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A Experimental Study of PTEN (Phosphatase and Tensin) Role in Mesothelioma

Seog Ki Lee, M.D.*, Kweon Cheon Kim, M.D.**

Background: Conventional treatment for mesothelioma is largely ineffective. We evaluated the novel approach of
adenoviral gene transfection of PTEN gene in mesothelioma cancer cell lines, inflammatory and epithelial subtype,
which are sensitive to adenoviral p53. Meterial and Method: Binary adenoviral PTEN and LacZ (Ad/GT-LacZ and
Ad/GV16) vectors were used for transduction of the mesothelioma cell lines, REN (p53 sensitive). Protein levels were
determined by Western blotting assay. Apoptosis was assessed by fluorescence-activated cell sorter analysis of
subdiploid populations. Cell viability was determined with the XTT assay. Statistical analysis was performed with
analysis of variance and the Student t test. Result: 72 hours after the treatment of adenoviral PTEN gene, cell
killing were 32.9% for REN compared to control cell (2.5%) at MOl of 20. Also we observed the over-expression
of proapoptotic protein, bax and decreased expression of bcl-2 protein in REN cells. But the expression of BCL-xl,
Bak, Bad proteins were not altered. Conclusion: Adenovirus Pten-mediated overexpression of the Bax gene induces
apoptosis and decreased cellular viability in p53-sensitive mesothelioma cells. These data suggest that the trans-
fection of PTEN gene may represent a alternative gene therapy strategy to treat mesothelioma.

{Korean J Thorac Cardiovasc Surg 2003;36:852-857)
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CHAM 3 Bi
1) MIZZE(Cell line)

Z319kol| A % (Mesothelioma-derived) A E.30l| 4] p53
vhil do] Aold A4 ps3g 74 REN (nflamma-
tory and epithelial subtype)2 W. Roy Smytheol] 4] L8] 0.,
of | EFL 37°C, 5% COrS 7}A 7155 wfjokr)ol 10%
fztal bovine serum, 1% nonessential amino acids®} 100 xg/ml
penicillin®} 100 xg/ml streptomycing -3+ RPMI ulj #]o]|

12590t

2) Adenoviral &AM EF2HYY(Transfection)

Adenoviral PTEN-S Introgen Therapeutics (Houston, Texas)
ANA FFS ko], Cytomegalovirus promotor (Ad CML-
1102)*}°ﬂ BEE AgE Aot AEES 270 Ao
A3 FE UIEs 3 yhAbe] 1217 Bt uiksisin). o
,.ﬂ}‘_gt PBSOH/H AL Z & ohokdt F X (multiplicity of
irfecion: MO & MAA D7hodsloich 20% fetal bovine
B4 o] A Viral RPMI WA ol] 42 7F 5 =% F 3
A oR 10% Ao HEE &3t

3) ME MEZ 2M(Cell viability assay)

XTT 34 E75 B8 AT 42 AT 48250
], AEE 2,000 cellsjwelle] FEF 96 well plateo]] Alof
Aok ShENH Fk wjekE F MOT 0ol 4 2E] MOL1207}
4 kst MOl 2] APTENS.Z 4417+ St iz
dshT A Sk AES shoketgich. XTT EAE Ao}
B Az AgE A (electron coupling reagent)S- 50 : 1
g & XTT Hhg E35-2 247} well plated]] 4 7}sl9ic}.
HEHog BE dhplates)s= 450 nm Dynatech colormetric
llate reader ATHE FESUch o dlolEle] A4S
Uicrosoft Excel & o] &8}o] s}gl o], o] A 5L 7+ 33
SEE TV S

1) Bel-7*(family) 8HSd(Western blot £Ad)

Western blot 4] 2 & Adenovirus PTEN #HALA w7k
& BCLT 2d & iaslgl o, 23F A EE 2,000,000
cells/plate FE2 &7 6 cm Fplates)ol] Aoz, 315
1A}s] 124)7) #leFsls MOI 600114 Ad-PTENS} &7 4l
AR 23 3 247, 48217 F A7kl RE AE
-3 mgkrl Axl AFE LA SDS-PAGE AE ¢34
(ouffen)2} &7 plated cell monolayers& o] &} ct. 23]

01M7] @
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AU gL BCA A E A A2k (Piercem Rockford,
ILyg o] &3lo] 747 kil HE-& &4le}s, SDS polya-
crylamide gradient (12%) gel®} 5 g9 A)E &3 A (lysate)
£ A7bslgd o, BAK, BAX, BCL-XL, BCL-22} caspaspase
3, B-Actin 9] thA S Eajstr] $lslo] 100°Cel|A] A
7E9EE s 2 & A2 high bond-ECL mem-
branes©. & ZHo|sli Amersham ECL HhH o g <AxA 3}
o|x}4 A9t &l wiekslgicl. B-Actin, BCL-XL, BAK,
BAX gt AP 35S o] &slo] Xray HEAol4] o]
£ g wae Basie

5) MZAIHE I8t DNA S B4

A EAE AEE flow cytometry® E-¢1s}¢] o™, flurore-
scence-activated cell sorter analysis- t}-&-3} 742 Wl o g
o] &3l9th. HEEL 6 cm plated]] 2,000,000 cells/plate 2
2447 Bt wjokst & 447k EoF MOI of 6004 Ad-
PTENS} §H7)) djAbddzbeist 3 24X17F, 487k, 7241 7¢

o] EZEE ERAIA= P°4 AdEEVIZ2 B9, PBS
& A7kt WAl —20°C 70% ethanol® 1A8)$] a1,
A EZoA Prodidium iodide®} RNAse (Boehringer Mann-
heim Co, Indianapolis, IN)-S A 7}s}3L Wo| x}etEl Alelol
A 37COllA 305 E<t ujokatgict.

AEAE A== AE9] sub-Gl populationS EEZ 1}
EhAIRL, o] e 3 WY

SA%34 XelE analysis of variance®} student t testE
o] 85} 1L, p valuet= 0.05 ©]stY of Quj7l 9= Ao
Y

4 i
1) PTENQ| & {MEtZE (transfection)2 M|EL| =
S Rt

Z3]%F AEF(cell line)ol| A Al ZEA (cell death)E §-4bs}

+ PTEN f-HzKgene) 58S A7 Ysto] iz
(untreated REN cel)3} B)28}4 3, ad-PTENE cloksh
MOLZ AlEsd] @i asidon, St 48
A7 ol %ol adPTENe| H7hel AZZNA ole] S A

FAHE] B s #EY 5 UAchFig D).

MOI of 20014 T2A17F & t=Z3-2.5%)l] B]3l 329+
ssE AEAT 27 BANA e ggleme
value=0.04), MOI of 600{|4] 5% o4 MEAE A= 72
A7 AR Be ATARE Relon, 1 F2y =

S =T
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Fig. 1. Transfection of PTEN induces cellular death.

olol

7+ A

& M
2) PTENSQ| SHAFMEZ2EA (transfection)y= A|EA}S
(apoptosis)S FIFAIZICH
AEZol|A PTENo| AEARE 27471 AL %)

& ATA ARE Sl ATAY B po
pidium-iodide flow cytometeryol| Al sub-G1-& EA|s}+= F4

Supoll e WAoE 24NArHFg 2. WEEH 2
3}91-& w] PTEN-induced REN A|Z 2] AT AH H T} 9
o7} Qe AE 2 Zrksldel. MOI of 600l 4 REN A
Fo MEAE 00—3— hzFollA 25%%1 3, PTEN 317
AR 7] 5 1YA) 28.5%, 2¥A] 36.3%, L8] 3L 3UA)
48.1% A vHFig. 3). AEAE F7lhe 3xtel] WHEd Ad oA
Nz AEel vl BAIGH oz ou|rt glolch(p=0.025).

2

3) Ad-PTEN & MM 2 (transfection)2 BAX CHuf
Zo| da =712t BCL-XLO| s ZAE LIE}

(=1
LHC}.

PTEN &ibdeztodol] o3t AFAZAE ekl (pro-
apoptotic proteins)?) BAX, BAK®} 3-8 AbY olul 2 (anti-
apoptotic proteins)¢l BCL-2, BCL-XL 2&-& <Udo}lXH 512}
Alshstgd o (Fig. 4), Ad-PTEN *|g]Z] REN A ZojA4
BAX A & ¥ Zr}(overexpression)E H.911L, BCL-2
iz wbe 7b4 v yebykal, BCL-XL, BAK 18w
BAD= W37} glich.

ole] clul A F & (Actin protein expression)S &2 T8
BE BA AEH)

g Cell cycle g Cell cycle
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Fig. 2. DNA analysis in PTEN treated REN cell. These graphs
show that 72 hours after treatment with adenoviral PTEN gene,
cell kiling was 32.9% for the REN cell compared to the
control cell (2.5%) at MOI of 60. CONT=Untreated REN cell;
D1=24 hours after treatment of ad-PTEN; D2=48 hours after
treatment of ad-PTEN; D3=72 hours after treatment of ad-
PTEN.
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Fig. 3. Apoptotic rate of Ad-PTEN treated REN cell on flow
cytometry. This shows the amount of PTEN observed the con-
trol, 2.5%; at 1 day, 285%; at 2 days, 36.3%; and at 3
days, 48.1%. CONT=Untreated REN; D1=24 hours after treat-
ment of ad-PTEN; D2=48 hours after treatment of ad-PTEN;
D3=72 hours after treatment of ad-PTEN.
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Iig 4. PTEN treated REN cell line (Western blot analysis).
“his shows an over-expression of BAX, decreased expression
of BCL-2, and no change in the expression of BCL-XL, BAK
and BAD protein. CONT=Control group; D1=24 hours after
{-eatrent of ad-PTEN; D2=48 hours after treatment of ad-
IPTEM; D3=72 hours after treatment of ad-PTEN.

i =

PTEN (phosphate and tensin homolog deleted from choro-
11oscme 10)S- Fok A A A (tumor suppressor gene) L.
.2 MMAT (mutated in multiple advanced cancer) $-& TEPI
(TGF-regulated and epithelial cell-enriched phosphatase) 2.
914 glom, AutolA] ksl HE-EO FokollA o] FA
“+A heterozygosity (LOH)S AFAlshe= A& F-E(genomic
12gio1)Q] 93 44| (chromosome) 10q23¢1] $x|slx 3]
PTEN-E protein tyrosine phosphatase$} dual specificity protein
thosphatase signatureZ- 7} 3 §lo]A] in vitrool| 4] tyrosine-,
szrinc-, threonine-phosphorylated peptidesel]4] &2l 3} (depho-
spholatio))A]Z = AAcH4]. oI2] dFellA] PTEN ph-
¢sphatidylinositol-3 phosphataseo]™, phosphoinositol-3-kinase
EESEIREESERR O ELE PP EREER0
3= AT elxgl PKB/AKtES ¢l Ak (phosphorylation)s}od
T A7 =] 223t phosphatidylinositol(3-5)-triphosphate
(°IP3)E ol 3}(dephophoryate)3t}H5,6]. PTEN-S A|Z A)
It AES 2AE T3 Adsle PBK AXSKGig-
ralling)S ¥}A|3}3, PTENS] AE AA 7152 PI3K/Akt
22 AR ol 4o 4L ok sk Ade] B
P glowd, ek vl 2 gHA Sl lipid ph
osphatase &4] 3} ©]-E-o] protein phosphatase &4 sl o

0iAd21 2l
PTEN Role in Mesothelioma

g8 7HA A 9leh4,7]. Weng S(81 koAl PTENZ
protein phosphatase 24 3+E £l cyclin DE <l A|(down
regulating)A] 7] 3L lipid phosphatase 24 3}ei] 4] p27& =7}
(up-regulating) A]Z1. 0 24 Gl EA3}5 =243kl AA g
v} glch & o}E FHEH 3% protein?} lipid phosphatase £
A3k H4g MGF7 ¢ Reloll4 PTENS =i7HE
g A7 o A)(PTEN-mediated growth suppression)z} o]
etz SLHOl AAEL ofeid PTENG thol THAI-S
23 F3)% AEF0|A) PTENS el el d5s}5L2t
sH3ict.

AT 5o AEART FR 2A AT 34
(complex cellular program)el] 2]&star vH{10]. A= AE
2 DNA 48 e A5 Zotdlo] glolle 715l 3l
7] wigoll AZAE b Adlle AT Soks 1A
A1), 3 g WA Qe gt F4 X E ATE
& 717] wgell AEAEL FokdTollA Fade]
Z7sk Sichizl.

AEAET e 28eles BAdR T3 F 4
o

thul 2 (antiapoptotic protein)E A E o] glom, TAEA
9 oA 2 BCL-2, MCL-2 % BCL-XL7} 9l3, AFAE
A9 whlA S BAX, BAK, BCL-XS %) BAD7} QtH14].
o) 43+ (Dimerization)e- BHI, BH2, BH3 ©ThaiaolA)
three conserved domaing %3 of7i=lcH13]. ot & wwA
helical BH3 loop7} = ob-E whilld A 7kA E5 oo
(domain)of] &]3l] HAE A(cleft)ol] F2H2 w o] & A
L APAE ZA 131 7] B3 Y o|Fo|gt
A|3h(heterodimerization)= A EZAE 755 A= 2
Q314 ekgtor), BH3 oS E3hsle whAoy A
AZEAE 755 ANAE Hasiri13]. o|& BCL-2, BCL-
XL, BAX 72 chde A ¥=t 53] Abg]al(mitochodria)
o] Basto] AgdA=t A eH(potential)# F2H4J (permeability)
o] &8-S ZF= COOH-terminal domaing &+-§-3} glo
], o] #A & cytochrome C, procaspase 3, 2|3l A}& 4|
B2RE AZAEES S5 24 F caspased A IHA]
71e B2 E FEYUHISI6L BAXE ofd] 3% WEe)
+ AE FA%e Wil BCL-39F BCL-XLE o] #A4 &
o A3t} {15,16]). BCL-XLE ¥ 8-=5-9] CED-4 %% (homo-
logue)gl apaf-1o] H-&stod AFEAHEG WA ZH pro-
caspac 99} cytochrome C$}e] A8 oAl ol
£ d#9] el J&gE vlX| & caspases EA3HE A 3|
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gheH13]. ohE 3k o2 BAXSF BAKL ATFA|EAE F
AAQBL BCL-XLE| apaf-19] £A4 32 AA|slo] AEA
Wg Askehs A8e deh1l
BCL2ZS sl WS Eof 9%
cepste). oby £31 %04 BCL2 He
ICEEERMERPEESEE NP
BCL-27} ohvz}t BAXE w7l e Aeg gaiAd v
[17.19]. BAX: AEAMS Z23}7, BCL2LE o] Eo|3t
A $}H(heterodimerization)ol] &3} A ZAE 7% ZL-S 3}
o 4ZHG) 22me APdes AEARE 24
= A7) E A2 BCL-29F BAX 9 H|(ratio)o]tH19].
p532- BCL2d|: oA =4 9x5 BAXdl: 343t
27 AR Z43}7] wiell BAXe vla] Y2 BCL-2
B wild-type ps3o] 417) el thak A5k % 9IEH19,20]
Mohiudin 5{21}2 sodium butyrate 2 *} 2]} adenoviral pro-
apoptotic gene therapy (PAGT)E %8 AT A ZAE ]
A (BAX, BAK)S 48] 5—7}47]: RS SATAE chul
HABCL-XL)| Z4E AE 553 AEAEE 72370
ot Alergict. et o] AAEL 3 E A Eol|A] sodium
butyrate7} BCL-XL &g 3]4F27 (down regulation)A]#
adenoviral BAX S-A%} alabd27bed s} 347 BCL2E &
A F$ L “forced therapeutic imbalance’ A]Zlth= A&
el W21), old W A AL ABNA AREE
PAGTE 53} Fab olald] PTENS A7 ALA whujd
ol BAX®} BAKE AFsFzA (up-regulation)s)it, SHA|FEA
™ chuld BCL-27-& d}eF=4 (down-regulation)$t 0. 24 A
ZAAS G A slel Sslod A B oI Western
blot H41-8 o] 8-3}¢] REN A| X4 Adenovirus PTEN &
d7hedol o3 AT AZAE A BAXV}

ol weha

3 el

& FollA
Py

&5

Az A2
e Zrlel s, g EAY ded BCL-27 UE 74
& 4 F Utk

Aol AF3E A ‘11“0 T4 FUF 7€ TY
Kol uhg3lA] gtormg (AR XS (gene therapy)

of A% Eopel At AzE Aol B A2 A
w[22], 3] Zol] &k Phase I YA A Eoll4] Herpes sim-
plex virus thymidine kinase (HSV)-S F2t7d Wol] F£4)slo]
o A% o4 FAF A=el Hah 9SS el
[23]. 22 in vitro ¥-2 in vivooll4] 9] p532] Adenoviral A
ol% Tt Be 444 AW ATl Ba 2 F7b}

AZALE FEGGR HEA T YeHR224]

| =

¥ IFol4 PTEN Z¢Jol] SI4F BAX 982 2714171
= Aol FFA FAA X7 A7-(gene therapeutic
study)oll Al H2g HHolv], FFHoE 44 Fot £
% A A 8ol YolA] AEL FHA A B E = AE
Ao 2 Jlugrt
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o (transfection) . & 3] % X g9 NES

BHZ: Z5)2o Jdubd 22 diste] 2 Eo7t Qo A ok ARSL Adenoviral pS3el] Tl
A gk 9% AEFQ A% L EAAE obf3 (subtype)ol adenovirus FH A} ARz
uholl thebo] Hrlslaa) shch T 2 BE: T 4o

adenoviral PTEN$} LacZ (Ad/GT-LacZ$} Ad/GV16) =l 7/} #l|(vectors)ol] REN (p53 sensitive)Ql 3] A
Z ZF(methothelioma cell lines)2] ¥4 -F E¢](ransductionys} i o, ghull 4 shak2 Western blotting £
ol gslo] ZAslgivt. A EZAHEE  fluorescence-activated cell sorter analysis of subdiploid
populationsel] S15}el Hrlsilent, AL WZHL XTT Aol jsho) AARAL. A BAS
analysis of variance®} Student t testE o] &s}oi 3}9dc}. Z1l: Adenoviral PTEN SR AE X5 AlE
A 72X 7F Zoll MOI of 20014 Wz 2.5%0l wisle] RENT- 32.9%2 A& o2 =7 el
g REN celloll A1 9] AFTAZAE ol (proapoptotic protein)q]l BAX HFE Z71E BCL-20l|A] ubg
HAE Vel o), BCL-XL, BAK 4 BAD thul AL ¥i3}7} ¢l9lcl. ZE: Adenovirus PTENS of)
ME 3 BAX W Z7le= A ZAE-E Gxelal ps3el] "Izl S£3]E A E 5 (p53-sensitive metho-
thelioma cells)oll 4] Al ABEHE a7l o]eddt Aot PTEN f4A siabd g ztsdsle AL
£31% Aze) AZE ted whol U 4 Yok A4S PAI Bk

o]
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& =01 Z29F
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