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Role of the epigenome and 3D nuclear dynamics in maintenance of skin barrier
function
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My study shows that the barrier function of the epidermis is mediated by the expression a set of
genes involved in immune response and cellular differentiation. Gene expression changes are
regulated by changes in epigenetic marks (H3K27me3) and 3D nuclear domain.

Epidermis is the outermost layer of the skin that possess dual roles to
protect the body from the outer environment (e.g. bacterial infection, temperature, dryness) and
maintain of skin homeostasis. Specialized cell layers, namely, the basal layer and the cornified
layer, plays a crucial role for regulation of epidermal functions. The molecular mechanisms that
mediate the balance and function of these cell layers, however, remain unclear.

To elucidate how epigenetic mechanisms and 3D genome regulation changes between healthy or disease
states epidermal cells, | have taken advantage of animal model systems. Using these systems, | have
found that the onset of disease phenotype is associated with expression changes of genes involved in

inflammation, immune response and keratinocyte differentiation. Importantly, these changes were
regulated by H3K27me3 in an epigenetic level, and a shift from B-compartment (repressive state) to
A-compartment (active state) revealed by Hi-C analysis.
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Epidermis is the outermost layer of the skin that possess dual roles to protect the body from
the outer environment (e.g. bacterial infection, temperature, dryness) and maintain of skin
homeostasis. Specialized cell layers, namely, the basal layer and the cornified layer, plays a
crucial role for regulation of epidermal functions. The molecular mechanisms that mediate
the balance and function of these cell layers, however, remain unclear. As disruption of the
balance between basal and cornified layers has been implicated by human diseases such as
atopic dermatitis (AD), it should be important to clarify the molecular mechanisms behind
these regulation for understanding the biology of the epidermis and also for designing
therapeutic intervention of skin diseases such as AD.

Biological phenomena such as cellular differentiation (e.g. differentiation of epidermal basal
layer to cornified layer) are regulated by changes in gene expression. These changes, in turn
are mediated by higher order regulatory mechanisms such as 3D genome organization, and
epigenetic changes imparted via DNA methylation and histone modifications. The objective
of this research is to elucidate how 3D nuclear genome architecture and epigenetic
mechanisms regulate epidermal functions.

To elucidate how epigenetic mechanisms and 3D genome regulation changes between healthy
or disease states epidermal cells, | have taken advantage of two animal model systems. The
first is a knockout mouse model, in which the Tmem79 gene has been genetically deleted,
that shows atopic dermatitis-like phenotypes characterized by skin inflammation and
infection. The second is a contact-dermatitis model, in which epidermal inflammation is
induced by topical application of a chemical irritant (i.e. hapten). | have purified
keratinocytes from healthy (WT or untreated) or disease state (Tmem79-KO or hapten-
treated) and performed RNA-seq to reveal the gene expression changes between healthy or
disease states. | found that nearly 1000 genes, involved in immune response and keratinocyte
differentiation were upregulated in the disease state. Differentiation associated genes are
regulated by polycomb group (PcG) of factors. PcG factors mediate methylation of histone H3
lysine 27 (H3K27 mono/di/tri methylation), that contributes to gene silencing via repressive
3D nuclear domains. To ask whether gene expression changes were regulated by changes in
the level of H3K27 methylation, | performed ChlP-seq of H3K27me3 in keratinocytes. |
further asked if potential changes in H3K27me3 could alter 3D nuclear architecture by
performing Hi-C.

RNA-seq analysis revealed that in the disease state, genes that possess inflammation
associated or immune regulatory functions are upregulated. I also found that differentiation
associated genes were also upregulated in the disease state. As mentioned above, the
Tmem79-KO mice or the hapten-treated mice, both exhibit inflammation related phenotypes
which is likely caused by increased immune response. Therefore, the gene expression changes
detected by RNA-seq in disease state keratinocytes recapitulate those cellular phenotypes.
Further, disruption of the balance between progenitor (keratinocyte) and differentiated
(cornified layer) cells is a hallmark of skin diseases such as atopic dermatitis (AD). Therefore,
the finding that differentiation associated genes are upregulated in disease state
keratinocytes, indicate that Tmem79-KO or hapten-treated mice exhibit aberrant cellular
differentiation in the epidermis, reflecting the disease onset mechanism observed in AD.
ChlIP-seq analysis for H3K27me3 showed that this epigenetic mark was enriched in the
promoter of immune- and inflammation-related genes, and also differentiation-related genes
in healthy state keratinocytes. Interestingly, in the disease state (Tmem79-KO or hapten-
treated), H3K27me3 levels were decreased in the promoter of the genes that showed
transcriptional upregulation. This indicates that H3K27me3, mediated by PcG factors,
silence these genes in the healthy state, which are aberrantly upregulated in association with
the onset of disease phenotype. Thus, my study uncovers a new role for epigenetic
modifications (i.e. H3K27me3) for regulation of epidermal cells in healthy or disease states.
Finally, I asked if H3K27me3 changes in the disease state, were also linked with 3D nuclear
architecture changes. To this end, | performed Hi-C in healthy or disease state keratinocytes.



The Hi-C data analysis is still ongoing but the preliminary results show that in the healthy
state H3K27me3-marked genes are located in the repressive B-compartment (calculated by
PCAL1 of the Hi-C data), but shifts to the permissive A-compartment in the disease state.
Taken together, these results indicate a model in which epidermal cell functions, especially
barrier functions, are compromised with the onset of disease. Notably, disruption of cellular
functions appears to be mediated by epigenetic changes and 3D nuclear domain changes.
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