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One of the most captivating model systems in all of stem cell niche biology is the 
Drosophila germ stem cell niche where the simplicity is just beautiful. There is a 
defined space for stem cells, and they have defined supporting neighbour cells (cap 
cells) to such an extent that creating more supporting cells results in more stem cells 

and removing supporting cells obliterates them.1 The relationship is such that the germline stem 
cells divide asymmetrically with respect to these cap cells and produce one daughter stem cell 
that stays in the niche and one that leaves and differentiates—textbook asymmetric maintenance 
self-renewal. When we think about the hematopoietic stem cell (HSC) system in mammals and 
try to reconcile this concept of physical location with a sort of “one in, one out” type system, 
it quickly becomes mired in the decades long battle of which cell types and molecules comprise 
the adult bone marrow (BM) niche for HSCs. One of the few things these papers all seem to 
agree on is the involvement of stem cell factor (SCF) and a recent paper from Keyue Shen’s lab 
highlights the critical physical role of membrane bound SCF in regulating HSC polarity.2

SCF has been the cardinal HSC niche molecule since a series of experiments using mice mutant 
at the W (c-Kit) and Sl (SCF) loci, which showed that W mutant HSCs had an intrinsic defect 
and were less functional in colony assays and transplantation experiments whereas mutations in 
the Sl locus imparted a microenvironmental defect where HSCs could not function as well when 
transplanted into mice. BM from Sl mutants, however, could be transplanted into new mice with 
a normal microenvironment and they would perform normally, clearly demonstrating that the 
effect of Sl mutations were in nonhematopoietic cells that supported HSCs (reviewed in Kent et 
al3). Following the identification of SCF as the gene product of the Sl locus responsible for this 
difference, it was also later discovered that SCF was unique from many hematopoietic cytokines 
in that it had both a membrane bound form and a soluble form. Further experiments using the 
Sl/Sld mouse (which only expresses the soluble form) showed that the membrane bound form 
was critical for maintaining the number and function of HSCs.4

Fast forward 25 years and we still do not really have a formalised “one in, one out” set of 
rules for the hematopoietic system, and without a strong physical orientation it becomes quite 
difficult to ascribe any function to the orientation of HSCs with respect to mother and daugh-
ter cells. This is where the paper of Hao et al, comes in. Using soluble lipid bilayers (SLBs) 
to permit lateral mobility of proteins alongside the ability to cluster, they initiated a series of 
experiments to determine whether SCF-mediated HSC cell polarity. Their experiments showed 
that SCF alone could induce protrusions from HSCs, but only in the presence of VCAM-1 could 
they do so in a highly polarised fashion. Moreover, when soluble SCF was added to the mix, 
it competitively disrupted the process of establishing such strong polarity. Following this, they 
undertook a series of experiments to explore the impact of polarity on the adhesion properties 
of HSCs and showed that the combination of VCAM-1 and SCF also altered HSC adhesion to 
the SLB, implying that these molecules could serve the same role in increasing an HSC’s ability 
to lodge—and stay lodged—in the BM niche.

These studies are important to consider in the context of recent work that has shown that 
the self-renewal capacity of HSCs can be linked to the asymmetric (or symmetric) partitioning 
of various cellular organelles. Beautiful work from Loeffler et al5,6 has shown that asymmetric 
lysosome and mitochondria segregation in mouse and human HSCs can confer different met-
abolic and translational activity to each daughter cell. We are entering an age where the tools 
for bioengineering a niche and for assessing HSCs directly in vivo put us on the cusp of finally 
being able to experimentally address many of these core questions that have been sitting around 
for decades. This sets the stage for some exciting work in the stem cell niche and modulation 
of stem cell fate through advanced cellular and molecular tools where we can now start to 
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imagine harnessing cell polarity and asymmetric distribution of 
cellular components to understand aberrant self-renewal in hae-
matological malignancies (i.e., is polarity disrupted or rendered 
unnecessary?) and to achieve large scale directed differentiation 
outside the body for therapeutic purposes.
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