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Compared to mouse models, less is known about human epidermal cell states and differentiation.
In this issue of Cell Reports, Cheng et al. (2018) dissect the cell states and heterogeneity in human
epidermis with large-scale transcriptomics of 92,889 single epidermal cells from normal and

inflamed skin.

Understanding epidermal development
and cellular diversity is paramount for
elucidating how skin pathologies arise.
The paradigm of epithelial lineage specifi-
cation and differentiation begins early in
embryogenesis with a single layer of
epidermal progenitors, which differentiate
through basal, proliferative keratinocytes
upward to form a protective layer with bar-
rier function (Blanpain and Fuchs, 2009).
Epidermal progenitors also give rise to
skin appendages such as hair follicles
(Gonzales and Fuchs, 2017). Even
in well-characterized mouse models,
there is debate about whether one or
two distinct basal stem cell populations
together with downstream progenitors
function to maintain the epidermis
throughout life (Rognoni and Watt, 2018),
and yet, much less is known in humans.
While keratinocytes along the differen-
tiation trajectory have been classified
morphologically and with specific
markers, questions regarding the
(1) heterogeneity among each population,
(2) hierarchical relationships between
populations, and (3) existence of rare
populations and cell types without
specific locations remain unanswered.
Adding complexity to the generalized
scheme of epidermal differentiation are
the different functional requirements of
skin epithelium between anatomical sites.
It stands to reason that state-specific and
anatomical site-specific cellular differ-
ences are accomplished through exqui-

sitely regulated transcriptional programs.
The recent breakthrough in single-cell
RNA sequencing (Heitman et al., 2018)
now enables resolving cellular heteroge-
neity, ordering cells along a develop-
mental trajectory, and discovering rare
subpopulations (Grun et al., 2016; Saun-
ders et al., 2018). In this issue of Cell Re-
ports, Cheng et al. (2018) employed this
powerful technique to tease apart the
differences in human epithelial differentia-
tion and cellular heterogeneity in three
anatomical sites—scalp, trunk, and fore-
skin. Additionally, to elucidate the patho-
logical changes in inflamed epidermis,
the authors compared single-cell tran-
scriptomes of psoriatic truncal epidermis
and healthy epidermis. For high transcrip-
tomic resolution, they performed large-
scale sequencing of 92,889 individual
epidermal cells to define human skin
epithelial cell states, putative epidermal
differentiation trajectories, and region-
specific molecular signatures of both
non-inflamed and inflamed skin (Figure 1).

Clustering analyses revealed many ex-
pected cell states conserved across
scalp, trunk, and foreskin epidermal iso-
lates, including those of basal and differ-
entiating spinous and granular epidermal
layers, as well as of epithelial cells associ-
ated with hair follicles (termed “follic-
ular”). Interestingly, the authors identified
three additional populations they termed
“WNTI”, “mitotic”, and “channel”. The
WNTI cluster is enriched in WNT signaling

antagonists and is likely comprised of
stem-cell-containing hair follicle outer
bulge cells, while the mitotic cluster is en-
riched in DNA synthesis and proliferation
genes. The authors also describe the
channel cluster, which is enriched in ion
and mitochondrial transcripts, as a previ-
ously undescribed human epidermal cell
state. Further study is needed to validate
this population and fully characterize its
role. Pseudotime analyses reveal four
distinct putative differentiation paths, all
beginning with basal keratinocyte clus-
ters. They positively identified the well-
characterized upward differentiation of
basal keratinocytes. The remaining three
differentiation trajectories pass through
the mitotic cluster, and separately end in
the channel, follicular, or WNTI clusters.
While many of these cell states can be
found in spatially restricted patterns, the
authors found mitotic and the newly
described channel cells sporadically
interspersed in basal and suprabasal
layers. In the case of the mitotic cluster,
they suggest that keratinocytes retain
proliferative capacity well into the supra-
basal layer.

Additional basal cell subclustering
showed site-specific cellular heterogene-
ity: basall is predominant in scalp and
truncal epidermis, basal2 is the major
cluster in foreskin and psoriasis-derived
samples, and basal3 is found exclusively
in foreskin. Intriguingly, the emergence
of basal2 in psoriatic truncal samples
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implies a dysregulated transcrip-
tional program, which occurs
endogenously in neonatal foreskin,
underscoring the importance of
spatially restricted gene regulation.
However, despite the power of
in silico discovery of cell subpopula-
tions with single-cell transcriptomic
analyses, the potential existence of
stem cell and progenitor subtypes
within the basal cells of human
epidermis could not be resolved.

Unsurprisingly, psoriatic inflam-
mation dramatically changes the
transcriptional program of epidermal
cells, including global upregulation
of S100 genes and enrichment of
mitotic and channel cell types.
Epidermis-resident immune cells
from all psoriatic samples showed
aberrant enrichment of myeloid den-
dritic and T cells, suggesting their
involvement in psoriatic skin patho-
logical features. Interestingly, hall-
marks of inflammation were also
found in healthy scalp and foreskin.
The authors speculate that enrichment
of inflammatory genes and T cell subpop-
ulations in scalp may be relevant for the
pathogenesis of lymphocyte-mediated
alopecias and that inflammation marker
enrichment in foreskin could represent
neonatal or genital-specific immunosur-
veillance. These data invite many follow-
up analyses for uncovering how inflamma-
tion disrupts the homeostasis in truncal
epidermis and how aberrant enrichment
of immune cells contributes to psoriatic
rashes.

Altogether this study characterized
human epidermal cell states across
different anatomical regions and psoriatic
skin (Figure 1). Importantly, it opens the
door for yet more questions, particularly
related to the capacity of basal keratino-
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Figure 1. Cell Type, Anatomic Site, and Inflammatory
Status Determine Epidermal Cell States and Identities
Large-scale RNA sequencing of 92,889 human epidermal cells
from three anatomic sites and inflamed and non-inflamed
donors elucidates epidermal cell states, putative differentia-
tion relationships, and unique immune infiltration in psoriatic
skin.

cytes to execute distinct differentiation
programs and the recruitment of immune
cells to psoriatic sites. Other studies
have attempted to resolve the former
question in mouse models (Joost et al.,
2016), but there are limitations to how
well current in silico modeling reflects
in vivo processes. A cognate large-scale
single-cell RNA sequencing study of
the dermis from healthy and psoriatic
skin may be key to answering the second
question. Overall, Cheng et al. (2018) have
generated valuable human epidermal
transcriptomic data, accessible at an on-
line database, with profound implications
for a better understanding of human
epidermal differentiation and the changes
in inflamed skin. With the emergence of
single-cell transcriptomics to define pre-

viously unknown diversity in cell
states and types, larger scale
analyses—including combined in-
dependent studies—may provide

crucial insights to understanding
intercellular relationships.
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