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Editorial Commentary 

How children’s glue fixes a decades old enigma
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Bone marrow and stem cell transplantations have become 
a life-saving treatment for millions of patients suffering 
from hematologic disorders and cancer (1). Long-term 
repopulating hematopoietic stem cells (LT-HSCs) in 
the graft of the donor facilitate the life-long blood cell 
reconstitution in the recipient (2). LT-HSCs are multipotent 
adult stem cells that have the potential to regenerate all 
blood cell lineages (3). They are collected from adult bone 
marrow and umbilical cord blood as well as from peripheral 
blood after mobilization from the bone marrow. While 
stem cell transplantations have become a prime example 
for successful cell therapy and regenerative medicine, the 
treatment regime still bears several challenges. First, in 
allogeneic transplantations of a graft from an unrelated 
donor, an HLA-matching donor must be identified and 
severe graft-versus-host reactions must be avoided. This 
requires a tremendous logistic and financial effort and 
mainly covers only HLA-haplotypes of large ethnical 
groups. Second, a fast blood cell recovery is influenced by 
the number of functional stem cells in the graft. Especially 
in umbilical cord blood, a source of very potent LT-HSCs, 
the number of stem cells is insufficient for an adult recipient 
and cord blood units of multiple donors must be combined. 
Third, gene therapy approaches require several days of in 
vitro culture to genetically repair mutations in LT-HSCs 
of patients with inherited hematologic disorders, and the 
potency of LT-HSCs rapidly and successively decreases over 
time. Also, the number of repaired LT-HSCs dictate the 
success of the treatment, especially in disorders where the 

gene correction does not provide a selective advantage for 
the repaired LT-HSCs. 
LT-HSCs reside in the bone marrow in a deeply quiescent 
status, therefore they are out of the cell cycle and rarely 
divide during lifetime (4). The microenvironment in the 
bone marrow niche appears vital for the preservation of 
LT-HSCs biology with its distinct metabolic properties 
(5,6). Although the prospective isolation of LT-HSCs 
from bone marrow or cord blood using multiple surface 
markers via flow cytometry-based cell sorting has been 
established for a few decades (7,8), the maintenance of LT-
HSCs in in vitro culture has still not been achieved yet (9). 
Once retrieved from their environmental niche in the bone 
marrow and taken in culture, LT-HSCs spontaneously 
and immediately start to differentiate and successively lose 
their stem cell potential within a few days (10). When LT-
HSCs divide they either self-renew to preserve their stem 
cell identity or they differentiate leading to the generation 
of all blood cell lineages. Obviously, the expansion of LT-
HSCs requires extensive self-renewal divisions. Since the 
experimental identification of blood stem/progenitor cells 
in the 1960s (11), the definition of cell culture conditions 
to maintain and expand LT-HSCs has become the quest for 
the holy grail. So far, all reported protocols have failed to 
reproducibly and reliably achieve the expansion of LT-HSCs 
with full blood cell reconstitution potential or only have 
provided a marginal advantage over existing conditions (12).  
Nevertheless, there is a tremendous effort world-wide in 
finding these optimized conditions. 
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Now Adam Wilkinson and coauthors from the Nakauchi 
laboratory at Stanford University in collaboration with 
Tokyo University (Satoshi Yamazaki) reported that they have 
cracked the enigma (13). They have systematically tested 
and improved previous culture conditions and rationally 
altered factors according to the current knowledge of LT-
HSC behavior. To read-out increased LT-HSC numbers 
and/or increased potency, the authors went the cumbersome 
but ultimately required way of long-term competitive blood 
repopulation assays in recipient mice. They describe an 
astonishing LT-HSC net expansion from 50 freshly isolated 
input murine LT-HSCs to 12,000 LT-HSCs after 28 days in 
culture. They showed that the number of LT-HSCs can be 
further expanded in 57 days of culture, and that the cultured 
LT-HSCs are very potent to even engraft non-irradiated 
recipients. By lowering the cytokine concentration of stem 
cell factor (SCF) to 10 ng/mL in serum-free medium, they 
could prevent the excessive internalization of c-Kit as seen 
with higher concentrations. During in vitro culture, LT-
HSCs differentiate into blood cells of various differentiation 
states and lineages, which produce themselves paracrine 
soluble factors (e.g., cytokines, chemokines) and provide 
cell-cell interactions influencing the remaining immature 
pool of LT-HSCs. The continuous exchange of the 
medium to deplete these differentiation inducing factors 
has been shown beneficial for prolonged LT-HSC cultures 
in the past (14). Again, the authors here used a simple 
full medium exchange every three days, which proofed 
to be superior over half-medium exchanges in respect of 
maintaining transplantable repopulating LT-HSCs. The use 
of fibronectin-coated plates further increased the potency 
of cultured LT-HSCs in their blood cell reconstitution, in 
comparison to cell-culture-treated plastic, or collagen and 
gelatin coating. Surprisingly, they found that human serum 
albumin (HSA), which is supplemented in most serum-free 
media, had a detrimental effect on stem cell maintenance. 
They tested eleven other substitutes for albumin, which 
have been reported to support various cell cultures and 
revealed that polyvinyl alcohol (PVA), which is the main 
component of glue for children, can robustly substitute for 
HSA. LT-HSCs cultured in serum-free medium with PVA 
instead of HSA demonstrated a four-fold increase in blood 
reconstitution in primary recipient mice and a high and 
stable blood cell chimerism in secondary recipients, whereas 
LT-HSCs cultured in HSA-containing medium showed 
a successive decline of blood cell chimerism in primary 
recipients and completely failed to significantly reconstitute 
secondary recipients. 

Combining all these improved culture conditions, the 
authors impressively showed a 50 to 200-fold net increase 
in murine LT-HSCs with long-term blood reconstitution 
potential at day 28 of culture. Single LT-HSC cultures 
further demonstrated the real expansion of LT-HSCs (self-
renewal), although with variable efficacy. Most remarkably, 
the number and potency of in vitro expanded LT-HSC 
enabled robust engraftment and blood reconstitution in 
unconditioned recipient mice, an achievement unreachable 
by using equivalent fresh LT-HSCs. The authors briefly 
described the benefit of their improved culture conditions 
also for the long-term culture and expansion of human 
HSCs, which they documented in first experiments. 
However, a general applicability for human HSCs awaits 
future extended studies. The advanced culture conditions 
described by Wilkinson et al. do not require sophisticated 
coculture systems with feeder cells, genetic manipulation, or 
advanced technical devices. All components can be provided 
in compliance with good-manufacturing practice (GMP) for 
the fast translation into clinical application. 
The authors provide some molecular explanations why 
their improved conditions are so much superior over 
previous protocols. However, the mechanism how the 
various factors interplay to enhance self-renewal of LT-
HSCs remains elusive. Though the seemingly simplicity 
of the cell culture protocol, its robustness requires further 
confirmations by other groups to become the new standard 
in the field. Other human HSC expansion protocols using 
small molecule inhibitors such as StemRegenin 1 (SR1) (15),  
UM171 (16), and valproic acid (VPA) (17,18) as well as 
biologicals such as prostaglandin E2 (19,20), or Insulin-
growth factor-2 and Angiopoietin-1 (21) have entered 
clinical trials, and the outcomes of their benefit in medical 
use are awaited. It will be interesting to see whether some 
of these small molecules will further boost the described 
effects when combined with the improved conditions. How 
is the net expansion of LT-HSCs achieved? At a single LT-
HSC level it will be intriguing to see, whether LT-HSCs 
do divide as fast as downstream progenitors in these culture 
conditions, but retain their stem cell potential, and whether 
they divide more symmetrically to generate two stem cells. 
Furthermore, it remains unclear whether the LT-HSC 
pool is enlarged only in the first days of the improved in 
vitro culture, and whether the LT-HSCs enter quiescence 
afterwards. Alternatively, the LT-HSC generation time may 
be long but constant over the whole 57 days culture. The 
authors tested the blood reconstitution ability of the in vitro 
expanded LT-HSCs rigorously. However, questions remain 
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about the molecular and metabolic properties of these LT-
HSCs. Are these LT-HSCs equally potent in multilineage 
reconstitution on a cell-to-cell comparison with freshly 
isolated LT-HSCs? Do the expanded LT-HSCs resemble 
the gene expression profile of freshly isolated dormant or 
activated LT-HSCs (22)? And are the genetic and epigenetic 
profiles of these LT-HSCs preserved over the whole culture 
period, considering that LT-HSC divisions may enforce 
genomic instability (23)? Many questions need to be 
addressed in the future to consolidate these exciting findings 
for the long-sought goal of human LT-HSC expansion in 
culture. 
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