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Abstract

Background: Most chimeric antigen receptor T (CAR-T) cells and other adoptive T cell 

therapies (ACT) are currently manufactured by ex-vivo expansion of patient lymphocytes in 

culture media supplemented with human plasma from group AB donors. As lymphocytes do not 

express A or B antigens, the isoagglutinins of non-AB plasmas are unlikely to cause deleterious 

effects on lymphocytes in culture.

Study Design and Methods: Using peripheral blood mononuclear cell (PBMNC) concentrates 

from group A1 donors and a CAR-T culture protocol, parallel cultures were performed, each using 

unique donor plasmas as media supplements (including group O plasmas with high-titer anti-A 

and group AB plasmas as control). An additional variable, a 3% group A1 erythrocyte (RBC) 

spike, was added to simulate a RBC-contaminated PBMNC collection. Cultures were monitored 

by cell count, viability, flow cytometric phenotype, gene expression analysis, and supernatant 

chemokine analysis.

Results: There was no difference in lymphocyte expansion or phenotype when cultured 

using AB plasma or O plasma with high-titer anti-A. Compared to controls, the presence of 

contaminating RBCs in lymphocyte culture led to poor lymphocyte expansion and a less-desirable 

phenotype—irrespective of the isoagglutinin titer of the plasma supplement used.

Conclusions: This study suggests that ABO incompatible plasma may be used as a media 

supplement when culturing cell types that do not express ABO antigens—such as lymphocytes 

for CAR-T or other ACT. The presence of contaminating RBCs in culture was disadvantageous 

independent of isoagglutinin titer.
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Introduction

Adoptive T cell therapies (ACT) are being used in numerous applications including cancer 

treatment,1–6 prevention of disease relapse following hematopoietic progenitor cell (HPC) 

transplantation,7,8 and prevention of viral infections following HPC transplantation.9–12 

T-lymphocytes used in ACT, whether tumor-derived (tumor infiltrating lymphocytes) or 

peripherally-collected and modified—such as chimeric antigen receptor T cells (CAR

T) or tumor-specific high-affinity T-cell receptors—are traditionally cultured in media 

supplemented with human AB plasma or serum.13–15

Issues that arise from the use of human plasma include the infectious risk of a donated 

product, the unpredictable balance of cytokines and growth factors that may be present in 

a plasma donor at the time of donation, and the presence of immunoglobulins. While the 

variables inherent to human plasma are less than ideal, decades of research on serum-free 

media supplements have failed to produce a widely-adopted alternative.16–18

Plasma from group A, B, or O donors contains anti-B, anti-A, or both isoagglutinins, 

respectively. Plasma from group AB donors contains neither anti-A nor anti-B 

isoagglutinins. The paradigm for the exclusive use of group AB plasma or serum for the 

culture of cellular therapy products stems from concerns about the untoward effects of 

residual anti-A or anti-B isoagglutinins upon infusion to an ABO incompatible recipient. 

However, as ABO minor-incompatible HPC products are routinely infused safely after 

washing (to remove ABO isoagglutinins), the same process should be sufficient to 

remove anti-A and/or anti-B from ACT products cultured with minor-incompatible media 

supplements. Less clear is the potential effect of anti-A and anti-B agglutinins from minor

incompatible supplements on the cells in culture—where interactions of ABO agglutinins 

may have suppressive or lethal effects on cell types expressing the corresponding ABO 

antigens. However, as lymphocytes do not express ABO antigens,19,20 we postulated that 

anti-A or anti-B in ABO minor-incompatible media supplements would not compromise 

their expansion.

Using a culture method developed to expand lymphocytes for CAR-T cell manufacturing, 

we test the feasibility of using minor-incompatible group O plasma, including samples with 

high-titer anti-A, as a media supplement.

Methods

Donor lymphocytes.

Peripheral blood mononuclear cells (PBMNC) from consented ABO group A1 research 

donors were collected via two-armed apheresis (Fenwal Amicus; Fresenius Kabi, Bad 

Homburg vor der Höhe, Germany). The PBMNCs were further processed by counter
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flow centrifugation elutriation procedure (Elutra Cell Separation System; TerumoBCT, 

Lakewood, CO) to yield a lymphocyte-enriched product. Residual red cells were 

removed from the elutriation product by ammonium-chloride-potassium (ACK)-lyse (Lonza, 

Walkersville, MD) procedure followed by two washes with phosphate-buffered saline. The 

cellular content of the product was then characterized using both the Cellometer (Nexcelom, 

Lawrence, MA) and Advia (Siemens, Munich, Germany). The PBMNC products were 

cryopreserved in aliquots, and stored in vapor phase liquid nitrogen for no more than 

3 months before thaw and culture initiation. The ABO antigen A1 of the donors was 

confirmed by standard forward and reverse typing (tube method) as well as agglutination 

testing with anti-A1 lectin. Donor HLA types were determined (HLA-A, HLA-B, and 

HLA-C alleleSEQR Sequence-Based Typing kits; Atria Genetics, Hayward, CA; and ABI 

Prism* 3730xL DNA Analyser; Applied Biosystems, Waltham, MA). HLA high-resolution 

determination was performed by comparing sequence data to reference sequences for all 

known HLA alleles as noted in the IMGT/HLA database.

Donor plasma.

Plasma was collected from consented group O whole blood donors. After standard 

centrifugation and plasma extraction of whole blood, repeat centrifugation of plasma was 

performed to ensure removal of any contaminating platelets prior to freezing at −18°C. 

Donor plasma was screened for anti-A titer by tube method (ALBAcyte A1 cells; Quotient, 

Newtown, PA). This method detects anti-A and will, if present, also detect anti-A1; group O 

donors and a few donors with the A2 phenotype, lacking the antigen A1, may have anti-A1 in 

addition to anti-A.21 We did not specifically test for anti-A1, because the clinical relevance 

of anti-A1 is controversial and would be overwhelmed by the effect of anti-A.22,23 Selected 

units representing a range of anti-A titers were thawed, irradiated, heat-inactivated at 56 

°C for 120 min, and filtered using standard blood filters (Fresenius Kabi, Lake Zurich, IL). 

The anti-A titer was repeated after the irradiation, heat-inactivation, and filtration (I/HI/F) 

to ensure anti-A persisted. Donor plasma was screened for HLA class I antibodies using a 

membrane-independent solid phase assay and a flow analyzer (LAB-Screen and LABScan 

100 flow analyzer; One Lambda, Canoga Park, CA). Samples with a mean fluorescence 

intensity >500 were further tested for antibody specificity (LABScreen Single Antigen kits; 

One Lambda).

Heat-inactivated AB plasma was purchased (Valley Biomedical, Winchester, VA). Screening 

for HLA class I antibodies was performed as described above.

Cell culture.

Donor lymphocytes were cultured for nine days in media supplemented with either O 

plasma (with variable anti-A titers) or AB plasma. Culture media conformed to our current 

culturing procedure for CAR T-cells—consisting of AIM-V media (ThermoFisher Scientific, 

Waltham, MA) with 2mM GlutaMAX-I (ThermoFisher), 40IU/mL recombinant interleukin 

2 (rIL-2) (Proleukin, Prometheus Therapeutics and Diagnostics, Vevey, Switzerland), 

anti-CD3/CD28 magnetic beads (Dynabeads, ThermoFisher), and donor plasma. The 

concentration of plasma (5%) in the culture media was kept consistent in all cultures—only 

the source of the plasma was changed. On day 3 of culture, the concentration of rIL-2 in 
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each culture was increased to 300IU/mL and kept at that concentration through day 9. The 

increment in rIL-2 at day 3 coincides with CAR transduction in our clinical procedure—

therefore it was paralleled in these cultures, although no transduction was performed in this 

study.

All cultures were initiated at a concentration of 1 million total nucleated cells (TNC) per 

mL. As flow cytometric results were not available immediately upon culture initiation, 

anti-CD3/28 beads were added at a ratio of 3 beads per cell based on a standard estimate of 

CD3 cells representing 50% of the TNC of our elutriated product.

Cell counts were performed using a Cellometer (Nexcelom, Lawrence, MA) and confirmed 

manually on days 0, 3, 5, 7, and 9 of culture. Additionally, media supplementation 

and culture splitting to retain adequate volume for culture expansion, if necessary, was 

performed on these days.

Effect of Anti-A Titer on the Culture of Lymphocytes of a Group A1 

Donor: Cultures were carried out as described above. For this experiment, cultures were 

initiated at a concentration of 1 million TNC per mL at a starting volume of 25 mL in a 

30 mL culture bag (PermaLife PL30, OriGen Biomedical, Austin, TX). Cultures were run 

in parallel using Plasma Panel #1 (Table 1), which consisted of 5 group O plasmas with 

high-titer anti-A, 3 group O plasmas with low-titer anti-A, and 3 group AB plasmas as 

controls.

Effect of High Anti-A Titer on the Culture of Lymphocytes of Three Group A1 

Donors with and without Contaminating Group A1 RBCs: Cultures were carried 

out as described above. For this experiment, cultures were initiated at a concentration of 1 

million TNC per mL at a starting volume of 2 mL in standard 6-well culture plates (Costar 

Cell Culture Plates, Corning, Corning, NY). Cultures were run in parallel using Plasma 
Panel #2 (Table 1), which consisted of 4 group O plasmas of high-titer anti-A and 2 group 

AB plasmas as controls. Additionally, in this experiment, each culture was performed with 

and without a 3% spike of group A1 donor RBCs. Figure 1 provides a visual reference for 

cultures performed.

Flow cytometric analysis.

Flow cytometric analysis was performed on day 0 (post-thaw) and again on day 9 with a 

panel consisting of CD3, CD4, CD8, CD45RA, CCR7, CD45, CD19, CD56 (naïve/memory 

phenotype, as well as markers for B and NK cells) on FACSCanto II (BD Biosciences, San 

Jose, CA). Naïve/memory subsets defined as: naïve (CD45RA+, CCR7+), central memory 

(CD45RA−, CCR7+), and effector memory (CD45RA−, CCR7−)

Gene expression analysis.

At day 9 of culture, 10×10^6 cells were taken from culture, pelleted, supernatant 

removed, mixed in 700 uL of QIAzol, and immediately frozen at −80 °C for later 

RNA extraction using the miRNeasy Mini Kit (Qiagen, Germantown, MD,USA). The 

RNA concentration was determined using an spectrophotometer (ND-1000; Nano Drop 
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Technologies, Wilmington, DE, USA) and RNA quality was assessed with an Agilent 2100 

Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). RNA was amplified and labeled 

using an Agilent LowInput QuickAmp Labeling Kit and subsequently mixed with Universal 

Human Reference RNA (Stratagene, Santa Clara, CA, USA) and cohybridized to Agilent 

Chip Whole Human genome, 4 × 44 k slides according to the protocol provided by Agilent. 

The slides were incubated for 17 h at 65 °C and then the scanned using an Agilent B 

Scanner. Raw images were obtained by scanning the slides with the Agilent Scan G2505B 

and Agilent Scan Control software (version 9.5). The images were extracted using the 

Feature Extraction Software (Agilent Technologies).

Supernatant chemokine analysis.

At day 9 of culture, triplicate 1 mL supernatant samples from each culture were frozen 

at −80 °C for later analysis. The supernatants were later evaluated using a multiplex 

ELISA method. In total, 40 soluble factors were measured using the Bio-Plex Pro 

Human Chemokine Panel, 40-plex (Bio-Rad Laboratories, Hercules, CA, USA) and a 

Bio-Plex MAGPIX Multiplex Reader (Bio-Rad Laboratories). In brief, supernatant samples 

were incubated with microbeads coated with antibodies specific to the above-mentioned 

chemokines for 1 hour. After washing, the beads were incubated with the detection 

antibody cocktail, which included a biotinylated antibody specific to each cytokine. After 

another wash step, the beads were incubated with streptavidin-phycoerythrin for 10 minutes 

and washed again. Finally, the fluorescence was measured (Bio-Plex MAGPIX Multiplex 

Reader).

Statistical analysis.

Expansion, viability, and flow cytometric subsets of culture groups with variable anti-A 

titers were compared using two-tailed nonparametric Mann-Whitney U test. Comparison 

of expansion, viability, and flow cytometric subsets between paired cultures with and 

without 3% RBC was performed using two-tailed nonparametric Wilcoxon test. For each 

investigated parameter both a mixed-effects model (due to the repeat measures carried out on 

donor cells) and a linear model (for comparison, since the number of PBMNC donors was 

small) were built. Anti-A titer and RBC were set as fixed effects with PBMNC donor set 

as a random effect. Results of the two models were the same, thus, only linear model data 

is presented. Models were built for total expansion, fold-expansion, anti-A titer, viability, 

TCM, TEM, naïve, and CD4:CD8 ratio. Visual inspection of model residual plots did 

not reveal significant deviations from homoscedasticity or normality. Effect displays were 

plotted to better illustrate the relationship between model predictors and outcomes.24 The 

analysis was performed using R software (version 3.6.1).

Gene expression analysis used Partek Genomic Suite 6.4 (Partek, St. Louis, MO, USA) 

for data visualization, identification of differentially expressed transcripts, and hierarchical 

cluster analysis. We transformed the fluorescence intensity data to log2 ratios of each sample 

versus the universal human RNA reference (Stratagene, Santa Clara, CA, USA). T-tests were 

used to identify differentially expressed genes.
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Supernatant chemokine analysis was evaluated using Partek Genomic Suite 6.4 for data 

visualization and hierarchical cluster analysis. The data was normalized using log(X + 

offset).

Results

Effect of Anti-A Titer on the Culture of Lymphocytes from a Group A1 Donor

Lymphocytes isolated from a single group A1 PBMNC donor were cultured in parallel using 

media which varied by plasma supplement (Fig. 1A). The 11 plasma supplements used 

included 5 group O plasma with high anti-A titer (32–128), 3 group O plasma with low 

anti-A titer (2–16), and 3 group AB plasma as controls (Table 1 – Plasma Panel #1).

T Cell Expansion, Purity, and Viability—There was no significant difference in T

lymphocyte expansion, purity, or viability when comparing group AB control cultures to 

either group O plasma with low anti-A titer or group O plasma with high anti-A titer 

cultures (Table 2). Though not a statistically significant difference, quantity of CD3+ cells, 

proportion of CD3+ cells, and TNC viability were highest among the cultures supplemented 

with group O plasma of high anti-A titer.

Comparison of group AB plasma control cultures to all group O plasma cultures (combining 

data of the low and high anti-A titer groups), revealed no difference in mean quantity of 

CD3+ cells 256±190 × 106 (n=3) vs. 266±98 × 106 (n=8) (p=0.49) or in proportion of CD3+ 

cells 94.2±1.7% (n=3) vs. 94.6±1.8% (n=8) (p=0.50) (Table 2). When comparing viability 

of the control group AB cultures to all group O plasmas, the O plasma cultures showed 

significantly higher viability, 85.5±1.9% vs. 90.0±3.0% (p=0.04). The reason for increased 

viability in this group is unclear, but is likely due to variables in human plasma other than 

the anti-A titer. Additionally, this finding suggests that higher anti-A titer did not hinder cell 

viability.

Phenotype Analysis—The mean CD4/CD8 ratio of the CD3+ cell changed, as expected, 

from 0.7 at the start of the culture to 2.2 at day 9, the end of the culture (data not shown). 

The differences between end-of-culture the CD4/CD8 ratio between AB plasma and low

titer O plasma or high-titer O plasma were not significant (Table 2).

Regardless of anti-A titer, group A1 lymphocytes cultured in O plasma showed similar 

phenotype to those grown in AB plasma—there was no significant difference in day 9 

percentage of effector memory (TEM), central memory (TCM), or naïve T-cells (Table 

2). As expected, by day 9 of culture, TEM (CD45RA−, CCR7−) predominated over 

TCM (CD45RA−, CCR7+), while naïve T-cells (CD45RA+, CCR7+) were few or absent. 

Anti-A in the media supplement did not appear to cause phenotypic changes of cultured 

lymphocytes.

Effect of High Anti-A Titer on the Culture of Lymphocytes of Three Group A1 Donors with 
and without Contaminating Group A1 RBCs

To determine if the presence of ABO-incompatible RBCs would affect T cell expansion 

in cultures using media supplemented with O plasma of high-titer anti-A, we added group 
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A1 RBCs at a concentration of 3% to cultures of lymphocytes of 3 group A1 MNC donors 

and cultured the cells in group O plasma of high-titer anti-A from 4 donors and group AB 

plasma from 2 donors. In addition, the lymphocytes of the 3 group A1 donors were cultured 

with the same 4 group O and 2 group AB plasma supplements, but without 3% RBC spike 

(Table 1–Plasma Panel #2 and Fig. 1B).

T Cell Expansion, Purity, and Viability—There was no difference in expansion, purity, 

or viability when media supplemented with group O plasma or group AB plasma was used 

to expand lymphocytes in absence of group A1 RBCs (Table 3). Similarly, there was no 

difference in expansion, purity, or viability when media supplemented with group O plasma 

or group AB plasma was used to expand lymphocytes in presence of group A1 RBCs (Table 

3).

Phenotype Analysis—In cultures with and without RBCs present, phenotypes at the 

end of the 9 day culture period showed predominance of TEM over TCM, with almost no 

detectable naïve cells (Table 3). In the presence of RBCs, TEM represented 81.51±7.13% 

and 85.89±5.94% of day 9 cells in cultures supplemented with AB plasma or group O 

plasma of high-titer anti-A, respectively (p=0.17). In the absence of RBCs, TEM represented 

74.39±5.13% and 74.76±8.18% of day 9 cells in cultures supplemented with AB plasma 

or group O plasma of high-titer anti-A, respectively (p=0.38). Thus, T cells cultured in a 

supplement of group O plasma with high-titer anti-A did not differ phenotypically from 

those with AB plasma as control.

Effect of RBC on Expansion, Purity, Viability, and Phenotype—When absolute 

CD3+ expansion in all 18 cultures without RBCs was compared to the 18 cultures with 

RBCs, the expansion was significantly greater in cultures without RBCs (Table 4). The 

reduced expansion in the presence of RBCs was seen in cultures with media supplemented 

with AB plasma as well as cultures with media supplemented with O plasma of high-titer 

anti-A, suggesting that the presence of the RBCs alone contributed to the poor growth. Fold

expansion was significantly greater in cultures without RBCs than with RBCs (90.1±33.4 

and 67.3±24.8, respectively; p<0.005). Figure 2A shows the CD3+ cell fold-expansion for 

all 36 cultures plotted against the anti-A titer of the supplement. Most cultures without 

RBCs showed 20- to 40-fold higher expansion than the corresponding culture with RBCs 

(regardless of anti-A titer).

A difference was also seen in the phenotype among cells cultured with and without added 

RBCs. When all cultures with added RBC were compared to those without RBCs (regardless 

of plasma supplement) the proportion of TEM at the end of the culture was greater in the 

cultures with added RBCs; 84.43±6.50% and 74.63±7.15%, respectively (p<0.005) (Table 

4). Thus, the presence of contaminating RBCs in lymphocyte cultures appears to be an 

independent variable driving cells toward a TEM phenotype.

While both expansion and phenotype were negatively affected by the presence of RBCs in 

culture, purity and viability were similar between cultures grown in the presence or absence 

of RBCs (Table 4).
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Linear Regression Model of Measured Parameters—The linear regression models 

corroborated the findings of the expansion, viability, and phenotypic parameters between 

cultures grown in the presence or absence of RBCs as discussed above. A scatterplot 

of CD3+ fold-expansion by titer, with LOESS curve fitting (Fig. 2B) and the respective 

effects plot (Fig. 2C) demonstrate that the effect of anti-A titer is uniform in cultures with 

and without contaminating RBCs. Scatterplots for phenotypic variables by anti-A titer are 

available online as supplementary material (Appendix S1). Pairwise comparisons of all 36 

cultures showed that anti-A titer was not associated with changes in expansion, viability, 

or phenotype (Fig. 3). Predictably, a correlation is seen between CD3+ total expansion 

and CD3+ fold-expansion (p<0.001). Reciprocal negative and positive correlations (−0.37 

and 0.37, p<0.05) are seen when comparing naïve to TEM cells and naïve to TCM cells, 

respectively. This is explained by the relatively small number of naïve cells in all cultures 

combined with the strong correlation between TCM and TEM cells (p<0.001). These findings 

are largely predictable based on the populations’ direct relationship.

Gene Expression and Supernatant Chemokine Analysis—To further analyze the 

effects of anti-A on the cultured lymphocytes of group A1 donors, the 36 lymphocyte 

cultures were harvested at day 9, nucleic acid isolated, and subjected to gene expression 

analysis. Hierarchical clustering analysis of the transcripts of the 36 expanded T cell 

cultures separated the samples by PBMNC donor. After correcting for donor effect, principal 

component analysis (PCA) (Fig. 4A) and hierarchical clustering analysis (Fig. 4B) separated 

samples into two groups—those cultured in the presence and absence of RBCs. There 

was no clustering of samples based on ABO group or anti-A titer of the plasma media 

supplement used. A single outlier is seen in PCA—this represents a sample from MNC 

donor 3 cultured in AB plasma in the presence of RBC. Given that this outlier represents an 

AB plasma control, it is unclear how to interpret this result. However, cultures without 

RBC contamination form a tighter cluster than those with RBC contamination, which 

could indicate more variability and, therefore, more potential for outliers in cultures with 

RBC contamination. Hierarchical clustering showed 4077 genes differently expressed in 

cultures with and without RBC, yielding a p-value and false discovery rate of ≤0.01 (Fig. 

4C). Transcripts that were upregulated in the presence of RBCs predominately represented 

immune-response pathways, while those which were downregulated in the presence of 

RBCs represented a variety of metabolic pathways (Appendix S2).

Finally, day 9 culture supernatants were analyzed for the levels of 40 cytokine/chemokines. 

We removed 6 of the 36 culture samples from the analysis due to data failure on the control 

supernatant sample. These 6 samples represented the cultures with and without RBC spike 

for all 3 PBMNC donors that were cultured in plasma supplement “O(9),” the sample with 

the lowest anti-A titer of Plasma Panel #2 (Table 1). Of the 30 samples analyzed, 3 of 40 

factors were increased/decreased in AB vs. O cultures where RBC were absent (p=0.378), 

and only 1 of 40 factors were increased/decreased in AB vs. O cultures where RBC were 

present (p=0.505). A significant difference was seen when comparing all cultures without 

RBC to all cultures with RBC, where 10 of 40 factors were increased/decreased (p≤0.05). 

A heat-map analysis shows the differential expression of these 10 factors (IL-10, IL-2, 
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CCL8, CCL21, TNF-a, CCL24, IFN-g, CCL23, CXCL16, CCL3) between cultures with and 

without RBCs (Appendix S3).

Discussion

Historic use of Group AB Plasma for ACT

Human AB plasma is currently the standard media supplement for culturing lymphocytes for 

CAR-T and other ACT—however, it is a limited resource. Only 4% of Caucasians are ABO 

group AB (with other populations having a similarly low prevalence), resulting in a small 

donor pool. Additionally, AB plasma is in critical demand by the general transfusion service, 

where it is required for life-saving, emergency transfusion in patients with group AB or 

with unknown ABO type. The difficulties of managing AB plasma inventory on the general 

transfusion service have been documented.25,26 While serum-free media supplements have 

been developed, they have not been widely-adopted.16–18 As the demand for ACT products 

increases, cell therapy services will create even greater competition for this already scarce 

resource—thus, finding alternatives to AB plasma is critical for patient care and safety. 

Human O plasma may represent a comparatively cheap and readily available alternative 

to AB plasma, but has not been historically used due to concerns regarding anti-A and/or 

anti-B isoagglutinins.

Both the AABB and FACT (the Foundation for Accreditation of Cellular Therapy) require 

that cellular therapy services address the issues of donor/recipient ABO incompatibility.27–29 

Washing and red cell depletion of cellular therapy products for ABO minor and/or major 

incompatibility, respectively, have become standard. While these guidelines were developed 

to apply to the transfusion of HPC products, they should also be considered in products 

cultured in media supplemented with plasma from minor-incompatible donors. Risk of 

hemolytic reaction from residual ABO agglutinins to the recipient of a cultured ACT 

product, would be readily addressed by washing—which is already routinely performed 

on cultured cellular therapy products.

Potential for use of Group O Plasma for ACT

Given the ability to safely remove ABO isoagglutinins prior to infusion of ACT via 

washing, exclusive use of AB plasma as a media supplement is unnecessary as long as said 

isoagglutinins do not adversely affect the cell therapy cultures. Using a model consistent 

with our current culture practices for CAR-T, we demonstrated no significant difference in 

viability, expansion, or phenotype when substituting O plasma for AB plasma as a media 

supplement for culture. Our findings suggest that the practice of exclusive use of AB 

plasma for the culture of ACT products is likely unnecessary. In this study, we found no 

demonstrable negative change in lymphocyte expansion, purity, viability, phenotype, gene 

expression, or supernatant chemokine analysis when cultured using group O plasma with 

low or high-titer anti-A.

While most lymphocyte expansion protocols include steps to enrich for lymphocytes or to 

deplete RBCs prior to initiating culture, red cell contamination remains a problem with 

certain apheresis PBMNC collections. Thus, assuring that lymphocyte culture was not 
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hindered by the potential interaction between isoagglutinins in minor-incompatible plasma 

supplements and contaminating donor RBCs expressing the cognate antigen was essential. 

For example, contaminating RBCs in an apheresis PBMNC product may be bound by ABO 

agglutinins in culture causing subsequent release of cytokines or RBC lysis—both of which 

may have a deleterious effect on culture conditions. Cultures with and without 3% group 

A1 RBCs showed no significant differences in expansion, purity, viability, gene expression, 

or supernatant chemokine analysis when grown in the presence of group O plasma with 

high-titer anti-A. Visually, we saw macroscopic and microscopic agglutination of RBCs in 

the cultures supplemented with plasma of high-titer anti-A (Appendix S4); however, we saw 

no signs of overt hemolysis on gross inspection. It should be noted that the heat-inactivation 

process used for all plasma used in cell culture, not only reduced the anti-A titer at least 

one-fold (Table 1), but is also known to inactivate complement. If active complement had 

been present in the cultures, there may have been in vitro hemolysis, which may have 

negatively affected culture expansion. Therefore, heat-inactivation of plasma supplements 

may be necessary to achieve similar results.

Early data on blood donor isoagluttinin titers suggest that 87% of group O blood donors 

have anti-A titers of 128 or below,30 suggesting that the vast majority of O plasma falls 

within the titer range tested in our study. A more recent study corroborates the early data 

suggesting that rates of high-titers in group O whole blood donors ranged between 6.4 and 

20.7% (although the definition of high-titer at the sites in this study varied).31 Although 

we screened over 100 plasma products to obtain those with the highest titers available, the 

maximum post-I/HI/F anti-A titer tested herein was 128. While no dosage effect of anti-A 

was observed in the cultures tested, we cannot rule-out that titers above 128 may have 

adverse effects. Additional limitations include that the anti-A screening reagents used in 

this study primarily detect IgM—we did not screen donor plasma for rare, but potentially 

destructive, IgG isoagglutinins.23

This study represents a preliminary effort to demonstrate that lymphocytes for ACT may 

be cultured in O plasma. As anti-A titers in group O plasma tend to be higher than 

anti-B titers, we chose the combination of group A1 lymphocytes and group O plasma 

with high-titer anti-A to test our hypothesis regarding the use of minor-incompatible plasma 

supplements. While one would expect all ABO minor-incompatible plasma supplements to 

perform similarly, the effect of anti-B on group B lymphocytes was not tested.

Plasma factors other than ABO isoagglutinins are known to affect cellular expansion. For 

example, chemokine levels vary among donors and may be further altered by processing 

steps such as recalcification and heat-inactivation.32 While our cultures showed rather wide 

variability in CD3+ expansion, we have seen similar variability using this culture method in 

the past.

Effect of RBC contamination on Lymphocyte Culture

The RBC concentration of the starting materials has previously been shown to affect 

the final phenotype of CAR-T products (specifically increasing the CD4:CD8 ratio).33 In 

this study, we found that presence of contaminating RBCs in lymphocyte culture was 

independently associated with reduced lymphocyte expansion and phenotypic alteration of 
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lymphocytes to a less-desirable (increased percentage of TEM) phenotype.34,35 Additionally, 

significant differences in transcriptional activity and protein expression were seen in cultures 

with contaminating RBCs. This underscores that removal of contaminating RBCs prior to 

lymphocyte culture is helpful to optimize lymphocyte growth and differentiation toward a 

TCM phenotype. While unrelated to the use of minor-incompatible plasma supplements, the 

adverse effect of contaminating RBCs represents an important finding for manufacturers of 

CAR-T and other ACT which, to our knowledge, has not been previously reported.

Summary

Our data suggest that group O plasma, regardless of isoagglutinin titer, can be used as a 

media supplement in the culture of lymphocytes for ACT without limiting expansion or 

causing changes in the viability, purity, quantity, or phenotype of the cultured lymphocytes. 

The ability to use O plasma as a media supplement would reduce cost for cellular therapy 

services as well as reducing the stress cellular therapy services have placed on transfusion 

services for access to a limited supply of AB plasma.

We also report the novel finding that contaminating RBCs in lymphocyte culture not only 

reduce the expansion of lymphocytes in culture, but also alter the balance of the final 

lymphocyte phenotype toward a higher percentage of TEM cells.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Diagram of cultures performed.
Each box represents a separate culture. Text within the box corresponds to the unique 

Plasma ID of the plasma supplement used in that culture (characteristics of plasma 

supplements are listed in Table 1). A) Cultures were performed using the elutriated 

PBMNCs of a single group A1 donor; each culture was supplemented with a unique plasma 

with variable titer anti-A or AB plasma as control. B) Cultures were performed using the 

elutriated PBMNCs of three group A1 donors; each culture was supplemented with a unique 

plasma with high-titer anti-A or AB plasma as control. Additionally, each donor/plasma 
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combination was run without and with a 3% group A1 RBC spike (represented by white and 

gray boxes, respectively).
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Fig. 2. CD3+ fold-expansion without and with 3% RBC contamination by anti-A titer of media 
supplement.
Circles and squares (in panels A and B) represent cultures without and with 3% RBC 

contamination, respectively. Solid and dashed lines (in panels B and C) represent trends of 

cultures without and with 3% RBC contamination, respectively. A) Corresponding cultures 

(i.e. cultures using the same MNC donor and plasma supplement—where the only variable 

is absence/presence of 3% RBC spike) are connected by a line. Most cultures with 3% 

RBC had a decreased fold-expansion compared to the corresponding culture without RBC 

(regardless of anti-A titer of plasma supplement). B) Scatterplot with LOESS curve fitting 

and C) Effects plot of cultures without and with 3% RBC spike.
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Fig. 3. Correlation matrix plot.
Pairwise comparisons of culture characteristics—anti-A titer of plasma supplement as well 

as final (day 9) cellular attributes (including CD3+ final expansion, CD3+ fold-expansion, 

% CD3, viability, % naïve T-cells, % TCM, and % TEM). The correlation matrix plot shows 

Kendall correlation coefficients (top and right) with asterisks representing the significance of 

each pairwise comparison (*p < 0.05 and ***p < 0.001) and corresponding bivariate scatter 

plots with red linear regression lines (bottom and left) where white and red dots represent 

cultures without and with 3% RBC, respectively. Diagonal blue bar graphs represent the 

distribution of each variable studied. No significant correlation is seen between anti-A titer 

and any of the expansion or phenotypic parameters (top row).

Nelson et al. Page 17

Transfusion. Author manuscript; available in PMC 2021 August 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 4. Gene expression in cultures with and without RBC contamination
Labels indicate plasma group (“O” or “AB”) used in each culture with suffix of “+R” for 

any culture with 3% RBC spike. A) Principal component analysis (PCA) where individual 

dots represent each culture and are color-coded as follows: Pink (AB) are cultures with 

AB plasma without RBC; Red (AB+R) are cultures with AB plasma with RBC; Yellow 

(O) are cultures with group O plasma of high-titer anti-A without RBC; Cyan (O+R) are 

cultures with group O plasma of high-titer anti-A with RBC. Violet and green circles 

define the clusters—which group by presence or absence of 3% contaminating RBCs in 

the culture, respectively, with the exception of one outlier. B) Unsupervised hierarchical 
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clustering analysis retains color-coding as listed above. Violet and green lines of the tree 

represent samples with and without 3% RBC, respectively. C) Heat-map of gene expression. 

Hierarchical clustering showing 4077 genes expressed differently in cultures with and 

without RBC contamination. Violet and green lines on the tree represent cultures with and 

without 3% RBC spike, respectively.
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