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Maintaining hair follicle stem cell identity
in a dish
Adriana Sánchez-Danés1 & Cédric Blanpain1,2

Identifying and mimicking the signals that
regulate stem cell self-renewal, differenti-
ation and maintenance in a petri dish is
crucial to faithfully recapitulate stem cell
behaviour in vitro. In this issue, Chacón-
Martínez et al (2017) describe novel
culture conditions that allow the long-term
expansion and maintenance of functional
murine hair follicle stem cells. This exciting
discovery provides a faithful platform to
study hair follicle stem cells in vitro and
potentially perform drug screening for skin
and hair follicle disorders.

See also: CA Chacón-Martínez et al (January
2017)

S tem cells (SCs) are responsible for the

maintenance of tissue homeostasis.

They reside within specialized

microenvironments, called niches. SC niches

are composed of SCs themselves, neighbour-

ing stromal, vascular and immune cells, as

well as extracellular matrix, providing

signals that regulate SCs’ renewal, quies-

cence, proliferation and differentiation

during homeostasis and repair (Blanpain &

Fuchs, 2014). Therefore, in vitro models

aimed at studying SC biology should incor-

porate niche cues to faithfully recapitulate

the in vivo scenario. In this respect, Clevers

and colleagues reported the successful

generation of intestinal organoids by cultur-

ing intestinal SCs in matrigel together with

the presence of a limited set of growth

signals that are normally released by the

intestinal SC niche (Sato et al, 2009). This

approach has now been used to culture

many tissues thought to be incapable to

grow in vitro.

Hair follicle (HF) SCs, due to their high

accessibility, their continual cycles of

growth and degeneration and the different

cell lineages they give rise to, represent an

excellent model system to study all the

essential characteristics of adult SC func-

tions including quiescence, renewal, activa-

tion and differentiation (Blanpain & Fuchs,

2014). Pioneered by the work of Barrandon

and Green, for the last several decades

researchers had been studying HF and

other types of epidermal SCs by culturing

these cells on feeder layers (Barrandon &

Green, 1987). HFSCs, although relatively

quiescent in vivo, proliferate and renew

relatively rapidly when cultured in vitro on

feeder layers, giving rise to large undif-

ferentiated colonies called holoclones.

These cells can be expanded massively

in vitro and transplanted back in vivo to

generate a new epidermis (De Luca et al,

2006), which has saved thousands of lives

of severely burnt patients. In addition, in

the presence of dermal papillae (DP) cells,

the mesenchymal cells that have HF-

inducing capacity, transplantation of cultured

HFSCs can be induced to undergo HF dif-

ferentiation even starting from a single HFSC

(Blanpain et al, 2004). However, despite

their capacity to differentiate into HF cells

when co-transplanted with DP cells, HFSCs

cultured onto feeder layer in vitro rapidly

lose many markers characteristic of their

in vivo state, precluding studying in vitro

the molecular mechanisms that regulate HF

function. In this issue, Chacón-Martı́nez

et al (2017) uncover the culture conditions

that allow the expansion and long-term

maintenance of HFSCs in the absence of

heterologous cell types.

To define the culture conditions that

recapitulate the in vivo HFSC niche and

allow expansion and maintenance of HFSCs,

the authors followed the approach devel-

oped by Sato and colleagues, namely to

grow intestinal SC in vitro embedded in

matrigel in the presence of defined morpho-

gens normally expressed by the SC niche

(Sato et al, 2009). Likewise, Chacón-

Martı́nez et al (2017) cultured epidermal

cells embedded in matrigel in the presence

of Rock inhibitor, which prevents anoikis

resulting from the deprivation of cell–cell

contact, and different growth factors

expressed by HFSCs that regulate their

growth. They monitored the maintenance of

HFSC characteristics in culture by assessing

the expression of CD34 (Fig 1), a marker

specifically expressed by HFSC and rapidly

lost in vitro using standard culture condi-

tions (Blanpain et al, 2004). They found that

matrigel or collagen 1 and Rock inhibitor

together with FGF2 and VEGF-A (Plikus &

Chuong, 2014) in keratinocyte growth

medium (referred to as 3C culture condi-

tions thereafter) was sufficient to maintain

and expand CD34+ HFSCs in culture

(Fig 1). These cells were able to generate

large colonies composed of tightly packed

and undifferentiated cells, characteristic of

the holoclones when cultured on feeders,

and they can also form hair upon transplan-

tation together with DP cells in vivo (Fig 1).

These results demonstrate that the new

culture conditions allows to maintain

renewal and differentiation potential of

HFSC in vitro. Remarkably, the authors

show that the proportion of CD34+a6+ cells

in their culture and the ability to generate

de novo HF upon transplantation are
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conserved after 10 passages during

20 weeks and after freeze–thaw, showing

the robustness of the 3C conditions.

Using RNA-seq and RT–PCR analysis, the

authors defined the genes preferentially

expressed by CD34-expressing cells

(a6+CD34+ vs. a6+CD34�) in 3C conditions

in vitro and compared them to CD34+ HFSC

in vivo and previously reported HFSC signa-

tures (Morris et al, 2004; Tumbar et al,

2004). Remarkably, their cultured cells

present a transcriptional profile that shares

important similarity with freshly FACS-

isolated HFSC and published HFSC signa-

tures (Fig 1), whereas their a6+CD34�

progeny resembles more closely the hair

germ HFSC progeny in vivo (Greco et al,

2009). These findings highlight that this new

culture condition preserves the preferential

expression of the HFSC signature found

in vivo, without preventing their normal

lineage commitment.

The authors then analysed the dynamics

and relative ratio of CD34+ vs. CD34� cells

in the new culture condition. They found

that the proportion of cells expressing CD34

rapidly decreased after plating and reached a

plateau of 50% of CD34+. EdU incorpora-

tion demonstrates that CD34+ cells divide

faster than CD34� cells, while their rate of

apoptosis was similar, suggesting that

CD34+ cells must continuously differentiate

into CD34� cells to maintain a constant

ratio. They used differential equations to

model the constant proportion of CD34+/

CD34� cells in which they allow CD34+ and

CD34� bidirectional interconversion. To test

this prediction, they isolated CD34� cells

and cultured them in the 3C conditions. In

good accordance with the prediction of their

model, CD34� cells give rise to CD34+ cells

and also reach the equilibrium after several

days (Fig 1). Different ratio of CD34+ and

CD34� cells co-cultured in 3C conditions

revealed that they reach 50/50 equilibrium

at the same rate independently of the initial

proportion of CD34+ cells in the culture.

These findings highlight that the culture

system developed by Chacón-Martı́nez et al

(2017) not only contains the cues required

to expand CD34+ HFSCs in vitro but is also

able to recapitulate the plasticity reported

in vivo leading to the repopulation of the

HFSC by non-HFSCs following their deple-

tion (Ito et al, 2004). In addition, this new

method could be used as a platform to study

the effect of activation/inhibition of signal-

ling pathways controlling HFSC functions.

The authors showed that alterations in the

Shh and BMP signalling pathways change

the proportion of CD34+ cells as predicted

by their effects on HFSC functions in vivo.

The study of Chacón-Martı́nez et al

(2017) describes the culture conditions that

mimic the in vivo HFSC niche, allowing to

maintain and expand HFSCs in vitro in a
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Figure 1. Long-term expansion and maintenance of murine hair follicle stem cells.
Hair follicle stem cells from the bulge region are characterized by high expression of CD34. Culture of epidermal cell mixtures in 2D conditions in the absence of heterologous
cell types leads to an exhaustion of the HFSC pool. Culture of epidermal cell mixtures in 3C conditions leads to the generation of cultures that contain HFSCs and non-HFSCs
(mainly progenitors). 3C conditions allow the expansion of functional HFSCs that generate holoclones upon co-culturing with dermal cells, generate de novo HFs upon
transplantation to mice and share high similarity to FACS-isolated HFSCs and published HFSC signatures. Moreover, the non-HFSC population within the 3C culture
conditions is able to give rise to the HFSC population.
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state that faithfully recapitulates the identity

and behaviour observed in HFSC in their

native state. The model implemented has

the potential to become a valuable platform

to discover novel mechanisms controlling

HFSC functions and potentially other epithe-

lial SCs and can in addition be utilized for

drug screening. It would be of great interest

to determine whether this approach could

be applicable to human HFSCs.
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