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enhancer elements in the human c-erbB gene promoter
Anti-gene is a potent inhibitor of transcriptional suppressed the c-erbB mRNA formation and also the

promoter activity and subsequent gene expression. proliferation of human glioma cell lines (7). Mixed pu-
This property has been exploited to suppress the ex- rine-pyrimidine oligodeoxynucleotides were designed
pression of a variety of oncogenes for regulating tumor to form collinear DNA triplexes with pyrimidine-richproliferation or viral activities. In this paper, we de-

elements in the c-erbB gene promoter. These resultsscribe a novel retroviral vector designed to express
presented availability of anti-genes as negative media-human c-erbB anti-gene RNA and to reduce the pro-
tors of transcription and subsequent gene expression.moter activity in the cells. Mouse fibroblast NIH3T3
In glioblastoma multiforme, the most commonly af-cells were stably transfected with an expression con-
fected oncogene is the c-erbB gene (8, 9), which is lo-struct containing a truncated human c-erbB gene pro-
cated on chromosome 7 and codes for a transmembranemoter fused to the firefly luciferase reporter gene. In-
receptor protein, the epidermal growth factor receptorfection into these cells of the c-erbB anti-gene retrovi-
(EGFR) with protein tyrosine kinase activity. We haveral vector targeted to the 26 bp pyrimidine-rich

element in the human c-erbB gene promoter resulted been exploring a novel form of anti-gene strategy in-
in a dose-dependent decrease in the luciferase activity tended to suppress the expression of the EGFR for in
of the cells. Retroviral vector expressing anti-gene vivo application.
RNA may be useful as an alternative program of gene RNA has been suggested to be useful for targeting
regulation in the cells. q 1997 Academic Press double helical DNA. Since the free energies of binding

of D (DNA) and R (RNA) to double helical DNA (DD)
are comparable, R and D were shown to bind DD with
similar affinities (10), while Roberts and CrothersNucleic acid triplexes were first described over 30
found R formed a more stable complex with DD thanyears ago (1, 2), and the structures of some of them
D (11). These results suggested that in vivo targetinghave been determined at high resolution (3, 4). Since
of double helical DNA with RNA may be possible. How-the number of copies of DNA is much fewer than those
ever, efficiency of the anti-gene RNA as an inhibitor ofof transcribed mRNA, anti-gene oligonucleotides tar-
transcription has not yet been proven.geted against the promoter region would have an ad-

Genetically altered viruses are able to deliver genesvantage over antisense oligonucleotides with an mRNA
efficiently into tumor cells. Retrovirus-mediated geneas a target. DNA triplexes inhibited transcription of
transfer has been applied to the treatment of malig-the c-myc gene (5) and blocked binding of the Sp1 tran-
nant glioma in animal models (12-19). Since retrovi-scription factor to its target sequence in SV40 DNA
ruses infect actively dividing cells but not non-dividingin cell-free systems (6). We previously reported that
cells, it is possible to transfer the gene selectively intooligonucleotides designed to form a triple helix with
glioma cells using retroviral vectors without exerting
toxicity on normal neurons and astrocytes (20). We re-

1 To whom correspondence should be addressed at present address: port here that a retroviral vector expressing an anti-Clinical Gene Therapy Branch, National Human Genome Research
gene RNA designed to interact with pyrimidine-richInstitute, NIH Bldg.10 - Room 10C103, Bethesda, MD 20892-1852.

Fax: (301) 496-7184. E-mail: tokada@nhgri.nih.gov. elements of the human c-erbB gene promoter could sup-
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340-bp Sty I / Cla I restriction fragment derived from pLNCA (Fig.press expression of the reporter gene which is driven
1B) was inserted into the pBluescript SK(/) and linealized by Not Iby the c-erbB gene promoter.
digestion. A 410-base single-stranded DNA probe was synthesized
and labeled with [a-32P]dCTP using the Prime-a Probe DNA labeling
kit (Ambion, Texas). An excess of probe was hybridized with 10mgMATERIALS AND METHODS
of total RNA extracted from the 3T3/LNEL cells which had been
infected with the LNCA vector or with 10mg of yeast RNA at 427CPlasmid construction. All plasmids were constructed by the stan-
for 12hr. The hybridization products were digested with S1 nucleasedard recombinant DNA techniques (21). Based on the previous re-
at 250 units/ml at 377C for 30 min (S1-Assay, S1 nuclease protectionsults using the synthetic oligodeoxyribonucleotides (7), the pLNCA
assay kit, Ambion, Texas). The digestion products were seperated incontaining the internal CMV promoter fused to the human c-erbB
a 15 cm long 5% polyacrylamide gel containing 8 M urea and detectedanti-gene was constructed (Fig. 1B). The double-stranded oligode-
by autoradiography.oxyribonucleotide representing the anti-gene sequence (EGFR26-2)

to the pyrimidine-rich 26 bp sequence (0109 to 084 region) in the Luciferase assay. The 3T3/LNEL and 3T3/LNCL cells (1 1 104

human c-erbB gene promoter containing the nuclear factor Sp1 bind- cells) were plated in 48-well tissue culture plates 24 hr before addi-
ing site (099 to 090) and the transcription start site (Fig. 1A) was tion of the retroviral vector LNCA at multiplicity of infection (moi)
synthesized with additional Hind III and Cla I sites at each end, of 5 or 10. They were exposed to the culture supernatant containing
and inserted between the Hind III and Cla I sites of pLNCX (22). A the retroviral vector and 4 mg/ml polybrene at 377C for 4 hr. Then
diagram is shown in Fig. 1C for the structures of pLNCL and pLNEL. the medium was replaced with a fresh virus-free medium, and the
The firefly luciferase cDNA fragment from the plasmid JD206 (23) cells were cultured for 48 hr at 377C. Cell extracts were prepared
was subcloned at the Hind III and Cla I sites of pLNCX to produce and assayed for the luciferase activity using the enhanced luciferase
pLNCL. The human c-erbB gene promoter fragment (0459 to 01 assay kit (Pica Gene, Wako, Tokyo). Briefly, the monolayer cells were
region) obtained by PCR using pEP5 (24) as a template replaced the washed three times with phosphate buffered saline (PBS) and ex-
CMV promoter of pLNCL by making use of the BamH I and Hind tracted with 200 ml of 11 cell lysis buffer for 15 min at room tempera-
III sites to result in pLNEL. Previous deletion analysis of the human ture. Fifty ml of the lysates were analyzed using a luminometer K-
c-erbB gene promoter indicated that the region from 0167 to 0105 100 (Kikkoman, Tokyo) with 50 ml injections of substrate. Luciferase
was important for the maximal promoter function (25). activity was reported as relative light units (RLU). All assays were

carried out in triplicate. The cell lysates were also assayed for proteinCell culture, transfection and production of retroviral vector.
content as described previously (30).Mouse embryonic fibroblast NIH 3T3 cells were grown in Dulbecco’s

modified Eagle’s medium (DMEM) supplemented with 10 % fetal
bovine serum (FBS). The cells were maintained at 377C in a humidi- RESULTS AND DISCUSSION
fied atmosphere of 5 % CO2/95 % air. Ecotropic packaging cell line
psi-CRE (26) was also grown in DMEM containing 10 % FBS. Trans-

In order to examine the effect of anti-gene RNA ex-fection of pLNCL and pLNEL into NIH 3T3 cells by the calcium
phosphate co-precipitation method was performed as described pre- pression retroviral vector LNCA on the human c-erbB
viously (27), and stable transformants were selected with G418 gene promoter activity in the cell, an expression con-
(Gibco) at a concentration of 0.5 mg/ml. Independent colonies were struct containing the human c-erbB gene promoterisolated and expanded. Likewise, transfection of pLNCX and pLNCA

(from 0459 to 01) fused to the luciferase reporter geneinto psi-CRE cells was performed, and stable transformants were
(pLNEL) and that containing the CMV promoter as aselected with G418. Independent colonies were isolated and ex-

panded, and their culture supernatants served as sources of infec- control (pLNCL) were stably transfected into the
tious retroviral vectors LNCX and LNCA. The vector virus-con- mouse fibroblast cell line NIH 3T3. After drug selection
taining medium was centrifuged at 30,000 1 g for 20 min to remove of the transfected cells, clones LNEL-11 (3T3/LNEL)cells and debris, then the retroviral vector was concentrated by fur-

and LNCL-10 (3T3/LNCL) were found to express thether centrifugation at 30,000 1 g for 6 hr to a titer of 1 1 107 G418r

colony forming units (cfu)/ml (28) and used to infect cells. highest luciferase activity and used for all the subse-
quent experiments.c-erbB anti-gene RNA expression in target cells. Forty-eight hrs

Expression of the human c-erbB anti-gene RNA inafter adding the anti-gene retroviral vector LNCA, total RNA was
extracted from the 3T3/LNEL and 3T3/LNCL cells by acid guanidium target cells (3T3/LNEL and 3T3/LNCL) was examined
thiocyanate-phenol-chloroform extraction method (29). Expression of by the RT-PCR method 48 hr after infection of the ret-
the c-erbB anti-gene RNA was detected by the reverse transcription- roviral vector LNCA at moi of 5. Total RNA was ex-polymerase chain reaction (RT-PCR) (GeneAmp Thermostable rTth

tracted from cells and used as a template for RT-PCR.reverse transcriptase RNA PCR kit, Perkin Elmer Cetus). Sense and
After 40 cycles of amplification, PCR products wereantisense primers for c-erbB anti-gene were 5*-AAGCTTGGCGGC-

GAGGCGGGGACTCGGGCGGAATCGAT-3 * and 5*-CTGCTTACC- analyzed on a 2 % agarose gel (Fig. 2). In both the 3T3/
ACAGATATCCTGTTTGGCCC-3 *, respectively. The former corre- LNEL and 3T3/LNCL cells, a RT-PCR product of the
sponded to the anti-gene sequence, and the latter to the U3 portion expected size (242 bp) was detected while uninfectedof the 3* long terminal repeat (LTR). The reverse transcriptase reac-

controls did not show the product (data not shown),tion was performed at 707C for 10 min and conditions for PCR con-
sisted of initial denaturation at 947C for 2 min, and 40 cycles of indicating expression of the anti-gene RNA in these
denaturation at 957C for 1 min and annealing and extention steps cells.
at 607C for 1 min. The PCR products were analyzed by electrophore- In order to characterize the LNCA vector-derived
sis on a 2 % agarose gel with ethidium bromide staining. Further-

transcripts containing the anti-gene sequence in themore, the PCR product was cloned into the pGEM-T vector (Promega)
3T3/LNEL cells infected with the LNCA vector, S1and the nucleotide sequence was determined by ALF DNA sequencer

(Pharmacia). nuclease protection analysis was carried out. Structure
of the LNCA vector genome (Fig. 1B) predicted theS1 nuclease protection assay. LNCA vector-derived c-erbB anti-

gene RNA was characterized by the S1 nuclease protection assay. A presence of 5* LTR- and internal CMV promoter-regu-
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FIG. 1. Structures of the recombinant plasmids used in this study. (A) The 26-mer anti-gene sequence is antisense to the portion (0109
to 084, boxed) of the human c-erbB gene promoter. Nucleotide sequence, Sp1 recognition sites, and transcriptional start sites are from the
previously published report (Johnson et al., 1988). Nucleotide /1 indicates the translational start site. (B) Synthetic double-stranded
oligodeoxyribonucleotide representing the anti-gene sequence (AG) and the Hind III and Cla I restriction enzyme sites at either end was
inserted between the Hind III and Cla I sites of pLNCX to result in the anti-gene vector pLNCA. (C) Luciferase-expression plasmid vectors
pLNCL and pLNEL. The neomycin resistant gene (NEO) is driven by the 5* LTR, whereas the luciferase gene (LUC) is driven by the
cytomegalovirus immediate early promoter (CMV) or the human c-erbB gene promoter. The human c-erbB gene promoter fragment (0459
to 01 region) replaced the CMV promoter of pLNCL by making use of the BamH I and Hind III sites to result in pLNEL.
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FIG. 2. Expression of the human c-erbB anti-gene RNA in 3T3/
LNEL and 3T3/LNCL cells 48 hr after infection of the anti-gene
retroviral vector LNCA. RT-PCR products were separated in a 2 %
agarose gel and stained by ethidium bromide. Lane 1, Phi X174/Hae
III DNA size marker; lane 2, 3T3/LNEL cells; lane 3, 3T3/LNCL
cells.

lated transcripts. 5* LTR-regulated transcripts would
protect the probe from S1 nuclease digestion, giving a
band of 340 bases. CMV promoter-regulated tran-
scripts would give a band of 120 bases. Both bands
were seen in the autoradiogram shown in Fig. 3. (lane
B), indicating that both 5* LTR- and internal CMV pro-
moter-regulated transcripts were present in the 3T3/
LNEL cells infected with the LNCA vector.

Luciferase activity exhibited by the 3T3/LNEL cells
was sensitive to infection of the LNCA vector in a dose-

FIG. 4. Effect of infection of the human c-erbB anti-gene retrovi-
ral vector LNCA on the luciferase activity of 3T3/LNEL and 3T3/
LNCL cells. Forty-eight hr after infection of 3T3/LNEL (A) or 3T3/
LNCL (B) cells by the LNCA vector at moi of 5 (LNCA5) or 10
(LNCA10), a cell extract was prepared and its luciferase activity and
protein content were measured. The specific luciferase activity is
presented in the figure in comparison to that exhibited by the unin-
fected cells (control). Each value represents the mean {SD (nÅ3).
As a control, each cell was infected by the LNCX vector at moi of 5
(LNCX5) or 10 (LNCX10), and both the luciferase activity and the
protein content were measured similarly.

dependent manner (Fig. 4A). Treatment of the 3T3/
LNEL cells with the LNCA vector at moi of 5 and 10
for 48 hr resulted in a decrease of the luciferase activity
to 74.2 (Põ0.001) and 52.0% (Põ0.001), respectively,
of that exhibited by the control untreated 3T3/LNEL
cells. However, treatment with the control retroviral
vector LNCX under similar conditions resulted in no
reduction of the luciferase activity, indicating that in-FIG. 3. Characterization of the LNCA vector-derived transcripts

containing the anti-gene sequence by S1 nuclease protection analy- fection of a retroviral vector itself would be unlikely to
sis. Total RNA extracted from the 3T3/LNEL cells 48hr after infec- cause reduction of the luciferase activity. In order to
tion of the LNCA vector was used to protect the 32P-labeled 410-base examine the possibility that the LNCA vector causessingle-stranded DNA probe from the S1 nuclease digestion (lane B).

decreased proliferation of the NIH 3T3 cells leading toLane A shows the result obtained by using yeast RNA as a negative
control. the reduced luciferase activity, the 3T3/LNCL cells
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