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The need for cryopreserved cell therapy 
products becomes clear once the cell 
product manufacturer considers the 
feasibility of moving their products  into 
late-stage clinical trials, and on to 
commercial settings. This article highlights 
two chemically-defined and protein-free 
cryopreservation products manufactured 
under cGMP, PRIME-XV FreezIS and 
PRIME-XV MSC FreezIS DMSO-Free 
(Irvine Scientific, P/Ns 91139 and 91140, 
respectively) designed for optimal cryo-
preservation of various stem cell types, 
assessed by both post-thaw and in vitro 
functionality.

Hematopoietic progenitor cells
Hematopoietic progenitor cell (HPC) 
transplantation utilizes HPCs from bone 
marrow, peripheral blood, or umbilical 
cord blood (UCB). In both autologous and 
allogeneic HPC transplantation, blood 
cells are collected before the transplant 
and then sorted, frozen, thawed, 
expanded, and infused on the day of 
transplant. Cryopreservation of cells from 
a heterogeneous population can result in 
population selection upon thaw which may 
or may not be the population of interest. 
First, FreezIS was tested to see if it could 
be used to cryopreserve UCB HPCs. 
Freshly isolated CD34+ cells, derived 
from UCB were cryopreserved in FreezIS 
(P/N 91139) or serum-containing freezing 

media (FM, 40% FBS, 10% DMSO). Cells 
were thawed and expanded for seven 
days. Viability at thaw (D0) and day 
seven (D7) was equivalent in FreezIS and 
serum-containing FM (Figure 1A). Total 
Nucleated Count (TNC) and CD34+ fold 
increase were also comparable (Figure 
1B and 1C). As CD34+ progenitor cells 
are needed for long-term repopulation 
after engraftment, the data suggests that 
cryopreservation of UCB CD34+ cells with 
FreezIS will be a feasible option for use in 
patients requiring CD34+ transplants.

Neural progenitor cells
Cryopreservation methods widely used 
in basic and translational research for 
neural cell types involve the use of serum 
and/or additional proteins. In this instance, 
the data illustrates that neural progenitor 
cells (NPCs) cryopreserved in protein- 
and serum-free FreezIS showed high 
density two days post-thaw (Figure  1D) 
and recovered their neural phenotype 
during expansion. The use of a protein-
free freezing solution complements the 
serum-free culture media when culturing 
NPCs. Thus, the combination of serum-
free culture and cryopreservation media 
should result in the generation of higher 
clinical quality of NPCs for therapeutic use 
in neurological disorders.

Human induced pluripotent stem cells
Human induced pluripotent stem cells 
(iPSCs) have become a major tool in the 
advancement of personalized medicine 
where autologous or HLA-matched cells 
can be obtained, banked, and subsequently 
differentiated.
The first clinical transplantation of human 
iPSC-derived retinal cells was an important 
milestone. Using feeder-free human iPSCs 
previously passaged in colonies and 
frozen, it was demonstrated that these 
cells were able to form distinct colonies 
and maintain typical marker expression 
five days post-thaw (Figure 1E).
Genome editing, such as CRISPR-Cas9, 
enables a new paradigm in which the 
genome sequence of human iPSCs can be 
precisely modified to achieve a therapeutic 
effect. For genetic manipulation to 
be effective, colonies of iPSCs are 
typically dissociated into single cells and 
transfected. However, effective methods 
for cryopreserving human iPSC in single cell 
suspension have mostly resulted in poor 
cell recovery (~1%) upon thawing. Recent 
studies indicated that cryopreservation 
of human iPSCs as single cells in FreezIS 
resulted in high viability (~85%) after 
thaw. Thawed single human iPSCs formed 
colonies on a feeder-free culture system, 
while cells maintained the expression of 
characteristic undifferentiated human 
stem cell markers (Figure 1F).
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MSC FreezIS DMSO-free 
Cryopreservation Media
Mesenchymal stem cell (MSC)-based 
therapy has emerged as a promising 
therapeutic approach for treating a 
variety of diseases not only via 
direct cell replacement but also via 
immunosuppressive and paracrine actions. 
MSCs can mostly be derived, and 
subsequently expanded, from bone 
marrow, umbilical cord, and adipose 
tissue. Overall, the immunosuppressive 
properties and low immunogenicity of 
MSCs contribute to a reduced immune 
response after transplantation compared 
with other cell types, making allogeneic 
MSCs an obvious choice of cell type in 

clinical applications. Often for allogeneic 
cell-based therapies, cells frozen in a 
master cell bank are thawed and can be 
expanded to provide enough treatment 
numbers for around a decade.
While the percentage of DMSO 
associated with the cell suspension used 
in cell injections is generally considered 
non-toxic, there have been cases of 
adverse reactions reported by transplant 
centers in patients as a result of DMSO 
toxicity. For example, poor post-thaw 
MSC function has been implied in a recent 
failure of an industrial MSC product in 
a Phase  III trial, limiting their utility as 
a cellular pharmaceutical drug. Irvine 
Scientific  has developed MSC FreezIS 

DMSO-free cryopreservation medium 
(P/N 91140), which has been shown to 
yield MSCs with comparable post-thaw 
cell viability to solutions containing DMSO. 
In addition, MSC potency was maintained 
throughout the cryopreservation process 
(www.irvinesci.com/products/91140-prime-
xv-freezis-dmso-free).
Moreover, in a long-term study, it was 
demonstrated that after more than 
75 weeks of liquid nitrogen storage, upon 
thawing, MSCs exhibited plating efficiency 
and cell viability similar to that of cells 
stored in FreezIS. Consistent with this 
observation, MSC marker expression was 
also equally high and no different from 
cells cryopreserved in FreezIS (Figure 2).

Figure 1. Evaluation of PRIME-XV FreezIS for cryopreservation of several cell lineages. (A) Viability at thaw of CD34+ HPCs isolated 
from UCB and cryopreserved in serum-containing freezing media (FM, 40% FBS, 10% DMSO) or PRIME-XV FreezIS. Total nucleated 
cells (B) and CD34+ fold increase (C) were measured at D7 post-thaw. CD34 marker expression was determined by flow cytometry. 
(D) Bright field images of NPCs two days post-thaw (10x magnification). (E) Expression of SSEA4 (green) and OCT4 (red) of human 
iPSC after long-term storage in  liquid as colonies or when frozen as single cells (F) in FreezIS. Human iPSCs were thawed, plated in 
Matrigel-coated dishes, and cultured for five days. Pluripotency marker  expression was assessed by immunocytochemistry.
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In conclusion, these results demonstrate 
that various stem cell types of clinical 
relevance can be efficiently cryopreserved 
using protein-free, fully chemically-defined 
cryopreservation solutions (Table 1). 
Con se quently, the adoption of FreezIS in 

bioprocessing for large-scale cell biologic 
production will not only streamline the 
use of cryopreserved cells in cell-based 
therapy but also maintain their therapeutic 
efficacy. Both PRIME-XV FreezIS and 
MSC FreezIS DMSO-free cryopreservation 

solutions are manufactured according to 
cGMP requirements for com pliance and 
are supported by Drug Master Files (DMF) 
to facilitate submission of Investigational 
New Drug (IND) appli cations.
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Hematopoietic Progenitor 
Cells (HPC)

Neural Progenitor Cells 
(NPC)

Mesenchymal Stem Cells 
(MSC)

Induced Pluripotent 
Stem Cells (iPSC)

PRIME-XV FreezIS 
(P/N 91139) x x x x

PRIME-XV MSC FreezIS  
DMSO-free (P/N 91140) x

Figure 2. Long-term cryopreservation of human MSCs with PRIME-XV MSC FreezIS DMSO-free. (A) Viability at thaw of 
 adipose-derived MSCs stored for more than 75 weeks in either FreezIS or MSC FreezIS DMSO-free. (B–C) Bright field images of 
MSCs cryopreserved in FreezIS (B) or MSC FreezIS DMSO-free (C) four days post-plating.

Table 1. Summarizing the use of chemically-defined and protein-free PRIME-XV® FreezIS and PRIME-XV MSC FreezIS DMSO-free 
in several cell types presented in this study.
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