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A Cancer-specific Promoter for Gene Therapy of Lung Cancer, Protein Regulator of Cytokinesis 1
(PRC1). Young-Hwa Cho, Hye Jin Yun', Heechung Kwon’, Heejong Kim, Sung-Ha Cho, Bong-Su
Kang, Yeun-Ju Kim, Wongi Seol* and Keerang Park**. Juseong Gene Therapy R&D Center, Juseong
College, Chungbuk 363-794, Republic of Korea, 'Institute for Brain Science and Technology, Inje University,
Gaegumdong, Busanjingu, Busan 614-735, Korea, Republic of Korea, *Division of Radiation Cancer, Korea
Institute of Radiological and Medical Sciences (KIRAMS), Seoul 139-706, Korea - We have recently re-
ported the PRC1 promoter as a promoter candidate to control expression of transcriptionally targeted
genes for breast cancer gene therapy. We tested whether the PRC1 promoter could be also applied
for the lung cancer gene therapy. In the transient transfection assay with naked plasmids containing
the luciferase fused to the PRC1 promoter, the promoter showed little activity in the normal lung
cell line, MRC5. However, in the lung cancer A549 cells, PRC1 showed approximately 30-fold activa-
tion which was similar to the survivin promoter, the gene whose promoter has been already re-
ported as a candidate for the gene therapy of lung cancer. In viral systems, the PRC1 promoter
showed approximately 75% and 66% of transcriptional activity compared to the CMV promoter in
the adeno-associated virus (AAV) and the adenovirus (AV) systems, respectively. However, the
PRC1 promoter in either AAV or AV showed approximately 20% activity compared to the CMV
promoter in the normal lung cells. In addition, human lung tumor xenograft mice showed that the
PRC1 promoter activity was as strong as the CMV activity in vivo. Taken together, these results sug-
gested that PRC1 might be a potential promoter candidate for transcriptionally targeted lung cancer

gene therapy.
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St o A9 ABE AN Dk Pie] Asm
Q= 44 ARME 7 shpolth A% FA% N5
ZZREHEE survivin [1], secretory leukoprotease inhibitor
(SLPL; [12]), insulinoma-associated 1 (INSM1; [14]) 59 =
ZRHEC 9+, EuHA. 8= protein regulator of
cytokinesis 1 (PRC1) # ribonuclease reductase 2 (RRM2)
ZRRE7F FHEAEANN G5olHRd BEE HYs ol
AFoNM BustTh19]. & dFelA e Se2r s A
oftlimutol el 2, ofdl|miLutole 29| wpo]HAE ARE-E
2088 ol 830, PRCI Z2EE} AFATAE
Solel BHg Yeie wua.
Mz %

=ctA0|= H|E

pmGL3-PRC1E= PRC1 X2 EE(Genebank accession
number AC0688319] 85000-83254)9] UHF-E-S pGL3-Basic
(Promega, Madison, W)l 4t3j8}ed, o}ef mi-drnjo]ej 2 )
B} pAAV-PRCI-GFPE pAAV-CMV-GFP9] CMVE &3
PRC1 Z2RE REog A, A4Ydste] A2stA19]. 2
2 W22 survivin (BIRC5) Z 2 % E(Genebank accession
number U752859] 844-2813)2 pmGL3-BIRC5, pAAV-BIRC5-
GFPE AZst 3 tH19]. ofdll=nlolel 2~ B S A 2s}7] §
3| A=, pAAV-PRCI-GFPolA] PRC1 X2 X E-GFP-5V40
polyadenylation F-&& Z3¢ DNA 278 ofdl|=nfo] 2|2
W EQl pShuttle ¥ E|(Quantum Biotechnologies, Carlsbad,
CA)All 49late] Ad-PRCI-GFPE 9438141 th. Ad-CMV-GFP
= olr] Rud Wy E ARSI TI]. Aol AS &7] 9
gt #E, pAAV-PRCl-luciferase= pAAV-PRCI-GFP plas-
mid W€ ¢ GFP cDNAZ luciferase cDNAE A5} A2t
sttt

MIE HHY, HEXE, FAIEEH assay
EH 2 HAEZF<9] MRC5 (ATCC, CCL-171)%}
]o]'/‘ﬂi 2l A549 (ATCC, CCL-185)= 10% fetal bovine
serum, pemcﬂhn (100 U/ml) ¥ streptomycin (100 pg/ml)
o] &% Dulbecco’s modified Eagle medium (DMEM)®]
A 37°C, 5% CO, 74 w3l oh.
MRCS5, A549¢] A ZFE 5x10" cells/ well®] 2702 7}
7t 24 well plateo| A wjFatlet. s Fol B71 St
"= 350 ngs 7 wellol lipofectamine 2000 (Invitrogen,
Carlsbad, CA)& A3t FAASS AT o] uf, 2+ A 79
FAHE 885 HAS7] 9ste] pRL-TK (Promega,
Madsion, WI) 50 ngs &A1 AH&-3tSAT) A A ge A
© 297w st $ T E Luciferase &S dual lucifer-

Z935,

ase assay kit (Promega)=

AAV, AV M2t B T Z20F 2y E2F

Zk A 23 obd| ;= -4 nfo] 2] 2 (recombinant Adeno-asso-
ciated virus, rAAV) B1E1E AAFe}7] 984 GFP (DNA &2
luciferase cDNAE #3}3 $l= pAAV plasmid DNA,
AAV serotype 2 (AAV2)rep-cap plasmid DNA, adenoviral
helper plasmid DNA®] A 7}#] plasmid DNAE 1:1:1 ¥4}
4 Hl & & HEK293 M| ZE ©]&-3}%] calcium-phosphate pre-
cipitation 2.2 triple co-transfection 3t rAAVE A4t
ato] g et tH19]. RE rAAV-PRC19] B34S =4 3}7)
913k, 12-well platee]l welld 1x10* 7} 9] AEES wj<k3t 7
SAEFQ AS498} 4 FMEZF MRCH| 7 rAAV HE]
€ 200,000 multiplicity of infection (MOL)E 72A17F &<t A 2]
St rAAVel ZHE AlE Ao GFPEde F3E 7
(CKX41, OLYMPUS, Tokyo, Japan)Z} flow cytometry (FACS
Calibur, Becton Dickinson, CA)Z o] &-3}o] &3} 93 t}19].

Ad-CMV-GFP, Ad-PRCI-GFPE o|v] g W< et
AL, Belated[9] 6 well B 4x10°, 1x10° 9] A EE 7z}
Hj 9F3 A5499} MRC-59] MOI 10002 ZFGA#A 29 wj<k
T 1 GFP 4<% flow cytometry (BD FACSCaliburTM
system, BD)Z Z43} %}

Xenograft mouse BRIOIML in vivo ZE2RE &N =X

Xenograft mouse E @A ¢ PRC1, CMV ZZ X E ] 4
A &4 LivinglmageTM 2P £33 VIS A|AH
(Xenogen Corp., CA)S ©]-8&-3to] SA3FATH8]. A549 # ¢t
HAEFE o] 4star 7o) FH3 FErkg-2ol 7 rAAV ¥
El(3x10" virus particles/mouse)S 7™ Fola}gal, Fof
T A7 F xenograft FE H’——’l o A= in vivo
luciferase 8448 23 2] 2434t 28 2% iso-
fluorane/air EHEZ w3 A ]_Tl D-

luciferin potassium
salt (150 mg/kg, MIPS, USA)E &4 F

A% § wpex 7}
Fojell A @A st= ¥ photon countsE F53dhe] AL
Atk
Zn & nE

Z2tA0|=9| HAME|MY PRCI ZERE] &Y

A EF E0]F9l PRCIY A4S =AY 98t
pmGL-PRC1E& MRC5 AH A 794 A549 o] §HAl 9]
7t7 ARG o] W), 2T oE FHE I pmGL3%}
o] HYEo|H T2 REE B survivin (BIRC5) Z
ZRE[1]7} £3E pmGL-BIRC5ES #o] A3 th. Fig. 1
o A ®9l nig} 7+o] PRCI, BIRCSE BAAAEFNM= &
HE o} vletA Aol A9 glod, AFAEFINE =
&L B F =2 RE TS5} Z9E ] uE ok 304
o] Z7HE 848 Bt o] A3+ PRCIO] BIRC5S} HIS:
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Fig. 1. The transcriptional activity of the PRC1 promoter by
transient transfection of the plasmids. Each sample of
pmGL3-basic, -PRC1 or -BIRC5 plasmids (350 ng/well,
24 well plate) were transiently transfected to normal
(MRC5) and tumor (A549) cell lines originated from
lung tissue. The luciferase activity of each sample was
assayed by the dual luciferase assay kit (Promega) af-
ter two days of incubation. pRL-TK plasmid (Promega,
50 ng/well) was co-transfected to normalize the trans-
fection efficiency difference among samples. The ex-
periment was carried out as triplicates and repeated.
One representative result was shown with average val-
ues and their standard deviations.
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Virus HIE{OfA{Q] PRCT Z2E &

AAV serotype 29 E]o] CMV, PRC1 ¥ BIRC5 ZZ K F
2 Ztz} 333 rAAV-GFP HEZE AF3191, MRC5S}
A5499] T3] Al EFH9 rAAVHIEE st 2Ry &
As AdHoz a2+ AR gk AAVY 7
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Fig. 2. In vitro transcriptional activity of the PRC1 promoter by
viral transductions. A. The PRC1 activity of rAAV-PRCI-
GFP. Three different types of rAAV-GFP containing
PRC1, CMV and BIRC5 promoters (rAAV-PRC1-GFP,
rAAV-CMV-GFP and rAAV-BIRC5-GFP) were prepared
as described [19] and used to infect MRC5 or A549 cells
at 2x10° MOL. The cells were incubated for 72 hrs. B
The PRC1 activity of Ad-PRC1-GFP. Two kinds of ad-
enovirus, Ad-PRC1-GFP and -CMV-GFP, were prepared
and used to transduce MRC5 or A549 cells at 100 MOL
Cells were incubated for 48 hrs. In all experiments, each
GFP activity was measured by flow cytometry analysis
of each sample’s fluorescence. The activity of the CMV
promoter was set up as 100% in each case and other pro-
moter activities were calculated against the CMV pro-
moter activity. The same experiments were repeated
twice, and the average value and the standard deviation
of each case were calculated and plotted on the graph.
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Xenograft mouse 2RAS| promoter &4

g+ AA W PRC1 ZE2EE Y A S luciferase A A|
ol 7IHE ol&st] CMV &4 Hla, ZASIAT
A549 AEE o]Aate] Foks WA HIAFAYF A
AAV-PRCl-luciferase®} AAV-CMV-luciferase H}o]# A&
vzt ZFAAN A luciferase®] AW &4 H] JJ—O}‘?&E} z+zt
T ukel e AFE ol &3t AFg A F ovhE] BT ulo
gl2dy F $ 29 AREH ofg dEs E‘}aofﬂ(data
not shown) Fig. 35} o] 104 A= PRC1 ZZEE7}
CMV Z2RHRT %7 943 &4 S Hole 43t Hd
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Con CMV PRC1 Con CMV PRC1

dorsal ventral

Fig. 3. The transcriptional activity of the PRC1 promoter in
vivo. A549 cells were subcutaneously implanted into
the nude mice and tumors were allowed to develop
for 7 days. These nude mice were administered with
either TAAV-CMV-luciferase or -PRCl-luciferase vec-
tors (3x10" virus particles /mouse) by a tail-vein
injection. After 10 days, the dorsal and ventral lucifer-
ase activities in vivo were visualized by live-imaging
analysis (IVIS system, Xenogen Corp., CA, USA). Two
mice were used for each case and the negative control
(Con) was the nude mice without any treatment.
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o ole or] fEoHd wdew LI BIRCS
(survivin) Z2 R E 9} §A1E ATt EF, ulol2 2 wg
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°of & F T/ Hpoliae A4 HAZAN = 20%H =

o

BT FHEAE, A AFPALE 0|4

R

= 0
AR L ALE-3 Ao A= PRC1 ZERE 7 CMV 22
ZEe v AR 248 BT 86, oY Ae
PRCI®] H¢ FHAAXNEES 93 AALEF FAAY HHS
At T2 REHEZ AME JMedE dASH
ZAtel 2
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