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Purpose: The cytotoxicities and anti-fibrotic effects of mitomycin C and pirfenidone on human dermal fibroblast were evaluated.
Methods: Initially, 24-hour cell cultures were exposed to transforming growth factor (TGF)-B1, different concentrations of mito-
mycin C, and pirfenidone solutions in order to evaluate cytotoxicity. Expressions of fibronectin, collagen type 1, a smooth muscle,
and B-actin were evaluated by real-time reverse transcription-polymerase chain reaction (RT-PCR) and western blot in mitomy-
cin C solutions at concentrations of 4 ug/mL and 20 pg/mL, and in pirfenidone solutions at 250 ug/mL and 500 pg/mL.

Results: In comparison to cell cultures exposed to TGF-B1 solutions, cytotoxicities were increased in solutions of mitomycin C at 4
pg/mL, 20 pg/mL, 40 pg/mL and pirfenidone at 500 pg/mL, 750 pg/mL, 1,000 pg/mL (p < 0.05, Mann Whitney U-test). The results of
real-time RT-PCR show that expressions of fibronectin, collagen type 1, and o smooth muscle were significantly more decreased in
all concentrations of mitomycin C and pirfenidone compared to those in TGF-B1 solution. In western blot analysis, expressions of fi-
bronectin and o smooth muscle were decreased in all concentrations of mitomycin C and pirfenidone compared to TGF-p1 solution.
Conclusions: Both drugs have cytotoxicities and anti-fibrotic effects, but pirfenidone was found to have less cytotoxicity and mi-
tomycin C was found to have more anti-fibrotic effects when compared to each other.
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A= transforming growth factor (TGF)-B,’ connective tissue
growth factor (CTGF),4 platelet- derived growth factors
(PDGF),5 tumor necrosis factor (TNF)-Ot,6 lung basic-fibro-
blast growth factor (b-FGF)' 59| &&4] #lo]E7lela} A
QA Aol it Az ERE eEpn, LTS
A Akt fmake Relria A’ WadUES
by HARES Uehlhe Tigro] ofjel, Al 7"
A" 5 gt 2HolA] GRS ENE HolFm ik
SeauEs B W AFRE g
01]*1 TGl ST 4542 R4S eTich:
2P 5 Aete,”
VPH Ol-tﬂz 3kx}9] oFo} Al-g-o}A| o] A] interleukin-19)]
HF5}= tissue inhibitors of metalloproteinase-1 57} &3}
the B o] 9tk B2 o] 83t AdlZ
S B A 0.5% =S| TZHUE Qhefo]
QHHBHA AHgE]

_1[-(‘ 12
=
o>‘ o

W
7 qxﬂﬁ o] HJEFES FolL
Hi% MS&E]'.]S

& AFlAE 2 HEAUES BEoR A48
st A oA AR AR B O

OPIEY] F4, o], WU 3

o]
T DA oA EoM ] G et B o A
a

¥ mx o :(o 11
o

i)
rlr

il
&
o
o
ok do &

& Avlngt
o G AgAle] FEsuEe] 4l SRSk Ak

[e]
I GAT 712 oRAlet A HlmATE WA gklek
ko

713 HisfM e 245 Hol =7kl oA B3k FET, T
ok akekakgo] BAE AT et dEo] UEA|
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Aol 2-g-8te] SA41L A= 71de] defRlth 5-FU=
Afrotdlae] o FA4o] glal WMl 2s REShs Aol
Lol Hlsj o] Euto]Al C= & o HAdo] glolA o 24
gt B9E yehdch destol, Ao S-Fuzt 79 A
T ZE Hol ubd, mlo]EnjolAl C= 1971A] Al-GopAl
EE AAIBHtHE Bavk A9l ESE ulolEntol 4l C=
ofafi AdolA o gFal FE| ofHE S e
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o= w5 A5 4R ES Aeskeliy] ol A}

o] 2] Aol EL Agateo] glo] Skl faat
223 743hA) F Agol 7R3 ol Hli=st A
foMES FUAL AT Aol HR, A4 U
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W Hi=st HeolE Bl HA UFOE T Rl

/\]-‘“4‘.4 1] A4-8-0FA)| 3E3(dermal fibroblast, neonatal fore-
skin)y= AN8-3HE] American type culture collection (ATCC,
Rockville, MD, USA)2- o]-8-5Fle AFHe] 2] Ad-F-obA|
EZE 10% $-ejo}d A(fatal bovine serum, FBS, Invitrogen,
Carlsbad, CA, USA), 100 U/mL |4 &(Invitrogen, Carlsbad,
CA, USA), 100 ug/mL ~EZEuolo]Xl(Invitrogen, Carlsbad,
CA, USA)©| $+3-5 Dulbecco’s modified eagle’s mediumH}
Z(DMEM, Invitrogen, Carlsbad, CA, USA)o] do{ 5% CO,
w7 lolA) Hjeklolk Hjkel ARobEE BHol ofg
QR VA ) $1o) FBSS Eteh) o Asigolon &
7 2417 B2 Wt 5 7i7t] Al et 44t
== 913} recombinant human TGF-B1 (Invitrogen, Carlsbad,
CA, USA)Z Allazufefio] 5 ng/mL =7} H=s 718ieich

AtE MROtMZLo| MZE0 CHSr OtO|E0t0|4l C2t o
EYU =S| ot HU(MESA HIL, LDH assay)
ZH|5 Aol ZE Hijorg-ol, 5 ng/mL TGE-p1YE H71=
ujoF8-91, 5 ng/mL TGF-B13} thefst 5%(0.00004, 0.004,
0.4, 4, 20, 40 pg/mL)2] ulo|Enjo] Al C (Korea united phar-
macy, Seoul, Korea) T+= t}oFst 5%(10, 100, 250, 500,
750, 1000 pg/mL)®] =] = 5|1} =(Sigma-Aldrich, Milan, Italy)
o] 77k A7 WjeEElol 4 24412k Bk waksIi). 2
AollA AdfotdzziE AZajgdon {E|E=
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lactate dehydrogenase (LDH)2] 9F-& colorimetric assay sys-
tem (Calbiochem, La Jolla, CA, USA)& o]&3}e] A3t
T, AAMEZE Dei(deep freezing) AFBAIZ] AL AJEH]FH
oA S5t LDHO| ¥t vlausto] Al ZAME] A=, 5 Al
L=/ (cytotoxicity)S B7FSFITE Al Z5/dS Al szul
o2 fe|%= LDHY & AAAPE & Alzujefdos
S5l LDHS| o2 Lpiro] My gz dstst

TGF-P10f| 2ol FE=l= MZL|7|Z22| gHdol| CHet O0|E
ofoj4l cot m2HLEe| St vlw(SMRSH S0t HIY)

/47| LDH assay Aol A Aozl gk 5 Ala2=/d0] 40%
ngkel 2719) w1, mho|Ento]4l C (4, 20 pg/mL), 7| =5
U=(250, 500 pg/mL)e AEiste], 24417t vleFslqiT.

Z¥7; OFE-2 real time reverse transcription polymerase
chain reaction (RT-PCR)S ©]-&35}o] A|Zo] NE2]7]4 g
A7} T messenger ribonucleic acid (mRNA) 2Hd A=
£ v|3}STh SuperScript 1T first-strand synthesis system
(Invitrogen, Carlsbad, CA, USA)& ARE-slo] A|2FA}e] Ak
ol whel &3t total RNAZE-E] complementary de-
oxyribonucleic acid (¢cDNA)S $AAsHALE ©]% real time
RT-PCR-2 QuantiTect SYBR green PCR kit (Quiagen,
Hilden, Germany)S AFg3te] EGAL WSo] Aste
t} ZF mRNA level H|w&&8A X reference house-
keeping gene) 2 B-acting ARE-5o] ALtskith A 74
2 2 delta delta Ct WHo g R A3} tHgene sequence,
Table 1).

Z+z} oFE-8 western blot3- ©o]-83}0] Az o] A|zel7]H
G S AEE vwekick Al dwE-E sodium do-
decyl sulphate polyacrylamide gelS ©]&3}o] Ez|dl &
polyvinylidene ~difluoride membrane®.2 ©o]FA|AH fi-
bronectin®]] t)dt 1x} ¥ A|(anti-human rabbit antibody)
(Sigma-Aldrich, Milan, Italy), collagen type 1¢f T3t 13}
14| (anti-human mouse antibody) (Santa Cruz, CA, USA),

Table 1. Primer sequences for real time reverse transcription
polymerase chain reaction (RT-PCR)

Gene name  Sequence

Fibronectin F 5°- CCG TGG GCA ACT CTG TC-3’
R 5’- TGC GGC AGT TGT CAC AG-3’
Collagen F5’- CAC CAA TCA CCT GCG GTA CAG AA-3
type 1 R 5’- CAG ATC ACG TCA TCG CAC AAC-3
o smooth F 5’- GTG TTA TGT AGC TCT GGA CTT TGA
muscle AAA-3’
R 5’- GGC AGC GGA AAC GTT CAT T-3’
B-actin F 5’- GCG GGA AAT CGT GCG TGA CAT T-3’
R 5’- GAT GGA GTT GAA GGT AGT TTC GTG-3’

F = forward; R = reverse.

I2HU=S MEZSY H gdFatan-

a smooth muscleo]] thgt 12} &-A|(anti-human rabbit anti-
body) (Santa Cruz, CA, USA), B-actinof] o3t 12} 3|
(anti-human mouse antibody) (Santa Cruz, CA, USA)Q} Wt
SAIFH L 0] horse radish peroxidase”} ZgHe 22} A
(anti-rabbit antibody, anti-mouse antibody)& *2]3}1l HE
Hhs WMEE glski

Western blot®] HHEE ATk 2A4317] 3} Image ] ==
O3-S AFE-31% tHImage] software; National Institutes of
Health, Bethesda, MD, USA).

SAH Xe

ware; SPSS Inc., Chicago, IL, USA).
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At MROtMZol M=o cist oto|EntolAl Cet I
20U =9 1t HZ(MZSA ™It LDH assay)
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Mitomycin C + o+ o+ + - - -
Pirfenidone - - - - + o+ +

Figure 1. Result of lactate dehydrogenase (LDH) assay. M4,
M5, M6, P4, P5, P6 solutions increased cytotoxicity sig-
nificantly (*p < 0.05, Mann Whitney U-test). Sample C: only
Dulbecco’s modified eagle’s medium (DMEM); T-P6: add
transforming growth factor (TGF)-B1 5 ng/mL; M1-M6: add
Mitomycin C, 0.00004 (M1), 0.004 (M2), 0.4 (M3), 4 (M4),
20 (M5), 40 pug/mL (M6; P1-P6: add Pirfenidone, 10 (P1),
100 (P2), 250 (P3), 500 (P4), 750 (P5), 1,000 pg/mL (P6).
TGF = transforming growth factor; C = control; T = TGF-p
1; M = mitomycin C; P = pirfenidone.
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Fibronectin
ollagen Type 1
smooth muscle

20

Fold change (RNA)
o &

o
1

o-

TGF-p1 Sng/mL - +
Mitomycin C 4 pg/mL - -
20 pg/mL = -

Pirfenidone 250 pg/mL - - -
500 pg/mL = - - - - +

Figure 2. Result of real time reverse transcription polymerase
chain reaction (RT-PCR). Mitomycin C and pirfenidone sol-
ution decreased ribonucleic acid (RNA) expression of fi-
bronectin, collagen I, oo smooth muscle, which compared to

the only transforming growth factor (TGF)-B1 solution.

Fibronectin

Collagen type 1

a smooth muscle

Il Fibronectin
Collagen tyep 1

B actin

204

Fold change (Protein)

TGF-p1 5ng/mL
Mitomycin C 4 pg/mL
20 pg/mL

Pirfenidone 250 pg/mL
500 pg/mL

Figure 3. Result of western blot. Mitomycin C and pirfenidone
solution decreased protein expression of fibronectin, o smooth
muscle, which compared to the only transforming growth fac-
tor (TGF)-B1 solution. Protein expression of collagen type I
was too weak.

0.00004, 0.004, 0.4, 4, 20, 40 pg/mL S&= Lo Ztzh
14.53 + 8.96, 15.82 + 8.01, 17.22 + 8.92, 27.30 + 2.06, 38.51
+ 572, 47.88 + 20.84%0°]3ict m2HUEe] A< 10, 100,
250, 500, 750, 1000 pug/mL %% Solof|A] Z+z} 12.50 +
6.73, 9.76 + 5.85, 9.96 + 5.23, 31.75 + 8.83, 46.45 + 7.00,
66.02 + 18.81%9]¢Jth. TGF-pIgF X &]st F} v)a A], uf

1080

o|Euto]Al C 4, 20, 40, T 2|4 E= 500, 750, 1000 pg/mL
9] FLoA= FAALE o3 Aol = A|z=Ado] STt
HE Ho] FH(p<0.05, Mann Whitney U-test). TF2 &
wL BgoR golg Aolg el ekep=0.05,
Mann Whitney U-test).

TGF101| 2ol FE=l= M=ZL2|7|=e| 2ol thet Olo|E
ofol4l Cot m2mL=el 1t Hlw(SMRet 2 BIh)

Z}7} =T oA real time RT-PCRS £35}9] fibronectin,
collagen type I, a smooth muscle, B-actin®] RNAES 15}o]
o] 59] WYL A EYTh viFE AT ARERE o H]
3] TGF-B19F & 2)% oA B-actin® 2 R A% fibronectin,
collagen type I, o smooth muscle W& o] Z713HS & 4= 3
sick. wol=aloldl i mEaUEe AF ZolH B
-actin® 2 RWAH fibronectin, collagen type I, o smooth
muscle W& o] TGF-15H 2] Fo v)&) ZAstc) fi-
bronectin, a smooth muscle®] 7~ mfo|Enfo]Al C 20 p
gmLe| oA 7Hg wol 7rastglal d=Hy= 250 p
g/mLo| A 71AF @ 7FAs)%t) o, collagen type 19] 79,
uo]EnjolAl C 4 pgmLHch 725U 250 pgml 5=
oA o wol] ddo] Faxshlrh(Fig. 2).

7Yz} =T oj| A western blot2 £38}¢] fibronectin, colla-
gen type I, o smooth muscle, B-actin®] 93 AE=E AHH
ATk vieFE-TE ARG kol BIs TGF-B1Rt A 2]E o
Al fibronectin, a smooth muscleo]|A] W& o] =715 o
2 9)giet. npo|EntolAl Cup T 2HUES Helgt oA
= 7}7) oFEAE] 3 fibronectin, a smooth muscle & o]
TGF-B19t A ef ¥l ol wlsl sttt =7t B &=l
& Eokal v 2dyeEr vpo|Eutolil C7F 7k A
2 fibronectin, a smooth muscle ¥& 747} ¢ 34 ek
ST} SFA9E collagen type 12> HA|H o2 fF-o)stA Id
A ATtk fibronectin®] 79 AU et oAl= vho|E
uko] 4l 20 pg/mLeflAl UebgaL 1 thgo] 3= #H Y= 500
ug/ mL, 250pg/mL, wpAEke] npolEntol4l C 4 pg/mL Yl
t}. a smooth muscle®] L, 29 U= 500 ug/mL, v}o]
Entol4l € 20 pg/mL, T EH Y= 250 pg/mL, wio]Eu}o]
Al C 4 pgmLo] A= Uebdth(Fig. 3).

L
ofo|Enfol Al C AL SrR % 7est 33t a1t
= Uehjng dq7ix] andos AAgEa glo faat
7} 735t uhE A2 B2kg-o] 287} glo] RAgS &
ol HHY, tjH| oFEESo] Fadle] o] LS E3
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& Alol= 79 ool BE FEAA AES] o £
BE 24AZHE BiIBLES ST o] S AtelA
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2y A A Al Ble=st Aot ARloA=
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oFelz Zo] Aol 47ke JRre A ek mad 4
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o2 AEEAo] PHEIL, WZAYES 9.76-66.02%
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2 HIo A= 244171 vjSF & Trypan blue exclusion testo]]
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5 Ba}3 2417 B} Alof AEEAo] B Uit
< %81 clolsiold] G il 418 A et 48

455 fUsE 2971 2k ol
| ¥2 &=7F ohdd AlE=Ago]
Wol 4 gronz Wz Ee njojmnjol4l Cur} o
A7 Abgol e Aolehs d12e 3 4 93
3}A-0-51 g yto]| T3t western blot, real time RT-PCR 743
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nfol4l C7} wl2s]Emch Ga ek Rolaslc Ax
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ol oheet *ﬂ‘# 53] AfotMlzEo = F=dl, o

& AtollA= ebte of e 79, weke, 3 EHied, o
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