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ABSTRACT

Over 95% of cervical carcinomas are human papillomavirus (HPV)
DNA positive, and the expression of the E6 and E7 genes is required for
the maintenance of malignant phenotype. Here, antisense sequences tar
geted against the HPV16 E6 and E7 genes were cloned as U6/antisense
chimeric genes under the control of the U6 RNA gene promoter. Cationic
llposome-mediated transfection of these plasmids Into human 293 cells
and HPV16 DNA-positive mouse C3 tumor cells were performed, and the
chimeric U6/andsense transcripts were detected. The U6 promoter could
express RNA up to 360 nucleotides In length. In a cotransfection study, the
E7 antisense plasmid (but not the sense control) caused the down-regula
lion of E7 gene expression. Similarly, decreased E7 protein levels were
observed in the C3 cells that were transfected with E7 antisense plasmid.
In vitro growth inhibition was StUdied by delivering Uposome-antisense
plasmid complex to C3 tumor cells. Up to 50% growth inhibition was
achieved with antisense plaSmIdS, whereas only about 15% growth haM.
bitlon was observed with sense plasmids. Transfection Into human cervical
carcinoma C33A cells and mouse melanoma BL6 cells, which contain no
HPV DNA, showed no growth inhibition. These results Indicate that
growth Inifibition resulted from specific E6/E7 down-regulation of the
tumors or cells. Furthermore, intratumor h@jectionof DNA-liposome com
plex contnlning either E6 or E7 antisense plasmid resulted in significant
growth Inhibition of C3 tumors but not BL6 tumors, grown in a syngeneic
mouse modeL This promising result indicates that E61E7 antisense so
quences expressed in the context of the U6 gene might be useful for gene
therapy of cervical carcinoma.

INTRODUCTION

Cervical carcinoma is the second most common cancer among
women worldwide. More than 95% of cervical carcinomas are HPV3
DNA positive, with HPV type 16 accounting for about 50% of the
cases (1). There is now abundant experimental evidence indicating
that the E6 and E7 oncogenes of HPV play a major role in the
development as well as the maintenance of the malignant phenotype
of cervical carcinoma (2). Because of the strong relationship between
HPV infection and cervical cancer, development of novel approaches
directed against HPV may benefit the therapy of cervical cancer. One
of these approaches is to develop an antisense and/or ribozyme
strategy to inhibit E6 and E7 gene expression in cervical cancer cells
to reverse the malignant phenotype. It has been reported that antisense
oligonucleotides can inhibit tumor cell growth in vitro and in vivo by
down-regulation of E6 and E7 gene expression (3, 4). Stable trans
fection of cervical tumor cell lines with antisense or ribozyme expres
sion vectors can also inhibit in vitro cell growth and the efficiency of
colony formation and increase serum requirements (5â€”7)and the
tumorigemcity in vivo (7, 8).

Antisense-based gene therapy is a major strategy for down-regula
tion of oncogene expression and can be approached in two ways, i.e.,
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synthetic antisense oligonucleotide and plasmid constructs expressing
antisense RNA within the cell. The major advantage of using a
plasmid construct is that antisense RNA can be generated within the
cell in large quantity. Delivery of plasmid DNA is also more efficient
and specific in comparison to delivery of oligonucleotides. Because
the inhibitory effect of antisense is dose dependent, a strong and
efficient promoter is needed to produce large amounts of antisense
RNA from a plasmid construct. Although several vectors containing a
strong promoter-driving antisense expression have been developed,
these promoters are usually recognized by RNA polymerase II (9â€”13).
The resulting antisense RNA is embedded in long, irrelevant flanking
sequences that could hinder the accessibility of antisense RNA to its
target. Recently, the U6 snRNA promoter was engineered to express
short antisense RNA sequences (14). U6 snRNA is one of the small
RNAs participating in RNA splicing and is only 106 nt long. The U6
gene is constitutively and highly expressed in almost all cells (0.5
million copies of U6 RNA per cell) and is transcribed by RNA
polymerase III (14). Compared to other RNA polymerase Ill-tran
scribed promoters, such as the tRNA promoter, the U6 promoter does
not contain the internal control region (15), and hence, almost all of
the U6 gene can be replaced with any other sequence. This favorable
feature eliminates long irrelevant flanking sequences around the an
tisense RNA and should theoretically render it more accessible to the
target RNA.

Here, we used the U6 promoter to express the antisense RNAs
directed against HPV16 E6 and E7 genes and delivered the antisense
constructs into mouse C3 tumor cells, which are transformed by
HPV16 genome (16). We tested whether these antisense constructs
could down-regulate E6 and E7 gene expression and inhibited the C3
cell growth in vitro. The antisense RNA constructs were further
complexed with cationic liposomes and delivered into established C3
tumors by intratumor injection. Here, we report the results of these
experiments.

MATERIALS AND METHODS

Plasmid Construction. U6 expression plasmid pGEMmU6 was a kind gift
from Dr. S. Noonberg (14). PCR-amplified fragments derived from the HPV16
genome between nt 256 and 562 (for E6) or 562 and 796 (for E7) were cloned
into pGEMmU6 between XhoI and NsiI sites, with sense or antisense orien
tation (Fig. 1B). Each clone was verified by sequence analysis. The regions of

E6E7 mRNA and E6* and E6** mRNA to which the antisense RNA was

targeted are shown in Fig. 1A.
Plasmid pCMV-E7AS was constructed by replacing the EGFP gene of

pEGFP-Nl (Clontech, Palo Alto, CA) with a PCR-amplified fragment of E7

(from positions 562 to 796 of the HPVI6 genome) at the BamHI and NotI
restriction sites. The E7 gene was inserted into the vector in a reverse
orientation, and the transcription was under the control of CMV promoter.

The HPVI6 E7 gene, ranging from the start codon, ATG (position 562), to
the codon right before stop codon (position 793), TAA, was amplified from
plasmid pME6E7SN (17) by PCR. The PCR product was cloned in front of the
EGFP gene in plasmid pEGFP-Nl, using the BamHIandSail restrictionsites.
The stop codon of the E7 gene was deleted, and the E7 gene was fused inframe
to the EGFP gene.

Cell Culture and Transfection. Humanembryonickidney 293 cells and
cervical carcinoma C33A cells were maintained in DMEM with 10% fetal

bovine serum at 37Â°C and 5% CO2. Mouse melanoma BL6 cells and HPVI6-
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Fig. I. A, HPV16 E6 and E7 genes and the transcripts found
in HPV16-positive cervical carcinoma cells. Splicing donor and
acceptor sites are indicated in E65'and E6@ RNAs. Also shown
are sites to which antisense pU6E6AS and pU6E7AS are tar
geted.Thenumbersintheparenthesesarethestartandendsites
of antisense genes. B, schematic diagram of the expression
cassette in the U6 expression vector. E6AS, E6S, E7AS, and E7S
genes were cloned between the XhoI and Nsil sites. The U6
cassette was cloned between the BamHI and EcoRI sties of
pGEM-l plasmid. The numbers in the parentheses indicate the
length of antisense RNA.

@. â€”

Regions targeted by antisense RNA

U6p U6gene

PU6E7AS
(562-796)

Ec RI U6Cassette
0 pGEMmU6

PU6E6AS ______________
(256-562)

B

BamHl Enhancer

PU6E6AS
orpIJ6E6S

PIJ6E7AS
or pIJ6E7S

E6ASor E6S (306bp)

E7AS or E7S (234bp)

44
, 01 NS1k@@

Xh@
V

XhoI NS1I

plasmids, 1.5 x 106 C3 or 0.5 x 106 BL6 cells were s.c. inoculated into

syngeneic C57BL/6 mouse. Tumor growth was observed in about 90% of the
mice, with tumors measuring approximately 2 X 2 mm by 12days (C3 tumors)
or 8 days (BL6 tumors) after inoculation. Fifty @gof DNA, complexed with 50
nmol of DC-Chol liposomes in a volume of 50 s.d,was injected into the tumor
and/or around the tumor (19). This experiment contained seven different
treatment groups, i.e., pU6E6S group, pU6E6AS group, pU6E7S group,

pU6E7AS group, TE buffer alone group, liposome alone group, and pU6E6AS
DNA alone group. Five mice (one tumor on each mouse) were in each
treatment group. As a HPV DNA-negative tumor model, BL6 tumors were also

established in the C57BLJ6 mice and treated with pU6E7S or pU6E7AS

plasmid DNA and liposome complex. Injection was performed twice a week
for 4 weeks. Tumor size was measured with a caliper in two perpendicular
dimensions prior to each injection. Tumors size was calculated by multiplying

the two measured diameters.

RESULTS

Expression of E6 and E7 Sense and Antisense RNAs in 293 and
C3 Cells. E6 and E7 sense or antisense gene fragments were cloned
behind the U6 promoter in recombinant plasmids pU6E6AS, pU6E6S,
pU6E7AS, and pU6E7S (Fig. 1). Expression of these plasmids can be
detected using a labeled fragment of the E6E7 gene in a Northern blot
hybridization. To check the expression of these plasmids, 293 cells
and C3 cells were transfected with cationic liposome-DNA complex.
Total RNA was isolated 2 days after transfection and hybridization
was performed by using the labeled E6E7 gene fragment probe. Fig.
2 shows the hybridization results. All four plasmids had produced
considerable amounts of U6E6 or U6E7 chimenc RNA in the traits
fected cells, although stronger hybridization signal was observed in
293 cells than C3 cells (data not shown). This is probably due to the
higher transfection efficiency of 293 cells than C3 cells. However, the
length of RNA transcripts was not the expected size. As shown in Fig.
2, the length of RNA band hybridized with E6E7 probe was about 150
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transformed C3 cells were maintained in RPMI 1640 with 10% fetal bovine
serum. For 293 and BL6 cells, transfection was done with cationic DC-Chol
liposome complexed with DNA. For C3 cells and C33A, Lipofectamine

liposomes (Life Technologies, Inc.) were used for transfection. DC-Chol

liposomes were produced in this laboratory as described (18).

Northern Blot Hybridization. Total RNA was isolated from cells 2 days
after transfection by using the RNA-zol solution (Biotecx Lab, Inc. Houston,
TX). Twenty @gof total RNA was fractionated on 2% formaldehyde agarose
gel and blotted to a nylon membrane. DNA fragment probes were labeled with
32pby using a random primer method (Boehringer Mannheim). Hybridization
was performed at 42Â°Covernight in a solution containing 50% formamide, 6X
saline-sodium phosphate-EDTA, 0.5% SDS, 5X Denhardt, and 20 @g/m1of

yeast RNA. The blot was washed twice with 6X SSC-0.5% SDS at 37Â°C(15
mm each), twice with 1X SSC-0.5% SDS at 37Â°C(15 mm each), and once
with 0. 1x SSC-0.5% SDS at 65Â°Cfor 15 mm. Autoradiography was done
overnight.

Western Blot Analysis. 293 cells were lysed 2 days after transfection
using radioimmunoprecipitation assay buffer, which contains 150 mt@iNaC1,
25 nmi NaF, 50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 1 mM EGTA, 1%
Nonidet P-40, 0.1% SDS, and 0.5% deoxycholic acid. C3 and BL6 cells was
lysed in buffer containing 100 mM Tris-HCI (pH 8.0), 150 mM NaCl, 1%

Nonidet P.40, and 1 @g/mlof aprotinin. Cell lysate was fractionated on 12%
polyacrylamide gel and transferred to nitrocellulose membrane. E7EGFP fit
sion protein was detected by monoclonal antibody against EGFP (Clontech,

Palo Alto, CA), whereas the E7 protein was detected by using a E7 monoclonal
antibody (Zymed, San Francisco, CA) and enhanced chemoluminescence kit
(Amersham, Buckinghamshire, England).

MTT Assay. M'VFassay was performed to measure the viability of trans
fected cells. Cells were plated at a density of 3 X l0@'/wellon a 48-well plate
and transfected the following day. Two days after transfection, the medium
was aspirated and replaced with 80 .d of a 5 mg/mi MiT solution. The cells
were incubated at 37Â°Cfor 2â€”4h. The reagent was aspirated, and 600 j.d of
DMSO was added to solubilize the reduced MU product, formazan, and its
optical density was measured at 540 nm.

Tumor Growth and IntrafPeritumor Injection of Plasmid DNA. To
study the inhibition of tumor growth in vivo by the antisense-expressing
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was unfused native EGFP protein band (Fig. 4B). It is possible that
protein translation starts from both the E7 AUG and the internal
EGFP AUG sites of the E7EGFP mRNA. Alternatively, the existence
of free EGFP protein may be the result of posttranslational cleavage
of the fusion protein. Because there was only one species of E7/EGFP
mRNA detected in the pE7EGFP-N1-transfected cells (Fig. 4A),
E7AS RNA targeting the E7 mRNA would likely bind to El part of
this E7EGFP mRNA and inhibit the expression of both E7EGFP and
EGFP. When pU6E7AS and pE7EGFP-N1 were codelivered into 293
cells, reduced green fluorescence was observed in most cells when
they were examined by fluorescent microscopy (data not shown).
More than half of the E7EGFP fusion protein and EGFP protein
synthesis was inhibited on Western blot analysis (Fig. 4B, Lane 2),
and the inhibition was dose dependent, as a higher amount of
pU6E7AS had brought about a higher level of down-regulation (Fig.
4B, right). On the other hand, codelivery of pU6E7S had no effect on
the synthesis of these two proteins (Fig. 4B, Lane 1). This result
indicates that U61E7 chimeric antisense RNA could specifically in
hibit E7-EGFP and EGFP protein syntheses from the E7EGFP fusion
mRNA.

However, the E7 RNA conformation in the E7EGFP fusion iran
script might not represent the El RNA in the HPV DNA-positive
tumor cells. To further study the inhibition of E7 gene expression by
pU6E7AS, HPV16-positive C3 cells were transfected with plasmid
pU6E7AS or pU6E7S DNA complexed with cationic liposome Lipo
fectamine. Inhibition of E7 gene expression was observed in the
pU6E7AS-transfected cells, whereas there was no inhibition effect in
the pU6E7S-transfected cells (Fig. 5). These results indicate that
antisense RNA, which inhibits E7EGFP gene expression, also inhibits
E7 gene expression in HPV-positive tumor cells.

in Vitro Cell Growth Inhibition. Growth inhibition by pU6E6AS
and pU6E7AS was tested in C3 cells. The experiment was done in
triplicate and repeated three times. Fig. 6 shows the average result
from three separate experiments. It clearly indicates that pU6E6AS
and pU6E7AS could inhibit the C3 cell growth in vitro to approxi
mately 50% of the control. The sense constructs pU6E6S and pU6E7S
showed approximately 10â€”15%inhibition. By microscopic observa
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Fig. 2. Northern blot hybridization of total RNA that was extracted from 293 cells
transfected with pU6E6AS (LaneA), pU6E6S (Lane B), pU6E7AS (Lane C), and pU6E7S
(Lane D) and from untransfected control cells (Lane E). DNA probe was the HPV 16 E6E7
gene fragment labeled with 32P.

nt in the sample from pU6E6AS-transfected cells, whereas two bands
appeared in the RNA extracted from pU6E6S-transfected cells. Se
quence analysis of pU6E6AS showed a TTITT sequence located 152
nt downstream of the U6 promoter that had apparently terminated the
RNA synthesis by RNA polymerase III prematurely. Similarly, a
rrGrr sequencewasfound153ntdownstreamof theU6promoter
in pU6E6S. Termination by this sequence was apparently not com
plete because about half of the RNA was full length, i.e., 360 nt. In
pU6E7AS, 1TFAT was found 189 nt downstream of the U6 promoter
and apparently also caused premature termination of RNA synthesis.
In pU6E7S, a TITTGT was found 227 nt downstream of U6 promoter
and apparently caused the RNA synthesis to terminate completely. It
was also noticed that hybridization signals from cells transfected with
antisense plasmids was stronger than those from cells transfected with
sense plasmids.

To compare the gene expression efficiency of U6 promoter to the
CMV promoter, E7AS gene was also cloned under the control of the
CMV promoter by replacing EGFP gene of pEGFP-Nl, and the
plasmid was labeled pCMV-E7AS. As shown in Fig. 3, transcripts of
E7AS gene in pU6E7AS was easily detected by Northern blot hybrid
ization with the E6E7 gene probe. However, the expression of E7AS
gene under the control of the CMV promoter was not detected by the
same method. On the other hand, longer E7EGFP fusion RNA tran
scribed by the same CMV promoter in the same backbone plasmid
could be easily detected by Northern blot hybridization. The only
difference between the RNA transcripts of pCMV-E7AS and
pE7EGFP-N1 is that the fusion of E7 to EGFP gene in pE7EGFP-Nl
resulted in longer transcripts of E7EGFP RNA.

Inhibition of E7EGFP Fusion Gene Expression by pU6E7AS.
Because we were unable to find a good antibody against the E6
protein, the down-regulation of target gene expression was studied on
the E7 gene only. An indirect approach was used first to study the
inhibition of target E7 gene expression by pU6E7AS. E7 gene was
fused inframe to EGFP gene of plasmid pEGFP-N1, and the recom
binant plasmid was identified as pE7EGFP-N1. Two recombinant
pE7EGFP-N1 plasmid clones (clones 7 and 8) were obtained and used
for transfection into 293 cells. Transcription of these pE7EGFP-Nl
plasmids was determined by Northern blot hybridization with both E7
gene probe and EGFP gene probe. The results indicated that E7 and
EGFP were transcribed as a chimeric RNA (Fig. 4A). However, in
Western blot analysis, in addition to the E7EGFP fusion protein, there
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Fig. 3. Northern blot hybridization of total RNA extracted from 293 cells transfected
with pU6E7AS (LaneA), pCMV-E7AS (Lane B). and pE7EGFP-Nl (Lane C). Total RNA
extractedfromuntransfected293cellswasusedasa control(LaneD).HPVI6E6E7gene
fragmentwaslabeledwith32Pandusedas a probe.Bottom,RNAloadingcontrol(285
RNA band).
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Fig. 4. A, Northem blot hybridization of total
RNA extracted from 293 cells transfected with
pEGFP-Nl (Lane A), pE7EGFP-Nl (clone 7; Lane
B), pE7EGFP-Nl (clone 8; Lane C) and from un
transfected control cells (Lane D). Two identical
RNA blots were prepared. One was hybridized
with EGFP DNA gene probe (left), whereas the
other one hybridized with E7 DNA gene probe
(right). B, Westernblot analysisof the inhibitionof
EGFP and E7EGFP gene expression by
pU6E7AS. Left, 1 @sgof pE7EGFP-N1 (clone 7)
was codelivered into 293 cells with 3 @gof
pU6E7S (Lanes 1) or pU6E7AS (Lanes 2). Lanes 4
and 3, 293 cells transfected with 1 @gof
pE7EGFP-Nl (clone 7) alone and 1 jsg of pEGFP
Nl, respectively. Lane 5, untransfected control
cells. Right, the experiment was performed identi
cal to that of the left panel, except 6 @sgof
pU6E7AS DNA was codelivered with 1 @sgof
pE7EGFP-Nl DNA. Westem blot analysis of actin
was used as an equal loading indicator. The West
ens blot analysis was repeated four times. with
similar results each time.
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Fig. 5. Down-regulation of HPVI6 E7 gene expression by antisense plasmid
pU6E7AS. Three @sgofpU6E7S (Lane A) and pU6E7AS (Lane B) were delivered into C3
cells by cationic liposome Lipofectamine. Liposome alone-treated C3 cells were used as
control (Lane C). BL6 cells that originated from the same strain of C57BU6 mouse as C3
were used as E7-negative controls (Lane D). Actin band was shown as an equal loading
marker. The experiment was repeated three times, with similar results each time.
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tion, there were fewer living cells in pU6E6AS- and pU6E7AS-treated
wells than in pU6E6S and pU6E7S-treated wells (data not shown). To
test the specificity of inhibition, another cervical carcinoma cell line,
C33A, and mouse melanoma BL6 cells, which contain no HPV DNA,
were used as controls. There was no significant inhibition by
pU6E6AS or pU6E7AS plasmids when they were transfected into
these cell lines (Fig. 6).

EGFP @..@

pE7EGFP-7/pU6E7AS=1/6

In Vivo Tumor Growth Inhibition. C3 cells were inoculated s.c.
into a syngeneic host, the C57BL/6 mouse. Tumors were palpable in
1 week and were approximately 2 X 2 mm in size by 12 days. To test
the therapeutic effect of the antisense expression plasmids, plasmid
DNA was complexed with DC-Chol liposomes and repeatedly in
jected into or near the tumors. After 2 weeks of treatment, inhibition
of C3 tumor growth was observed in groups treated with pU6E6AS or
pU6E7AS. As shown in Fig. 7, after 4 weeks of treatment, tumors in
groups treated with pU6E6AS or pU6E7AS became significantly
smaller and, in some cases, even unpalpable. On the other hand,
tumors in groups treated with liposome alone or TE buffer alone
continued to grow to large sizes. Tumors treated with pU6E6S or
pU6E7S constructs were intermediate in size. It is known that plasmid
DNA-liposome complex can cause partial tumor growth inhibition
(20). After treatment, mice were sacrificed and tumors were dissected
and examined. The results are summarized in Table 1. One mouse in
the pU6E6AS group and two in pU6E7AS group were tumor free at
the time of sacrifice. Other mice in these two groups had tumors that
were significantly smaller in size than the tumors of mice in other
groups. The pU6E6S and pU6E7S groups and even the pU6E6AS
DNA alone group showed some inhibitory effects, whereas tumors in
the liposome alone and TE buffer control groups were significantly
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larger. Therapeutic effect of the antisense construct required the use of
liposomes as a delivery vehicle because the group of mice injected
with pU6E6AS DNA alone did not show the same level of tumor size
reduction as the group injected with the same DNA complexed with
liposomes. The experiments were repeated three times with similar
results. As a negative control, the growth of HPV-negative BL6 tumor
was not affected by administration of pU6E7AS and pU6E7S (Fig. 7).
Three of five mice in the pU6E7S or pU6E7AS groups and four of
five mice in the liposome alone group were dead at the end of the
experiment. The BL6 tumors on the rest of the mice were either very
big (20 mm in diameter) or had ulceration, and the mice had to be
sacrificed.

DISCUSSION

Inhibition of target gene expression by antisense RNA has been
studied for more than a decade (21). However, the general principle
governing the effectiveness of antisense inhibition is still not clear.
There are many variables that may affect the activity of an antisense
RNA. The length and content of flanking sequences as well as the
sequence of an antisense RNA determine its secondary structure and,
hence, its accessibility to the target. Moreover, the concentration of
the antisense RNA at the target site must be high enough to drive the
hybridization of antisense to its target. Although many RNA polym
erase Il-transcribed promoters have been used to generate antisense
RNA (9â€”13),an RNA polymerase Ill-transcribed U6 promoter has
many favorable features. First, U6 small nuclear RNA is constitu
tively and highly expressed in all types of mammalian cells; there are
about 0.5 million copies in each cell (14). Second, unlike other RNA
polymerase Ill-transcribed promoters (22), the U6 promoter does not
contain an internal control region, allowing almost all of the U6 gene
to be replaced with sequence encoding antisense RNA. Only the first
6 nt and the last 18 nt of the U6 transcript are required for the
synthesis and the stability of a U6 chimeric RNA (23).@ Therefore,

only very short sequences flank each end of the antisense RNA, thus
reducing the chance of internal folding of flanking sequence onto the
antisense RNA which could prevent binding to the target. Third, U6
RNA remains in the nucleus (14) and thereby allows for targeting of
pre-mRNA. Finally, U6 small nuclear RNA is one of the small nuclear
RNAs participating in the mRNA splicing process. Chimeric U6

antisense RNA-targeting splice sites might be more efficiently dcliv
ered to the splicesome localizing the antisense RNA to its target.
Although the U6 promoter has many potential advantages for express
ing antisense RNA, the data described in Fig. 2 have revealed a
disadvantage. Transcription by RNA polymerase III terminates when
the enzyme encounters any four or five consecutive Ts (24). Two
other variable sequences, i.e., TTGTT and TTfAT, also partially
terminate RNA synthesis (Fig. 2). This would limit the ability of the
U6 promoter to drive the transcription of longer antisense genes
because TIT@ would appear once in every 256 nt, assuming the
sequence is randomly distributed. Furthermore, we noticed a relative
low hybridization signal from the sense constructs (Fig. 2). This might
be due to greater instability of the sense RNA than that of the
antisense RNA, in the context of U6 chimeric RNA. Another possible
explanation is that different inserts might be transcribed at different
rates. Good et al. (25) also noticed that the inserted sequence might

@.= affect the level of accumulated U6 chimeric RNA in the cells. This

would also limit efficient transcription of some antisense genes.
Human CMV immediate early gene promoter is a very strong

promoter and is transcribed by the RNA polymerase II. Although the
CMV promoter is widely used for expressing reporter and therapeutic
genes, the genes controlled by this promoter are relatively large. It is
reported that CMV promoter can be used for expressing shorter
antisense RNA. However, in most cases, the expression of these genes
that are under the control of RNA polymerase II promoters can only
be detected by very sensitive method, such as RT-PCR (7, 26). In our
study, a 234-bp E7 gene fragment was cloned behind the CMV
promoter by replacing the EGFP or by inserting the E7 fragment in
front of EGFP gene of pEGFP-N1. By Northern blot analysis, we
were unable to detect E7AS RNA from pCMV-E7AS-transfected

@. cells, whereas the E7EGFP RNA could be easily detected. Short RNA

s= transcribed from the CMV promoter might be unstable. We conclude

that the RNA polymerase II promoter is not a good choice for
expressing short antisense RNA molecules. On the other hand, short
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Fig. 6. In vitro growth inhibition of C3, C33A, and BL6 cells by pU6E6AS and
pU6E7AS. Plasmid DNA was delivered with Lipofectamine liposomes. Cell viability was
measured by MU assay 2 days after transfection. Liposome column, transfection with
liposome alone; served as a controL The experiment was performed in triplicate and
repeated three times, with similar results each time. 4 Y. He and L. Huang, unpublished results.
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BL6tumor

Fig. 7. In vivo growth inhibition of C3 tumors in C57BL/6 mice. Injection began 12 days after tumor inoculation (tumor size, about 2 X 2 mm) twice a week for 4 weeks. Arrows,
days of injection. Five mice were in each experimental group, and the experiment was repeated three times, with similar results. â€¢,pU6E6S-liposome complex; 0, pU6E6AS-liposome
complex; 0, pU6E7S-liposome complex; â€¢,pU6E7AS-liposome complex; L@,TE buffer alone; A, DC-Chol liposome alone;@ pU6E6AS DNA alone. As a negative control
experiment, BL6 tumors were also injected with pU6E7S (0) or pU6E7AS (â€¢)plasmid DNA. Liposome alone-treated group was also included in the experiment.
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U6 antisense chimeric RNA could achieve very high copy numbers
after transient transfection (about 1 million copies per cell).4 The
reason is that the U6 snRNA is a very stable RNA. The cellular
distribution of U6 antisense chimeric RNA is well studied (14, 25).
The majority of the U6 antisense RNA was found in the nucleus, as
demonstrated by using in situ hybridization method.

HPV E6 and E7 gene expression is required to transform host cells
and maintain cellular malignant phenotypes in cervical cancer (27).
Thus, it provides an excellent target for therapeutic intervention
because inhibition of expression of these two genes would reverse the
malignant phenotype of HPV DNA-positive tumors. HPV16 E6 and
E7 genes are transcribed from the same P97 promoter and part of an
E6E7 polycistronic mRNA that is spliced into two different mRNAs,
i.e., E6* and E6** RNAs (Fig. 1A). It is postulated that unspliced
E6E7 RNA is the template for E6 protein synthesis, whereas E6* and
E6** RNA serve as templates for E7 protein synthesis (28). In this

study, the antisense RNAs were targeted to the splicing region of
E6E7 RNA and the E7 translation start site of the E6E7 and E6*1E6**
RNA. Both antisense RNAs are highly expressed, and E7 antisense
RNA showed significant inhibition of E7 gene expression (Fig. 2, Fig.
4B, and Fig. 5). Because the U6 chimeric RNA remains mainly in the
nucleus, binding to the target mRNA and inhibition of translation
might not be the mechanism for down-regulation of E6 and E7 gene
expression. However, the chimeric antisense RNAs might bind to
E6E7, E6*, and E6** RNAs in the nucleus and inhibit RNA splicing,
RNA trafficking to the cytoplasm, or both. The E6E7 RNA that is
blocked in the nucleus would not be available for serving as an E6
protein synthesis template. We have no direct evidence that E6 protein

Table I Tumor weight at the time of sacnflceâ€•of the host mice

No. of tumors/ % of
Treatment no. of mice Tumor weight (g)b control

pU6E6S 5/5 0.88 Â±0.25 71.5
pU6E6AS 4/5 0. 11 Â±0. 18 8.9
pU6E7S 5/5 0.87 Â±0.31 70.7
pU6E7AS 3/5 0.13 Â±0.23 10.6
TE buffer alone 5/5@ 1.23 Â±0.12 100
Liposome alone 5/5 1. I 1 Â±0.37 90.2
DNA alone 5/5 0.72 Â±0.16 58.5

aMiceweresacrificed4 weeksaftertreatment,andthetumorswereweighed.
aMeanÂ±SD.Experimentalconditionswerethesameasthosein Fig.7.
C One mouse died after the seventh injection, and the tumor was weighed at that time.

was down-regulated because we failed to detect E6 protein by West
ern blot analysis. However, we cannot rule out the possibility that E6
antisense RNA could down-regulate the E7 gene expression because
E6 antisense RNA might inhibit the RNA splicing and/or RNA
trafficking. In either case, E6* and E6** RNA might not be formed or
available as protein synthesis templates for E7. Both antisense con
structs showed significant and specific inhibition of C3 cell growth in
vitro (Fig. 6). A more prominent effect on the inhibition of tumor
growth was observed in vivo (Fig. 7). In some cases, established
tumors completely regressed. Such a strong therapeutic activity might
result from effects in addition to antisense RNA inhibition. C3 cells
are mouse embryonic cells transformed with HPV16 genome. The E7
gene is expressed in this cell line, as determined by Northern blot
analysis (16), and the E7 protein is detected by Western blot analysis
in our study. Vaccination of C57BL16 mice with E7 peptide protects
the host against a challenge of C3 tumors (16). In our case, because a
syngeneic mouse tumor model was used, dead cells resulting from
antisense RNA expression might induce a host immune response to
C3 tumor and further augment antitumor activity. If so, the antisense
based gene therapy might be synergistically enhanced by combining it
with a cytokine gene therapy, such as interleukin 12, which effectively
enhances the host immune response to tumor cells (29). The antisense
plasmid-induced immune response is actively studied in our group.

Cervical carcinoma is still a major threat to the women's health,
especially in developing countries. Here, we demonstrated that anti
sense RNA that is targeted against HPV16 E6 and E7 oncogene
expression can be effectively transcribed from the U6 promoter and
induce significant inhibition of cell growth in vitro and tumor growth
in vivo. Because the inhibition is specific for HPV DNA-positive
tumor cells (Fig. 7) and HPV oncogene expression is present in nearly
all cervical carcinomas, this strategy of using the U6 promoter to drive
antisense RNA expression might be useful for the treatment of cer
vical carcinoma without harming the normal tissue. Our encouraging
results indicate that this antisense RNA expression system driven by
U6 promoter might be useful in antisense-based gene therapy for
disease other than the HPV-positive tumors.
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