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Workshop Summary 

Introduction and Overview  
Bill Riley, NIH, Acting Deputy Director of the Precision Medicine Initiative Cohort Program  
Steve Thibodeau, Mayo Clinic, Co-chair of workshop 
Allison Hubel, University of Minnesota, Co-chair of workshop 

The workshop brought together 15 experts from around the world to make recommendations to the PMI-
CP about banking peripheral blood mononuclear cells (PBMCs). 

It is critical that cells retain their biological properties during processing, transport, and storage. 
Challenges include a heterogeneous cellular response to freezing, the need to configure workflow to 
1 million participants, and the need to preserve cells for applications downstream.  

Use Cases and Requirements  

Single-Cell Biology: Need for Viable and Nonviable Cell Data 
James Eberwine, University of Pennsylvania  

Certain kinds of studies can be done in fixed versus live cells:  

● Fixed cells: single-cell DNA variation 

● Live cells: chromatin dynamics, single-cell mRNA translation, single-cell enzymology, and single-cell 
functional genomics 

● Both: single-cell epigenetics, transcriptomics, single-cell proteomics, and single-cell metabolomics 

Dr. Eberwine described his work on RNA analysis in single neurons as a use case.  

Single-Cell Transcriptomics 
Tissue microenvironment influences the transcriptome. Transcriptome in vivo analysis (TIVA) isolates 
RNA from single cells in live tissue.  

● Expression, variance range, and bimodality differ in CA1 hippocampal pyramidal cells from tissue 
versus cell culture.  

● TIVA tags can isolate mRNA from specific areas, such as dendrites.  

Transcriptome in situ analysis (TISA) is used for fixed or frozen tissue.  
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Multimodal Cell Profiling  
Dr. Eberwine described single-cell multimodal profiling studies, such as combining electrophysiology, 
calcium imaging, and transcriptomics with marker genes. He also combines transcriptomics with 
proteomics, morphology, in vivo cellular location, immunocytochemistry, and mass spectrometry–based 
metabolomics. Dr. Eberwine also combines TISA with antibody-positioned RNA amplification (APRA) 
to study RNA-binding protein (RBP) cargoes. Key points: 

● Dynamic measurements and functional genomics require live cells.  

● Dispersed cells are different from cells in their natural environment.  

Discussion  
Blood cell-derived induced pluripotent stem cells (iPSCs) could be reprogrammed into neuronal cells, but 
research shows that these cells are not the same as endogenous neurons.  

Storing data can be costly, so it may be better to go back and resequence/reanalyze cells of interest.  

Physiologic studies, in situ hybridization, and cytochemistry cannot be done with fixed cells. 

There are fewer transcripts with fixed cells, but there does not appear to be a sequence bias.  

Transcriptome Cytometry 
Paul Robson, The Jackson Laboratory 

Single-cell transcriptome challenges: 

● There are dropout effects due to inefficient RNA-to-complementary-DNA synthesis and template 
switching.  

● Current methods capture only 5% to 10% of cellular poly(A) transcriptomes. Data quality is improved 
if gene panels with specific primers are used.  

● It is important to compare single-cell transcriptomes with bulk transcriptomes and to validate in tissue 
sections.  

● Because PBMCs are small, they have fewer transcripts.  

Single-Cell Platforms  
The C1 Single-Cell Auto Prep System (from Fluidigm) is a microfluidic system for isolating and reverse-
transcribing mRNA from single cells.  

● The system can sequence the 3' mRNA end or full transcript.  

● Advantage: Cells can be imaged to verify that a single cell was captured. 

● Disadvantage: The system captures data on only 2% to 5% of cells loaded.  

The Chromium System (from 10x Genomics) is a droplet-based method that encapsulates single cells in a 
droplet and merges it with a droplet containing oligonucleotide primer-coated beads. 

● The system and other droplet-based methods are 3'-end sequencing methods.  
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● Advantages: The system analyzes thousands of cells per experiment, captures data on half of cells’ 
input into the system, and is better for a limited number of cells.  

● Publication: Macosko, EZ, Basu, A, Satija, R, et al. Highly parallel genome-wide expression profiling 
of individual cells using nanoliter droplets. Cell. 2015;161(5):1202-14. 

Single-tube methods are better for rare or valuable cells. 

Cross-Platform Comparisons  
● Dr. Robson compared the number of genes detected per cell using two types of C1 microfluidics 

system and Drop-seq and Chromium droplet-based systems.  

● The C1 system, using the new SMART-seq chemistry, detected the most genes and had lower cell-to-
cell variability.  

Frozen versus fresh cells: Transcriptome signatures are maintained in colorectal and lung cancer 
samples frozen in 10% dimethyl sulfoxide (DMSO). Another publication found no major differences 
between frozen and fresh PBMCs with the droplet-based method.  

The Echo Acoustic Liquid Handler (from Labcyte Inc.) focuses sound to move 25-nl amounts of liquid, 
saving reagents.  

Use Cases 
Dr. Robson presented numerous single-cell transcriptomics use cases, including these examples:  

● Associated heterogeneity in early dendritic cell progenitors from bone marrow to different lineages.  

● With cluster analysis on endothelial subpopulations from lung cancer, identified lymphatic vessel 
versus blood vessel endothelial cells. Though samples came from epidermal growth factor receptor 
(EGFR)–mutated patients, the analysis showed that not all of the cancer cells expressed EGFR. This 
finding could be used to design combinatorial therapies targeting those genes that are expressed. 

● Isotyped antibodies from individual plasma B cells. Based on heavy and light chain expression, an 
antibody molecule could be constructed from individual cells.  

● Used the 10x Genomics system to characterize cell heterogeneity in 3,500 individual cells from a 
mouse hypothalamus.  

● Applied the 10x Genomics system to identify all the major PBMCs cell types that would be identified 
with flow cytometry. The literature suggests that there are no significant differences between frozen 
and fresh PBMCs.  

● Transcriptomics could be used to create an antibody panel for CyTOF, which is more cost-effective.  

Discussion  
A sequencing depth of 50,000 reads per cell, typically used in droplet-based methods to classify cells, will 
miss low-abundance transcripts and will not capture the whole cell transcriptome.  

Microfluidics systems, such as the C1 system, can alter cell biology.  
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Monitoring the Human Immune System and Beyond: Use Cases from Systems 
Immunology  
John Tsang, NIH National Institute of Allergy and Infectious Diseases 

Dr. Tsang uses systems biology to develop predictive models of immune function and response based on 
blood sample markers. The subjects’ blood was collected before and after receiving the flu vaccine.  

● The frequencies of PBMC subpopulations at baseline predicted the post-vaccination antibody response. 
The more important predictors were very stable within an individual on a given day. Publication: 
Tsang, J., et al. (2014). Global analyses of human immune variation reveal baseline predictors of post-
vaccination responses. Cell; 157(2):499-513. 

Dr. Tsang also described the ability to differentiate monocytes into macrophages, stimulate them with 
different cytokines, and use index sorting and single-cell qPCR to generate gene–gene correlation 
networks.  

Lessons Learned 
Phlebotomy methods: Butterfly needles lead to less hemolysis compared to an intravenous (IV) catheter. 
A Center for Human Immunology, Autoimmunity, and Inflammation pilot experiment confirmed 
differences in serum-based assays if PBMCs were collected with an IV catheter. There was also a lower 
percentage of monocytes with IV.  

Fresh versus frozen cells:  

● Viability and purity were largely similar among the cell subsets.  

● Flow phenotyping of rare subsets appear to be similar, but researchers are still looking at monocytes.  

● Chromatin accessibility was similar in both CD4+ and CD8+ T cells. There is more activation in the 
fresh samples compared to the frozen. Dr. Tsang is not sure why.  

Discussion 
Dr. Tsang processes the samples within hours after collection. Dr. Riley asked whether Dr. Tsang could 
determine how a 24- to 48-hour delay would affect these types of studies.  

CyTOF Mass Cytometry: Strategies for Sample Preparation 
Holden Maecker, Stanford University  

Mass cytometry, or CyTOF, is a variation on flow cytometry, using heavy metal ion tags instead of 
fluorescent labels. Readout is by time-of-flight mass spectrometry. 

● Advantages: There are many more labels and less spillover between channels. The workflow for 
preparing cells is similar to flow cytometry. There were similar subpopulations for B cells, T cells, and 
natural killer (NK) cells using either CyTOF or fluorescence cytometry.  

● Disadvantages: Slower collection speed (with the need to pre-enrich for rare cells) and lower cell 
recovery.  
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Key points: 

● More cells are needed for CyTOF than for flow cytometry due to extra washes, but this is countered by 
the needed for fewer tubes.  

● Heavy metal contamination from cisplatin treatment, gadolinium imaging, or barium residue from 
glassware needs to be avoided.  

● Certain markers and cell subsets are labile to PBMC cryopreservation. In some cases, markers are lost 
in resting thawed cells (e.g., TCRγ/δ is gone by 18 hours’ rest).  

Strategies for shipping: 

The following tubes stabilize whole blood for transport and cytometry analysis at a central location:  

● Streck Cyto-Chex tubes maintain surface molecules for immunotyping but fix cells, so activation 
studies are not possible.  

● The Smart Tube system allows fresh cells to be used in assays at a later date. Phenotypes are largely 
preserved. Whole blood is transferred to the base station, where it is stimulated, stabilized with partial 
fixation, and cooled to 4°C for transport. With the Stable-Lyse buffer system, staining remains intact 
for more than 11 days. Partial fixation affects the staining profile, but many markers are comparable to 
PBMC analysis.  

● Dr. Maecker’s lab is working with Smart Tube Inc. on a second-generation fully automated system.  

Discussion  
It is unclear how pediatric participants exposed to lead will affect CyTOF analysis.  

Best Practices and Standards for Pre-Analytical Handling of Liquid Biospecimens 

Guiding Biospecimen Collection With Evidence-Based Best Practices 

Helen Moore, National Cancer Institute  

Dr. Moore is part of the Biorepositories and Biospecimen Research Branch (BBRB), which mapped out 
how pre-analytical factors in biospecimen collection affected proteomic analysis. This includes how 
factors related to the blood draw, such as the patient’s position, the biological state of the patient, the 
draw container, and whether it was put in a shipping box.  

Next, the group surveyed five sites and found large variation in how samples were spun, whether the 
needle gauge or the order of the draw was specified, and whether the tube was inverted. More recently, 
they are studying the effects of 80°C or liquid nitrogen (LN2) storage on proteomics.  

● Key point: Although best practices are known, they are not always followed. Retraining helps. 

Key best practices research:  

● Centrifugation: One or two spins resulted in a similar proteomic profile.  

● Time on the bench: Up to 24 hours was okay, but longer resulted in hemolysis that changed the 
proteomic profile.  
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● Freeze/thaw: Three to five freeze/thaw cycles were okay. There was some protein degradation after six 
months of cryostorage.  

The BRBB is creating evidence-based practices for biospecimens. They have several international 
annotation projects: 

● Biospecimen Reporting for Improved Study Quality (BRISQ) is a set of recommendations for reporting 
sample handling, issued by BBRB. BRISQ stresses the importance of documenting how the specimens 
were collected and created a checklist for journal reviewers. Publication: Moore, H.M., et al. (2011). 
Biospecimen reporting for improved study quality (BRISQ). Cancer Cytopathol; 119(2):92-101. 

● The Standard PREanalytical Code (SPREC) is a pre-analytical bar-coding scheme for biospecimens.  

● BBRB has a number of resources: https://biospecimens.cancer.gov.  

Discussion  
The International Society of Biological and Environmental Repositories (ISBER) is more globally 
focused, while BBRB is focused on human repositories and ethical and regulatory practices.  

The Influence of the Pre-Analytical Phase on Post-Thaw Viability of Cells 

Allison Hubel, University of Minnesota  

Dr. Hubel is director of the university’s Biopreservation Core Resource. The pre-analytical phase includes 
all the steps before the cells arrive at the lab; the introduction of cryopreservation solution; freezing, 
storing, and thawing the sample; and the post-thaw assessment.  

The cells must be healthy in the pre-analytical phase to survive all downstream processes. Ten percent 
DMSO is 14,000 milliosmoles, which introduces osmotic stress. The cells also have to survive various 
temperatures and centrifugation.  

In one study, the researchers took whole blood, stored it at room temperature (RT) for two hours, and then 
looked at the proteome in the serum. Thirty-five factors were significantly different at the time points. 
Protease inhibitors had little effects; the changes were mediated by cellular stress.  

● Key point: Cell metabolism does not stop on ice; it just slows.  

Dr. Hubel’s lab has looked at markers for sub-lethal stress, which affects thawing survival later. 
Metabolism shifts to stress pathways and there are early signs of apoptosis. The team also investigated 
strategies to improve sub-lethal stress in umbilical cord blood:  

● Mononuclear cells (MNCs) survive longer at 4°C compared to RT.  

● Storage solution improves 4°C and RT stability.  

● The digestion process for isolating hepatocytes from liver tissue causes hypoxia. Even brief periods of 
oxygenation, culturing in a supportive environment, improved later survival during freeze/thaw.  

There is post-thaw variability, so the timing of the post-thaw assessment is critical. One needs a 
consistent post-thaw time.  

https://biospecimens.cancer.gov/
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Discussion  
The group discussed shipping at 4°C, since, in whole blood, platelets will be activated below 15°C. But 
there, one can use anticoagulant to prevent clotting. Ideally, there would be a 20°C shipment and a 4°C 
shipment. An attendee noted that there are specialized multi-chamber shipping containers for multiple 
temperatures, which may be helpful for PMI.  

Someone asked about storage solutions. Currently, there are organ transplant and red blood cell (RBC) 
stabilizing solutions, but Dr. Hubel’s lab is working on making and testing their own solutions.  

Non-Automated Methods and Protocols  

Cryopreservation of Cells for Clinical Use 
David McKenna, Jr., University of Minnesota  

The Biomedical Excellence for Safer Transfusion (BEST) collaborative evaluated best practices for non-
mobilized apheresis MNCs, with the following recommendations: 

● Store at 4°C instead of RT. This led to higher total nucleated cell (TNC) and MNC counts and CD34+ 
viability for 72- to 96-hour storage times.  

● Process within 24 to 48 hours of collection. Publication: Pamphilon D, Curnow E, Belfield H, et al. 
Storage characteristics of cord blood progenitor cells: report of a multicenter study of cellular therapies 
team of the Biomedical Excellence for Safer Transfusion (BEST) Collaborative. Transfusion. 
2011;51(6):1284-1290. 

Results from the transportation survey are published. Publication: Pamphilon DH, Selogie E, 
Szczepiorkowski ZM. Transportation of cellular therapy products: report of a survey by the cellular 
therapies team of the Biomedical Excellence for Safer Transfusion (BEST) collaborative. Vox Sang. 
2010;99(2):168-173. 

In another study of non-mobilized PBMCs, acid citrate dextrose (ACD) was better than heparin at 
preventing lactic acid buildup in the media. Publication: Kao GS, Kim HT, Daley H, et al. Validation of 
short-term handling and storage conditions for marrow and peripheral blood stem cell products. 
Transfusion. 2011;51(1):137-147. 

Dr. McKenna participated in the Optimum Storage Conditions for Apheresis Research (OSCAR), 
spanning four sites. The researchers are currently analyzing results, but there are some preliminary 
findings:  

● Cold storage is okay for hypothermosol (HT) and human serum albumin (HSA).  

● Nevertheless, see the clots in the HSA sample at RT.  

● Lower cell concentration (100 million cells/ml) is critical for 24-hour storage at RT or 48-hour storage 
at 4°C.  

Automation: The minimal volume for the machine is 30 ml.  

Cryopreservation: Typically, 10% DMSO is used for hematopoietic stem cells (HSCs) and MNCs. Cells 
are frozen in a controlled manner, transferred to LN2, and thawed rapidly for therapeutic infusion.  
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EBV Immortalization of Whole Blood and Blood Products 
Sudakshina Ghosh, ATCC  

Epstein-Barr virus (EBV) is transformed into peripheral B cells to establish lymphoblastoid cells lines 
(LCLs). This can be used to store genetic material for genetic testing, detection of RNA splice variants, 
and proteomic analysis.  

Four Steps for Establishing LCLs 
Initiation: Start with fresh or cryopreserved whole blood (from heparin or ACD tubes), PBMCs, or 
cryopreserved lymphocytes. Cells are counted and added with an EBV titer to feeder layer cells (MRC-5). 

Transformation and expansion: Let cells rest for 10 days. Split cells when the media changes color 
from purple to yellow. 

Cryopreservation: Freeze cells with complete media with 10% DMSO.  

Quality check post-freeze: Test for viability, sterility, and mycoplasma contamination.  

Discussion  
ATCC has automated some processes, such as aliquoting, and is considering automation for 
cryopreservation.  

There is not much difference between heparin and ACD for EBV. The quantity of DNA extracted differs 
between heparin and ACD samples. In an ATCC pilot study, there was no difference in EBV between 
frozen and fresh samples. But Dr. Ghosh has looked only several months after storage, not years, so she 
cannot rule out long-term effects of DMSO on whole-blood cryopreservation.  

Because Dr. Ghosh harvests the LCLs at an early stage of population doubling, she does expect genetic 
mutations to arise.  

Improving Methodology to Standardize the Isolation and Cryopreservation of Viable 
PBMCs from Whole Blood 
Rohit Gupta, Stanford University  

Isolation of PBMCs with a Ficoll density gradient is a historic method, but cross-site variation in PBMC 
processing limits reproducibility.  

Tube Type 
Dr. Gupta’s research team wanted to standardize manual methods for PBMC isolation. The team tested 
several tube types.  

Cell Preparation Tube (CPT): Whole blood is drawn directly into the CPT containing a Ficoll gradient 
media and a gel plug, centrifuged on site, and PBMCs are collected.  

● Issues: Sites had miscalibrated centrifuges, and gel plugs sometimes disintegrated during transport.  

● Benefits: The method avoids CD15+ contamination. Post-thaw recovery was much better than with the 
traditional Ficoll method, which makes up for lower viability and recovery with the CPT.  
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● Automation: Mr. Ammerlaan automated the CPTs with the Tecan system. Recovery was lower than 
with manual handling, and there was variability in the CD3+ and CD14+ populations. Publication: 
Hamot G, Ammerlaan W, Mathy C, Kofanova O, Betsou F. Method validation for automated isolation 
of viable peripheral blood mononuclear cells. Biopreserv Biobank. 2015;13(3):152-163.  

SepMate: There are 15-ml and 50-ml versions. Add Ficoll below the plastic frit, add diluted whole blood, 
centrifuge it, and decant the PBMCs.  

● Benefits: Dr. Gupta found viability, recovery, and mean phenotypes were comparable to traditional 
Ficoll method, avoiding the plug issue of the CPTs.  

● Automation: Dr. Gupta thinks that the SepMate system could be automated similarly to the CPTs. He is 
talking with Labcyte Inc. about evaluating, in the coming months, the use of acoustic signaling to push 
out PBMCs from the centrifuged SepMate tube.  

The Smart Tube system stimulates and stabilizes whole cells for analysis.  

Cryopreservation 
Cryopreservation media: Dr. Gupta analyzed homebrew and commercial media as part of the 
Accelerated Medicines Partnership (AMP). His team selected CryoStor, because there was no difference 
between CyTOF and RNA signatures. Contamination is more likely with home brews. 

Slow-rate freezing: Dr. Gupta recommends the alcohol-free CoolCell containers from BioCision rather 
than an alcohol-based system, which releases heat before cooling. He showed that warming samples 
reduces viability and recovery post-thaw.  

Discussion  
It is not really possible to remove RBC debris in processed samples, so either sorting or a marker for 
gating is needed in cytometry.  

Working Lunch: Strategies for Maximizing the Impact of the PMI Cohort Program 
Biobank 
Opening question: Should the PMI-CP define use cases that would be most valuable in the future or 
develop a general protocol that would fit most use cases?  

Suggested Use Cases  
● Requests for Applications (RFAs) can help identify use cases, but the Working Group should come up 

with low-hanging fruit cases to justify collection of live cells.  

● Low-frequency cells will be interesting and important use cases, but this workshop should also identify 
use cases centered on high-frequency cells, such as use cases with white blood cells, and gain a better 
understanding of RBC types.  

● Cancer is a big focus of PMI, and white blood cells or other immune cells could be used to find very 
early circulating inflammatory markers. People have already searched for such markers in serum and 
plasma with no success, aside from smoking. Researchers could interrogate resting and stimulated 
immune cells in a large cohort.  
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● Similarly, the cells could be used to identify very early inflammatory markers for autoimmune diseases 
and gain a better understanding of what triggers autoimmunity and how many triggers are needed.  

● Consider single-cell proteomics, studies on what is going on in the region of a particular cell, or using a 
large cohort to identify false positives in circulating tumor cells. 

● An attendee said that the greatest opportunity is to be able to sort people into phenotypic categories by 
age, gender, and geographic location.  

When and from Whom to Collect 
The workshop attendees discussed in depth three paradigms for collection: isolating PBMCs from the 
entire cohort, isolating PBMCs from a subset of individuals, or waiting to collect later.  

Collecting from the entire cohort:  

● A very large cohort will make the biobank more attractive to researchers in the long run. An attendee 
suggested collecting PBMCS from everyone except those at 20% extreme units, using the simplest 
procedure possible.  

● PBMCs are the most expensive biospecimen to collect.   

● If PBMCs are not collected at the enrollment visit, the participant’s health status might change and the 
PMI-CP might not collect the appropriate subset.  

● An attendee suggested collecting broadly first and then conducting a targeted study on the extreme 
ends of diabetes or obesity.  

● Collecting from 1 million people would warrant the overhead costs for automation, which would 
standardize the field and have benefits beyond the PMI-CP study. For example, the PMI-CP could 
develop a standardized flow cytometry panel. 

● An attendee suggested investing in automation equipment for enrollment sites to do on-site processing 
in order to avoid biological changes that result from shipping delays. But this investment would be 
worthwhile only if the PMI-CP captures the entire cohort.  

● A very large cohort would provide “normals” for other studies. Future studies could harmonize their 
protocol with the PMI-CP.  

Collecting from a subset: 

● It will be easier to schedule a return visit at a site that is set up for PBMC collection.  

● The PMI will have to define the subset: Is it a clinical disease- or site-based group?  

● If the subset is site-based, the PMI-CP could start with the U.S. Department of Veterans Affairs (VA), 
whose capabilities and infrastructure are known. The VA could roll out and standardize the protocol 
first.  

● There will not be enough rare diseases represented in the entire cohort, so a targeted approach would be 
needed.  

Collecting later: 

● Collecting later provides more time to develop a hypothesis and tailor collection protocols.  
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Other Discussion Points 
● It is essential to document how the samples were collected for investigators who want to use the 

samples in the future.  

● The goal should be to have the most-used biospecimen biobank in the world, not just the largest.  

● Dr. Zimmermann noted that it takes time to incorporate automation into a project. Based on his 
experience, it takes two to three years to evaluate the procedures and determine whether the technology 
can be decentralized. He recommended starting with a core group of partners who have the capability 
to start the project and make decisions and letting others plug into the process later.  

● It is unclear whether the PBMC collection could be used for social science experiments or just 
biomedical research.  

Automated Methods and Protocols for Processing Whole Blood 

Automated Liquid Nitrogen-Based Biobanking for Improved Sample and Storage Stability 
Heiko Zimmermann, Fraunhofer-Institut für Biomedizinische Technik  

The European Bank for induced pluripotent Stem Cells (EBiSC) is a project to provide standardized 
iPSCs for commercial and noncommercial research. 

Automation 
Dr. Zimmermann tested several benchtop systems for iPSC expansion, chose the BioLevitator, and 
applied Tecan automation to it.  

Automation is not necessarily cheaper or faster, as there are upfront and ongoing maintenance costs, but it 
is scalable and transferable.  

Cryopreservation 
Normally, samples are frozen with a nucleation procedure, which leads to ice formation and cellular 
stress. But with vitrification, samples are cooled faster than the rate of crystal migration, avoiding the 
nucleation phase.  

Dr. Zimmermann adapted a vitrification protocol for pluripotent stem cells.  

Storage 
When the rack from the LN2 is lifted for access to the samples, the samples warm up past the glass 
transition temperature. There will be ice formation and microfractures.  

Dr. Zimmermann’s lab invented a cryoprotective hood system (produced by Askion GmbH and 
distributed by Hamilton Storage Technologies in the United States) with external automation to maintain 
a 100% cool chain, including unpacking, transferring, and retrieving samples. Askion is developing a 
larger system to store half a million samples.  

Dr. Zimmermann’s group published that PBMCs were less viable without the protective hood, because of 
temperature cycling. T-cell functionality also decreased. Publication: Germann A, Oh YJ, Schmidt T, 
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Schön U, Zimmermann H, von Briesen H. Temperature fluctuations during deep temperature 
cryopreservation reduce PBMC recovery, viability and T-cell function. Cryobiology. 2013;67(2):193-200.  

● Key point: Temperature fluctuations are stored like memories in the cell. SOPs for how long and how 
often the rack can be out of the LN2 are needed.  

Other: EBiSC has a mobile lab with a biobank, a biosafety level 2 lab, a dentist, and a collection lab.  

Discussion 
There are ‒80°C vending machine-like systems for sample identification and retrieval. The Brooks Life 
Science Systems is working on automated storage at the glass transition temperature.  

Dr. Zimmermann is working on hanging droplets for microtissues, a process that is amenable to 
vitrification.  

Automated PBMC Isolation: The IBBL Experience 
Wim Ammerlaan, Integrated BioBank of Luxembourg (IBBL) 

Without sorting, PBMCs can be used for LCLs and functional studies. There are more applications once 
PBMC subsets are sorted, including lymphocyte subset-specific gene expression signatures, PBMC 
subset-specific miRNA signatures, immunophenotyping, purification of CD34+ cells, and functional 
studies.  

PBMC Extraction Methods Used at the IBBL 
Manual: Ficoll gradients with (LeucoSep and SepMate) and without (CPT) a disc.  

Automation: The CPT is manually spun. The tube is placed in a Tecan Freedom EVO 200 liquid-
handling robot, which uses height of fluid to extrapolate position of sublevels. Plasma is aliquoted; 
leftovers are mixed, washed, and stored in a pellet in a cryovial. Cryovials are manually transferred to the 
LN2. There is an optional ability to create an aliquot for cell counting.  

● There are eight tubes per run, processed in 70 minutes.  

● The method uses a 2D barcode. 

● Some people are concerned about the high-speed, 1,800-g spin required. 

Tecan drawbacks/limitations:  

● A 1-ml transfer limit takes more time.  

● There may be issues if there is less than 4 ml of whole blood or if the collection tip touches the gel. 

LabVantage Solutions, Inc., gave IBBL training, but the IBBL information technology (IT) team had to 
integrate the laboratory information management system (LIMS) with Tecan.  

Publication: Hamot G, Ammerlaan W, Mathay C, Kofanova O, Betsou F. Method validation for 
automated isolation of viable peripheral blood mononuclear cells. Biopreserv Biobank. 2015;13(3):152-
163. 
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Conclusions: CPT facilitates automation and can be used for many purposes. The group recommends 
validating steps as they are set up. IT is key for integration and maintenance of the LIMS platform.  

Discussion  
For CPTs, viability drops precipitously if samples go longer than 24 hours before being spun or 48 to 72 
hours from spinning to processing. 

Automated 3D Cell Culture for High-Throughput Screening, Cell-Based Assays, and 
Tissue Engineering 
Robin Felder, University of Virginia 

The field is moving away from petri dishes and toward automated 3D cell culture. The 3D culture system 
has both process and biological advances, including better monitoring, better yield per batch, better access 
to nutrients and oxygen, better morphology and physiology, and more natural growth surfaces.  

Morphological differences with perfusion compared to 2D static cultures: Perfused LLC-PK1 cells 
are taller, express microvilli, and have tight junctions. Publication: Felder E, Jennings P, Seppi T, Pfaller 
W. LLC-PK1 cells maintained in a new perfusion cell culture system exhibit an improved oxidative 
metabolism. Cell Physiol Biochem. 2002;12:153-162.  

The Global Eukaryotic Microcarrier (GEM) is a support matrix with an alginate core and magnetic 
particles, allowing cells to be pelleted for media exchange.  

● It is suitable for most cell types, is ideal for automation, and has low autofluorescence.  

● BioWiggler-based bioreactors keep microcarriers dispersed, promoting better access to nutrients, which 
leads to early growth acceleration and the ability to grow cells to higher densities.  

● GEM allows users to monitor and feed cultures on demand rather than on a schedule. 

● Electroporation and transfection can be done on the microcarrier, increasing efficiency.  

● GEM offers better recovery after cryopreservation than traditional methods do.  

● GEM leads to higher expression of structural proteins.  

Automated microcarrier-based cell culture system: This consists of the microcarrier, LeviTube, and 
Cavro Omni Robot (or any robot). Dr. Felder envisions a fully automated cell culture system with 
cryogenic storage and automated high-throughput screening.  

Final Workshop Discussion  
Opening framework: The CPTs appear to be a good option. They can be either directly shipped, with 
stability for 24 hours; or pre-spun on site, extending the viability to 48 hours.  

Number of tubes: 

● Attendees recommended at least four 8-ml tubes. They thought there is limited usefulness in having 
only one tube of cells. Researchers would have to coordinate use of the cells, since it can be thawed 
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only once. One possibility is create cell lines. It was suggested to collect less blood for the serum-
separating tube or adding a second dedicated draw.  

Tube Type 
CPT discussion points:  

● CPTs may affect reading of some cytokines. Also, the anticoagulant layer in CPTs dilutes the plasma. 
But these are issues only if plasma will come from CPTs.  

● miRNA is more stable in EDTA than in citrate.  

Compatibility with automation: 

● The workshop discussed automating PBMC isolation from a whole blood over a direct Ficoll layer. The 
main challenge in detecting the PBMC layer, which requires a laser or imaging. With CPTs, imaging 
might be needed for non-healthy participants who have different volumes. Also the CPTs are tall and 
may not clear centrifuge rotors.  

● Dr. Kristina Klette’s group automated the LeucoSep tubes; it does not require a detection device. The 
viability and recovery are very good (99% and 3.5 million cells/ml of blood). Blood is collected with 
the standard Vacutainer, and 8 ml is removed, diluted, and added to the LeucoSep tubes. Pipetting 
during these steps can shear the cells. She has used these cells in post-thaw functional assays.  

● Dr. Gupta suggested automating the SepMate or LeucoSep tubes using the Tecan system. This would 
allow the PMI-CP to use the same EDTA blood for plasma and PBMC isolation. 

Alternatives to Ficoll: 

● An attendee recommended avoiding exposing cells to Ficoll. There are elutriation, magnet-based, and 
sonic sorting methods in development.  

● The workshop discussed another approach where 45 ml are collected and then separated without Ficoll 
into a red blood cell bag, a white blood cell bag, and a plasma bag, as is done for cord blood collection. 
The processing time is 1.5 hours, but one could line up numerous bags in an “assembly line.”  

Cryopreservation and recovery 
● Ideally, a one 8-ml tube would result in one cryogenic vial (1:1 ratio) with 8 to 10 million cells. The 

PMI-CP could divide this into two cryogenic vials in order to have a backup.  

● Generally, only 50% of the cells will be viable after post-thaw resting. Recovery declines if the 
concentration of cells is less than 3 million/ml. The ideal concentration is 5 to 10 million/ml.  

● Most people count cells before cryopreservation, but there are protocols that do not depend on the 
number of cells. It is important to take an aliquot for counting to document what was frozen. There are 
plate-based cytometers for automation. An attendee wondered whether a script could be written to 
make the cryogenic aliquot dependent on the cell count so that possibly more cryovials could be frozen.  

● Scientific literature indicates that one can freeze up to a 20% cytocrit (~30 to 50 million cells per ml) 
before cell-to-cell fusion starts to occur.  

● Dr. Hubel noted that FluidX is developing a septum-based system for multiple aliquots suitable for low 
temperatures.  



NIH Precision Medicine Initiative Cohort Program 
High-Throughput Processing to Preserve Viable Cells: A PMI-CP Workshop 15 

Automation 
● Some instruments assume a fixed volume when handling specimens. This will be an issue for unhealthy 

patients who have lower volumes. Other liquid handlers, such as the Hamilton Microlab STAR, are 
camera-based and determine fractions based on the total height of the sample.  

● Buffy coats vary between patients. A window can be created, but if a sample is outside this range, an 
error alert will pop up and that sample will have to be processed manually.  

● Attendees discussed technology in development to increase throughput, such as spinning samples on a 
lathe with a plastic separator, leading to quick, clean separation between the plasma buffy coat and 
RBCs. Mr. Ammerlaan is also working on new technologies, such as gradients. 

● Though cell counting can be automated, some samples could take 1.5 minutes to analyze. Multiplying 
by 96 wells and several plates, the time required could tie up the liquid handler.  

● With automation, some volume will be left behind. There are two work-arounds: Tilt the tube rack or 
dilute the volume with PBS.  

Other 
● Whole blood is generally stable for 24 hours after collection. CD4 and CD8 begin to decline after 

24 hours, and interferon gamma peaks at 8 to 12 hours post-draw. Phenotypes are relatively stable, but 
functional assay quality declines rapidly after 24 hours. Baseline phosphorylation is lost by 24 hours.  

Number of cells: 

● Certain sick populations will have fewer leukocytes; cell concentration will be highly variable between 
participants.  

● Dr. Maecker needs 1 million viable post-thaw cells to phenotype a cell with his standard flow panels. 
Each stimulation condition needs 0.5 million cells. One attendee needs 20 to 50 cells to get a 
transcriptomics signature that is specific to a cell type. Other researchers typically need 1,000 cells for 
low-read transcripts.  

Key Conclusions 
The CPT and LeucoSep tubes are the basis for comparison. Both can be automated. Attendees 
recommended collecting four 8-ml tubes, likely during a second draw. The blood appears to be stable for 
24 hours after collection, but longer time-frames might be an issue.  

The meeting adjourned at 4:34 p.m. ET. 

Action Items 
Action Item: Workshop attendees should email Dr. Rasooly a use case project that they could do.  

Action Item: Compare CPT and LeucoSep tubes.  

Action Item: Dr. Riley asked whether Dr. Tsang could determine how a 24- to 48-hour delay between 
collection and processing affects his studies. 
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