
TISSUE REGENERATION

Regional differences
The skin is a complex landscape containing regions in which hair follicles

exhibit different types of behavior.
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T
he regeneration of tissue is a tightly con-

trolled process which ensures that adult

stem cells generate an appropriate num-

ber of daughter cells in order to maintain

healthy tissue in the face of daily wear and tear.

Tissue regeneration lasts throughout an animal’s

lifetime, but when it goes wrong the end results

can include chronic wounds, premature aging

and cancer (Fuchs and Chen, 2013). Skin tissue

has a fast turnover rate, and many of the funda-

mental principles that govern tissue regenera-

tion have been discovered in experiments on

hair follicle stem cells in mice (Fuchs, 2016).

A hair follicle cycles through three phases:

growth, regression and resting. Growth is pow-

ered by stem cells being activated to proliferate

and generate daughter cells, and the extent to

which this happens depends on the relative lev-

els of activating signals (such as WNT) and inhib-

itory signals (such as BMP; Plikus and Chuong,

2014). However, we know relatively little about

the mechanisms that control the levels of these

signaling molecules in the first place. Now, in

eLife, Qing Nie and Maksim Plikus of

the University of California, Irvine and colleagues

– including Qixuan Wang and Ji Won Oh as joint

first authors – report new insights into these

mechanisms based on a combination of simula-

tions and experiments (Wang et al., 2017).

Wang et al. – who are based at Irvine and var-

ious institutes in the United States, Korea, China,

Australia and Poland – started by using simula-

tions of a simple model to show that certain fea-

tures of the hair cycle in mice were not observed

in the model if it was assumed that all the hair

follicles were identical. This indicated that the

hair follicles in the different regions of the skin

expressed different levels of signal molecules,

and that the diffusion of, say, WNT from regions

with high levels of WNT influenced the behavior

of neighboring regions that had lower levels of

WNT to begin with. When the model was

adjusted so that dorsal skin hair follicles went

through the cycles slower than ventral skin hair

follicles, the simulations produced hair cycle pat-

terns similar to those seen in real mice, including

waves of hair cycles spreading from ventral skin

to dorsal skin.

To test whether or not there exist multiple

regions of skin with distinct hair cycles, Wang

et al. used a reporter line to detect the level of

WNT activity in the skin of live mice in real time.

This revealed that hair follicles in ventral chin

skin have a shorter growth phase and a faster

turnover rate than hair follicles in dorsal skin. To

understand the molecular mechanism behind

this difference, the researchers discovered that

dorsal skin in its resting phase has enriched BMP

ligands, depleted BMP antagonists and

decreased WNT ligands compared to ventral

chin skin. Experiments on transgenic mice con-

firmed that hair cycles were changed in regions

in which BMP or WNT signaling had been
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perturbed: moreover, perturbing these signals

also altered the waves of hair cycles that spread

from ventral skin to dorsal skin.

The simulations also predicted that hair fol-

licles would be in an extended resting phase

when inhibitor levels are extremely high. Wang

et al. observed such behavior in ear skin: the

hair follicles in ear skin exist in a dormant resting

phase for an extended period of time, with lim-

ited or no response to methods that would nor-

mally lead to hair growth. The researchers then

discovered that the cartilage/muscle complex

that is only found in the ear expresses high levels

of BMP ligands and multiple WNT antagonists,

and went on to show that dampening the BMP

signal or increasing the WNT signal can partially

activate the growth of hair follicles in the ear.

These experiments confirm that the BMP and

WNT pathways control the regional pattern of

hair regeneration that is observed, and that

these pathways also mediate the interaction

among these different regions. This is consistent

with the well-known role of BMP/WNT signaling

in the skin (Kandyba et al., 2013), but we do

not know what gives rise to the intrinsically dif-

ferent levels of BMP and WNT found in the vari-

ous regions.

Why is it important to understand regional

tissue regeneration? Conventional studies often

focus on a single hair follicle or a population of

hair follicles within one region. These reduction-

ist approaches were able to reveal some of the

core principles governing tissue regeneration,

but they also missed out on a whole dimension

of regulation. Most tissues are composed of het-

erogeneous cell populations (Donati and Watt,

2015): different regions of skin, for example, dif-

fer in hair follicle length, epidermis thickness and

pigmentation patterns, all of which serve unique

functions (Chang, 2009; Chuong et al., 2013).

Likewise, such regional behavior is evident in

many human diseases: for instance, non-seg-

mental vitiligo involves the loss of skin melano-

cytes from patches of skin on both the left and

right sides of the body (Taı̈eb and Picardo,

2009). These region-specific features suggest

that tissue regeneration is regulated by some

sort of ’molecular area code’. The next challenge

is to work out how this area code works.
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