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Abstract

Background: Multiplexed protein analysis platforms are a novel and efficient way to
characterize biomarkers in a variety of biological samples. Few studies have compared protein
quantitation and reproducibility of results across platforms. We utilize a novel nasosorption
technique to collect nasal epithelial lining fluid (NELF) from healthy subjects, and compare the
detection of proteins in NELF across three commonly used platforms.

Methods: NELF was collected from both nares of twenty healthy subjects using an absorbent
fibrous matrix and analyzed using three different protein analysis platforms: Luminex, Meso Scale
Discovery (MSD), and Olink. Twenty-three protein analytes were shared across two or more
platforms, and correlations across platforms were assessed using Spearman correlations.

Results: Among the twelve proteins represented on all three platforms, IL1a and IL6 were very
highly correlated (Spearman correlation coefficient [r] = 0.9); CCL3, CCL4, and MCP1 were
highly correlated (r = 0.7); and IFNy, IL8, and TNFa were moderately correlated (r = 0.5). Four
proteins (IL2, IL4, IL10, IL13) were poorly correlated across at least two platform comparisons
(r < 0.5); for two of these proteins (IL10 and IL13), the majority of observations were below the
limits of detection for Olink and Luminex.
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Discussion: Multiplexed protein analysis platforms are a promising method for analyzing nasal
samples for biomarkers of interest in respiratory health research. For most proteins evaluated,
there was good correlation across platforms, although results were less consistent for low
abundance proteins. Of the three platforms tested, MSD had the highest sensitivity for analyte
detection.

Introduction

There is growing interest in the use of multiplexed protein analysis platforms to analyze
biomarkers in a wide variety of biological samples. Multiplexed assays offer the advantage
of analyzing of several biomarkers of interest simultaneously while utilizing small quantities
of samplel, are cost-effective, and can be used to characterize localized inflammatory
mediators and cytokines in sites of interest to respiratory and environmental health
researchers24.

Of particular interest in respiratory health is the utility of non-invasive sample collection
methods for evaluation of disease and environmental exposure biomarkers, as circulating
biomarkers have been shown to be poorly correlated with biomarkers in respiratory
samples®. One potential sampling method to fill this gap is the collection of nasal epithelial
lining fluid (NELF) using nasosorption, a method to noninvasively sample the upper
respiratory epithelium®. Assessment of biomarkers in NELF can provide insights into
inflammatory processes and immune mediators in the upper respiratory tract. Cytokines

in NELF have been show to correlate well cytokines in the lower airway®. However,
methods for measuring respiratory immune mediators across the field vary; thus, interpreting
reproducibility of results across studies is a major challenge.

Several assay platforms exist using varied methodologies for protein analysis, such as

bead-, ELISA-, mass spectrometry-, and protein extension-based assays. Studies analyzing
circulating mediators from serum and plasma comparing use of these platforms have
demonstrated variable results with respect to the sensitivity, accuracy, and inter-platform
correlations of proteomic assays using commonly available biological specimens, like serum
or plasma’=10. However, the performance of multiplexed assays to evaluate respiratory
samples have not yet been investigated. Understanding how well results correlate across
protein analysis platforms, and which platforms may be most reliably used for the analysis
of respiratory samples, is vital to advancing the field of respiratory biomarker research.

To fill this gap and evaluate performance of commonly utilized protein analysis platforms,
our study compares three protein analysis platforms — Luminex, Meso Scale Discovery
(MSD), and Olink— using NELF samples from healthy subjects. We utilize paired NELF
samples to assess the sensitivities of each assay and observe correlations in protein
quantitation across assay platforms.
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Methods

Sample Collection

Healthy adult subjects between 18 and 75 years of age were recruited for study participation.
Exclusion criteria included cigarette smoking, a history of bleeding or other blood-related
disorders, recent nasal surgery, and current signs of active viral infection. Twenty healthy
adults were enrolled and basic demographic information was collected. Nasal epithelial
lining fluid was collected from both nares of each subject using a synthetic absorbent matrix
(Nasosorption FX-i, Mucosal Diagnostics, Midhurst, England). Following a procedure that
has been previously described®11, nasal strips were inserted into the anterior portion of the
inferior nasal turbinate of each nostril following pre-moistening of nares with normal saline.
Following insertion, nostrils were clamped shut for two minutes with a padded nose clip.
Strips were then stored at —20°C in microfuge tubes until elution. Samples from both nares
were eluted a and eluate from both nares for each subject was combined and subdivided into
three aliquots which were then frozen at —20°C until analysis. This protocol was approved
by the University of North Carolina at Chapel Hill Biomedical Institutional Review Board
(Study #21-0022) and all methods were performed in accordance with relevant guidelines
and regulations including obtaining written informed consent.

Protein Analysis Assays

Each of the three sample aliquots was analyzed by one of three different protein analysis
platforms: Human Immunotherapy Luminex Performance Assay 24-plex Fixed Panel (R&D
Systems, Minneapolis, MN); V-Plex Human Cytokine 30-plex Kit (Meso Scale Discovery
[MSD], Rockville, MD); Olink Target 96 Inflammation (Olink Biosciences, Uppsala,
Sweden). Samples were analyzed once using the Luminex and MSD platforms, and were
analyzed in triplicate using the Olink platform. The proportion of samples detectable within
the dynamic range for each assay (as defined by the manufacturer) was documented. For
Olink, limit of detection (LOD) is defined as 3 standard deviations above background and
reported in pg/mL. In our analysis, an Olink sample was categorized as below limit of
detection (LOD) if one or more of the three measurements were below LOD. For MSD, the
lower limit of detection (LLOD) corresponded to the average signal 2.5 standard deviations
above the background. For Luminex, the lower limit of quantitation (LLOQ) was utilized as
defined by the platform software.

Statistical Analysis

Log 2 normalized signal intensity was utilized across platforms for data analysis. For Olink,
the three data points for each participant were averaged. All observations, including those
outside of the dynamic range for each assay, were included in the statistical analyses.
Twenty-three protein analytes were shared across two or more platforms. Coefficients of
variation (CV) were calculated for the three Olink measurements, and mean CVs were
calculated for each protein analyte. Correlations across platforms were assessed using
Spearman correlations given protein concentrations were non-normally distributed. All
analyses were performed in RStudio (version 2022.07.1+554).
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Twelve of the proteins evaluated were analyzed on all three platforms (Table 1). There were
also six proteins available only on the chosen Olink and MSD assays (IL5, IL7, MCP4,
TNFB, CCL11, VEGF), two proteins available only on the chosen Olink and Luminex
assays (IL17a, CXCL10), and three proteins available only on the chosen Luminex and
MSD assays (IL15, IL12p70, GMCSF).

The proportion of samples within the range of quantitation for each assay varied widely. For
MSD, 5% of samples were below the LLOD. For MSD, TNFp had the largest proportion

of samples below LLOD (n=10 [50%]) (see Table 1). Luminex had a significantly larger
proportion of samples below the lower limit of quantitation (LLOQ) with several proteins
(CCL4, 1L4, IL13, TNFa, IL17a, IL15, 1L20p70) below LLOQ for the assay in greater
than 50% of measurements. Luminex also had one protein, IL8, above the upper limit of
quantitation (n=13 [65%]). For Olink, five proteins (L2, IL4, IL5, IL10, and I1L13) were
below LOD in =95% of samples.

Among the twelve proteins tested on all three platforms, there was overall a moderate-to-
high degree of correlation across platforms, with some exceptions (Table 2). Two proteins
(IL1a, IL6) were very highly correlated (Spearman correlation coefficient [r] = 0.9), three
proteins (CCL3, CCL4, MCP1) were highly correlated (r = 0.7), and three proteins (IFNy,
IL8, TNFa) were moderately correlated (r = 0.5) across all three platforms (Table 2,
Supplemental Figure Al). Four of the six proteins analyzed only by Olink and MSD
platforms (IL7, MCP4, CCL11, VEGF) were very highly correlated (r = 0.9). Finally,
four proteins (IL2, IL4, 1L10, 1L13) were poorly correlated across at least two platform
comparisons (r < 0.5). The majority of measurements for each of the poorly correlated
proteins were below the LOD for Olink and/or Luminex as described above.

Among the 20 proteins tested by Olink that were shared across one or more other platforms
in this analysis, mean CV of the three measurements for each protein ranged from 0.28%
(for IL8) to 101.39% (for I1L4) (Supplemental Table Al). A majority of all 92 of the proteins
tested by Olink (n=67, 73%) had a mean CV <10% for the triplicate runs (Supplemental
Table A2).

Discussion:

We found that protein analysis platforms are comparable in their measurement of protein
biomarkers in NELF for proteins quantified within the dynamic range for each assay. A
majority of proteins evaluated by two or more platforms in our study were moderately to
highly correlated, suggesting consistency of results among the platforms tested. However,
sensitivities of the platforms varied, and influenced the comparability of results across
platforms. Our study indicates that utilizing a variety of multiplexed protein analysis
platforms for NELF analysis is feasible and results across platforms are consistent,
particularly for higher abundance proteins, and can likely provide valuable insights into
the complex cytokine milieu of the upper respiratory tract.
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Despite the high correlations observed for the majority of proteins in this analysis, there
were several proteins with poor correlations across all platforms (IL2, IL4, IL10, IL13). The
majority of measurements for each of these proteins were below the LOD for at least one

of the platforms tested. Other studies measuring protein biomarkers in the nasal fluid of
adults (by MSD or individual ELISA) have also found relatively low levels of I1L4, IL10, and
IL13512, Our findings suggest that for lower abundance proteins such as these, the assays
chosen here performed less reliably and reproducibility across platforms was compromised.
This limitation may be mediated by selecting assay platforms with higher sensitivity for
lower abundance mediators.

The varying proportion of samples within the range of quantitation for each assay may be
based on the different analytic methods employed by each platform. Olink is a proximity
extension assay requiring binding of antibody pairs to target proteins followed by extension
of oligonucleotides linked to these antibodies once brought into close proximity, a method
to increase specificity and reduce cross-reactivity of the assay’3. Olink does not directly
quantify protein target concentration, but quantifies DNA sequences generated by linkage
and extension of the oligonucleotides on a normalized scale in proportion to measured
background signal, while MSD and Luminex both provide quantitative measures of analyte
directly proportional to the intensity of light emitted by the sample’. While comparison

of these results using Spearman correlations allows for these differences in quantitative
methods, it is important to note that we are not directly comparing protein concentrations
across analysis platforms. Additionally, despite the platform similarities between MSD and
Luminex, a higher proportion of samples were below the LOD for Luminex, which is not
unexpected given MSD’s larger dynamic rangel4-15,

The triplicate sample analyses performed on the Olink platform offers an opportunity

to assess the precision of this assay and its performance analyzing both high- and low-
abundance proteins. Mean CVs were calculated as an estimate of precision for each protein,
and were <10% for the majority (n= 67, 70.5%) of proteins. However, in each instance
where at least one of the measurements were below the LOD for the Olink assay, CVs for
the triplicates were >10% and ranged as high as >100%. For example, 95% of samples were
below the LOD for at least one of the three Olink measurements for I1L4, IL5, and IL13, and
mean CVs were 62.43%, 101.39%, and 56.04% for each of these proteins, respectively. This
level of variability suggests that observations outside of the dynamic range of each assay
are, not unexpectedly, less precise and reliable. For cytokines that are of particular interest
to respiratory health researchers that appear to be of low abundance in the nasal fluid —

e.g. IL4, IL13 — analysis with a more sensitive assay (e.g. MSD) or individual ELISAs may
be preferable. Repeated analysis of samples using the MSD and Luminex platforms would
provide useful information about the precision of these assays and should be addressed in
future studies.

To our knowledge, this is the first study comparing the performance of protein analysis
platforms for the analysis of nasal epithelial lining fluid. Other studies comparing
multiplexed protein analysis platforms have largely focused on the analysis of blood
components and include other popular assay technologies, such as SOMAscan and Myriad
Rules Based Medicine (RBM)7~10. A recent large-scale comparison of proteomics platforms
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for the analysis of serum and plasma samples from multiple respiratory health cohorts
showed significant variation in correlation among platforms tested (including comparisons
of SOMAscan with Myriad RBM, Olink, MSD, and individual ELISAs)®. Median Spearman
correlation coefficients for the nine cytokines tested by both SOMAscan and MSD were
poor and ranged from 0.28-0.38 in the two cohorts examined, while median r=0.36 for
proteins tested by both SOMAscan and Olink in a separate cohort of patients; there were no
direct comparisons of cytokine measurements by Olink and MSD. Another recent analysis
examined correlations between the SOMAscan and Olink platforms in serum samples and
found that the minority of 817 proteins tested by both platforms were well-correlated
(14.7% r=0.75)°. Analyses comparing an earlier version of the Luminex and MSD platforms
demonstrated similar results with regard to the sensitivities of each assay and demonstrated
good correlation for 1L-8 quantitation, but showed significant variability with regard to

the absolute quantity of analyte detected”. The variable results observed in these previous
studies highlight the need for further testing and validation across platforms to determine
the optimal assay for each sample type and protein of interest and provide assurance of
reproducibility across studies.

Our study demonstrates that proteins of interest can be quantified with consistency in
nasal fluid samples using widely available multiplexed protein analysis platforms. There is
growing interest in the analysis of nasal epithelial lining fluid as a non-invasive means

of characterizing immunologic responses at the level of the respiratory epithelium16,

This methodology may be particularly useful for quantifying airway inflammation in
asthma and allergy research and assessment of acute and chronic immunologic responses
to environmental exposures in the upper airway’-19. Based on our results, noninvasive
sampling of the nasal mucosa for proteomic analysis is a promising area for future large-
scale studies. The optimal platform may vary based on the relative abundance of cytokines
and proteins of interest in the nasal fluid when studying higher-risk individuals — i.e. those
with respiratory or allergic disease, or with a history of exposures of interest. Overall,

our findings confirm that analysis of nasal epithelial lining fluid is feasible, and that
protein analysis platforms are comparable in their measurement of higher-abundance protein
biomarkers in nasal fluid.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Proportion of samples outside of range of detection/quantitation for proteins analyzed by Olink, MSD, and

Luminex
Olink MSD Luminex
Protein #(%) <LOD | #(%) <LLOD | #(%) <LLOQ | #(%) >ULOQ
CCL3 2 (10%)
ccL4 13 (65%)
IFNy 2 (10%) 4 (20%)
ILla 1 (5%)
L2 20 (100%) 1 (5%)
IL4 19 (95%) 17 (85%)
IL6 6 (30%)
IL8 13 (65%)
IL10 19 (95%) 3 (15%)
IL13 20 (100%) 18 (90%)
MCP1
TNFa 4 (20%) 19 (95%)
IL5 19 (95%) 8 (40%)
IL7
MCP4 4 (20%)
TNFB 3 (15%) 10 (50%)
CCL11
VEGF
IL17a 2 (10%) 19 (95%)
CXCL10
IL15 1 (5%) 11 (55%)
1L12p70 19 (95%)
GMCSF 6 (30%)
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Spearman correlation coefficients (r) for proteins analyzed by Olink, Luminex, and MSD platforms

Table 2.

Olink + MSD | Olink + Luminex | Luminex + MSD

Protein r p r p r p
CCL3 0.90 | <0.01 0.78 <0.01 0.74 <0.01
CCL4 0.97 | <0.01 0.82 <0.01 0.75 <0.01
IFNy 0.81 | <0.01 0.66 0.00 0.72 <0.01
ILla 0.97 | <0.01 0.95 <0.01 0.95 <0.01
IL2 0.02 0.92 0.11 0.63 0.82 <0.01
L4 025 | 029 -0.24 0.31 0.13 0.59
IL6 0.96 | <0.01 0.98 <0.01 0.94 <0.01
IL8 0.56 0.01 0.67 0.00 0.78 <0.01
IL10 -0.07 | 0.77 0.28 0.23 0.66 0.00
1L13 028 | 024 0.24 0.31 0.39 0.09
MCP1 0.96 | <0.01 0.89 <0.01 0.82 <0.01
TNFa 0.62 | 0.00 0.60 0.01 0.72 <0.01
IL5 -0.31 | 0.18
IL7 0.99 | <0.01
MCP4 0.93 | <0.01
TNFB 0.70 | <0.01
CCL11 0.94 | <0.01
VEGF 0.95 | <0.01
IL17a 0.74 <0.01
CXCL10 0.97 <0.01
IL15 0.94 <0.01
1L12p70 0.22 0.36
GMCSF 0.49 0.03

r=0.9

0.7=<r<0.9

05=<r<0.7

r<0.5
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