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Fig. 5| Clustering of cytokine profiles reveals phenotypically similar
perturbagens and novel putative responses to recombinant chemokines.

a, Heatmap dendrogram of perturbagen effects on cytokine expression across
all stimulation and donor conditions; the color scale indicates log,-transformed
fold change (log,FC) for each sensor over no perturbagen control. Column
coloring corresponds to clustersinb. b, UMAP of PBMC secretome phenotypes
inresponse to perturbagens. The UMAP includes data across all stimulation and
donor conditions, with clusters labeled based on shared features in the PBMC
secretome. ¢, Applicability to drug repurposing, as seen by correlating effects
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of IFNB and IL-1IRA on unstimulated PBMCs. Shown are cytokines inhibited by
both perturbagens, cytokines (IFNy and CXCL10) induced by IFNf but inhibited
by IL-1RA, and the induction of IL-IRA by IFN (in log,FC). d,e, Markers of target
engagement in response to chemokine perturbagens; boxplots are overlaid
with datapoints; boxplot center line shows median; limits show upper and lower
quartiles; whiskers show 1.5x interquartile range. Shown are the significantly
regulated cytokines by C5ain unstimulated PBMCs (n = 6 from 6 unstimulated
PBMC donors) (d) and by CX3CL1in PBMCs stimulated with poly(I:C) at 400,
2,000 and 10,000 ng ml™ (n =18 from 6 PBMC donors) (e).

To further leverage the unbiased capabilities of nELISA without
reliance on existing annotations, we reanalyzed the dataset based
purely on the similarity of cytokine response profiles, without a priori
knowledge of MOAs or gene targets (Methods). This annotation-free
approach uncovered additional mechanistic relationships. For
instance, CHK inhibitors AZD7762 and 7-hydroxystaurosporine
clustered closely together, alongside the Aurora B/C kinase inhibi-
tor GSK1070916 (Supplementary Fig. 12). This grouping aligns well
with known biological pathways, as Aurora B functions downstream
of CHK1?%, Indeed, GSK1070916 treatment partially mimicked the
secretome profile elicited by CHK inhibition, characterized by
decreased IL-11, CXCL16, TNFR1 and FLRG expression, accompanied
by increased MIF expression (Supplementary Fig. 12). Conversely,
pan-Aurora kinase inhibitors AMG900 and danusertib did not clus-
ter with GSK1070916, further highlighting the distinctive molecular
effects of these compounds®. Collectively, these findings illustrate
the substantial added value of integrating nELISA with high-content
imaging assays like Cell Painting, enhancing mechanistic insights
and theresolution of complex phenotypesin drug discovery screens.

nELISA identifies cytokines with similar response profiles

To assess whether nELISA could uncover consistent cytokine response
profiles across diverse donor backgrounds and stimulus conditions,
we applied our similarity analysis pipeline to the PBMC screen data.
Specifically, we calculated the fold change in expression for each pro-
tein within our 191-plex panel in response to each cytokine pertur-
bagen, considering all donors within a given stimulation condition
(Supplementary Fig. 13). We compiled results across all stimulation
conditions to identify perturbagen effects that were reproducible

and consistent. UMAP-based clustering highlighted perturbagens
eliciting similar cytokine response profiles (Fig. 5b) and having under-
lying similar protein-expression profiles (Fig. 5a). While recombinant
proteins can sometimes cause unintended immune activation due
to bacterial impurities, the predictable and biologically coherent
cytokineresponses observed here indicate minimal interference from
such contaminants.

We observed clear and biologically interpretable clustering of
classicalimmune response profiles. Notably, prototypical T helper 1
(Ty1) and T,;2 cytokine responses formed distinct but neighboring
clusters, centered respectively around IFNy (T,1) and IL-4 (T,;2). The
T, 1 response was characterized primarily by elevated levels of IFNy,
CXCL10 and CCLS5, whereas the T,;2 response involved increased expres-
sion of CCL17, CCL22 and CCL24 (Fig. 5b). The close proximity of these
two clusters can be explained by their shared suppression of innate
inflammatory cytokines, such as IL-13, TNF and G-CSF.

An additional notable cluster encompassed perturbagens
including recombinant C5/C5a, EMMPRIN, GDNF, MMP-3, MMP-7,
uPA, PTX3 and soluble FAS-L, which specifically suppressed IL-1f and
TNF expression but had minimal impact on other cytokines. Another
clearly defined cluster consisted of cytokines primarily inducing IFNy,
suchasIL-2, IL-7,IL-15, IL-18, IL-23, IL-27 and CXCL12p. Interesting, the
closely related isoform CXCL12a clustered separately with proteins
mainly inducing IL-1B secretion, which was the largest cluster and
included IL-1q, LIF, IL-33, PDGF-BB, sCD40L, CCL21, TRAIL and IL-17
isoforms (C/D/F) (Fig. 5a). The remaining clusters were defined by
perturbagens that either induced TNF, IL-10 and IL-1a/3 expression
or selectively inhibited TNF and/or CCL24, highlighting diverse and
nuanced cytokine regulatory patterns captured robustly by nELISA.
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nELISA identifies cytokines with therapeutic relevance

Our analytical pipeline highlighted overlooked dimensions of cytokine
biology, including chemokine functions beyond their traditional role
in chemotaxis*°. Chemokines such as CX3CL1, CCL1, CCL5, CCL11,
CCL26, CXCL10, CCL24, CXCL12¢/p and complement component
CSasignificantly modulated cytokine secretion, including IFNy, TNF,
IL-13, GM-CSF and IL-10, even in the absence of achemotactic gradient
(Fig.5a,d). Furthermore, these chemokine-driven cytokine responses
exhibited clear stimulus dependence (Supplementary Fig.13). These
observations align with emerging evidence of broader chemokine
roles extending beyond leukocyte migration, involving signaling path-
ways mediated by distinct G-proteininteractions*. A prime exampleis
CXCL12, previouslyidentifiedasaT cell co-stimulatory factor operat-
ingvia G,and G, pathways rather than the classical G; protein-coupled
chemotactic signaling*?. Thus, nELISA provides critical molecular
insights that could inform the development and therapeutic deploy-
ment of chemokine-based interventions.

Furthermore, nELISA-based clustering revealed functional simi-
laritiesamong therapeutic cytokines, uncovering potential avenues for
drugrepurposing. Notably, IL-1receptor antagonist (IL-1RA, also known
asIL-1IRN) and IFN formed a distinct cluster due to their shared inhibi-
tory effects oninnateimmune responses. However, unlike IFN(, IL-1IRA
did not induce proinflammatory cytokines such as IFNy and CXCL10
(Fig.5a-c). This observation carriesimplications for multiple sclerosis
treatment, as IFNf3, despite causing flu-like adverse effects, partially
mediates its therapeutic efficacy throughinduction of IL-1RA****. Con-
versely, recombinant IL-1RA (anakinra), known for a favorable safety
profile, is undergoing evaluation in a phase 1 clinical trial for multiple
sclerosis*®*’. Consistent with these clinical observations, our data
revealed that IL-1RA inhibited the same inflammatory cytokines and
chemokines as IFNf, except for CCL22 and CCL24, while also suppress-
ing IFNB-induced cytokines thought to be harmfulin multiple sclerosis,
suchasIFNyand CCL7 (Fig. 5¢c). These findings support the rationale for
anakinra’s therapeutic potential in multiple sclerosis and highlight the
capability of nELISA protein profiling to inform therapeutic strategies
and facilitate drug discovery.

Discussion

Although high-throughput genomic and transcriptomic tools have
transformed our understanding of biological systems and disease,
comparable approaches for protein profiling have lagged. Here, we
described the development of nELISA, a high-throughput protein
assay that leverages CLAMP to overcome rCR, a key limitation of tra-
ditional multipleximmunoassays. This enabled robust scaling to a
191-plex panel. Miniaturizing the ELISA onto bead surfaces enabled
flow-cytometry-based readout on standard platforms, achieving
throughputs of up to ~10,000 samples per week per cytometer (1 h
per 384-well plate)*®. nELISA maintains or exceeds conventional immu-
noassay performance, matching sensitivity, specificity and dynamic
range while greatly reducing detection antibody usage. As reagents
are a primary cost driver in protein profiling, this translates into sub-
stantial cost savings.

Given that protein levels more directly reflect cellular state and
function than mRNA, high-throughput proteomics is essential for
capturing comprehensive biological insights. This is especially true
incell-based assays where protein secretion and expression are tightly
regulated at the posttranscriptional level. The nELISA is particularly
wellsuited for these assays, offering sensitive and precise measurement
of secreted proteins in response to perturbation. In addition, its non-
destructive sampling capability enables temporal analysis of secretion
dynamics, allowing clearer resolution of primary versus downstream
biological effects without added experimental complexity.

We found that nELISA can robustly report biological activities in
HTSacross diverse types of perturbagens and cell models, highlighting
its broad applicability. Its capacity to consistently capture biologically

relevant phenotypes and cellularinteractions underlinesits potential
valuein extensive screening campaigns, including those involving gene
modulationand immunotherapeutics. These characteristics position
nELISA effectively for scaling to larger cohorts in extensive functional
genomics and drug discovery efforts, such as those used in the Human
Functional Genomics Project”.

Importantly, nELISA’s compatibility with complementary
cell-based assays enriches phenotypic data by adding mechanistic
depth at the protein level. Integration with other modalities, such as
transcriptomics, functional assays (for example, cytotoxicity assays)
or cell surface staining, enables comprehensive and cost-effective
multimodal screening, greatly enhancing biological insights.

nELISA-based quantification of secreted proteins in response to
chemokine stimulation offers acompelling alternative to chemotaxis
assays for therapeutic chemokine development. Traditional chemot-
axis assays suffer from low throughput and poor signal-to-noiseratios,
making them challenging for screening applications*>*°. By contrast,
measuring protein expression changes via nELISA is both more scal-
able and robust. If these protein expression changes serve as reli-
able markers of target engagement, they could enhance various drug
discovery efforts, including combinatorial screens, structure-activ-
ity relationship studies and pharmacodynamic assessments, where
chemotaxis-based methods typically fall short. Furthermore, the ability
of nELISA to cluster biologically similar responses may facilitate drug
repurposing and mechanism-of-action studies.

As a cytometry-based technique, nELISA offers major cost and
efficiency advantages over MS and sequencing-based proteomic plat-
forms. High-plex MSisresourceintensive, requiring elaborate sample
preparation, costly reagents and specialized instrumentation, all of
whichincrease the time and financialinvestment needed for large-scale
studies. Similarly, methods such as SomaScan and PEA convert protein
signalsinto oligonucleotide concentrations and rely on DNA microar-
rays or sequencing for readout, adding complexity, cost and time. By
contrast, cytometry allows direct, multiplexed protein detection with
faster turnaround and lower per-sample costs. While conventional
bead-based immunoassays also use cytometry, they are constrained
by rCR, often requiring multiple separate panels to reach higher plex
levels. nELISA uniquely overcomes this limitation by combining the
specificity of CLAMP with the parallelization power of cytometry,
delivering truly multiplexed, single-run profiling. This makesitideally
suited for applications such as biomarker discovery,immune monitor-
ing and clinical diagnostics.

While nELISA offers considerable advancements in protein profil-
ing, its performance depends on the quality and availability of anti-
bodies. Sensitivity is largely influenced by antibody affinity, which
determines the lower detection limit for each target; antibodies with
lower affinity may reduce assay sensitivity and dynamic range, par-
ticularly for low-abundance proteins. Some challenging targets, such
as transient, unstable or subtly modified proteins, remain difficult to
measure due to the limited availability of optimized antibodies. These
considerations underscore the ongoing need for advances inantibody
development, particularly to enhance detection of posttranslational
modifications, thereby expanding the comprehensive protein cover-
age of the assay.

In conclusion, nELISA provides cost-effective, high-plex protein
data, supporting its application in large-scale applications such as
drug discovery. Its modular design, where each CLAMP functions as
aself-contained sensor, and its scalable barcoding strategy make the
system flexible and expandable. The 191-plex inflammation-focused
panel presented here showcases the platform’s performance and sets
the stage for future panels targeting the full secretome, intracellular
proteins, posttranslational modifications and protein-proteininterac-
tions. These capabilities position nELISA to support diverse biologi-
cal analyses of primary cells, organoids, organs-on-chips, and tissue
samples with high throughput and efficiency.
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Methods

This study did not involve human subjects, animal experimen-
tation or the use of patient samples and therefore did not require
ethical approval.

Recombinant sample generation

Recombinant protein stocks and protein pools (Nomic Bio) were pre-
pared in sample buffer, consisting of RPMI and 10% fetal bovine serum
(FBS), containing1-191 proteins at 100 ng ml™ per protein. For standard
curves in single-plex and in multiplex, individual protein stocks and
protein pools were serially diluted in sample buffer from 100 ng ml™
to 0.1 pg ml™ per protein. For ‘spike-one-in’ assays, individual protein
solutions were prepared at 10 ng mI™. For ‘leave-some-out’ assays,
protein pools containing 130-191 proteins at 100 pg ml™ per protein
were prepared in Sample Buffer. Each pool contained either all the
targetsinthe191-plex panel or lacked a subset of targets in the 191-plex
panel. For cross-reactivity comparisons with XMAP, protein pool A4
was serially diluted from 200 ng ml™ to 0.1 pg mlI™ (per protein), and
aliquots were stored at —80 °C for profiling by nELISA and xMAP plat-
forms. For reproducibility testing, areference cell culture supernatant
sample was distributed across the wells of four 384-well plates; for
each plate, nELISA profiling was performed on a different day, and
variation was calculated across wells on the same day and across plates
ondifferent days.

Cell culture

PBMCs. Preparation, incubation and collection of cell supernatants
from PBMCs was performed at the High-Throughput Screening Core
Facility of the Institute for Research in Immunology and Cancer of
the Université de Montréal. Frozen PBMCs from healthy donors
(StemCell, Hu PB MNC, Cryo) were thawed in a 37 °C water bath and
transferred to a 50-ml Falcon tube with 40 ml prewarmed medium
(RPMI plus 10% FBS), centrifuged 10 min at 200g, then resuspended
in 10 ml prewarmed medium. Viability was assessed by trypan blue
exclusion (>95% viability for all donors), and 50,000 viable cells (25 pl
at2 million cells mI™) were transferred to each well of a 384-well plate,
containing 50 pl per well of prewarmed media + stimulus + perturba-
gens, andincubated for 24 hat 37 °C. Perturbagens (Nomic Bio) were
presentat 50 ng ml™. For stimulation conditions, LPS (InvivoGen) was
presentat5 ng ml™?,100 ng ml™ or 2,000 ng ml™; poly(1:C) (InvivoGen)
was present at 400 ng ml™, 2,000 ng ml™ or 10,000 ng ml™%; ConA
(InvivoGen) was present at 5 ng ml™, 2,500 ng ml” or12,500 ng ml%;
for PMA/i (InvivoGen), PMA was present at 1ng ml™ or 5ng ml?,
while ionomycin was present at 100 ng ml™ or 500 ng ml™. After
24 h, 70 pl of cell supernatant was collected per sample. Aliquots of
35 pl per sample were frozen in 384-well plates and shipped on dry
ice for nELISA profiling at Nomic’s facilities or xMAP profiling at EVE
Technologies facilities.

A549. A549 cells (ATCC CCL-185) were obtained from the American
Type Culture Collection and cultured at the Broad Institute’s Center
for the Development of Therapeutics. Cells were seeded in 4 repli-
cate 384-well plates and cultured for 24 h in Dulbecco’s modified
Eagle medium and 10% FBS in the presence or absence of reference
compound library. Compounds were present at a single dose (5 pM).
Supernatants were collected, frozen and shipped ondryice to Nomic’s
facilities for nELISA profiling. Cells were fixed and stained for Cell
Painting as previously described™.

HEK293, HelLa and Jurkat. Cell lysates were purchased from com-
mercial sources: HEK293 and HEK293-RELA overexpression lysates
were from Origene, TNF-treated HeLa extracts were from Bio-Rad and
phosphatase-treated Jurkat cells were from Cell Signaling Technolo-
gies. Aliquots of 35 pl per lysate sample were transferred into 384-well
plates for nELISA profiling.

DNA oligos and tethers
AIIDNA oligos and tethers were purchased from BiolVT.

Barcoding oligos. Barcoding oligos were acquired with the sequence
5’-CACCGCCGCC ACAAAAAAAAA-[Dyel-3’ and a fluorescent dye
(AlexaFluor 488, Cy3, Cy5, Cy5.5) at the 3’ end. Barcoding oligos are
annealed to a biotinylated oligo on the surface of nELISA beads (with
sequence 5’-Biotin-TTTTTTTTT GTGGCGGCGGTG-3’)in10 pMin PBS
plus 350 mM NacCl.

Capture oligos. Capture oligos have the sequence 5’-biotin-
TTTTTTTTTGTGGCGGCGGTGATTGGTTATTGAGAGTTT
ATG-3’and bind to the nELISA bead via the biotinylated 5’ end.

Hook oligos. Hook oligos with sequence 5’-ThioMC6-D/TTTTTTACT
TTTCAACCA CCACTCAAC CATATTCAA AGCTTACGA TGCCGACTC
ATTCGCCAT AAACTCTCA ATAACCAAT-3’ are terminated with a thiol
modifier C6 CE-phosphoramidite (ThioMC6) at the 5’ end. Hook oligos
are conjugated toaprimary amine onadetectionantibody by reduction
ofthe hook oligo thiol modifier with dithiothreitol and activation with
sulfosuccinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate
(sulfo-SMCC) toform areactive NHS-ester. Forty microliters of 30 uM
thiol-modified HOs are reduced in 200 mM dithiothreitol in PBST at
37 °Cfor1h.Reduced oligos are (1) buffer-exchanged into PBS pH 7.0
using a Zeba desalting spin-column (7 kDa molecular mass cutoff,
Thermo), (2) activated for 10 min using 8 pl of 9 mM sulfo-SMCC dis-
solved in 80% PBS pH 7.0 and 20% anhydrous dimethyl sulfoxide, (3)
buffer-exchanged againinto PBS pH 7.0 to remove excess sulfo-SMCC,
and (4) a1-10-pl fraction is reacted with 10 pl of 1 mg ml™ antibodies.
The reaction is left at room temperature for 1 h and incubated over-
nightat4 °C. The conjugates are purified in two sequential steps: first
antibody purification, followed by DNA purification.

Protein profiling

Samples of recombinant proteins or cell culture supernatants pro-
filed using the nELISA were frozen and shipped on dry ice to Nomic’s
Montreal facilities and profiled using the 191 nELISA assay targets and
standard protocols. Barcoded CLAMPs were pooled and dispensed
into 384-well plates at aconcentration of approximately 200 beads per
target per well. Sample plates were profiled by standard nELISA assay
protocol (Supplementary Information, protocol 1) in batches of four
plates per day. Cytometry datawere spectrally decoded usingemFRET
tomap each barcode toits target protein (Supplementary Fig. 14).

For celllysates, protein profiling was performed using the stand-
ard nELISA assay protocol, with the following modifications: samples
were diluted twofold in M-PER (Thermo Fisher Scientific) containing
1x protease/phosphatase inhibitor tablet (Thermo Fisher Scientific),
20 mM EDTA, 20 mM EGTA and 100 pg ml™ salmon sperm DNA.

Abatch of plates containing a dilution series of calibration stand-
ards of recombinant antigens (96-well plate format) was generated to
berunwith each batch of sample plates on the day of profiling. Recom-
binantantigens (x191) were divided into five groups, pooled and diluted
from 225 ng ml?ina16-pointdilution series. Media-only blanks (x8) and
reference samples (x8) were alsoincluded on the calibration standard
plate. Calibration standards were fit to a four-parameter logistic curve
to derive pg ml™values from fluorescence units.

Samples profiled using the XMAP platform were shipped frozen
to EVE Technologies and analyzed using the Luminex Human Multi-
plex Cytokine Array/Chemokine Array 48-Plex (HD48) and standard
protocols.

xDR protocol

To extend nELISA dynamic ranges, samples were profiled at two dilu-
tions, 2x and 50x. Standard curves were extended by stitching thelinear
ranges of a real standard curve and a virtual, 25x diluted, standard
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curve. The sum of interpolated protein concentrations from the 2x
and 50x dilutions was used to derive a single protein concentration
for eachsample.

Data analysis pipeline

To identify compounds with significant effects on A549 cells, we cal-
culated the fold change in expression of each protein in the 191-plex
over the levels in control wells. Proteins with a fold change >1.5 and
P<0.05by Student’s¢t-testin any sample were considered significant;
considering the exploratory nature of the experiment, no statistical
correction was performed for multiple testing. Using the median value
of the significant responses, clustergrams with hierarchical cluster-
ing were generated using cosine similarity (Python package: seaborn
0.13.2). UMAPs of the median fold change values were generated using
cosine similarity dimensions =2, spread =1.3, minimum distance=0.2,
nearest neighbors =4, Python package: scanpy 1.11.0).

Toidentify cytokine interactionsin our PBMC assay, we accounted
for stimulus- and donor-specific effects as follows. For each perturba-
genineach stimulus and stimulus concentration condition, the median
concentration of each secreted protein across donors was divided by
the median concentration of donorsin the same stimulus and stimulus
concentration condition, but the absence of perturbagen, to obtain
the fold change of all targets in response to all perturbagens in each
condition. Significant cytokine interactions were defined by a fold
change>1.5and P< 0.05by Student’s t-test; considering the exploratory
nature of the experiment, no statistical correction was performed for
multiple testing. In addition, for all significant cytokine interactions,
the median fold change across all stimulation conditions was calculated
toidentify cytokineinteractions common across stimulus conditions.
Clustergrams with hierarchical clustering were generated using cosine
similarity and the default parametersincluded in the Seaborn Python
package. UMAPs were generated using cosine similarity with dimen-
sions =2, spread =0.9, minimum distance = 0.8, nearest neighbors =4
and the scanpy Python package.

To correlate significant cytokine interactions with the CytoSig
database, we identified recombinant perturbagens and responding
genes or proteins that were shared in both datasets to limit compari-
sons to shared experimental conditions. We also limited compari-
sons to experiments compiled in CytoSig that were generated using
PBMCs to avoid cell-type-specific distinctions. Furthermore, only
‘high-confidence’ datasets were included in our analysis. For each
cytokine interaction, consisting of a recombinant perturbagen and a
resulting significant fold change in the expression of a PBMC-derived
cytokine, nELISA and CytoSig results were correlated.

Evaluating retrieval performance of nELISA and Cell Painting
We use average precision to report the ability of nELISA and Cell Paint-
ingto predict chemical MOA. AP is aninformation retrieval metric that
evaluates the effectiveness of a ranking system by calculating how
accurately the system ranks items based on their relevance toa query.
We use average precision for two different tasks: (1) the ability of
each perturbagen to retrieve its own replicates from among negative
control profiles (phenotypicactivity: ‘self-retrieval’) and (2) the ability of
each perturbagentoretrieveits sister compounds (thatis, compounds
that share at least one common MOA or gene target) (phenotypic con-
sistency: ‘MOA retrieval’ and ‘genetargetretrieval’). We note that many
compounds have multiple MOA and gene annotations rather than just
oneof each;inaddition to the fact thatannotations canbeincorrectand
incomplete, this makes the retrieval problem challenging and retrieval
rates low for sets of compounds like ours that were not chosen for
selectivity. Formally, average precision is the weighted mean of preci-
sionvalues across all ks, where kis the number of neighbors for agiven
class. The definition of class varies—each perturbation is the class while
computing average precision for task 1,and each MOA or gene targeted
by the compoundis the class for computing average precision for task 2.

We measure similarity between perturbations using cosine similar-
ity and develop the rank-ordered similarity of all other samples to the
query using this metric. Finally, we average the average precision per
class, termed mean average precision (for that class). For task 2, we first
filter out those perturbations that cannot be retrieved relative to nega-
tive controls in task 1and remove classes with only a single member. To
set the threshold, we first calculate the P values of each mean average
precision in task 1 using a permutation test; compounds with a signifi-
cancelevel of lessthan 0.05are discarded. We summarize the success rate
ofatask by calculating the fraction of classes that have a Pvalue >0.05.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Cytokine Signaling (CytoSig) datafor PBMCsis publicly available viathe
NIH National Cancer Institute at https://cytosig.ccr.cancer.gov/. The
datamatrix of human cytokine treatment response was downloaded at
https://hpc.nih.gov/~Jiang_Lab/CytoSig/diff.merge.gzand correspond
ing metadata were downloaded at https://hpc.nih.gov/~Jiang_Lab/
CytoSig/meta_info.gz. The nELISA data of 191-plex protein profiling
in PBMCs are available via GitHub at https://github.com/nplexbio/
nELISA-PBMC. For questions about the PBMC dataset, please contact
M.D. (milad@nomic.bio). nELISA and Cell Paint data for A549 cells are
available via GitHub through the Broad Institute’s Cell Paint Consor
tium at https://github.com/carpenter-singh-lab/2024_Kalinin_mAP/
tree/v0.1.0/experiments/5_nelisa. For inquiries regarding the A549
dataset, please contact A.E.C. (anne@broadinstitute.org). Source data
are provided with this paper.

Code availability

The nELISA PBMC analysis code and CytoSig analysis code are avail-
able via GitHub at https://github.com/nplexbio/nELISA-PBMC. The
Cell Paint and nELISA analysis code for A549 cells are available via
GitHub through the Broad Institute’s Cell Paint Consortium at https://
github.com/carpenter-singh-lab/2024_Kalinin_mAP/tree/v0.1.0/
experiments/5_nelisa.
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Cytokine Signaling (CytoSig) data for PBMCs is publicly available through the NIH National Cancer Institute at https://cytosig.ccr.cancer.gov/. The data matrix of
human cytokine treatment response was downloaded from https://hpc.nih.gov/~Jiang_Lab/CytoSig/diff.merge.gz and corresponding metadata was downloaded
from https://hpc.nih.gov/~Jiang_Lab/CytoSig/meta_info.gz.

The nELISA data of 191-plex protein profiling in PBMCs are available in a public GitHub repository: https://github.com/nplexbio/nELISA-PBMC. For questions about
the PBMC dataset, please contact Milad Dagher (milad@nomic.bio).

nELISA and Cell Paint data for A549 cells are available in a public GitHub repository through the Broad Institute’s Cell Paint Consortium: https://github.com/

carpenter-singh-lab/2024_Kalinin_mAP/tree/v0.1.0/experiments/5_nelisa. For inquiries regarding the A549 dataset, please contact Anne Carpenter
(anne@broadinstitute.org).
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Sample size No formal statistical method was used to predetermine sample size. Sample sizes were selected based on prior experiments showing robust,
large-magnitude cytokine responses in PBMCs. We used six healthy PBMC donors, which we judged to be sufficient biological replicates to
detect the expected large effect sizes in protein expression following cytokine perturbation, while balancing practical constraints such as
donor availability and assay throughput.

Data exclusions  All data included in the analysis.

Replication All attempts at replication were successful. Internal controls included in each well confirmed assay reproducibility, and therefore technical
replicates of perturbation conditions were not required. Biological replicates were included across six healthy PBMC donors, and additional
replicates of untreated and unstimulated conditions were used to verify reproducibility across well plates.

Randomization  Initial cytokine perturbation plate map was randomized. The plate map of cytokine perturbations was preserved across donor replicates.

Blinding Blinding was not applicable to this study because all experimental conditions, including cytokine perturbations and control treatments, were

predefined and systematically assigned in a high-throughput assay format. Data acquisition was automated, and analysis was based on
objective, quantitative measurements (e.g., fluorescence intensity), minimizing the potential for observer bias.
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Antibodies
Antibodies used The antibodies used in the nELISA 191-plex inflammation panel are shown below, containing target protein name, nELISA antibody

ID, host species and clonality. This will allow researchers who wish to replicate the work to use the same reagents. Additionally,
detection antibodies (dAb) were conjugated to DNA oligos and purified by Nomic. Capture antibodies (cAb) were used at 200ug/ml;
dAb were conjugated to DNA oligos at 1 mg/mL.

Target, UNIPROT, cAb Host, cAb Clonality, cAb nELISA ID, dAb Host,d Ab Clonality, dAb nELISA ID
Activin A,P08476,Mouse,Monoclonal,cAb01601,Mouse,Monoclonal,dAb01601
AITRL (GITR Ligand),QOUNG2,Mouse,Monoclonal,cAb01701,Mouse,Monoclonal,dAb01701
alpha-Synuclein,P37840,Mouse,Monoclonal,cAb02171,Goat,Polyclonal,dAb02171
Amphiregulin,P15514,Mouse,Monoclonal,cAb02061,Goat,Polyclonal,dAb02061
Amyloid beta,PO5067,Mouse,Monoclonal,cAb02161,Mouse,Monoclonal,dAb02161
APRIL,075888,Mouse,Monoclonal,cAb00011,Goat,Polyclonal,dAb00011
BAFF,Q9Y275,Mouse,Monoclonal,cAb00021,Goat,Polyclonal,dAb00021

BCMA (TNFRSF17),Q02223,Goat,Polyclonal,cAb02051,Goat,Polyclonal,dAb02051
BDNF,P23560,Mouse,Monoclonal,cAb00031,Mouse,Monoclonal,dAb0O0031
BMP2,P12643,Mouse,Monoclonal,cAb01651,Mouse,Monoclonal,dAb01651
BMP3,P12645,Mouse,Monoclonal,cAb01661,Goat,Polyclonal,dAb01661
BMP4,P12644,Mouse,Monoclonal,cAb01671,Mouse,Monoclonal,dAb01671
BMP6,P22004,Mouse,Monoclonal,cAb01681,Goat,Polyclonal,dAb01681
BMP7,P18075,Mouse,Monoclonal,cAb01691,Mouse,Monoclonal,dAb01691
BMP9,Q9UKO5,Mouse,Monoclonal,cAb02071,Goat,Polyclonal,dAb02071
C5/C5a,P01031,Mouse,Monoclonal,cAb01951,Mouse,Monoclonal,dAb01951
Calbindin,P05937,Mouse,Monoclonal,cAb01311,Goat,Polyclonal,dAb01311
CCL1,P22362,Mouse,Monoclonal,cAb00041,Goat,Polyclonal,dAb00041
CCL11,P51671,Mouse,Monoclonal,cAb00111,Goat,Polyclonal,dAb00111
CCL13,Q99616,Mouse,Monoclonal,cAb00121,Goat,Polyclonal, dAb00121
CCL14,Q16627,Rat,Monoclonal,cAb00131,Goat,Polyclonal,dAb00131
CCL15,Q16663,Mouse,Monoclonal,cAb00141,Goat,Polyclonal, dAb00141
CCL16,015467,Mouse,Monoclonal,cAb00151,Goat,Polyclonal,dAb00151
CCL17,092583,Mouse,Monoclonal,cAb00161,Goat,Polyclonal,dAb00161
CCL18,P55774,Mouse,Monoclonal,cAb00171,Goat,Polyclonal,dAb00171
CCL19,Q99731,Goat,Polyclonal,cAb00181,Goat,Polyclonal,dAb00181
CCL2,P13500,Mouse,Monoclonal,cAb00051,Goat,Polyclonal,dAbO0051
CCL20,P78556,Mouse,Monoclonal,cAb00191,Goat,Polyclonal,dAb00191
CCL21,000585,Mouse,Monoclonal,cAb00201,Goat,Polyclonal,dAb00201
CCL22,000626,Mouse,Monoclonal,cAb00211,Chicken,Polyclonal,dAb00211
CCL23,P55773,Mouse,Monoclonal,cAb00221,Goat,Polyclonal,dAb00221
CCL24,000175,Mouse,Monoclonal,cAb00231,Goat,Polyclonal,dAb00231
CCL25,015444,Mouse,Monoclonal,cAb00241,Goat,Polyclonal,dAb00241
CCL26,Q9Y258,Mouse,Monoclonal,cAb00251,Goat,Polyclonal,dAb00251
CCL27,Q9Y4X3,Mouse,Monoclonal,cAb00261,Goat,Polyclonal,dAb00261
CCL28,Q9NRJ3,Mouse,Monoclonal,cAb00271,Goat,Polyclonal,dAb00271
CCL3,P10147,Goat,Polyclonal,cAb00061,Goat,Polyclonal,dAb00061
CCL4,P13236,Mouse,Monoclonal,cAb00071,Goat,Polyclonal,dAb0O0071
CCL5,P13501,Mouse,Monoclonal,cAb00081,Goat,Polyclonal,dAbO0081
CCL7,P80098,Mouse,Monoclonal,cAb00091,Goat,Polyclonal,dAb00091
CCL8,P80075,Mouse,Monoclonal,cAb00101,Goat,Polyclonal,dAb00101
CD14,P08571,Mouse,Monoclonal,cAb02251,Sheep,Polyclonal,dAb02251
CD163,Q86VB7,Mouse,Monoclonal,cAb01471,Mouse,Monoclonal,dAb01471
CD276 (B7-H3),Q5ZPR3,Mouse,Monoclonal,cAb01321,Goat,Polyclonal,dAb01321




CD27L,P32970,Mouse,Monoclonal,cAb01751,Goat,Polyclonal,dAb01751
CD30,P28908,Mouse,Monoclonal,cAb00281,Goat,Polyclonal,dAb00281
CD40L,P29965,Mouse,Monoclonal,cAb00291,Goat,Polyclonal,dAb00291
CNTF,P26441,Mouse,Monoclonal,cAb02041,Goat,Polyclonal, dAb02041
CRP,P02741,Mouse,Monoclonal,cAb00301,Mouse,Monoclonal,dAb00301
CX3CL1,P78423,Mouse,Monoclonal,cAb00491,Mouse,Monoclonal,dAb00491
CXCL1,P09341,Mouse,Monoclonal,cAb00311,Goat,Polyclonal,dAb00311
CXCL10,P02778,Mouse,Monoclonal,cAb00391,Goat,Polyclonal,dAb00391
CXCL11,014625,Mouse,Monoclonal,cAb00401,Goat,Polyclonal,dAb00401
CXCL12 (alpha),P48061,Mouse,Monoclonal,cAb00411,Goat,Polyclonal,dAb00411
CXCL12 (beta),P48061,Mouse,Monoclonal,cAb02271,Goat,Polyclonal,dAb02271
CXCL13,043927,Mouse,Monoclonal,cAb00421,Goat,Polyclonal,dAb00421
CXCL14,095715,Mouse,Monoclonal,cAb00431,Mouse,Monoclonal,dAb00431
CXCL16,Q9H2A7,Goat,Polyclonal,cAb00441,Goat,Polyclonal,dAb00441
CXCL17,Q6UXB2,Mouse,Monoclonal,cAb00451,Rabbit,Polyclonal,dAb00451
CXCL3,P19876,Mouse,Monoclonal,cAb00331,Rabbit,Polyclonal, dAb00331
CXCL4,P02776,Mouse,Monoclonal,cAb00341,Goat,Polyclonal,dAb00341
CXCL5,P42830,Mouse,Monoclonal,cAb00351,Goat,Polyclonal,dAb00351
CXCL6,P80162,Mouse,Monoclonal,cAb00361,Goat,Polyclonal,dAb00361
CXCL7,P02775,Mouse,Monoclonal,cAb00371,Goat,Polyclonal,dAb00371
CXCL9,Q07325,Mouse,Monoclonal,cAb00381,Goat,Polyclonal,dAb00381
Cytochrome C,P99999,Mouse,Monoclonal,cAb02211,Mouse,Monoclonal,dAb02211
EGF,P01133,Mouse,Monoclonal,cAb00461,Goat,Polyclonal,dAb00461
EGFR,P00533,Goat,Polyclonal,cAb01801,Goat,Polyclonal,dAb01801
EMMPRIN,P35613,Mouse,Monoclonal,cAb01351,Goat,Polyclonal, dAb01351
FAS-L,P48023,Mouse,Monoclonal,cAb01721,Goat,Polyclonal,dAb01721
FGF-1,P05230,Mouse,Monoclonal,cAb00471,Goat,Polyclonal,dAb00471
FGF-19,095750,Mouse,Monoclonal,cAb02141,Goat,Polyclonal,dAb02141
FGF-2,P09038,Mouse,Monoclonal,cAb00481,Mouse,Monoclonal,dAb00481
FGF-21,Q9NSA1,Mouse,Monoclonal,cAb02191,Goat,Polyclonal,dAb02191
FGF-4,P08620,Mouse,Monoclonal,cAb02101,Goat,Polyclonal,dAb02101
FGF-6,P10767,Mouse,Monoclonal,cAb02111,Goat,Polyclonal,dAb02111

FGF-7 (KGF),P21781,Mouse,Monoclonal,cAb02131,Goat,Polyclonal,dAb02131
FGF-9,P31371,Mouse,Monoclonal,cAb02121,Goat,Polyclonal,dAb02121

FGFR3 (llic),P22607,Mouse,Monoclonal,cAb01361,Rat,Monoclonal,dAb01361
FLRG (FSTL3),095633,Mouse,Monoclonal,cAb02021,Goat,Polyclonal,dAb02021
FIt-3 Ligand,P49771,Mouse,Monoclonal,cAb01771,Goat,Polyclonal,dAb01771
G-CSF,P09919,Mouse,Monoclonal,cAb00501,Goat,Polyclonal,dAb00501

GDF-11 (BMP-11),095390,Mouse,Monoclonal,cAb01791,Mouse,Monoclonal,dAb01791
GDF-15 (MIC-1),099988,Mouse,Monoclonal,cAb01981,Goat,Polyclonal,dAb01981
GDNF,P39905,Mouse,Monoclonal,cAb02031,Goat,Polyclonal,dAb02031
GM-CSF,P04141,Mouse,Monoclonal,cAb00511,Mouse,Monoclonal,dAb00511
Granzyme B,P10144,Mouse,Monoclonal,cAb00531,Goat,Polyclonal,dAb00531
Growth Hormone (Somatotropin),P01241,Mouse,Monoclonal,cAb01421,Goat,Polyclonal, dAb01421
HGF,P14210,Mouse,Monoclonal,cAb00541,Goat,Polyclonal, dAb00541
HVEM,Q92956,Mouse,Monoclonal,cAb00551,Goat,Polyclonal,dAbO0551
ICAM-1,P05362,Mouse,Monoclonal,cAb00561,Sheep,Polyclonal, dAb00561
ICAM-2,P13598,Mouse,Monoclonal,cAb00571,Goat,Polyclonal,dAb00571

IFN alpha 2 (alpha 2b),P01563,Mouse,Monoclonal,cAb01761,Mouse,Monoclonal,dAb01761
IFN beta,P01574,Mouse,Monoclonal,cAb00591,Rabbit,Polyclonal,dAb00591

IFN gamma,P01579,Mouse,Monoclonal,cAb00601,Goat,Polyclonal,dAb00601
IFN-epsilon,Q86WN2,Mouse,Monoclonal,cAb02221,Mouse,Monoclonal,dAb02221
IGF-1,P05019,Mouse,Monoclonal,cAb01731,Goat,Polyclonal,dAb01731

IL-1 alpha,P01583,Mouse,Monoclonal,cAb00611,Goat,Polyclonal,dAb00611

IL-1 beta,P01584,Mouse,Monoclonal,cAb00851,Goat,Polyclonal,dAb00851

IL-1 R1,P14778,Mouse,Monoclonal,cAb00641,Goat,Polyclonal,dAb00641

IL-1 RA/RN,P18510,Mouse,Monoclonal,cAb00631,Goat,Polyclonal,dAb00631
IL-10,P22301,Rat,Monoclonal,cAb00741,Rat,Monoclonal,dAb00741
IL-11,P20809,Mouse,Monoclonal,cAb01641,Goat,Polyclonal,dAb01641

IL-12 p35,P29459,Mouse,Monoclonal,cAb02311,Goat,Polyclonal,dAb02311

IL-12 p40,P29460,Mouse,Monoclonal,cAb00751,Goat,Polyclonal,dAb00751

IL-12 p70,P29460,Mouse,Monoclonal,cAb00761,Goat,Polyclonal,dAb00761
IL-15,P40933,Mouse,Monoclonal,cAb00781,Mouse,Monoclonal,dAb00781
II-15/IL-15R alpha complex,P40933; Q13261,Mouse,Monoclonal,cAb01781,Goat,Polyclonal,dAb01781
IL-16,Q14005,Mouse,Monoclonal,cAb00791,Goat,Polyclonal,dAb00791
IL-17A,Q16552,Mouse,Monoclonal,cAb00801,Goat,Polyclonal,dAb00801
IL-17B,Q9UHF5,Mouse,Monoclonal,cAb00811,Mouse,Monoclonal,dAb00811
IL-17C,Q9POM4,Mouse,Monoclonal,cAb00821,Goat,Polyclonal,dAb0082 1

IL-17E (IL-25),Q9H293,Mouse,Monoclonal,cAb02261,Goat,Polyclonal,dAb02261
IL-17F,Q96PD4,Goat,Polyclonal,cAb00841,Goat,Polyclonal,dAb0084 1
IL-18,Q14116,Mouse,Monoclonal,cAb00621,Rat,Monoclonal,dAb00621
IL-2,P60568,Mouse,Monoclonal,cAb00651,Goat,Polyclonal,dAb00651

IL-2 RA,P01589,Mouse,Monoclonal,cAb00661,Goat,Polyclonal,dAb00661
IL-21,Q9HBE4,Goat,Polyclonal,cAb00871,Mouse,Monoclonal,dAb00871
1L-22,Q9GZX6,Mouse,Monoclonal,cAb00881,Mouse,Monoclonal, dAb00881

IL-22 BP,Q969J5,Mouse,Monoclonal,cAb00891,Goat,Polyclonal,dAb00891
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IL-23,Q9NPF7,Mouse,Monoclonal,cAb00901,Mouse,Monoclonal,dAb00301
IL-24,Q13007,Mouse,Monoclonal,cAb01611,Goat,Polyclonal,dAb01611
IL-27,Q8NEV9,Goat,Polyclonal,cAb00911,Goat,Polyclonal, dAb00911
IL-28A,Q81ZJ0,Mouse,Monoclonal,cAb00921,Goat,Polyclonal, dAb0092 1
IL-29,Q8IU54,Mouse,Monoclonal,cAb00931,Goat, Polyclonal,dAb00931
IL-3,P08700,Mouse,Monoclonal,cAb00671,Goat,Polyclonal,dAb00671
IL-31,Q6EBC2,Goat,Polyclonal,cAb00941,Goat,Polyclonal,dAb0094 1

IL-32 (alpha),P24001,Rabbit,Monoclonal,cAb00951,Goat,Polyclonal,dAb00951
|L-33,095760,Goat,Monoclonal,cAb00961,Goat,Polyclonal, dAb00961
IL-35,Q14213,Mouse,Monoclonal,cAb00971,Goat,Polyclonal,dAb00971
IL-4,P05112,Mouse,Monoclonal,cAb00681,Goat,Polyclonal,dAb00681
IL-5,P05113,Rat,Monoclonal,cAb00691,Rat,Monoclonal,dAbO0691
IL-6,P05231,Mouse,Monoclonal,cAb00701,Goat,Polyclonal,dAb00701

IL-6 R alpha,P08887,Mouse,Monoclonal,cAb01521,Goat,Polyclonal,dAb01521
IL-7,P13232,Mouse,Monoclonal,cAb00711,Goat,Polyclonal,dAb00711
IL-8,P10145,Mouse,Monoclonal,cAb00721,Goat,Polyclonal,dAb00721
IL-9,P15248,Goat,Polyclonal,cAb00731,Goat,Polyclonal, dAb00731
Leptin,P41159,Mouse,Monoclonal,cAb01631,Mouse,Monoclonal,dAb01631
LIF,P15018,Mouse,Monoclonal,cAb00981,Goat,Polyclonal, dAb00981

LOX1 (OLR1),P78380,Mouse,Monoclonal,cAb01541,Goat,Polyclonal,dAb01541
M-CSF,P09603,Mouse,Monoclonal,cAb00991,Goat,Polyclonal, dAb00991

M-CSF R (CD115),P07333,Mouse,Monoclonal,cAb01961,Goat,Polyclonal,dAb01961
Mesothelin,Q13421,Mouse,Monoclonal,cAb01381,Mouse,Monoclonal,dAb01381
MIF,P14174,Mouse,Monoclonal,cAb01001,Goat,Polyclonal,dAb01001
MMP-1,P03956,Goat,Polyclonal,cAb01011,Goat,Polyclonal,dAb01011
MMP-10,P09238,Mouse,Monoclonal,cAb01061,Goat,Polyclonal,dAb01061
MMP-12,P39900,Goat,Polyclonal,cAb01071,Mouse,Monoclonal,dAb01071
MMP-2,P08253,Mouse,Monoclonal,cAb01021,Goat,Polyclonal,dAb0102 1
MMP-3,P08254,Goat,Polyclonal,cAb01031,Goat,Polyclonal,dAb01031
MMP-7,P09237,Mouse,Monoclonal,cAb01041,Goat,Polyclonal,dAb01041
MMP-9,P14780,Mouse,Monoclonal,cAb01051,Goat,Polyclonal,dAb01051
NF-L,P07196,Mouse,Monoclonal,cAb02151,Mouse,Monoclonal,dAb02151

NGF beta,P01138,Mouse,Monoclonal,cAb01081,Goat,Polyclonal,dAb01081

NRG1 beta 1,Q02297,Mouse,Monoclonal,cAb02091,Goat,Polyclonal,dAb02091
Oncostatin M (OSM),P13725,Mouse,Monoclonal,cAb01511,Goat,Polyclonal,dAb01511
Osteopontin (OPN),P10451,Mouse,Monoclonal,cAb02001,Goat,Polyclonal,dAb02001
PCSK9,Q8NBP7,Rat,Monoclonal,cAb01551,Sheep,Polyclonal,dAb01551
PDGF-BB,P01127,Human,Fc-Antigen Hybrid,cAb01091,Goat,Polyclonal,dAb01091
PLGF,P49763,Mouse,Monoclonal,cAb01101,Goat,Polyclonal,dAb01101
Procalcitonin,,Mouse,Monoclonal,cAb01401,Mouse,Monoclonal,dAb01401

PTX3 (Pentraxin 3),P26022,Mouse,Monoclonal,cAb01561,Goat,Polyclonal,dAb01561
Resistin,Q9HD89,Mouse,Monoclonal,cAb01991,Mouse,Monoclonal,dAb01991
SAA,PODJI8,Mouse,Monoclonal,cAb01111,Mouse,Monoclonal,dAb01111
SCF,P21583,Mouse,Monoclonal,cAb01121,Goat,Polyclonal,dAb01121

ST2 (IL-33R),Q01638,Mouse,Monoclonal,cAb02181,Goat,Polyclonal, dAb02181
TGF-beta 1 (LAP domain in precursor),P01137,Mouse,Monoclonal,cAb02281,Mouse,Monoclonal,dAb02281
TGF-beta 1 (total),P01137,Mouse,Monoclonal,cAb01131,Chicken,Polyclonal,dAb01131
TGF-beta 2,P61812,Mouse,Monoclonal,cAb01481,Goat,Polyclonal,dAb01481
TGF-beta 3,P10600,Mouse,Monoclonal,cAb01491,Goat,Polyclonal,dAb01491
Tie-2,Q02763,Mouse,Monoclonal,cAb01141,Mouse,Monoclonal,dAb01141
TIMP1,P01033,Mouse,Monoclonal,cAb01911,Goat,Polyclonal,dAb01911

Tissue Factor (TF),P13726,Mouse,Monoclonal,cAb01411,Goat,Polyclonal,dAb01411
TNF alpha,P01375,Goat,Polyclonal,cAb01151,Goat,Polyclonal,dAb01151

TNF beta,P01374,Mouse,Monoclonal,cAb01161,Goat,Polyclonal,dAb01161

TNF RI,P19438,Mouse,Monoclonal,cAb01171,Goat,Polyclonal,dAb01171

TNF RII,P20333,Mouse,Monoclonal,cAb01181,Goat,Polyclonal,dAb01181

TNF RIIl (Lymphotoxin Beta R),P36941,Mouse,Monoclonal,cAb01191,Goat,Polyclonal,dAb01191
TPO (Thrombopoietin),P40225,Mouse,Monoclonal,cAb01201,Goat,Polyclonal,dAb01201
TRAIL,P50591,Mouse,Monoclonal,cAb01211,Goat,Polyclonal, dAb01211
TREM2,Q9NZC2,Mouse,Monoclonal,cAb01571,Goat,Polyclonal,dAb01571
TSLP,Q969D9,Sheep,Polyclonal,cAb01221,Sheep,Polyclonal,dAb01221
TWEAK,043508,Mouse,Monoclonal,cAb01231,Goat,Polyclonal,dAb01231
uPA,P00749,Mouse,Monoclonal,cAb01581,Goat,Polyclonal,dAb01581
VCAM-1,P19320,Mouse,Monoclonal,cAb01241,Sheep,Polyclonal,dAb01241

VEGF Receptor 2 (Flk-1),P35968,Mouse,Monoclonal,cAb01591,Goat,Polyclonal,dAb01591
VEGF-A (165),P15692,Mouse,Monoclonal,cAb01251,Goat,Polyclonal,dAb01251
VEGF-C,P49767,Mouse,Monoclonal,cAb01261,Goat,Polyclonal,dAb01261
VEGF-D,043915,Mouse,Monoclonal,cAb01271,Mouse,Monoclonal,dAb01271
VEGFR-1,P17948,Mouse,Monoclonal,cAb01281,Goat,Polyclonal,dAb01281

WISP-1 (CCN4),095388,Mouse,Monoclonal,cAb02011,Goat,Polyclonal,dAb02011
XCL1 (Lymphotactin),P47992,Mouse,Monoclonal,cAb01621,Goat,Polyclonal, dAb01621
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Validation Antibodies were validated for addition to the nELISA panel. Antibodies were selected based on signal, dynamic range, background,
and specificity.




Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Plants

Frozen PBMCs from healthy donors were acquired from StemCell (Hu PB MNC, Cryo). A549 cells (ATCC® CCL-185™) were
obtained from the American Type Culture Collection (ATCC) and cultured at the Broad Institute’s Center for the Development
of Therapeutics (CDoT). Cell lysates (HEK293, HELA, and Jurkat) were purchased from commercial sources: HEK293 and
HEK293-RELA overexpression lysates were from Origene, TNFalpha-treated Hela extracts were from Bio-Rad, and
phosphatase treated Jurkat cells were from Cell Signaling Technologies.

None were authenticated.
Cell lines were not tested for mycoplasma contamination after acquisition.

No commonly misidentified cell lines were used in the study.

Seed stocks Not applicable.

Novel plant genotypes  Not applicable.

Authentication Not applicable.

Flow Cytometry

Plots
Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group’ is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Recombinant Sample Generation

Recombinant protein stocks and protein pools (Nomic Bio) were prepared in Sample Buffer, consisting of RPMI + 10% FBS,
containing 1-191 proteins at 100 ng/mL per protein. For standard curves in singleplex and in multiplex, individual protein
stocks and protein pools were serially diluted in Sample Buffer from 100 ng/mL to 0.1 pg/mL per protein. For “Spike-1-in"
assays, individual protein solutions were prepared at 10 ng/mL. For “Leave-some-out” assays, protein pools containing
130-191 proteins at 100 pg/mL per protein were prepared in Sample Buffer. Each pool contained either all the targets in the
191-plex panel or lacked a subset of targets in the 191-plex panel. For cross-reactivity comparisons with XMAP, protein pool
A4 was serially diluted from 200 ng/mL to 0.1 pg/mL (per protein), and aliquots were stored at -800C for profiling by nELISA
and xMAP platforms. For reproducibility testing, a reference cell culture supernatant sample was distributed across the wells
of four 384-well plates; for each plate, nELISA profiling was performed on a different day, and variation was calculated across
wells on the same day, and across plates on different days.

PBMCs

Preparation, incubation and collection of cell supernatants from PBMCs was performed at the High-Throughput Screening
Core Facility of the Institute for Research in Immunology and Cancer of the Université de Montréal. Frozen PBMCs from
healthy donors (StemCell, Hu PB MNC, Cryo) were thawed in 370C water bath and transferred to 50mL Falcon tube with
40mL pre-warmed medium (RPMI + 10%FBS), centrifuged 10min at 200g, then resuspended in 10mL pre-warmed medium.
Viability was assessed by trypan blue exclusion (>95% viability for all donors) and 50,000 viable cells (25uL at 2M cells/mL)
were transferred to each well of a 384 well plate, containing 50uL per well of pre-warmed media +/- stimulus +/-
perturbagens, and incubated for 24h at 370C. Perturbagens (Nomic Bio) were present at 50 ng/mL. For stimulation
conditions, LPS (InvivoGen) was present at 5 ng/mL, 100 ng/mL or 2000 ng/mL; PolyIC (InvivoGen) was present at 400 ng/mlL,
2,000 ng/mL, or 10,000 ng/mL; ConA (InvivoGen) was present at 5 ng/mL, 2,500 ng/mL or 12,500 ng/mL; for PMA/i
(InvivoGen), PMA was present at 1 ng/mL or 5 ng/ml, while ionomycin was present at 100 ng/mL or 500 ng/mL. After 24h,
70uL of cell supernatant was collected per sample. Aliquots of 35 uL per sample were frozen in 384 wellplates and shipped
on dry ice for nELISA profiling at Nomic’s facilities or xMAP profiling at EVE Technologies facilities.
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Instrument
Software
Cell population abundance

Gating strategy

A549

A549 cells (ATCC® CCL-185™) were obtained from the American Type Culture Collection (ATCC) and cultured at the Broad
Institute’s Center for the Development of Therapeutics (CDoT). Cells were seeded in 4 replicate 384 well plates and cultured
for 24h in DMEM + 10% FBS in the presence or absence of reference compound library. Compounds were present at a single
dose (5uM). Supernatants were collected, frozen, and shipped on dry ice to Nomic's facilities for nELISA profiling. Cells were
fixed and stained for Cell Painting as previously described.51

HEK293, HELA, and Jurkat
Cell lysates were purchased from commercial sources: HEK293 and HEK293-RELA overexpression lysates were from Origene,

TNFalpha-treated Hela extracts were from Bio-Rad, and phosphatase treated Jurkat cells were from Cell Signaling
Technologies. Aliquots of 35uL per lysate sample were transferred into 384 wellplates for nELISA profiling.

BioRad ZE5
Everest (BioRad ZES acquisition software)
Not applicable (cytometry is used to measure beads).

Preliminary gating of singlets with SSC (5.0E8 to 12E8), FSC (4.5E8 to 13E8). Then a Gaussian is fit to each bead population,
with the outer 10th percentile being excluded. See Supplementary Figure 14.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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