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A novel E1B55kDa-deleted oncolytic adenovirus
carrying microRNA-143 exerts specific antitumor
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Abstract: The KRAS is an important and frequently mutated gene during colorectal carcinogenesis. The expression
of miR-143 is often down-regulated and it might play an important role by targeting KRAS in colorectal cancer (CRC).
The purpose of this study was to investigate the antitumor effects of miR-143 with an intermediate oncolytic adenovirus (Ad) in CRC. We constructed the recombinant virus Ad-ZD55-miR-143 and verified its expression by qPCR
and western blot assays. Oncolytic potency of Ad-ZD55-miR-143 was determined by cytopathic effect assays using
human SW480 CRC cells and L-02 normal liver cells. MTT and cell apoptosis assays were applied to explore the biological functions of Ad-ZD55-miR-143 within SW480 cells. Dual-luciferase reporter assays were performed to validate whether KRAS was regulated by miR-143. The expression level of KRAS was measured by qPCR and western
blot assays. Results showed that infection of SW480 cells with Ad-ZD55-miR-143 induced high level expression of
miR-143. Furthermore, Ad-ZD55-miR-143 significantly suppressed the viability of SW480 cells in a dose-dependent
pattern, but did not influence L-02 cells. Ad-ZD55-miR-143 also inhibited cell growth and induced cell apoptosis in
SW480 cells. Dual-luciferase assays indicated that KRAS was a direct target of miR-143, as subsequently demonstrated by qPCR and western blot analysis showing that infection of SW480 cells with Ad-ZD55-miR-143 resulted
in the down-regulation of KRAS at both mRNA and protein levels. Taken together, the recombinant virus Ad-ZD55miR-143 exhibited specific antitumor effects by targeting KRAS, and might be a promising agent for the treatment
of CRC.
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Introduction
Colorectal cancer (CRC) is one of the most common malignancies, which has become the fifth
leading cause of cancer deaths in China [1].
Specific mutations in selected oncogenes and
suppressor genes are involved in initiation and
progression of CRC, which become a main
obstacle for efforts to survival improvement.
The Kirsten rat sarcoma viral oncogene homolog (KRAS) is an important and frequently
mutated gene in colorectal carcinogenesis.
Mutation of KRAS gene is reported as a frequency of 30-40% in CRC [2]. The prognosis of
metastatic CRC with KRAS mutations was
much poorer because KRAS mutations were
resistant to anti-EGFR monoclonal antibodies
[3-5]. Thus, it is of importance to find new ther-

apeutics against CRC with KRAS gene mutations.
MicroRNAs (miRNAs) are endogenous noncoding regulatory RNAs that inhibit gene expression at the post-transcriptional level through
binding to the 3’-untranslated region (UTR) of
target mRNAs [6]. Deregulation of miRNAs is
considered to be associated with human malignancies suggesting a causal role of miRNAs in
cancer [7, 8]. Previous studies [9, 10] indicated
that miR-143 was frequently down-regulated
and acted as a tumor suppressor in CRC.
Recent computer sequence analysis exhibited
that the 3’-UTR of KRAS mRNA might represent
a target of miR-143, which made us to speculate that miR-143 might play an important role
in development of CRC by targeting KRAS.
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Gene via virus vectors have been constructed
for tumor treatment [11]. This strategy combined the advantages of both gene therapy and
viro-therapy by using virus vectors to harbor
anti-cancer genes. However, the virus vectors
used earlier were incapable of replication thus
limiting its therapeutic effect. Hence, a key
question is how to design vectors that improve
tumor cell specificity and anti-cancer gene
expression levels in gene therapy systems. A
strategy based on endogenous miRNAs has
been explored to control viral replication [12].
Callegari E et al [13] introduced four copies of
miR-199 target sites within the 3’-UTR of E1A
gene in adenovirus (Ad), essentially for viral
replication in hepatocellular cancer cell lines.
Other constructed Ads also could replicate specifically in tumor cells therefore infect and kill
more tumor cells while avoiding damage to normal cells [14, 15].
In this study, we constructed a conditionally
replicative virus, Ad-ZD55-miR-143, where the
E1B55kDa encoding gene was deleted (ZD55)
to restrict viral replication only in tumor cells
and acted as a carrier of anti-cancer gene miR143. The present study was aimed to determine whether Ad-ZD55-miR-143 was able to
selectively target CRC cells, inhibit cell growth
and induce cell apoptosis. Furthermore, we
also explored whether KRAS gene was regulated by Ad-ZD55-miR-143 in CRC cells.
Materials and methods
Cell lines and transfection
The human colorectal cell line SW480 (positive
for KRAS gene) and human normal liver cell line
L-02 were purchased from Chinese Academy of
Sciences (Shanghai, China). The HEK293A and
HEK293T cell lines were obtained from American Type Culture Collection (ATCC, Manassas,
USA). Cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) (both from
Gibco, USA), penicillin (100 U/ml) and streptomycin (100 μg/ml) (Enpromise, China). Cells
were incubated in humidified chambers supplemented with 5% CO2 at 37°C.
Plasmids and recombinant Ad reconstruction
The 3’-UTR of KRAS was amplified by polymerase chain reaction (PCR). Fragments were

3823

then sub-cloned into the XhoI site in the 3’-UTR
of the psiCHECK-2 reporter vector. The reporter
plasmid was allocated as psiCHECK-2/KRAS
3’-UTR.
The pShuttle-ZD55 plasmid had been constructed in our laboratory [16]. The pri-miR-143
was amplified by PCR, followed by clone into
pcDNA3.1 plasmid in order to construct pcDNA-miR-143. Next, pcDNA-miR-143 was digested with the Bgl II restriction enzyme to obtain
an expression cassette and miR-143 coding
sequences. This cassette was sub-cloned into pShuttle-ZD55 to generate pShuttle-ZD55miR-143. All plasmids were testified by restrictive enzyme digestion, PCR, and DNA sequencing. The Ad-ZD55 and Ad-ZD55-miR-143 were
produced in HEK293A cells by homologous
combinations of pShuttle-ZD55 or pShuttleZD55-miR-143 to the Ad packaging plasmid
pAdeasy using the pAdeasy system [17], respectively. Recombinant viruses were purified by
cesium chloride gradient ultracentrifugation.
Virus titers were measured by using a standard
plaque assay on HEK293A cells. The wild-type
Ad was protected in our laboratory.
Quantitative PCR (qPCR) assay
Cells were infectioned with Ad-ZD55 or Ad-ZD55-miR-143 at a multiplicity of infection (MOI)
concentration of 5 pfu/cell. After 48 h, miRNAs
were harvested according to the instructions of
the miRcute miRNA isolation kit (Tiangen, Beijing, China). The miR-143 primer, U6 primer and
EzOmics SYBR qPCR kit were purchased from
Biomics Biotechnology Inc (Jiangsu, China). The
U6 primer was used as an internal control and
the sequences were as follows: 5’-TGCGGGTGCTCGCTTCGCAGC-3’ (sense) and 5’-CCAGTGCAGGGTCCGAGGT-3’ (antisense), 5’-GTCCTATCCAGTGC AGGGTC C G AGGTGC AC TGG ATAC G ACAAAATATGGAAC-3’ (stem-loop primer). One
Step PCR parameters for miRNA quantification
were as follows: 37°C for 60 min for reverse
transcription, 95°C for 10 min, and 40 cycles
for 20 sec at 95°C, 62°C for 30 sec and 72°C
for 30 sec. The relative expression was calculated with the 2-ΔΔCt method [18].
Total RNA was isolated using TRIzol (Invitrogen,
USA) and cDNA was generated by reverse transcription using the Prime Script RT-PCR kit
according to the manufacturer’s instructions
(Takara). Real-time PCR (RT-PCR) was per-
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Figure 1. Confirming recombinant virus Ad-ZD55-miR-143. A: The expression level of miR-143 was significantly
higher in Ad-ZD55-miR-143 group, comparing with wild Ad and Ad-ZD55 groups. Graph represented the 2-ΔΔCt values
± SEM. *P<0.05. B: Ad-ZD55-miR-143 was confirmed as an E1B55kDa deleted virus and expressed E1A protein by
western blot. SEM, standard error of the mean.

formed on a 7900HT fast RT-PCR instrument
using SYBR-Green and the following primers:
for KRAS, 5’-AGACAGGAGTGGAGGATGCTTTT-3’
(sense), and 5’-TTCACACAGCCAGGAGTCTTTTC-3’ (antisense); for GAPDH: 5’-AAGGTCGGAGT
CAACGGATT-3’ (sense), and 5’-CTGGAAGATGGTGATGGGATT-3’ (antisense). The PCR parameters for relative quantification were as follows:
5 min at 94°C, followed by 30 cycles of 30 sec
at 94°C, 45 sec at 57°C and 45 sec at 72°C.

ded in 24-well plates and infected by Ad-ZD55
or Ad-ZD55-miR-143 at various MOIs. The medium was discarded after 8 h and fresh medium containing 10% serum was added. Five
days after infection, the medium was removed,
and the cells were exposed to 2% crystal violet
in 20% methanol for 20 min. The plates were
then washed with water to remove excess dye
and documented as photographs.

Western blot analysis assay

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay

Cells were harvested and re-suspended in a
lysis buffer. After centrifugation at 12,000 g for
15 min at 4°C, the supernatant containing cytoplasmic fractions was used to tested for E1A,
E1B55kDa, and KRAS proteins. Protein samples were separated by 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis and
transferred onto nitrocellulose membranes (Beyotime, China). Immune complexes were formed
by incubation of membranes with primary antibody (E1A and E1B55kDa from Santa Cruz and
KRAS from Abcam Epitomics, USA) overnight at
4°C. Blots were then washed and incubated for
1 h with secondary antibodies. After washing
with PBST, immunoreactive protein bands were
detected using the Odyssey scanning system
(LI-COR, Lincoln, NE, USA).
Cytopathic effect assay
For determination of virus-mediated cell killing
ability, 5×104 cells (SW480 and L-02) were see-
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Cell proliferation was measured by MTT assays.
Cells were seeded in 96-well plates at a density
of 3,000 cell/well. Then, cells were incubated
with various MOIs of Ad-ZD55-miR-143 and
Ad-ZD55 in serum-free DMEM at 37°C for 8 h.
After incubation, serum-free DMEM containing
the viruses was replaced with normal growth
medium. The optical density (OD) of each well
was measured with a microplate spectrophotometer at 490 nm.
Apoptosis assay
The Annexin V-FITC/PI kit was obtained from
Beyotime Institute of Biotechnology (Jiangsu,
China). After 20 h of co-incubation, cells were
washed three times with PBS and disassociated with trypsin. After adding Annexin V-FITC
reagent, the cells were incubated in the dark for
15 min at room temperature (RT). Subsequently,
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propidium iodide (PI) was added and the cells
were incubated in dark for 5 min at RT. All samples were processed by flow cytometry (FACSCanto™ II, BD Biosciences, USA).
Dual-luciferase assay

Figure 2. Cytopathic effects of Ad-ZD55-miR-143.
SW480 and L-02 cells were infected with Ad-ZD55
and Ad-ZD55-miR-143 at 0.01, 0.5, 1 and 10 MOIs.
Five days later, the cells were stained with 2% crystal
violet and photographed. A: SW480 cells were sensitive to Ad-ZD55-miR-143. B: The viability of L-02
cells remained almost unchanged. MOI, multiplicity
of infection.

psiCHECK-2/KRAS 3’-UTR reporter plasmids
(100 ng) were co-transfected with miR-143
mimics (Gene Pharma, Shanghai, China) or negative control (NC) (100 nmol/L) into HEK293T
cells, at 80% confluence, using lipofectamine
2000 (Invitrogen, USA), according to the manufacturer’s instructions. 36 h after transfection,
the firefly luciferase (FL) and the renilla luciferase (RL) activity were measured by the dualluciferase reporter assay kit (Promega, USA).
The psiCHECK-2 vector that provided constitutive expression of FL was co-transfected as an
internal control.
Statistical analysis
Data from at least three separate experiments
are presented as mean ± standard error of the
mean (SEM). Independent sample t-test was
used to draw a comparison between groups.
Differences were considered statistically significant only when a two-tailed P-value was less
than 0.05.
Results
Verification of recombinant virus Ad-ZD55miR-143
As depicted in Figure 1A, the 2-ΔΔCt value of miR143 was significantly increased in Ad-ZD55miR-143 group compared with that of wild Ad
and Ad-ZD55 groups (P<0.05). These results
indicated that miR-143 was successfully cloned
into Ad-ZD55.

Figure 3. Proliferation inhibition of Ad-ZD55-miR-143
using MTT assays. Viability of Ad-ZD55-miR-143
groups was consistently and significantly lower than
Ad-ZD55 and control groups in a time- and dose-dependent manner. Graph represented OD 490 nm ±
SEM, *P<0.05. MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide; OD, optical density;
SEM, standard error of the mean.
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As shown by western blot assays (Figure 1B).
Ad-ZD55 and Ad-ZD55-miR-143 expressed E1A
protein, but failed to express E1B55kDa protein. In contrast, wild Ad expressed both proteins. These results suggested that Ad-ZD55miR-143 was not contaminated by wild-type Ad
and Ad-ZD55-miR-143 was successfully established.
Recombinant virus Ad-ZD55-miR-143 promoted cell killing ability in SW480 cells
In order to assay biological activity of the virus
Ad-ZD55-miR-143, SW480 and L-02 cells were
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Cells with no infection acted
as control groups. As depicted
in Figure 3A, the viability of cells infected with Ad-ZD55 or
Ad-ZD55-miR-143 at various
MOIs was measured and compared with control groups. The
cell proliferation ability of Ad
-ZD55 and Ad-ZD55-miR-143
groups was obviously in a dose-dependent manner. According to the results, we chose
to follow experiments at the
dose of 5 MOI. Ad-ZD55 and
Ad-ZD55-miR-143 inhibited growth of SW480 cells in a timedependent manner. In addition, Ad-ZD55-miR-143 significantly inhibited the growth of
SW480 cells compared with
Ad-ZD55 and the control groups (Figure 3B). These results
suggested that recombinant
virus Ad-ZD55-miR-143 suppressed the proliferation of SW480 cells.
Figure 4. Ad-ZD55-miR-143 induced cell apoptosis in SW480 cells. (A-C) AdZD55-miR-143 significantly induced early and late apoptosis of SW480 cells
(C). In contrast, Cells of Ad-ZD55 (B) and control (A) groups exhibited low
levels of apoptosis. (D) The percentage of apoptotic cells. Data represent
means ± SEM, *P<0.05. SEM, standard error of the mean value.

infected with Ad-ZD55 and Ad-ZD55-miR-143
virus at the dose of 0.01, 0.5, 1 and 10 MOIs,
respectively. Cells with DMEM acted as mock
groups. Cell killing effect was then assessed by
crystal violet staining. As shown in Figure 2A,
Ad-ZD55-miR-143 and Ad-ZD55 groups demonstrated a dose-dependent cell killing effect in
all SW480 cells. While the killing effect of
Ad-ZD55-miR-143 was higher than that of
Ad-ZD55 from the dose of 0.5 MOI. However,
Ad-ZD55 and Ad-ZD55-miR-143 caused limited
cell death in L-02 cells (Figure 2B). The cytopathic effects indicated that Ad-ZD55-miR-143
increased the capacity of viral replication and
oncolysis specifically targeting the cancer cells.
Recombinant virus Ad-ZD55-miR-143 inhibited
cell proliferation ability in SW480 cells
MTT assays were used to measure the proliferation of cells infected with recombinant virus.
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Recombinant virus Ad-ZD55miR-143 induced cell apoptosis in SW480 cells

To investigate whether recombinant viruses could induce
apoptosis of SW480 cells, SW480 cells were
infected with 5 MOI of Ad-ZD55 and Ad-ZD55miR-143 for 36 h before analysis. Apoptotic cell
death rate was evaluated using flow cytometric
analysis of Annexin V-FITC/PI staining. As
shown in Figure 4, the percentage of the early
and late apoptotic cells was higher in the
Ad-ZD55-miR-143 groups compared with the
Ad-ZD55 and control groups (P<0.05). These
results demonstrated that Ad-ZD55-miR-143
could induce cell apoptosis in SW480 cells.
KRAS was a direct target of miR-143
We found two potential binding sites for miR143 which were located 1720-1727 bp and
3772-3779 bp downstream from the 5’ end of
the KRAS 3’-UTR (Figure 5A). Next, we constructed a psiCHECK-2/KRAS 3’-UTR vector,
which contained the renilla luciferase (RL) gene
and the 3’-UTR region of KRAS. This construc-
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higher activity than that of the NC group (P<
0.05) (Figure 5B). These results suggested that
miR-143 directly interacted with the KRAS
3’-UTR in the psiCHECK-2 reporter plasmid and
led to the degradation of RL mRNA.
Recombinant virus Ad-ZD55-miR-143 regulated KRAS expression in SW480 cells
SW480 cells were infected with 5 MOI of
Ad-ZD55 and Ad-ZD55-miR-143. After 48 h,
qPCR and western blot analysis were performed to determine KRAS expression in SW480
cells. We demonstrated that Ad-ZD55-miR-143
groups significantly decreased KRAS expression at both mRNA and protein levels (Figure 6).
Discussion
Figure 5. miR-143 targeted KRAS. A: The miR-143
binding site in KRAS 3’-UTR. B: The relative luciferase activity (FL/RL) was measured in HEK293T cells
(*P<0.05). 3’-UTR, 3’-untranslated region; NC, negative control.

Figure 6. Ad-ZD55-miR-143 inhibited KRAS expression in SW480 cells. (A) qPCR and (B) western blot
analysis of KRAS mRNA and protein levels in control,
Ad-ZD55 and Ad-ZD55-miR-143 groups. *P<0.05.

tion was transfected into 293T cells together
with either miR-143 or NC mimics, and luciferase activity was analyzed. The ratio of FL/RL
was calculated, and the results showed that
the miR-143 group had approximately 4-fold
3827

It has been reported that the KRAS mutation is
involved in transition of adenoma to carcinoma
in CRC [19, 20]. Since KRAS is an important
component of the EGFR pathway, tumors with
KRAS mutation could be resistant to anti-EGFR
therapy [21]. A study identified that KRAS was a
direct miR-543 and downstream target and
miR-543 over-expression inhibited CRC cell
proliferation and metastasis by targeting KRAS
[22]. Among the miR-143 target genes predicted by Targetscan, KRAS gene particularly hint a
role in CRC progression.
The oncolytic Ad has several biological properties including ease of production, oncolytic ability and a large packaging capacity. Consequently, it is becoming one of the most customizable
vectors in clinical and preclinical studies for
human cancer therapy. Deleting viral genes
encoding proteins necessary for normal cells
but not for tumor cells is a strategy to induce a
tumor-specific viral replicative lysis [15]. The
early representative of Ad was Onyx-015, which
was engineered without expression of the E1B55kDa viral protein [23, 24]. However, Some
clinical trials showed that the antitumor effect
of single application of Onyx-015 was not ideal
for tumor therapy [25, 26]. Oncolytic viruses
carrying the anti-cancer gene could solve this
problem. The strategy took advantage of the
therapeutic gene and the oncolytic virus itself
to improve cancer therapy.
In this study, the recombinant virus Ad-ZD55miR-143 was constructed by inserting the miR143 into the Ad-ZD55 vector, which is an
Am J Transl Res 2016;8(9):3822-3830
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E1B55kDa gene deleted vector we previously
constructed. We analyzed the expression level
of miR-143 in wild Ad, Ad-ZD55 and Ad-ZD55miR-143 by qPCR. The results of qPCR assays
indicated that miR-143 was successfully cloned
into Ad-ZD55-miR-143. The results of western
blot assays indicated Ad-ZD55-miR-143 expressed E1A protein, and failed to express E1B55kDa protein. Ad-ZD55-miR-143 was successfully established. E1A plays a key role in
adenoviral replication. E1A mediated host cell
apoptosis is antagonized by adenoviral E1B55kDa. If E1B55kDa is deleted, the Ad will survive in cancer cells, but not in normal cells. In
crystal violet staining assays, we found that
Ad-ZD55 and Ad-ZD55-miR-143 caused limited
cell death in L-02 cells, which indicated that
recombinant viruses have tumor-specific ability. The killing effect of Ad-ZD55-miR-143 was
higher than that of Ad-ZD55 in vitro from 0.5
MOI. We considered miR-143 strengthened killing ability. To explore the potential impact of
Ad-ZD55-miR-143 on proliferation of SW480
cells, cell viability was also measured by MTT
assays. Compared with the Ad-ZD55 and control groups, Ad-ZD55-miR-143 significantly repressed the growth of SW480 cells. Suppression
of cell growth followed a time- and dosagedependent manner. Then, SW480 cells were
infected with 5 MOI of Ad-ZD55-miR-143 and
Ad-ZD55 to conduct apoptosis assays. The percentage of the early and late apoptotic cells
was highest in the Ad-ZD55-miR-143 group
compared with the Ad-ZD55 and control groups.
Interaction between miR-143 and KRAS mRNA
has not been reported so far. To test whether
KRAS was a real target of miR-143, we constructed psiCHECK-2/KRAS 3’-UTR plasmid
which contained 3’-UTR of KRAS. Through dualluciferase assays, we predicated KRAS as a
direct target of miR-143. Additionally, we found
that the mRNA and protein levels of KRAS were
significantly lower in Ad-ZD55-miR-143 groups
than those in control and Ad-ZD55 groups in
SW480 cells, these findings supported the consideration that KRAS was a downstream target
of miR-143.
In summary, our findings suggested that the
recombinant virus Ad-ZD55-miR-143 could specifically replicate in SW480 cells, without killing normal L-02 cells. Under infection of Ad-ZD-
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55-miR-143, SW480 cell growth was repressed
and apoptosis was induced. Moreover, the dual-luciferase, qPCR and western blot assays
illustrated KRAS was a downstream target of
miR-143. The recombinant virus Ad-ZD55miR-143 could offer a new promising approach
against colorectal cancer with KRAS gene
mutation.
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