
Contents lists available at ScienceDirect

Journal of Immunological Methods

journal homepage: www.elsevier.com/locate/jim

Research paper

Measurement of IL-21 in human serum and plasma using ultrasensitive MSD
S-PLEX® and Quanterix SiMoA methodologies

Josh Poorbaugha,⁎, Tanushree Samantaa, Stuart W. Brighta, Sean E. Sissonsa, Ching-Yun Changa,
Pankaj Oberoib, Angus J. MacDonalda, Andrea P. Martina, Karen L. Coxa, Robert J. Benschopa

a Immunology Discovery, Eli Lilly and Company, Indianapolis, IN 46285, USA
bMeso Scale Diagnostics, Rockville, MD 20850, USA

A R T I C L E I N F O

Keywords:
IL-21
Interleukin-21
SiMoA
S-PLEX®
Ultrasensitive

A B S T R A C T

IL-21 is a pleiotropic cytokine that plays a key role in modulating inflammatory responses, including the pro-
motion of autoimmune diseases. Several groups have quantitated circulating levels of IL-21 in plasma and serum
samples using various commercial ELISAs. We determined, however, that the most commonly used commercial
assays in published literature were not specific or sensitive enough to detect levels of IL-21 in heparin plasma or
serum from healthy human individuals. This finding prompted an effort to develop more specific and sensitive
methods to quantitate IL-21 in complex biological matrices using proprietary anti-IL-21 antibodies with the
Quanterix SiMoA platform and the Meso Scale Discovery (MSD) S-PLEX® format. Assays developed on both
technology platforms were characterized in heparin plasma and serum using spike recoveries across a range of
concentrations. Each method was able to detect sub-pg/mL levels of IL-21 (predicted Limit of Detection [LOD] of
approximately 1.0 fg/mL for both the Quanterix SiMoA and MSD S-PLEX® platforms) which is 200–500 times
lower than current commercial assays. Additionally we demonstrated that rheumatoid factor did not interfere
with measuring IL-21 in the Quanterix SiMoA assay. Results obtained with the two new ultrasensitive assays
showed a strong correlation (r=0.9428; p < .0001). Additionally, IL-21 levels were significantly increased in
samples from patients with Systemic Lupus Erythematosus (mean+/− SD: n=14, 202.64 +/− 111.47 fg/mL,
p= .0001 for Quanterix SiMoA and 275.4 +/− 174.66 fg/mL p= .0001 for MSD S-PLEX®) as well as in samples
from patients with Sjögren's Syndrome (mean+/− SD: n=11, 122.18 +/− 84.50 fg/mL, p= .0029 for
Quanterix SiMoA and 183.64 +/− 153.00 fg/mL, p= .0082 for MSD S-PLEX®) when compared to healthy
donors (mean+/− SD: n=11, 38.1 +/− 27.8 fg/mL for Quanterix SiMoA and 58.1 +/− 30.7 fg/mL for MSD
S-PLEX®). These ultrasensitive assays, for the first time, allow for the accurate quantitation of human IL-21 in
heparin plasma and serum. In addition, these experiments also provide a direct comparison of the MSD S-PLEX®
format and Quanterix SiMoA platform technologies, which may have broader implications to future application
of these methods to evaluate low abundance proteins in complex biological matrices.

1. Introduction

Interleukin-21 (IL-21) is a member of the type I cytokine family that
includes IL-2, IL-4, IL-7, IL-9 and IL-15 and activates the JAK/STAT
pathway through the cognate IL-21 receptor (IL-21R) and the common
γ chain (γc) (Ozaki et al., 2000; Parrish-Novak et al., 2000). It is pro-
duced by a variety of cell types including natural killer T cells (NKT), T
follicular helper (TFH) cells and Th17 cells (Parrish-Novak et al., 2000;
Nurieva et al., 2007; Lüthje et al., 2012). IL-21 affects different

subtypes of T cells, promoting the activation/function of Th17, TFH and
CD8+ T cells and decreasing the expansion of regulatory T cells (Treg)
(Korn et al., 2007; Nurieva et al., 2008; Zeng et al., 2005). Furthermore,
IL-21 has been shown to be critical in supporting germinal center for-
mation, B cell differentiation and immunoglobulin production (Ettinger
et al., 2005; Kuchen et al., 2007; Ozaki et al., 2002; Kotlarz et al., 2014;
Zotos et al., 2010).

Because of its broad spectrum of actions on populations of cells with
key roles in the pathophysiology of different autoimmune diseases, IL-
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21 has become attractive for therapeutic intervention and biomarker
analysis. In order to understand if concentrations in peripheral blood
samples can be linked to disease activity and progression, many studies
have investigated IL-21 levels in biofluids from autoimmune disorders
using commercially-available ELISA kits. Indeed, elevated levels of IL-
21 have been observed in patients with Psoriasis (He et al., 2012),
primary Sjögren's Syndrome (Kang et al., 2011), Rheumatoid Arthritis
(Xing et al., 2018; Gottenberg et al., 2012; Niu et al., 2010), Atopic
Dermatitis (Mizutani et al., 2016), and Systemic Lupus Erythematosus
(SLE) (Wong et al., 2010; Wang et al., 2014; Nguyen et al., 2009). In
these publications, IL-21 was measured in serum or EDTA plasma and
was detectable in the pg/mL range in both autoimmune patient and
healthy donor samples.

During our efforts to independently verify the results of these ex-
periments, we identified some key limitations with the most widely
used commercially-available human IL-21 ELISA kits. We found that
these assays lacked the specificity and sensitivity required to accurately
quantitate IL-21 in human heparin plasma and serum samples resulting
in the need for a new method.

Ultrasensitive ELISA technologies have recently been developed to
enable the quantitation of proteins in complex biological matrices in the
fg/mL range. Two such systems include the Quanterix SiMoA (Single
Molecule Array) and Meso Scale Discovery (MSD) S-PLEX® platforms.
The Quanterix SiMoA platform utilizes a fluorescent detection system
and antibody-coated microbeads to digitally assess protein binding and
concentration. The technology makes use of a digital camera to quan-
titate reactions occurring in femtoliter-sized reaction chambers each
housing a single microbead and has been reported to detect proteins in
the single femtomolar range reliably (Rissin et al., 2010). The MSD S-
PLEX® electrochemiluminescence detection technology uses SULFO-
TAG labels that emit light upon electrochemical stimulation initiated at
the electrode surfaces of MULTI-ARRAY microplates (Eklund et al.,
2017). Both technologies were used to develop orthogonal methods
utilizing Lilly proprietary anti-IL-21 antibodies. Each method demon-
strated significantly improved specificity and sensitivity, with a Limit of
Detection (LOD) of approximately 1.0 fg/mL for both the Quanterix
SiMoA and MSD S-PLEX® platforms. Additionally, these independently
developed methods demonstrated a high degree of correlation when the
same sample cohorts were analyzed on each platform. Furthermore, we
found that the concentrations of IL-21 in human plasma and serum are
much lower than previously published (i.e., < 100 fg/mL in healthy
donors). As others have reported, however, IL-21 levels remain elevated
in patients with different autoimmune diseases compared to healthy
donors, but not in the concentration ranges formerly identified. These
new methods demonstrate the importance of method characterization,
even for commercially-validated assays, and now permit accurate and
specific quantitation of this important cytokine in heparin plasma and
serum samples in two orthogonal ultrasensitive method platforms.

2. Materials and methods

2.1. Samples

Healthy human heparin plasma and serum samples were obtained
from the Eli Lilly research blood donation program. Heparin plasma
samples from healthy donors, as well as, patients diagnosed with SLE or
Sjögren's Syndrome (SS) were obtained from Methodist Hospital in
Indianapolis, IN, USA. All samples were collected under Institutional
Review Board (IRB)-approved protocols, processed according to stan-
dard laboratory methods and placed at −80 °C for long-term storage.

2.2. Spike recovery and ELISA characterizations

Commercially-available human IL-21 ELISA kits from eBiosciences
(Cat # 88–8218-22) and PeproTech (Cat # 900-K226) were performed
according to the manufacturers' protocols. Three to eight-point

calibration curves were freshly prepared from the IL-21 stocks and
compared to the concentration of known spikes in pooled heparin
plasma or serum samples. All calibration and spike samples had two
technical replicates. Spike recoveries were determined as indicated in
Section 2.7 Statistical Analysis.

2.3. Antibodies

The anti-IL-21 antibodies used in the ultrasensitive assays were
discovered and developed by Eli Lilly. AbM2, Ab2–1, and AbCom3 were
transiently expressed in HEK293 or CHO cells and after purification and
IL-21 binding was confirmed using a surface plasmon resonance assay
on a Biacore 2000 instrument. AbM2 is a modified human IgG4 anti-
body, while both Ab2–1 and AbCom3 are mouse IgG1 antibodies.

2.4. Immunodepletion of IL-21

All spikes were performed using Lilly recombinant IL-21 and im-
munoprecipitations with proprietary biotin-conjugated IgG control or
anti-IL-21 monoclonal antibodies. Undiluted plasma or serum samples,
spiked or unspiked with recombinant human IL-21, were incubated
with AbM2-coated streptavidin magnetic beads (Dynabeads, Invitrogen,
Cat. # 65001) overnight at 4 °C with rotation and the resulting super-
natants assayed for IL-21 on the following day.

2.5. Ultrasensitive immunoassay method development

The Quanterix SiMoA assay was developed by conjugating Lilly
proprietary anti-IL-21 antibodies, Ab2–1, AbM2 and AbCom3, to car-
boxylated paramagnetic beads according to the SiMoA Homebrew
Assay Development Kit (Quanterix Corp, Lexington, MA) at 1.0mg/mL
as previously described (Chang et al., 2013; Song et al., 2016; Song
et al., 2011). These same antibodies were also biotinylated according to
the standard Quanterix protocol (40:1 biotin ratio). For the optimized
method, Ab2–1 conjugated beads (approximately 5 million beads/mL)
were prepared in Quanterix bead diluent and biotinylated AbM2 anti-
body (0.5 μg/mL) was diluted in Quanterix sample/detection buffer.
Streptavidin-beta-galactosidase (SBG) was prepared in Quanterix SBG
diluent at 150 pM. IL-21 recombinant protein or samples (two-fold
dilution, final volume of 115uL sample for two technical replicates)
were diluted in assay buffer (600mM NaCl (Sigma), 0.5% Tween 20
(Pierce), 25% FBS (Gibco), 2% BSA (Sigma) and 200 μg/mL hetero-
philic blocking reagent-1 (Scantibodies) in PBS) at appropriate dilu-
tions. Ab2–1 conjugated beads, biotinylated AbM2 antibody, cali-
brators, SBG and manufacturer-supplied resorufin-beta-D
galactopyranoside reagents were loaded into the instrument and run at
room temperature as a two-step Homebrew method according to the
SiMoA HD-1 Analyzer User Guide. The assay was characterized for
spike recovery and Limit of Detection (LOD).

The MSD S-PLEX® was developed and optimized independently
using the Ab2–1, AbM2 and AbCom3 antibodies, following a screen of
commercially-available antibodies. MSD's electrochemiluminescence
detection technology uses SULFO-TAG labels that emit light upon
electrochemical stimulation initiated at the electrode surfaces of
MULTI-ARRAY microplates. The newly developed S-PLEX® assay plat-
form, a next-generation MULTI-ARRAY technology has significantly
higher sensitivity than standard electrochemiluminescence. Samples
were diluted two-fold in proprietary MSD buffer prior to analysis (final
volume of 50uL for two technical replicates). The assay was char-
acterized for spike recovery and LOD determined in Section 2.7
Statistical Analysis.

2.6. Rheumatoid factor analysis

An elevated Rheumatoid Factor (RF) control plasma, obtained from
Meridian Life Science, Inc., was used to evaluate the effect of RF on the
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Quanterix SiMoA IL-21 assay only. For this test, heparin plasma samples
were prepared with and without a 100 fg/mL spike of recombinant
human IL-21 in the absence or presence of a serial dilution of RF (500,
125, 31.25, 7.8125 and 0 IU/mL) in samples containing or lacking the
heterophilic blocking reagent HBR-1 (Scantibodies). The spike recovery
for each sample was then calculated with results normalized to the
0 IU/mL RF samples, to assess the impact of RF alone on assay perfor-
mance in the presence or absence of HBR-1.

2.7. Statistical analysis

Spike recoveries were determined by comparing the back-calculated
concentrations of the spiked samples including endogenous levels
against the known spiked concentration (Sittampalam et al., 2004).
LODs were determined by selecting the lowest point on the calibration
curve that demonstrated 75–125% recovery against the statistical
model (i.e. comparing the calibration samples of the calculated con-
centration to expected concentration). LOQs were determined by the
selection criteria of 75%–125% of the spike recovery samples in bio-
logical matrix (i.e. comparing the spike samples of the calculated con-
centration to expected concentration). Pearson's correlation coefficient
and mean difference on log-transformed concentrations were applied to
determine the agreement between MSD S-PLEX® and the Quanterix
SiMoA methods. One-way ANOVA with Dunnett's multiple comparison
test on log-transformed concentrations was used to compare the levels
of IL-21 from SLE and SS patients to healthy donors with a significant
cutoff at .05.

3. Results

3.1. Assessment of commercially-available IL-21 ELISAs

Sensitivity, specificity and spike recovery are key aspects used to
assess the performance of any method prior to sample analysis (Cox
et al., 2012; Findlay et al., 2000). The commercial IL-21 ELISA kits from
eBiosciences and PeproTech were evaluated for these parameters using
IL-21-spiked samples into pooled heparin plasma and serum samples
(Table 1). Both ELISAs failed to adequately quantitate IL-21 in heparin
plasma. The PeproTech assay for heparin plasma samples demonstrated
poor spike recovery, recovering only 33.1–72.8% of the expected re-
combinant protein, which is below the standard 75–125% acceptable
recovery range. Similarly, the eBioscience ELISA only recovered
14.3–77.2% of the spiked recombinant IL-21 in heparin plasma with
only a single spike concentration within the acceptable range. The
PeproTech assay also failed to demonstrate acceptable recovery in

serum, with many spikes failing to calculate a percent recovery,
whereas the eBioscience assay did have acceptable spike recovery
across the sample range (percent recoveries ranged from 74.3–85.8%)
in serum. The ELISA, however, failed to show specificity as anti-IL-21
conjugated beads were unable to immunodeplete endogenous IL-21 in a
pooled serum sample compared with an IgG control antibody (Fig. 1).
These same beads were able to bind and remove recombinant IL-21
spiked into the serum sample at 100 pg/mL, but not below the en-
dogenous IL-21 levels in the same sample. This indicates that while this
ELISA method is capable of detecting recombinant IL-21, it is also de-
tecting an additional analyte in the original sample which is not re-
moved by immunoprecipitation with an IL-21-specific antibody. En-
dogenous IL-21, in this experiment, should have been reduced by the
anti-IL-21 conjugated bead down to the LOD of the method (~7.8 pg/
mL). Additionally, the spike recovery of this 100 pg/mL spiked sample
above the endogenous level was below specification limits of 75–125%
(56%), reflecting further issues with quantitation. These data indicate
that the performance of the eBioscience assay in serum was still not
acceptable for downstream sample analysis.

3.2. Development of ultrasensitive IL-21 methods

As a result of the initial characterization work, more sensitive and
specific assays were developed using two ultrasensitive formats: the
Quanterix SiMoA digital ELISA platform and MSD S-PLEX® platform. IL-
21 antibodies, manufactured and developed at Eli Lilly, were used to
develop both methods according to manufacturer's protocols.
Specifically, for the Quanterix SiMoA digital ELISA platform, the anti-
bodies were bound to the microbeads according to the protocol pro-
vided by the manufacturer in order to find optimal binding partners for
recombinant IL-21 (Fig. 2). Each antibody was also biotinylated at a
40:1 biotin to antibody ratio for the Quanterix SiMoA platform. Anti-
bodies Ab2–1 and AbM2 proved to be the most sensitive, generating
standard curves in the fg/mL range. Other antibody pairs either did not
generate an appreciable signal in this assay or were less sensitive. The
Ab2–1 and AbM2 antibody pair worked in either orientation of capture
and detection, but Ab2–1 as capture and AbM2 as detector were chosen
for further assay development and optimization.

Ultrasensitive assays, like conventional immunoassays, often re-
quire buffer and method optimization in order to achieve the highest
performing method. Indeed, initial characterization work using this
pair of antibodies produced reliable spike recovery analysis in standard
Quanterix sample buffer, but failed to demonstrate adequate spike re-
covery when combined with healthy donor heparin plasma or serum
(Fig. 3). There was evidence of signal suppression at high spikes of
recombinant IL-21 leading to the conclusion that there was an inter-
ference present in the sample matrix. Therefore, sample dilution buffers
varying in levels of NaCl, BSA, Tween-20 and the addition of newborn
calf serum were developed to test for improved spike recovery in he-
parin plasma. Optimal results were achieved in a buffer containing
600mM NaCl, 0.5% Tween-20 and 25% newborn calf serum. This
buffer combination allowed for better recovery in serum and heparin
plasma at a two-fold sample dilution across the entire range of spikes
tested (Fig. 3). IL-21 spike recovery in saliva was also characterized
with comparable results (data not shown).

It is well known that many patients with rheumatic diseases have
elevated rheumatoid factor (RF) which can also cause interference in
antibody-based assays (Peen and Mellbye, 2009). Therefore the Quan-
terix SiMoA assay was further characterized to determine if RF posed
any risk for accurate quantitation of IL-21 in patient samples. The po-
sitive control (plasma with a known elevated RF level) was diluted into
a known low RF concentration plasma sample to create a dose-response
of RF-containing samples. These were run in the Quanterix SiMoA IL-21
assay in the presence and absence of heterophilic blocking reagent to
quantitate the effect of RF on spike recoveries by the method. As seen in
Fig. 4, the spike recoveries were within the 75–125% range in the

Table 1
Assay characterization of PeproTech and eBiosciences IL-21 ELISA methods.

PeproTech IL-21 ELISA eBioscience IL-21 ELISA

Spiked
Concentration
(pg/mL)

Percent
Recovery
Heparin
Plasma

Percent
Recovery
Serum

Spiked
Concentration
(pg/mL)

Percent
Recovery
Heparin
Plasma

Percent
Recovery
Serum

1500 60.9 77.9 750 14.3 74.3
750 40 38.1 375 18.4 77.5
375 33.1 15.2 187.5 24.4 78.1
187.5 32.6 BLQ 93.8 34.1 77.7
93.8 48.4 BLQ 46.9 48.1 80.6
46.9 64.4 BLQ 23.4 61.9 80.3
23.4 72.8 BLQ 11.7 77.2 85.8
LOD N/A N/A LOD N/A 7.8 pg/

mL

Human recombinant IL-21 from each manufacturer was spiked into pooled
normal human heparin plasma and serum at the concentrations indicated and
percent recoveries determined based on the results of each ELISA (showing
representative experiment).
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presence of the heterophilic blocker. However, in the absence of the
blocker, there was a statistically significant reduction in spike recovery
at the highest level of RF (500 IU/mL) compared to the no RF control
sample (p= .0195, n=3). We did not perform RF spiking studies on
the MSD S-PLEX® assay during method development, but heterophilic
blocking reagents were already present within the sample diluents
utilized in this method. The results from Fig. 4 indicate that the ultra-
sensitive IL-21 Quanterix SiMoA assay showed acceptable spike re-
coveries in the presence of RF up to 500 IU/mL. Therefore, 200μg/mL
heterophilic blocking reagent was used for final method characteriza-
tion and sample analysis for the Quanterix SiMoA method. Spike re-
coveries of 86–103% in heparin plasma and 75–109.2% for serum were
obtained for the Quanterix SiMoA platform (Fig. 5A and Supplemental
Table 1).

Independently of the SiMoA assay development, we also explored
options to develop an ultrasensitive method on the MSD S-PLEX®
platform. Together with the Lilly-proprietary monoclonal IL-21 anti-
bodies, several commercially-sourced antibodies were also evaluated to
find the best combination. As with the SiMoA platform, the Lilly anti-
bodies were identified to be optimal for this purpose, selecting Ab2–1 as
the capture antibody. Following the independent method development
and optimization, we could detect IL-21 across a broad dynamic range
of 0.006–35 pg/mL with spike recoveries of 93–109% for the MSD S-
PLEX® platform in serum. Heparin plasma was also evaluated for spike
recovery, but instead of across the range of the standard curve, only at
three levels. Even at this minimal spike recovery, the MSD S-PLEX®
assay performed well with recoveries ranging from 88 to 103% at a
two-fold sample dilution (Fig. 5B and Supplemental Table 1). At the

conclusion of method development, IL-21 freeze/thaw stability was
evaluated and found to be stable after four freeze/thaw cycles in spiked
and native samples (Supplemental Table 2).

In order to verify the specificity of the assay developed using the
Quanterix SiMoA platform, IL-21- immunodepleted heparin plasma
samples were prepared. Recombinant human IL-21 (5 pg/mL) was
spiked into samples from five healthy donors. IL-21 was im-
munoprecipitated overnight from both spiked and endogenous samples
using anti-IL-21 or control magnetic beads. As shown in Fig. 6, IL-21
was removed to either below the limit of quantitation in the case of the
endogenous samples, or to negligible levels for the spiked samples,
following immunodepletion. The ability to immunoprecipitate re-
combinant and endogenous IL-21 distinguishes this method from
eBiosciences ELISA, which failed to deplete endogenous. Average spike
recovery of the prepared 5 pg/mL samples across five healthy donors
was 109% (standard deviation=25%). The immunodepletion in both
untreated and spiked heparin plasma samples supports the specificity of
the antibodies and the assay for both recombinant as well as en-
dogenous IL-21. Similar experiments were performed in serum, with
comparable results (data not shown).

3.3. IL-21 levels in autoimmune patient samples

Once characterized, the Quanterix SiMoA and MSD S-PLEX®
methods were then used to determine the concentrations of IL-21 in
heparin plasma samples from SS (n=11) and SLE patients (n=14)
and age- and sex-matched samples from healthy donors (n=11)
(Fig. 7). As shown above, in both assay formats, all samples were above

Fig. 1. Immunodepletion of endogenous and re-
combinant IL-21 in a pooled healthy human serum
sample in the eBioscience IL-21 ELISA.
The specificity of the eBioscience IL-21 ELISA was
evaluated by attempting to immunodeplete the cy-
tokine using a specific antibody. Recombinant
human IL-21 was immunodepleted using this
method, but not in an endogenous sample, indicating
that the signal detected was not specific for IL-21.
Results are mean ± SD of two technical replicates in
a pooled healthy serum sample.

Fig. 2. IL-21 antibody screening in the Quanterix SiMoA assay.
Candidate binding pairs of antibodies tested in the Quanterix SiMoA platform for identification of optimal binding partners to detect recombinant IL-21. Although
several antibody pairs detected recombinant IL-21, the AbM2 and Ab2–1 pairing provided the most sensitivity in the assay regardless of orientation.
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the LOD for each method and were in the measurable range. A statis-
tically significant difference in IL-21 levels was observed in this small
sample set between the plasma samples from healthy donors (mean
+/− SD: 38.1 +/− 27.8 fg/mL), SS (mean+/− SD: 122.18 +/−
84.50 fg/mL, p= .0029) and SLE patients (mean+/− SD: 202.64
+/− 111.47 fg/mL, p= .0001) using the Quanterix SiMoA assay.
Likewise, using the MSD S-PLEX® method, a statistically significant
difference in IL-21 levels was also observed between the plasma sam-
ples from SLE patients (mean+/− SD: 275.4 +/− 174.66 fg/mL,
p= .0001) and from SS (mean+/− SD: 183.64 +/− 153.00 fg/mL,
p= .0082) compared to healthy donors (mean+/− SD: 58.1 +/−
30.7 fg/mL).

3.4. Comparison of ultrasensitive IL-21 methods

In order to compare both methods, fifty heparin plasma samples
from healthy donors were added to the results acquired during the
analysis of autoimmune cohorts to create a new 86 sample cohort for
correlation analysis (Fig. 8). IL-21 levels were readily detected in the
additional 50 samples as all samples were above the LOD and fell on the
standard curve. A comparison of the CVs between technical replicates
for each method is in Supplemental Fig. 1. As shown in Fig. 8, there is a
highly significant correlation between the results obtained with both
methods (Pearson value of 0.9428 and p-value of< .0001). We did
notice that the MSD S-PLEX® values generally were two-fold higher
than those obtained with Quanterix SiMoA assay (154.9 fg/mL (95%
confidence interval of 122.8–186.9 fg/mL) compared to 89.62 fg/mL
(95% confidence interval of 70.28–109.0 fg/mL), respectively). These
levels were found to be statistically different using a mean difference
analysis (p < .0001). Thus, while the IL-21 concentrations obtained
with both methods highly correlate, the absolute concentrations are

different.

4. Discussion

Adequate characterization of any commercially available ELISA is
an important step prior to sample analysis. This includes specificity
testing through immunodepletion studies and spike recoveries of the
desired analyte in the same biological matrix as the test samples. Proper
ELISA development and optimization through analysis of different high
affinity antibodies and buffer components, including heterophilic
blocking reagents, can provide confidence that the resulting signal
generated is specific to the analyte and not another source.
Additionally, the removal of the analyte from the test sample by im-
munodepletion should result in a loss of signal towards the LOD of the
method. Lastly, however, even when all interferences and background
signal have been mitigated, it remains a possibility that the con-
centration of the analyte is simply not high enough to generate an
appreciable signal and an ultrasensitive detection system will be
needed. Our analysis of widely used commercially available IL-21
ELISAs demonstrated several shortcomings, including lack of specificity
and sensitivity in relevant complex biological matrices. As such, pub-
lished data on concentrations of IL-21 in health and disease should be
considered with caution.

For this reason, quantitating cytokines at lower levels (in the fg/mL
range) has recently been reported for several human proteins by com-
bining high-affinity antibodies with next generation ultrasensitive
methodologies. It is been reported that interferon alpha can now be
measured using the SiMoA digital ELISA technology (Rodero et al.,
2017), as well as the difficult-to-measure cytokines IL-17A, IL-13 and
IL-5 in samples from different diseases and healthy donors (Gavala and
Smith, 2016). Although ultrasensitive assays will clearly play a key role

Fig. 3. Comparison of IL-21 spike recovery in pooled healthy donor heparin plasma following optimizing of sample dilution buffer in the Quanterix SiMoA assay.
Optimized buffer conditions improved the spike recovery of recombinant IL-21 in heparin plasma and serum.

Fig. 4. Percent Recovery of a 100 fg/mL spike is not
affected by Rheumatoid Factor using the Quanterix
SiMoA Platform. Heterophilic blockers (HBR-1),
present in the IL-21 assay buffer, enable acceptable
spike recoveries in the presence of up to 500 IU/mL
of RF in the Quanterix SiMoA assay. Results are
medians from three independent donors.
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in understanding how cytokines may contribute to disease pathogenesis
in a research setting, they also may play a critical role in the future by
allowing monitoring of progression of disease or in patient stratification
at the onset of treatment. Although there is some conjecture about the
relevance of fg/mL levels of cytokines in peripheral blood samples, data
from ultrasensitive assays for prostate specific antigen quantitation, a
biomarker of cancer recurrence for which fg/mL sensitivity is

achievable, may hold positive benefits for patients by allowing earlier
detection of disease or disease recurrence and the opportunity to start
therapies sooner (Schubert et al., 2015).

For this report, instead of attempting to optimize the commercial
assays with novel buffers and reagents, we felt a lack of sensitivity was a
significant issue and therefore developed two orthogonal ultrasensitive
methods for quantitating IL-21 in human heparin plasma and serum

Fig. 5. Dilutional linearity and spike recovery of the
IL-21 assays in pooled healthy donor matrices. A. IL-
21 spike recovery data for the Quanterix SiMoA IL-
21 assay can detect fg/mL levels of IL-21 with a large
dynamic range (0.0006–5 pg/mL; LOD of 1.0 fg/mL).
B. IL-21 spike recovery data for the MSD IL-21 S-
PLEX® method has a LOD of 1.0 fg/mL IL-21 and a
range from 0.012–50 pg/mL.

Fig. 6. Specificity testing via immunodepletion of IL-21 from individual healthy donors using the Quanterix SiMoA Platform.
Endogenous IL-21 was removed to below Lower Limit of Quantitation (LLOQ) in five individual healthy donor plasma samples following immunodepletion when
using an anti-IL-21 monoclonal antibody conjugated to magnetic beads. Heparin plasma samples spiked with 5 pg/mL recombinant IL-21 were also depleted using the
same system, to below the LLOQ of 0.030 pg/mL. Results are mean ± SD of 5 healthy donors.
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samples using proprietary antibodies. While each of these methods are
still for research use only and not yet validated to standard Good
Laboratory Practice specifications, both methods demonstrated statis-
tically elevated IL-21 levels in samples from SLE and SS patients com-
pared to matched healthy donors. These initial results warrant further
analysis is larger, more well-characterized, patient cohorts along with
future studies including a more in-depth statistical validation for each
method to arrive at a more robust limit of detection and lower limit of
quantitation. However, while the SiMoA digital ELISA technology and
the MSD S-PLEX® differ in plate set up, sample volume requirements,
methodologies, and readout, the two technologies demonstrated highly
correlated results in a larger sample that included many healthy donors.
While the concentration of IL-21 obtained with the MSD S-PLEX® assay
were about two-fold higher overall compared to the Quanterix SiMoA
assay with mean difference pvalue of< .0001, both methods were
equally able to distinguish patient populations from healthy donors.
The observation that both methods are correlated, but fail to have
agreement in terms of absolute fg/mL concentrations, indicates that

even in well-characterized assays using similar or even the same re-
agents, technology platform differences could contribute to a different
final number. As such, when assays are used to determine a cut-point
for clinical decision making, a single method needs to be utilized. For
our analysis, either method, therefore, is appropriate for further char-
acterization of IL-21 levels in patient cohorts, making comparisons on
absolute values within a given platform.

Since ultrasensitive assays detect minute amounts of analyte, in-
terference by known substances that can alter measurements must be
evaluated. RF is one such compound and has a well-documented in-
terference in a variety of ELISA results, in an analyte and assay-specific
manner (Tate and Ward, 2004; Ismail et al., 2002). It is present in
plasma samples from almost all SS and>40% of SLE patients (Oxford
Handbook of Clinical Medicine, 2014). Subsequently, it was important
that the Quanterix SiMoA assay demonstrated no appreciable effect on
spike recovery up to 500 IU/mL of RF. This information provides more
confidence that the low values measured using this ultrasensitive
technology are reliable for further analysis and characterization of
patient subsets. In fact, ultrasensitive methodologies as a whole may
provide a more robust platform to assess complex biological matrices
with interfering analytes due to their enhanced sensitivity and allow-
ance for higher dilutions of samples prior to analysis. RF concentrations
can exceed 500 IU/mL but only in a small minority (< 5%) of patients,
usually rheumatoid arthritis (Ismail et al., 2002), therefore, future
studies could look for interference beyond what was assayed in this
study or dilute the sample as appropriate. An effect of RF on the MSD S-
PLEX® was not evaluated in this study, but future work could also in-
clude this assessment to see if this may account for the small differences
observed in our sample sets between the two methods.

It is noteworthy that the IL-21 concentration in peripheral blood
samples measured using our ultrasensitive methods was much lower
than previously published. Awareness of the actual levels of IL-21 is
important given its role in autoimmune disorders. Accurately quanti-
tating IL-21 may provide diagnostic or prognostic advantages that ex-
isting assays cannot offer. For example, Song et al. (Song et al., 2016)
reported that an ultrasensitive Quanterix SiMoA assay for C. difficile
toxins A and B in stool samples was used to lower the clinical cut-off to
determine patient infections status (Song et al., 2015). In our context,
an assay that specifically and accurately detects IL-21 in the fg/mL
range could be used to determine novel disease-specific clinical diag-
nostic cutoffs (e.g. measurement for trial inclusion criteria, and patient

Fig. 7. Determination of IL-21 in Heparin plasma samples from patients with SLE and SS compared to healthy donors.
IL-21 levels were determined using the (A.) Quanterix SiMoA assay and the (B.) MSD S-PLEX® in heparin plasma samples from healthy donors (n=11), SS (n=11)
and SLE patients (n=14). SLE and SS patient samples were significantly elevated using either IL-21 ultrasensitive method.

Fig. 8. Correlation of IL-21 concentrations in healthy donor samples using the
MSD S-PLEX® Technology and Quanterix SiMoA Platform.
Eighty six heparin plasma samples were analyzed by both the Quanterix SiMoA
and MSD S-PLEX® methods for IL-21 levels and added to the values previously
obtained in the patient cohorts. There was significant agreement between the
two methods (Pearson's r=0.9428, p < .0001).
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tailoring,) for potential IL-21 antagonist therapies. Additionally, re-
combinant IL-21 has already been used as a single agent or in combi-
nation therapies for cancers, such as metastatic renal cell carcinoma
(mRCC) (Bhatia et al., 2014) and metastatic melanoma (Petrella et al.,
2012). Since commercial methods of determining levels of IL-21 likely
overestimated the concentrations of IL-21, investigators in these studies
may have misidentified the pharmacological levels in the patient
(Hashmi and Van Veldhuizen, 2010). In addition, some of the adverse
toxicological findings observed in these studies may have been obfus-
cated due to inaccurate measurements of the cytokine using assays with
incomplete specificity as exemplified here. Therefore, ultrasensitive
assays for IL-21 may provide critical information concerning the en-
dogenous levels of the protein in healthy and patient samples.

In conclusion, two ultrasensitive methods were developed and
characterized for the determination of human IL-21 in heparin plasma
and serum samples. These assays will be useful to accurately quantitate
IL-21 samples in future autoimmunity, cancer and viral infection stu-
dies and may open the doors to new insights into clinical cut points and
diagnosis.
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