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The study for change of dermal thickness on scleroderma

mouse model induced by repeated bleomycin injections

Systemic sclerosis  (SSc) is a chronic connective tissue disorder
characterized by extensive fibrosis associated with increased deposition of
extracellular matrix (ECM) proteins in the skin and various internal organs
such as lung, heart, kidney, gastrointestinal tract and vascular injury.
Scleroderma, sclerosis of the skin, is usually resistant to all kinds of
treatments. The etiology and the initial events of SSc remain unclear. but, a
number of cytokines are supposed to play a role in the induction fibrosis.
Among them, transforming growth factor-B (TGF-B) is suggested to play a
crucial role in tissue fibrosis. But, dermal fibrosis/sclerosis has not been fully
elucidated.

Bleomycin (BLM), originally isolated from the fungus Streptomyces
verticillus, is a frequently used antitumor antibiotic effect against various
kinds of cancers. It has side effects include pulmonary fibrosis. BLM induced
lung fibrosis is a well-known animal model that mimics human pulmonary
fibrosis histologically and biochemically. Upregulation of TGF-B expression in
the lungs was reported in pulmonary fibrosis which increases in lung ECM
production.

Although animal models which exhibit all the aspects of scleroderma are not
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currently available, there are several animal models for research on the
pathogenesis of SSc and on potential therapeutic agents. In particular a BLM
induced scleroderma model involving daily subcutaneous injection of BLM into
the back skin of susceptible strains of mice has been developed.

In this study, we have attempted to establish a scleroderma animal model by
subcutaneous injections of BLM. Our mouse model could provide an aid to

analyse the etiology and therapeutic strategy of scleroderma and SSc.

Key Words : Bleomycin, Mouse model, Scleroderma, Systemic sclerosis
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I. Introduction

A7 3F5(Systemic sclerosis, SSc)2 &4 3tw A F XA X (fibroblast)oll 2] 3l
oo A B gk SHo] yg ok opygt ), A, A, &3] vt
2E T W Aol fEs v dRIAEe] Eew Al W
3 ole W A% 24 Astel? 9% 512 (Scleroderma) S SSco] o}
of WA= A ofnlsty HAG st fAke] are] A
A= W7 A& TR =850 9
N oA A7 5t

AN7EA] Aol oat¥, FWE AlolEFRQlIE
&S stha geEA e 2
3l g9gs ot A 9l
th TGF-BE AfmAze 28d stetfdedoln? o]z in vitrool A
< AlE Fiol YA FeHdl e A2 @ A(fibronectin)©] B S ST
Y TGF-BE AME 714 3% dwd

receptor)®&  ZAett™  mel TGF-BE
activator), Z&t2v|=A AAA T= Holuwd E3| 8 A (procollagenase) 22
kA B o] o3 A 2] 7] (Extracellular matrix, ECM)S Z4d3l& ©
W o] S A9 TGF-BE A% %A (autoinduction) S E3l A5 RA

Foll e A7) A FAL AFE 4 g 2 S8 TGF-B A4

_4

4 A (cell-matrix adhesion protein
;‘__EL___

gt2m =l &4 Al (plasminogen

2

& FA8kE AS ECMO A &4l £4& op7lste] dfdts 4o

Tw BAllEe zbe vkt AW eSS oldsta MER ARWS NEss H

Ao T BME AgstER V) st olEs AYehes W v

Gtk W= SSco] EE WE WY g= EdEo] @A wrae] AA=

otk wkEg e owute]Al (Bleomycin, BLM) FAME f=38 954 st5 7
juc]

9e uEd @ hAe BE mdEe] ARHARY. 53, BLMe o8
l’g_._

%ol wjd BLMS 38l FAbelo] whsol 3

lo

Streptomyces verticilluseh= +3°olZ2FH 8% BLM2 U4 <

=
2
HEF) FUAZH AF AHEEE 4 B0 BLM pAgomt

lo,
2

H,
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II. Materials and Methods

A. Mice

)

o

o
gl

KN
=

Sankyo Labo Service (Tokyo, Japan)oll Al %13 & 20-25g2] S| ¥
o] 9l A% 6579 7 B6 F (Specific pathogen free, male B6 mice) &

Abgstlt A5 s= Ad e £kl 71



B. Bleomycin induced mice and medication treatment

groups

AEE 27 AolA vsg ol&ste] & IFde 47 & F 33(E, F, F
2l) Img/mle] BLM (Nippon Kayaku Co, Tokyo, Japan)2 Wx% # 5 33
st FAE(n=10) Foldtith. vpA g Fofrt 2 vEdel HE B Z=
EZ wet AXg F F T IAFE FEAT dHE2dS] HE g &
|20 olatd 9= 294 (phosphate -buffered saline, PBS)E HWiH F %
o] st FAHN=5) sto] #2 W A ow Foeia o T ARE
FREATE FAF-E V2R sto] sk 2 x 1 emE 7 A
W F9e 19 19 2k

%, 1% 12 dxa9] PBSE Fo% wolil 1F 2% BLMS 7o dolth
BLMOo = #I&¥ FolA A &eo B7Est7] flsto] Al mpel® Zhzhe] oA
S BLM¥ #Zo] Fosdu. IF 32 & 3 A A A (anti-Vascular
Endothelial Growth Factor, anti-VEGF)E& o3t #oli 1% 4% BLMI}
anti-VEGF& &7 Fogt dtojt}. ®gt 15 5% Cyclosporine (Cs)E Fo gk
Tolil 1w 62 BLM¥ CsE Fogh wolth

1% 7L extracellular superoxide dismutase (EC-SOD)e| PBSE H 3k 0]
i 1% 82 EC-SODeY BLME Fosk ot} 1% 9%  peroxisome
proliferator activated receptor-y (PPAR-y)& %48 wolal 1§ 102
PPAR-y 9 BLM<& Fo]3 olth

&:

i)



C. Method of histopathologic staining and analysis

4]

1 Eel

H71 $13]
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¥ A5% FA%
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fie)
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el
=

BH

tel SAskiv (21 2).
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=
=

Fel o

(normal control) 2. & 3
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D. Statistical analysis

A= Hi + EFAX(means + SD)E FA3FG T SPSS ver. 12.0 for
Windows (SPSS, Chicago, IL)2} Mann- Whitney U testE o]-&3lo] &35}
Atk patel <0.05¢1H FASTH o= ofu7t Qo

o



ITII. Results

A. Effect of bleomycin in dermal thickness

¥ 32 PBSE T3 A4 izt 79 19 A9 BLM= FoId #¢
¥ $AE wud agolr) 1 , PBSatell Hl& BLMS T
2ol A 59.7%°] W3 A
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B. Comparison of dermal thickness and

inflammation between 10 groups
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ol
EC-SCO &9 X3 FA7F #A43E & 5 Ak
BLM %3 PPAR-y + BLM Z#& Hlusirw BLM il B8
PPAR-+y + BLM Z1&°] {9 FA7F #43E & 5 AUk
a9 5% PBSE 7o R M urA g ¥ FA WsE S Hask i
29 49k o= 2ua & 9l
I% 62 PBSE 7o dA ywA 1759

[ex]
=
A g BRAA 430 FAARes & & Ak
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C. Effect of anti—vascular endothelial growth

factor in dermal thickness

%1, 2, 3 49 A3 FAE vuE 2 Ay, PBSol vd] BLMS Folg
TaFAA 59.7%° 9 wPHfF F7HE BAow anti-VEGFE @5 Folgk 1
Fo dizatel we <kzrel A ( i BLM# anti-VEGFE 5%
Folgk 9ol BLM @5 Folrus g vt A 269%9 wYAd %
o] T7HE RAT (¥ 8). dnjAdez w3 IF 1, 29 9F AR I§F 3

h=]
49] 9% ARE 747t 293, 1 7o),

2 4



D. Effect of cyclosporine in dermal thickness

a8 1, 2,5 69 X3 FAE vus] 2 Ay CsE dE R -
o] Hls) otk A (-75%)F RS BLM# Csg& 5§ 7o 4
+ BLM 5% Folrtt wl$ A 74%° A3 HAFrFe 7 F

Bt (2 10). dvjF ez #23 255 69 I3 APNE a9 9o)t,
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E. Effect of extracellular-superoxide dismutase

in dermal thickness

% 1, 2,7, 8% Wy FAE Hlwe] & Ay PBSE ES-SOD #e Fofg 2
o A dixzael He) 21.3%9 ¥ wddF F7HE B 3la EC-SOD #
BLM= Folgh Z&ols= BLM @5 Foliu w9 34w 133%9] 219 Hd#<
of T TV AAE EAY (29 12). dv|dom ##E3 a5 7, 89 ¥F A}

& 29 11|tk
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F. Effect of peroxisome proliferator activated

receptor- 4 in dermal thickness

o

I3 1, 2,9, 109 Wy F=AS vus) 2 A3 PPAR-y & Fold 252 A4

Bzl e 204%¢] A3 BUHF F1E BED PPAR-y 9 BLME 2
7

=
T
Z

o Z$olE BLM 9% %ot wj$ gi® -55%9 213 Hf39
F 2

e 2RSS Bt (¥ 14). dvjAdoew @I a5 9 109 IR ARRE 1
2 13°]t}.
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IV. Discussion

Systemic sclerosis (SSc)&= ¥F-<F theFst g 7)ol HAF3l7F dAs= 2
A 22 Aste]rp6 nl= whwlglelo] o} X kx| s A ¥ Oix]x]t o A et
, 3ol theksk WA 7)ol extracellular matrix (ECM) ©@¥ 2 o] w3k =

A @ B4 WAl ol T 5AS Bt

o] Ao Al A Ao A ERjE Afo]EFIQle]  FEelA bleomycin
(BLM) o2 =¥ 7 Afste] o] Adst s e 3oz WA
A EF21-1 (Interleukin-1, IL-1), {1HFZl-6(Interleukin-6, 1IL-6), 3+ %
¢l Z- W EH(Transforming growth factor-B, TGF-B), =% A} 2lx-<a}
(Tumor Necrosis Factor-a, TNF-a), @43 2 4% < A(Platelet Derived
Growth Factor, PDGF), H+ <d&d fAF A4 A-I0nsulin like Growth
Factor-1, IGF-D& A& # A#st el Aol Avo]l Atk AAHA
a2 Fol g TGF-B7F A3k A olA cytokined] & At 4
Al J&g grh. TGF-B A& thAMEet AFEAES] steh4¢l vh&S
EHdod|n AREAE TS Assta, Axe7|d G FA4 2 A

2]
AA71AL, Az 7 S g et S E e A do B

3 %

9l 24& dFxAs= Aolth. Yamamoto 5-& BLMol wikd A4 v 4
FEAFEA type I collagen, fibronectin ¥ TGF-8 mRNA % &S A3 %A
Friu wxado®. BLM =% ¥ # Ao HFRAEE TGF-B mRNA @
A Z7Fe} TGF-B mRNA ¢ @A Frs 33| dsAAA dofud &
AR e dog® TGF-BE WAL BANA BLMe H#3t &vs 24
&t TGF-B W&ol proal(D) ¢t d F7A19] BLM Ab=ro] o sfrtal &elA
9}]\1:]_(23)

A7t 2] Aol eatd, BLM A& & 7 SolA TGF-Bol g et
Sol FUhEG R WAL WdEAs e PR ol §T 1 A ATl
Asts dael AMES)/IAA TGF-B7E s7havta deA dn® . o
I Hobs 2 AEolA 719§ TGF-B7F A7F Eul ® olya} F

Aol AR EAEE fuete] A5E dodu F2 & & 9l

o
x

po
rlo

M
=
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= EdolA X e VHE RS ARE AlTstr LEHS Q1Y

BoAsze 7HAe o # ooldst: d =< Frh tight skin (Tsk) #“7,
Tsk2 %, UCD (Universitiy of California at Davis line) 200 % BLMo =
SRS RS A, 9 Fed o4 AY &3 v A% A% A
/AR 24 A JAAE QoA Fdet Fd A3 A 2l 2e 3
7HA A@AQ T REES A A RdS whEo] Wil S Et AqH o
A o

Streptomyces verticillus 2= H3ol 245 H ¥ BLMS vkt =79 <
of &R FFF FHAR AF ol &HJT #H AF3= BLMO & gl
FAbgola ggd F EEe] A BLMo «]OH i 7 Aaste e #H A
fr3keb frARSHYE. Yamamoto ©F 71 9] A A2 BLM= " 98} FALste] ¥
- S 7MW A 2R FYsda™® BLMel o8 FEE # mde H
= 08 Wy Zrle st @A H AFstE et ikl dAlA
%!

e wol X x gtk o mue AR WHE TS we 49

REY

gy, gy o] RYe AYZ BLMS Foslods mRAfES st 4
Ao E B atar Azte] ¢@ Aex 24ddH7] 7 @G Mountz & 58

T ooldel VIR wek AL AAR] ke &3] BLME WHRA SR Foigh
2

=
Ag g5 deste dozivty Bustyd ™ Shibusawa 5 BLMS X33

4
= B2 AL ETRRI, Abol QL A@Al(d ¢ @A,
€4 ?%iﬂ), /\}O]Eﬂ‘i =] T At Aol dofsts A= 73
25 Addte FES RAOE v AEE ARWES Adsted §8% =
7h H

SScel 714 wuw =4 wWestd sAe dsn AaEAzd els) ECM
=

o] I} A 93k ) =ZHo|th SSceo T tE %z Wyshze Exo ¥
A FHo dF9o HFAy 2AEB Y (capillary network)e] W3lolt}y. SSc A}
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th ool gt Wt KA
(tissue hypoxia)S ©F7
214 " # A A (angiogenesis) o] &, A A A (pre-existing) ¥ ZHE] WA XL
(endothelial cel)®] #E| &3} &3lell o Mz ko] Y= AS EIh
AT F58 AAE BASH] 98 dolus A duAdAde Tas &
FAZ gAY g, SSc A A e zHe] AzbeE AataFo] WAF
A= BEFata FEE AN Fd Yo WA FeEa¥ N2 9 4
Aetsd T3 2dA 98s st VEGEFE A g3 9 74 dAE
ZA7Y. SSc St A A o]l FEEHA f¥vte Ae aEIud, Al
A EHAE AT ek 2dEAY A EaAAd AR B 24 E o
e Aot gy E@AE VEGFE SSco RN ZFeiA Ed
(overexpression) ¥ 0] Q™. o] & ARl weld, 83 VEGFY ¥ =t SSc
gAe A oju] A /R g Heln 2AHA @ VEGFS #Ede
2L 2AES 5o A= A BAEA(giant capillary) 22 B 7542 I3
AgstA o olde AE FFste] 2 Ao A= anti-VEGF7F 957 8t
o Amoll ZI7E UE Aol Azl ol=A HIx ® 7 AAS
7V s skt dAZEA anti-VEGE7F SSc 2 9574 3t g‘rx}oﬂ/ﬂ a7
7F e =] flthe As Felstdon, ko m o ge Add 4 AR
S %3] anti-VEGF7F |2& digte 2 wo & 3oz 7ggch
AA ] o4, o W Arle] Ash, Lela vAd®
Exom 3= gitd 27t A sho)
AT MEHA| FIFS
d Aol Al 7]to]l H&= whAloltk SSc 7] WA dE ¥
22 g3 79 dHAE, 53] CD4et CD8 T Alxe] Ho MAfstrt
dojutts AL FHaATY. o)Ay RAstsol WG A A o]}
| 4HAHA HEEAA o] E(methotrexate, MTX), Alo] &=
229}mfo] = (cyclophosphamide, CYC), Cs & ©¥gt WA A A7 X 5AZ Al
Holfa, AAR we dAFda 2 E37 FaEgon Qe FE A8

o BARRYE VeIt gaHelYm, BRHRT FESYS FHL noln I
EETI
1

6‘]—1:]-6))

h4

=
¥

ol

o

Ul X3 o] Ao

o2 o
()
o

¥0

v

s

po

(o]

o
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Az AEsel AT ek 7] SSel A IL-2, IL-2¢] 584 87 & ol
A % F7E 9gel WA, Cst IL-29) T AE A} e
Z U ARIEAUNES Bese] WY oA v vehdth oleld mut

IL-29] F=¥d HA} ‘ﬂx}(transcription factor)®! nuclear factor for activated T

0?2

cells (NF-AT)E &A43} gt 83 2x1¢ ZA 7 (Calcineurin) S <] A 3¢
ozy Jehda®? me ArSolA Cs7b MGRAEAA olmA Hi i
(collagenase)®] &S Z7HAZItkE Aol e A o2 <libe] A gate] 5

S5 e = Add}

o oA IEAGZo CsE ALl 2o An=
=

(447:)0). o]% H]‘%’.Q_

7t &AF gy Z(free radical)o] %7 £4}o] F 23 whr]<l(initiator) & 2 A
SSce] 7oz AR At Aba ZY Z(oxygen radical)o] =d 2v}o]
A Sk ¥ ko] #ejettia 2 H oY BLMS % 7H4FalE (superoxide) ¥
stolEE4 g Z(hydroxyl radica)?  #Z& @A AFAF(reactive  oxygen
species, ROS)Z AAdTn gz Qup® P ROSE UWAAZ ¢4 =
PDGF¢ TGF-B 22 9% E£v A#3t AtelE7k e &M & S7HA 2t
Z3A3LE B35 38 A (Superoxide dismutase, SOD)= A1A1o] F3 A
HzdE 029 HiO2 AA7]= whe& v st= A2 F8 gAkstA otk
=

[e)
dfol M 1 wArE A 2HC w2 TEE 45 dA"RE SOD

ool w7t dASHA A HWAIEeE sS4k GA] o] QIA A}
FuHY. olg e g ugoew B A RE SOD7F BLM 2 33 43}
S 7 EdolA o | 4 59 A5 237t des THe Bv

Peroxisome proliferator-activated receptor (PPAR)= Fd# 23S Z4d3st=

HAAFQI A (transcription factor) &5 dhi= 3 & @9 (nuclear receptor
protein) ¢l shibo] k™. PPAR: M2 #38, Ud mefa AR,

A4, au)E 2gse W BEY 42 dvm deld Qo0

N,

¢

’



PPARE A4, Adadwmzae] firtel &3 F4d FAo =42 935 g
PPARE 37FH4] B}9 o & yo]X|i=t] alpha, gamma, L] 3L beta/delta®]t}. L

SolX PPAR-y = &3 AgzAd F2 EAst=d AYAE 345 FEdta
AW A 2N E das )
AFEY 2= AE dAY  ZHZ(Intracellular Smad signal transduction

pathway)& &34 TGF-B+= Z2+7 4, a-smooth muscle action (a-SMA)
) gl v EAss AFEAEY A5 A E(myofibroblast) 2] g
i SH(transdifferentiation) & Ab=rgtth. o] g gk Hbg-o] =29 A f-3lol 7]of gt
AAd oz A7|=  endogenous 1igand e 34 =4 FEAs AX
PPAR-y & @43tsto] TGF-B/Smad 2 39 (signal transduction)& ¥} 8faL
A5st FASS Wt PPAR- 4 ¢ &L TGF-Bol o8 Af =A%z
A S7kE a2 A3 gik=(igand) o] A3 EdE S A R
%, PPAR-y o #43t= 4 F §} 2 HAG®, o)F uigon so] £ 4
ol 483 A3} PPAR-y 7} ¥ 2 a7 E 592 By}

= ° ) AHEH 7o FE BLM % F
Bdo = mld 1mg/mle] BLMS FAFSF T 28 2 AdgL wjdo] ofd
Ad, 4, 5, Fadel 27 Img/mle] BLMS FAFetth o2 A 5 33 5

S 7h 1
Abstel = BLM = # 2dS dAsts o g3l
Eoh BLM= FARE 29470 ofdel FAF FololA dojxl 2 wdE A H 5k

ofe b eFEE Aol N FAE w Ak golth oM FaH
A
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V. Conclusion
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Figure 1. Back skin of mice

(A) Phosphate buffered saline (B) Bleomycin injected mice

injected control mice
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Figure 2. Explanation about dermal thickness measurement

| |

In order to differentiate between dermal thickness and inflammatory cell,
toluidine blue (pH 7.0) stain is performed.

Dermal thickness is measured repeatedly. Having captured one picture, we
showed dermal thickness as the mean value of check over three times like

the arrows in the picture above.
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Figure 3. Photomicrographs of Group 1 VS. Group 2

(Phosphate buffered saline VS. Bleomycin)

Upper figures are photomicrographs of skin of phosphate buffered saline
injected control mice. Lower figures are photomicrographs of skin of
bleomycin injected mice. Left figures are figure of one hundredfold
magnification and middle figures are figure of two hundredfold magnification

and right figures are four hundredfold magnification.
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Figure 4. Comparison of dermal thickness between Group 1-10
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Figure 5. Dermal thickness compared with control mice (saline treatment

group)
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Figure 6. Inflammation compared with control mice (saline treatment group)
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Figure 7. Photomicrographs of Group 3 VS. Group 4

(Anti-vascular endothelial growth factor VS.

Bleomycin + Anti-vascular endothelial growth factor)

Group

Upper figures are photomicrographs of skin of Anti-vascular endothelial
growth factor injected mice. Lower figures are photomicrographs of skin of
bleomycin + Anti—vascular endothelial growth factor injected mice. Left
figures are figure of one hundredfold magnification and middle figures are
figure of two hundredfold magnification and right figures are four hundredfold

magnification.
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Figure 8. Dermal thickness compared with control mice (saline treatment

group) (Group 1,2,3,4)
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Figure 9. Photomicrographs of Group 5 VS. Group 6

(Cyclosporine VS. Cyclosporine + Bleomycin)

Group

Group

Upper figures are photomicrographs of skin of cycolosporine injected mice.
Lower figures are photomicrographs of skin of bleomycin + cyclosporine
injected mice. Left figures are figure of one hundredfold magnification and
middle figures are figure of two hundredfold magnification and right figures

are four hundredfold magnification.
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Figure 10. Dermal thickness compared with control mice (saline treatment

group) (Group 1,2,5,6)
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Figure 11. Photomicrographs of Group 7 VS. Group 8
(Phosphate buffered saline in extracellular-superoxide dismutase VS.

Bleomycin in extracellular—superoxide dismutase)

--- Gm’

Upper figures are photomicrographs of skin of phosphate buffered saline in

extracellular—superoxide dismutase injected mice. Lower figures are
photomicrographs of skin of bleomycin in extracellular-superoxide dismutase
injected mice. Left figures are figure of one hundredfold magnification and
middle figures are figure of two hundredfold magnification and right figures

are four hundredfold magnification.
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Figure 12. Dermal thickness compared with control mice (saline treatment

group) (Group 1,2,7,8)
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Figure 13. Photomicrographs of Group 9 VS. Group 10

(Peroxisome proliferator activated receptor— v VS.

Peroxisome proliferator activated receptor— + Bleomycin)

Upper figures are photomicrographs of skin of peroxisome proliferator
activated receptor—~ injected mice. Lower figures are photomicrographs of
skin of peroxisome proliferator activated receptor-+ + bleomycin injected mice.

Left figures are figure of one hundredfold magnification and middle figures
are figure of two hundredfold magnification and right figures are four

hundredfold magnification.
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Figure 14. Dermal thickness compared with control mice (saline treatment

group) (Group 1,2,9,10)
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