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Skin, consisting of the epidermis and dermis, is a barrier to protect human body from various stimuli. The stratum corneum and
epidermal tight junctions (TJs) in the stratum granulosum are responsible for the skin barrier function. Dysfunction of these
barrier causes serious damage to the homeostasis. Therefore, when skin is lost due to wounds or burns, transplantation with skin
equivalents is necessary. In pharmaceutical and cosmetic development, it is also essential to evaluate the skin irritation of
compounds using skin equivalents. However, skin equivalents have limitations in application to those fields because they have an
immature epidermis and weak barrier compared to native human skin. Some reports clearly suggest that dermal models with
fibroblasts contribute to epidermal maturation. On the other hand, it is unclear that dermis contribute to improve epidermal barrier
function. In this thesis, | tried to reveal the effect of dermal models on epidermal barrier in order to construct skin equivalents
with a higher barrier function in vitro.

For investigation of the effect, | adopted a unique skin equivalent consisting of epidermis and dermis constructed by
layer-by-layer (LbL) method (LbL-3D Skin). This is because its dermis consisting of dermal fibroblasts only was easy to
construct and control structure. Whereas, its epidermis formed an abnormal structure with no barrier function like dermatitis.
Hence, LbL-3D Skin could not be used to evaluate the contribution of the dermis to the epidermal barrier. At first, | tried to
establish a reproducible method to construct LbL-3D Skin with a barrier function. In native human skin, the position of
proliferating keratinocytes (KCs) is extremely restricted in basal layer of the epidermis. Whereas, proliferating KCs extended
above area of basal layer in LbL-3D Skin. In novel construction method, proliferating KCs were restricted in basal layer by
controlling the number of seeded KCs on the dermal model. This improvement allowed for the reproducible construction of
LbL-3D Skin which has a human-like epidermis with barrier function.

Next, | focused on epidermal TJs because this structure is an essential barrier and regulator for other barrier functions such as
the stratum corneum. Although TJs should play an essential role in skin equivalents, the effect of dermal models on epidermal TJ
formation and function was unknown. First, | clarified TJs of LbL-3D Skin in terms of expression of TJ-related proteins and
dense cell-cell adhesion structure. These results showed that LbL-3D Skin has epidermal TJs consisting of TJ-related proteins
such as claudin-1 and ZO-1 closely to human skin. Second, | compared TJs of the epidermal model and LbL-3D Skin to
investigate the effect of the dermal model on the epidermal TJs. In the epidermal model, TJs did not function as a permeability
barrier, despite the expression of TJ-related proteins. LbL-3D Skin with thick dermis has functional TJs as a barrier for a long
time. These results showed that dermal models contribute to the formation and maintenance of functional TJs as in native human
skin.

This thesis shows that the dermal model regulates epidermal barrier function through the formation and maintenance of
functional TJs in skin equivalents. It is also the first to reveal the involvement of the dermis in the formation and maintenance of
functional epidermal TJs. Thus, these results suggested the necessity of dermal models in the construction of skin equivalents
with a higher barrier function. This study is an important piece of research on skin equivalent that contributes greatly to a wide
range of applied research such as in regenerative medicine and pharmaceutical and cosmetic discovery as well as basic research
on the elucidation of skin barrier function.
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KREBRNOLRDEEL, SEIERGFENHOANEEZSFDT2ODONN) T THDH, REO/NY THEEIL, REO
AERELERED LA N7 ay (1)) BH-oTWD, TRHDONY T HABEREICHRD &, AfhiERicH
RIGBEEREC D, AENATHEDOET NVEME L, ERCAEAOISAIZAIT 2B AR ELTND, L
L, RIEETVIEREBRATHY, NI THEHWVED, T O0H~OISHIZITHIER®H 5, R TIE, #
MESER /N DR D B AR L, BE EREOTIEOMBEH LN TH LT, L0 AEKRICEW AT T2 o/
JEET NVOREICE YA TS,

FEFIIWDOICRL E BN BRRDEEET )V OREEIZ M T Layer-by-Layer (LbL) {EICZ L WS LKL &L HL
Mo ba=—r REEET /L (LbL-3D Skin) IZEFB L1z, LM LAENL, RETNVITEKRLE B DR E
T 2BERH o7, ZORBICK LEEIIRLEMT M2 (NHEK) O EICEH L, Tzl 2
& T, BHEMOEOARELEG S HBEE b ORBEOBEICKRITI Lz, EFENEBL L EFIEITERNS TOEESHE
SO RICEERMAE 525,

S5, FEHFEREET N ELDL-3D SkinDTJRB LU THEREA L35 Z & T, B &L RETIOFBI O iR
BRBT, FORFE. BER % HOLbL-3D SkinlZBW T, TIBRICHE R X /X7 BOFRE LTI X 2B EiE
HlgRE O m EXHRE Shviz, E7o. NU THEREDOIEIE & 72 288 ERESEEPT (TEER) OWMEORKERE LV, REET
JVTIETIHSRE DR N AR, TEERDBRIKICIR F L7z, —J5C. LbL-3D Skin CIXTEERfED [f] |k & HERF A RERE S L7z,
UEORRIY . AEAMCBNT, BEEOMIMCLY . RETIOMEEN L4 L, BREEONY THEREOM EIC
FHITDHZENRBINT,

PLEDORERIE, K0 @AY THREZFFOREET VOMEICB T EROLENEZRBET LD THoT, K
ARSI, RSN T ORRG N THBE DB & o o BRI AE ST Te <L BHAEERCEIR - (LB 2R & OIE R
WIGHIFRIC b RESBEMT2HEERBRETH D, LoT, HLEBBICHET 20 THLEEZX D,
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