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PIGMENTATION

Watching hair turn grey

Analysing changes in hair pigmentation may lead to a better

understanding of the impacts of ‘life events’ on human biology and

aging.
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hen the French queen, Marie Antoi-

nette, was led to the guillotine at the

age of 37, it was said that her hair
had turned white the night before. While public
executions are, thankfully, extremely rare events,
most of us will experience our hair turning grey
or white as we get older (Tobin, 2011). How-
ever, the physiological and psychological rea-
sons for this phenomenon are not fully
understood.

All mammals have hair and its many roles
include thermal regulation, physical protection
and sensing signals and stimuli
(Schneider et al., 2009). Humans also seem to
spend a disproportionate amount of time worry-
ing about the appearance of their hair
(Ebling, 1976).

Hair fibres grow from mini-organs called hair
follicles that are found in the skin
(Schneider et al., 2009). At a given time a hair
follicle will be in one of the three stages of the
hair growth cycle: a period of active growth
called anagen; a period of regression (catagen);
or a period of rest (telogen; Oh et al., 2016). In
humans this cycle can last for as little as three

various

months (in the eyebrow) or for as long as several
years (in the scalp). Hair colour comes from pig-
ments called melanin that are produced inside
the follicle during anagen by cells called melano-
cytes (Slominski et al., 2005).

Now, in eLife, Martin Picard (Columbia Uni-
versity and the New York State Psychiatric Insti-
tute) and colleagues - including Ayelet
Rosenberg as first author - report that they have
developed a computational model that can
relate changes in hair pigmentation to '‘life
events' (Rosenberg et al., 2021). This work will
allow researchers to map the stressful life events
that turn hair grey, contributing to a greater
understanding of the effects of stress and other
life events on human biology (Figure 1).

Rosenberg et al. first developed methods to
digitally map hair pigment patterns across the
length of a hair fibre. Since the daily rate of hair
growth was already known, the researchers
could relate changes in pigmentation to a spe-
cific time. This opens up the possibility of using
changes in pigmentation to learn about life
events experienced by the owner of the hair,
analogous to the way that tree rings can be
used to provide information about atmospheric
conditions in the past. Building on previous work
(Adav et al., 2018), Rosenberg et al. also car-
ried out a detailed proteomic analysis of dark
and white hair, and identified over 300 proteins
that were more or less abundant in white hair
than in dark hair. Many of these proteins are
involved in energy production in the cell: white
hair fibres contained more proteins associated
with mitochondria, more proteins involved in
increasing energy metabolism, and more pro-
teins with a role in synthesizing lipids and amino
acids.
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Figure 1. Modelling human hair greying. (A) An overview of how hair greys as people age, from having no grey
hairs when people are children and young (left), to having a full head of grey as people get older (right). The
model developed by Rosenberg et al. is consistent with this pattern. (B) Frequency distributions of grey hairs for
individuals with early (light grey), average (medium grey) and late (dark grey) onset hair greying. The model
predicts that increased heterogeneity of hair greying between individual hair follicles can explain early greying,
whilst decreased heterogeneity can explain late onset greying. The inset (framed in blue) shows that the model
accurately predicts the temporary reversals of greying observed by Rosenberg et al.

Many of the proteins found at higher levels in
white hair are known to be rapidly remodelled
by environmental and neuroendocrine factors,
which suggests that the process of hair turning
grey may be more ‘plastic’ than previously
thought, and may even be reversible. To investi-
gate this, Rosenberg et al. studied 14 individuals
with hair that showed evidence of re-pigmenta-
tion and, in some cases, re-pigmentation fol-
lowed by a second loss of pigmentation. These
changes occurred within one anagen and were
often synchronized between a number of hair
fibres, suggesting that going grey and re-pig-
mentation are regulated by cellular mechanisms.
Moreover, the rate of greying was fast, with up
to 14% of hair colour being lost each day; and
re-pigmentation was even faster, occurring at
twice this rate. One possible mechanism to
explain re-pigmentation involves the activation
of either immature melanocytes or melanoblasts
(melanocyte precursor cells) from outside of the
hair follicle. These cells would then migrate into
the hair follicle and produce melanin, re-colour-
ing the hair.

Rosenberg et al. then investigated whether
going grey and re-pigmentation were linked to
psychosocial stress, and whether specific proteo-
mic signatures were associated with greying.
First, they used the fact that changes in hair pig-
mentation can be correlated to time to show
that sudden changes in hair pigmentation are

associated with changes in stress levels. Next,
Rosenberg et al. showed that re-pigmentation
correlated with perceived decreased stress. Hav-
ing established that hair pigmentation stress
mapping can be used to correlate greying with
stress, the researchers re-analysed their protein
data sets and found that greying is linked to
mitochondrial metabolism.

In a final step, Rosenberg et al. developed a
mathematical model that could simulate the
greying over time of an entire head of hair. The
model includes an aging factor, a biological
threshold and a stress factor, and uses basic ten-
ets regarding the age of onset of hair greying,
its progressive nature and the fact that the more
follicles grey the older a person gets. It also
takes into account the fact that age related grey-
ing may be reversible and involve life events.

Much more work will be required to validate
this model, but the experiments of Rosenberg,
Picard, and colleagues - who are based at
Columbia and other institutions in the US, Ger-
many, Ireland and Germany — provide an excel-
lent basis from which hair pigmentation can be
mapped and modelled. This can begin to
explain how ’life stress events’ impact human
bodies. However, the latest findings might also
have an impact that extends beyond the devel-
opment of tools to understand the effect of
stress on human biology: in particular, the latest
work suggests that human aging may not be a
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linear, fixed biological process but may, at least
in part, be halted or even temporarily reversed.
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