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Abstract: Objective: To construct a recombinant adenovirus with artificial microRNA targeting the epidermal growth
factor receptor (EGFR) to inhibit the proliferation and induce the apoptosis of tumor cells. Methods: An artificial mi-
croRNA (amiR) targeting EGFR was designed and cloned into an adenovirus shuttle plasmid to obtain pDC312-SLPI
(secretory leukoprotease inhibitor)-EGFR amiR-pA. Then it was co-transfected into 293 cells with the adenovirus
backbone plasmid pBHGIoxAE1, 3Cre to pack the recombinant adenovirus Ad-SLPI-EGFR amiR. After the recombi-
nant adenovirus infected Hep-2 cells by Ad-SLPI-EGFR amiR, a morphological change was observed, and an MTT as-
say was performed to assess the proliferation of the tumor cells. The expression of EGFR was determined by western
blotting analyses to assess the effect of Ad-SLPI-EGFR amiR. Results: The sequence of artificial microRNA targeting
EGFR was confirmed by DNA sequencing. Ad-SLPI-EGFR amiR significantly downregulated EGFR expression at the
protein level and exerted an inhibitory effect on proliferation in Hep-2 cells. The transfected cells became round,
shrunken, partly grape-like and floating under a lighted microscope. Conclusion: The recombinant adenovirus of Ad-
SLPI-EGFR amiR was successfully constructed, and it was able to sufficiently decrease the expression of EGFR and
inhibit the proliferation of Hep-2 cells.
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Introduction icity and gastrointestinal symptoms, although

they have an adjuvant role in traditional radio-

In the last two decades, the epidemiologic evi-
dence suggests that EGFR and aberrant signal-
ing pathways have an essential role in many
human epithelial malignancies, such as skin
squamous-cell carcinoma, head and neck
squamous-cell carcinoma (HNSCC) and breast
cancer [1]. EGFR increases the proliferation
rate and reduces cell apoptosis in tumor cells.
The EGFR-targeting tumor therapy strategy is a
promising approach, the most representative
of which are the monoclonal antibodies and the
small molecule tyrosine kinase (TK) inhibitors
of EGFR [2-5]. However, small molecule inhibi-
tors including gefitinib have no clear effect on
head and neck cancer. The monoclonal anti-
bodies, including cetuximab, cannot be widely
used due to their limited response rate, drug
resistance, and side effects, including skin tox-

therapy and chemotherapy.

With the progress of molecular cloning technol-
ogy, the virus-mediated gene therapy that
downregulates the expression of EGFR by RNA
interference (RNAI) is a promising approach for
the treatment of tumors. The second-genera-
tion shRNA, amiR, containing a hairpin struc-
ture and the natural framework of microRNA,
can be regulated by the mammalian gene pro-
moter and show a high efficacy compared with
siRNA and the first-generation shRNA [6]. The
amiR makes it possible to use tumor tissue-
specific promoters to regulate the expression of
EGFR.

In this study, we constructed a recombinant
adenovirus with amiR targeting EGFR and
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Figure 1. Macrorestriction map of pGEM-T Easy-EG-
FRamiR. 1.1 kb Plus DNA Marker; 2. Restriction map
of pGEM-T Easy-EGFRamiR by BamH I/BglIl.

explored the effect of gene therapy on inhibit-
ing tumor proliferation using a recombinant
adenovirus.

Materials and methods
Cells, cell culture, and reagents

Human embryonic kidney cells (293 cells),
human umbilical vein endothelial cells (HUVEC),
and the human laryngeal squamous cell carci-
noma cell line Hep-2 were provided by the
Shanghai Institute of Cell Biology, Chinese
Academy of Sciences. Hep-2 cells and HUVEC
were seeded into 6-well plates at a density of 5
x 10° cells/well and maintained in RPMI1640
containing 10% fetal bovine serum for 24 h.
Hep-2 cells and HUVEC were transduced with
Ad-SLPI-EGFRamiR or Ad-SLPI-GFP at a multi-
plicity of infection (MOI) of 50 plaque forming
units (pfu)/cell. After 48 h or 72 h of transduc-
tion, the cell morphology was observed under
a lighted microscope. The pDC312 vector,
pBGHIoxAE1, 3Cre (Microbix Biosystems, On-
tario, Canada), pGEM-T Easy vector (Promega,
Beijing, China), adenovirus expression vector
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pDC312-SLPI-pA vector with SLPI promoter,
and the BGH poly A sequence were constructed
and saved by our lab.

Construction of amiR targeting EGFR

Using miR-30 as the basic framework, EGFR
miRNA was designed according to the EGFR
gene sequence (http://codex.cshl.edu/scripts/
newmain.pl). The microRNA-binding sequen-
ce 5-AGA TCT GAT CCA AGA AGG TAT ATT GCT
GTT GAC AGT GAG CGA CCT CCA GAG GAT GTT
CAA TAA TAG TGA AGC CAC AGA TGT ATT ATT
GAA CAT CCT CTG GAG GCT GCC TAC TGC CTC
GGA CTT CAA GGG CTA CGA TGG ATC C-3’ con-
tains the EGFR-target sequence, Bglll and
BamHI restriction sites for cloning, and flan-
king sequence of miR-30. The EGFR miRNA was
synthesized according to the following steps:
1, the forward primer 5-TGCTGTTGACAGT-
GAGCGACCTCCAGAGGATGTTCAATAATAGT GA-
AGCCACAGATGTA-3’, and the reverse prim-
er 5-TCCGZAGGCAGTAGGCA GCCTCCAGAGG-
ATGTTCAATAATACATCTGTGGCTTCACTATT-3’, cy-
cle conditions were as follows: 95°C for 5 min,
followed by 25 cycles of 95°C for 30 s, 55°C for
30 s and 72°C for 30 s, then an extension at
72°C for 7 min; 2, the above polymerase chain
reaction (PCR) product as a template was
added Bglll restriction site at the forward prim-
er 5’end and BamHlI restriction enzyme sites at
the reverse primer 5’end for sequence recog-
nition and cloning, the forward primer
PS: 5-AGATCTGATCCAAGAAGGTATATTGCTGTT-
GACAGTGAGCG-3’, and the reverse primer
PA: 5-GGATCCATCGTAGCCCTTGAAGTCCGAGG-
CAGTAG GCA-3’, cycle conditions were as fol-
lows: 95°C for 5 min, followed by 25 cycles of
95°Cfor30s,55°Cfor30sand 72°Cfor 30 s,
then an extension at 72°C for 7 min. The EGFR
amiR was cloned into a pGEM-T Easy vector for
sequencing. After identification of the correct
pGEM-T Easy-EGFR miRNA vector, the artificial
EGFR miRNA with multiple repeat EGFR miRNA
sequences was obtained by using Bglll and
BamHI restriction sites for the enhancement of
the inhibitory effect of the target sequence.

Generation of Ad-SLPI EGFR amiR

The EGFR amiR was cloned into pDC312-SLPI-
pA to obtain the adenovirus shuttle plasmid
pDC312-SLPI-EGFR amiR-pA [7]. Then it was
co-transfected into 293 cells with the adenovi-
rus backbone plasmid pBHGIoxAE1, 3Cre to
pack the recombinant adenovirus Ad-SLPI-
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Figure 2. Macrorestriction map of the adenovirus shuttle plasmid vector.
A. Macrorestriction map of pDC312-SLPI-EGFR amiR-pA.1. 1 Kb Plus DNA
Marker; 2. Restriction map of pDC312-SLPI-EGFRamiR-pA by EcoR I. B. Mac-
rorestriction map of pDC312-SLPI-EGFRamiR-pA.1. 1Kb Plus DNA Marker; 2.

adenovirus for amplification of
the virus. Then the adenovirus
was purified by CsCl density
gradient centrifugation and
determined by TCID5O0 for viral
titer, then used in subsequent
experiments.

< 1492bp Western blot assay

After virus transduction, Hep-
2 cells were collected from
6-well plates, and were treat-
ed with Ad-SLPI-EGFRamiR or
Ad-SLPI-GFP at different MOI
for 72 h. An equal amount of
protein cell lysate (40 ug) was
used for the analysis. Anti-
EGFR (1:10,000, Cell Signaling
Technology, MA, USA) and
anti-GAPDH (1:5000, Santa
Cruz, CA, USA) antibodies we-
re used for protein detection.

Restriction map of pDC312-SLPI-EGFRamiR-pA by Sac I/BamH I.

Figure 3. Cytopathic effect of 293 cells after being
co-transfected with plasmids. A. Plasmids co trans-
fected with 293 cells for 10 days; B. Plasmids co
transfected with 293 cells for 13 days.

EGFR amiR. After identification, the 293 cells
were repeat transfected with a recombinant
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MTT assay

Recombinant adenovirus Ad-SLPI-EGFR amiR
and control adenovirus Ad-SLPI-GFP were inde-
pendently diluted to MOls of 200, 100, 50, and
0 pfu/cell. Then, both viruses were indepen-
dently used to transduce Hep-2 cells (2 x
103/100 L) for 72 h. The MTT assay was per-
formed to detect cell proliferation by measuring
the optical density (OD) based on the manufac-
turer’s instructions, and the cell proliferation
inhibition rate was calculated.

Results

Construction and identification of pGEM-T
Easy-EGFR amiRNA

The EGFR miRNA sequencing: AGA TCT GAT CCA
AGA AGG TAT ATT GCT GTT GAC AGT GAG CGA
CCT CCA GAG GAT GTT CAA TAA TAG TGA AGC
CAC AGA TGT ATT ATT GAA CAT CCT CTG GAG
GCT GCC TAC TGC CTC GGA CTT CAA GGG CTA
CGA TGG ATC C, exactly matches the design.
The EGFR amiR was cloned into the pGEM-T
Easy vector. After identification of the correct
pGEM-T Easy-EGFR miRNA vector, the artificial
EGFR miRNA with multiple repeat EGFR miRNA
sequences was obtained using Bglll and BamHI
restriction sites. After digestion with BamHI
and Bglll, the macrorestriction map showed an
852 bp band (Figure 1), which confirmed that
the EGFR amiR we constructed contained 6
repeats of a single EGFR amiR (142 bp).
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Figure 4. Characterization of EGFR amiR by PCR. 1.
DL2000 DNA Ladder 2. Adenovirus supernatant of
Ad-SLPI-EGFRamiR as template.

GAPDH --—4—361(D

Figure 5. The expression of EGFR in Hep-2 infected
by Ad-SLPI-EGFRamiR and Ad-SLPI-GFP. 1. Control
(Hep-2 cultured in RPMI1640 for 72 h). 2. Hep-2
infected by Ad-SLPI-GFP virus (MOl = 100) for 72
hours. 3. Hep-2 infected by Ad-SLPI-EGFRamiR virus
(MOI = 100) for 72 hours.

Construction of adenovirus shuttle plasmid
pDC312-SLPI-EGFR amiR-Pa

After digestion with EcoR | and Sac I/BamH |,
the macrorestriction map of pDC312-SLPI-
EGFR amiR-pA showed an 852 bp and a 1492
bp band (Figure 2). This confirmed a single for-
ward insertion of the EGFR amiR gene into the
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pDC312-SLPI-pA vector, which confirmed the
successful construction of the adenovirus
shuttle plasmid pDC312-SLPI-EGFR amiR-pA.

Packaging, identification, and virus titer deter-
mination of recombinant adenovirus Ad-SLPI-
EGFR amiR

The 293 cells were transfected with the shuttle
plasmid pDC312-SLPI-EGFR amiR-pA and the
backbone plasmid pBHGIoxAE1, 3Cre. After the
cells transfected for 10 days, we found that 5%
of cells seemed to be swollen, round, and float-
ing with the complete shape under a lighted
microscope (Figure 3A). The cytopathic effect
(CPE) was observed with more than 80% of the
cells, that is, grape-like and floating (Figure 3B).
The cells were collected, frozen, and thawed
repeatedly, and the virus titer was determined
after amplification and purification. The num-
ber of CPE holes that appeared at each gradi-
ent under the microscope were calculated, and
the results were as follows:

S(Ad-SLPI-EGFRamiR) = 10/10+10/10+10/10+
10/10+10/10+10/10+10/10+10/10+5/10 =
8.5, T(Ad-SLPI-EGFRamiR) = 10%°9/0.1 pfu/
ml = 10%/0.1 pfu/ml = 1 x 10 pfu/ml.

The adenovirus supernatant was saved and
digested by proteinase K, and 2 pL was taken
as a template. PCR was performed using PS
and PA of EGFR amiR as primers. We found 142
bp, 284 bp and 426 bp fragments of Ad-SLPI-
EGFRamiR were amplified by electrophoresis
on agarose gel after real-time quantification
(Figure 4).

The recombinant adenovirus Ad-SLPI-EGFR
amiR decreases the expression of EGFR

The transfected Hep-2 cells were used to ana-
lyze the expression of EGFR. Compared with
the lenti-control (Ad-SLPI-GFP) and mock-treat-
ed groups (without the virus), the expression of
EGFR was significantly decreased in the Hep-2
cells infected with the Ad-SLPI-EGFR amiR
(Figure 5).

The morphological change of Ad-SLPI-EGFR
amiR on Hep-2 cells and HUVEC

The Hep-2 cells and HUVEC were transduced
with Ad-SLPI-EGFR amiR at a MOI of 50 pfu/cell
for 72 hours. The hep-2 cells became round,
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Hep-2 Hep-2-amiR

Figure 6. Morphologic changes after the infection with the recombinant ad-
enovirus of Ad-SLPI-EGFRamiR. A. Control (Hep-2 cultured in RPMI1640 for
72 h). B. Hep-2 infected by Ad-SLPI-EGFRamiR (MOI = 50) for 72 hours. C.
Control (HUVEC cultured in RPMI1640 for 72 h). D. HUVEC infected by Ad-

SLPI-EGFRamiR (MOI = 50) for 72 hours.
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Figure 7. Inhibition of cell growth after infection with
Ad-SLPI-EGFRamiR. Hep-2 cells and HuUVEC were
transduced with Ad-SLPI-EGFR amiR or Ad-SLPI-GFP
at a different MOI for 72 hours.

shrunken, partly grape-like, and floating, but no
significant morphological change in HUVEC was
observed (Figure 6).

Cytotoxicity of Ad-SLPI-EGFR amiR on Hep-2
cells and HUVEC by MTT Assay

Hep-2 cells and HUVEC were transduced with
Ad-SLPI-EGFR amiR or Ad-SLPI-GFP at a differ-

1972

ent MOI for 72 hours. As
shown in Figure 7, the inhibi-
tion rate of the Hep-2 cells
infected with Ad-SLPI-EGFR
amiR was significantly incr-
eased as the virus titer was
increased (MOl O, 50, 100,
200), but the rates of HUVEC
infected with Ad-SLPI-EGFR
amiR or Hep-2 and HuVEC
infected with Ad-SLPI-GFP
were not significant increased.
Moreover, Ad-SLPI-EGFR amiR
and Ad-SLPI-GFP inhibited the
proliferation of Hep-2 cells
and HUVEC at a MOI of 400,
which may contribute to the
toxicity of the virus itself.

Discussion

In this study, we chose the
classic tumor-associated mol-
ecule EGFR as a target. The
reasons we chose EGFR are:
1, many studies have found
that EGFR is overexpressed in
multiple epithelial malignan-
cies and has a close rela-
tionship with tumor growth, metastasis, and
prognosis [1]; 2, the structure, ligands, signal
transduction pathways, and mechanisms of
EGFR have been well studied [8]; 3, the agents
targeting EGFR, including monoclonal antibod-
ies and small molecule TK inhibitors, have been
very successful in clinical applications. Ce-
tuximab was approved by the Food and Drug
Administration of the United States for HNSCC
in 2006 [2]. With the progress of current clini-
cal trials of two popular EGFR-targeted agents
in HNSCC, researchers found that small mole-
cule inhibitors have no clear effect on HNSCC
[3]. Although the monoclonal antibodies have
an adjuvant role in traditional radiotherapy and
chemotherapy and are obviously better than
the small molecule inhibitors [4, 5], they still
have a low response rate, high drug resistance,
and side effects including skin toxicity and gas-
trointestinal mucosa inflammation that limit
their further use, especially the higher resis-
tance rate [9-11]. Both the small molecule
inhibitors and the monoclonal antibodies func-
tion at the protein level, so the quaternary
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structure of protein and frequent interactions
of proteins may result in the ineffectiveness of
these agents. Moreover, the mutations of EGFR
are one of the important causes of resistance.

In this study, we used RNA interference to inhib-
it the synthesis of EGFR at the level of message
RNA. We used the second-generation shRNA
amiR to regulate the inhibitory effect using the
laryngeal cancer-specific promoter SLPI, which
can be regulated by the second type of promot-
er rather than by the U6 promoter [6]. We
designed the precursor microRNA and pro-
cessed the final form of single-stranded short-
acting RNA, which fully matched the EGFR
MRNA untranslated region and the first coding
junction region. No mutations have been
reported in this region so far, so it can effec-
tively bind and degrade EGFR mRNA regardless
of the EGFR mutation and can reduce the
synthesis of the EGFR protein. The down-regu-
lating effect was confirmed by western blot
analysis and the proliferation rate of Hep-2
cells was significantly inhibited after the EGFR
down-regulation.

The AdMax™ System of the Microbix Biosystems
Company was used in the recombinant adeno-
virus packaging of this experiment. The adeno-
virus shuttle plasmid vector and the backbone
plasmid vector were co-transfected into 293
cells to produce the virus. Compared with the
traditional method, the recombinase system
(Cre-loxp) makes it an easy operation, improves
the recombination efficiency, and increases the
virus yield.

In summary, we successfully constructed a tis-
sue-specific promoter SLPI regulatory EGFR tar-
geting adenovirus (Ad-SLPI-EGFR amiR), which
can significantly decrease the expression of
EGFR in Hep-2 cells and inhibit the proliferation
of Hep-2 cells. This lays the groundwork for sim-
ilar future studies.
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