF. The same elution pattern 

 

 

Figure 2. Stability of mSAP 

Two fresh, unfrozen, CSF samples were divided in two. One part was incubated at 37°C for 5 

days, whereas the other part was directly applied to the gelfiltration column (untreated) (A). 

One CSF sample subjected to 1, 2 or 5 freeze/thaw cycles (B).  

Figure 2. Stability of mSAP. Two fresh, unfrozen, CSF samples were divided in two. One part 
was incubated at 37°C for 5 days, whereas the other part was directly applied to the gelfiltration 
column (untreated) (A). One CSF sample subjected to 1, 2 or 5 freeze/thaw cycles (B). 
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was seen for CRP in different pools of CSF and serum (Fig 1D), however an additional 
peak between 14 and 43 kD was not found in any of the CSF samples tested (Fig 1D), 
indicating the absence of monomeric CRP in the CSF pools.

stability of msAp in csf 
To study the stability of mSAP in CSF we examined the effect of incubation at 37°C 
for 5 days on mSAP levels by splitting an unfrozen (“fresh”) CSF sample in two. One 
part was directly applied for gelfiltration, whereas the other part was incubated at 37°C 
for 5 days (Fig 2A). mSAP levels were also present in fresh CSF samples, suggesting 
that mSAP is not induced by freezing/thawing of CSF. mSAP levels were reduced 
after five days at 37°C compared to the fresh CSF samples (Fig 2A). We also compared 
the elution pattern of SAP in fresh, unfrozen sera directly after centrifugation of five 
individual patients. As shown for the frozen serum pool, also in unfrozen individual 
patient sera only dSAP was detected (data not shown). Next the effect of freeze/thaw 
cycles on mSAP levels was studied. Different CSF samples were subjected to 1, 2 and 
5 freeze (at -80°C) thaw cycles (Fig 2B). Only after 5 freeze/thaw cycles somewhat less 
mSAP was measured as compared to 1 and 2 freeze/thaw cycli (Fig 2B). 

origin of msAp in csf
SAP in CSF can originate from two possible sources, which are local dissociation from 
polymeric SAP in CSF or from local production in the brain or the choroid plexus. 
Therefore we first examined whether the isoforms of SAP in CSF could convert into 
each other. Several fractions of each isoform (pSAP and mSAP) were collected (as 
indicated by the stars in fig 3A) and subjected to a rerun on FPLC gelfiltration to test 
the stability of mSAP. Although the concentration of SAP was much lower because of 
dilution of the sample during chromatography, it was clear that mSAP can re-associate 
into pSAP, whereas pSAP in CSF is stable. Albumin is thought to stabilize pSAP 18. To 
evaluate whether albumin stabilizes mSAP in CSF, 50µl of 1.5 mg/ml albumin was added 
to the collection tubes before the first run to mimic the physiological concentration of 
250 mg/L albumin in CSF. However rerun of the fractions containing mSAP with or 
without albumin yielded pSAP, indicating that albumin had no effect on the transition 
of mSAP in CSF into pSAP (data not shown). The concentration of proteins in serum is 
approximately ten times higher than in CSF. To exclude interference of higher protein 
concentration in serum on the presence of mSAP, serum was diluted another ten times 
and tested for the presence of mSAP. Only the dSAP peak was present in diluted serum 
and no mSAP was found (Fig 3B).

Next the behavior of purified dSAP in CSF was examined. A sample of 0.3µg purified 
SAP was added to undiluted CSF and 10 times diluted CSF. dSAP dissociated into 
mSAP when in contact with undiluted CSF (Fig 3C). However, dSAP added to ten 
times diluted CSF did not dissociate into mSAP (Fig 3C). Interestingly, addition of 
EDTA to the standard buffer, caused a shift towards increased pSAP and reduced 
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Figure 3. Origin of mSAP 
Figure 3. Origin of mSAP. Fractions of each peak (as indicated by *) were pooled and subjected 
to a re-run on FPLC(A). Dilution of serum pool by 1:10 and 1:100 and subjected to FPLC (B) 
Addition of purified SAP proteins to undiluted CSF causes dSAP to dissociate into mSAP, but 
this is not found if CSF is pre-diluted ten times (C). The effect of EDTA on SAP composition in 
CSF (D). Examining the presence of mSAP in brain homogenates of one AD patient (Braak 6-C) 
and one control patient (Braak 1-0) indicates the presence of mSAP in AD brain lysate (E; arrow)
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mSAP levels indicating dependence on calcium or magnesium ions on the dissociation 
process (Fig 3D). 

Next, the presence of mSAP in brain tissue was examined in brain homogenates of 
one AD patient (Braak 6-C) and 1 control patient (Braak 1-0). A clear peak was found 
after 13.2 ml in both control and AD brain tissue, indicating the presence of pSAP in 
the brain tissue. In the AD brain a small peak of immunoreactive mSAP was detected 
after 17.2 ml (Fig 3E), suggesting that low amounts of mSAP are present in the brain.

msAp as a potential new biomarker for Ad
Since CSF is in close contact with the brain, processes occuring in the brain can be 
reflected in CSF. Since mSAP could be CSF and/or brain specific, we determined mSAP 
and pSAP levels in CSF of 10 control and 10 AD patients with confirmed CSF biomarker 
profiles based on Aβ1-42, t-tau and p-tau. The two patients groups were matched for 
age and gender (Table 1). 650 µl CSF sample was applied for each patient and the 
levels of mSAP and pSAP were determined by calculating the area under the curve 

 

 

Figure 4. mSAP levels in CSF of 10 control and 10 AD patients 

The area under the curve was calculated to quantify the levels of mSAP (A) and pSAP (B) in 

CSF and to compare these levels between control and AD patients. The ratio was calculated 

by dividing mSAP levels by pSAP levels (C). AUC values were plotted against the total 

concentration of SAP in CSF (D). 

 

Figure 4. mSAP levels in CSF of 10 control and 10 AD patients. The area under the curve was 
calculated to quantify the levels of mSAP (A) and pSAP (B) in CSF and to compare these levels 
between control and AD patients. The ratio was calculated by dividing mSAP levels by pSAP 
levels (C). AUC values were plotted against the total concentration of SAP in CSF (D).
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as described in the method section. When comparing the levels between control and 
AD patients, no differences were found for mSAP, pSAP and the ratio of mSAP/pSAP  
(Fig 4 and Table 1). Furthermore, the levels of the total amount of SAP in CSF correlated 
very highly with mSAP (r=0.97; p<0.01) and pSAP (r=0.81; p<0.01) (Fig 4D). 

Table 1. Demographics and biomarker concentrations

Control AD p-value
N 10 10
Age in years (mean±SD) 69±9 69±9
Gender (% female) 50 50
MMSE (mean±SD)1 27±2 14±8 p<0.001
ApoE-ε4 carrier (%)2 30% 78% p=0.07
Aβ1-42 (pg/ml) 976 (679-1222) 431 (250-506) p<0.001
t-tau (pg/ml) 164 (96-311) 698 (436-1505) p<0.001
p-tau (pg/ml) 39 (27-59) 84 (70-176) p<0.001
Total SAP (ug/L) 0.17 (0.05 – 0.58) 0.29 (0.05-3.54) p=0.25
mSAP (µg/l)/ml 4.39 (1.63-16.34) 7.22 (1.76-65.60) p=0.25 
pSAP (µg/l)/ml 1.14 (0.38 – 6.04) 1.64 (0.37-7.51) p=0.58
ratio mSAP/pSAP 4.07 (2.71-6.63) 4.82 (1.48-28.28) p=0.17

1 data missing of one control and three AD patients
2 data missing of one AD patient

discussion
We developed a novel method to assess the polymerization state of SAP using FPLC 
based gelfiltration in combination with ELISA-based detection of SAP in the fractions, 
and found an isoform of SAP in CSF that is most consistent with a monomeric form of 
SAP (mSAP). To our knowledge, the presence of monomeric SAP in human biological 
fluids has not been described. In addition we found that a) mSAP is unique for CSF 
and is absent in serum and urine; b) mSAP in CSF is unstable and aggregates into 
pentamers when isolated from its natural environment; c) mSAP likely originates from 
local dissociation of dSAP in CSF; d) high molecular weight SAP in CSF is mainly 
pentameric SAP (pSAP) whereas in serum and urine it is mainly decameric (dSAP); e) 
mSAP levels in CSF do not seem to be a CSF biomarker for AD.

The FPLC-based method we developed to analyze the polymerization state of SAP in 
CSF and other biological fluids was specific and reproducible and was able to detect 
differences between the molecular weight of SAP in serum and urine versus that in 
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CSF. Based on comparison with known molecular weight markers the size of SAP 
identified in serum, urine as well as in a SAP preparation purified from serum was 
most consistent with decameric SAP. The apparent molecular weight of high molecular 
weight SAP in CSF however was consistently lower than that in serum or urine, and 
based on comparison with markers as well as with CRP consistent with pentameric 
SAP. In none of our experiments did we find evidence for the presence of dSAP in CSF. 
The reason why high molecular weight SAP in serum and urine is predominantly dSAP 
whereas in CSF it is pSAP is unknown.

Probably the most remarkable finding of our study was the identification of a low 
molecular weight form of SAP in CSF. Monomeric SAP was found in freshly obtained 
non-frozen CSF samples, indicating that the presence of mSAP is not an artifact 
induced by freezing and thawing of the CSF sample. The size of this isoform of SAP is 
consistent with mSAP and it turned out to be exclusive for CSF. We found no evidence 
for its presence in several serum pools. Individual sera and unfrozen sera showed only 
the presence of dSAP. The absence of mSAP in serum was not due to a rapid clearance 
of this isoform via the kidney, since several individual unfrozen urine samples were 
devoid of mSAP. mSAP was found to be unstable as was demonstrated by rerunning of 
mSAP on the gelfiltration column. Such re-run of mSAP peak fractions resulted in an 
elution pattern similar to that seen for pSAP, suggesting that mSAP is an intermediate 
for pSAP.

Although mRNA for SAP has been found in the brain 28 we have earlier found evidence 
that the contribution of SAP production in the AD brain to SAP CSF levels is limited 17. 
The data presented here also do not provide strong evidence for local brain production 
as an explanation for mSAP, since only a minor amount of low molecular weight SAP 
was identified in the brain of one patient, whereas in the other patient no mSAP was 
found. Rather, the experiments in which purified SAP was added to CSF suggested that 
dSAP presumably originating from the blood by diffusion was the source of mSAP 
as well as pSAP since both pSAP and mSAP levels increased upon reconstitution of 
CSF with dSAP. Thus, the data supported a model in which mSAP in CSF originated 
from depolymerisation of dSAP, that has entered the CSF by diffusion from the blood 
compartment. 

An intriguing observation is that some factor in CSF apparently seemed to mediate 
depolymerisation of dSAP. This is further emphasized by the finding that dilution (10x) 
of CSF, before addition of purified SAP, had no effect on the monomerisation of SAP, 
most likely because this unknown factor was too far diluted to exert its monomerising 
effect on SAP. Most likely this factor is dependent on the presence of metal ions for its 
activity, since addition of EDTA to the phosphate buffer resulted in the elution of only 
pSAP in CSF (Fig 2C). At the moment we are investigating the nature of the CSF factor 
responsible for depolymerisation of SAP.
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C-reactive protein (CRP) is also a member of the pentraxins and shares 51% sequence 
homology with SAP. Interestingly, several reports show the presence of monomeric CRP 
(mCRP) in atherosclerotic plaques 26, lymphocytes 27, 29 and angiogenic microvessels 30. 
We show that in contrast to pCRP, mCRP cannot be detected in serum 31. In addition, 
we were unable to detect mCRP in different pools of CSF. These data are in agreement 
with the low solubility and the preferential tissue localization of mCRP compared to 
pCRP. Cell membranes and liposomes have shown the capacity to dissociate pCRP into 
mCRP 32, 33, suggesting dinstinct characteristics for each CRP isoform. Some studies 
showed that mCRP has anti-inflammatory potential, however the majority of studies 
imply that mCRP has pro-inflammatory properties (reviewed by Eisenhardt et al. 31). 
We did not detect mCRP in CSF and serum further supporting the specificity of the 
findings for SAP. We speculate a similar dual role for mSAP and pSAP. As far as we 
know, only one study performed functional experiments with mSAP 34. Here they 
showed that decameric SAP induced production of IL-10, IL-8 and IL-6 by CD14+ 
monocytes, whereas mSAP did not. Although mSAP was not the primary focus of 
that paper, we could cautiously speculate that mSAP does not induce a inflammatory 
response as seen for dSAP. We are now working on the formation of stable mSAP to 
examine its functional properties in vitro.

SAP plays an important role in AD. It co-localizes with all forms of amyloid depositions 
and constitutes approximately 10% of the dry weight of amyloid plaques. Total SAP 
levels in CSF do not discriminate control from AD patients 15, 16, although lower levels 
of SAP were found in patients with mild cognitive impairment that later converted 
to AD compared to MCI patients that remained stable over time 16. Since mSAP is 
apparently unique for CSF, we conducted a pilot study to investigate the potential of 
mSAP to serve as a new biomarker for AD. Unfortunately, the levels of both mSAP 
and pSAP in CSF samples of 10 controls and 10 AD were not statistically different. 
Furthermore, a significant correlation between mSAP and total SAP was found, 
suggesting that measurement of mSAP levels does not yield more information than 
total SAP levels in CSF. 

In conclusion, our study showed the unique polymerization state of SAP in CSF, 
consisting mainly of pSAP and mSAP, and both may have distinct inflammatory 
properties compared to dSAP. Unravelling the functional properties of mSAP and pSAP 
in the brain compartment could give insight into a new player involved in phagocytosis 
and/or inflammatory processes and its relation to CNS related diseases, such as AD.
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