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The Effect of Tissue Plasminogen Activator on TGF- 5 1 Pre-Treated
Human Mesothelial Cell Line

Junglim Lee, M.D."?, Soo Jin Jeon, B.S."®, Young Choon Yoo, Ph.D."?, Ji Hye Kim, M.D.2, Yu Mi Lee, MD?,
Sun Jung Kwon, M_D_2'3, Ji Woong Son, M_D_2'3, Eugene Choi, M_D_2’3, Moon Jun Na, M_D_2'3
Departments of Jﬂ/[iavbfology, ’Internal Medicine, and jMyunggok Research Institute of Medical Science, Konyang University
College of Medicine, Dacjeon, Korea

Background: In an effort to find alternative therapeutic agents to prevent excessive fibrosis as a sequela to
complicated parapneumonic effusion or empyema, we examined the effect of tissue plasminogen activator (tPA)
as a fibrinolytic agent combined with talc or transforming growth factor (TGF)- 81 in a human pleural mesothelial
cell line, MeT-5A,

Methods: MeT-5A cells were stimulated with various doses of talc, doxycycline or TGF-81 for 24 h and then
were treated with tPA for an additional 24 h. Cell viability was measured by MTT assay. The production of
interleukin (IL)-8 and vascular endothelial growth factor (VEGF) in the culture supernatants was measured by ELISA,
Real-time PCR was carried out for measurement of type I collagen mRNA,

Results: MeT-5A cells treated with talc showed a dose-dependent increase in production of IL-8. Talc also increased
production of type I collagen mRNA at low doses, but talc did not influence the induction of VEGF, Addition
of tPA to talc-stimulated cells showed further increases in the production of IL-8, but tPA did not influence the
production of VEGF or type I collagen mRNA, TGF- 81 increased the production of both VEGF and collagen type
I mRNA, both of which were effectively inhibited by additional tPA treatment in MeT-5A cells.

Conclusion: TGF- 81 is a potent inducer of collagen synthesis without induction of IL-8 in MeT-5A cells. Addition
of tPA after TGF- 81 stimulation inhibited further fibrosis by direct inhibition of collagen mRNA synthesis as well
as by inhibition of VEGF production,
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g Buko] 2 72 ok oy
L ko] AlRstel thek EobkA] tdatl s
Ao AF-galla 55 o83t of& WAE] Ak
AT Fuksl K Ea Iy, 2o ~2ERE Y
oFA|(streptokinase) & ARE-SH Ui F2H9] Aol &~
EETUetAlZ} FFold FHEE T o)l
Asl= gl AskE WAk & J3 RIAA &
giths AdE’ o]Fo] Be ARSo] FEH|T W
£ 93 tiAIAR] o 3] ffal =9 Fell Slok

Zef2n| =2 A (plasminogen activator)i= 075
B dH88) Aol ol8HL = FaE, 23 Zekir]
=701 EAdA(tissue-type  plasminogen activator, tPA)2}
S27UA Fef2n) =20 /Al (urokinase-type plasmi-
nogen activator, uPA)2 TRETY 2% Zelan)edl
LA B 27 VA Skl 23R Rk <
TE ol Afras 83l s ofet delivME, w3
WHolw A ¥ (cortical astrocyte) 5 TRFSE 279 AEE
] o) hofst A7} 2 ARslel Aol Hol
b BauEley, w3 ARuE, FEAE ol
H TNE-a 59 @54 AEZRIe ol of5e] Wl
e 4 ok s, H2 0 e 2 % vl
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A FHA 2 FES 7H SRfollM ARgsiAlEA §
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WA A == Fro] ol Tk 2dE Bl
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= FHHFE Sol7] 3 v 83 ArEsiAE 3
7] SJal Abe] A T SHAIE frEd] MeT-5A Al
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1. M=

A EF wljokol] Medium 199, $-efo}& A (fetal bovine

serum), Eagle's BSS, L-glutamine, epidermal growth fac-
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tor (EGF), SEHIEE, A, typsin-EDTA (Gibco
Life Technologies, Inc,, Carlsbad, CA, USA)2} Hydro-
cortisone % insulin (Sigma, St, Louis, MO, USA)S AR
skt AEF A=l ARSRH FHHFARAIRE asbes-
tos-free talc powder (Sigma, St. Louis, MO, USA), dox-
yeycline (Fujisawa, Deerfield, 1L, USA)¥}, recombinant
human TGF- 81 (R&D systems, Minneapolis, MN, USA)
= ARkt el aRe 24 Eekandl 249
A|(tPA, Boehringer ingelheim, Germany)ZE ARE3FIC}

2, NEZF B

MeT-5A AFESIA|EF= ATCC (American Type
Culture Collection; Manassas, VA, USA)ZXE ¢35}
ALEEFITE, MeT-5A A= CO, AEH|UY71(37°C, 5%
COy)ollA] Eagle's BSS, 75 mM L-glutamine, 1,25 g/L $%F
2WEF, 3.3 mM EGF, 400 nM hydrocortisone, 870 nM
insulin, 20 mM HEPESS} 10% $-ejo} @Ho] &-5d
Medium 199=. HjjeF8}9ict

3. BLME MEE &

AZAEES H71s7] $18l 3-(4,-5-dimethylthiazol-
2-yD)-2,5-diphenyl tetrazolium bromide (MTT) £243-& A]
H3FATH?. MeT-5A A ZE(1x 107}/ wel)Z 96 well-flat-
bottom platedol] B8} 18AI1ZF o] CO, M F7]9l4
woketo] A7) HEl BES @ ¥, o e
tale, doxycycline, TGF- 51 2 2] Z2}2n| =7l 2434
7b T3k gt o2 wAlg F 244K wiekakoict. 2zt
welld MIT 89 50 1 LE I8kl 37°Cell] 42 RE whe-
AZEE 4ARE - drlte] R WA S AlAsaL JAdE
ol 100 £ Le] DMSOZ 7Fsto] &S 59 & gheld
MTTE microplate reader (Bio-Rad, Hercules, CA, USA)
£ olgste] 570 nMe| el FFEE Sk
o] FFE S ol AMEAYETES 4 x|
wale] WE-S(00) R FAIBFITE

4 NEFIRI 58

Talc, doxycycline ¥ TGF- 5102 Z}Z} =3k MeT-
SA A vk ¥3E I1L-8 I VEGFE enzyme-
linked immunosorbent assay (ELISA) kits (R&D systems,
Minneapolis, MN, USA)& o]-&3}a] A|ZALe] H4 Wi
of oJaf A5t ks, anti-cytokine capture an-
tibodyZ coating buffer (0.1 M carbonate, pH9.5)¢]| 3]
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Table 1. Primers used for RT-PCR or real-time RT-PCR

Primer Sequences

IL-8 Sense: 5'-GTGCCTTGGTTTCTCCTTTATTT-3'
Anti-sense: 5'- TGTGGAGTTTTGGCTGTTTTAAT-3'

VEGF Sense: 5'-AACCATGAACTTTCTGCTGTCTT-3'
Anti-sense: 5'-TGCAAGTACGTTCGTTTAACTCA-3'

MMP-9 Sense: 5'-GACTTGAACTTCAGCTCTTGGAA-3'
Anti-sense: 5'-AAGGGTTACCAAATCCCACTTTA-3'

MCP-1 Sense: 5'-CTTCACTTTCCTGGGTAAGGAGT-3'
Anti-sense: 5'-CCTTGAACAAATACAGCTGGTTC-3'

RANTES Sense: 5'-CCAGAAACATCCAATTCTCAAAC-3'
Anti-sense: 5'-GGTAGAACTGTGGTTCAAGAGGA-3'

Collagen-1 Sense: 5'-TCTCCTGGTGAACAAGGTCC-3'
Anti-sense: 5'-GAATCCATCGGTCATGCTCT-3'

A -actin Sense: 5'-TTAAGGAGAAGCTGTGCTACGTC-3'

Anti-sense: 5'-AAGGGTGTAACGCAACTAAGTCA-3'

RT-PCR: reverse transcriptase polymerase chain reaction; VEGF: vascular endothelial growth factor,

293}e] microtiter plate (Costar, Acton, MA, USA)dl| £
SFAL 4°CollA] B 9t F2AIZL F 0.05% Tween 20
o] ¥ PBS (0.05% PBSDE 33] AHstaL 10%
FBS-PBSE A ZITh Al ZulFel-S 100 FBS-PBSE. 3
Asto] Fake] Zt wellol] 73 F- Ag2ellA 243F v
A2 F-0.05% PBSTR 43] A|%3tdet. H&3A ol bio-
tino] -2+ 3} 11-8 3kA| 2 8} VEGF 3}A|9} horseradish
peroxidase (HRP)-conjugated streptaviding 10% FBS-
PBSE 250 3]43ke] 7} wellell 713E & de-ellx 14]
ZF Bk AIZITE 2 F 0.05% PBSTE A|H3E 3 tetra-
methyl benzide (TMB)9} hydrogen peroxide®] &S
7} wellol] F7Fsto] ofF=g Adgold ¥hEAIZL 5 2N
H,S0; gl o2 whamt-g-5 HAAZITE F35=+ ELISA
microplated reader (BioRad)E 018310 450 nm 3}l
A S8ttt EHIE AEZR] & human recombi-
nant IL-8 5= VEGF 54 0 2 7Y f5ste] Aiks)

.

5. Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR)

tdet o] 27 Sekanedl AR AR 2
=3 MeT-5AX| 25 E] Easy Spin-total RNA extraction
kit (iNtRON, Seoul, Korea)Z o]-&3}e] & RNAZS F=3}
St =3 RNA 1 £ g2 10 pmole/mL oligo-dT primer
(Bioneer, Daejeon, Korea), 10 mM dNTP mix, 20 U re-
verse transcriptase (Invitrogen, CA, USA)7} ¥ 50

e 1o] FEEEGFeN oA 42°CellA] 60, 95°Cellr] SRt
WA cDNAE THESQIHE WHEOlR]l cDNAE 1L,
VEGF, angiopoientin (AGP)-2, matrix metallopeptidase
(MMP)-9, monocyte chemotactic protein (MCP)-1 %
regulated upon activation normal T-cell expressed and
secreted (RANTES) 53 2-2 AE71Q1 E AR71e o
Sk primer (Table 1)& AM83}o] PCR S5AI T PCRS
Z=8)5}7] 9J8}ke] cDNA 2 L, 10x PCR buffer 5 1L, 0.2
mM dNTP, 1.25 U Taq polymerase (Takara, Otsu, Shiga,
Japan), 25 pmol primer, 2 mM MgCLE ¥oA 50 LY
HES-AlS THE ThS 94°CollA] 5E3F %7] WA (denatura-
tion) ¥, 94°CellA] 30% WA, 57°CellA 3023+ &Y
(annealing), 72°CollA 30% - (extension)3H 3057
2t RREAIFALY

6. Real-time Polymerase Chain Reaction (PCR)

Talc & TGF- 812 A=3F MeT-5A A|IEE %3] 22}
2070 SPgAIR 2441 A2l § 19 Z242 mRNA
%ol WshE realtime RIPCRE o]§3te] Z4stsic
MeT5A AZE B 5= TGF- A1 % wler} -4
A ollx] 2413wl ek 5 Al EufFelg AlASEL 50
pg/mLe) 24 Fepn)edl AL 8 wegele
2 AR 242K wjdetgint. 24213 F A|2E ot
Easy Spin-total RNA extraction kit (iNtRON, Seoul,
Korea)& ©]-85}¢] & RNAE FZ3I5itt. +53% RNA
1 £ g& RT-PCROIM 9} 22 U OZ DNAS THERIT
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WFEo]7 cDNAZ 2.5 £ L9] 10x PCR reaction buffer, 1
mMe] dNTP, 200 nM2] 18 =2}l primer (Table 1), 2.5
1 Le] Syber green (Bio-Rad)3} 2,5 U2] Taq polymerase
enzyme (Takara, Otsu, Shiga, Japan)o| 33+ 25 £ Lo]
Hhg-ollol] H71ek ) 94°Collx] 287F A WA, 58.5°CollA
3027 B9 F 72°CellM] 3027t S5 403] wHESR=
PCR ¥H-8-& A3}Sct. ofeldh POR ¥h82 iQ"™5 cycler
(Bio-Rad, Hercules, CA, USA)E o|-&3}o] AJ3¥a}ict.

PCR AJ~HZo|| H7}EE= SYBR greend] 45 2438}
cDNA®] AAZE FA]] Wisks EAskeloH, 18 2k
cDNA%S [ -actin ¢cDNA%H} Hnl B35} PCR ¥HS-
o] A48 BAle] 13 bl Ras] HrhA ooz A
shaic

7. 84 Az

A= 33) olate] Seieel Agl Ak 27te] A
3 E2o] Folrro w2 A|EAYEST} 118, VEGF Y
collagen 1 mRNA 72| 2] 3= one-way ANOVA test=
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0 T T T T T
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o]-g-3to] ABEAAL, tPA Fof fi-oll whE xfol= stu-
dent ttest= B]ul 8T A A= et (mean)
EFHX(standard deviation, SD)E AF=3te] EAJS}S]
t} EA| Aol SPSS for Windows version 12,0 (SPSS
Inc,, Chicago, IL, USA)E AR&3}Sit),

2 o

1. MeT-5A M|ZZ0f|M talc, doxycycline 2 TGF-4 1
=0l ofst MEMEE H3|

100~800 £ g/mL FE9] talcZ A8k MeT-5A A|E=
ol AT BHA| oFe v 7ol v Al EZAEE A
o] Wa} QIent 1,000 pg/mL ool FEZ A=
Al AE ZAdo] YR} &80 7002 F43] 743t
rHp<0.001, Figure 1A), Doxycycline® 5 £ g/mL7}
A9 FroME s vt 7o AEES B
O} 20 1 g/mLe] FEAME AEAEE] u|A 7
e B p<0.01, Figure 1B), TGE-51¢] 7

B Doxycycline
120 - yey

100
80 *

60

Viability (%)

40

20 4

None 1 2 5 10 20
png/mL

Figure 1, Effect of talc (A), doxycycline (B) or TGF- 81
(C) on cell viability of MeT-5A cells, Cells were treated
with various concentrations of talc, doxycycline or TGF-
B1, as indicated, for 24 hours, Cell viability was meas-
ured by MTT assay, *p< 001, 'p<0.001 compared
with untreated group. MTT: magnetic tape transport,



Tuberculosis and Respiratory Diseases Vol 70, No. 5, May 2011

A IL-8

500

+

400 ~ T
=
£
g 300
@
c
8 200 -
<o)
=

100 A H

O T T T 1
None Talc Doxycyclin ~ TGF-B1

C Type 1 collagen mRNA

4 -

3 .
c
o *
]
o 27
o
>
i

) H ﬂ

0 T T m

None Talc Doxycyclin TGF-p1

2= AFo| ALZH 5,10 2 20 ng/mLe] FE A thz
T3 vluste] MEAEE Wl A9 e #Es)
thFigure 1C),

2. MeT-5A M|ZEZ=0{|M talc, doxycycline & TGF-451
A=20of| oJst IL-8, VEGF ! type | collagen mRNA
A4 H5)

MeT-5A A|EZF5 obf- 2= gl vl (=)t Al
FAEE SA(Figure Do Al S35 VehliA] ek
200 £ g/mLe] tale, 5pg/mLe] doxycycline @ 5
ng/mLe] TGF- S10.8 24A7F A}=-3F B (Figures 2A, B)
talc®] 79 thzzel B3] 18 Aol o] UA(p<
0.001) 7t ot VEGFS] S7h= wHak=#] edghom,
WA, TGF- £12] 79~ tjz<ol| H]sll VEGF Ato] 2]u]
AP <0.001) F7FF o, 1L-8 AAke wsk7t glol
o Esh ZF FEEAIR 242K A48 MeT-5A Al E5
£ Ho} ¥ RNAE E2|3F ¥ realtime RT-PCRZ 13 F
b2l mrRNAS] W3S B3t Avk(Figure 2C), TGE- S1

B VEGF
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800 A iL
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£
D
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3]
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Figure 2, Effect of talc, doxycycline or TGF- 81 on pro-
duction of IL-8 (A), VEGF (B) or type | collagen mRNA (C)
from MeT-5A cells, Cells were treated with talc (200 z«g/
mL), doxycycline (5 ««g/mL) or TGF- 81 (5 ng/mL) for 24
hours, respectively, The level of IL-8 or VEGF in the culture
supernatants were determined by ELISA kit, The level of
type | collagen mRNA was determined by real time
RT-PCR. "p<0.01, fp<O_OOT, compared with untreated
group, ELISA: enzyme-linked immunosorbent assay,

o= 253k Z-9-ol|vt collagen mRNAS] o] S| QlA|(p
<0.01) F7FsF oy tale T3= doxycycline®l| 2Jdi-E=
HeP}F glaro] HEEATH

3. =% Ectan|d EMH X=0| wHE MeT-5A

5~50 ng/ml FEe| A ZEkan|eil SPAR
MeT-5AE AHelatls whe o A5 gle tzr
F} 719] H|S=g A 2AEE] AFEH O 50 1 g/mLE
T 2 T2 A 49 Hap AEEo] AT
<0.01, Figure 3A), B3+ Thfst w9 27| Z2fin|
2 BAAR MeT-5AS A=
A #HhE o AEZR 9 ARl ws
RT-PCR (Figure 3B) 5= ELISA (Figures 3C, D)& &34
3+ A3} 11-8, VEGF & MCP-1& %3] Zgf2n|
A Aol el iz AL Hlssgk o] W ol
= o1} AGP-2, MMP-9 % RANTESE WHado]
A &3kt
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Figure 3, Effect of tPA on MeT-5A cells. Cells were treated with various concentration of tPA, as indicated, for 24
hours, (A) Cell viability was measured by MTT assay. (B) The induction of cytokine mRNA or chemokine mRNA was
determined by RT-PCR, The level of IL-8 (C) or VEGF (D) in culture supernatants were determined by ELISA, *p<0.01,
compared with untreated group. MTT: magnetic tape transport; RT-PCR: reverse transcriptase polymerase chain re-

action; ELISA: enzyme-linked immunosorbent assay,

4 Talc Y TGF-B1Z X}=6t MeT-5A M|EZF0{A] =&
SctAo| el 2dH| XM2lof ofgt IL-8 ik #3}

Ol AT 7FHA] ¢k thaTtdl| B3l talc® 24A17F
A28 MeT-5A A|EFE= 223 ule 50 v|H5+
11.8¢] Ato] Z7katdon, olol 24417k B 71 50
pg/mLe] 27 Fepenerl BAR ASesls u) A
F59| tale Folof| whE 11-8 At T71E o] 3N
(Figure 4A). WFH, TGF- 8 12] ¢ tlz} v|ms}e]
IL-8 Ag2vere] Mslr) glolon], 24 Eapan)wdl 84
A F7R | oS ® 1L-8 Aatell M} a5
3FtH(Figure 4B),

L ook Ok

m}l_tl
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5 Talc ¥ TGF-F12 ™ X2|8 MeT-5A M| EZF0iM
=% Zajan|cl E4H K30 oek VEGF Ak

3}

TalcZ 24A17F B9t AJ=3F MeT-5A MEZFolA] =
I} H|528 0] VEGE o] Sl on, ofFof 27|
kel gAle] FpSddE Wbt gislch
(Figure 5A), ¥HH TGF- £ 102 24A7F B9 A58 7
- VEGF A2bo] @A 8] F7t= Sl on, S715 VEGF A
Ak 27 Eefan)egll GgA F71 2l sl onlg)
Al 7rago] #FEHIIHFigure SB).



Tuberculosis and Respiratory Diseases Vol 70, No. 5, May 2011

A Talc B TGF-p1

800 800 -
-)tPA J (-)tPA
+) tPA El (+)tPA

—_—~—
[22]
o
o
1

600

N

o

o
1

; 400 *

Ao

None 100 200 500 None
Talc conc. (ng/mL) TGF-B1 conc. (pg/mL)

IL-8 cone. (pg/mL)
-
IL-8 cone. (pg/mL)

N

o

o
1

N

o

o
1

Figure 4, Effect of additional treatment of tPA on IL-8 production from talc- or TGF- 8 1-treated MeT-5A cells, Cells
were treated with various concentration of talc (A) or TGF- 81 (B), as indicated, for 24 hours, Then 50 «g/mL of tPA
were added to each cell and cultured for additional 24 hours, The level of IL-8 in culture supernatants were determined
by ELISA kit, “p<<0.05, Tp<0_01 compared with tPA-untreated group. tPA: tissue plasminogen activator; ELISA: en-
zyme-linked immunosorbent assay,

A Talc B TGF-p1
1,000 - 1,000 -
I (-)tPA 1 (-)tPA *
Hl (+)tPA Hl (+)tPA *
800 800 j
- -
£ £
g 600- g 6001
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8 8
w400+ w400~
O] ]
L L
200 - T ’-" 200 -
O ’;i 0 ’;i T T T
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Talc conc. (pg/mL) TGF-B1 conc. (ug/mL)

Figure 5, Effect of additional treatment of tPA on VEGF production from talc- or TGF- 8 1-treated MeT-5A cells, Cells
were treated with various concentration of talc (A) or TGF- 81 (B), as indicated, for 24 hours, Then 50 «g/mL of tPA
were added to each cell and cultured for additional 24 hours, The level of VEGF in culture supermnatants were determined
by ELISA kit, *p<0.01 compared with tPA-untreated group. tPA: tissue plasminogen activator; ELISA: enzyme-linked
immunosorbent assay.

o] 22 Zalanel BRI 2447 S0t 2712 2z
8 7% collagen mRNA & A ol= Al Wslr) $19
th(Figure 6A), TGF- 8102 MeT-5A AEF A= A &
7} S7hebel wheh A 19 222 mRNA o] 29

Tale2 24ARF BF AFEE MeT5A ATFE ale ¥ o uilA ZvhEiglon, 27 Sehaulwal B
£ 70200 T 13 B0 s 2ol 43 Bk 7 Aol Fell @A 13 Be miva o
T Fh2she AT BYon), oW e AFR AE  asie AL BFIrkFigue 6B).

6. Talc 2 TGF-B12 ™ x2|st MeT-5A MZFHM
x5 ZgtAo|cdl M K=o 2JF type |
collagen mRNA 43}
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Figure B, Effect of additional treatment of tPA on type | collagen mRNA induction from talc- or TGF- 8 1-treated MeT-5A
cells, Cells were treated with various concentration of talc (A) or TGF- 81 (B), as indicated, for 24 hours, Then 50 zg/mL
of tPA were added to each cell and cultured for additional 24 hours, The expression of type | collagen mRNA determined
by real-time RT-PCR. *p<0.05 compared with tPA-untreated group. tPA: tissue plasminogen activator,
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