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Control of the differentiation of three-dimensional cultured skins by light
illumination and investigation of the changes of their spectral characteristics
during cultivation
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Three-dimensional (3D) cultured skin containing vascular networks has a high
tolerance to infection after grafting due to early adhesion. However, it takes long time to induce
differentiation of epidermal keratinocytes for forming a stratum corneum, which is responsible for
skin barrier functions. In this study, we demonstrated that photobiomodulation can promote
differentiation of the epidermal keratinocytes and hence improve barrier functions of the 3D
cultured skins. We also demonstrated that diffuse reflectance spectroscopy is useful to evaluate the
state of epidermal differentiation of the 3D skins nondestructively in situ.

photobiomodulation



¥ X C—19,. F—19—1, 2—19 (58

1. WFZEBRME Y IO &

Fex ODHIKRETE D LIEIL, KNOK BESCRIEO TR A% 2SRRI CH JF AR 2 B D1
(NUT) &, EMOMEBICR AR R ZE 2> TS, FO-d, BRESMER LIZL Y &
DN IRFEPH DA AL 70805 2 52 1T 7o 55 8 i3, BREIC X A 1RE (FiR) B8 ETHDH, Ll
BITE, RFROBHRE (HAER T SV RRE) O EX, BN R —FREIZ L0 D TR
ETHD, o, NLRECEERELBHEICAHNON TV, ZDI1TE A ENMEMEEZ
Ffiz7p 0z, B OMiE GBSO e & OERR) OFEBE | JYITHI & ) KoEn
HDH, TITHLAIT, KIRKRFZOA « MG 5 23BH %8 U7 M #E 2 FF > = T8 8 DI
H U SRR Z B LTz, RISREE LS~ U A DO K2 RIBANCBAL T 2 R 21T - 7ok 5.
WL B0, BRI OBEHIEOND Z ERR I 2, —F T, BEREHIC
T 7R ST e o 72, 12, GO THRERH ) R OAERBNER INDET
WA 1T OMEFEHIM N LETH Y . ZIRICEE S 2 R I E T2 2 L BNINEER Z &
Thb, BT, FROSEORELEEZETIZ in situ (FD) T+ 2 FENFE LR
ZLThHD, R TIEFHIN A B L LT, 2R OEERRT D720 D FIEIZ W TRET
BiTo77,

2. HHFEEOHEW

(1) YA X 2 L0

SUTTHARIE DN Y THEREE, RO IS E D BBND 0, ZOEEERETS 2 LT
BEMMZEE CTX 5 B 2., SHAEKRHETERA (photobiomodulation, PBM) % )& L7-, PBM
I, AERICIRSREE O Y% R LA O IR AT S5 2 21T 10 | B AIEHLRIG %
FHT B FECTH S, BEAGLE LT, I bay K 7 OBHEEROFMEER THS > b n
Lo AXRTH LI, A DT AR ORI E— 2 R A S, TR bR DL
L0 ETRERUSMEE S, 77 /2> 2 VR (ATP) IEAEBRTE (ROS) 72 Ko fe/k i
PRIRT 5 Z L AMBATNS 9, ROS MDY 7/ MEEZ I L. RO LIc
2% 2 &0 0, ABFRTIE PBM IC X Y SRS BT O KO S0 BT X 2\ hiii
21T o7,

(2) PEBH 53 JIEIT £ 2 70k in situ 7

CIVE T ZRITEE AR BUE O R O LI E A (AR AD) 12 &V Rl 21T » TE 7223,
HUIE D 3L DI FE 135558 D BREE-PHAER EO DTN RIENICE > TEH DI RELTRT Vo,
in situ (Z£0%) TIHEMIRAYIEHE T E DM O KO DN TND, ABFFETIE, Mz
KT D MR 53 F O AR RE &2 I RARAFAY 22 WL+ BELRFPE LS 2DV TRERT AT RE 2R RS 53
EEHNT, REO/EDORREZ T T E 72 W RET 21T - 72,

3. WDk

(1) FAERTEEFC L D 0 b o #E

B b RJEMRHESE MG (NHDF) ORMmEZHEEMEY VI E (T4 7ax s F 8T F V)
WX oE L, v PSRN B (HUVEC) & & bz F v —A Y — MR L,
BREEME L, BA, 20 RICIER e NREZAMIE (NHEK) 28R L, REBEEHEE LT,
EHIZEOBANSER ZRIEFMEICT Z & THObFEA2BMB L. 5 BMESE L C kT iE
ZERIL 72,

LB ERGER LY . A o — bOEmM BEEEEOERM) o Efiv hrabce F
XA —P ORI B OE LR 823 nm @ LED Y& (25 mW/cem?) % 400 # (10 J/cm?) .
2000 7 (50 J/cm®) E721% 4000 B (100 J/cm®) W& U7z, Z @ PBM % 24 BRI (2@ H L1z,
BB TR, BROMME~—T—F R0 BETHDHT 4T 7 o OB A G F e 1%k
& ELISA (Enzyme-Linked Immuno Sorbent Assay) ¥EZHWTEHMEi L7z, £/2. RO L
DN N THEREICOW T, MM OREANREIC /D Z EI2 X AL 58 ERESIEN
(TEER) ZFHAI L CRMli L7z, 25 OFERIZ OV T, PBM IE#EH OREERE (2> b —/Lif)
L L7,

Q) YVEBRET 3 V6B X B 506D in situ 24

SWRTREEREOFE (FEM) T 7 A = EEMIE, BEHAOT 7 A =S
VI UTIEEN L B REICHEE Lo, F LGRS Lot (MRS 2R o
77 AN—THH L, ZFOME % TRy J6E Tl Lz, Z OFH %2 LB B 1A E % (Day0)
M5 7 B (Day?) FCTREFIICITV, IEBUE R & F ORI 2L OB RRFEMHEIZ W TRt &
1T-7,



4. WFTEARR

(D) SAEEFTEER I L Dbl #E

T4 77V OREMB LR AE R AR 1R, T4 77 ) CORB AR THEOEE
LTRSS, X To PBMEHAECIEEAR (= hr— i) X0 KL TRy, B
TN ANENE ERBLNY 2 DAEM DMERR Sz, ELISA TEIC L 0 BBl &% E &7 L 72/
B, 100 J/em BBEEECE END 74T 7 U UiFa sy b r—ABEOR 1.5 5%, b 2 BED
NI AR BEEZNRBO N, 7477 ) VI AEIETr 7 F il LS - BEE L,
AEREEZREICT L2 ENRMONTNDTED, ZORBLEDOHRITIANY THREOM LIZFHST
HZENHIEEEIND, I, HEERIED AN THEREA R TEER Z3H L 72/ B2 2 12T,
PBM i A IX = > b — L BRICK LABICEVMEZ R LT, ULEDORERD G| IR JE DORG#
HIZPBM 2T 5 2 L1 L0, BEODGLEMRAETE Y THEEE ORI B 70 e 2 450
TX D AEEMEA R &z, PBM 1T, MEEEREE CORBNME R Rt I TEH T %
RSN D L, 2 CREFERI ATHEZ LED SRV ZHTE 5 2 L0, @V ERMEN#E S
No, Gtk ARz b LT, KEFEPOLEO =R A FIZ PBM 2@ % 728 @ LED 73
Wi SRR EE OB 21T ) TETH D,

(a) Control (b) 10 J/cm? 5000
4000 ]
|
@ 3000 F
i .
2 2
(c) 50 J/cm (d) 100 J/cm | I
1000
0
Control PBM (100 J/cm?)
100 um
B1 74727 O%Eiaik Yt mG: B4 2 NV TR A R TR BB AR STE

Q) YEH Sy BT K D0 kD in situ A

R 72 3 I E OB S R ORI Z LA ¥ 3 1277, 1100 nm (FAHARIC B2 IR 7¢ <
BOELS LA 70 i = . 1204 nm [ IAEE OISR E 72z, 1440 nm [ZK DRI K & 723 KT
H5H, WTNOESIZE W T, IEE 1T 1100 nm, 1204 nm, 1440 nm DJEIZE < . K E
BT ARESCKICEAHRINORE X ZM L TWD EEZLND, FFEELICERT S L.
Day0 2>5 Dayl {20 TiEWT OB E S —@8rICiE L2, ZoRITERIKTFEN: ERN R
Lz, F9. 1100 nm Tl Dayl 2>5 Dayb [IZBHE R ERNRBOOLNTZRN, FOH% I HIZEAKIC
FH U7z, FEER T ORI E 2 Mk F e (ERE) LR (K4 ckiux, £
AL Dayl 25 Dayb (22T TEE~FEE L7222 B EkE L, Days DIRIINIE L CAEE
L T\, Ledi-> T, RELOEB RO R RIZ ki, RMEOEEZEIZ X 5 #ELiE
B FRICERTAEEZ OGNS, F-. 1204 nm OB H =S 1100 nm & [F U L H &k L
7o, eI E & H12 1100 nm & DZEFIRE L 20 el 72, 2k, AEBICE EN 5 MiaMIEE
IZEDMINDEETHL EE2 BID, —JF. 1440 nm OIEEE I, Kl Xk 2RI D 28T
FAARVMEZ R L7225, Dayb DAREICfE e BRSO HT-, Zhiud., Bk AEE O
WX VKD U, BERR SR L2 L BRI, DX, ks ED
P SCH 2 T35 Z Lo kv | REOLOIRRE Z FEMIERIM C & 2 ATRetE N R ST,

01 Day0 Day1 Day3
© 0.08 iy - :
§ 7 - =t
T
©0.04 1(Fm
£ 21204 nin "
a g
S i SN L
0
0 1 2 3 4 5 6 7
Day

4 3 GRS R ORI ZEAL 4 4 ZIRICHE R BE O REZAL



M. Matsusaki et al., J. Biomed. Mater. Res. A 103, 3386-3396 (2015).
Miyazaki et al., Sci. Rep. 9, 7797 (2019).
Karu et al., Lasers Surg. Med. 36, 307-314 (2005).

H.
T. 1.
R. B. Hamanaka et al., Sci. Signal. 6, ra8 (2013).



3 2 0 1

Miyazaki Hiromi Tsunoi Yasuyuki Akagi Takami Sato Shunichi Akashi Mitsuru Saitoh Daizoh 9
A novel strategy to engineer pre-vascularized 3-dimensional skin substitutes to achieve 2019
efficient, functional engraftment
Scientific Reports 7797/1-10
DOl
10.1038/s41598-019-44113-6
Tsunoi Yasuyuki Miyazaki Hiromi Kawauchi Satoko Akagi Takami Akashi Mitsuru Saitoh
Daizoh Sato Shunichi
Viability Improvement of Three- Dimensional Human Skin Substitutes by Photobiomodulation during 2022
Cultivation
Photochemistry and Photobiology
DOl
10.1111/php.13642
485
Photobiomodulation 2022
OPTORONICS 74-77
DOl
7 1 3
46

2020




2020

2020

28

2020

Miyazaki Hiromi, Tsunoi Yasuyuki, Akagi Takami, Sato Shunichi, Akashi Mitsuru, Saitoh Daizoh

A novel strategy to engineer pre-vascularized 3-dimensional skin substitutes to achieve efficient, functional engraftment

The 8th Meeting of the International Federation for Artificial Organs

2019

Yasuyuki Tsunoi, Hiromi Miyazaki, Takami Akagi, Daizoh Saitoh, Mitsuru Akashi, Shunichi Sato

Viability improvement of three-dimensional cultured skin substitutes by photobiomodulation

17th Medical Biodefense conference

2021




Hiromi Miyazaki, Yasuyuki Tsunoi, Takami Akagi, Shunichi Sato, Mitsuru Akashi, Daizoh Saitoh

Evaluation of pre-vascularized 3D skin substitutes in full-thickness skin defects

The 13th Asia Pacific Burn Congress

2021

Photobiomodulation ( )

Optics & Photonics Japan 2021

2021

6956340 2021




