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Introduction

Natural killer (NK) cells have emerged as a promising platform for chimeric antigen receptor (CAR) engineering, offering inherent anti-tumor activity and a favorable safety profile compared to CAR-T cells. Unlike T cells, 

NK cells belong to the innate immune system and do not require prior antigen sensitization, making them attractive for “off-the-shelf” allogeneic therapies. Clinical interest in CAR-NK cells has surged, with over 100 trials 

registered globally, driven by their reduced risk of cytokine release syndrome and graft-versus-host disease.

Despite these advantages, the widespread adoption of CAR-NK therapies faces two major challenges: achieving clinically relevant NK cell numbers and ensuring post-manufacturing stability. 

It is well known that NK cells are unusually difficult to cryopreserve. Post-thaw viability, recovery, and function are consistently reduced in NK cells compared with fresh counterparts. Loss of cytotoxicity, cytokine 

production, motility, and in vivo persistence often exceeds what is seen with T cells. This problem is acknowledged across academic studies, clinical trials, and GMP manufacturing discussions, and remains being a bottleneck 

in the further development and implementation of CAR-NK based therapies.

DMSO-containing media remain the gold standard for NK cell cryopreservation in both research and clinical settings because they consistently provide higher post-thaw viability, recovery, and cytotoxicity than DMSO-free 

solutions. They are used in nearly all clinical NK cell products to date, despite known toxicities.

To address these limitations, we developed a feeder-free expansion protocol using human platelet lysate (hPL), enabling robust NK cell proliferation while preserving phenotype and cytotoxic function. Beyond expansion, we 

focused on a critical bottleneck in CAR-NK manufacturing—cryopreservation. Using proprietary cryopreservation solutions and protocols following hPL-based culture, we achieved significantly improved NK cell survival, 

maintenance of activating receptor expression, and retention of anti-tumor potency post-thaw. This advancement mitigates the logistical challenges of CAR-NK production, supporting scalable, ready-to-use cell therapy 

products.

I. Isolation, expansion and characterization of NKs using PLTMax® and PLTGold®

▪ NK cells expanded using media supplemented with human platelet lysates PLTMax® and 

PLTGold® exhibited higher proliferative capacity, better phenotype and higher cytotoxicity  

than NK cells expanded using the traditional approach supplementing with human AB Serum 

and feeder cells.

▪ Our integrated approach—combining efficient feeder-free expansion with optimized 

cryopreservation—represents a major step toward reliable, high-quality CAR-NK therapies 

for clinical application.
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Figure 1. Isolation and expansion of donor 

NKs using hPL. 

A) Cells numbers obtained after a week of 

culture for NKs expanded in RPMI medium 

supplemented with, IL-2, IL-15 and either 

PLTMax®, PLTGold® or human AB Serum + K562 

feeder cells. 

B) Phenotypic characterization of NK cells 

expanded using PLTGold® and PLTMax®. 

Histograms show the distribution of the 

expression and co-expression of CD56 and 

CD16 in cultures of NK cells selected from 

human peripheral blood. 

Figure 3. Cryopreservation of NKs grown with PLTMax® and using MCLS’ DMSO-free cryopreservation solution.

 

A) Percentage of cells that remained viable after a complete freeze–thaw cycle, relative to the number of cells present before 

cryopreservation. 

B) Average Log fold expansion of NK cells cultured in RPMI supplemented with 5% PLTMax®, IL-2 and IL-15 for 2 weeks post 

cryopreservation. 

C) CD16 expression for NK cells that were able to survive and efficiently expand in vitro post cryopreservation. 

Natural killer (NK) cells from healthy donors were isolated using an immunodensity-based negative selection method (RosetteSep  Human NK Cell Enrichment Cocktail, STEMCELL  Technologies). NK cells were 

subsequently expanded in RPMI medium supplemented with either 5% PLTMax® or PLTGold® without feeder cells, or with human AB serum in the presence of K562 feeder cells. Interleukin-2 (IL-2; 100 U/mL) and 

interleukin-15 (IL-15; 10 ng/mL) (Sigma-Aldrich) were added to all culture conditions. As shown in Figure 1A, supplementation with either PLTMax® or PLTGold® resulted in significantly higher NK cell yields after 

two weeks of culture compared with conventional expansion using 5% human AB serum and feeder cells.

 Besides higher cell yields, NK cells expanded in vitro using our hPLs showed higher expression of CD56 and CD16 in comparison to NK cells expanded using feeder cells, as demonstrated through flow cytometry 

(Figure 1B). Even though the use of PLTMax® leads to higher cell yields andCD16 expression, PLTGold® has the advantage of being a completely xeno-free option (heparin-free) that still overperforms the traditional 

products used for NK cell expansion.
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After expansion of freshly isolated NKs from multiple healthy donors for 1-2 weeks using RPMI 

supplemented with PLTMax®, IL-2 and IL-15 as previously described, cells were frozen at -150°C using either 

the DMSO-containing market leader cryopreservation solution, 3 different DMSO-free cryopreservation 

solutions from market leaders, or the proprietary DMSO-free solution newly developed at Mill Creek Life 

Sciences. At different time points after cryopreservation, cells were thawed and assessed for cell recovery, 

viability and post-thaw expansion in vitro.  Cells were also characterized phenotypically through flow 

cytometry.

Immediately after thaw, our solution showed a significantly higher recovery of NK cells in comparison to the 

current DMSO-containing market leader and the 3 DMSO-free competitors (Figure 3A). As cells were 

expanded post-thaw, NK cells showed an improved long-term survival and growth for all donors when using 

our solution for cryopreservation (Figure 3 B). Two out of the three DMSO-free competitors failed at 

expanding post-thaw (Figure 2B). Cells from the groups that were able to expand after cryopreservation, 

were characterized using flow cytometry. NK cells from all conditions were positive for CD56 (data not 

shown) but CD16 levels were significantly higher for NKs that were frozen using our DMSO-free 

cryopreservation medium.

II. In vitro NK cell tumor cytotoxicity assay 

Figure 2. Cytotoxicity assay using NKs expanded in media supplemented with 

PLTGold® and PLTMax®. 

Flow cytometry histograms showing GFP expression in overnight co-cultures of K562-GFP and NK 

cells expanded with human platelet lysates vs human AB serum and K562-GFP feeder cells. 

Tumor cytotoxicity assessment was performed by co-culturing K562 cells expressing 

green fluorescence protein (GFP) with NKs expanded for 1 week using RPMI 

supplemented with PLTGold®, PLTMax® or AB serum plus K562 cells. 

As seen in figure 2, the strongest tumor cytotoxicity was obtained when co-culture of 

tumor cells was done with NKs previously expanded in PLTMax®, followed by NK cells 

expanded with PLTGold® as indicated by the lower levels of GFP found in the co-cultures 

in comparison to co-cultures with NK cells expanded using human AB serum and feeder 

cells. 

III. Cryopreservation of NKs using a DMSO-free solution
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