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The Effects of Verapamil on Growth and Apoptosis
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In this study, the effects of verapamil on growth rate,
apoptosis, production of transforming growth factor (TGF-
B) and fibronectin were evaluated in keloid and normal
human dermal fibroblasts. Both fibroblasts were primarily
cultured from earlobe keloids of three female patients and
treated with various concentrations of verapamil. Cell toxi-
city was assessed by MTT assay, growth rate and ap-
optosis by FACS, and the production of TGF$ and
fibronectin by ELISA and Western blot, respectively. In the
MTTso, the cell growth was more suppressed in keloid
fibroblasts. In the MTTgo, cell growth was more stimulated
in normal fibroblasts. No significant effect appeared on
TGF$ expression but an increase in extracellular fibro-
nectin secretion was found in keloid fibroblasts. Keloid
fibroblasts responded to verapamil more sensitively, and
the percentage of apoptosis was higher at the MTTsl. In
brief, verapamil had growth-inhibitory effect with inducing
apoptosis at the MTTs, but rather growth- -stimulatory
effect at the MTTg. The biphasic effect of verapamil
depending on the dose might explain one of the reasons
of relapse after keloid treatment with verapamil. Clinical
application with high concentration (2.5 mg/ml) is advised
unless excessive dosage is used.
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A2 FRAAT, ] Aol FRAHA 2908 TFHS
wh ZAGH 8450 A Aoz A4z Yk
LEd Aol=g S gNES XF3h=d oA W
pow 1 vk stk 24 FEeY, 293
WA AE, 5478 AR So] e} Az awv
HEAYA B A9 B, Ado] Fobx o U X
EWol /1= 9t o] & kB g o 2 triamcinolone,
verapamil, 5-fluorouracil(5-FU), interferons, bleomycin,
colchicine, retinoid, interleukin-6 5¢] @& T B9
5ol 9.
Verapamil 2 €435 Z4 =29} vigdAsle g% &
v Zg3he AE FE AdA oItk Leed} Ping'e
verapamilo] Zol oEdt= Axe Rulg-g oA s}
T wYR EA prolineo] A¥slE AL AAstd w
94 FAE JAYR 39k Doong =2 verapamil
o] A4 By e} Aol M{FEMENA actin filaments
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B4, Afstel]l #sl= transforming growth factor-2
(TGF-8) A4 &, A&7|Ho &3 23 A7} 1z
& Aot}

ojol A= AME P BAFFo|A verapamile] A 2 o]
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A AREAEE A FsATh o] Fd o gy
X2 vz gy Azol= 2Z-& 100 U/ml penicillin
7} 01mg/ml streptomycin sulfate’} E%¥H phos-
phate-buffered saline solution(PBS)©.2 oj2] ¥ A4}
AP Azol= 24 ARE AR 27)(1-2mm)9] &
A4 2 27 Pt} 2 AZo)l= ZZ4+E 60 mm Petridish
o ¥ 2 coverslipe 2 B2 ¥ vlA|E 4ml H7IPoh
Hj A= 10% fetal calf serum, 100 U/ml penicillin, 0.1 mg/
ml streptomycin sulfate7} &3# Dulbecco’s Modified
Eagle’s Medium(DMEM, Gibco, Grand Island, N.Y.)& A}
ST APH FE3tol 5% | NHVLE GAT 3]
oA 37C L=l A s Fstgich wld 8-104 Ao 23 =
Ztoll A} A} e AFEAEF #2EE A9 238 A
Asti, ¢ JTE BY 7R v Fsotr rypsing
A 2|ste] Aoiu] g3ttt 33] o] o] WEHY A 337t
Ao AP E 3-4Mt) A= ARHEAEE AHE-3t
Qat, 2 ojake] Bl HHE AYeAE A 7R AHE-H
oAk,

zToe FYF BAte o fEre 2w AF

o 9o BUP WO A ARRALE Wgse]
3AU7A APl AHgSHeT. |

Ztzte] AGNAE 2L A ie] ALE o859
=8

L. oAl X2l

Verapamil(lsopﬁn®, llsung, Korea)2 25mg/ml %
2 Ygdiad BRI ALE Zd ad FEE 543t
AH&-sH T

Ch =0 ME=Y Sut XA

GEEY MEZA = AE7 MITY AXW &3
& 7oA 58S £A3)= 34,5-dimethyl thiazole-3,
5-diphenyl tetrazolium bromide(MTT) assay® ZA}3}9]
t}. MIT stock solution(5 mg/ml, Sigma Chemical Co.,
St. Louis, Mo.)-& PBSd| 521 & 0.22 m filter2 formazan
arystalg A AsL 20T Aol BHA3S ARt A
FRAZE 96-well plated] wellF 10,0007/19) F=& &
Fato] s wj g § FES AT FEA T 484
7t F ATAE AAST 108 348 MIT(10044/ well) S
A7vsta 4xZE WA R T WHg-o] Ed 96-well plates
275 g(gravity) o)A 587 AABAGS F5AE AAGD
Dimethylsulfoxide(DMSO) 1004E 715} formazan
crystalS 834171 ¥ microplate ELISA reader(El 312e,
Bio-Tek) 2 550 nme} 630 nmo| A9 &3 9] vig 5438
et
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Verapamilo] 42 HE 43 old gFE v|XE=A
47 3 AR HREAEe Azeo= HFEAXE
MTTow# MTTso 2 2t} X2jste] 23 HlastsiTh
A L& 96-well plated]) o]F o2 Z} welld 250074 9] 5=
2 233 & GBS At FE M2 ¥ 1,357
d Agvict rypsin® 2 A st AES wojd H flow
cytometry 2 A E £Z Z43}9]th Flow cytometer} 30
27t ASEE FYT 0 Ul AT 5 SHT H F
500 ut W EAste MEFZ Bakste] A3

M

o TGF-A2l &%

Verapamilo] 4124 29| TGF-89] B4 oW g 4
% o)AEA ZA7] Ae 34 2 Aol= AfEA
5 MTTo0.2 22 Helakn Aead g 2429 o
z73 vwstgoh MAEAEe] TGF-f £HlE sand-
wich ELISA #o =2 2439l Anti-human TGF-8
antibody(Endogen)E PBSel| 2ug/ml FEZ 3435}y,
96-well ELISA plate(Nunc)ol] 50 0% @i A4 3%
uk A x| A} 7t} PBST(phosphate-buffered saline solution
triton) 2 33] A|H 38}, 3% bovine serum albumin(BSA)
(Fraction V, Sigma, USA)E -3 PBSE 200 ¥ 37}
ato] Aeo) 2417k AR ste] st PBSTE 33] A
23 The 2000 pg/mlS-E 72A 7R 28 A E4E F
Zga3 A2 E 72} 100 WA A7Vste] Aol 3A3HE¢t
A8 ABE AEAZ F AN ME FEAS
AHe-3lg k. PBSTZ 43) A|&3tar zt cytokined]] digl bio-
tin ¥ 33 (Endogen)E 0.5 yg/ml2 3|43} 100 p04
H7yetn AeolA 1A 7 WH-gA AT PBSTZ 53] Al 3%
t}& horse radish peroxidase(HRP)-conjugated streptavi-
din(0.125 yg/ml, Endogen) 100 & H715te] 4A-2olA
3087t AXstm PBSTE 63 AH3Ach EAe2
tetramethylbenzidine(TMB) 7]& &9 (InnoGenex) 50 &
o] 2319 o, Bio-Tek EL312e microplate ELISA reader
o)l A 630 nmel| 41¢] O.D(optical density) #< =33ttt
W2 AAE 959 018 M H:S0, £4& 50 8 #H71st
T 450 nmol A ¢] OD Fe A=A

H}. Fibronectin2 &3

Verapamilo] A-fE X fibronectin ¥A43} 8ol
old 9Fg vl 7] A3, ARFEHEE verapa-
milg MITy =2 A F, wjFqy EHlE fibronec-
ting} MEUe WA, A9 fibronecting Zt7 HEHZ
W1} Western bloto. 2 E48t1 o273 Hustoh

AHRAZE 6-well plated] EF31 80%2] DHEE



R 5 oWetgdo) ARolsd X Qg

Holw o2& Helsta 4847 W% F 4SS 333}
T typsing Helsto] AEE H5srhTh. AEE lysis
buffer20 mM Tris, 1 mM EDTA, 1mM EGTA, 0.1 mM
sodium orthovanadate, 50 mM phenylmethylsulfonyl
fluoride, 05% deoxycholic acid, 1% Triton X-100, 1x
protease inhibitor mixture)E o]-&3d}e] 1X]7+ YL o
A 3lAIZ] 5 1000 gol A 557 AAEE 2 AT A=
AASIL cell pellet extract® Qo] Protein Assay Kit
(Biorad)& Alg-3te) Bl A g HFslget. A 45
(500 p)oll anti-human fibronectin antibody(1 : 250, BD)Z
H7HE 5 4T BAA AAZ F oA protein A-
agaroseE H7FStl 1A1ZF Wb B¢ 4T @A 7k
HYAZE gl de PBSZ 33 #3331 2xSDS sample
buffer§ H7}stn 587 8% © SDS-PAGES 3
western blot-2 A] 334 ).

T cell pellet extract(500 ) A5AE Had X7}
A7 S (20 pg) & EFHF AEE 12% sodium dodecyl-
sulfate(SDS)-polyacrylamide gel electrophoresis(PAGE)
392 [Mini-PROTEAN 1I Dual Slab Cell(Bio-Rad);
200 volts(Model 1000/500 Power Supply, Bio-Rad), 14]
ZH, MultiMark Multi-Colored Protein standard(Novex) S
WA BAF 23 A% JFoz ALY AL
transfer bufferol] ¢ 1587 53313 g A o] wuld
< PolyScreen polyvinylinene diftuoride(PVDF) mem-
brane(NEN Life Science)o.2 o]EA|ZATH [Mini Trans-
Blot Electrophoretic Transfer Cell(Bio-Rad); 100 volts,
mA, 4°C, 1A 7. @9 do] o]%® membraned 5% skim
milk(Difco) 2} A2 A 1A1ZF B9t &g ok 0.05%
Tween 20(polyoxyethylene sorbitan monolaurate, Sigma)
o] X3 PBS(PBST)o 33] &% & Axa}#]¢l anti-
human fibronectin antibodyZ 42| A 1417} S ur-e
AT AFAE A As}a, PBSTZE 33] AH3 thL o]
2184 (mouse immunoglobulin, horseradish peroxidase
(HRPO)-linked whole antibody, Amersham)2 2204 1
A B AIF T o] AE A Ak PBST= 33 A
#3}e] enhanced chemiluminoscence(ECL, Amersham) =
w3271 t}g Fyjifilm  luminescent analysis system
(LAS)-1000 Luminescent Image Analyzer2 @Abslm
Fujifilm Image Gauge Version 3.11 softwareZ o] &3}
A8

Al NIZXIHA} 24

A ZAEAL H)g-S annexin V&t propidium iodide(PI)
E #4 ¥ flow cytometryE o|&3}9 ZAsQch A%
Abe} 7] 9Alo] ME ugz 2A)A HEote)] otow
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M= =el, Annexin Vi o] 9Ad AAA AEae] 2
23l Ca''o|&A ©Fo] 1, PlE M X DNA %44
EN AHEET o] o]F H whHoE 279 F7)9 A
TAEAE 7EE 4 okt

Agolsol A4 AFEAEE 1x10°9) Y52 6-well
plateol] 4131, 10% fetal calf serumo] £3% DMEM ]
o Hi<k3lt}h. Verapamil MTT50 S%2 Aa]sle] u) 3k
F 294 A8k trypsin A&l 3l1, PBSE 3W A Hg).
23 annexin V-fluorescein isothiocyanate(FITC)$} PI
E AL 1587 g £4S A ARAEE
FL3 filterg %3 flow cytometry2 EAFc}.

2P AAE Annexin V-FITCS} Pl 3358 A¥e 3
of Jerhgich 2 Ax el 2x10'0 248 A

OF. MEF7| 24

Agolrol A HHFRATE 1x10° cells/welle] B
E2 6-well platedl] AU} AEF7)9] HAL ok Z 3,
5 794 Atk wg £ 3, 5, 7dA vl trypsin 2 2]}
o NZE AF3s)ar, PBSE 29 AH3 3 4o = 70%
A& 3087 YUk 01 M PI9} 0.2 mg RNAase A
Ae A7tstn AMEE 4T 3083 v %t Flow
cytometryE Al itk DNA £4] AZ EH]E 0|45}
Z} Aol DNA & A3

=G A o aufr AR 9} 1 F3F 9A9) DNA(n-
termediate DNA content)E A o] JAHEL

A3t G1, S, G2-M7)9] M %9 Hl&S 245}
7 Azl 2x10° BAL Agsgh

Kb, TUNEL M0 28t MEZEXIZEAL 24

Verapamilel] 9|3 AZol= H{GEME AEAHA}
£ FugtA e #23}] 98 TUNEL G948 A 33y
o ofEe g MAEMETY APANE digoxigenin-
labeled genomic DNAE #3902 7#%3}%= Apop Tag in
situ apoptosis detection kit(Oncor)E o]-&3}th

AFEAEE coverslipe] £ = 6-well plated] 7)
9 okl ¥ 2447 WY oo PBSZ AN 4%
paraformaldehydes] 10837F A2o)A 14314t PBS
A F 3 23 ZAHacetic acid)S 20 12 &§3
SAoF 20T A 587t 3T (permeabilization)7} &)
A & F oAl PBSE A2 § o8 33 939 (equilib-
rium buffer)ol] 587} ¥F§-3}3 TdT enzymeo] £} &=
W3-+ %M (reaction buffer)dl] 37°C 1A 7+ ¥He-A17) ] =
2 3ol (stop buffer)s] 37°C 3053 MHste] wge =
AN A . Coverslipd] anti-digoxigenin-fluoresceing )
204 3087t ¥-2A17] 5 Pl/antifade’} 8-8% mount

<
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Ag Wolmg] &efol= o) R B ¥
(confocal microscopy)22 #H&3}4t).

Tz23 4dv4

)3 @A AT FAo] A AL #EY F A
Azols A4RAEY A4S BjGAE h2TE 100%2

i SARE
TE A¥e 33 o)A Table |. The Cytotoxic Effect of Verapamil on Keloid

dEste] dAsiglon Ao Fibroblasts

PBA + BEAAE FA 81T, Student's t testS ALE
3to] p<0.05914 F94& A3

Concentration of verapamil % of the control

(mg/ml) (Mean =+ SD)
0.008 (x 320) 1025 + 9.4
0.016 (X 160) 97.0 + 10.6

7}. Verapamil® MZSAM &1} 0.031 (< 80) 1018 + 138

Verapamil $%0] W& ATEX adE F:o ojed 0.05 (x 50) 90.0 + 9.7
78t whgatgl e, 0.05-0.125 mg/mle] oA A 0.063 (X 40) 70.8 + 89
golE J{EAE vEZEol g5 a4 (dehydro- 0.083 (X 30) 63.1 +12.1
genase)?] FYEE TE ATHOE FRATIE A2 0.125 (X 20) 192 + 7.0
‘jﬁ‘fki‘:&liﬁ mg/ml o]4e] BN MEE A 0.25 (x 10) 77 £08

A E3§

Azols HMGEALe] UF verapamile] MTTsns 05 (x3) 17216
MITs, 55%& 77 0.05mg/ml¢} 0.1mg/ml ¢]Qct 125 (x2) 03 +07
(Table I, Fig. 1).
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L}. VerapamilOl M= MA0| 0|X|= & 5% e N

g paYlN Mgl HFEAZEE 59 4 A [§ ® | bW 04 moml |
gl Egstel ol olgel 40l 94 e Ao W |5 9|
ol i}, Agole MGRATEE AE AF JuAd o= °§, 0
A 2354 79 ol FAE A&H Falo] AYHE ¥ & 5 oo [k
AN HTable II, Fig. 2). § 0 e

A4 2 ARo)s HAREAEE verapamil©] MTTool A < o02Po2 o4 oe 08 1 A2 T4
Hﬁook?:’_l' @3’*}, /H]E_J "5];3‘0] 23‘]?}] %ﬂﬂﬂ /‘1]3—’;‘3]1%]: 7% Concentration of verapamil (mg/mi)

Ao TR 4 AFEAZE oF 461, A2l A
SRAEE 118 AFo] 2AHQPOH, AL HAGH M L

Fig. 1. Cytotoxic effect of verapamil in keloid fibroblasts
assessed by the MTT assay. Verapamil induced cell toxicity dose-

N 2 Aol7t B =RT BA4 FolsiThp<005).
MTITs 24l 34 2 Azo|= A4RAL 2Tl

dependently in keloid fibroblasts in the range of 0.05 - 0.125 mg/
ml, and the MTTs and MTTs; values of verapamil were 0.05 mg/

ml and 0.1 mg/ml, respectively.

Table II. The Effect of Verapamil on Proliferation of Normal and Keloid Fibroblasts

Time(days) 0 1 3 5 7
NFs Control 250.0 592.2 1040.6 1501.6 1496.9
VR(MTTo0) 250.0 667.2 1406.3 3023.4 6906.3*
VR(MTTsg) 250.0 336.0 705.2 7264 714.3*
KFs Control 250.0 368.0 945.3 1954.7 27422
VR(MTTgp) 250.0 375.0 988.8 2897.2 2977.5*
VR(MTTs0) 250.0 320.0 591.1 645.9 601.3*
(cells/well)
NFs: normal fibroblasts, KFs: keloid fibroblasts, VR: verapamil, MTTg: 0.05 mg/ml, MTTse: 0.1 mg/ml, * p<0.05.
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Normal Fibroblasts
8,000

7,000
6,000
5,000

4,000 M Control
3,000 W VR(MTT90)
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0 1 3 5 7
Days

Keloid Fibroblasts

3,500

3,000

2,500
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Fig. 2. Comparison of the growth rate in normal and keloid fibroblasts treated with verapamil. In MTTs) concentration of verapamil,
the cell growth was suppressed in both normal and keloid fibroblasts, which is more significant in keloid fibroblasts(p<0.05). In MTT,
the cell growth was rather stimulated in both normal and keloid fibroblasts, which is more significant in normal fibroblasts(p <0.05).

VR: verapamil, MTTo: 0.05 mg/ml, MTTs: 0.1 mg/ml.

Table Ill. TGF-3 Expression in Normal and Keloid Fibroblasts Treated with Verapamil(MTTagg)

TGEF- 3 (pg/ml)

Group v -
ean
NF Control 1168.2 209.1
s
VR(MTTg) 1065.9 218.3
E Control 3108.5 269.3
s
VR(MTTsp) 2865.3 277.0

NFs: normal fibroblasts, KFs: keloid fibroblasts, VR: verapamil, MTTso: 0.05 mg/ml, MTTsg: 0.1 mg/ml.

St Ml o) welld A7} 24zt i<k 195 87%, 3Q 5
62.3%, 507 33%, 18] 7Y A 21.9% = H|%F Z7|o= 2
2ol & Holx] 9401} 3% o] FRE] verapamile] o3 47
A B37t FHEHA Jes] ARy, A4 4REA
THG O 2 Zolg Ben AN F2stgrhp<0.05).

Ct. VerapamilO| TGF-# £HI0| O|X|= st

A2 AREAZRGE AZol= AR A ZA TGF-
87} B Bol A=A (22 1065.9 pg/mt, 2865.3 pg/
mé)(Table III, Fig. 3), verapamil MTToo| A A4} 554
¥7} ARolE MREAEHT O 58 HFEL HYonm
2 AE s TGE-8 9 gole o 2 Aoz A7
22t verapamil MTTeo.2 &g Agol= A E9
TGE-g #¥le AeatA ¥ vz vs) 23 745
AT froJ 3 Wshe B2S 5+ YATHZ L 28653 pg/mt,
31085 pg/ mf).

2. VerapamilO| fibronectin &4 L 2H|0j| D]X=
A&k

27 gAY fibronecting A XU dA4ste] A=

I ' oIy verapamilz A A A X9

TGF-B
3500.0
3000.0
2500.0
E 20000 B Control

é 15000 W VR(MTTS0)
1000.0
500.0
0.0

NFs KFs

Fig. 3. Comparison of TGF- secretion in normal and keloid
fibroblasts treated with verapamil(MTTy, 0.05 mg/ml). Fibro-
blasts were cultured on 24-well plate for 48 hours after treatment
of verapamil, and supernatant was obtained for ELISA. Note that
keloid fibroblasts secreted more TGF-# than normal fibroblasts,
but there is no significant difference of TGF-4 secretion between
the group with verapamil treatment and the untreated control
group. NFs: normal fibroblasts, KFs: keloid fibroblasts, VR:

~ verapamil.

fibronectin®] EulE ZAHY oL, AFog ATyl
4, A4 fibronectin® ZolE AL Y 2 9ot
(Fig. 4).
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Fig. 4. The effects of verapamil on fibronectin synthesis and
secretion. After keloid fibroblasts were cultured on 6-well plate
for 48 hours after treatment of verapamil(MTTs, 0.05 mg/mi),
supernatant and cell pellet were harvested for immunoprecipi-
tation and immunoblot, respectively. Fibronectin in supernatant
represents extracellular fibronectin and that in cell pellet re-
presents intracellular fibronectin. Verapamil treatment induced
an increase in extracellular fibronectin secretion and a decrease
in intracellular fibronectin in keloid fibroblast. con: control, VP:
keloid fibroblasts treated with verapamil(MTTo).

of. Verapamil®f 2l R==c MEXIZAL 24

7} 1389 478 FolA &5 dste F TEHE 44 F
7l @ 2719 AZAEANGAR By #S Fete 78S
42y A E A Ao AEE & o), verapamil MTTs
oz XH A4 2 A2oj= MREAEY HMEAEA
F7k0] Zh2h 6.42% )4 62.46%, 6.90%) X 69.77% = LIE}
U HNEZAEA FAoE "HYHE Ro] F3HA B2
91 tHp<0.05)(Table IV, Fig. 5).

a3 & YEzES sty AESEF St 7))
A4 AFEAEANA 9117%9] & Hof AZol= 4
FEAFAME 912%E HEEo| A £33, AVEE
#Z 9 23S 2zt 241%, 1.67%2 Aol A4RA
FoA AuFoz ot e A& #EE & Ut &

Table IV. Data of Flow Cytometry Plots in Fig. 5

[
w%‘“
T O T BE ORI T T
ANNEXIN V-FITC ANNEXIN VFITC
(@

TR T P b
ANNEXIN V-FITC ANNEXIN V-FITC
© @

Fig. 5. The effects of verapamil on fibronectin synthesis and
secretion. After keloid fibroblasts were cultured on 6-well plate
for 48 hours after treatment of verapamil(MTTs, 0.05mg/ml),
supernatant and cell pellet were harvested for immunoprecipi-
tation and immunoblot, respectively. Fibronectin in supernatant
represents extracellular fibronectin and that in cell pellet re-
presents intracellular fibronectin. Verapamil treatment induced
an increase in extracellular fibronectin secretion and a decrease
in intracellular fibronectin in keloid fibroblast. con: control, VP:
keloid fibroblasts treated with verapamil(MTTs).

9 verapamil£ A 23
20.35%, 39.24% 2 A%
AE7E o 978 A 3
Al FAoz APEHE A

A% 9% 5 789 ol 27
AREAZRG Aol Y4
1Zoz welstel F&a AxA
2 UehtHp<0.05)

Bt. VerapamilOff 2|8t M=F7| w3l 2ha
ANEF7) BARAGNME AZAEA =S & F 3
o] ¢roll A PI$} Annexin V-FITC 0|5 ¥4 Wioz 23

Quadrant(%)
Group
1 3 4
241 91.17 3.69
b 1.63* 18.72% 35.91 43.74
c 1.67 294 9142 3.96
d 2.29* 36.95% 27.95 32.82

a: control, untreated normal fibroblast, b: normal fibroblast, treated with MTTs of verapamil, ¢: control, untreated keloid
fibroblast, d: keloid fibroblast, treated with MTTs; of verapamil, 1: above, left quadrant-dead, 2: above, right quadrant-late
apoptosis, 3: below, left quadrant-viable, 4: below, right quadrant-early apoptosis

* p<0.05.
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Table V. Data of Diploid Cycles in Fig. 6.

Apoptosis and cell cycle(%)

Group

Apoptosis Gl S G2
a 10.8 823 9.1 85
b 25.0% 85.8 6.7 7.5
c 8.2 83.9 9.6 6.5
d 8.1 58.4 37.7 39
e 66.8* 71.8 245 3.7
f 17.7 48.6 514 0.0

The shady area under each peak of figure 6 is presented as percentage.
a: control, untreated normal fibroblast, b: normal fibroblast, treated with MTTs of verapamil, ¢: normal fibroblast, treated with

MTTs of verapamil, d: control, untreated keloid fibroblast, e: keloid fibroblast, treated with MTTsp of verapamil, f: keloid
fibroblast, treated with MTTs of verapamil
* p<0.05.

Fig. 6. Diploid cycles of normal and keloid fibro-
blasts treated with verapamil The first peak is
apoptosis, the second Gl, the third S and the forth
G2. The shady area under each peak means the
percentage of each cell cycle and apoptosis. Keloid
fibroblast responded to verapamil more sensitively
than normal fibroblasts, and the percentage of
apoptosis was higher in keloid fibroblasts than in
normal fibroblasts treated at the MTTs concentra-
tion of verapamil(p<0.05). a: control, untreated
normal fibroblast, b: normal fibroblast, treated with
MTITsy of verapamil, ¢: normal fibroblast, treated
with MTTe of verapamil, d: control, untreated
keloid fibroblast, e: keloid fibroblast, treated with
MTTs of verapamil, f: keloid fibroblast, treated with
MTTy of verapamil.

T AZABA B4 A5E ] AT £ AdE, F A 8 AEE RE Gl AEF7]d B EWA of
e ZAE Aue I8¢ cHTable V, Fig. 6). H A5y AFof o) S NEFIZ o) te] AR 2 B
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S AV AEZAEALE 24 gk A AFEAZE
F& Gl AEF7]] HE gled, AR20E HHE
IE A4 AFEAZL vlsld S NEFA e Al
Ego] Wobx &g 4% 2 o] dojutx AUk
A AREAEE verapamil2 X3 7§ MTTyol
£ 108%014 82%% MEADAL} 9358 ZojE ut
H, MITsol| M= 25.0% =2 <F 254 71314tk Ago|=
AFEAEE verapamilZ g Z-§ MITpo M= Al
FREAL 81%lA 17.7% 2 oF 28] Z718l3L MTTsp0l
e 668%2 88} o)Foz Zrhagch

ol Azols MHEAMETI} 4 HAfEATET
verapamilo] o W7ksA WS-she] MEALA A2 o]
H5)= Ao VEhdtHp<0.05).

X

oY

Al TUNEL g4

Agol= HAFEAHEY verapamild] o3 A E2EA}
2 gy g0z #AA3ly] 8] TUNEL G4 A3ty
t} MTITsy 552 verapamil® 24A|7} xx]%t Agoj=
A RAZI thzFe] wiste] FITC %A, 2 4 EAEAL
2 HolE: MY £} 20% Z7151chFig. 7).

ditHoz AZoloy} HIFAYRE 23 Yo HHR
AES & AL v, A iz oz F4E 9l
t}. o]# 3 #e Cohenof o3 WHH L& 2
oA AT wlAEA wslel o5 A AHEA T}
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Fig. 7. TUNEL stain of keloid fibro-
blasts treated with verapamil (MTTo).
Keloid fibroblasts treated with MTTs
of verapamil show increased TUNEL
{#) staining of apoptotic cells compared
to control. A: control, untreated keloid
fibroblasts, B: keloid fibroblasts, treated
with MTTw of verapamil, Left: pro-
pidium iodide stain, Center: TUNEL
stain with labelling, Right: overlay of
propidium iodide and TUNEL stain.

2 HEANES 2t JH T A g
Zuj vleo] wad wel in vitrod) A de)71A
obB o] AE EAE 2AH] A A7 AP EHY =
o}, £3] colorimetric assay?! MIT E4H& FJ=E &
At 2 AuErt & § o 54 AEE JF9]
AAE & e Yoz gy AgHox 1 o MIT
assay(Mosmann)& A3 ] A} A (mitochondria)el] & x|
3H= succinic dehydrogenase®] 42 FHANSHE WHO
24 succinic dehydrogenases MITZ &3l MIT
formazan ¥4 AEE FFE=2 A3 = /M dRlstn
e ME B4 Boyez dujd g’ oo Axe
o] MIT assayE ©]&3}o] verapamilZ A& 3t9& A5
AEAZ t dAaHRE Hln BA1x 43S
AYstH T o] HAFA Aol AFEAXA o
verapamil®] MTTe3} MTTs =& 22t 0.05 mg/mls}
01mg/miz Jepgton}, ol A AME 2 A
AEY aFEAT AFBYNAY vigx, 221 43
Uy Foll b} ¥hg-o] xpolzh Q& AR ALREY 9
A AHEHE FE(3 Hol =71 e} 25 mg/mlE 05
A 20ml AHg)RTE R e TR AE S48
Holg AL B¥d A 2ot 281 ¢ W& MITy %
drMe 238 © AF3e A& #F2Y + Ao
AFEAZY 437 93 g4 S 243t 7FeE
9] FAES AEeAe 9 HHo|r] 24 J|HE
AR 5 Uk A AFEAL Gl Wiestner 57
< A Y4 (procollagen)o] RYF FAE AAst= HH
71 714¢ 2ud v ick o)2d % Wk vjo)
2 o] F§ HfFrEAEZ DNA, wd 3 o
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718 HHAA FAAL, o] HE EHo]
o zAAEdE R1% YAk Wiestner 7 w g
A 28714 & procollagen peptidases] ©}3) Eaj® A

229 Eo de oA HEo]=(NHy-terminal ex-
tension peptide; procollagen peptide)7} G2 A Lo =
Hol7] 71Ho g wdd FF ©WE S04 Jehyn

AP Fe 24P sgck

£ ARA MITy 559 verapamilol ] wjofg A2
ol AFEAMEs} TGF-p Eulo] 8 Jeg wra] 3 A
Xo& fibronectino] T ®o] EHIHE oz Hol,
MIT9] %& T 5Ho]] 718 93 o ] 7]
ol FAFdA ¥ AXY BT IHEE MTTy
9} verapamilol| A ¥ k® AZol= HH T AT} ?6’] Zé
B AFEAE A} FAE 3 AL AASE, MTTee] ¥
Ex AX SA40] Rl FE3) HREALI} 48 4
AE TEHE 7 5 A3, A, TGF-49] Wste A<
gileng FAd e AL AL 2388 TGE-poj
e ZeAol o sl Walsle B3RS 4 glon,
AAZ, AL 29 fibronectin 287} L ox B35 1
ARAZE fle ez Bol HHo]y] Ao g 2%
71°50] verapamilel] )3 Wajurolr <3 HAZH A
OS2 Az B ¢ Qo agn ARolE AfrAZE
A% AREAEEG 344 deolez 4 27 An
7F AU A R A vehd Aoz 9ARY. 3, MTTs
Fx9 verapamilo] A vjdE FA L AZo|= H{EA

T AL A=Y, ARl HFRA T A
 FA A FHo 1FE2] verapamilo] AZ ol X]‘E&ﬂ
FEIE & 5 AA ol& verapamilo] & AJE =4
ol o ZA 43 Atz oA}

A ARFEAZED ARolE AFEA T} U gt
Al verapamill] ¥H-5le] MEAYALE st Ao Ve
U JBHE ARG FALE O A= AZol=y w5 gul
E F99 A4 HRo AGRATE vy &4o] Fg
A2 AAZh 183 AA YN 29 FER
o A 2L Fr MTTs0(0.1 mg/ml)ol| M= Ad-f-BA E
9 %ol JAHA O o]’} 1] & MTTe(0.05 mg/
ml)el X 238 AHEATI B 43T 5 denz,
A PelM 24AE FEQR5mg/m)E HAHo =
W GHY FEo|ER ofF Alg o] FHFo] oy
YA LR 25 mg/ml FE] AHgo] R Aoz Alg
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Atk Lee 5°& Q43 6] A verapamilo] ¥tE o] 2yl
Eole o SE3 FAEo)Y FRFe] 3 don
Bugch aehd, 897t Qo] d3Fe= gol AL
Alole AESt AAAE, AR, e, g2, 27399,
BEEZT 5o FAo] dold  JlomZ Rz
ol AAgte Aol £& A0 R AAZY. 183, HA
2 JAHoZ e FL 9] verapamildl] &3] A= o)z}
Eol AR & Yk Ao 9B A4 A7} At
o2 qztd

3H anti-human TGFB antibody 2} anti-human fibro-
necting AM835l1 AT 3%2 HLE o859 S o &
Ao 2BE HAZ&% TGF-B$} fibronectino] A& X)) u]3)
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B3 Hf ZAEE T e hRToRE o] &d
& Ao7 AgHTH

o9 AHE FFANEW, ZEZIAQ verapamil&
AEAEBALE FE3] MITsoll A AZojE HFEAHE
o A& AAslaL, ARo|=g} HFEAANEY g F
23 4L T F JE AoE ZAFHUAT Ye FE
MTITy) M E 2388 AAEAEY 4% &3 537 U
gunz Qi = ddd oA FE a3y F
To w2 gutd Fgo] NEAAY N8 T Ay 49
F 3E FEE & Aok 223 YFHoE Ao
o} o] ol LEEQRS5mg/m)E AHEEE A
o] 48 Aog AT ARo|=9} HFTHuE Y
S| 2114 verapamil §Fo] WE 5 F ] 3
BATF FF Ao & RAolu}.

Aol MFRAES 473 AZAEAe] verapamil
o] W& JEE Yoliy] A% B Ao gL g2
44E I
1. Verapamil2 0.05-0.125 mg/ml2] FLo)|A AR
E AREARZY = gEFHoF AESHAATL
A ew, MITe# MITsy 52 247t 0.05 mg/ml
9} 0.1 mg/mlgct.

2. Verapamil& MTTx2 FEdA HH2AEe A%
< dAs= 2971 e, ARolE HEEAXE
7F A% AREAEZERY ¢ 2A JAHAL v,
Verapamil2 MTTo®] x4 318 AZE 2
Al7le &7 e, AN AREAEs Ao
E AREATZEY ¥ 22 AFES 290

3. MTTg9] FEoA ARol= AFEAEE GRT
v TGF-g EHldl= zbol7t fIdn ATz
fibronectin £18]¢] =719} A E 9] fibronecting] 7+
A E¥4.

4. MIT59] oA AZols AFEAEE A4 447
EAxe) v o 9gsA g8l HIEIAEALS
o] o &}

o]/4¢] A#}Z verapamil2 £ FEMTITs)ol A= Al
FAPAE it ARojE HFEAX AL AA|
=9, 9 SEMTTe)dME 2318 #470] v
¢ T AN o] G verapamil®] FEof Wi At
Zgo] A8 Aot A5 F ALy 4 F iz F
HuE & Jddd glojH FE 83, JAFHo s
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