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Genetic basis of human-specific skin characteristics in comparison with other primates
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Skin is the largest organ of a body and located at interface between the inside and
outside of an organism. It protects the inside of the body from external stresses, such as
physical, chemical, and microbial insults. Skin phenotypes have evolved to protect the body
and to allow the species to adapt to their habitat environments. Actually, human skin is
morphologically and physiologically different from the skin of other primates. The reduced
amount of hair and the high number of sweat glands are well-known examples of human-
specific skin characteristics. It has been proposed that these human-specific characteristics
allowed for efficient thermoregulation and adaptation to the savannah environment after our
human ancestors abandoned the forest.

There are many phenotypic characteristics that are unique to the human lineage,
including large brain size, bipedalism, and language development as well as skin
characteristics. However, genetic causes that underlie human-specific characteristics remain
poorly understood. Because skin phenotypes have evolved to protect the inside of the body and
to adapt the species to their habitat environments, human-specific skin characteristics are
likely to have significant roles in human evolution. In my PhD thesis, | therefore focused on
human-specific skin characteristics and studied the genetic basis that underlies these
characteristics.

Chapter 1 is a general introduction. | briefly explain the function of skin to protect
the inside of the body from external environments. | also describe the main structure of

mammalian skin including the epidermis, dermis, subcutaneous tissue, and epidermal basement



membrane (BM) zone. Especially, | focus on the epidermal BM zone, which forms adhesion
between the epidermis and dermis, for better understanding of the subsequent parts in this
thesis. In addition, | provide overviews of representative cases of the association between
genetic elements and human-specific characteristics.

In chapter 2, | quantitatively distinguished histological skin differences between
humans and other primates to investigate human-specific characteristics in skin structure. |
found that the epidermis and dermis in human skin were significantly thicker than those in the
three Old World monkey species examined. | also indicated that the epidermal BM zone
topography in humans was undulating, which is known as a rete ridge, while that in the three
Old World monkey species was flat. These results, together with previous qualitative studies,
suggest that the thicker epidermis and rete ridge may be human-specific skin characteristics,
although additional quantitative histological comparison between human and great ape skin is
required.

In chapter 3, | then comprehensively compared gene expression levels between
human and great ape skin using next-generation cDNA sequencing (RNA-seq) to investigate
genes associated with human-specific skin characteristics. | found that the expression levels
of four structural protein genes, biglycan (BGN), collagen type XVIII alpha 1 chain (COL18A1),
CD151 molecule (CD151), and laminin subunit beta 2 (LAMB2), in skin were significantly
higher in humans than in great apes. COL18A1, LAMB2, and CD151 are genes that encode
proteins structurally associated with the epidermal BM zone. BGN regulates the formation of
elastin, which is one of the components of elastic fibers in the dermis. According to previous
studies of qualitative histological comparison between human and other primate skin, an
abundance of elastic fibers seems to be human-specific skin characteristics. The human-
specific expression patterns of the four structural protein genes identified may contribute to
the rete ridge formation and rich elastic fibers in human skin.

Humans have a low amount of hair on their body compared with other primates,

which gives humans a high level of thermoregulation. However, it is believed that human skin



has lost the ability to protect the internal tissues from external physical stresses by hair.
Compared to flat topography of the epidermal BM zone, a rete ridge increases the area where
the epidermis and dermis connect, which may make strong adhesion between these two layers.
The rete ridge, thick epidermis, and rich elastic fibers might contribute to physical strength of
human skin. Although additional quantitative histological comparison between human and
great ape skin is required to clarify human-specific skin characteristics, the human-specific
expression patterns found in this chapter may contribute to adaptive skin characteristics
specific to humans with less hair.

In chapter 4, | inferred substitutions responsible for the human-specific expression
patterns of the four structural protein genes (COL18A1l, LAMB2, CD151, and BGN) in their
transcriptional regulatory regions. | first estimated transcriptional regulatory regions for each
gene by identifying conserved noncoding regions around the genes with taking histone
modifications for active regulatory regions in skin cells into consideration. The human-specific
substitutions in putative transcriptional regulatory regions were estimated to be candidate
substitutions responsible for the human-specific expression patterns in the genes of interest,
resulting in two to ten candidate substitutions for each of the genes. These candidate
substitutions, especially those located in the expected binding sites of transcription factors
functioning in skin, may give humans adaptive skin characteristics through human-specific
gene expression patterns.

Chapter 5 is a general discussion. | suggest that the candidate substitutions in the
putative transcriptional regulatory regions inferred may cause the human-specific gene
expression patterns that possibly lead to adaptive skin characteristics specific to humans with
less hair. In the near future, I am planning to conduct a promoter assay in cultured skin cells
to examine whether these candidate substitutions are responsible for the expression differences
between humans and great apes. In addition, for the candidate substitutions with expression
changes in promoter assay, | will investigate whether these substitutions influence the

expression of the genes of interest, but not other genes, in cultured skin cells by genome editing



technique using CRISPR/Cas9 system. Identifying substitutions that may give humans adaptive
skin characteristics through human-specific gene expression patterns will contribute to the
understanding of how human-specific characteristics have been genetically acquired. Finally,

| hope that my PhD study will provide further insight into the human evolution.
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