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STZ: streptozotocin

TEWL: transepidermal water loss

AGEs: advanced glycation end products
MMP: matrix metalloproteinase

TNF: tumor necrosis factor

SPF: specific pathogen free

HE: hematoxylin eosin

IL: interleukin

ELISA: enzyme linked immunosorbent assay
SD: standard deviation

RAGE: receptor for AGEs

MCP-1: monocyte chemoattractant protein-1
SGLT: Sodium-glucose cotransporter

TGF": transforming growth factor

HAS: hyaluronan synthase

QOL: quality of life

NF-kB: nuclear factor-kappaB
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Figure 1. Schema of the study-procedure
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Figure 2. Effect of diabetes on body weight, water intake, urine volume. and blood
glucose levels in mice. Type 1 diabetes model mice (A: STZ). non-obesity type 2 model
mice (B: N-STZ). and obesity type 2 model mice (C: KK-Ay/Tadcl) . The values are

expressed as the mean + SD of six animals. *P < 0.05.
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Figure 3. Effect of diabetes on TEWL and skin hydration in mice. Type 1 diabetes model
mice (A, D: STZ). non-obesity type 2 model mice (B, E: N-STZ). and obesity type 2
model mice (C, F: KK-Ay/Tadcl). The values are expressed as the mean + SD of six

animals. *P < 0.05. a.u. ! arbitrary unit



3. AGEs ~Di s
TRTCOPERIFET /L~ ZBNT, AGEs DIt A%~ 7 2T~ &I

L7, FTH STZ =7 XL 2.8 [ A s~ (Fig. 4)
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Figure 4. Effect of diabetes on the plasma level of AGEs in mice. Type 1 diabetes model
mice (A: STZ). non-obesity type 2 model mice (B: N-STZ). and obesity type 2 model mice
(C: KK-Ay/Tadcl).The values are expressed as the mean + SD of six animals.*P < 0.05.
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4. T —7 DR
TRTCOFERFET NI AT, BREICBITS23 7 =7 U EERx R~ 7 22T
Wb L (Fig. 5D,5E,5F). N-STZ ~ 7 235 & (N KK-Ay/Tadcl = 7 2 Tl K X 280 8 7, 5

N7z

=2 Wiy
KK-Ay/TaJcl

Figure 5. Effects of diabetes on collagen expression in the dorsal skin of mice.
Histological analysis of skin sections, HE staining, and Masson-trichrome staining. Type
1 diabetes model mice (A, D:STZ). non-obesity type 2 model mice (B, E:N-STZ), and
obesity type 2 model mice (C. F: KK-Ay/Tadcl). The data show 1 representative

experiment performed on 10 animals. Scale bar = 100 um.
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5. BB IVA T —/7 o ~pe
FEIEFBIZB T 5 IV T —57 O3B, STZ ~ 7 A TIExti~ 7 AT L

7273, N-STZ ~ 7 A & KK-Ay/Tadcl ~ 7 A T2 LIT A 57 -7 (Fig. 6),

Control Control Control

STZ 'N-STZ  KK-Ay/TaJel

Figure 6.  Effects of diabetes on collagen IV expression in the dorsal skin of mice. Type
1 diabetes model mice (A: STZ). non-obesity type 2 model mice (B: N-STZ). and obesity
type 2 model mice (C: KK-Ay/Tadcl). Arrows indicate the collagen IV. The data show 1

representative experiment performed on 10 animals. Scale bar = 100 pm.
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6. MMP-1, MMP-2. MMP-9 ~ 245

STZ = A ClInE~ 7 2k~ MMP-1 I 2.9 f%. MMP-2 |3 3 f2. MMP-9 (% 5.3
oA RS>z, N-STZ =7 2 & KK-Ay/TaJcl =7 2 Tli, MMP-1 DIiEd iR »
BEMU 7225, MMP-2 & MMP-9 OREEICK Z 22 LIT R o iz d o 7= (Fig. 7).

A B C
= %
100 e _ 100 o~ —— #*
B E ) '3
= B | et £ B | <
oS50 KN o - 50 7 A
B = B a <
= 2 = <
= = =
o—— 0l
D E F
*
_ 100~ 100~ 100 #
E E g 2
g g Ej ® =
: : io- -
S S = <
= = s
0l

G H I
%
A150 A150— 150 "
E E E e
£ 100 ERUU S 100 e 8
2 3 % ® 2 Bz
S 50 S sol- ' 7 £ s ®
0 0

Figure 7.  Effect of diabetes on the plasma levels of MMP-1, MMP-2, and MMP-9 in
mice. Type 1 diabetes model mice (A, B, C: STZ). non-obesity type 2 model mice (D.
E. F: N-STZ). and obesity type 2 model mice (G, H, I: KK-Ay/Tadcl). The values are

expressed as the mean + SD of six animals. *P < 0.05.
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Figure 8.  Effect of diabetes on the expression of mast cells in the dorsal skin and the
plasma levels of histamine and hyaluronidase in mice. Type 1 diabetes model mice (A,

D. G:STZ). non-obesity type 2 model mice (B, E. H: N-STZ). and obesity type 2 model
mice (C. F., I: KK-Ay/Tadcl). Arrows indicate collagen IV. The data show 1 representative
experiment performed on 10 animals. Scale bar = 100 pm.The values are expressed as

the mean + SD of six animals. *P < 0.05.
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8. b T R~
b7 va o mETEE L. N-STZ ~ 7 A & KK-Ay/Tadcl ~ 7 A CTHEIZHAD L7223,
STZ ~ v A TlX, ®~7 A& K& BT /en-7= (Fig. 9A), & 7l o miEhjE

L, et~ 2 L ik LT KK-Ay/Tadcl ¥ 7 2 TR b & 72> 7= (Fig. 90),
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Figure 9. Effect of diabetes on the plasma level of hyaluronic acid in mice. Type 1
diabetes model mice (A: STZ). non-obesity type 2 model mice (B: N-STZ). and obesity
type 2 model mice (C: KK-Ay/Tadcl). The values are expressed as the mean + SD of six

animals. *P < 0.05.

16



9. IL-6 B L TNF-a ~D %
IL-6 & TNF-a O L, N-STZ ~ 7 2 & KK-Ay/Tadcl ~ 7 2 THEIZ

WAL=, STZ ~ U AT RERZILIZA L0 -7 (Fig.10),
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Figure 10.  Effect of diabetes on the plasma levels of IL-6 and TNF-a in the mice. Type
1 diabetes model mice (A, D: STZ). non-obesity type 2 model mice (B, E: N-STZ). and
obesity type 2 model mice (C. F: KK-Ay/Tadcl). The values are expressed as the mean +
SD of six animals.*P < 0.05.

AHRFFETIE, STZ ~7 A, N-STZ ~ 7 A, BLOKK-Ay/Tadcl ~ 7 A%\, FilER e
BT OMRNEIT T, RO T —57 U EIZT X TORERFET Vv~ 7 A THAD L,
FElZ KK-Ay/Tadcl ~ 7 A TREZ RN E LN, BEBRED IV aZ—5 2 ORI E|IC
BWTIE, N-STZ v 2, KK-Ay/Tadcl ~ 7 A TIIZALIZR b2 h o728, STZ ~ 7 A
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TIERE WD Lz,
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Z Tl MMP-1 ® % E5H-. MMP-2, MMP-9 (2 oW Tl kX R LT A b e hoT-, KK-
Ay/Tadel v~ A Ti, K~ A MIROFRBEE HHIN L AZ I e T rr =4 —
BRENRKE S LA L, e 7 ve VBREIX KK-Ay/Tadcl ~ 7 A TRE B L, £z,
IL-6 & TNF-a 2% N-STZ ~ 7 % & KK-Ay/Tadcl = 7 2 THAN L7273, STZ = 7 A Tl
REREGITR S22 > 72, 1 IS KO 2 BE RIS E 7 /L~ U 2 Dl CHJEK sy & O
L0 | WL E NS, 1B E 2B OBERFE TV~ U AT, TR D3
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EoOEEL, K51 G BEAOIEELZE U T NFkB 2900 & LIZEETGR 0 U bz
FET D, TORMER, MMP-9 OFIN LR L 20, LERD IV o T —57 0 2 0fFd %
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OoWHMEEE S (Fig. 7). FE(Fig. 6) M S CABIC LW TEWL 2388n L. 55
ELTHBEEPFESNZEEZDND,

2 BUBEIRIN 22 8 5 BT Tl IER L2l Ofic~ 27 v 7 7 — U imiNc iz L, e
T ORENMIRA D TNF-a 282 < 3 S 4, RIEVEY A NI A ORI Z 5 29, IR
BT, BERE(LERT MCP)-1 DX R ENA R 3uSh, Ml~7/mr77—Y
V%, IEIRARR TR S D MCP-1 OZFIKTH D CC el A V1K 2 Z BRI B3
% 30, ARFZE TR IR 2 AUBE RS 5 L~ 7 2 Th 5 KK-Ay/Tadcl ~ 7 2 Tld, M1
~ IR T =N ENDRIEEYT A A U~ T AT 2.6 EHENL T

W= (Fig. 10), 2O DRIEMY A A A R~ 2 M ZiE LT 52 L T, <A M
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fant e A% I Uit ssd) (Fig. 8), if S 7 r=F—EMN3 b7 /ln
VERERT HZ L TIRIBNDR T EAREREOWREGIZHR I LLEZOND,

N-STZ ~ 7 A Ti%, TNF-a, IL-6 381 L T\ 52, KK-Ay/Tadcl ~ 7 2Dz, HE
MR & DU L~ D 72 < e T m CEROIAD & RREEIZ I~/ NS v o 72, MMP-9 O
e IV R 2 7 — 7 v O fRIIBIE SN o T, L L a7 —7 3 U Cilg e
B SN TS DT, AGE-RAGE RIZE > THE SN D RIEMY A b A 0IEMEE SR

NEE T =7 BT 52 EMEAG L TWADTIZRZWNEEZ LD,

FOHE /NME

ARFZETIE, 1 BBERRIFR R L O 2 BUHEFRIR DWW T b BERR S N B S =23,
FAVENDPERIE CRUMER G OMF 72 D 2 L RSN T, VRS ITEAZFHER L,
B REGYEDRRIZ bV 52720 BERIFEFEIZ L > TRARBBED—>ThH 2,

1 BUBERIE ClIE, mibE2 > AGEs O X 0 @R ERBLNFE SN D Z L b
BEa s hr— L OFENEBETH D Z LR S, 2 BUERIE CIRAETIC X 2 A
OIS A M IA N KV EBREERRBT 52800, KEaY b — Lo
AbZR & BRI & A THNCHL IR E R B 2 R 2 Z LIC k), BEOEEFEDE
(QOL) [ Lz 222035 b D Th D, AFFITBWTHaRMAAES D 2 LIk, FEIRFIRHE

DEBEVEZRRT L HDIIRDLEFZEZLND,
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\)
il

KK-Ay/Tadcl 7 R |ZEBIT 5

FR7 ) Tm Y oG TRET HRIRRFITOWT

=3

[

H1HE K
AR, BAEIEORCK LR B OB BITHE, FERF BB LN ZOHIZEIN L T D, 2
FREFRIBR OIRFRIC I, TR EIESE L MY BENEE L 725, 2 A RIE N EIT 5 & B

. MAMRIE, FRRERETE, /LA

B

NoifEZE 72 & OGPHEZ | Ef 2 J e B 5 39, HEW)
RO BANT, = e — L2 EF LS E, 2RO OEROREBLEEREZIMZ L2 LT
b5, 2014 FIZHEIETOT N MR ZH 5 SGLT-2 EAIZSEMIGER S vz, 2
» SGLT-2 FHFEANL, 1 v AU VIFEFNIChbEL = e —d 5 2 &b EERD B
fa~OBEMERBTE 5, LorL, IRALZEBENOITRGHZEEREEORBIALPHE I
7oo TAUC XY BARBERFEYE 22 [SGLT-2 FAFEHE O IEREHICBI 3 %2 Recommendation |
ZR L CEERSG KRG 2hIET 3 §2d# I Nz,

DL RO L, MER, ERNY T e UCHRE L, SREEIL. 7 LIV S RO
PMRALRL TN 30, EYYERT LIV —DFIKN E 20D, F/o, WIREEIZE D hdpir
WAETLTED, MEDLLIFICLVRIENOELS oD T 57 37, RJENY THEREZ E
ISR T2 2 ENEETH D,

FATHFZE Tl 2 BUBEIRIFE T L~ U ACRIT DG T vn Ve a7 — 7 v OoRidb b
Ble i 8839 FMREENRIT D EARINTND 40 | F/o, Fkx REBIZENT

HIRREDOFRBUC, a7 =7 ORDPRAIIN TN 449, ZDaF—r7oRdiE,
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BEROREL RGN THERTICE b0 EEZ LN TV, KK-Ay/Tadcl ~ 7 A,
JEGR 2 BUBEIRIGET L CTH Y . FRIARIIE S IIEVEY A N A O R BN S

T4, BAEFHIC~ A MRS S-9 5 2 LIS KV RREE N FE S LD 40, SN,

NN

KK-Ay/Tadcl ~ 7 A DM E~D Z 7 ) 7 a0 B HIZBIT 5B O TR 5,

<

AWFFEIL, HeEo (SPF C57BL/6N ; 10 ##n) 35 X0 (SPF KK-Ay/Tadcl 5 10 i) @
~ 7 A (CLEA Japan Inc., Tokyo, Japan) Z i L7z, ~ 7 AL, W 23 + 1°C, 12 I§fH
OHREYA 7L (Light:8:00~20:00), #EAK & EEEE B HICERSE7-, 4 BE%ZIC
KE (2, FOKEML/A), K& (@DERE L, 512, &~ U AORERD HEMm L T,
MBS 2 8E L7z, A2 300 mg/dL BL ED~ 7 R ZFERP & Lz, Fifiid~> hv
B — VIR CIT B O8RS/ NRICT 2 K 9 BT, R TOEMWFERIL, R

FHEERFEEBIRE OKRRE S « 55 34 %) 1THE-> THEME L7,

2. AR7VTaVU BN
&7 ) 71 (Carbosynth, Compton, Berkshire, UK.) % 1 H 1 mg/kg % 4 i [HiHE

HRE A L, SBREECIIARE KR 25 LTz 47,

3. TEWL & X UAJEK o EDORIE

FERENY THSBEDFRIE L LCTHRT Y 7o Ul NS AR KBS 4 B B IS O
TEWL £ L O JE /Ko &2 HET 5212 Tewameter TM300 (Courage + Khazaka Elec-
tronic GmbH, Cologen, Germany) ¥ X' Corneometer CM825 (Courage + Khazaka

Electronic GmbH) Z{#f L7 48,
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4. HEBEOTRE L

~ U AOEEFERR L, ) CERERRER 4%/ 37 RV LT VT e RCREE Lc, EE
%, Tissue Tec OCT => 37 F (Sakura Finetek Japan Co., Ltd., Tokyo, Japan) T
LT, WEEUIR X Sum (UL, HERG Lz, 27— ORIL, ~v VY U7
11— A% (trichrome stain kit[modified Masson's] ; ScyTec Laboratories, Inc., Logan, UT,
USA ) ICX0BEE L9, ~ X ML hvA P 7 —Thé L, U7 % BMEE ol

2R L7z, 12— 1%, Image J software (National Institutes of Health, Bethesda,

MD, U.S.A) # V>, EEEIZ 5 o ) 724 L CEI LT,

5. ELISA(CX DM oA M U4 & MMP-1, BEORETOE 7L a U Tl
n=4—¥, HAS2 OHE

IL-1, IL-6, IL-10, TNF-a, TGF-8, MMP-1, e 7/vu g, e 7 lun=4—€ BX
Y HAS2 # ELISA % v + (IL-1 and IL-10, Proteintech, Rose-mont, IL, U.S.A.; IL-6,
Enzo Life Sciences, Farmingdale, NY, U.S.A.; TNF-a, TGF-8, and hyaluronic acid, R&D
Systems, Minneapolis, MN, U.S.A.; MMP-1, MyBioSource, San Diego, CA, U.S.Aj;
hyaluronidase, AB Clonal Inc., Tokyo, Japan; and HAS2, LSBio, Seattle, WA, U.S.A)) %
EA L CHIE L7, NS EIX. microplate reader (Molecular Devices, Sunnyvale, CA,

U.S.A) #RHWTHIE L7z,

6. Heatodr

ETOT—XITFHE + EHERZE (SD) TR Lz, SREMOMKENE BT Tukey's
post-hoc test F 7213 Steel-Dwass test |2 & - TFEli L7, fERFEN 5% AT OH G & Hiat
FHINCAHE LI LT, #EHEENTIZ SPSS version 20 software (IBM, Aemonk, NY, USA)

W CHERE LT,

22



GOSN S

(2

1. RE, #UKE, JRE, MEFE~ DR
KK-Ay/Tadcl v 7 2AD{KHE (Fig. 1A), k& (Fig. 1B). JR&E (Fig. 10), mhEE (Fig.
1D)OHERE 2ok L=, KK-Ay/Tadcl ~ 7 ADORE, kg, REIHB~T 20 8Nt
Teo —J7. X7V T7a YRR LT KK-Ay/Tadel ~ 7 A%, (KE, UKE, REIZE

WTC KK-Ay/Tadcl 7 A & RERBRITR LN oTz, —F, MAEEIZZ 7Y 7ay

PERGICE D RESIET L,

A B
ek
w% oy
- %
oy —_
600 fp — == 15.0 ¢ X3
X = _L
—I e~ _L
preley =
40.0 = 100 }
“ab —
= E
]
ﬂ i = Ofey # 3
20.0 } = R a % 50} “ i g
= |F i & & r +
= a
i +
0.0 0.0
Control DM Control DM
C D
5.0 ¢ L* 400.0 » | w% k%
= T
4.0 S
. = 3000 |
5 )
c 3.0 f H E,
C ;-f? 2000 [ %
B e R
I]I|E+| 2.0 E; s % &
I gl =] |8 H 1000 } g 3
1.0 | = g 2
a + a a
+ 45 +
0.0 0.0
Control DM Control DM

Fig. 1.  Effect of Dapagliflozin Treatment on Body Weight (A), Water Intake (B), Urine
Volume (C), and Glucose Levels (D) in KK-Ay/Tadcl Mice

Values are expressed as the mean + SD of five animals. * P < 0.05, ** P < 0.01.

Dapa: Dapagliflozin. DM: KK-Ay/Tadcl mice. Control: C57BL/6j mice.

23



A

2. TEWL & LUK BE~DE

KK-Ay/Tadcl 3 X O~ 7 20 TEWL (Fig. 2A) & fAE/K5r& (Fig. 2B) O )7 %l

FE LTz, TOREA, 4 BT TEWL ICHBEREFTR N Rho T, —J ARKTED,

KK-Ay/Tadcl v U AR~ 7 A L0 L, #3270 7r o f#h KK-Ay/Tadcl v 7 A

1% Control ¥~ 7 2 D4 F ThRb LT,

A B
8.0 90.0
Co L
~ 6.0 } -
: .
E % 60.0
340wl |a wl |z @
= & g Bg: 2 X,
= = |2 = = = 30.0
= 20 FIT |+ = + e
= €
0.0 0.0
Control DM

*%

*%

* % % %

*%

XFEREE
+ Dapa

XJERBE

+ Dapa |

Control

DM

Fig. 2. Effect of Dapagliflozin Treatment on TEWL (A) and Skin Hydration (B) in

KK-Ay/Tadcl Mice

Values are expressed as the mean + S.D. of five animals. ** P < 0.01.

Dapa: Dapagliflozin.DM: KK-Ay/Tadcl mice.Control: C57BL/6j mice.
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3. BEaT—F DR
g a7 —7 ok BEIL, KK-Ay/Tadcl ~ 7 A Cldxf~ 7 2 L 0 Ed L= (Fig.3),

KK-Ay/Tadcl =~ A 2B WX, #3707 P o BHRENXIREEL DML 7-,

Control
POgiicE:E + Dapa
%
%%
%
250000 e %
IE! 200000 } *
& I
N 150000 |
N R g =
I 100000 | | 5 = 1 g
N r + a
m i ¥
2 50000 | RI:
o r
0
Control DM

Fig. 3.  Effect of Dapagliflozin Treatment on Collagen Type I Expression in the Dorsal
Skin of KK-Ay/Tadcl Mice

Histological analysis of skin sections, performed using hematoxylin—eosin staining (A)
and Masson-trichrome staining (B). The data show one representative experiment
performed on five animals. Values are expressed as the mean + SD derived from five
animals. *P < 0.05, **P < 0.01. Scale bar = 100 pm.

Dapa: Dapagliflozin. DM: KK-Ay/Tadcl mice.  Control: C57BL/6j mice.

25



A

4. 1IL-6, IL-10, TNF-a, TGF-B8 ~ g%

f3EH o TNF-a (Fig. 4A), IL-6 (Fig. 4B) XUV IL-10 (Fig. 4C) A KK-Ay/Tadcl
AT LT, #3270 7Y ra#s Lz KK-Ay/Tadcl <7 A Cid, TNF-a i KK-
Ay/Tadcl =7 A L =N Ipho 7278, IL-6 & IL-10 1L KK-Ay/Tadcl ~ 7 A & el L C 2 %
#imL7=, —J. TGF-B i (Fig. 4D) 1% KK-Ay/Tadcl ~ 7 2D A%~ 7 2 L0 &8

B, HZR7 ) 7Y EE KK-Ay/Tadcl ~ 7 ATk, TGF-8 2 A KK-Ay/Tadcl ~ 7 A

E0bHEHITEA LI,

A B
%% %%
X %% e
9.0 f —m ., 120.0 — -
%k %k
) 1 = L
= 600 g 80.0 |
£ 2
#k = =
3 # A ° =l
B~ 300 | = |8 = a T 400 | <
Z z |4 + = £ |z g
=~ n = = | g +
ml mllb
m
0.0 0.0
Control DM Control DM
C D
e f %
120.0 I3 e 100.0 ikl *
%% %% %% %%
~~
~ _L 'E 80.0 [
g 800 } 0
) = 60.0 |
=Y -’
g e s > 40.0 ||
S a0l B |z & = =] | =
= % |& £ = %[ |2 &
a
= " = 200 S &
I—'—I T
0.0 0.0
Control DM Control

Fig. 4. Effect of Dapagliflozin Treatment on the Plasma Levels of TNF-a (A), IL-6 (B),

IL-10 (C), and TGF-B in KK-Ay/Tadcl Mice
We measured the plasma levels of TNF-q, IL-6, IL-10, and TGF-B8 in mice using ELISA.
Values are expressed as the mean = SD derived from five animals.* P < 0.05, ** P <

0.01. Dapa: Dapagliflozin.DM: KK-Ay/Tadcl mice.Control: C57BL/6j mice.
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5. HAS2, 7 hmr=F—FBE IOt 7/ E~DFE
KK-Ay/Tadcl ~ 7 A HAS2 L~LiE, #fIREEICIE~JEA L7z (Fig. 5A), S b, &3
7)) 7a Y S KK-Ay/Tadcl 7 20 HAS2 5 1x, KK-Ay/Tadcl v 29D HAS2 X
DA LT, W, BT vm =2 —P3 KK-Ay/Tadel ~ 7 ATHIML, #3270 71
U EE KK-Ay/Tadcl ~ 7 A Tid 1.6 M L7 (Fig. 5B), b7/ m UEREIX, KK-

Ay/Tadcl ~ 7 A TR~ 2 L0 Hd LTz, &bic, #3710 7y &5 KK-

A

Ay/Tadcl ~ 7 A Tlx, &7 vnm Ui KK-Ay/Tadel ~ 7 A L0 K& < L7

5C),

A
%

fa 100.0 % %%
o= Yo Yo s
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80 40.0 } *.“Q.? g
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Fig. 5. Effect of Dapagliflozin Treatment on the Skin Levels of HAS2 (A),
Hyaluronidase (B), and Hyaluronic Acid (C) in KK-Ay/Tadcl Mice

We measured the levels of HAS2, hyaluronidase, and hyaluronic acid in the skin of mice
using ELISA. Values are expressed as the mean + SD derived from five ani-mals. * P<

0.05, ** P <0.01. Dapa: Dapagliflozin. DM: KK-Ay/Tadcl mice.Control: C57BL/6j mice.

6. IL-1, MMP-1 LU~ A M~ @2
Mg IL-1 (Fig. 6A) XY MMP-1 (Fig. 6B), ~ % MllaD 3L (Fig. 6C) 1% KK-
Ay/Tadcl ~ T AR BEIML, ZORBUIF 7Y 7o oo 5% Lz, FFlo~ A

MifE & TL-1 130 & T L7,

A B
%%
+ *%
.
2000 — R
* %k %%
= 80.0 }
~ 150.0 1 E L
£ B0 60.0 }
0 1000 =
s . |E o400 | B i
- # s :E‘ & B < =i E
- 50.0 oA 5 > ® |&] [® 3
= S g 20.0 } 8
K ) > = +
+
0.0 LT 0.0
Control DM Control DM
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Control DM

+ Vehicle + Dapa + Vehicle + Dapa
%k
%%

J (X ﬁ
£
£ 800 f 1
=
g 60.0 |
& = |B
= 40.0 | S |BE
L ] a |r
K o200 | B A &
oo A

| "

0.0
Control DM

Fig. 6. Effect of Dapagliflozin Treatment in KK-Ay/Tadcl Mice on the Expression of
Mast Cells (C) in the Dorsal Skin and Levels of IL-1 (A) and MMP-1 (B) in the Plasma
Arrows indicate mast cells. The expression of mast cells in skin sections was determined
using toluidine blue staining. The data show one representative experiment performed
on five animals. Scale bar = 100 pum. The plasma levels of IL-1 and MMP-1 in mice were
measured using an ELISA kit. Values are expressed as mean + S.D. derived from five
animals. *P < 0.05, **P < 0.01.

Dapa: Dapagliflozin. DM: KK-Ay/Tadcl mice. Control: C57BL/6j mice.

AWFZETIE. KK-Ay/Tadcl ~ 7 A28 DB ERBLUT, 370 7m P ghigic
PEEIZESL L7z, KK-Ay/Tadcl 7 A TlE, a7 —7 UBBLENED Lz, X370 7
BRI EY 3T = U RBEORDIIIH S, £72. KK-Ay/Tadcl ~ 7 R
WTHLHEF D TNF-a, IL-6, IL-10 (X, M~ ALV HEINLZ, B2, #7 ) omy
YOEGICE Y IL-6, IL-10 138 L7z, #i2, TGF-8 1%, KK-Ay/Tadcl ~ 7 A Cxifi~

U ARIZHANTRAD L, 237 ) 7u P BB S HITED Lic, HAS2 &L e 7 ke ViR,
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KK-Ay/Tadcl ~ 7 A2, A7) 7a P o HEICEVAEICE S L, e 7 o= —
BIXAREICHM L7z, 612, IL-1, MMP-1, B X0~ 2 ML, KK-Ay/Tadcl v v
A TIERB~ 7 ALV FREICHEM LT, —FH, #2370 7r v g KK-Ay/Tadcl v 7 A
Tl KK-Ay/Tadcl ~ 7 2 L 0 igib L=, KK-Ay/Tadcl ~ 7 2 CIIRRRENER Y, BT
Na R T —r OB EDORREE LTEZLND, ZOFERFET L~ T A LR
WETNT, 27 =7 OB ORI, BHICERT 2HRFIC Lo T ERIShbD R
JECHDEBEZ LT, RIEWYA A THD IL-1 DRENEFITH L, <& Ml
PIEMEAL S50, 27 —F U iR CTh D MMP-1 O3 &R L, 27 —7 ORI
D5, IL-61E, e T r UV BRGREETHLE T v n = —Ea AL, BT R
UERE R D L 5283 o) 7 a VU KK-Ay/Tadel 7 A Tlid, b7
=X —E1 KK-Ay/Tadcl ~ 7 ZIZHAR 1.6 5O LY, 7 vm UERlE 3.8 5 L
72

KK-Ay/Tadcl v~V AZH TV 7y 254252 LT TGF-B OIK T & IL-10 28 |
F U7z, IL-10 WXRIEMES A MU A E2IHI L, 2T —5 v O0ff%E Bifl4 2 5459 Z &)
5, A7) a2 E LT KK-Ay/Tadcl 7 2 Tlid, KK-Ay/Tadcl ~ 7 R & H~i
BRI SN EEZE2HNT WD, Lo, REFFETIE, #37 ) 7r v v i fhb LTz KK-
Ay/Tadcl <7 A%, KK-Ay/Tadcl <~ 7 A & bilis U CRJETENEL L T, BT vmr >
BRD AR AT S 50 TGF-B 1X, #3827V 71 ¥ o 52 X v S HAS 2380 L,
FOREReTa VBRENED Lz, X870 7a Y r B EICE Y a T — 7 U BTN
L0, BT CBOBDPEREEICHR S LTS Z e RENT, Fo, #X7Y
7Y FEGIZLY | MFEEOSEITRD DN b OO, M OWEILRD v ho Tz,
L7z o T, FEMGMRRE SR DO RIEMES A NI A O 7 v a RO S fED s &
PSRN B D, I, B~ T RZF T Ta v rgb Lo b 2 A, Wil

JERFHR SN, X7 ) 7u kRS MBEETIHILL, IL-6, TNF-a/t D
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RIEVEY A ST A VB ER L. TORIEMETA M UA R Tm UBESFELTND &
ZZDNTZ, L, ZRTVT7a P BNInbDHA MIA NCED XS R BE 52 %
PEIAHTH D,

IHETERZY) 70V OFEEIICD & LSRR ~DEEBIZOWNTORET R,
RHFFER, ZNT Y TN L DEE~OEEBEE P10 CHIREE & L TR 2R T
D,
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FoEN /MG

AT TIE, KK-Ay/Tadcl (2 BUBERFE T V) ~ 7 ABWC, MREE MBI Shiz,
I, PUHERFIE CH D SGLT-2 HEED X 7 ) 7u v v OFRGIZ LY | HlEE ) X
D EAL L7z, KK-Ay/Tadcl v 7 ADF#ERFIL, IL-1/~ A M#li#a/MMP-1 &2k 25 1=
T DB E D bDORKRENEEZOND, #1377y Bh4%, TGF-B/HAS
RREEH S, e 7 vm UBREORDNFEINT, EHICIL6/e 7 vr =4 —E(Tk
LeTrm sy LR THD (Fig. D, 2O L X077 7a v 512K 5

IR ERBLZIZe T UBBOBD N KRE S BboTWnWd Z ENRBENT,

KK-Ay/Tadcl ~ 7 &

| IERRI2RUEE IR R

Fig. 7. Mechanism of Dapagliflozin-Induced Exacerbation of Skin Dryness in

Diabetic Model Mice

32



i

AT CIE, ITFERMAE LWBERGEE 0B 5 EREICB LT 1AL 2 8 JEjE
T & M D REVE & BB RIS D SGLT-2 IEHR THHH 7Y 7Y o H 51k
\F % B EREE ORI OV TIE, RIE A B S 25 W R S T b 2 B NIRIE
WED=aZ—r e n BRICES T 2 BB F OB 21T 7,

1 ETIE. BRF~ U A% LRUERYE, 2 BUBEIRA ORIERAL, MR oeT7 e L
THH L, T_XTOTTFMCBWTIHED EF- & & H12 AGEs O LR BRR N, §F
12 1 BUEPRIE ~ 7 AW CIR 2 (50 BN 5 = & T @ik iE & 72 ) AGE-RAGE
RaHE L TMMP-9 BHELRESE MRE LTIV T =7 Oninelia s i,

THIUT &0 BRI DRIED & BUF D B DK AN E SRR E~DFE L e o7z, =
MZ XY TEWL X, BERF~ U ADHFE RN LIz L B b5, 2 TR~ T A
DIERRNZ I TIEL, JENVHIIE & RIEMEY A S A D TNF-a, IL-6 2 &~ A b
MIZHT 22 L T AZ I VAW IND, TOEAZIVNeTvr=F—BEiE
ML e T ve VEEE G RT 5 2 L CHIBRENAE LT LB OND, 2 RBERF~ Y AD
AR RITE LBD LT D 2 &0 b IRRL 2 BUBEIRIF ~ 7 A ORI e b B3
WDRBL L7, FEAERR 2 AUBEIRF ~ 7 AZEB W TS B2 A MEEDS L & Bbit b,

%2 ETIE, MR 2 RBERE~ U A Z o T, AT ) Tu Y U REITEBT DR
JEFBLA T = X D% e LTz, Control MFREEICH X7 7m Vv a3 5 L L1, v A
B, MMP-1 OIRA R o7z, 1= T =7 U RBBRICRERBITR 68>
oo WICHEGAR 2 BURERG~ 7 AH N7 ) Ta s kighd sl -1, ~ A Mila,
MMP-1 280 L CI R a T = U &n» MLz, Ziud, #3270 7a o 51280

BEEN R X ST THRE LI-Z L TAGEs S ULRIEVES A A Th 5 IL-1 O
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DT AT =7 DR EMA T RSN D0, SH%OBGEEN LI TH D, R 2 5
BEIRT~ 0 ACH R Ta Vs kb3 5 2 LT TGF-B O L0 HAS 236 L,
b7V a RGO D & TR EIE DN T, RIS, JIfEY A A T
&% IL-10 MM LIS D 6, RIEPEY A U A D IL-6 N5 LT, &7
Na=F—ERHEML T 7 m CER RS VTR L, ZHUC K ViR e T
7= (Fig.7), ZO IL-10 1ERBRIZHARTH T Y 7 a oo &b IR 2 BIERE, 2 LT
JEGE 2 BUBEPRIG~ 7 R X R T Y 7 a P RGO TTHEIM L TWD, ASRITHNH:
ARMIATHLZENS ZHIZEHL THORGERLETH D,

UEDZ &6 BERFOZ A 7T K0 R ERBLOMTF R0 | KT 2 BRI
BT DML S DI EAZIE L T\ Z RSN, =27 —7 &, B
2 BUBERIR~ 7 AT LIZIC AL LT X7 ) 7 a0 B EIZBW TN L TV 5208,
RL I L CWe, TSRV a7 —F 0B LY X7 ) 7a v o BERO
BERFFIZIX e T vm VORI RRE S DS TWD Z LRI T,

ZNR7 Y T7uY i e 5 SGLT-2 FFERIT. BRI ZT Tl < O o
AN OIFIEN R &L FRIR TOM R Z LIS R R ERE SN TE TV D,
L)L, BEBSG CERENDORFANE L OO, FIFREEICET 2 HMEN DN E53,
B STV D, ARBFFECIE, BERIFRAA O B AEFRERE A I D c L, S BICIREED—
DTHDLENT ) T7u Y DG XD REEERBOATREMEIC OV T H R 5 Z &N
T& =, BERFIAIEIL, B 22 S B CEHETH D Z LIFAMOEETH L, L
L IR RIUET 2 72 DI BFIEIR D HBL & 3 D QOLAR T OBLE Bk L TR T 5
T EIETERY, HERFIC & D RJFERIT. BRR L TOEREIRNEN TR L TE < 10
P, IEIR TR SN TV D ATREMEA I, T Ok b E X D & Fox OFFFRIE. BERIF
ERICBWTRFIERICOEETANERWLRTTDHHDOTHY . A ROBEKRBSG T

TRWIBBIZRDARREREERLIELDOTHDL EEZ LD,
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Abstract

Moisturizing ability in diabetic mice

and skin injury caused by dapagliflozin

Introduction
In our laboratory, we have used model mice to elucidate the mechanism of dry skin
development caused by inflammatory diseases such as enteritis, colitis, and arthritis?-
3) . Currently, most of the research on dry skin in diabetes mellitus is due to dehydration
due to hyperglycemia and decreased sweat glands. The purpose of this study was to
elucidate the induction mechanism to collagen and hyaluronic acid that express dry skin.
The skin is the largest organ in the human body and plays a role in maintaining the
homeostasis of the body by regulating transepidermal water loss (TEWL) and stratum
corneum water content while preventing the intrusion of external factors such as
temperature, humidity, and foreign substances. is responsible for Skin consists of
epidermis, dermis and subcutaneous tissue. In the epidermis, the stratum corneum, the
outermost layer, maintains the skin barrier function through the turnover of
keratinocytes. If this skin barrier function is lowered for some reason, it will lead to the
development of dry skin. In this study, we investigated the mechanism of dry skin
development in diabetes, which is one of chronic inflammation, in model mice of type 1
diabetes and type 2 diabetes (nonobese and obese). Next, dapagliflozin, a sodium-glucose
cotransporter (SGLT)-2 inhibitor, a new antidiabetic drug that was listed in the NHI
drug price list in 2014, was reported to develop skin disorders in patients who took it
after its launch. The Japan Diabetes Association issued a “recommendation for the
proper use of SGLT-2 inhibitors” and stated that administration should be discontinued
in severe cases. By administering this dapagliflozin to type 2 diabetes model mice, we
clarified the mechanism of dry skin development.

Chapter 1 About the difference in dry skin development mechanism in type 1 diabetes
and type 2 diabetes model mice

In this chapter, we investigated the variables involved in collagen and hyaluronic acid
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that lead to dry skin in type 1 diabetes and type 2 diabetes (non-obese and obese) mice.
Streptozotocin (STZ)-administered male mice (C57BL/6N) were treated as type 1
diabetes mellitus (STZ mice) at 10 weeks of age, and non-obese type 2 diabetes mellitus
(N-STZ mice) at 2 days of age (very young). And male mice (KK-Ay/Tadcl 14 weeks old)
were used as obese type 2 diabetic (KK-Ay/Tadcl mice). First, when TEWL and stratum
corneum water content were measured, TEWL was significantly higher in STZ mice, and
stratum corneum water content was significantly lower in all diabetic model mice than
in the control group. Advanced glycation end products (AGEs) increased in all diabetic
model mice, especially STZ mice showed a 2.8-fold increase. Total collagen content
decreased in all diabetic model mice compared to the control group, and a particularly
large decrease was observed in type 2 diabetic mouse groups (N-STZ, KK-Ay/Tadcl). The
expression level of type IV collagen was significantly decreased in STZ mice, and no
change was observed in type 2 diabetes model mice.
dry skin was observed in all diabetic model mice. However, the expression mechanisms
of dry skin in both cases were different. In type 1 diabetes model mice, hyperglycemia
persists with the accumulation of AGEs?, and the expression of the receptor AGEs
(RAGE) increases matrix metalloproteinase (MMP)-9 and increases type IV collagen in
the basement membrane. TEWL increased by decomposing , and it is thought that dry
skin was induced® 7. In non-obese type 2 diabetes mellitus (N-STZ mice), an increase in
MMP-9 and degradation of type IV collagen were not observed, but inflammatory
cytokines TNF-a and IL-6 increased and hyaluronic acid production increased. A
decrease was seen. In type 2 diabetic obese mice, oncolytic factor (TNF)-a is abundantly
released from obese adipose tissue®, and interleukin (IL)-6, an inflammatory cytokine,
activates mast cells to release histamine?-12. Hyaluronic acid is decomposed by this,
leading to dry skin due to decreased moisturizing power.
Chapter 2: Dry skin developed by dapagliflozin administration in KK-Ay/Tadcl mice
In this chapter, KK-Ay/Tadcl mice (type 2 diabetic mice) were orally administered an
SGLT-2 inhibitor (1 mg/kg/day) daily for 4 weeks. This study used 10-week-old male SPF
C57BL/6N and KK-Ay/Tadcl mice (CLEA Japan Inc., Tokyo, Japan). First, TEWL did not
show a significant difference in all mice, but stratum corneum water content decreased
in type 2 diabetic mice compared to controls, and was further decreased by
administration of dapagliflozin. The expression level of type I collagen decreased in type
2 diabetes model mice, but was increased by administration of dapagliflozin. This was
due to an increase in type I collagen due to a decrease in MMP-1 resulting from an
increase in inhibitory cytokine I1.-10 and a decrease in inflammatory cytokine I1-113-14),

When dapagliflozin was administered to diabetic mice, there was no significant change
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in the inflammatory cytokine (TNF)-a, but IL-6 was increased, resulting in an increase
in hyaluronidasel®16 and further inducing transforming proliferation. Decreased
hyaluronic acid synthase (HAS) 2 was caused by decreased factor (TGF)-8, leading to dry
skin. Therefore, it was confirmed that the decrease in hyaluronic acid rather than
collagen caused dry skin in dapagliflozin administration.

Conclusion

In previous research at the laboratory, it was clarified that inflammatory diseases such
as enteritis induce skin disorders, and in this study, we investigated the characteristics
of skin physiology due to diabetes, which is one of the chronic inflammatory diseases. .
As a result, each cytokine and the mast cells that release them are greatly involved in
the fluctuation of collagen and hyaluronic acid, which are moisturizing factors, in the
development of dry skin that causes skin disorders. It was confirmed that the expression
mechanism of dry skin is different between the non-obese type and the obese type. Blood
sugar control is also important because the increase in AGEs due to hyperglycemia is
one of the factors. It was suggested that the reduction of hyaluronic acid during

administration of dapagliflozin is a major factor of dry skin.
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