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Summary 

Numerous TREM2 risk variants have been identified for Alzheimer disease (AD) 1-7. TREM2 encodes an 
innate immune receptor that is expressed exclusively on microglia in the central nervous system 8 and is 
associated with phagocytosis of cell debris and amyloid-beta 9. TREM2 is shed by proteases of the 
ADAM family C-terminal to histidine 157 releasing soluble TREM2 (sTREM2) into the extracellular 
space 9-11. In vivo, sTREM2 is released into the cerebrospinal fluid (CSF) where it can be quantified by 
ELISA and mass spectrometry 9,12-17. Recent studies suggest that CSF sTREM2 levels are elevated early 
in AD 12-15.  

Progranulin (PGRN) has also consistently been associated with AD. Genetic studies have shown that 
polymorphisms in GRN (particularly rs5848) increase the risk of AD 18-20. PGRN is upregulated in 
microglia surrounding amyloid plaques in AD patients 21 and its deficiency affects amyloid deposition in 
mouse models of AD 22,23. Moreover, PGRN deficiency enhance Tau deposition in human tau expressing 
mice 24 and the presence of the GRN polymorphism rs5848 is associated with CSF tau levels in 
participants of the ADNI cohort 23. 

Together, these studies suggest that CSF levels of sTREM2 and PGRN may be relevant for AD. We 
aimed to study the levels of CSF sTREM2 and PGRN through the AD continuum in the participants of 
the ADNI study. The following describes the methods of sTREM2 and PGRN measurements in CSF 
samples from ADNI. 

Methods 
WU ELISA (Piccio Group) CSF sTREM2 measurement 
The soluble TREM2 ELISA assay performed at Washington University in St Louis was 
developed in-house. Briefly, an anti-human TREM-2 monoclonal antibody (R&D Systems # 
MAB1828, Clone 263602; 0.5 mg/mL) was used as a capture antibody (dilution 1:250) and 
coated overnight at 4°C on Maxisorp 96-well plates (Nalge Nunc International, Rochester, NY) 
in sodium bicarbonate coating buffer (0.015 M Na2CO3 + 0.035 M NaHCO3, pH=9.6). After 
washing, wells were blocked for 4h at 37°C with PBS 10% fetal bovine serum (FBS). Freshly 
thawed CSF and recombinant human TREM-2 standard (Sino Biological 11084-H08H-50) were 
incubated in duplicate overnight at 4°C. For detection, a goat anti-human TREM-2 biotinylated 
polyclonal antibody (R&D Systems # BAF1828; 0.2 mg/mL) was diluted in assay buffer (PBS 
10% FBS at 1:3000) and incubated for 1.25h at room temperature (RT) on orbital shaker. After 
washing, wells were incubated with horseradish-peroxidase labelled streptavidin (BD 
Biosciences, San Jose, CA; diluted 1:3000) for 1h at RT with orbital shaking. HRP visualization 
was performed with 3,3’,5,5’ tetramethylbenzidine (Sigma-Aldrich, St. Louis, MO) added to 
each well for 10min at RT in the dark. Color development was stopped by adding equal volume 
of 2.5 N H2SO4. Optical density of each well was determined at 450 nm. Washes between the 
different steps were done four times with PBS 0.05% Tween 20 (Sigma-Aldrich). An internal 
standard, consisting of a single batch of human CSF positive for sTREM-2 was run in all the 
assays. Samples were run in duplicate in each assay. Raw values are provided as pg/mL. 
Interassay variability was calculated from duplicate internal standards across 27 plates (CV = 
24.01), intra-assay variability from duplicate measurements was < 9.5%. 
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MSD ELISA (Haass Group) CSF sTREM2 measurement 
CSF sTREM2 measurements were done with the ELISA protocol previously established by the 
Haass’ group with minor changes. The assay is based on the MSD platform and it is 
comprehensively described in previous publications 9,14,15. The assay consists of a Streptavidin-
coated 96-well plates (MSD Streptavidin Gold Plates, cat. no. L15SA-1); a biotinylated 
polyclonal goat IgG anti-human TREM2 antibody (R&D Systems, cat. no. BAF1828; 0.25 
µg/mL, 25 µL/well) as capture antibody, which is raised against aminoacids 19-174 of human 
TREM2; a monoclonal mouse IgG anti-human TREM2 antibody (Santa Cruz Biotechnology, B-
3, cat. no. sc373828; 1 µg/mL, 50 µL/well) as a detection antibody, which is raised against 
aminoacids 1-160 of human TREM2; and a SULFO-TAG-labeled goat polyclonal anti-mouse 
IgG secondary antibody (MSD, cat. no. R32AC; 0.5 µg/mL, 25 µL/well). All antibodies were 
diluted in 1% BSA and 0.05% Tween 20 in PBS (pH=7.4) buffer. Recombinant human TREM2 
protein (Hölzel Diagnostika, cat. no. 11084-H08H), corresponding to the extracellular domain of 
human TREM2 (aminoacids 19-174) was used as a standard (62.5 to 8000 pg/mL). In brief, 
Streptavidin-coated 96-well plates were blocked overnight at 4°C in blocking buffer [3% bovine 
serum albumin (BSA) and 0.05% Tween 20 in PBS (pH 7.4); 300 µL/well]. The plates were next 
incubated with the capture antibody for 1 hour at RT. They were subsequently washed four times 
with washing buffer (200 µL/well; 0.05% Tween 20 in PBS). Thereafter, the recombinant human 
TREM2 protein (standard curve), the blanks, and the CSF samples and the internal standards IS 
(duplicates; dilution factor: 4) were diluted in assay buffer [0.25% BSA and 0.05% Tween 20 in 
PBS (pH=7.4)] supplemented with protease inhibitors (Sigma; Cat. # P8340) and incubated (50 
µL/well) for 2 hours at RT. This dilution was previously selected because it showed the best 
recovery and linearity performance 9. Plates were again washed four times with washing buffer 
before incubation for 1 hour at RT with detection antibody. After four additional washing steps, 
plates were incubated with SULFO-tag conjugated secondary antibody for 1 hour in the dark at 
RT. Last, plates were washed four times with wash buffer followed by two washing steps in 
PBS. The electrochemical signal was developed by adding 150 µL/well MSD Read buffer T 
(Cat. # R-92TC) and the light emission measured using the MESO QuickPlex SQ 120. Raw 
values are provided as pg/mL. 
 
MSD ELISA (Haass Group) CSF Progranulin (PGRN) measurement  
CSF PGRN was measured by an ELISA protocol previously established by the Haass’ group 
using the MSD Platform 25. The ELISA consists of a Streptavidin-coated 96-well plates (MSD 
Streptavidin Gold Plates, cat. no. L15SA-1); a biotinylated polyclonal goat anti-human PGRN 
capture antibody (BAF2420, R & D Systems; 0.2 µg/mL, 25 µL/well); a monoclonal mouse anti-
human PGRN detection antibody (MAB2420, R & D Systems; 0.25 µg/mL, 25 µL/well); and a 
SULFO-TAG-labeled goat polyclonal anti-mouse IgG secondary antibody (MSD, cat. no. 
R32AC; 0.5 µg/mL, 25 µL/well). All antibodies were diluted in 0.5% BSA and 0.05% Tween 20 
in PBS (pH=7.4) buffer. Recombinant human PGRN protein (His Tag PGRN - Sino Biological 
cat. no. 10826-H08H) was used as a standard (15.6 to 2000 pg/mL). In brief, Streptavidin-coated 
96-well plates were blocked overnight at 4°C in blocking buffer [0.5% bovine serum albumin 
(BSA) and 0.05% Tween 20 in PBS (pH 7.4)]. The plates were next incubated with the capture 
antibody for 1 hour at RT. They were subsequently washed four times with washing buffer 
(0.05% Tween 20 in PBS) and incubated for 2 hours at RT with the CSF and the internal 
standard (IS) samples diluted 1:2.5 in assay buffer [0.25% BSA and 0.05% Tween 20 in PBS 
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(pH7.4)] or the recombinant human PGRN protein also diluted in assay sample. Plates were 
again washed four times with washing buffer before incubation for 1 hour at RT with the 
detector antibody. After four additional washing steps, plates were incubated with the secondary 
antibody for 1 hour in the dark. Last, plates were washed four times with wash buffer followed 
by two washing steps in PBS. The electrochemical signal was developed by adding MSD Read 
buffer T (cat. no. R-92TC) and the light emission measured using the MESO QuickPlex SQ 120. 
Raw values are provided as pg/mL. 
 
Common considerations for the MSD ELISA measurements (sTREM2 and PGRN) 
All CSF samples were distributed randomly across plates and measured in duplicate. The mean 
intraplate coefficient of variation (CV) was 3.1% (sTREM2 ELISA) and 2.2% (PGRN ELISA); 
all duplicate measures had a CV < 15%. All the antibodies and plates are commercially available 
and, for this experiment, they were from a single lot in order to exclude variability between 
batches. Four internal standards (IS) were run on each ELISA plate to account for interplate 
variability. All IS used in this study consisted of pooled CSF samples from diagnostic clinical 
routine leftovers from the Ludwig-Maximilians-Universität (LMU) München department of 
Neurology (Munich, Germany). All patients gave their written consent and the study was 
approved by the local IRB. The mean absolute values, interday and interplate CV for each IS are 
depicted in Table 1 and Table 2 for sTREM2 and PGRN respectively. The experiment was 
performed on four different days between the 26th Nov 2017 and 6th Dec 2017 by operators 
experienced in running these assays and blinded to the clinical information. 
 
Table 1. Interday and interplate coefficient of variability (CV) in the MSD sTREM2 assay. 
The table shows the mean values of CSF sTREM2 (pg/mL) in each day and the interday and interplate CV. 

 IS1 IS2 IS3 IS4  
1st day (mean 15 plates) 2881 3703 2828 11618  
2nd day (mean 15 plates) 2416 3047 2876 11972  
3rd day (mean 15 plates) 2304 2978 2767 11407  
4th day (mean 9 plates) 2164 2719 2160 9950  
Mean (mean 54 plates) 2472 3155 2713 11380  
Interday CV (%) 
(between 4 days) 12.7 13.5 12.6 7.9 

Mean interday CV 

11.7 
Interplate CV (%) 
(between 54 plates) 11.4 12.2 10.5 7.1 

Mean interplate CV 

10.3 
 
Table 2. Interday and interplate coefficient of variability (CV) in the PGRN assay. 
The table shows the mean values of CSF PGRN (pg/mL) in each day and the interday and interplate CV. 

 IS1 IS2 IS3 IS4  
1st day (mean 15 plates) 1546 1676 1595 1938  
2nd day (mean 15 plates) 1454 1613 1556 1784  
3rd day (mean 15 plates) 1583 1690 1610 1940  
4th day (mean 9 plates) 1511 1604 1525 1882  
Mean (mean 54 plates) 1524 1650 1576 1886  
Interday CV (%) 
(between 4 days) 3.59 2.63 2.47 3.89 

Mean interday CV 

3.15 
Interplate CV (%) 
(between 54 plates) 4.26 3.79 3.40 5.40 

Mean interplate CV 

4.21 
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Statistical methods 
Measured CSF levels were corrected by plate-specific correction factors; absolute and corrected 
values are provided with CVs for each sample.  
Both the WU ELISA (Piccio group) and MSD ELISA (Haass group) corrected their raw 
measurements to take into account the interplate variability, following different methodologies 
described below. 
 
WU ELISA (Piccio Group) 
The WU ELISA CSF sTREM2 values were corrected based on the IS loaded on all plates and a 
subset of duplicate samples that were run on multiple plates. For each plate (x), a set of three 
samples (s1, s2, s3) were selected to run in another assay plate (y). The IS and duplicate sample 
measurements (s1, s2, s3) from plate x and plate y were compared and a line (xy) was fit to the 
four points. The slope and intercept from the xy line was applied as a correction factor for each 
sample on plate x. The corrected values are provided as the variable WU_sTREM2corrected. 
Each plate was run in a three-day assay between the 25th May 2017 and 29th Sep 2017 by the 
same operator who is experienced with the assay and blinded to the clinical information. 
 
MSD ELISA (Haass Group) 
In order to harmonize the different analytical run and account for interplate variation, the MSD 
ELISA CSF sTREM2 and CSF PGRN concentrations were corrected based on the measurements 
of the four IS that were loaded on all plates. The concentration of each IS in an individual plate 
(plate x) was expressed as a percentage of the mean concentration across all plates, as follows: 
 

a1 (%) in plate x = [(concentration of IS1 in plate x) / (mean concentration of IS1 in all plates)] ´100 
a2 (%) in plate x = [(concentration of IS2 in plate x) / (mean concentration of IS2 in all plates)] ´100 
a3 (%) in plate x = [(concentration of IS3 in plate x) / (mean concentration of IS3 in all plates)] ´100 
a4 (%) in plate x = [(concentration of IS4 in plate x) / (mean concentration of IS4 in all plates)] ´100 

 
The mean of the percentages (Ax) for all the IS (a1, a2, a3, a4) in plate x was calculated and the 
following correction factor was computed for each individual plate: 
 

Correction factor for plate x = 100 / Ax 
 
The raw values were multiplied by the correction factor of the corresponding plate; the corrected 
values are provided as variables ‘MSD_sTREM2corrected’ and ‘MSD_PGRNcorrected’. 
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Comparison of the CSF sTREM2 measurements of the two centers 
The strong correlation of corrected sTREM2 values between the two groups is shown in Figure 
1. Table 3 lists the individuals that fell outside the 98% prediction tolerance level. 
 
Figure 1 There was a strong correlation between the corrected values of sTREM2 between the two groups (A. 
Pearson’s r = 0.774, 95% CI = 0.747 - 0.797, P = 7.0´10-201). There were 25 individuals that fell outside the 
prediction intervals (shown as red dotted lines in the correlation plots, based on 98% tolerance) when testing the 
corrected sTREM2 values. These samples are flagged in the dataset under the variable TREM2outlier, and we 
recommend excluding them in analyses. We removed these individuals and retested the correlation. After removing 
the individuals outside the 98% prediction tolerance level the correlation between the corrected sTREM2 values 
increased (B. Pearson’s r = 0.834, 95% CI = 0.813 - 0.852, P = 2.2´10-254). 
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Table 3. Outlying samples based on 98% tolerance prediction interval from correlation between 
corrected sTREM2 values (N = 25) 
ID MSD sTREM2 corrected WU sTREM2 corrected 
AA80BDD1-05 14351.886 3970.184 
BA801CSZ-11 7340.830 5680.439 
BA801M2P-12 7098.323 2190.104 
CA8017P6-12 6958.254 2089.496 
CA801MK4-13 8655.054 2298.833 
CA807QDJ-04 3754.182 3097.434 
CA8097Z3-06 14628.082 4018.464 
DA8016G2-14 8951.230 2158.526 
DA807754-05 14831.550 4083.309 
EA804J4L-04 9349.995 3203.507 
FA801674-17 2145.877 2693.386 
FA801R57-14 7183.071 3057.745 
FA801STM-14 14679.310 2630.037 
FA801W7Z-12 9156.392 2816.230 
FA807DKB-06 7713.857 3072.800 
GA8015HX-13 4206.288 5318.779 
GA801BGY-18 9382.916 3924.427 
GA801CVC-13 4596.670 2966.385 
GA801F0Q-11 10822.539 2469.922 
GA801L75-12 19899.014 2848.632 
GA801YHN-14 8041.528 2184.960 
GA8023M7-11 9497.511 4091.922 
GA807HDC-05 7791.797 3133.730 
JA807F5R-05 10971.150 3989.677 
KA801K6K-10 11626.103 2234.026 

 
 
 
Dataset Information 
This methods document applies to the following dataset(s) available from the ADNI repository: 
 
Dataset Name Date Submitted 
ADNI_CSF_sTREM2_PGRN.txt 22 February 2018 
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