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Abstract

For cancer gene therapy, cancer-specific over-
expression of a therapeutic gene is required to reduce
side effects derived from expression of the gene in nor-
mal cells. To develop such an expression vector, we
searched for genes over-expressed and/or specifically
expressed in cancer cells using bioinformatics and

have selected genes coding for protein regulator of cy-
tokinesis 1 (PRC1) and ribonuclease reductase 2
(RRM2) as candidates. Their cancer-specific expre-
ssions were confirmed in both breast cancer cell lines
and patient tissues. We compared each promoter’s
cancer-specific activity in the breast normal and can-
cer cell lines using the luciferase gene as a reporter and
confirmed cancer-specific expression of both PRC1
and RRM2 promoters. To test activities of these pro-
moters in viral vectors, the promoters were also cloned
into an adeno-associated viral (AAV) vector containing
green fluorescence protein (GFP) as the reporter. The
GFP expression levels by these promoters were vari-
ous depending on cell lines tested and, in MDA-MB-231
cells, GFP activities derived from the PRC1 and RRM2
promoters were as strong as that from the cytomegalo-
virus (CMV) promoter. Our result showed that a vector
containing the PRC1 or RRM2 promoter could be used
for breast cancer specific overexpression in gene
therapy.
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Introduction

Gene therapy is an attractive treatment to correct
defective genes that cause genetic diseases or to
kill cancer cells specifically. From more than two
decades of research, it is obvious that a successful
gene therapy requires several critical components
(Lo et al., 2005). For example, a cancer gene the-
rapy regime needs a good therapeutic gene that
can specifically kill cancer cells, arrest angioge-
nesis, inhibit tumor growth or activate cellular im-
mune potential. It also requires a safe and efficient
system that can deliver a therapeutic gene into the
specific cancer cells and a promoter that exhibits
both cancer-specific and strong expression. For
target genes, proapoptotic genes such as bcl-2
(Lin et al., 2001), bcl-XS (Ealovega et al., 1996) or
death receptor/ligand genes such as TNF-related
apoptosis-inducing ligands (Gu et al., 2002) were
investigated for cancer gene therapy. For a safe
and efficient gene delivery vehicle, various viral and
non-viral systems were developed (El-Aneed, 2004;
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Dass and Choong, 2006; Dobson, 2006). The
cytomegalovirus (CMV) promoter has been used
since it is one of the strongest promoters in
mammalian cells. However, the CMV promoter is
not able to differentiate normal and cancer cells for
its target gene expression. To utilize toxic or killing
proteins in cancer gene therapy, a cancer-specific
delivery and/or expression of their genes is critical
for safety. Therefore, a better promoter that can
exclusively express the target gene in the target
cells or at least at much higher level in cancer cells
than in normal cells is required for the safe cancer
gene therapy.

In order to achieve this goal, several genes have
been identified as cancer-specific genes and studied
to assess whether or not their promoters could be
utilized for development of a cancer-enhanced or
-specific gene expression vector. The human telo-
merase reverse transcriptase (hTERT) promoter
was one of the most extensively studied promoters
for cancer gene therapy (Gu et al., 2000; Koga et
al., 2001; Gu and Fang, 2003) since approximately
90% of human cancer cells are hTERT positive
whereas most normal cells except germ cells are
hTERT negative (Kim et al., 1994). Baculoviral IAP
repeat-containing 5 (BIRC5 or survivin) has been
also reported to be overexpressed in common
cancers, but not in normal adult tissues (Ambrosini
et al.,, 1997) and investigated for its potential for
cancer gene therapy (Chen et al., 2004).

In order to identify other cancer specific genes,
we searched published records and databases and
chose two genes; protein regulator of cytokinesis 1
(PRC1) and ribonucleotide reductase subunit 2
(RRM2). PRC1 is a mitotic spindle-associated Cdk
substrate protein and essential for cell cleavage
(Mollinari et al., 2002). PRC1 is negatively regula-
ted by p53 and overexpressed in p53 defective
cells (Li et al., 2004), suggesting that the gene is
tightly regulated in a cancer-specific manner. RRM2
is a small subunit of ribonucleotide reductase, an
enzyme converting ribonucleotides to the corres-
ponding deoxyribonucleotides (Engstrom et al.,
1985). RRM2 is overexpressed in breast carci-
noma tissue (Jensen et al., 1994).

In order to find promoters suitable for develop-
ment of a vector for breast cancer gene therapy,
we tested activity and specificity of both PRC1 and
RRM2 promoters in breast cancer cell lines deli-
vered by as either naked plasmids or adeno-
associated virus (AAV)-mediated forms. We emplo-
yed AAV-mediated system as a gene delivery
vector since it has been considered as highly
efficient and safe vectors among many developed
viral gene delivery systems (Li et al., 2005). Re-
cently, AAV that has been mainly used for treat-

ment of monogenic diseases began to be deve-
loped for cancer gene therapy since some AAV
serotypes showed cancer tropism and highly safe
(Lee et al., 2007; Park et al., 2008).

Here, we report that both PRC1 and RRM2
promoters could be used to develop cancer-spe-
cific promoters for breast cancer gene therapy.

Materials and Methods

Cloning of promoters and vector constructions

Promoter regions of PRC1 and RRM2 were ampli-
fied by PCR with human MCF7 cell genomic DNA
as template. In addition, the BIRC5 promoter was
also amplified for a positive control (Table 1). The
corresponding PRC1 and BIRC5 PCR products
were digested with Pstl and Ncol and cloned into
pmGL3-B, a modified pGL3-Basic vector (Promega,
WI). For RRM2, internal Apal sites were used ins-
tead of Pstl. For hTERT, EcoRI sites were added to
each end for cloning. We also cloned human TERT
promoter (a region spanning from 1695 to 3356
bases of accession number AB016767) into the
same reporter plasmid. The resulting reporter plas-
mids were named pmGL3-PRC1, -RRM2, -TERT
and -BIRC5. The pmGL3-B plasmid was construc-
ted by addition of Xhol, BamHI, Sall, Bgll, Mlul,
Apal, Pstl and EcoRI sites between Kpnl and
Hindlll sites in the polycloning sites and deletion of

Table 1. Sequences of specific primers used for cloning of promoters.

Accession .
Gene Primer
Number

AC068831

PRC1* F (85000)  5'aaaactgcagTGAATGT-
TTGGCATGCTGCTGAC
5' catgcCATGGCGGAC-
GCTCCAAGCAG

5' aaactgcagAATGGCA-
GAGGCGGGGTCT

5' catgcCATgGTGGAGG-
CGCAGCGAAGCAG

5 TGGTGCCAGGGCC-
CGGTTAGCGAG

5' catgcCATGgCGCCGC-

CGCCACCTCTG

R (83254)

RRM2 AF149206 F (82)
R (1176)
BIRC5

U75285  F (844)

R (2813)

The capital letters indicate original gene sequences and the lowercase let-
ters indicate the added sequences including restriction enzyme sites for
cloning. The bold capital letters are the initiation codon of each gene and
the bold lowercase letters are mutated bases for insertion of Ncol site for
cloning. Each restriction site used for cloning is underlined. The number in
parentheses indicates the first or last base’'s number of the cloned pro-
moter in the corresponding original accession number. *PRC1 sequence
is present as reversed orientation in AC068831.



the original BamHI| site in the pGL3-Basic. To
produce recombinant adeno-associated viral vectors
(rAAV) containing CMV or a cancer-specific pro-
moter, we made pAAV plasmid constructs using
pmGL3-PRC1, -RRM2 and -BIRC5. The pAAV-
CMV-GFP was prepared from pAAV-FIX as pre-
viously described (Cho et al., 2007). The pAAV plas-
mid constructs containing three different cancer-
specific promoters were subcloned by replacing
CMV of pAAV-CMV-GFP with the corresponding
Sall and Ncol fragment of PRC1, RRM2 or BIRC5
derived from pmGL3-PRC1, -RRM2 or -BIRCS5,
respectively, to make pAAV-PRC1-GFP, pAAV-
RRM2-GFP or pAAV-BIRC5-GFP.

Cell culture, transfection and luciferase assay

MCF7, T47D and MDA-MB-231 human breast cancer
cell lines were cultured in DMEM medium con-
taining 10% FBS. MCF10A, normal human breast
cells, were cultured in DMEM/F12 medium supple-
mented with 20 ng/ml EGF, 500 ng/ml hydrocor-
tisone, 100 ng/ml of cholera toxin, 10 ng/ml insulin,
2mM L-glutamine and 5% FBS (Yang et al., 2004).
All cell lines were incubated in 5% CO, at 37°C.

For transient transfection, cells were seeded in
wells of 24 well plates at 5 x 10*, 0.7 x 10% or 1.5
% 10° cells/well for MDA-MB-231, T47D or MCF10A
cells, respectively. MCF7 cells were seeded at 7 X
10* cells/well in 48 well plates a day before trans-
fection. For 24 well plates, 350 ng of each of pmGL3
reporter and 50 ng of pRL-TK plasmids were used.
For 48 well plates, plasmid DNA amount was redu-
ced by half. Cells were harvested and assayed for
reporter activity 2 days after transfection. Transient
transfections and luciferase assay were carried out
with LipofectAMINE2000 (Invitrogen, CA) and with
Dual-Luciferase Reporter Assay System (Promega),
respectively, as recommended by the manufac-
turers. pRL-TK was included to normalize transfec-
tion efficiency for all cell lines except MCF10A
cells.

RT-PCR and western blot analysis

For RT-PCR, total RNAs were isolated from corres-
ponding cells and RT-PCR was carried out as
described (Jeong et al., 2006) using specific primer
sets (PRC1: forward 5> CTATGATATTGACAGTGC-
CTCAGTGC and reverse 5 TATTTGCAACCTGT-
CCCAGAGCTCTCG; RRM2: forward 5° GCTTG-
GTCGACAAGGAGAAC and reverse 5 CCTCTG-
CCTTCTTATACATCTG). The PCR was carried out
at 94°C for 5 min, 35 cycles of 94°C for 30 s, 65°C
for 30 s and 72°C for 30 s followed by 72°C for 2
min for the PRC1 gene. For the RRM2 gene, the
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annealing temperature and amplification cycle were
changed to 55°C and 40 cycles, respectively. For a
quantitative control, a GAPDH specific primer set
(forward: 5 GCTGAGTACGTCGTGGAGTC and
reverse: 5 AGGCATTGCTGATGATCTTG) was in-
cluded for each PCR reaction. The cDNA amount
in each PCR reaction used as template was adju-
sted so that level of each GAPDH used as an
internal control was similar to among cell lines. For
western analysis, cells were lysed by a Laemmli
buffer, the lysates were subjected to SDS-PAGE
and specific proteins were detected using anti-PRC-1
(Biolegend, CA, N0.629001) or anti-RRM2 (Abnova,
Taiwan, H00006241-M01) antibodies. Anti-p-actin
(Sigma Co. A5441) was used for a quantitative
control.

Immunohistochemistry

The materials were 85 cases of breast carcinomas
embedded in 6 tissue microarray blocks obtained
from paraffin blocks of known breast carcinoma
cases during the period of Jan. 1999 to Dec. 2001.
In 25 of 85 cases, normal-looking breast tissues
were observed next to the cancer tissue. Tissue
sections were deparaffinized with xylene and rehy-
drated in decreasing concentrations of alcohols.
After rinsing with water, antigen retrieval was per-
formed using target retrieval solution (pH 9.0) at
95-99°C for 30 min. The following steps were per-
formed in the Autoimmuostainers (DAKO, Carpin-
teria, CA) using Envision Kit (DAKO). Endogenous
peroxidase activity was blocked by incubating
slides with 5% hydrogen peroxide in PBS for 10
min. Sections were incubated with specific primary
PRC1 and RRM2 antibodies for 1 h, followed by
rinsing. The slides were incubated with secondary
antibody and then treated with DAB substrate for
3-5 min. After rinsing, sections were counterstained
with Mayer's hematoxylin for 10 s. Finally, slides
were dehydrated, coverslipped with Crystal mount
medium and observed to visualize expression of
PRC1 and RRM2 proteins.

Recombinant AAV (rAAV) vector production,
transduction and FACS analysis

HEK293 or 293T cells were maintained as descri-
bed previously (Nenoi et al., 2006) and transiently
co-transfected with the following three plasmids
using the calcium phosphate precipitation methods:
(i) a pAAV-GFP plasmid containing GFP cDNA
under CMV or tumor specific promoter, (ii) an ade-
noviral helper plasmid (pHelper plasmid, Stratagene,
La Jolla, CA), (iii) an AAV helper plasmid encoding
AAV serotype 2 (AAV2) rep/cap genes (pAAV-RC,
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Stratagene). The rAAV serotype 2 (rAAV2) vectors
such as rAAV2-CMV-GFP, rAAV2-PRC1-GFP, rAAV2-
RRM2-GFP and rAAV2-BIRC5-GFP were purified
by repeated CsCI gradient centrifugation and pro-
duced in excess of the titer of 10° viral genomes
per cell as determined by a real time PCR (Mini
Opticon, CFD3120, Bio-Rad, CA) and ELISA (AAV2
Titration ELISA System, PROGEN, Heidelberg, Ger-
many).

To evaluate cancer-specific promoter activities,
MCF7, MDA-MB-231 and T47D human breast can-
cer cells along with MCF10A normal cells were
seeded at 1 x 10* cells/well in 12-well plates and
infected with 200,000 multiplicity of infection (MOI)
of rAAV vectors for 72 h. GFP expressions in the
rAAV-transduced cells were monitored by a fluores-
cent microscopy (CKX41, OLYMPUS, Tokyo, Japan)
and also measured by a FACS flow cytometry
equipped with a 488 nm argon laser (FACS Calibur,
Becton Dickinson, CA). For a FACS flow cytometry,
the infected cells were trypsinized, washed with
ice-cold PBS and fixed with 4% paraformaldehyde.
The gate was set to exclude cell debris and death
cells. Data from 10,000 cells/sample were collec-
ted and the results were shown in a histogram of
fluorescence intensity (X-axis) and cell counts
(Y-axis). The fluorescence intensity of the negative
control cells of mock infection was used to
distinguish between the infected population and
the uninfected population by setting M1 for each
cell line, since the infected population of the cells
emitted a fluorescent signal ranging M1. To verify
that differences of GFP expression in the
rAAV2-transduced cells were attributed to those of
promoter activity, AAV transduction efficiencies of
each tested cell of MCF7, T47D, MDA-MB-231 and
MCF10A cell lines were determined as follows.
The viral genomes in the infected cells with rAAV2-
GFP vectors containing CMV, BIRC5, RRM2 or

MCF10A MCF7 T47D

PRC1 —»

GAPDH —»

RRM2 —»
GAPDH —»

PRC1 promoter were isolated by the Hirt method
(Eizuru et al., 1984) and the infected AAV geno-
mes were quantified using semi-quantitative PCR
amplifications.

Results

PRC1 and RRM2 are overexpressed in breast cancer
cells

The expression levels of both PRC1 and RRM2
were determined in normal breast cell line (MCF10A)
and a pair of breast cancer cell lines (MCF7 and
T47D) at mRNA and protein levels (Figure 1). To
adjust the same amount of RNA or proteins used
for analysis, GAPDH or B-actin was employed as
an internal quantitative control, respectively. At
mRNA level, both PRC1 and RRM2 showed appro-
ximately 1.5- and 2-fold activation, respectively
(Figure 1A). The expression levels of each protein
of cancer cell lines were also increased remarkably
compared to those of normal cells (Figure 1B).
MCF10A cells exhibited almost no protein expre-
ssion of RRM2 or PRC1, whereas MCF7 and
T47D showed strong protein expression.

To further test expression levels of both genes in
cancer vs normal breast tissues, immunohistoche-
mistry study was carried out using tissues in
paraffin blocks prepared from human breast carci-
noma cases. We investigated 85 breast cancer
tissue samples for PRC1 and RRM2 expression.
Both PRC1 and RRM2 expressions were detected
in almost half of cancer samples, 41 (48%) or 49
(58%) out of 85 samples, respectively. However,
neither RRM2 nor PRC1 was detected in normal
cells present next to cancer cells. The represen-
tative expression patterns in cancer and normal
tissues were shown in Figure 2. In these 85 sam-
ples, estrogen receptor a, an important marker of

B
MCF10A MCF7 T47D

Anti-RRM2 _—

Anti p-actin _

Anti-PRC1

Figure 1. Expression level of PRC1 and RRM2 at both mRNA (A) and protein (B) levels. (A) Total RNAs were isolated from the indicated breast normal
(MCF10A) and cancer (MCF7 and T47D) cell lines and used for reverse transcription. PCR was carried out using a specific PRC1 or RRM2 primer set.
For quantitative comparison, a specific GAPDH primer set was mixed with the gene specific primer set for each PCR reaction. (B) Lysates of indicated cell
lines were subjected to SDS-PAGE following western blot analysis using specific antibody. For a quantitative control, anti-3-actin antibody has been used.



breast cancer, was detected in approximately 50%
of the cancer tissues tested. Therefore, it could be
concluded that both RRM2 and PRC1 were spe-
cifically overexpressed in breast cancer tissue.
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Figure 2. Representative immunohistochemistry results of PRC1 and
RRM2 expression in human breast carcinoma samples. The frozen hu-
man breast cancer (B, D) and normal tissue samples (A, C) were stained

with PRC1 (A, B) or RRM2 (C, D) antibodies. The magnification is
100-fold and nuclei were stained blue.
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PRC1 and RRM2 show cancer-specific promoter
activity in breast cancer cell lines

To determine whether promoters of PRC1 and
RRM2 could be utilized for cancer-specific expre-
ssion, we cloned the promoter region of each gene
into modified pGL3-Basic and named the resulting
plasmid pmGL3-PRC1 or -RRM2. Each of these
plasmids were transiently transfected into breast
normal and cancer cell lines and their luciferase
activities were compared to one expressed from
the cancer-specific promoter such as BIRC5 or
hTERT (Ambrosini et al., 1997; Gu and Fang 2003;
Chen et al., 2004). In normal MCF10A cell lines,
both PRC1 and RRM2 as well as hTERT and
BIRC5 promoters exhibited no activation of the
luciferase whereas the CMV promoter exhibited
approximately 18-fold activation (Figure 3A). In
MCF7 and T47D breast cancer cell lines, both
PRC1 and RRM2 promoters increased the luciferase
reporter activity approximately 4- to 10-fold (Figure
3B and D). Interestingly, in MDA-MB-231 cell line,
both PRC1 and RRM2 exhibited remarkable acti-
vation of the reporter, much better than that of the
BIRC5 (Figure 3C). In addition, human TERT pro-
moter activity was quite low compared to those of
PRC1 and RRM2 in MCF7 and MDA-MB-231
cancer cell lines (Figure 3B and C).

Cancer-specific expression in the transduced cells
with rAAV2 containing PRC1 or RRM2 promoter

To further determine cancer-specific expression of
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Figure 3. Cancer-specific activation of the reporter gene by both PRC1 and RRM2 promoters. pmGL3-PRC1, -RRM2, -BIRC5, TERT or empty pmGL3
(pGL3-basic) vector was transiently transfected into normal (A: MCF10A) or cancer (B: MCF7; C: MDA-MB-231 or D: T47D) breast cell lines. pRL-TK was
also co-transfected to normalize transfection efficiency except MCF10A. For MCF10A cells, only reporter plasmids were transfected and the average of
three separate experiments with triplicates was shown. Forty-eight hours after transfection, cells were harvested and their luciferase activity was
measured. The transfection experiments were carried out more than twice in triplicate and one representative result was shown. The CMV promoter was
included in MCF10A cell line to confirm its strong activity in the normal cell line. In T47D cell line, TERT was omitted.
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Figure 4. The GFP expression in rAAV2-infected breast normal and cancer cell lines. The promoter activity of the rAAV2 vector containing the GFP re-
porter gene under cancer-specific promoters of PRC1, RRM2 or BIRC5 was compared to that under the CMV promoter in breast normal (MCF10A) and
cancer (MCF7, T47D and MDA-MB-231) cell lines. The cells were seeded at 1 x 10* cellsiwell in 12-well plates and infected with rAAV2 vectors of 2 X

10° MOI for 72 h. The GFP expressions in the transduced cells were measured using a FACS flow cytometry and the experiment was repeated three
times in triplicate. (A) One of representative FACS data collected from 10,000 cells/sample was presented in a histogram of fluorescence intensity (X-axis)
and cell counts (Y-axis). The fluorescence intensity of the (-) control cell of mock infection was used to distinguish the rAAV-infected population from the
uninfected population by setting M1 for each tested cell line, since the rAAV-infected cells emitted a fluorescent signal ranging M1. (B) The relative GFP
expression. The GFP expression in each case was normalized by transduction efficiency of each rAAV measured by semi-quantitative PCR of AAV ge-
nomic DNA. The GFP expression derived from rAAV2-CMV-GFP was considered to be 100, and relative GFP expressions in the infected cells with rAAV2
containing the PRC1, RRM2 or BIRC5 promoter were plotted in the bar graph. The average values of the independently repeated experiments were ap-

plied and plotted in the graph.



the PRC1 or RRM2 promoter, we examined their
activities in AAV-mediated gene delivery system
that has been reported as a safe and highly
efficient vector for cancer gene therapy (Lee et al.,
2007; Park et al., 2008). The rAAV2-PRC1-GFP,
rAAV2-RRM2-GFP and rAAV2-BIRC5-GFP were
infected into each of MCF7, T47D and MDA-MB-
231 cancer cell lines along with the positive control
rAAV2 containing the CMV promoter, rAAV2-CMV-
GFP. These rAAV2 vectors were also transduced
into MCF10A normal cells. To evaluate promoter
activities and to determine cancer-specific transcri-
ptional targeting, GFP expressions in rAAV2-in-
fected cells were measured using an FACS flow
cytometry. The GFP expression derived from rAAV2-
CMV-GFP was assumed to be 100, and relative
GFP expressions derived from other vectors were
plotted in the bar graphs (Figure 4B). The experi-
ment was repeated three times in triplicate and the
results plotted in Figure 4B were the average
values of independently conducted experiments.
One of the representative FACS data in a histogram
was also presented in Figure 4A. To determine the
AAV transduction efficiencies in each case, amount
of AAV genome in the transduced cells was mea-
sured by a semi-quantitative PCR. The result
indicated that the AAV transduction efficiencies in
the cells infected with different types of rAAV2
vectors were quite similar among them, suggesting
that the differences of GFP observed were resulted
from those of promoters’ activities (data not
shown). In the transduced normal MCF10A cells,
the PRC1, RRM2 and BIRC5 showed Ilow
activation of the GFP reporter, approximately
10-30% of that of the CMV promoter. When these
rAAV2 vectors were transduced to the breast
cancer cell lines, they exhibited broad range of
expression activity. In MDA-MB-231 cells, both
PRC1 and RRM2 promoters showed activity
comparable to that of the CMV promoter. However,
these promoters showed significantly weaker
activity in T47D cells and moderate effect in MCF7
cells. We also tested the human TERT and the
synthetic human TERT (E3-H-T) (Kim et al., 2006)
in our AAV-mediated system and observed that
both promoters showed very weak activation
compared to both PRC1 and RRM2 promoters in
Hela cells (Park et al., 2007). The overall relative
activity in our AAV system was in the order of CMV,
BIRC5, PRC1 and RRM2 promoters.

Discussion

In this study, we tested whether PRC1 or RRM2
promoter could be employed for the development
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of breast cancer-enhanced gene expression. Both
PRC1 and RRM2 proteins were highly expressed
in the breast cancer cell lines, MCF7 and T47D,
compared to their expressions in MCF10A normal
cells. Our result suggested that both PRC1 and
RRM2 are regulated at the transcription as well as
translation level since differences of both genes
between normal and cancer cell lines are greater
at the protein level than the mRNA level (Figure 1).
Actually, expression of RRM2 has been already
reported to be regulated at the translation level by
presence of four AUG codons at upstream of the
translation initiation site (Dong et al., 2005). The
overexpressions of PRC1 and RRM2 were con-
firmed by immunohistochemistry assay using 85
human breast cancer tissue samples. Furthermore,
both promoters exhibited considerable cancer-spe-
cific activity when they were delivered to cells
either as naked plasmid or packed in the AAV
system. Especially, the cancer specific activity of
the PRC1 promoter in rAAV2 vectors was com-
parable to the strong CMV promoter in MDA-MB-
231 or MCF-7 breast cancer cell lines (Figure 4).
The exact reason why the PRC1 promoter activity
in rAAV vectors showed stronger activity compared
to the naked plasmid is not clear at this point. It
may be due to the difference of the assay methods
we applied for both experiments such as the
delivery system or the reporter genes. However, it
is unlikely that a part of AAV genome in rAAV2
vectors may affect promoter activities since four
types of rAAV2 vectors are only composed of
AAV2 inverted terminal repeats (145-bp) and the
essential mammalian expression cassette contai-
ning GFP cDNA. Interestingly, all of tested promo-
ters showed remarkable strong activity in the
MDA-MB-231 cell line (Figures 3C and 4B). Since
the MDA-MB-231 cell line is highly metastatic in
contrast to two other cell lines, MCF-7 and T47D,
which are poorly metastatic (Sharma et al., 2006),
it can be speculated that the cell line specific
differences of these promoters’ activities might be
related to their capabilities for metastasis. Other-
wise, it might be due to the status difference of
important regulators such as p53 or estrogen rece-
ptor (ER) a among the cell lines. For example, p53
has been reported to down-regulate PRC1 expre-
ssion (Li et al., 2004) and known to be mutated in
the MDA-MB-231, but not in the MCF7 cell line
(Vojtesek and Lane, 1993; Su et al., 1998). Simi-
larlyy, MCF7 and MDA-MB-231 were reported as
positive and negative, respectively, for ERa which
is a strong transcription factor expressed in breast
cancer (Chien et al., 1999).

Previously, several cancer-specific promoters in-
cluding the TERT (Gu et al., 2000; Gu and Fang,
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2003), the synthetic hTERT promoter (Kim et al.,
2006), tandem hypoxia-responsive elements (HRE)
with the enhancerless SV40 promoter (Ruan et al.,
2001), the alpha-fetoprotein promoter (Su et al.,
1996), calcitonin gene regulatory sequence (Jiang
et al., 2001) and the glucose transporter isoform 1
promoter (Sieger et al., 2004) have been identified
and examined for cancer-specific expression. We
tested the TERT promoter as naked plasmids in
MCF7 and MDA-MB-231 cells, but the result
showed weaker activation than those of both PRC1
and RRM2 promoters in the same transfection
condition (Figure 3). We also examined activities of
human TERT or the synthetic human TERT pro-
moters in the AAV-mediated gene delivery system.
They all showed certain degree of tumor-enhanced
expression in HelLa cells; however, their relative
promoter activities were very low and could reach
that of neither CMV nor one of PRC1 and RRM2
promoters (data not shown).

Taken together, our results conclusively suggest
that both promoters of PRC1 and RRM2 could be
used to develop a transcriptional targeting vector of
breast cancer gene therapy.
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