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Deregulated expression of high-risk human papillomavirus oncogenes (E6 and E7) is a pivotal event for 
pathogenesis and progression in cervical cancer. Both viral oncogenes are therefore regarded as ideal 
therapeutic targets. Small interfering RNAs (siRNA) or double-str anded RNAs can knock down target 
genes effectively through siRNA-induced transcriptional gene silencing (TGS). Here, we established len- 
tiviral-vector mediated shRNA (LV-shRNA) targeting common promoter of HPV16 E6/E7 and targeting E6
transcript, transduced the lentiviral construct into cervical HPV16-positive cell lines Siha and Caski, then 
selected and established stably transduced monoclonal cell lines. The results showed that LV-shRNA tar- 
geting promoter, as well as targeting E6 transcript, effect ively knocked down E6 and E7 expression,
resulted in accumulation of p53 and pRB protein and decrease of MCM7 and p16 protein, and conse- 
quently remarkably reduced the abilities of proliferati on and invasiveness of cervical cancers cells 
in vitro. Then we inoculated subcutaneously those monoclonal cells into nude mice to establish the trans- 
planted tumor animal models, and found dramatical ly inhibited tumorigenesis and growth, as well as
prolonged survival time of mice incubated by cells with LV-shRNA targeting promoter and E6 transcript.
Our results may provide evidence for application of LV-shRNA targeting HR-HPV key oncogenes, as a new 
treatment strategy, in cervical and other HPV-associated cancer therapy.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction rence of more than 50% of the cervical cancer (Hong et al., 2008;
Cervical cancer remains the third most common cancer in wo- 
men worldwide (Jemal et al., 2011 ) and the leading malignancy 
in developing countries, accounting for 83% of whole cancer cases 
(Parkin et al., 2005 ). Although well organized screening and early 
therapeutic schedule have been carried out, the occurrence of inva- 
sive cervical cancer is still common, especially in developing areas.
It is well known that persistent infection of high-risk human pap- 
illomavirus (HR-HPV) is a necessary causal event in cervical carci- 
nogenesis. Among more than 200 hundred HPV genotypes 
(Fehrmann and Laimins, 2003 ), HPV-16 alone contributes to occur- 
Muñoz et al., 2003 ). Accumulated evidences have clearly proven 
that deregula ted expression of two high-risk viral oncogenes, E6
and E7, is essential for malignant transformat ion and pivotal for 
maintenanc e of the malignan t phenotyp e of cervical cancer cells 
(zur Hausen, 2000; Munger et al., 2004 ) by interacting with and 
eliminati ng key tumor-sup pressive protein p53 and pRB in cell cy- 
cle checkpoint, respectively (DeFilippis et al., 2003 ). Since HR-HPV 
E6 and E7 play indispensible roles in tumorogene sis and progres- 
sion of cervical cancer and exogenous viral gene has no striking 
homology to human genome, both viral oncogenes are regarded 
as the ideal targets for a novel block therapy for cervical cancers.

Among diverse techniqu es for gene silencing, RNA interference 
(RNAi) has been proved to be a powerful tool to inhibit specific
gene expression, and holds a great promise for the treatment of vir- 
al diseases, genetic disorders, and cancers (Gu et al., 2006 ). Various 
in vitro and in vivo studies (Chang et al., 2010; Jonson et al., 2008 )
showed a potential application of HPV16-siRNA s targeting directly 
E6 or E7 gene for blocking the developmen t of cervical cancers 
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through apoptosis inducement and growth inhibition at the post- 
transcriptio nal level (PTGS). Recently, several studies demon- 
strated that siRNA was also able to knock down target genes effec- 
tively through siRNA-induced transcriptional gene silencing (TGS)
both in plants and in mammalian cells (Morris et al., 2004; Ting 
et al., 2005; Mette et al., 2000 ), which offers an additional way,
other than PTGS, to silence target genes. The involved mechanisms 
of siRNA TGS include epigeneti c alterations, such as DNA methyla- 
tion, histone modification, and chromatin conformati on. Moreover,
such epigeneti c alteration s are regarded to be heritable from the 
siRNA-trans fected cells to the cells not transfected with siRNA 
(Richards, 2006; Jones et al., 2001 ), which can amplify the effi-
ciency of siRNA.

HPV16 E6 and E7 expression is tightly controlle d by a unique 
and common promoter (P97) that is located immedia tely upstream 
of the E6 gene (Smotkin and Wettstein, 1986 ). We previously 
found that siRNA targeting P97 via transient transfection definitely
knocked down HPV16 E6/E7 in vitro and in vivo and first demon- 
strated that a promoter-tar geting siRNA enabled to induce effec- 
tively an extraneous viral gene silencing via TGS (Hong et al.,
2009). It is known that lentiviral vector (LV) possesses multiple 
advantages, such as high efficiency of infection to different cell 
types, relatively large packaging capacity, and stable transduc tion 
that is rather suitable for application in cancer therapy, compared 
with synthetic and vector-borne siRNA and other virus carriers. LV
as a good gene delivery system has been explored for preclinical or
clinical application and shown promising results (Humeau et al.,
2004; Scherr and Eder, 2002 ). Here, we established LV-mediated 
shRNA targeting common promote r of HPV16 E6/E7 and targeting 
E6 transcrip t, transduced the lentiviral construct into cervical 
HPV16-posi tive cell lines Siha and Caski, selected and established 
stably transduc ed monoclonal cell lines, then inoculated subcuta- 
neously those monoclonal cells into nude mice to established 
transplante d tumor animal models. We eventually observed the 
influences of LV-shRNA targeting common promoter of HPV16 E6
and E7, as well as targeting E6 transcript, on inhibition of prolifer- 
ation and invasiveness of cervical cancer cells in vitro and retarda- 
tion of transplante d tumor growth along with prolongation of
survival time of mice with xenograft, to search a new therapy strat- 
egy for cervical and other HPV-associated cancers.
2. Materials and methods 

2.1. Cell culture and grouping 

The human cervical carcinoma cell lines Caski, Siha, HeLa, and 
C33A (purchased from American Type Culture Collection, USA)
were cultured at 37 �C and 5% CO2 in RPMI 1640 (GIBCO, invitro- 
gen) supplemented with 10% (vol/vol) FBS and 1% penicillin/str ep- 
tomycin. SiHa is an HPV16-pos itive cell line and contains about one 
to two copies of integrated HPV16 genome. Caski is also an HPV16- 
positive cell line which contains about 600 copies. HPV18-positiv e
cell line Hela and HPV-neg ative cell line C33A were used as control 
cell lines.

Five groups were included in the experime nts: the LV-shRNA 
targeting promoter and E6 transcript were applied to the experi- 
mental group, two related scrambled LV-shRNA s were used as neg- 
ative controls, and the cells without LV-shRNA transfection were 
used as the blank controls.
2.2. Production of lentivirus expressing shRNA 

Lentivirus production was done using the BLOCK-iT™ Lentiviral 
RNAi Expression System (Invitrogen). Briefly, we first designed 
and synthesized complementar y DNA oligos (Invitrogen), each 
containing four nucleotide overhangs necessar y for directional 
cloning. Complemen tary sequences of shRNA correspondi ng to
promote r and E6 transcrip t siRNA were described in Supplemen-
tary Fig. 1. E6 transcript sequence was described by Yamato (Yam-
ato et al., 2008 ). After annealing to generate double-strand ed
oligos, they were connected into the pENTER/ U6 vector (Invitro-
gen), then took the sequenced and purified entry clones encoding 
promote r and E6 shRNA connected to plenti6/BLO CK-iT™-DEST
using an LR recombinati on reaction to generate the plenti6/ 
BLOCK-iT ™-DEST expression construct. Lentivirus was produced 
by co-transfecting 9 lg of the ViraPower™ Packaging Mix and 
3 lg of plenti6/BLO CK-iT-DEST expression plasmid DNA into the 
293FT Producer Cell Line using Lipofectami ne 2000 (Invitrogen),
and then harvested and titered by HT1080 cell line. The lentiviral 
stock titer was 2.2 � 106 TU/ml.
2.3. Transducti on and monoclon al cell selection 

The optimal MOI for Caski and Siha cell lines was obtained by
determini ng the expression of laminA/C (BD Biosciences ) using 
western blotting after plenti6-GW /U6-lamin shRNA lentiviral con- 
struct transduc tion. Stably transduced cervical carcinom a cells 
with the suitable MOI were separately selected by placing cells un- 
der blasticidin presence . The stably transduc ed monoclonal cells 
were chosen by infinite dilution method as follows: LV stably 
transduc ed cells were trypsinat ed, numbered , and 130 cells were 
added into 6.5 ml of complete medium, then 100 ll of cell suspen- 
sion per well were seeded in the first three rows of the 96-well 
plates. Then 2.9 ml of complete medium were added into the re- 
main suspension, 100 ll of cell suspensi on per well were seeded 
in the next three rows. Finally, 2.2 ml of complete medium were 
added into the remain suspensi on, in the same way, 100 ll of cell 
suspensi on per well were seeded in the remaining two rows of the 
96-well plates.
2.4. Analysis of E6 and E7 mRNA levels by real-time quantitative 
RT-PCR

The stably transduced Caski and Siha monoclonal cells, as well 
as HeLa and C33A non-monoc lonal cells, were seeded in each well 
of the 6-well plates. Total RNA was extracted with Trizol reagent 
(Invitrogen), then 1 lg of RNA was reverse-trans cribed and ampli- 
fied by real-time PCR (Takara) to detect E6/E7 mRNA expression.
Glycerald ehyde-3-phosp hate dehydrogen ase (GAPDH) was used 
as an internal reference. The PCR primers were E6 forward, 50-GAG-
CGACCCAGA AAGTTACCA-3 0; and reverse, 50-AAATCCCGAAA AGCAA 
AGTCA -3’; E7 forward, 50-CATGGAGATA CACCTACATTG C-3’; and 
reverse, 50-CACAACCGAAGC GTAGAGTC-3 0; GAPDH forward, 50-G
AAGGTGA AGGTCGGAGTC- 30; and reverse, 50-GAAGATGG TGATGG 
GATTTC-30.
2.5. Detection of E6, MCM7, p53, E7, pRB, and p16 protein expression 

Protein extracts for each group of stably transduc ed Caski and 
Siha monoclonal cells were prepared , blotting was performed as
described previousl y (Sunaga et al., 2004 ). Primary antibodies used 
were mouse monoclonal anti-E6 (CHEMICON), rabbit monoclonal 
anti-MCM7 (Epitomics), mouse monoclonal anti-p53 (Santa Cruz 
Biotechn ologies), mouse monoclonal anti-E7 (Santa Cruz Biotech- 
nologies), goat polyclonal anti-pRB (Santa Cruz Biotechnolo gies),
and mouse monoclonal anti-p16 (Santa Cruz Biotechnologie s).
The GAPDH (Santa Cruz Biotechnologie s) was used as internal con- 
trol for protein loading and analysis.
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2.6. Cell viability assay 

The stably transduced Caski and Siha monoclonal cells and stably 
transduced HeLa and C33A cells were trypsinated and then seeded 
into the 96-well plates. Growth of each cell line was evaluated by
using the 3-[4,5-di methylthiazol-2- yl]-2,5-dipheny ltetrazoliumbr- 
omide (MTT, Amresco) assay. Briefly, cells were incubated with 
20 ll of MTT (5 mg/ml) at 37 �C for 4 h at different time points. After 
the medium containing MTT was aspirated, the formazan crystals 
were dissolved in 150 lL of dimethyl sulfoxide (DMSO, Sigma).
The absorbance was recorded using a Universal Microplate Reader 
at a wavelength of 490 nm.

2.7. Apoptosis assay 

Apoptosis was quantified by flow cytometric analysis of Annex- 
in V-FITC (BD Pharmingen) staining in combinati on with propidi- 
um iodide (PI). Annexin V (+) and PI (�) cells were considered to
be in early apoptosis and the percentage of this kind of cells was 
calculated.

2.8. Cell invasion assay 

The invasiveness of LV-shRNA transduced cells in vitro was 
measured using transwell insert. Briefly, the 24-well transwell in- 
serts (pore size, 8 lm; Costar, Cambridge, MA) were coated with 
150 ll of Matrigel (BD Biosciences, Franklin Lakes, NJ) with a dilu- 
tion rate of 1:6 and dried at 37 �C for 30 min. After removing the 
solution, 8 � 104 cells, suspended in 200 ll of Opti-MEM � I Re- 
duced Serum Medium (Invitrogen), were placed in the upper com- 
partment of Cell Culture Insert. And 500 ll of RPMI 1640 
supplemented with 10% FBS were added to the lower compartme nt
of Cell Culture Insert. After 48 h incubation at 37 �C in 5% CO2, cells 
on the upper surface of the transwell insert were completely re- 
moved by wiping with a cotton swab. The invaded cells that re- 
mained on the lower surface of the filter were fixed and stained 
with 1% crystal violet (Sigma) solution and 10% ethanol. The 
stained cells in five randomly selected microscop ic fields per filter
were counted.

2.9. Mouse tumor model studies 

To investigate the effects of LV-shRNA targetting the promoter 
and E6 transcript on the tumorigenic ity of xenograft and the influ-
ence on survival of tumor-burden ed animals, ninety female BALB/ 
c-nu mice, aged 4–6 weeks, were purchased from Shanghai Labora- 
tory Animal Center (slac, Shanghai , China) and housed within a
dedicated SPF facility at Laborato ry Animal Center of Zhejiang Uni- 
versity. They were subcutaneous ly inoculated with the stably 
transduced Caski (8 � 106) and Siha (1 � 107) monoclonal cells,
respectively . Mice were divided into four experiment groups (ten
mice/group ), and one blank control group (five mice/group), in
which the same volume of PBS was subcutaneous ly injected.

Tumor volume was continuo usly blindly measured by periodic 
caliper every 3–4 days for Caski groups and one week for Siha 
group. Some of the mice were sacrificed under anesthesia and each 
tumor was excised and weighed. Parts of each tumor tissue were 
wax embedded, sliced up for 4 lm thick, and H&E stained. The 
remaining mice were used for further study to obtain survival time 
data.

2.10. Statistical analysis 

All experiments were performed at least in triplicate and results 
were recorded. The SPSS16.0 software package was used for statis- 
tical analysis. Data were presented as means plus standard 
deviation , Student’s t test was used to analyze the significance be- 
tween groups. Statistical significance was determined at P < 0.05
level.
3. Results 

3.1. Efficiencies of E6/E7 mRNA knockdown by LV-shRNA targeting the 
promoter and the E6 transcript 

After Siha and Caski cells were transduced with LV-shRNA at
optimal MOI (2 for Siha and 5 for Caski) separately, then using infi-
nite dilution method, the stably transduc ed monoclonal cells trans- 
duced by promoter-tar geting and E6 targeting LV-shRNA were 
obtained. Real-time quantitative RT-PCR detection showed that E6
and E7 mRNA expression in SiHa cells transduc ed by the pro- 
moter-ta rgeting LV-shRNA were reduced by 94.72% and 92.51%
compare d with the scramble control, respectively . Meanwhile, E6
and E7 mRNA expression in SiHa cells transduc ed by the E6-target- 
ing LV-shRNA were reduced by 92.01% and 90.74% compared with 
the correspondi ng scramble control, respectively . Similarly, E6
and E7 mRNA expression in Caski cells transduced by the pro- 
moter-ta rgeting LV-shRNA were reduced by 86.02% and 69.82%
compare d with the relevant scramble control, respectively. E6 and 
E7 mRNA expression in Caski cells transduced by the E6-targeting 
LV-shRNA were reduced by 76.41% and 66.93% compared with the 
related scramble control, respectively (Supplement ary Fig. 2).

3.2. Effects of LV-shRNA targeting the promoter and the E6 transcript 
on the expression s of E6/E7 and related proteins 

As shown in Fig.1, levels of both p53 and pRB proteins were 
increased in Siha cells transduc ed by the promoter-tar geting LV- 
shRNA (p = 0.046 and 0.012, respectively ) and by the E6 tran- 
script-targe ting LV-shRNA (p = 0.021 and 0.035, respectively )
compare d with the related scramble control. While the levels of
E6, E7, MCM7, and p16 protein were decreased in Siha cells trans- 
duced by the promoter-tar geting LV-shRNA (p = 0.026, 0.045,
0.007, and 0.023, respectively ) and by the E6-transcript targeting 
LV-shRNA (p = 0.028, 6.10E-04, 0.021, and 0.012, respectively ). Sim- 
ilarly, levels of both p53 and pRB protein were upregula ted in Caski 
cells transduced by the promote r-targeting LV-shRNA (p = 7.58E-04 
and 0.0059, respectively ) and by the E6-transcript targeting LV- 
shRNA (p = 0.026 and 0.001, respectivel y) compare d with the rele- 
vant scramble control. While the levels of E6, E7, MCM7, and p16 
proteins were downregulated in Caski cells transduc ed by the pro- 
moter-ta rgeting LV-shRNA (p = 0.013, 0.029, 0.0017, and 3.79E-04,
respectively ) and by the E6-transc ript targeting LV-shRNA (p =
0.0056, 0.0081, 0.0043, and 2.39E-04, respectively). (Fig. 2).

3.3. The proliferat ion and apoptosis of cells transduced by the 
promoter- targeting and E6-transcri pt targeting LV-shRNAs 

After 72 h of culture, the cellular prolifera tion was reduced by
52.6% in SiHa cells transduced by the promoter-targeti ng LV- 
shRNA and 50.2% in cells transduced by the E6-transc ript targeting 
LV-shRNA compare d with the relevant scramble control (Fig. 3A).
At the same time, the cellular proliferation was reduced by
36.85% in Caski cells transduced by the promoter-tar geting LV- 
shRNA and 31.21% in transduced by the E6-transc ript targeting 
LV-shRNA compare d with the relevant scramble control. No signif- 
icant differenc es existed between the scramble and the blank con- 
trol groups in both SiHa and Caski cells (Fig. 3B). In addition, the 
cellular proliferation also did not show any significant differenc es
in C33A (Fig. 3C) and HeLa (Fig. 3D) cells transduc ed with and 
without LV-shRNA.



Fig. 1. Effects of the HPV16 promoter and E6-transcript targeting LV-shRNA on E6, E7 and related protein expression in Siha cells, respectively, compared with relevant 
scramble LV-shRNA. The extracts from stably transduced Siha monoclonal cells were analyzed by Western blotting. Increased expressions of p53 and pRB protein, and 
decreased expressions of E6, E7, MCM7, and p16 protein were observed in Siha monoclonal cells transduced by the LV-shRNAs that target HPV16 promoter and E6 transcript.
⁄
p < 0.05, ⁄⁄p < 0.01.

Fig. 2. Effects of the HPV16 promoter and E6-transcript targeting LV-shRNA on E6, E7 and related protein expression in Caski cells, respectively, compared with relevant 
scramble LV-shRNA. The extracts from stably transduced Caski monoclonal cells were analyzed by Western blotting. Increased expressions of p53 and pRB protein, and 
decreased expressions of E6, E7, MCM7, and p16 protein were observed in Caski monoclonal cells transduced by the LV-shRNAs that target HPV16 promoter and E6 transcript.
⁄p < 0.05, ⁄⁄p < 0.01.
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However, the apoptotic rates did not present any significant
changes in Caski cells transduced by the promoter-targeti ng LV- 
shRNA compared with the relevant scramble control both in 48 h
(12.23 ± 1.05 vs 10.52 ± 0.58 p = 0.068) and 72 h (16.55 ± 1.48 vs
14.68 ± 2.78 p = 0.362).
3.4. The invasive potential of cells transduced by LV-shRNA targeting 
the promoter and E6 transcript 

The invasive capability of Siha and Caski cells transduced by the 
promote r-targeting and E6 targeting LV-shRNA s was assessed 



Fig. 3. Effects of the HPV16 promoter and E6 transcript targeting LV-shRNA on cellular proliferation. (A and B) MTT assay showed that proliferation was inhibited in Siha and 
CaSki monoclonal cells stably transduced by LV-shRNA targeting HPV16 promoter and E6 transcript, respectively, compared with the related scramble LV-shRNA, but no
similar differences were observed in HPV-negative C33A (C) and HPV18-positive Hela cells (D). ⁄p < 0.05, ⁄⁄p < 0.01.
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using transwell insert in vitro. As shown in Fig. 4A, many of Siha 
cells untransduced by the promoter and E6 transcript scramble tar- 
geting LV-shRNA could invade through basement membran e easily 
(236.67 ± 23.86, 227.67 ± 13.65, and 231.33 ± 22.01 cells per field,
respectively ), However, only a few of Siha cells transducted by
the promote r-targeting or the E6-transcrip t targeting LV-shRNA 
could migrate through basement membrane at 48 h (63.67 ± 8.08 
and 73.67 ± 12.34 cells per field, respectively ). The similar phe- 
nomenon was observed in Caski cells (Fig. 4B).

3.5. Influences of the promoter and E6 transcript targeting LV-shRNA 
on growth of the transplanted tumors and survival of mice 

All nude mice were alive after inoculation with monoclonal 
cells and presente d 100% tumorigenesis. The H&E staining of xeno- 
graft inoculated with Siha and Caski cells transducted by different 
LV-shRNAs and control cells showed the appearance of typical cer- 
vical carcinom as with allotypic nuclear division and tumor giant 
cells (Fig. 5). The growth of transplante d tumors in mice inoculated 
by Siha cells with targeting promoter and targeting E6 transcript 
LV-shRNA was decrease d by average 66.88% and 68.4% at day 28,
and average 81.36% and 77.87% at day 70, compared to the related 
scramble controls (Fig. 6)B1. Weights of excised tumor inoculated 
by Siha cells with the promoter and E6-transcrip t targeting scram- 
ble LV-shRNA were 7.29-fold and 9.11-fold heavier than those 
inoculated by cells transduced with LV-shRNA targeting the pro- 
moter and E6 transcript (Fig. 6C1). Similar situation was observed 
in Caski cells (Fig. 6B2, 6C2). In addition, survival time was signif- 
icantly prolonge d in mice inoculated with Siha cells (p = 0.008 and 
p = 0.007) and Caski cells (p = 0.01 and p = 0.01) with targeting 
promote r and targeting E6 transcrip t LV-shRNA compared with 
the related scramble groups (Supplement ary Fig. 3).

4. Discussion 

Invasive cervical cancer is still a common malignancy in women 
though well organized screening has been expanded. Clinical data 
show that the prognosis of cervical cancer patients remains unop- 
timistic up to date, with a 5-year survival rate of 9.3–65.8% in those 
with advanced stage diseases (Quinn et al., 2006 ), despite the pro- 
gress of surgery, radiation, and chemothera py. The development of
novel therapeutic strategies is urgently required. It is known that 
overexpress ion of HR-HPV E6 and E7 oncogene is essential for 
malignan t transformat ion and the maintenanc e of the malignant 
phenotyp e of cervical cancer cells. As well-cha racterized targets,
p53 and retinobla stoma protein are directly inactivated by E6
and E7 respectively , conseque ntly, leading to a series of signaling 
pathway dysfunction. Additionally, recent studies showed that 
the alteration of additional pathways was equally important for 
malignan t transformat ion and maintenance in cervical cancer.
These additional factors include crucial regulators of cell cycle pro- 
gression, telomere maintenanc e, apoptosis as well as chromosomal 
stability (Moody and Laimins, 2010 ). Thus, both viral proteins, E6
and E7, are believed as therapeutic targets in blocking cervical can- 
cer progress through proliferation inhibition and death induce- 
ment of tumor cells. Various studies have shown that E6 and E7
expression can be effectively silenced by RNAi directly targeting 
E6 or E7 transcript, which consequentl y reduces cell growth and 
colony formatio n, induces cell senescence and/or apoptosis, im- 
proves chemothera peutic cytoxicity to cervical cancer cells 



Fig. 4. Effects of HPV16 promoter and E6 transcript targeting LV-shRNA on the invasiveness of SiHa and Caski cells (�400). The invasive potential were suppressed in Siha (A)
and Caski (B) monoclonal cells stably transduced by LV-shRNA targeting HPV16 promoter and E6 transcript, respectively, compared with related scramble LV-shRNA 
(mean ± sd).

Fig. 5. Photographs of mice and the H&E staining of excised xenografts from BALB/c-nu mice. SiHa (A) and Caski (B) cells were tranduced in vitro by LV-shRNA targeting the 
HPV16 promoter and E6 transcript and related scrambles. And the H&E staining of xenograft tissues showed the appearance of typical cervical carcinomas with allotypic 
nuclear division and tumor giant cells (�400).
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in vitro, promotes xenograft retardation, and even results in com- 
plete loss of tumor growth in tumor-burden ed animal models (Gu
et al., 2006; Chang et al., 2010; Liu et al., 2009; Courtete et al.,
2007). However, there still are disadvantages for directly targeting 
viral oncogene transcrip t, such as various virus intragenotype vari- 
ants and the off-target effect.



Fig. 6. Inhibition of transplanted tumor growth in BALB/c-nu mice inoculated by Siha and Caski cells with LV-shRNA targeting the HPV16 promoter and E6 transcript. (A1,
A2), Photographs of excised xenografts from inoculated mice. (B1, B2), comparison among the volumes of tumors inoculated by Siha and Caski cells treated with different 
LV-shRNAs. (C1, C2), comparison among the weights of excised tumors inoculated by Siha and Caski cells treated with different LV-shRNAs.
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It has been recognized that HPV16 expresses E6 and E7 proteins 
from a single bicistronic mRNA, but still little is known about how 
each of both viral proteins are translated from a native mRNA. It
seems quite thorny that we even don’t know in most cases which 
transcripts are true mRNAs used for protein translation during pap- 
illomavirus infection. The principle that one gene encodes one 
mRNA with one ORF for translation of one protein does not apply 
to any genotypes of papillomavir us. So alternative RNA splicing 
plays a critical role in determining which ORFs will be translated 
from these bicistronic transcrip ts (Zheng and Baker, 2006 ) , and a
specific siRNA for E6 or E7 alone could not be used. Fortunately ,
the HPV-16 genome contains two major promoters. The P97 pro- 
moter is located upstream of the E6 ORF and is responsible for al- 
most all early gene expression. The P670 promoter is located 
within the E7 ORF region and is responsible for late gene expres- 
sion. Thus, P97 is the only promoter for E6 and E7 transcriptio n
and the RNAi targeting the promoter P97 may result in abolition 
of both E6 and E7 protein. We have confirmed in the previous stud- 
ies that transient ly transfected siRNA targeting P97 effectively 
knocks down HPV16 E6/E7 expression and consequentl y induces 
growth inhibition of cervical cancer cells in vitro and transpalant ed
tumors in vivo (Hong et al., 2009; Zhou et al., 2012 ). Considering the 
limitation of transiently tranfecte d siRNA, here we used LV-shRNA 
targeting the common promote r of HPV16 E6 and E7, as well as tar- 
geting E6 transcrip t. It was found that E6 and E7 mRNA and protein 
expression were effectively reduced in HPV16-posi tive Siha and 
Caski monoclonal cells that were stably transduced by promoter- 
targeting and E6 targeting LV-shRNA , leading to accumulation of
p53 and pRB, and reduction of MCM7 and p16 proteins, and even- 
tually resulting in significant decreased prolifera ting and invasive 
ability in cervical cancer cells. Our findings suggest that LV-shRNA 
specific to HR-HPV oncogenes enables to effectively decrease the 
malignan cy of cervical cancer cells. Moreover, we observed that 
such inhibition of E6/E7 mRNA expression and cell growth by LV- 
shRNA did not appear in stably transduced HPV18-posi tive and 
HPV-neg ative cells. Thus, the suppressive effect induced by LV- 
shRNA is HPV genotype-spec ific. Although such specific blocking 
may have more effectivenes s, it would be needed to design a LV- 
shRNA targeting multiple genotypes before this technique is clini- 
cally applied.

In addition, our previous studies showed that transiently trans- 
fected siRNA induced more obvious apoptosis in cervical cancer 
cells, especially in transplante d tumors (Zhou et al., 2012 ). In the 
present study, however , we did not found such a difference in
apoptosis between LV-shRNA transfected cells and the controls 
in vitro. The reason is not completely clear, but may be related 
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with the LV-shRNA stably transduced monoclonal cells that were 
selected under blasticidin presence and chosen by infinite dilution 
method, and cultured for one month before monoclone formed.
Thus, it is probably difficult to induce apoptosis by shRNA in such 
monoclonal cells that may possess a potential resistance to apop- 
totic inducement.

To explore further the therapeuti c potential of LV-shRNA, we
determined the suppressive effect of LV-shRNA on tumorige nesis 
and xenograft growth in mouse models. Our results showed that 
both the promoter-targeti ng and E6 transcript-targ eting LV-shRNA 
effectively inhibited the formation and growth of transplanted tu- 
mors inoculated with LV-shRNA stably transduced Siha and Caski 
monoclonal cells. Furthermore, we observed the survival time in
tumor burdened mice inoculated by the promote r and E6 tran- 
script targeting LV-shRNA was much longer than those inoculated 
by related scramble LV-shRNA s, suggesting that the promoter-tar- 
geting LV-shRNA , like the E6 transcript-targ eting one, possesses 
the therapeutic potential for cervical cancer patients.

Lentiviral vector has been shown as a vehicle for stable and dura- 
ble gene therapy in preclinical treatment and clinical trials (Humeau
et al., 2004; Scherr and Eder, 2002; Check, 2005 ). However, nonspe- 
cific integration can be problemati c because of the possibility of
undesirable events such as insertional mutagen esis (Kohn et al.,
2003; Lewinski et al., 2005 ). Several studies proposed to use integra- 
tion-defecti ve lentiviral vector (IDLV) instead of normal LV (Karwacz
et al., 2009; Yáñez-Muñoz et al., 2006; Negri et al., 2010 ). But, the 
biggest disadvantag e for such IDLV is that virus only persists as cir- 
cular episomes. That is, these episomes may be lost and transfected 
shRNA no longer functions during target cell division. Thus, to search 
more available viral vectors for gene therapy in cancers seems still to
be an arduous task before LV-shRNA enables to be efficiently and 
safely provided in a clinical setting.
6. Conclusion 

Taken together, LV-shRNA specific to HPV16 oncogenes includ- 
ing targeting the promoter and the E6-transcrip t effectively knocks 
down E6 and E7 expression, along with accumulation of p53 and 
pRB protein and decrease of MCM7 and p16 protein, and results 
in remarkably reduced abilities of proliferation and invasivenes s
of cervical cancers cells in vitro. Conseque ntly, tumorigenesis and 
growth of transplanted tumors in mouse models were effectively 
suppressed and survival of tumor burdened mice was prolonged.
Our findings may provide important evidences for application of
LV-shRNA targeting HR-HPV key oncogenes, as a new treatment 
strategy, in cervical and other HPV-associated cancer therapy.
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