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Abstract

Background: The SOMAscan assay has an advantage over immunoassay-based methods
because it measures a large number of proteins in a cost-effective manner. However, the
performance of this technology compared to the routinely used immunoassay techniques needs
to be evaluated.

Objective: We performed comparative analyses of SOMAscan and immunoassay-based protein
measurements for five cerebrospinal fluid (CSF) proteins associated with Alzheimer’s disease
(AD) and neurodegeration: NfL, Neurogranin, STREM2, VILIP-1 and SNAP-25.

Methods: We compared biomarkers measured in ADNI (N=689), Knight-ADRC (N=870),
DIAN (N=115), and Barcelona-1 (N=92) cohorts. Raw protein values were transformed using
z-score in order to combine measures from the different studies. STREMZ2 and VILIP-1

had more than one analyte in SOMAscan; all available analytes were evaluated. Pearson’s
correlation coefficients between SOMAscan and immunoassays were calculated. Receiver
operating characteristic curve and area under the curve were used to compare prediction accuracy
of these biomarkers between the two platforms.

Results: Neurogranin, VILIP-1 and NfL showed high correlation between SOMAscan and
immunoassay measures (r> 0.9). STREM2 had a fair correlation (r> 0.6), whereas SNAP-25
showed weak correlation (= 0.06). Measures in both platforms provided similar predicted
performance for all biomarkers except SNAP-25 and one of the STREM2 analytes. STREM2
showed higher AUC for SOMAscan based measures.

Conclusion: Our data indicate that SOMAscan performs as well as immunoassay approaches for
NfL, Neurogranin, VILIP-1 and STREM2. Our study shows promise for using SOMAscan as an
alternative to traditional immunoassay-based measures. Follow-up investigation will be required
for SNAP-25 and additional established biomarkers.

Keywords
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Introduction

Immunoassays have been at the forefront of protein measurement with their use in

research being reported as early as the 1950s [1]. The introduction of enzyme linked
immunosorbent assay (ELISA) in the 1971 manuscript by Engvall and Perlmann helped
further the popularity of immunoassays in protein measurements [2]. The basic principle

of immunoassays relies on a binding reaction between a molecule and a highly specific
antibody labeled with a quantifiable molecule. After several washing steps, the read out

is based quantifiable molecule, i.e., an indirect measure of the analyte. The popularity of
immunoassays, particularly ELISAs and related tests, can be attributed to their ease of use
and high degree of sensitivity and specificity [3,4]. However, one limitation of this technique
is that it can only measure a limited number of proteins at once, usually one protein,
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due to cross-reactivity issues [5]. This becomes a major hindrance, particularly in the case
of complex traits where multiple proteins need to be evaluated. Thus, there has been an
increased interest in high throughput, large scale proteomic measurement platforms in recent
years [6].

SOMAscan, a multiplexed, modified aptamer-based protein measurement platform
developed by SomaLogic, Inc., is one such promising technique [7]. The current version
(v4.1) of the assay is capable of simultaneously measuring ~7,000 protein targets from

a single 150 ul sample [8]. Although the volume of sample required for measurement is
similar to traditional immunoassays, the fact that the traditional platforms require multiple
aliquots to measure a comparable number of proteins adds to the overall cost of processing
as well as the total sample volume required. Furthermore, Slow Offrate Modified Aptamers
(SOMAmer), single stranded deoxy oligonucleotides used by SOMAscan, have been shown
to have high specificity and reproducibility [7,9,10]. The scalable nature of these aptamers
also allows for addition of new targets as more human proteins are discovered [7]. Despite
these obvious advantages of SOMAscan over traditional immunoassay-based approaches,
the novel nature of this technology warrants the need to evaluate its performance in
comparison to that of more established approaches.

Efforts have been made to assess the inter-platform relation between the two technologies.
Raffield et al., (2020) reported Spearman correlation coefficients from —0.13 to 0.97 (median
~ 0.5) for 63 proteins measured by SOMAscan and multiplex immunoassays [6]. Another
study, based on plasma and urine biomarkers of acute kidney injury in 54 cardiac surgery
patients, found correlation of around 0.75 between the two platforms [11]. While these
findings provide an encouraging backdrop, these comparisons have been mostly focused on
plasma and serum-based samples and we cannot directly infer the agreement of the protein
measures between the platforms in the context of cerebrospinal fluid (CSF) biomarkers or in
neurologic cohorts. Given the importance of CSF biomarkers in neurodegenerative diseases,
it is essential that we assess the similarity between CSF biomarker measurements from the
two platforms. In addition, the variation in strength of correlation observed for different
biomarkers also raises questions regarding the generalization of these findings in the settings
of other disease conditions.

In this study, we compare the performance of SOMAscan and immunoassay-based platforms
in five CSF proteins associated with AD and neurodegeneration in a multi-cohort setting.
The five biomarkers of interest are neurofilament light chain protein (NfL), neurogranin,
visinin like protein 1 (VILIP-1), soluble triggering receptor expressed on myeloid cells

2 (STREMZ2) and synaptosomal-associated protein 25 (SNAP-25). These biomarkers were
chosen based on their importance in AD and neurodegeneration as well as their availability
in both SOMAscan and an immunoassay panel after quality control (QC) measures. Other
well validated biomarkers such as ptau, AB40, or Ap42 and emerging biomarkers such as
YKL-40 could not be included in these analyses either because they were not present in the
SOMAscan panel or did not pass QC (YKL-40; Supplementary Figure 1).

CSF, NfL, and neurogranin have been proposed as markers of neurodegeneration, a hallmark
of AD pathology and other neurodegenerative diseases [12]. Decreased levels of STREM2,
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a marker of microglial activation and inflammatory changes, have been associated with
increased rate of AD progression and is reported to be an endophenotype for AD [13-16].
Similarly, SNAP-25, a member of the soluble N-ethylmaleimide-sensitive factor attachment
protein receptors (SNARE) complex, has been proposed to be associated with decline in
cognitive function resulting from synapse degradation, whereas variants associated with
VILIP-1 have also been implicated in AD pathology [17-20]. In light of the importance

of these biomarkers in AD, it is our goal to evaluate the concordance between the inter-
platform measurements of these proteins.

Method and Materials

Ethics Statement

Cohorts:

The Institutional Review Board of Washington University School of Medicine in St. Louis
approved the study and research was performed in accordance with the approved protocols.

This study examined 1,766 unique subjects with proteins measured by immunoassays

and SOMAscan from four different cohorts: Alzheimer’s Disease Neuroimaging Initiative
(ADNI), Dominantly Inherited Alzheimer Network (DIAN), Charles F. and Joanne Knight
Alzheimer Disease Research Center (Knight ADRC) and Barcelona-1. The common
samples between the platforms were identified based on subject ID and CSF draw date
match.

ADNI—Data used in the analyses performed in this article were obtained from the
Alzheimer’s Disease Neuroimaging Initiative (ADNI) database (adni.loni.usc.edu). ADNI
was launched in 2003 as a public-private partnership, led by Principal Investigator Michael
W. Weiner, MD. The primary goal of ADNI has been to test whether serial magnetic
resonance imaging (MRI), positron emission tomography (PET), other biological markers,
and clinical and neuropsychological assessment can be combined to measure the progression
of mild cognitive impairment (MCI) and early Alzheimer’s disease (AD). For up-to-date
information, see www.adni-info.org.

Knight ADRC—Charles F. and Joanne Knight Alzheimer Disease Research Center (Knight
ADRC), housed at Washington University in St. Louis, is one of 30 ADRCs funded by NIH.
The goal of this collaborative research effort is to advance AD research with the ultimate
goal of treatment or prevention of AD. The subjects included in this study are from the
Memory and Aging Project (MAP) supported by Knight ADRC. As part of the project,
subjects undergo annual psychometric testing and interviews along with biennial or triennial
PET, MRI and CSF collection. Further details on Knight ADRC and MAP can be found at
https://knightadrc.wustl.edu/

DIAN—The Dominantly Inherited Alzheimer Network (DIAN), led by Washington
University School of Medicine in St. Louis, is focused on the study of Autosomal Dominant
AD (ADAD). It is a family-based long-term observational study with standardized clinical
and cognitive testing, brain imaging, and biological fluid collection (blood, cerebrospinal
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fluid) from subjects with the intent of identifying changes in pre-symptomatic and
symptomatic gene carriers who are expected to develop AD. Since the focus of this study
is on ADAD, which has an early age of onset compared to sporadic AD, the subjects

in this cohort are younger on average compared to other cohorts. The data used in this
study are from data freeze 15 (DF15). Additional details on DIAN can be found at https://
dian.wustl.edu/.

Barcelona-1—Barcelona -1 is a longitudinal observational study consisting of ~300
subjects at baseline carried out in the Memory and Disorder unit at the University Hospital
Mutua de Terrassa, Terrassa, Barcelona, Spain. Cases include subjects diagnosed with AD
dementia (ADD), non-AD dementias (non-ADD), mild cognitive impairment (MCI), or
subjective memory complaints (SMC). Clinical information was collected at baseline as well
as longitudinally and lumbar puncture (LP) and amyloid PET were performed if subjects
had diagnosis of MCI, early-onset dementia (<65 years), or dementia with atypical clinical
features [21].

Sample Collection and Biomarker measurement

Somalogic

CSF samples were collected after an overnight fast, processed, and stored at =80 °C for both
SOMAscan and immunoassay-based measurement. In total, 689 samples from ADNI, 870
samples from Knight ADRC, 115 Samples from DIAN and 92 samples from Barcelona-1
were included.

The SOMAscan panel used for this study measured ~7500 aptamers mapping to
approximately 6600 unique protein targets. Protein measurements are reported in relative
fluorescence unit (RFU). Initial data normalization procedures for SOMAscan protein
measurements were performed by SomalLogic. Briefly, Hybridization normalization was
performed at the sample level. Aptamers were then divided into three normalization groups:
S1, S2 and S3; based on the observed signal to noise ratio in technical replicates and
samples. This division was done to avoid combining features with different level of protein
signal for additional normalization steps. Median normalization was then performed to
remove other assay biases such as protein concentration, pipetting variation, variation in
reagent concentrations, and assay timing among others [10]. Finally, normalization to a
reference was performed on individual samples to account for additional technical variance
as well as biological variance. This normalization step was performed using iterative
Adaptive Normalization by Maximum Likelihood (ANML), a modification of median
normalization, until convergence is reached. Additional details on normalization procedures
are documented in Somalogic’s technical note [22].

Quality control was performed on the normalized data provided by Somalogic using an in-
house pipeline, where aptamers were removed if they met any of the following three criteria:
(A) had maximum absolute difference between calibration scale factor and median scale
factor, calculated for each plate, greater than 0.5, (B) had median coefficient of variation
(CV) more than 0.15, or (C) fell outside 1.5-fold of interquartile range (IQR), on either end,
in more than 85% of samples. IQR was calculated using log10 transformed protein levels.
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QC steps were independent of the three-normalization group defined by Somalogic. The
QC steps (A) and (B) are adaptation of metrics used by Somalogic that have been found
to be effective previously [10]. The cut-offs used were also derived based on Somalogic’s
recommendation for previous versions of the panel.

Subject level QC was then performed wherein a subject was flagged as an outlier if log10
transformed RFU levels for that subject fell outside the 1.5-fold of IQR in more than 85%
of aptamers. If an analyte was found to be shared by ~ 70 % of these subject outliers, these
aptamers were excluded from the matrix in addition to those removed by the three criteria
mentioned above. Subject outliers were recalled following the shared analyte removal, and a
second IQR check was done, at the end of which remaining sample outliers were removed
from the matrix. An additional limit of detection criteria (LOD) was also used to flag
aptamers independently. Somalogic defines LOD, for their SOMAscan platform, as the
lowest concentration of analyte that can be consistently detected [23]. For our analysis, if an
aptamer had LOD greater than average RFU level in buffer + 2SD in more than 15% of total
samples, it was flagged. All five biomarkers of interest passed QC.

Immunoassays

Details on Immunoassay based biomarker measurement within each cohort and for

each biomarker have been described previously. Briefly, NfL was measured using a
commercially available immunoassay kit (UmanDiagnostics AB, Umed, Sweden) in both
Knight ADRC and ADNI [24-26]. Neurogranin measurements were available for samples
from Knight ADRC, ADNI and Barcelona-1. Measurements within Knight ADRC and
ADNI were performed using the Erenna® immunoassay system [27,28]. In samples from
the Barcelona-1, EUROIMMUN enzyme-linked immunosorbent assay kits were utilized to
measure Neurogranin levels [21,29]. Similar to Neurogranin, VILIP-1 and SNAP-25 were
also measured using the Erenna® immunoassay system-based sandwich immunoassay in
ADNI [28]. Although, both these biomarkers were measured using the same Erenna system,
those measurements were done independently at different lab and batches, so they were
treated as independent measurements. within Knight ADRC as well, variation existed in that
SNAP-25 levels were measured using a single molecule counting system in Knight ADRC
(Supplementary Table 1) [20,30]. STREM2 levels in both Knight ADRC and ADNI were
measured using the in-house immunoassay developed at Washington University in St. Louis
[13,31,32]. For samples in DIAN, STREM2 measurements were obtained from a Meso Scale
Discovery (MSD) platform-based immunoassay as described previously [33]

Since immunoassay-based data were collected retrospectively from in-house and publicly
available data, QC was performed for each biomarker within each cohort separately due
to the technical variation among cohorts and within biomarkers (Supplementary Table 1).
Duplicates were removed if multiple measurements for a biomarker were available for the
same subject at the same date of CSF draw. Outliers were defined using the 1.5-fold IQR
criteria, as described for SOMAscan based measurement. Any measurements detected as
outlier were removed.
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Statistical analysis

Results

Statistical analysis was performed using available data from all cohorts together as well as
in each cohort individually. To compare the protein levels for the different biomarkers across
platforms (SOMAscan vs. Immunoassays), Pearson’s correlation coefficient was used. First,
raw protein measurements of each biomarker were log10 transformed and scaled with mean
0 and variance 1 to get a Z-score value for analysis. Comparison of SOMAscan-based and
immunoassays measurements within each cohort was performed using the Z-scores as well
as the raw values. For analyses combining data from multiple cohorts Z-scores, instead of
raw values, were used to account for the difference in units of protein measurement reported
by the two platforms and the variation in immunoassay techniques used between the cohorts.
For immunoassay-based measures, Z-scores were calculated within each cohort separately.
For SOMAscan, Z- scores were calculated prior to stratification by cohort because the
protein measures were obtained at the same time using a common panel for all cohorts.
Second, samples with protein measurement for both platforms were kept. SOMAscan panel
had more than one aptamer targeting some proteins: two aptamers targeting VILIP-1 and
three targeting STREMZ2. The two analytes targeting VILIP-1 had a correlation of 0.95

and the correlation for the three analytes targeting TREM2 ranged from 0.92 — 0.94
(Supplementary Figure 2). All available aptamers were included in analysis for both cohort
specific and combined analysis. Cutoffs for the strength of correlation were used as reported
by previously published literature [34].

To compare the predictive accuracy of the biomarkers between platforms, receiver operating
characteristic (ROC) curve and area under the curve (AUC) values were assessed. Univariate
logistic regression was performed with clinical status (AD cases vs. controls) at CSF

draw as the response variable and standardized protein measure as the predictor variable.
Multivariate logistic models with standard scores as predictor variables and CSF draw and
gender included as covariates were also evaluated to confirm the findings from the univariate
models. A subset of common samples with reported AD disease or control status at the time
of CSF draw were used to compute ROC. P<0.05 was considered as significance threshold.
All statistical analyses were performed using R statistical software version 3.5.2.

Cohort demographics

A total of 870 CSF samples collected from the Knight-ADRC were included, of which 175
have AD and 3 have ADAD. 626 samples were cognitively normal controls and 66 had other
types of neurogenerative diseases (referred to as “Others” hereafter). The average age of
sample at CSF draw date was 70.88 years (+8.69). NfL measurements were obtained from
53 AD cases, 155 controls and 13 Others. Neurogranin was measured in samples from 171
AD cases, 606 controls and 64 Others. SNAP-25 measurement was available for 52 AD
cases, 109 controls and 12 Others. STREM2 and VILIP-1 were measured in samples from
79 AD cases, 226 controls, 18 Others and samples from 53 AD, 113 controls and 12 Others
respectively. For the DIAN study 115 CSF samples were included for analysis; 72 of these
samples were carriers of autosomal dominant pathogenic variants and 36 were non-carriers.
In contrast to other cohorts, the cases in DIAN were ADAD cases with average age at CSF
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of draw of 41.12 years (£10.18). ADNI included a total of 689 unique subjects with an
average age of 73.49 years (+£7.56) at CSF draw; 519 of them had a clinical diagnosis of

AD and 149 were diagnosed as cognitive normal individuals. An additional 21 samples had
mild cognitive impairment (MCI). NfL was measured in 106 AD cases, 39 controls and 7
MCI samples. Neurogranin and VILIP-1 were both measured in CSF samples from 34 cases,
17 controls and 4 MCI, whereas SNAP-25 was measured in samples from 37 cases, 16
controls and 4 MCI at time of lumbar puncture. STREM2 measurements were available for
512 cases, 149 controls and 20 MCI. Barcelona-1 included data from 23 AD cases, 1 control
and 68 subjects with other diagnosis resulting a total of 92 unique subjects. The average

age at CSF draw for the samples was 70.03 (£7.51). Of the five biomarkers of interest, only
Neurogranin was measured using immunoassay (Table 1).

Similar Standard Score distribution between the platforms

We performed Z-score normalization in order to compare the protein levels between the
platforms and cohorts (Figure 1). The normalized levels for NfL, Neurogranin, VILIP-1
and SNAP-25 had significantly higher levels in cases than controls (Figure 1), as expected.
These findings were consistent across both platforms, and no significant differences were
found in the z-scores for a specific analyte across cohorts. Significance was determined
using a two tailed, two sample t-Test with assumption of unequal variance. No significant
difference in STREM2 level were observed between cases and controls when using
SOMAscan or immunoassays.

Correlation between SOMAscan and immunoassay measurements

We tested for correlation between biomarker measurements between immunoassay vs
SOMAscan on different aliquots from the same individual and CSF draw date. Pearson’s
correlation coefficient was calculated using all common samples. We found significant
positive correlation for NfL, neurogranin and VILIP-1 measurements (r> 0.9). For VILIP-1,
the SOMAscan 7K panel included two different aptamers, and a significant and similar
correlation was found for both (7= 0.91; p-value = 5.28 x1078%; n = 236 and 0.92; p-value
=2.07 x1079; n=237 respectively; Figure 2 and Table 2). The correlation of the three
STREM2 SOMAscan aptamers with immunoassays was also significant but showed lower
correlation coefficients than VILIP-1, neurogranin and NfL (rranging from 0.64 to 0.66
[p value < 107140: h =1107-1120]). SNAP-25 was the only biomarker that showed no
significant correlation between the two platforms (= 0.06, P-value >0.05; n = 230).

Cohort specific analyses—Correlation of biomarkers within each cohort using Z-scores
and raw values were additionally compared (Supplementary Figure 3—10; Supplementary
Table 2-3). In ADNI, NfL, neurogranin and VILIP-1 showed strong correlations between
the platforms (7> 0.8; Supplementary Figure 3). NfL showed the highest correlation with r=
0.89 (p-value = 7.32 x107°3; n = 152).

In Knight ADRC, neurogranin showed the highest correlation with a coefficient of 0.95
(p-value < 107150; n = 841) followed by NfL with 7= 0.94 (p-value = 6.81x107107; n= 221;
Supplementary Figure 4). VILIP-1 also showed a significant correlation with r> 0.9 in both
aptamers targeting it.

J Alzheimers Dis. Author manuscript; available in PMC 2022 October 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Timsina et al.

Page 9

Consistent with our findings from the combined analyses, SNAP-25 did not show a
significant correlation in either ADNI or Knight ADRC (P-value > 0.05; n=57 and n =
221 respectively; Supplementary Figure 3-4).

For DIAN, only the STREM2 immunoassay measurement was available at the time of these
analyses. However, the correlation for STREM2 was highest in DIAN among all cohorts
(Supplementary Figure 5). DIAN used an MSD immunoassay platform whereas both ADNI
and Knight ADRC used an in-house assay to measure STREM2. This finding highlights

the variation in correlation between SOMAscan and immunoassay platform based on the
technical nuances involved. We observed rvalue as high as 0.85 (Analyte 11851-21; p-value
=1.92x1073%; n = 109) for the protein denoting a strong correlation between STREM2
measurement in DIAN (Supplementary Figure 5).

Finally, correlation was also evaluated within Barcelona-1for neurogranin (Supplementary
Figure 6). Findings for neurogranin were consistent with the other cohorts, with it showing a
strong correlation (7= 0.84, p-value = 1.67x1072%; n = 92).

The consistently strong correlations observed between the platforms for Nfl, neurogranin,
VILIP-1 and sSTREM2 show that SOMAscan based protein measures are in accordance
with immunoassay-based measures. As made evident in the case of STREMZ, variation

in correlations seen across cohort could have been due to the difference in sample
characteristics and immunoassay technique and utilized by each cohort.

The correlations found for each analyte in each cohort were not significantly different when
using Z-scores or raw values, confirming that using Z-scores does not lead to artifactual
findings.

SOMAscan and immunoassay-based measurements lead to similar prediction
performance

Next, we compared the prediction accuracy of the biomarkers using the Z-scores obtained
for the two platforms. Our goal was to evaluate if the measures from the two platforms
show any difference in their ability to differentiate cases and controls for the same group of
subjects. A univariate model, using only the standardized protein measures, was evaluated
for both combined as well as cohort specific data. A second multivariate model using age at
CSF draw and gender as covariates was also analyzed.

For the univariate model, we did not find any significant difference in the AUCs for NfL,
neurogranin, VILIP-1 or two of the three aptamers targeting STREM2 (Figure 3, Table 3).
For NfL, we observed an AUC of 0.66 in both SOMAscan (AUCgpoma) and in immunoassay
(AUCmmuNo; p-value = 0.68; n = 353). We observed similar trends in neurogranin and
VILIP-1. Both AUCgoma and AUC mumuno for neurogranin were 0.64 (p-value =0.56;

n = 849). VILIP-1 showed AUCgomq = 0.68 for both aptamers and an AUCpmuno =

0.66 and 0.67 (p-value = 0.29 and p-value = 0.56; n = 221 and 220 respectively). A
significant difference in ROCs was observed in one of the aptamers for sSTREM2 (SOMA

id: 5635-66), where SOMAscan (AUCgyoma = 0.58) performed significantly better than the
immunoassays (AUC;mmuno = 0.508 (p-value =0.04; n = 962). The other two STREM2
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aptamers (SOMA id: 16300-4 and 11851-21) also showed higher AUCs for SOMAscan
than the immunoassay values, but the difference was not statistically significant (p- value
0.12 and 0.06; n = 966 and 968, respectively). Consistent with the poor correlation observed
for the SNAP-25 measures between the two platform, there was a significant difference in
ROCs (p-value = 0.01, AUC¢yma = 0.53 and AUC mmuNoassay = 0.66; n = 214), with the
immunoassay-based measure presenting better prediction power.

We re-calculated ROCs and AUC by adjusting the model for age at CSF draw and gender
(Supplementary Figure 11; Supplementary Table 4). Improvements in AUCs were observed
for all the aptamers except NfL, which did not show any change. Trends of the AUCs in
both platforms were similar to the univariate model with no significant difference in AUCs
in case of NfL, VILIP-1, or neurogranin and a significant difference in SNAP-25. However,
STREM2 [analyte 11851.21 and 5635.66] showed significant difference in the multivariate
model with higher AUC for SOMAscan platform (AUCgoma = 0.62 and AUCmmuNO
=0.59; p -value=0.02 for both). sSTREM2 analyte 16300-4 also showed higher AUC for
SOMAscan platform although the difference was not significant (AUCgoma = 0.61 and
AUC mmuno =0.59; p -value:0.07).

Performance of both univariate and multivariate models were also evaluated in individual
cohorts (Supplementary Figure 12—20; Supplementary Table 5-7). Analyses using
Barcelona-1 were not performed because it did not have sufficient control samples. For
the univariate model, results consistent with our findings in combined analysis were
observed. We observed similar and not significantly different AUCs for neurogranin and
VILIP-1 in both Knight ADRC and ADNI (ADNI: neurogranin p-value = 0.63; VILIP
p-value = 0.60 and 0.12; Knight ADRC: neurogranin p-value =0.18; VILIP-1 p-value =
0.08 and 0.32). However, we observed significant differences for NfL in both cohorts
(Supplementary Figure 12-13; Supplementary Table 5). The NfL immunoassay measures
showed significantly better prediction ability than SOMAscan within ADNI (AUCsoma

= 0.62; AUC;mmuno = 0.71; p-value =0.001; n= 145) and Knight ADRC (AUCspoma =
0.71 and AUC;pmmuno = 0.75; p-value =0.02; n = 208). On the other hand, SNAP-25,
which had a significant difference in ROCs between SOMAscan and immunoassays in the
combined analysis, did not show any significant difference in either cohort when evaluated
individually. This observation is likely due to the smaller sample size in the individual
cohorts and lower statistical power as a result. In ADNI, SNAP-25 showed AUCsoma

= 0.50 and AUCmmuno = 0.68 (p-value =0.12; n = 53). Similarly, in Knight ADRC,
SNAP-25 AUCgsoma Was 0.54 and AUC mmuno Was 0.65 (p-value =0.06; n = 161). None
of the three aptamers targeting STREM2 showed any significant difference in prediction
accuracy between SOMAscan and immunoassay in the three cohorts (Supplementary Figure
12-14; Supplementary Table 5). No changes were observed when the models were tested
using raw protein values (Supplementary Figure 15-17; Supplementary Table 6).

Findings for the multivariate models were in line with our observations in the univariate
models within each cohort (Supplementary Figure 18-20, Supplementary Table 7). NfL
was the only biomarker with a significant difference in AUCs between SOMAscan and
immunoassays (ADNI: p-value = 0.01, n = 145; Knight ADRC: p-value = 0.03, n = 208).
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The lack of significant differences in AUCs between NfL, neurogranin and VILIP-1
observed between the two platforms in the combined analyses further provides evidence
supporting the concordance of protein measures between SOMAscan and classic
immunoassays. The variation in the prediction power within each cohort can be attributed to
the lack of statistical power owing to decreased sample sizes.

Discussion

The need for a high-throughput protein quantification method has driven the search for
alternatives to traditional immunoassay-based protein techniques. SOMAscan, developed by
SomalLogic Inc. (Boulder, CO), is a viable option and has already been used in large-scale
proteomic studies [35-37]. However, before any novel technology becomes mainstream,
comparing its performance to well-established measures can provide evidence for or against
its adoption. In this study, we compared the performance of SOMAscan with immunoassay-
based platforms for several CSF proteins that have been proposed as important markers

for AD and other neurodegenerative diseases (NfL, neurogranin, VILIP-1, STREM2 and
SNAP-25]). The choice of proteins for inclusion in this comparative study was based on
availability of their measures in both the SOMAscan and immunoassay platforms. Well
validated biomarkers such as ptau, AB40, or Ap42 are not covered on the Somalogic 7K
panel. YKL-40 is included but did not pass QC in our analyses (Supplementary Figure 1).
GFAP, an emerging biomarker, was included in the panel and passed QC, but we did not
have access to immunoassay-based measure for GFAP at the time of the analyses for any of
the cohorts. When more than one analyte targeting the same biomarker weas present in the
SOMAscan panel (Supplementary Figure 2), analyses were performed for all of them.

We leveraged data from four different cohorts (ADNI, Knight ADRC, DIAN, and
Barcelona-1) and compared the performance of the platforms using the correlation between
the measures and their prediction accuracy using harmonized protein values. We observed
significant correlation in four of the five AD biomarkers. Nfl, neurogranin and VILIP-1 all
had > 0.9. Only one biomarker, SNAP-25, had a poor correlation which failed to pass

the significance threshold of p-value < 0.05. The results were consistent across combined
and cohort-specific analyses. In univariate models tested using data from all cohorts, NfL,
neurogranin, VILIP-1 and two aptamers targeting STREM2 did not have any significant
difference between the ROCs among the platforms, suggesting similar discriminating power
between them. However, a significant difference was observed in one of three aptamers in
the SOMAscan panel targeting STREM2, with higher AUC in SOMA than in immunoassays,
suggesting that the SOMAscan based measurements for sSTREMZ2 are better than those for
immunoassays. SNAP-25 also exhibited a significant difference, but immunoassay-based
measures showed higher AUC. Similar findings were found within-cohort using both
Z-scores and raw values. Overall good agreement was found between protein measures
from SOMAscan and immunoassays. Apart from the SOMAscan discovery panel spanning
over 6000 proteins, custom, disease specific panels, that can be used in clinical trial or
disease monitoring, are also available. These biomarkers could be part of such AD specific
diagnostic tool in future.
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The findings from our study are consistent with what has been previously reported in
literature comparing SOMAscan and other immunoassay platforms. A multi cohort study
from the TOPMed consortium compared protein measurements from SOMAscan with

other immunoassay platforms for cardiovascular and smoking related diseases reported a
similar wide range of correlations between the protein measures [6]. Among the 63 proteins
assessed in plasma or serum samples, 13 (20%) had a low correlation (r < 0.3), 33 (52%)
had moderate correlation (r = 0.3-0.7) and 17 (27%) had high correlation (r > 0.7) [6]. We
observed a similar range of correlations for our biomarkers. Of the five biomarkers analyzed
in our study, strong correlation was observed in four, a higher percentage (80%) than the
27% reported here.

Our study is one of the very few that has compared SOMAscan to immunoassays for

CSF AD and neurogenerative biomarkers. Given the fact that immunoassays are the most
widely used platforms for protein measurement, it is necessary that they be used as a
reference to evaluate this novel platform [38]. Previous studies have compared SOMAscan
with immunoassays, but mostly in plasma or urine samples [6,11,38]. CSF biomarkers are
considered more reliable when it comes to the neurodegenerative diseases [39]. Particularly
in diseases like AD, the ability to monitor a wide range of the CSF proteome is a major feat
in terms of early disease detection and diagnosis, as changes in CSF proteome can precede
clinical symptoms [40]. Also, a multi cohort approach, as used in our study, gives us the
opportunity to make comparisons across various immunoassay techniques. For neurogranin
and STREM2, we had more than 800 samples from various cohorts. To our knowledge, this
is the largest number of CSF based samples ever used for comparison across these two
platforms.

Despite the several strengths of our study, our results should be considered with caution.
First, SOMAscan reports protein levels in relative fluorescence units unlike immunoassay-
based methods that report absolute values of protein quantification. Thus, we cannot directly
comment on the interchangeability of raw measures reported by the two platforms or
perform comparisons at the raw value level. This can, however, be addressed through
alternative approaches like comparison of the performance of data driven dichotomization
cut-offs, based on linear mixed models and the expectation-maximization algorithm, to
define biomarker positive vs negative status. We have used this data-driven approach in
several studies demonstrating that this method leads to similar cut-offs as those calculated
experimentally [41,42]. This approach has several advantages as it can be used in Z-scores,
can be implemented in studies using different platforms or sample composition, and does
not require a-priori knowledge to perform the dichotomization. Although we observed
high correlations among most of our biomarkers the same cannot be said about SNAP-25.
Follow-up studies will be needed with larger sample sizes to provide enough statistical
power in order to reach a conclusion for this analyte.

Additionally, the finding for these five CSF biomarkers cannot be generalized to other AD
biomarkers. Several classic AD biomarkers such as GFAP, amyloid beta and pTau could
not be included in the analysis because they were missing in one of the two platforms.
YKL-40, although present in both the SOMAscan and Immunoassay panels, was excluded
because it failed our QC criteria in SOMAscan. Given the importance of these biomarkers
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in AD diagnosis, follow up studies will be needed as more data becomes available. The
field of AD biomarker study is moving towards blood-based biomarker detection. Since the
findings from one tissue-based biomarker cannot be directly translated into another, similar
comparisons are required to comment on the performance of SOMAscan with blood-based
AD biomarkers.

To conclude, the findings from our study show the potential of the SOMAscan assay as
an alternative to traditional immunoassay- based approaches for CSF NfL, neurogranin,
VILIP-1 and STREM2. However, we cannot conclude the same about SNAP-25. The
variation in results across cohorts also highlights the need of an additional orthogonal
approach to confirm the interchangeability of protein measures between the platforms.
Further, we only compared CSF based biomarkers, so additional studies will be needed to
confirm that these findings replicate in plasma or using other tissue-based biomarkers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Z-score distribution across SOMAscan and immunoassay platforms.
(A) Violin plot showing the standard score distribution for NfL protein across ADNI

and Knight ADRC (B)Violin plot showing the standard score distribution for neurogranin
across ADNI, Knight ADRC and Barcelona-1 (C) Violin plot showing the standard score
distribution for SNAP-25 protein across ADNI and Knight ADRC (D-F) Violin plot showing
the standard score distribution for different aptamers targeting STREM2 protein across
ADNI, Knight ADRC and DIAN (G-H) Violin plot showing the standard score distribution
for different aptamers targeting VILIP-1 protein across ADNI and Knight ADRC. ns=

Not significant. Z-scores were calculated using log10 transformed raw protein levels.
Colors represent disease status at CSF draw date. Score distributions were plotted for
samples with disease status reported as sporadic Alzheimer’s disease (AD), Autosomal
Dominant Alzheimer’s disease (ADAD) or control (CO) only. X-axis shows cohorts that
had information on the measured protein for each platform. Y-axis shows the distribution
of standard scores. P-values shows the significance differences between cases and controls,
stratified by cohort and the platforms. If the SOMAscan panel had more than one analyte
targeting a protein, multiple plots were generated corresponding to each.
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Figure 2: Correlations between SOMAscan and immunoassay platforms for different proteins

across cohorts.

For each protein, Pearson’s correlation coefficient was calculated using the Z-scores from all
common samples between the two platforms across all available cohorts. Significance was
determined based on a p-value threshold of 0.05. Data points are color coded to show the
cohort source. Slope in each plot corresponds to a regression line fitted using Immunoassay
score as independent variable and SOMA score as dependent variable. (A) Scatter plot
showing the correlation of standard scores for NfL protein (r = 0.91 and p-value = 3.71 x
107148 (B) Scatter plot showing the correlation of standard scores for neurogranin protein (r
=0.93 and p-value <107150) (C) Scatter plot showing the correlation of standard scores for
SNAP-25 protein (r = 0.06 and p value = 0.35) (D-F) Scatter plot showing the correlation

of standard scores for STREM2. Three aptamers targeting STREM2 proteins were available
in the SOMAscan panel. Correlation was evaluated for all three aptamers. (r = 0.64 to 0.66;
p-value = 5.15 x 107140 t0 1.76x 107129) (G-H) Scatter plots showing the correlation of
standard scores for two different aptamers targeting VILIP-1 protein (r = 0.91; p-value =
5.28 x 10789 and 0.92; p-value = 2.07 x 1079 respectively).
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Figure 3: ROC curve showing sensitivity and specificity for different proteins in SOMAscan and

immunoassay platforms.

ROC and AUC were calculated using a logistic model with protein standard scores as the
predictor variable and disease status as the response variable. Clinical disease status reported
at the time of CSF draw was used. Common samples from all cohorts were combined and
analyzed. STREM2 analyses included samples from Knight ADRC and ADNI only. Samples
reported to have status other than cases or controls were excluded from the analysis. P<0.05
denotes significant difference in the ROC between the platforms. (A) ROC curve for NfL
(AUC=0.66 for SOMAscan and immunoassay; p= 0.68). (B) ROC curve for neurogranin
(AUC 0.64 for SOMAscan and immunoassay; p value = 0.56) (C) ROC curve for SNAP-25
(AUC for SOMAscan = 0.53 and for immunoassay = 0.66 respectively; with p-value of 0.01)
(D-F) ROC curve for three aptamers from the SOMAscan panel for sSTREM2. (AUC for
SOMAscan = 0.56 —0.58; AUC for immunoassay= 0.51; p -value = 0.04 -0.12) (G-H) ROC
curve for two aptamers from the SOMAscan panel targeting VILIP-1 protein (AUC values:
0.68 for SOMAscan; 0.67 and 0.66 for immunoassay; p- value = 0.56 and 0.29) respectively.
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Table 1:
Sample characteristics by cohort.
Disease Status Proteins
Cohort Samples Average
(N) Age (#SD)  Male Cases Control Others/ : }
(%) (%) (%) MCI (%) NfL NG SsTREM2 VILIP-1 SNAP-25
ADNI 689 7349 57.33 75.33 21.63 3.05 152 55 684 58 57
(+7.56) : : : :
Knight 70.88
ADRC 870 (+8.69) 45.98 20.46 71.95 7.59 221 841 323 179 173
DIAN 115 4112 4957 6261 3130 609 NA NA 113 NA NA
(+10.18) : : : :
Barcelona 70.03
1 92 (£7.51) 57.61 25.00 1.08 73.91 NA 92 NA NA NA

Characteristics of samples with both SOMAscan and immunoassay-based protein measurements, matched based on subject ID and cerebrospinal
fluid (CSF) draw date, between the platforms within each cohort. Age and disease status correspond to age and status recorded at CSF draw date.
Age is reported in years (mean+ SD). Cases represent sporadic AD cases for ADNI, Knight-ADRC and Barcelona 1 and autosomal dominant

AD cases for DIAN. Subjects with disease status other than AD or control were grouped under “Others” category. NA values denote that no
information was available for the protein within that cohort. Sample number differed between aptamers targeting the same biomarker. The highest
number of samples used is reported if applicable.
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Table 2:

Pearson’s correlation coefficient of proteins measured by SOMAscan and immunoassay platforms.

Analyte Soma ID  Correlation Coefficient ~R-Squared P-value Slope
NfL 10082-251 0.91 0.84 3.71x107148  0.72
Neurogranin 18303-39 0.93 0.86 <107150 0.92
SNAP-25 13105-7 0.06 0.004 0.34 0.06
11851-21 0.66 0.44 5.15x107140  0.64
STREM2 16300-4 0.65 0.43 6.91 x107138  0.61
5635-66 0.64 0.41 1.76 x107129  0.63
13522-20 0.91 0.82 5.28 x10789 0.86

VILIP-1
20197-14 0.92 0.85 2.07 x107%8 0.85

Standard scores were used to calculate the correlation coefficient. Significance was determined based on a p-value threshold of 0.05. Slope
corresponds to a regression line fitted using immunoassay score as independent variable and SOMA score as dependent variable. Samples from all
available cohorts were used for correlation calculation.
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Area Under Curves for different proteins between SOMA and immunoassay platforms.

Table 3:

Samples AUC
Protein Analyte
Cases Controls SOMA Immunoassay P-value

NfL 10082-251 159 194 0.66 0.66 0.68
Neurogranin ~ 18303-39 225 624 0.64 0.64 0.56
SNAP-25 13105-7 89 125 0.53 0.66 0.01

11851.21 591 375 0.57 0.51 0.06

16300.4 593 375 0.56 0.51 0.12
STREM2

5635.66 589 373 0.58 0.51 0.04
VILIP-1 13522.20 90 130 0.68 0.66 0.56

20197.14 91 130 0.68 0.67 0.29

Page 23

The samples used for receiver operating curve (ROC) include common samples across all available cohorts for that protein. Samples were excluded
if they were reported to have status other than AD cases or controls. STREM2 analyses included samples from ADNI and Knight ADRC only.

P-value denotes the test of significance for a difference between the ROCs between the two platforms.
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