[tk A]
REEEES 23on0704067h0003 AL EH B HH 6% 57 318

HAERMEREREE BE - - HEER - B HREESNEL e ST A
(M - BAERA ) R_R—V g VAT v 7T 4)
ERFmHREE

Nz

I EAE®R
WFZERRsERMEL © (HASEE) SO MM A (R4 L7 ZIK TS 5L ORESE b 3E S O e N7

(% FE) Development and evaluation of bioengineered 3D skin equivalent

WFEBRsE EhaA] : 5F 346 H1 H~%Ff 643 A 31 H

R iESE K4 - (AAZE) Bl AT
(3 FE) Aiko Sada

WHIERRFEREKE  PFrmiEET - 505 - &0

(AAGEE) [ENLRFENREARFE R CImE T ek 7 n A7 KA b AL MR el diky (3 -
NRFAE NTUN R AARB T8 %)

(3% §%) International Research Center for Medical Sciences (IRCMS), Kumamoto University (Current: Medical Institute

of Bioregulation, Kyushu University)



11 AFZEREZE DBIE
1. WFEBEROERLEHW

1980 1%, b NREEHMILOAEINGE & B FZBMEIC X 2BMEIRR ) L CLISk, KIEICBET 2 BAEER
FRELSHEBELTE, —F, BRORARAEN RSN TWDLIOI, KED [RE) OFEICE EFED, 1
B S B DT R E OREE BT 5 Z S IXWEECH 5, WFEBRAES - EHIX, REORKE—H
Bz DEEFIT & 2 W Y 2N AR — 72 2 SR O JRTE L BT 2 Z L 2 R L7=, Ll BIfED RS
FF EMMEENT B SN TR ST, invitro BTV OHEST & | 3 B ERHIA D A — 1 % FEAT 4 2 Fa A O e
NSRBI TH o T,

AWFFEIL, SRR & L CORIBEACHT ., invitro BT T VOREE L | BEEERREMHEE O & H R
T EEEEET D, REMMEELY, ZEBHROARE LW FHT- 2 RlATIRA, ~f 7 XF—r
TV E RN in vitro FRETET LV OBRFE L IR AR ) — M A RS D HEEE ORI A B & T 5, AFFEB I
H 1 Ti, BEOMMESEZBR LTz~ A 7 a"Z— 27 a @8 8 L TRV, invitro TR A ST
DNFRGRGERGET 5, Ao T —F U EMElE T~ 7 a2 = FLOBRIC LY 2, Ktk
SR, JYME ) AR L, 2RBRICHE LI RETETARBRE T ERL W ET D, I, R
7R AR A I 5 = > FIR ORI B AR T 2 [RET 5D 2 & Tl invitro 5538 T T ORHIIEE 1 DK
TEMHIL, L0REE L-BAREREY BT 2 MR A MET 5, HEBRIER 2 Tk, 7 v o aiEEs A
ToHE L FRATIC R O . BT T IZET 5 ik & i AR ) — M 2 e 3 5 iR & i T D,

2. WFEBEAROME
WEBIREE 1 MMWEEEZ BB L~ A 7 aF -V PN R RGE T HREET VOB

AWFFE T, REOMMEE A B Lo~ A 7 a2 —o 7z B E UTH, invitro CREME 2 1%
HT LD ORERFMORFEITV, 40k - BEELOFEN CTEX D502 T 5 2 LIRS L, BRI
RIEE LCIE, WRERRS 1 - MR CIRRT) LoD b L MO AZHRa T = et
BtE L7 BRSHICMIM IS 2855 L, R B OFEFEICALE S 5 MM E 2R L e~ A 7 Ny —
TNEAER LTz, ~A 7 a"Z— 70 bice MIREEERESMR (575 704 8) Z8EL, KL
T LR TR ORIEAE LIz, @Ay 7 AR LKA mEEIC LY, BREOSE - &
JBlbzFE Lz, av hr—LE LT, FHRFLVERGE LU CTHEA L, FEROKECTEEETRo T2, ~
A7 aNE =N ERWEAREERIL, B NAES 7 F A MTBWTEBEEN H - T22, [FEo 7
o hanEFERLEEEX. B NEEZ T T A MZBWTE EFLS WT . For e ERASHIEET 5 R
WA UT, BBRFMOBRICEY | BREMICREMBENPER S, ZV EICRFES N D ZRuE B S 2 i
ST,

TER U2 BB 7 Uik, SRS e IE%, SR 2ER L 52 O R 722 5 R mfile~ — 7 —fifash < b
Uy A, REFRREO~—T—% AV, & N E OB 21T o 72, ZOER, 27—~ v 7 i
IS A 55 2 LT, REDORELZDAEISHIM L, FREEMIZ b EJE LRI 7z ZRoekEiE % invitro T
HES D ENTERE, ~A 7%=V FEFET LTI, RERERSCE S0yl - B, BX
ORI TR SN D587 — o NG s b ARt 2 B L7z,

—J. AT aRE = FVEEET RN T, REZEMAOMEGE - HbiEFE S T2 0D, &K
PR DAY — MBS BT 0o TOZRWAEEMED RIE S 7o, T D72, REZEHIIE D AL % ]
HT 2R T E2HALNCT D720, HIEK T OB, MlaBEEOLET, 22— Mfé LTHEMAT M~ Y
7 ZADOFET, RNA-seq 7 —# 12 K % Slela3 @ EyfifT 217 > 7o, HFHEK 712 DWW TIE, B8RS 7 Ve
DY T RELTEELBL YV arerr MRy E% e MIREEER MR L, RT-gPCR IZ X >
TREBH~— D —ORBLZIEEL L TR V== T2 T o0z, U LD LY © hFRZsHmac

BWT, A iaE M OFEICIT7 6 < 7 VR 2 [FE LT,
2



MARBEE 2 : T~ raREERWEREET VIHEEEDOREL

PR 0 - Il L OEHIC L . v MNEEMRE AW T~ VEEIT o To, T~ otk &g,
AR~ T ARIMBE D Y% T o 7 W BRST U | RO N ISR T B AR - IC B A Oy TiREN & T ~ L
JeL LTRIET 2 2L T, sl o 2 #ET 5 2 LN EFENTIE TS 5, KF -SRI
AR T O Z TS TE DR D, FEERBROSFICE N THIWERHEE & L COFABEI T
%, AT, b NEEHBOHETR 2 W7~ RIEZITV., KIS ICBT 2 B b MiafE % /5T 5
TV AR M — =& FE LT, ZD%, @RBEDC T~ AET—2E2BE L, Mo EFTI~
V=B =AY NVRRGT IR B T B ER T (PCA) FTIC K s T GMMIC LTz, &6I2, 24 &
AR MG (MCR) & W ffT 24T 5 2 & C. @B ) R B 23L& 9 2 M o R RICRr Y
\TAFET D AT RV & R U, BB, MO E R TEDSH D T~ AT FLpsr e LT 3
FOAXT MVEFEEL, 2055 1201, EEOKEHEMOEE ETHNO E T 7 FrmiEs T~ v
7 U =TT 5 Z LT LT,

3. WEBEROER

AWFZEBRFE CIMVAMLATE~ A 7 a X Z = FAREET VL, & MNEDEK & REOHESTAFES D I
B & WRE B R 72 S 2 SR A 1572 b O T, ZOREE A in viro THELT S Z L T AKIC
IWEEPHBETE DO TIERVNE WO RGOS EFERFRE A DT, AR TIX, B I MMEE %
59252 & TRVIEWEREEENHE S, REMIRD SR by — o MBI TE 2R M LT,
IR E DM E OBSBEE M 2 R 5 L O Th D | REHHIILO AR —HEHIAEZ B9 5 87 7= e
RAaRftd 2,

BUE, BRRICHNEA TV DARERER V— M2 HWEBEIZBW T, BEREMYPEE LWL, i
BOREHFRITTH ROV HERBELATE ST, IBROBELHA RO TWD, BUE, MMEEL -
TR LS U CORZ G HERER - fRAF Sl e hEE (T ua & —24) OFHABRAELN TN, &
i >EEE VS TRENH D, WFFEBRFRI IE - ROVMBICERE Lo~ A 7 a2 — o Fud, ERTH
SN D MM 2 N TANCT A v LIz R ENC. K52 D BRI O 14 E9R5 F 0 B M CRIFZEBI S 03 e
DITE T, AR TIE, ~A 7 a"\Z = TP ERWTEREET VORRICKRE) L, BHEERO &7
ST RIFRCAMERBRRE DT T > N7 4 — 2 & U CRIRIE &,

KBRSy WA — Ve A HlE 92 A T = X L OB, R —MEDMERE T 2 B E AR B 7 Bt
T LTI A~OFIEA IAEN D, FriT, MG & W 5 REIGIRSCHIME & W o 7oy £
B ABE O M & 28 S8, BRI O BB 7R TR RBREE A R O TV D AIREMEZ R L, TR E ST ARA
FEFT D2 ETH LW FENORENIIRF SN D,

Research background and Aims

Since the successful treatment of burns by in vitro culture and autologous transplantation of human epidermal stem cells
in the 1980s, regenerative medicine of the skin has made significant progress. However, their clinical application has
been limited mainly in the reconstruction of the skin epidermis, and it is difficult to reproduce the complex structure of
the functional skin, including its connective tissue. Principal investigator, Dr. Sada found that the undulating structure at
the epidermal-dermal boundary of the skin is associated with the localization of a heterogeneous epidermal stem cell
population. However, current in vitro skin models do not mimic an uneven structure, and there was a need to establish a
3D culture model and parameters to evaluate the heterogeneity of epidermal stem cells. The aim of this study is to
establish an in vitro skin model and a functional evaluation marker for skin as a three-dimensional tissue: Aim 1: To

develop micro-patterned gels that mimic the skin's undulating structure and are used as scaffolds to provide the
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mechanical conditions for building skin tissue in vitro. Furthermore, by identifying factors that regulate heterogeneous
epidermal stem cells, the project will establish a basis for more stable regenerative medicine by reducing the decline in
stem cell capacity under in vitro culture conditions. Aim 2: To identify the biomarkers that define the undulating structure

and stem cell heterogeneity in skin models through antibody staining and measurement using Raman spectroscopy.

Results and Discussion

Aim 1: Development of a skin model using a micro-patterned gel scaffold that mimics the undulating structure of skin

In this study, we investigated culture conditions for constructing skin tissue in vitro using a micro-patterned gel that
mimics the undulating structure of skin, and succeeded in establishing conditions that can induce differentiation and
multilayer formation. Primary cultured human epidermal stem cells (keratinocytes) were seeded onto the micro-patterned
gels, followed by high calcium and air-liquid interface to induce epidermal differentiation and stratification. As a control,
flat gels were used as scaffolds and cultured under similar conditions. Although this culture system using micro-patterned
gels have reported with human oral keratinocytes, similar protocols did not work well with human skin keratinocytes,
and gel and epithelial detachment was a problem. By improving the culture conditions, three-dimensional culture
conditions were established under which stable epidermal structures were formed and retained on the gel.

Skin models were freeze-embedded, sections were prepared and analyzed in comparison with human skin tissue using
epidermal stem cell markers with different cell division frequencies, extracellular matrix, and epidermal lineage markers.
The results showed that the thickness of the epidermis was significantly increased by an undulating structure to the
collagen gel, inducing a three-dimensional structure morphologically similar to human skin iz vitro. The micropatterned
skin model was also found to be able to induce basement membrane formation, epidermal stem cell differentiation and

stratification, and the mitotic pattern seen in epidermal stem cells.

Aim 2: Establishment of a skin model evaluation index using Raman spectroscopy

In collaboration Dr. Sugiyama, Raman measurements were carried out on human skin tissue. Raman spectroscopy is an
optical technique that can estimate the structure and composition of biomolecules in tissues and cells. It is expected to
be utilized as a quality assessment method in the field of regenerative medicine due to its feature of being able to acquire
information on biomolecules in a minimally invasive and labeled-free manner. In this study, Raman measurements were
performed on unfixed frozen sections of human skin tissue to identify Raman spectral markers that separate different
cell layers of the skin. Subsequently, high-resolution Raman measurement data were acquired and subjected to principal
component analysis (PCA) analysis, which revealed that the spectral components of the Raman markers differed top and
bottom of the tissue undulation. Further analysis revealed abundant spectral components at the bottom of undulation,
where epidermal stem cells with a high frequency of divisions were present. Finally, three spectral components were
identified as Raman spectral components with differences top and bottom of the undulation, one of which successfully

visualized the signal differences of them in a label-free manner on an image of human skin tissue.

Future perspective

The micropatterned gel skin model we worked on in this R&D was inspired by the characteristic undulating structure
called the rete ridges that exist at the junction of the dermis and epidermis of human skin. In this study, a thicker epidermal
structure was induced by adding an undulating structure to the scaffold material, and a system was constructed that could
reproduce the division and differentiation patterns of epidermal stem cells. This suggests the functional importance of
undulating skin structures and provides new insights into the regulation of epidermal stem cell heterogeneity. The skin
model using micro-patterned gel developed in this study is highly valuable not only for transplantation medicine, but

also as a platform for drug discovery and cosmetics development.
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