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• With better understanding of the stimulatory and inhibitory signals regulating T cell responses and 
peripheral tolerance, immune regulatory components are now widely targeted in cancer 
immunotherapy in attempts to activate anti-tumor immune responses, most notably with 
antibodies such as ipilimumab and nivolumab/pembrolizumab developed to block CTLA-4 and PD-
1 inhibitory signals1

Immune regulatory checkpoint receptors as 
major targets in cancer therapy

Buchbinder, E., & F.S. Hodi,  J Clin Invest 125 (2015): 3377.

1. Leach, D., M. Krummel,  J. Allison, Science 271 (1996): 1734.
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• Administration of immune checkpoint inhibitors such as anti-CTLA-4, anti-PD-1, and anti-PD-L1 
have resulted in remarkable therapeutic outcomes, resulting in tumor regression and long-term 
equilibrium or cancer elimination in a large percentage of treated patients

Impact of checkpoint blockade therapy

Wolchok et al., N Engl J Med 369 (2013): 122.

Clinical Activity in Patients Who Received
Concurrent Regimen of Nivolumab and Ipilimumab Kaplan–Meier Estimates of Survival

Wolchok et al., J Clin Oncology 40 (2022): 127.time to onset and resolution, are presented in the Data
Supplement.

DISCUSSION

These 6.5-year data with the combination of first-line
nivolumab plus ipilimumab in the pivotal CheckMate 067

study include the longest median OS (72.1 months) re-
ported to date in a phase III study of patients with advanced
melanoma. For the first time, we are also able to report MSS
in this population (median not reached at 77 months and
6.5-year rate of 56% with the combination), which is im-
portant, given the increasing competing risk of death from
other causes that the durable control of melanoma with
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FIG 2. (A) PFS and (B) OS in patients who received nivolumab plus ipilimumab, nivolumab, or ipilimumab. Patients were followed for a minimum of 77
months. All rates are based on the current 6.5-year analysis; rates shown at earlier time points may differ slightly from those of previous reports. aDescriptive
analysis. HR, hazard ratio; NR, not reached; OS, overall survival; PFS, progression-free survival.
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FIG 3. MSS in patients who received nivolumab plus ipilimumab, nivolumab, or ipilimumab. In this descriptive post hoc analysis, an event was
defined as death as a result of melanoma; deaths as a result of any other causes were censored. HR, hazard ratio; MSS, melanoma-specific survival;
NR, not reached.
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• Impressive success and safety profile of immune checkpoint blockade (ICB) therapy rapidly pushed 
the field of immuno-oncology forward; immunotherapy now assuming critical role as a backbone of 
many cancer treatment strategies

• Numerous clinical studies ongoing to evaluate various combinations of ICB (anti-CTLA-4, PD-1, 
LAG-3) with other treatment modalities (e.g., oncolytic viruses, TLR/costimulatory molecule 
agonists, tumor Ag vaccines, chemotherapy, radiotherapy, Treg/MDSC depletion) to overcome 
immunosuppressive pathways and improve outcomes

Immunotherapy combinations

Swart et al., Front Oncol 6 (2016): 233.

CA03CH04_Dougan ARI 12 January 2019 9:42
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Figure 1
Moving beyond checkpoint blockade to enhance antitumor immunity. Building on the success of checkpoint blockade, multiple
investigational strategies aim to overcome the immunosuppressive pathways that protect tumors from productive antitumor immunity.
These strategies include both systemic and in situ vaccines to activate naı̈ve T cells, prophylactic vaccines, and efforts to block
oncogenic innate inflammation. The tumor microenvironment is being targeted through multiple mechanisms to reduce the number of
regulatory adaptive and innate cells, block immunosuppressive metabolites and cytokines, and disrupt tumor vasculature. Several
strategies seek to activate tumoricidal macrophages or NK cells. Tumors can be directly targeted by therapeutic antibodies, and
adoptive cellular therapies endeavor to bypass endogenous responses either through ex vivo expansion of antitumor T cells or through
infusion of gene-modified T cells, such as CAR T cells that directly recognize tumor-expressed targets. Abbreviations: ADAR,
adenosine deaminase acting on RNA; BiTE, bispecific T cell engager; CAR, chimeric antigen receptor; DC, dendritic cell; HBV,
hepatitis B virus; HPV, human papilloma virus; IDO1, indoleamine 2,3-dioxygenase 1; IFN, interferon; IL, interleukin; MICA, MHC
class I chain–related protein A; MDSC, myeloid-derived suppressor cell; MHC, major histocompatibility complex; NK, natural killer;
NSAID, nonsteroidal anti-inflammatory drug; STING, stimulator of interferon genes; TAM, tumor-associated macrophage; TIL,
tumor-infiltrating lymphocyte; TLR, Toll-like receptor; Treg, regulatory T cell; VEGF, vascular endothelial growth factor.
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Dougan et al., Ann Rev Cancer Biol 3 (2019): 
55-75.
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• Understanding mechanisms of resistance to immunotherapy in non-responding patients with 
different tumor types

• Determining optimal combinations within the vast landscape of immunotherapy options to 
improve the efficacy of cancer treatment while reducing treatment toxicity

• Predicting clinical response or resistance to specific therapeutic regimens, and likelihood of 
developing severe adverse events during immunotherapy

Monitoring of patient immune responses during cancer immunotherapy will be critical to identify 
biomarkers that may elucidate biologic mechanisms and inform clinical decision making, patient 
prognosis, and treatment stratification

Challenges for immunotherapy



Immune Monitoring Facility (IMF): 
Overview
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Located on 15th fl of Zuckerman Research Center 

Organizational Structure

Aims:
• Provide clinical sample processing, banking, and inventory management 

capabilities for immune monitoring studies
• Establish cutting edge tools and standardized core technologies to 

characterize the immune response in clinical trial patients undergoing cancer 
immunotherapy

• Identify biomarkers that may predict response and/or adverse reactions to 
therapy to enable appropriate patient stratification for maximal clinical 
benefit and minimal toxicity
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Wide Scope of Immunotherapy Studies Supported
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IMF currently supporting >40 active immunotherapy trials investigating treatment of different tumor 
types with novel combinations of immune checkpoint inhibitors and/or other therapeutic modalities, 
in collaboration with MSK investigators, LICR, PICI, and industry partners

Cancer: 
Skin, Lung, 
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Breast, Colorectal, 

Hematologic
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Clinical 
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Microarrays

Flow 
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Assays

Cytokine 
Immunoassays

3 USA & Canada  (800) 343-7475  |  UK & Europe  +44 (0)1235 529449  |  China  +86 (21) 52380373  |  www.RnDSystems.com 

ELISA REFERENCE GUIDE

Making a Quality ELISA
Producing a quality ELISA strongly depends on optimization during 
development. R&D Systems ELISA Kits are required to meet 
stringent manufacturing and quality control standards to ensure 
that they provide the highest levels of performance and con-
sistency. Quantikine Kits are complete, fully validated, ready-to-run 
immunoassays that are designed to measure proteins in a number 
of complex sample types. These assays are based on the two-site 
sandwich immunoassay principle in which two highly speci! c 
antibodies are used to detect a target analyte. Multiple steps are 
taken during development to ensure that Quantikine ELISA Kits will 
provide superior performance without the need for further assay 
optimization by the customer. These include:

� Careful selection of antibody pairs for optimal performance

� Automated microplate coating with precision of less than 10% 
coe"  cient of variation (CV)

� Cross-reactivity and interference testing with a panel of up to 
100 factors

� Formulation of diluents that alleviate interferences due to 
matrix phenomena and heterophilic antibody interactions

� Correlation to NIBSC/WHO Standards when available

� Performance testing with all validated sample types

Quantikine ELISA Kits provide our customers with the precision, 
speci! city, accuracy, and sensitivity that they expect due to rigorous 
validation testing. This testing includes:

� Intra- and inter-assay precision

� Analysis of natural samples in each of the validated matrices  
 such as serum, plasma, cell culture supernate, and more

� Interference of blood components

� Linearity

� Recovery

� Component and kit stability

� Edge e# ect 

These tests are performed over many months by several tech-
nicians to ensure that the assay will be reproducible both well-to-
well and lot-to-lot. Data obtained from performance testing on 
validation batches of our kits are provided in the product data 
sheets.

The validation process results in a comprehensive data packet that 
is reviewed by quality assurance personnel, who ensure that the 
test results meet established guidelines. These guidelines 
require that:

� Controls meet established speci! cations

� Non-speci! c binding, low standard and high standard signals 
meet the established speci! cations

� Sensitivity, determined by assaying multiple replicates of the 
zero standard, falls within the established speci! cations

� Standards match master calibrators within the established 
speci! cation

The following sections outline the variables that may a# ect the 
outcome of your ELISA experiments, and how these variables are 
addressed during the development of R&D Systems Quantikine 
ELISA Kits. By carefully considering these variables before the 
product is released, our scientists ensure that Quantikine Kits will 
provide you with reliable, reproducible results without the need for 
further assay optimization.

Evaluating the Performance of ELISA Kits

R&D Systems is Committed to Producing High Quality ELISA Products

Introduction

FOR RESEARCH USE ONLY. 
NOT FOR USE IN DIAGNOSTIC OR THERAPEUTIC PROCEDURES. 
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MSD® 96-Well MULTI-ARRAY® and MULTI-SPOT®  
 Human Cytokine Assays: Base Kit 

 

Summary 
MSD Cytokine Assays measure one to ten cytokines in a 96-well MULTI-ARRAY 
or MULTI-SPOT plate.  The assays employ a sandwich immunoassay format 
where capture antibodies are coated in a single spot, or in a patterned array, on 
the bottom of the wells of a MULTI-ARRAY or MULTI-SPOT (Figure 1) plate.   
Cytokine assays are available from MSD in 1-spot MULTI-ARRAY and 4-, 7-, and 
10-spot MULTI-SPOT 96-well plate formats. This product insert outlines two 
assay protocols; one recommended for serum or plasma samples and complex 
matrices, and one recommended for tissue culture samples  This insert also 
describes ways the user can modify these protocols to meet specific work flow or 
performance requirements.   

 
Figure 1.  Cytokine capture antibody is pre-coated on specific spots of a 4-Spot MSD 
MULTI-SPOT plate.  Calibrator solutions or samples are incubated in the MULTI-SPOT 
plate, and each cytokine binds to its corresponding capture antibody spot.  Cytokine 
levels are quantitated using a cytokine-specific Detection Antibody labeled with MSD 
SULFO-TAGTM reagent. 

 
 
 
 
 
 
 
 
 
 
 

1 2 

A 

B Capture,Ab 

Working4
Electrode 

 
Labeled,Ab 

cytokine 

PBMC
TIL

Serum
Plasma

IMF Capabilities & Services

Whole blood processing 
& cryopreservation
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• For peripheral blood, standard processing protocol entails collection of ~32 ml whole blood per 
patient visit in BD Vacutainer® CPT (Cell Preparation Tubes).  These tubes contain an anticoagulant 
(e.g., Na Heparin) and a FICOLL Hypaque density fluid separated by a polyester gel barrier.  This is a 
convenient, single tube system for the collection of whole blood and the efficient and consistent 
separation of peripheral blood mononuclear cells (PBMC) immediately upon receipt of samples.  

Clinical Sample Banking at MSK IMF

(16x125 mm size, 8 ml draw capacity, 
BD Biosciences Cat. 362753)
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• Average of 221 blood samples/month (~11/day) for ~47 studies/month for 2020-2022
• Steep dropoff in spring 2020 due to COVID-19 lab shutdown
• PBMC samples stored across 3 LN2 freezers and plasma/serum stored across 5 -80∘C/-20∘C freezers

2013-22 Total Clinical Samples Processed by IMF
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IMF Assays:
Flow Immunophenotyping & Functional Panels
• Characterize immune cell subsets including T cells and their expression of 

activation/exhaustion markers pre/post Tx using validated flow panels
• Measure Ag-specific T cell responses and function via intracellular cytokine staining
• Discover novel phenotypes from 28-color phenotyping panels using high dimensional 

BD FACSymphony (Fortessa X-50) flow cytometer 

Jahan-Tigh et al., J Invest Dermatol 132 (2012): 1.



Analysis of changes in T cell phenotype in 
patients after checkpoint blockade
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IMF Assays:
Multiplex Cytokine Immunoassays
• Meso Scale Discovery multiplex assay platform

– Highly sensitive quantitation of cytokines and other soluble protein biomarkers in serum, 
plasma, CSF, & cell culture supernatant via electrochemiluminescence detection

– Primary MSD 10-plex human V-Plex Th1/Th2 cytokine/chemokine panels include:
• IFN-g, IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, TNF-a
• GM-CSF, IL-1α, IL-5, IL-7, IL-12/IL-23p40, IL-15, IL-16, IL-17A, TNF-β, VEGF-A
• Eotaxin, Eotaxin-3, IL-8 (HA), IP-10, MCP-1, MCP-4, MDC, MIP-1α, MIP-1β, TARC
• Other panels and individual analytes available from MSD
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IMF Assays:
Serology
• Detection of antigen-specific B cell antibody responses by ELISA

– Shared tumor Ags: NY-ESO-1, Melan-A, Mage-1, Mage-4, Mage-10, CT-7, CT-10, CT-45, CT-46, CT-47, 
CXorf48, Gage2, Rab38, Sage1, SOX2, SSX1, SSX2, SSX4, p53, UBQLN2, TRAG-3, and DHFR (neg control)

– SARS-CoV-2 (COVID-19) Spike/RBD/Nucleocapsid (IgG/IgA/IgM)

• High content protein microarrays for seromics analyses
– CDI arrays contain >20,000 full-length purified human proteins (~80% of human proteome) 

spotted on glass slides for characterization of autoAb reactivities in serum samples that may 
change after treatment and may be associated with clinical response/drug toxicity

3 USA & Canada  (800) 343-7475  |  UK & Europe  +44 (0)1235 529449  |  China  +86 (21) 52380373  |  www.RnDSystems.com 

ELISA REFERENCE GUIDE

Making a Quality ELISA
Producing a quality ELISA strongly depends on optimization during 
development. R&D Systems ELISA Kits are required to meet 
stringent manufacturing and quality control standards to ensure 
that they provide the highest levels of performance and con-
sistency. Quantikine Kits are complete, fully validated, ready-to-run 
immunoassays that are designed to measure proteins in a number 
of complex sample types. These assays are based on the two-site 
sandwich immunoassay principle in which two highly speci! c 
antibodies are used to detect a target analyte. Multiple steps are 
taken during development to ensure that Quantikine ELISA Kits will 
provide superior performance without the need for further assay 
optimization by the customer. These include:

� Careful selection of antibody pairs for optimal performance

� Automated microplate coating with precision of less than 10% 
coe"  cient of variation (CV)

� Cross-reactivity and interference testing with a panel of up to 
100 factors

� Formulation of diluents that alleviate interferences due to 
matrix phenomena and heterophilic antibody interactions

� Correlation to NIBSC/WHO Standards when available

� Performance testing with all validated sample types

Quantikine ELISA Kits provide our customers with the precision, 
speci! city, accuracy, and sensitivity that they expect due to rigorous 
validation testing. This testing includes:

� Intra- and inter-assay precision

� Analysis of natural samples in each of the validated matrices  
 such as serum, plasma, cell culture supernate, and more

� Interference of blood components

� Linearity

� Recovery

� Component and kit stability

� Edge e# ect 

These tests are performed over many months by several tech-
nicians to ensure that the assay will be reproducible both well-to-
well and lot-to-lot. Data obtained from performance testing on 
validation batches of our kits are provided in the product data 
sheets.

The validation process results in a comprehensive data packet that 
is reviewed by quality assurance personnel, who ensure that the 
test results meet established guidelines. These guidelines 
require that:

� Controls meet established speci! cations

� Non-speci! c binding, low standard and high standard signals 
meet the established speci! cations

� Sensitivity, determined by assaying multiple replicates of the 
zero standard, falls within the established speci! cations

� Standards match master calibrators within the established 
speci! cation

The following sections outline the variables that may a# ect the 
outcome of your ELISA experiments, and how these variables are 
addressed during the development of R&D Systems Quantikine 
ELISA Kits. By carefully considering these variables before the 
product is released, our scientists ensure that Quantikine Kits will 
provide you with reliable, reproducible results without the need for 
further assay optimization.

Evaluating the Performance of ELISA Kits

R&D Systems is Committed to Producing High Quality ELISA Products

Introduction



Explore
Measure 1,536 proteins, 
Soon 3k and 4,5k proteins covering the dynamic 
plasma proteome.

Target 384
1µl and outstanding coverage of 
inflammatory cytokines

Target 96
15 panels built for specific area of 
disease or biology process.

Target 48
48-plex Cytokine panel with absolute 
quantification.

Focus
Measure up to 21 proteins simultaneously, 
selected based on your discoveries and needs

Olink Product Portfolio

SCA
LA

BLE

ACTIONABLE

Proximity Extension Assay

Immuno Reaction Extension Reaction

Detection Proteomic Profiling

Actionable results driving your research 
forward

High multiplexing
and throughput

Small volume and 
matrix flexibility

High sensitivity with
no cross-reactivity

Analog to digital converter

QC & Data analysis

Robust and reproducible
data to trust

Patients 
samples

Proximity Extension Assay (PEA) 

NGS

qPCR 

Technologies Being Evaluated: 
Olink



Technologies Being Evaluated: 
IsoPlexis

Superpowered Functional Proteomics for 
Every LabFunctional Immune 

Landscaping

Accelerate the ability to 
clarify lead candidate choice 
and durable biomarkers 
using the proteomic 
secretome from each single 
cell to accelerate path to 
higher efficacy with targeted 
immune therapies.

• Unique Superpowered Biology: Detect subsets of 
superpowered immune cells

• Uniquely Predictive: 50+ uniquely correlative data sets
• Gold Standard: Leading tool for single-cell multiplexed 

cytokine profiling
• Highly Multiplexed: Targets 30+ cytokines per 

immune cell
• Fully Automated ELISA Workflow

• Consistency: 20% CV
• Sensitive: ~2-2000 pg/ml
• Widely Published in Biomarkers & Discovery

Intracellular Signaling 
Omics

Identify adaptive 
phosphoproteomic signaling 
networks from rare subsets 
of single cells, targeting the 
entire set of signaling 
pathways to eliminate 
resistance and metastases.

• Identify Adaptive Signaling Networks: Accelerate 
development of targeted therapies to overcome 
resistance & metastases

• Highly Multiplexed per Cell: Targets 15+ intracellular 
proteins from each cell

• Pathways Revealed: See multiple coordinated protein 
pathways engaged for first time

• Fully Automated Proteomics Workflow

• Published: In a variety of peer-reviewed journals & 
indication types

Superpowered Functional Proteomics for Every Lab

For Research  Use Only. Not for Use in Diagnostic Procedures. 2

SOFTWARE

IsoSpeak Software

Same-day visualizations and insights

APPLICATIONS

PF Overview
Reveal the 
Polyfuctionality of 
Your Samples

t-SNE
High-Dimensional 
Single-Cell Mapping

PF Heatmap
Uncover Critical Cells 
and Subpopulations

UMAP
Highlight Differences 
in High Dimensional 
Datasets

PAT PCA
Stratify Donor/ 
Patient Response

PSI
Reveal the Potency 
of Different Immune 
Cell Types

Side View

Side View

Top View

Top View

IsoPlexis Proprietary Proteomic Barcoded Chips

CodePlex

IsoCode

20-32 Cytokines per panel

Ultra Low Volume Bulk

Single Cell

9

Uniquely Automated ELISA systems + Low Volume 
Proteomic Barcoding

6

Load 
Chips

Automated
Cellular Imaging

Onboard
Incubation

Automated 
ELISA Workflow 

Automated
Proteomic Imaging

1

2

3 Automated 
Software Analysis

Bulk & Single-cell
Samples

• Automated ELISA Hardware
• Low Volume Proteomic Barcoding Chip
• End-to-End Software

All 3 applications made possible 
through deep innovation:

1

Tumor-infiltrating lymphocyte treatment for anti-PD-1-resistant metastatic lung 
cancer: a phase 1 trial

Creelan B.C. et al Nat Med 27, 1410–1418 
(2021)

-Performed Nivolumab followed by TILs

-Increase in circulating subsets of polyfunctional 
CD8+ or CD4+ T cells at post-infusion time points

-PSI was increased at post infusion time points 
after TIL treatment

-Two patients had complete responses 1.5 years 
later

“PSI reflects the ability of a T cell to carry out 
multiple functions, it is recognized as a metric 
for the potency of cell therapy and for the 
efficacy of vaccines”

Creelan B.C. et al Nat Med 27, 1410–1418 (2021) 
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• Current biomarker assay technologies can provide a wealth of information with 
increasingly high dimensional data output but the complex results generated can 
frequently be difficult to interpret and compare between laboratories

• Large numbers of clinical samples and big data sets being collected across multiple 
technology platforms require careful oversight to ensure reliability of results

• Some contributors to poor data quality:
– Lack of recognition of proper upstream sample handling and delivery logistics as a critical 

requirement for biomarker accuracy, stability, and reproducibility
– Non-adherence to standardized protocols or lack of standardized instruments/ materials/ 

reagents/ analysts during sample collection or assay runs to remove sources of variability

Upfront study planning to minimize issues above is highly recommended to increase 
usefulness and accuracy of the data that is obtained

Challenges of Immune Monitoring
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• What questions are being asked and what biomarker assays would be most 
informative to perform to address those questions? 
– Determine the validated assays available, the cost and feasibility of running these assays 

with the samples collected
– If budget and samples are limiting, can prioritize assays such that results from one may 

inform the utility of the next
– Technologies can evolve so allow flexibility in clinical protocol in terms of the specific assays 

to be performed, but still good to have a general idea of areas of investigation and the 
sample collection requirements entailed

– Investigators sometimes request research sample banking without plans for specific assays 
but this risks suboptimal sample preparation – some assays may not be possible under 
certain sample collection conditions (e.g., sensitive functional assays)

Study Planning Considerations
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• What sample types should be interrogated, how much, and at what time points?
– Peripheral blood is most accessible, will allow characterization of circulating immune cells 

and systemic Ab/cytokine profiles although may not reflect local tumor response

– Plasma vs. serum – only one or the other is needed for most applications but be consistent; 
some analytes can only be measured accurately in one type of matrix; platelet-poor plasma 
is required for analytes (e.g., PDGF) that may be nonspecifically released by activated 
platelets in whole blood during sample collection and processing

– Tumor biopsies are useful for tumor microenvironment analyses such as IHC, exome 
sequencing, gene expression profiling, or extraction of TILs for flow & TCR repertoire 
analysis (but core biopsies often have insufficient material for flow)

– Volume of sample needed will depend on the number and types of downstream assays
• Standard blood collection volumes of ~32 ml blood (4 tubes) at IMF sufficient for most applications

– Sample collection should occur at rationally selected visits/time points
• Ideal to have >1 baseline sample if possible as reference points to confirm pre-treatment data, 

perform repeat or additional timepoint runs if needed, or to test in multiple assays
• Data from single (non-serial) timepoint biopsies can be difficult to interpret w/o add’l controls
• Early frequent sampling (wks 1-3 post-dosing) to detect immediate PD effects (cytokines, cellular 

activation), with longer interval sampling at limited downstream time points (e.g., every 3 wks up to 
12 wks), perhaps following dosing schedule, disease progression, or interesting clinical observations

– May not be feasible or necessary to collect research blood at every possible visit
• Blood draw limits and impact on patient

• Local lab freezer storage space limitations; may need to consider offsite storage options

Study Planning Considerations



20

• How should the samples be collected and handled for the assays being considered?
– Sample viability, yields, and biomarker stability can be highly dependent upon the 

temperature and time elapsed between sample collection and delivery from the clinic to 
the lab for processing; poor sample integrity or low yields will lead to inconclusive data
• Optimal preservation of cell viability, phenotype, and function when blood is kept at RT (or 4∘C if measuring cytokines) 

and processed asap (no longer than 8-24 hrs after collection, will depend on the assays being used)

– Type of anticoagulant (e.g., heparin vs. EDTA) used in blood tubes can be important
• Heparin may be best for evaluating cellular function, while EDTA may be better for DNA sequencing applications

– Functional assays that may entail cell stimulation for response readouts can require greater 
amounts of material and more stringent sample processing requirements (tighter time 
frame between blood draw and processing)

– Can consider alternative collection tube types (PAXgene, Streck Cyto-Chex) that are 
designed for maintaining long-term integrity of samples for the relevant downstream 
applications (need to validate for specific markers assessed)

Study Planning Considerations



Effects of blood sample handling procedures 
(temperature and time delay to processing) on 
measurable inflammatory markers

Skogstrand et al., J Immunol Methods 336 (2008): 78-84.

plasma more analytes were increased than at 4 °C and to a
higher degree (Table 2). Thus after 4 h at RT plasma
concentrations of all analytes except IL-4, -6, -8, -10, -12,
sIL-6ra, TGF-β, and NT-3 were significantly increased and
continued to increase after 24 and 48 h of storage where all
analytes except IL-4, -10, sIL-6ra, and IFN-γ were signifi-
cantly increased. Especially the measurable concentrations
of IL-8, IL-18, and BDNF increased remarkably after 48 h of
storage at RT. When the blood samples were stored at 35 °C
the mean concentration of all analytes was higher than after
storage at 4 °C but lower than after storage at RT (Table 2).
After 4 h at 35 °C measurable concentrations of IL-1β, -17,
-18, TNF-β, MMP-9, BDNF, sTNF RI, MIF, RANTES, and CRP
were increased significantly. SIL-6ra was the only analyte
significantly decreased (after 48 h at 35 °C). IL-2 was not
detectable in any of the plasma samples.

3.2. Blood samples separated to serum

The increase in concentration of measurable analytes in
serum was generally higher than in plasma but with great
individual differences. Over all, storage of clotted blood at
4 °C before centrifugation resulted in the lowest increase in
serum concentrations, and at 35 °C in the highest increases
(Table 3). After 4 h at 4 °C the concentration of some analytes
including MCP-1, MIP-1α, -1β, MMP-9, BDNF, sTNF RI,
RANTES, and CRP were significantly increased, and after
48 h only IL-4, -6, -8, -10, -18, sIL-6ra, TNF-α, -β, NT-4, and
MIF were not significantly changed. After 4 h at RT all

analytes except IL-4, -6, -8, -18, sIL-6ra, IFN-γ, TREM-1, and
MIF were significantly increased and after 48 h all analytes
except IL-4, -5, and TGF-β were significantly increased.
Especially the measurable concentrations of IL-1β, 6, 8,
TNF-α, MCP-1, MIP-1α, -1β, MMP-9 and BDNF increased
dramatically, 15–1700 times the concentration found in
control serum samples (Table 3). After 4 h at 35 °C all
analytes except IL-4, -5, -12, -18, sIL-6ra, and TREM-1 were
significantly increased, and after 48 h all analytes except IL-4,
sIL-6ra, and IFN-γ were significantly increased, mean
increase for all 28 analytes is 320 times the concentration
found in control serum samples. No analytes were signifi-
cantly decreased. IL-2 was not detectable in any of the serum
samples.

3.3. DBSS

Individual analytes behaved differently in DBSS under the
storage conditions tested, but in general measurable con-
centrations of inflammatory markers were well preserved for
up till 7 days, judged against control DBSS stored at −20 °C
immediately after preparation (Table 4). Although some
analytes showed significant changes, they were only minor
compared to the changes seen in liquid blood samples stored
for much shorter times before separation into serum and
plasma. A few analytes did however display more pro-
nounced changes in concentrations, especially after 30 days
of storage. There was no clear trend for the individual
analytes, but a tendency to an increase of some analytes,

Table 3
Inflammatory markers measured in serum from blood stored at different conditions before centrifugation

4 °C RT 35 °C

Serum 4 h 24 h 48 h 4 h 24 h 48 h 4 h 24 h 48 h

IL-1b 0.9 1.3 1.9⁎ 1.6⁎ 12.6⁎ 216.1⁎ 19.9⁎ 1006.6⁎ 2659.8⁎
IL-2 nd nd nd nd nd nd nd nd nd
IL-4 0.7 0.9 0.7 1.1 0.8 1.0 0.9 1.3 1.1
IL-5 1.0 1.3⁎ 1.6⁎ 1.8⁎ 1.4⁎ 1.5 1.9 1.7⁎ 1.8⁎
IL-6 1.1 0.9 1.2 1.5 4.9 407.0⁎ 4.8⁎ 2602.1⁎ 3069.2⁎
IL-8 1.0 1.0 1.0 1.0 794.3⁎ 1718.4⁎ 887.8⁎ 1750.4⁎ 1703.2⁎
IL-10 1.0 1.3 1.1 1.6⁎ 1.2 3.5⁎ 1.7⁎ 98.5⁎ 173.3⁎
IL-12 1.0 1.2 2.1⁎ 1.7⁎ 1.0 2.8⁎ 1.9 7.1⁎ 5.7⁎
IL-17 1.7 4.4⁎ 4.3⁎ 4.2⁎ 5.1⁎ 6.2⁎ 4.5⁎ 6.1⁎ 8.4⁎
IL-18 1.1 1.2 1.4 1.3 1.7⁎ 2.1⁎ 1.3 1.3 1.4⁎
sIL-6ra 1.1 1.1 1.2 1.2 1.3 1.3⁎ 1.2 1.0 1.0
IFN-g 1.1 1.3 2.2⁎ 1.4 1.4 2.1⁎ 1.4⁎ 1.8 1.8
TNF-a 1.6 1.5 1.5 1.6⁎ 2.5⁎ 15.7⁎ 5.8⁎ 73.9⁎ 74.7⁎
TNF-b 1.1 1.7 1.9 3.0⁎ 3.2⁎ 1.9⁎ 2.8⁎ 3.6⁎ 3.2⁎
MCP-1 1.2⁎ 1.8⁎ 2.1⁎ 1.9⁎ 4.0⁎ 17.3⁎ 2.6⁎ 21.9⁎ 59.6⁎
TGF-b 1.1 2.3⁎ 2.3⁎ 2.5⁎ 1.3⁎ 1.9 2.1⁎ 1.1 1.7⁎
MIP-1a 1.5⁎ 2.8⁎ 3.7⁎ 3.5⁎ 10.3⁎ 100.4⁎ 30.5⁎ 544.1⁎ 759.1⁎
MIP-1b 1.3⁎ 2.2⁎ 2.6⁎ 2.8⁎ 5.8⁎ 27.1⁎ 14.6⁎ 56.0⁎ 57.0⁎
MMP-9 1.3⁎ 3.2⁎ 4.0⁎ 9.1⁎ 18.0⁎ 21.5⁎ 18.9⁎ 19.3⁎ 20.4⁎
TREM-1 1.1 1.2⁎ 1.4⁎ 1.4 1.3 2.2⁎ 2.3 1.7⁎ 1.9⁎
BDNF 2.7⁎ 18.0⁎ 21.9⁎ 23.2⁎ 23.9⁎ 28.1⁎ 26.3⁎ 20.5⁎ 21.0⁎
GM-CSF 1.0 1.2 1.3⁎ 1.5⁎ 1.8⁎ 7.9⁎ 1.5⁎ 4.4⁎ 17.6⁎
NT-4 1.0 1.0 1.0 1.8⁎ 1.2 2.2⁎ 1.5⁎ 3.2⁎ 3.2⁎
NT-3 1.6 2.6⁎ 5.5⁎ 8.5⁎ 8.4⁎ 9.2⁎ 7.1⁎ 6.0⁎ 10.2⁎
sTNF RI 1.2⁎ 1.5⁎ 2.0⁎ 1.9⁎ 2.2⁎ 2.5⁎ 2.0⁎ 2.4⁎ 3.8⁎
MIF 0.8 1.0 1.3 1.0 2.3⁎ 2.0⁎ 1.7⁎ 1.7 1.7⁎
RANTES 1.0⁎ 1.3⁎ 1.1⁎ 1.2⁎ 1.1⁎ 1.3⁎ 1.1⁎ 1.1⁎ 1.2⁎
CRP 1.2⁎ 1.2⁎ 1.2⁎ 1.2⁎ 1.3⁎ 1.4⁎ 1.3⁎ 1.2⁎ 1.3⁎
mean 1.2 2.2 2.7 3.1 33.9 96.5 38.9 231.1 320.9

All values are multiples of concentrations of control samples. ⁎indicates pb0.05 calculated with Wilcoxon's signed rank sum test. nd=not detectable.
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CRP in plasma and serum is present in too high concen-
trations to be analyzed together with the other analytes in a
multiplex analysis, and was therefore analyzed by an in-
house ELISA. In short, for CRP analyses the wells were
prepared by coating capture antibody (ab8279, Abcam,
Cambridge, UK) overnight, wash with washing buffer (PBS
with 0.05% Tween 20), blocking with Bovine serum albumin
1 h and wash. Samples diluted 1/1000 were added to the
wells and incubated 1 h before wash and incubation with
HRP-conjugated detection antibody (ab24462, Abcam, Cam-
bridge, UK) diluted 1/8000 for 1 h. The wells were washed
twice and incubated 30 min with a substrate (OPD-tablets
4090, Kem-En-Tec Diagnostics, Taastrup, Denmark). The
reaction was stopped by 150 μL 1 mol/L sulfuric acid added
to each well and read on a VICTOR (Perkin Elmer, Finland).
Intra assay CV% was 5.3%, inter assay CV% 15.6%, limit of
detection 0.3 µg/L, limit of quantification 5 µg/L, and mean
recovery of spiked samples 93%.

2.3. Statistics

The medians were calculated from determinations from
respectively four and five individuals, and expressed as
multiples of concentrations of control samples (median
concentrations for each storage condition divided by the
concentrations in the control samples that were immediately
centrifuged and frozen for serum and plasma or immediately
frozen after drying for DBSS). GraphPad Prism 3.0 (San Diego,
US) was used for all calculations. Wilcoxon's signed rank sum
test (pairwise comparison) was used to compare the
concentrations measured after various storage conditions

with the control (initial) concentrations. With the setup of
this study it is not possible by theWilcoxon's signed rank sum
test to obtain p-values much smaller than 5%. Consequently a
Bonferonni correction of the p-values would eliminate all
significance. The p-values calculated by Wilcoxon's signed
rank sum test are mainly intended to describe the systematic
nature of the differences between the various observations
and the control values.

3. Results

The concentrations of analytes in the control samples that
are prepared immediately after venepuncture and stored at
−20 °C until the analysis are seen in Table 1. Notice that the
concentration of many cytokines are much higher in DBSS
that contains leukocytes and other formed elements of the
blood than in plasma and serum.

3.1. Blood samples separated to plasma

Keeping blood samples at 4 °C before centrifugation and
separation into plasma was for many of the 28 analytes
efficient with respect to preserving the plasma concentra-
tions compared to control samples (Table 2). Plasma
concentrations of some analytes including IL-5, -17, TNF-β,
BDNF, GM-CSF, MIF, RANTES and CRP, were however
significantly increased already after 4 h at 4 °C. When
blood samples were stored at RT before the separation into

Table 1
Median concentrations of inflammatory markers in control samples

Conc. in control samples

Serum Plasma DBSS

IL-1β b4 b4 56
IL-2 b4 b4 22
IL-4 15 13 52
IL-5 4 8 6
IL-6 26 13 77
IL-8 b4 b4 115
IL-10 18 24 66
IL-12 15 25 226
IL-17 74 103 68
IL-18 360 375 1430
sIL-6ra µg/L 29.8 36.9 27.2
IFN-γ 18 32 48
TNF-α 22 48 35
TNF-β 55 35 365
MCP-1 331 369 860
TGF-β 97 42 1772
MIP-1α 20 29 132
MIP-1β 205 188 368
MMP-9 µg/L 45.9 124.1 1555
TREM-1 b500 b500 492
BDNF µg/L 1.71 1.17 25.1
GM-CSF 12 32 43
NT-4 5 b4 39
NT-3 4 13 n.a
sTNF RI 978 1269 n.a
MIF µg/L 67.0 44.6 n.a
RANTES µg/L 18.2 12.1 30.9
CRP mg/L 0.99 0.22 0.67

Concentrations are in ng/L unless otherwise indicated.

Table 2
Inflammatory markers measured in plasma from blood stored at different
conditions before centrifugation

4 °C RT 35 °C

Plasma 4 h 24 h 48 h 4 h 24 h 48 h 4 h 24 h 48 h

IL-1b 1.0 1.1 1.6 3.4⁎ 3.1⁎ 5.6⁎ 1.9⁎ 1.3⁎ 1.9⁎
IL-2 nd nd nd nd nd nd nd nd nd
IL-4 1.3 0.8 1.2 1.2 0.8 1.2 1.9 1.0 1.0
IL-5 1.1⁎ 1.1 1.0 2.1⁎ 2.4⁎ 3.2⁎ 1.2 1.1 0.9
IL-6 0.9 1.1 1.2 1.2 1.4⁎ 1.9⁎ 1.2 1.2 0.9
IL-8 1.0 1.0 1.0 1.0 3.7⁎ 31.6⁎ 1.0 14.7⁎ 30.4⁎
IL-10 1.2 1.0 1.2 2.1 1.5 1.6 1.2 1.0 1.1
IL-12 1.3 1.0 0.9 4.5 2.2 2.8⁎ 1.6 1.1 1.1
IL-17 2.2⁎ 1.7 1.9⁎ 6.4⁎ 5.9⁎ 7.2⁎ 2.9⁎ 3.3⁎ 2.5⁎
IL-18 1.1 1.1 1.1 1.3⁎ 10.5⁎ 19.5⁎ 1.5⁎ 3.3⁎ 2.7⁎
sIL-6ra 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.0 0.9⁎
IFN-g 1.4 1.2 1.1 1.8⁎ 1.3 1.3 1.6 0.9 1.1
TNF-a 1.0 1.0 0.9 1.4⁎ 1.4 2.0⁎ 1.3 1.2 1.0
TNF-b 1.7⁎ 1.1 1.4⁎ 5.3⁎ 4.6⁎ 5.0⁎ 2.7⁎ 3.7⁎ 2.8
MCP-1 1.0 1.3 1.3 1.5⁎ 1.5 1.5⁎ 1.1 1.0 1.1
TGF-b 1.1 1.0 1.0 1.5 1.0 2.3⁎ 1.1 1.0 1.0
MIP-1a 1.4 1.4 1.2⁎ 2.9⁎ 4.1⁎ 4.4⁎ 1.4 1.9⁎ 2.1
MIP-1b 1.1 1.2⁎ 1.3⁎ 1.7⁎ 2.4⁎ 2.7⁎ 1.1 1.7 1.5
MMP-9 0.9 1.2 1.2 1.8⁎ 3.1⁎ 3.7⁎ 1.5⁎ 2.0⁎ 1.9⁎
TREM-1 1.0 1.0 1.0 2.3⁎ 2.4⁎ 2.6⁎ 1.0 1.0 1.0
BDNF 1.6⁎ 2.6 2.7⁎ 15.4⁎ 18.5⁎ 25.8⁎ 4.1⁎ 8.8⁎ 7.3⁎
GM-CSF 1.4⁎ 1.0 1.0 2.3⁎ 2.0⁎ 2.3⁎ 1.1 1.0 1.1
NT-4 1.0 1.0 1.0 1.9⁎ 2.1⁎ 1.7⁎ 1.0 1.1 1.0
NT-3 1.1 1.1 1.1 4.1 1.7⁎ 4.9⁎ 2.7 2.0⁎ 1.1
sTNF RI 1.4 1.3⁎ 1.4 1.9⁎ 2.1⁎ 2.4⁎ 1.4⁎ 1.6⁎ 1.6⁎
MIF 1.4⁎ 1.4⁎ 2.0⁎ 1.5⁎ 1.9⁎ 2.7⁎ 1.4⁎ 1.7⁎ 1.9⁎
RANTES 1.6⁎ 1.4 1.5⁎ 1.3⁎ 1.6⁎ 1.8⁎ 1.9⁎ 1.5⁎ 1.2⁎
CRP 1.5⁎ 1.2 1.3⁎ 2.0⁎ 1.9⁎ 1.9⁎ 1.7⁎ 1.9⁎ 1.8⁎
mean 1.3 1.2 1.3 2.8 3.2 5.4 1.6 2.3 2.7

All values are multiples of concentrations of control samples. ⁎indicates
pb0.05 calculated with Wilcoxon's signed rank sum test. nd=not detectable.
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Plasma Serum



Recommended procedures for blood sample 
processing for optimal PBMC in T cell assays

Mallone et al., Clin Exp Immunol 163 (2011): 33-49.

Table 2. Recommended procedures in processing blood samples for T cell assays.

Step Recommendations
Level of
evidence Major unknowns

T cell assays used
for validation References

Blood drawing Fasting state E n.a. [1–20,71,72]
Same time of the day E Whole blood IFN-g/IL-10 ELISA [21,22]
Vacuum tubes or syringes D IFN-g ELISPOT, class I MMrs [23]
Sodium or lithium heparin C IFN-g ELISPOT, IFN-g ICS [24–26]
Minimum delay in processing (8–12 h) C IFN-g ELISPOT [23,24,27–30]
Room tewmperature storage, gentle agitation D IFN-g ELISPOT, class I MMrs [23,25,29,32]
Dilution if storage > 8 h C IFN-g ELISPOT, class I MMrs [23,29]

Blood shipping Insulated containers B IFN-g ELISPOT [33,34]

PBMC preparation Ficoll ! Leucosep® or CPT™ tubes D IFN-g ELISPOT, class I MMrs [23,36–38]
Ficoll preparations? [35]

Washes with media containing human serum D IFN-g ELISPOT, class I MMrs [23]
Whole blood versus PBMCs? [26,40–42]

PBMC freezing Freezing media? [24,53,54]
Medium temperature? [35,47,56]
Caspase inhibitors? [55]

PBMC concentration " 3 ¥ 107/ml E n.a. [53]
Cooling rate 1°C/min down to -70°C E n.a.
Prompt transfer to liquid nitrogen (24–72 h) E n.a. [24,53]
Storage temperature " -132°C (vapour or liquid nitrogen) E n.a. [24,53]

PBMC shipping Liquid nitrogen (vapour or liquid phase) D IFN-g ELISPOT, IFN-g ICS [24]

Long-term preservation Better if < 6 months D IFN-g ICS [57]

PBMC thawing Rapid, 37°C thawing temperature E n.a. [53]
15–50 ml thawing volumes E n.a. [53]
280–450 g, 5–10 min centrifugation E n.a. [53]
DNase treatment if clumping C [3H]-TdR, cytokine ELISA [58]
1–12 h PBMC resting C IFN-g ELISPOT [27,46,59,60]

T cell assays Human serum-supplemented media E n.a.
Serum-free media B IFN-g ELISPOT [54]

Addition of low-dose
cytokines (e.g. IL-7)?

[33,34,54]

High quality protein or peptide antigens A [3H]-TdR [62–67]
Positive controls: recall antigens and polyclonal stimuli E n.a.

[3H]-TdR: thymidine incorporation; ICS: intracellular cytokine staining; MMrs: human leucocyte antigen multimers; n.a.: not available; PBMC: peripheral blood mononuclear cells; IL: interleukin;
IFN: interferon; ELISPOT: enzyme-linked immunospot; ELISA: enzyme-linked immunosorbent assay.

PBM
C

preparation
for

T
cellassays

45
©

2010
The

A
uthors

C
linicaland

Experim
entalIm

m
unology

©
2010

British
Society

for
Im

m
unology,

C
linicaland

Experim
entalIm

m
unology,

163:
33–49

✓



Refrigeration of whole blood and delayed PBMC 
processing negatively impacts viable lymphocyte 
recoveries and downstream cellular assays

Bull et al., J Immunol Methods 322 (2007): 57-69.
Jerram et al., Bioscience Reports 41 (2021): 1-15.

from 18 donors (Study 1 and 2, Fig. 1). When PBMC
were cryopreserved within 8 h, the median viability was
94% or greater, regardless of type of anticoagulant or
method of PBMC isolation. By contrast, viability was
reduced significantly (median ranges, 85.7–91.8%)
when processing was delayed to 24 h, with the
exception of PBMC that derived from blood with
heparin anticoagulant and isolated with Ficoll (Table 1).
A decrease in PBMC recovery occurred in blood
shipped overnight as opposed to samples processed
within 8 h, but this trend was not consistently
significant (Table 1). Within a time point (8 h or
24 h), the anticoagulant used had no significant effect
on PBMC recovery and viability (Table 1). Moreover,
no significant differences in viability and recovery were

noted comparing three methods for PBMC isolation:
traditional Ficoll-hypaque centrifugation, Accuspin™
tubes, and CPT™ tubes. These data suggest that time
from venipuncture to PBMC cryopreservation, rather
than type of cryopreservation media or anticoagulant, is
the most important factor in optimizing PBMC
recovery and viability.

3.2. Frequencies of IFN-γ-secreting T cells are reduced
in PBMC isolated after overnight shipment than when
immediately processed

We next examined the functional activity of PBMC
from blood obtained with different anticoagulants,
isolated by different methods and at different time

Fig. 3. CMV-specific T cell responses detected by IFN-γ ELISpot in 11 representative donors, stratified by high (A) and low to intermediate (B) IFN-
γ SFC frequencies. Blood was taken with one of three anticoagulants (ACD, EDTA, Heparin), and PBMC were isolated by Ficoll centrifugation or
with Accuspin tubes. Cryopreservation of PBMC occurred within 8 or 24 h of venipuncture, as indicated. Data shown are background subtracted.
⁎Sample not available.
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Figure 3. Effect of blood storage at RT on the number of neutrophils in PBMCs
A total of 3 × 5 ml heparin blood tubes were collected from each of !ve donors, and individual tubes were either processed
immediately or kept at RT for 6 or 24 h. Whole blood and PBMCs were analysed by "uorescence "ow cytometry, using a cocktail
of antibodies to CD3, CD4, CD8, CD56, CD14 and CD16. Dead cells were excluded with NIR viability dye. The percentage of
neutrophils, identi!ed by side scatter and expression of CD16, within live cells was calculated for (A) whole blood and (B) PBMCs.
Each donor is indicated by a different colour. Data were analysed with a one-way repeated measures ANOVA with post-hoc Tukey’s
tests and P values indicating signi!cant differences between the timepoints are shown. (C–E) Aliquots of PBMCs were cytospun,
stained with modi!ed Giemsa and photographed. Green arrows indicate neutrophils with typical mature nuclear morphology in the
6 and 24 h samples.

Discussion
The present study provides a comprehensive analysis of the effects of whole blood sample storage conditions on
multiparametric flow cytometry analysis of PBMC populations. With the increasing use of highly multiparametric
flow cytometry, particularly mass cytometry, as a tool for analysis of clinical samples, factors that modify the data
derived from cryopreserved PBMCs need to be documented and, if possible, avoided.

Storage of whole blood in the original collection tubes at 4◦C for 6–24 h had major negative effects on viability
of cryopreserved PBMCs (Figure 1). We observed a relative decrease in viability of CD4 T cells and an increase in
CD3-negative lymphocytes, the majority of which are B and NK cells. An increase in NK cells and no change in B cells
after 4◦C storage before PBMC isolation has previously been documented in a study that also reported that NK cyto-
toxicity was well preserved at 4◦C in acid citrate dextrose, but not heparinised tubes, illustrating how optimal storage
conditions may differ for different cell populations within the same blood sample [10]. Profound reductions in re-
covery of both WBC and lymphocytes after cold storage (Figure 2) confirm that refrigeration of whole blood before
preparation of PBMCs should be avoided when cells are required for cytometric analysis, since limiting the number
of cells analysed can prevent the accurate quantification of rare but important populations. While the mechanism un-
derlying cell loss in response to refrigeration is not well understood, we observed refrigeration-dependent formation
of red cell-containing clumps that were not retained at the Ficoll-hypaque interface. It is possible that activation and
associated aggregation of platelets due to low temperature may be responsible for the cell loss we observed at 4◦C.

8 © 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).
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Figure 7. Correlation between number of low density neutrophils and reduction in expression of CXCR5 and CCR6
The data shown in Figure 6 were analysed as a function of the percentage of low density neutrophils within PBMCs. (A,B) MSIs for
CXCR5 and CCR6 expression by B cells in PBMCs prepared after 6 or 24 h at RT storage were expressed as a percentage of values
for 0 h samples and graphed against the percentage of low density neutrophils within PBMCs. Donors are identi!ed by the same
colours as in Figures 5 and 6. (C,D) Linear regression analysis of the correlation between increasing neutrophils and decreasing
CXCR5 and CCR6.

In contrast with refrigeration, RT storage for up to 24 h had no negative effects on cell recovery or viability. Indeed,
there was a small increase in WBC recovery after 24-h storage at RT, attributable to co-purification of low density neu-
trophils with PBMCs, as reported by McKenna et al. [7]. We confirmed that neutrophil numbers in PBMCs increase
with storage time at RT (Figure 3). Examination of the morphology of these low density neutrophils indicated that
they had the nuclear conformation typical of mature neutrophils, and thus represent activated mature neutrophils
rather than the immature neutrophils that have been described in inflammatory disease states [17,18,20]. Compar-
ison of the proportions of neutrophils within RT stored PBMCs from donors who provided two blood samples at
an interval of ∼6 months indicated that the degree of neutrophil contamination was highly variable, although for a
single blood draw, it was usually higher after 24 h at RT, compared with 6 h.

To determine whether delayed processing at RT differentially affected the representation of non-neutrophil cell
types within PBMCs, flow cytometry of whole blood and freshly isolated PBMCs from five donors was performed,
and the results for each cell type were expressed as a proportion of non-neutrophil WBCs. No significant changes
were seen in monocytes, NK cells, B cells, monocytes, CD4 T cells, CD8 T cells or total T cells (Figure 4). To test
whether a more detailed analysis would reveal changes within these major cell types, cryopreserved aliquots of PBMCs
from these five donors, plus those from an additional three donors, were analysed by mass cytometry (Figure 5).

12 © 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).
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Figure 1. Effect of refrigerated storage of blood prior to PBMC processing
A total of 4 × 5 ml EDTA blood tubes were collected from each of !ve donors. Tubes were processed immediately or refrigerated
for 6, 12 or 24 h before processing. All PBMCs were cryopreserved and subsequently thawed and assessed by "uorescence "ow
cytometry for FSC and SSC to distinguish monocytes and lymphocytes, and expression of CD3, CD4 and CD14. (A) Viability was
determined using NIR viability dye, with representative dot plots showing changes in forward scatter vs viability over time. Within
viable cells, (B) monocytes were gated as CD4loCD14+ and their identity con!rmed by FSC/SSC, (C) B and NK cells were gated
collectively as CD3-negative lymphocytes, (D) CD4+ T cells were gated as CD3+CD4+ and (E) CD8+ T cells were identi!ed in this
limited panel as CD3+CD4−. Data were analysed with a one-way repeated measures ANOVA with post-hoc Tukey’s tests and P
values indicating signi!cant differences between the timepoints are shown.

2 © 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).
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Figure 2. Effect of time and temperature prior to PBMC processing on recovery of total WBCs and lymphocytes
A total of 5 × 7 ml heparin blood tubes were collected from each of seven donors, and 2 × 7 ml heparin blood tubes from an
additional donor. Individual tubes were either processed immediately or kept at RT or 4◦C for 6 or 24 h. PBMCs and an aliquot
of whole blood were analysed using a Sysmex XP-300™ Automated Hematology Analyzer. These full blood counts were analysed
using a one-way mixed effects ANOVA with post-hoc Tukey’s tests. A small drop in WBC was seen with RT storage (5% at 6 h,
11% at 24 h, P=0.04) and a larger drop at 4◦C (12% at 6 h P=0.003, 25% at 24 h P=0.002). For the additional donor, only the 0
and 24 h RT analyses were performed. Cell recovery of (A) WBC and (B) lymphocytes was calculated as a percentage of the cell
number loaded on to the Ficoll-hypaque gradient. Missing values for lymphocytes are due to the inability of the Sysmex to resolve
a distinct lymphocyte peak. Data were analysed using a one-way mixed effects ANOVA with post-hoc Tukey’s tests and P values
indicating signi!cant differences between the timepoints are shown. For the 4◦C analysis, a 24-h lymphocyte count was obtained
for only a single sample, so the 0- and 6-h timepoints were analysed using a paired values t test.

(Figure 7). There was a statistically significant association between the number of neutrophils contaminating the
PBMCs and reduction in expression of CXCR5 and CCR6.

© 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).
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Surface HLA-DR expression on monocytes increases over length of time of blood is kept at RT prior to 
whole blood processing for PBMC isolation and MDSC analysis
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• Feasibility of implementing the proper sample handling methods?
– Single- vs. multi-site study

• Centralized sample processing at a single site (potential delayed processing of offsite samples) vs. a 
harmonized sample collection method across multiple sites (potential variability across labs)

• Timing of patient dosing and sample collection to avoid delivery outside of processing lab hours

– Sample processing & cryopreservation capabilities of central or local lab(s)
• Experienced laboratory staff that can adhere to established SOP
• Centrifuges for PBMC separation, TC hoods, controlled rate cooling, temperature monitored LN2 

freezers for PBMC storage

• Ability to count viable cells is critical for optimal freezing concentrations and may provide information 
re: abnormally low or high cell yields that may be disease- or treatment-related

– Sample delivery logistics and tracking/inventory management
• Clear instructions in lab manual regarding collection and transport of samples, proper documentation 

of sample collection times, clear labeling of collection tubes, proper protection of tubes from 
breakage, maintenance of correct temperature during transit, active communication between clinic 
and lab to track samples

• Maintenance of an accurate clinical sample inventory database with sample IDs, dates of 
collection/processing, amounts, freezer/box/aliquot locations, documentation of any protocol 
deviations or sample observations to help with interpretation of data after sample testing

Study Planning Considerations
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• Timing of sample analysis
– Immediate analysis of fresh rather than frozen samples may be more optimal for certain 

biomarkers and sample types (e.g., TILs) but batch-to-batch run variability may arise when 
comparing multiple assay runs

– Interim analysis after a set number of samples are banked may be useful not only for early 
analysis of biomarker data but also to evaluate quality of banked samples, but need to be 
aware of sample aliquot numbers at each visit to allow for repeat testing at end of study with 
all timepoints included for comparison in a single experiment

– Batched sample analysis at end of study in a single central lab by designated analyst is ideal 
to minimize inter-lab, inter-assay, and inter-operator variability

• Fit-for-purpose assay validation
– Verify instrument performance & perform routine maintenance/calibration
– Understand specificity/sensitivity of assay and limits of quantitation
– Define positivity and acceptance criteria for results 
– Characterize assay robustness under various sample storage and assay conditions
– Evaluate potential effects of residual therapeutic drug on assay

• Non-specific binding of therapeutic Ab to protein microarrays – run assay using drug product alone
• Interference of therapeutic with staining Abs in flow

– Assess inter-operator, intra- and inter-assay precision, longitudinal variability of assay
– Generate quality controls to run in each assay to monitor consistency of assay performance
– Draft standard operating procedures and data reporting formats, training of analysts

• Rigorous data review after sample testing, bioinformatics support useful

Biomarker Assay Considerations



Summary
• Immune monitoring of clinical studies using current assay technologies has the 

potential to provide both mechanistic insights into the immune response during cancer 
immunotherapy and to identify clinically relevant biomarkers

• Consistency of implementation of an optimized sample collection and sample testing 
methodology is critical to ensure accuracy of data

• Biomarker assay requirements and identification of preanalytical factors impacting 
biomarker stability can inform sample collection strategy 

• Proper sample handling and removal of sources of assay variability will enhance the 
reliability and interpretability of results
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