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Introduction

Cryopreservation is a critical technology in the fields of cell therapy, regenerative medicine, biotechnology, and biobanking. It enables the long-term storage of viable cells by arresting biological activity at ultra-low temperatures, 

thereby preserving cellular integrity and function for future use. Conventional cryopreservation methods typically employ dimethyl sulfoxide (DMSO) as a cryoprotective agent due to its ability to penetrate cell membranes and 

reduce ice crystal formation during freezing.

Despite its widespread use, DMSO presents several limitations. It is associated with cytotoxicity, induction of cellular stress responses, and adverse effects on cell viability and potency following thawing. In clinical applications, 

residual DMSO in cryopreserved cell products can cause undesirable side effects in patients, including nausea, cardiovascular complications, and other infusion-related toxicities. Regulatory agencies and clinical practitioners have 

therefore expressed increasing concern regarding the safety of DMSO-containing formulations, particularly in therapeutic contexts where high cell doses are administered. Moreover, recovery and survival rates of cryopreserved 

cells remain suboptimal with existing DMSO-based solutions. Many cell types, including stem cells, immune cells, and primary cells, exhibit reduced post-thaw functionality, impaired proliferation, and diminished therapeutic 

potency. These limitations hinder the scalability and reliability of advanced cell therapies, where consistent recovery and preservation of biological activity are essential.

Here, we present a new DMSO-free cryopreservation solution that enhances post-thaw cell recovery, survival, long term in vitro survival, and potency, addressing both safety concerns and performance limitations inherent to 

current cryopreservation practices.

I. Cryopreservation of NKs using PLTPreserve

▪ By maximizing post-thaw cell recovery and maintaining long-term cellular performance, our cryopreservation solution, PLTPreserve, provides a best-in-class platform that consistently outperformed  both DMSO-based and DMSO-free market-leading 

formulations.

▪ Across NK cells derived from more than 20 unique donors, PLTPreserve demonstrated consistent and reproducible performance. In contrast, DMSO-containing and DMSO-free competitor solutions failed to support survival of NK cells from multiple 

donors, highlighting the robustness and donor-to-donor reliability of PLTPreserve.

▪ Our integrated approach, combining efficient feeder-free expansion using PLTMax® with optimized cryopreservation using PLTPreserve, represents a major step toward reliable, high-quality CAR-NK therapies for clinical application.

Figure 1. 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 5% PLTMax®, interleukin-2 (IL-2; 

100 U/mL) and interleukin-15 (IL-15; 10 ng/mL) (Sigma-Aldrich. After expanding the NK cells for a week, 

cells were frozen using either PLTPreserve, 3 different DMSO-free cryopreservation solutions from 

market leaders, or the DMSO-containing market leader cryopreservation solution. 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 1A). 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 1 B). Two out of the three DMSO-free competitors failed 

at expanding post-thaw (Figure 1B). Cells from the groups that were able to be expanded for a week 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 after cryopreservation 

Figure 2. Cytotoxicity assay using NKs 

cryopreserved in PLTPreserve

A) GFP levels measured by flow cytometry of 

overnight co-cultures of K562-GFP and NK 

cells cryopreserved using either PLTPreserve 

or the DMSO-free competitor product, and 

then expanded  for a week. Values of GFP are 

an average from either K562-GFP cultured 

overnight alone or co-cultures made with NK 

cells from 3 different donors.

B) Fluorescence imaging for K562-GFP 

cultured overnight alone (left) or co-cultured 

at a 5:1 (E:T) ratio with eLive Red stained NK 

cells previously cryopreserved with DMSO-

free competitor 3 (middle) or PLTPreserve 

(right).

Studies were continued comparing PLTPreserve with the best of the 3 DMSO-free competitors. 

After cryopreserving, thawing and expanding NK cells for 1 week as previously described, 

persistence of tumor cytotoxicity was assessed by co-culturing K562 cells expressing green 

fluorescence protein (GFP) with NKs cells dyed with eLive Red (Agilent) at a ratio of 5:1 (E:T) 

overnight. 

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

was done with NKs previously cryopreserved with PLTPreserve as indicated by the lower levels of 

GFP found in the overnight co-cultures, in comparison to co-cultures with NK cells cryopreserved 

using the DMSO-free competitor. Additionally, a significant amount of NK cells in the co-cultures 

from the DMSO-free competitor group died after the overnight incubation with the tumor cells, as 

reflected by the lower levels of eLive Red seen in figure 2B (middle panel).
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