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Abstract

Oncolytic adenovirus is an emerging alternative to current therapeutics. The adenoviral E1A, the first protein expressed upon
oncolytic adenoviral infection, has been identified as an antitumor agent, but the mechanisms of its tumor inhibition ability
are unclear enough. Decorin is ubiquitous in the extracellular matrix (ECM), which regulates multiple functions through
interaction with ECM. Here, we intended to explore the effects of adenoviral E1A on the tumor extracellular matrix during
gene therapy. We demonstrated that reduced decorin expression was found in patients with lung cancer. The adenoviral E1A
or a mutant adenoviral E1A with Rb-binding ability absent (E1A 30—60aa, 120—127aa deletion) could increase the expres-
sion of decorin and down-regulate VEGF, two members of tumor ECM, involved in both vasculogenesis and angiogenesis.
E1A/mE1A-mediated suppressing the migration and invasion ability of tumor cells was depended on decorin. E1A inter-
acted with decorin directly and induced the proteasomal degradation of VEGF. In addition, E1A or mE1A can inhibit tumor
growth in a subcutaneous lung cancer xenograft model. It suggested that decorin might be a crucial mediator among ECM
components for adenoviral E1 A-mediated antitumor activities. These studies on adenovirus E1A provide a new mechanism
for the emerging therapies of tumor gene therapy.
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Introduction to identify potent therapeutic targets are critical for devel-

oping more effective treatment strategies for lung cancer

Lung cancer is the most common malignant tumor, and it is
the major cause of cancer-related mortality [1]. Currently,
great progress has been made in the treatment of non-small
cell lung cancer (NSCLC). However, further investigations
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patients [2].

The licensing of talimogene laherparepvec (T-Vec) is an
important beginning for the treatment of oncolytic viruses,
followed by the emergence of various vectors based on onco-
lytic adenovirus [3].When infected with oncolytic adenovi-
rus, the early region 1A (E1A) gene of human adenovirus
type 5 is the first to be expressed [4]. A large number of
experiments have shown that E1A can inhibit the occurrence
of tumors, and E1A suppresses tumor growth through many
mechanisms. E1A inhibits cancer metastasis by decreasing
cellular miR-520 h level and TWIST [5]. E1A can inhibit the
expression of heat shock protein 5 (HSPAS), which is over-
expressed in advanced cancer, to suppress the migration and
invasion of TNBC cells [6]. When Mdm4 is present, E1A
can form a ternary complex with p53, resulting in p53 being
stable independent of p14ARF without degradation [7]. Our
previous research showed that E1A can induce tumor cell
apoptosis in the manner of p53-independent to act as an
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anticancer agent [8]. In addition, E1A improved the sensi-
tization of cancer cells to chemotherapeutic drugs [9, 10].

Decorin is a proteoglycan that is present in the extracel-
lular matrix and contains a core protein and a single-chain
aminopolysaccharide [11, 12]. Studies have shown that
decorin not only regulates the activity of various cell growth
factors, but also participates in the assembly of extracellular
matrix [13]. The deregulation of decorin was found in many
types of tumors [14]. Connective tissue and ECM block drug
administration or affect the efficacy of other gene therapy
agents in solid tumors [15]. Choi et al. [16] reported that
decorin can cause a decrease in ECM components in tumor
tissues, and it also significantly reduces lung metastasis
caused by BI6BL6 melanoma cells. In addition, decorin can
be used as an adjuvant to overcome TGF-p-mediated immu-
nosuppression [17, 18]. These studies show that decorin pro-
vides a powerful treatment measure for overcoming tumor.

Based on the function of decorin or adenoviral E1A in
cancer progression, we intended to investigate the relation-
ship between decorin and the anticancer effects of E1A. In
the present study, we proved that adenoviral E1A upregu-
lated decorin expression and decreased VEGF expression
in lung cancer cells. E1A interacted with decorin directly
and induced the proteasomal degradation of VEGF. In vivo,
E1A-induced decorin significantly reduced cell migration
and invasion. Furthermore, compared to the control group,
there was higher decorin expression, less collagen fibers and
lower CD31 expression in tumor mass treated with E1A.
These results indicated the adenoviral E1A played a crucial
role in tumor suppression through modulating decorin or
VEGF in ECM to change the tumor characteristics.

Results

The expression of decorin is reduced in lung cancer,
and decorin had tumor-suppressing ability in vitro

First, we tested the expression of decorin in various cell
lines. As shown in Fig. 1a, the expression level of decorin
in cancer cells lines is much lower than that in normal cells.
For further exploration, we tested the expression of decorin
in tumors and adjacent non-tumor tissues by immunohis-
tochemistry. The tissue chip with lung cancer specimens
and the paired adjacent paracancerous (n=15) was pur-
chased from Outdo Biotech (Shanghai, China), and decorin
expression was detected by immunohistochemistry analysis.
Consistent with the data from Western blotting, the rela-
tive expression of decorin in the lung cancer specimens was
significantly weakened compared with non-tumor tissues
(Fig. 1b, c).

Because low decorin expression was related to advanced
cancer [19-21], decorin may play important roles in the
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progression of lung cancer. We established an adenovirus-
based system to functionally over-expressed decorin in two
kinds of lung tumor cells (H1299 and A549) to explore the
functional role of decorin. The tumor-suppressing ability
of decorin was investigated by MTT assay. The cells used
were infected with Ad-vector or Ad-decorin at a MOI=0.5,
2, 10, 20, 50 for 48 h, respectively. As shown in Fig. 3d, it
showed that Ad-decorin suppressed A549 and H1299 cancer
cells growth efficiently compared to the control group (Ad-
vector). These results indicated that decorin had a role in
inhibiting human lung cancer cells growth.

E1A increased the expression of decorin
and decreased VEGF

The adenoviral E1A had been reported to suppress cancer
metastasis both in vitro and in vivo [22, 23]. However, the
specific role of decorin in the treatment of cancer with E1A
is unclear. Based on the role of decorin in blocking can-
cer progression, we intended to investigate whether decorin
acted as a target of E1A in tumor cells.

Firstly, we added the appropriate dose of adenoviral E1A
or mE1A, which is a mutant E1 A with deletion of Rb-bind-
ing domain, to investigate whether E1A has a direct effect
on decorin or VEGF in H1299 and A549 cells. Quantitative
RT-PCR results showed that EIA/mE1A increased decorin
mRNA expression level. The VEGF mRNA level was also
detected but no significant variation (Fig. 2a). The West-
ern blotting data confirmed that up-regulation of decorin
(loading samples were from conditioned medium in cells
infected with adenoviral vector Ad-DC315, Ad-DC315E1A
or Ad-DC315-mE1A, since decorin was a small secreted
protein) and down-regulation of VEGF protein by E1A/
mEIA were dose dependent (Fig. 2b). ELISA was per-
formed to detect the secreted decorin and VEGF in the con-
ditioned medium. Decorin expression was higher in E1A/
mE1A overexpressed cells compared with the vector control
groups; moreover, the VEGF level was prominently lower
than control (Fig. 2¢). These data provided evidence to show
E1A may directly regulate decorin and VEGF.

Decorin was critical for E1A-mediated inhibition
of tumor cell growth

Additionally, aimed to determine the potent role of decorin
on E1A’s migration/invasion inhibition ability, we con-
structed E1A/mE1A-stably expressed cell lines (H1299-
E1A, H1299-mE1A, A549-E1A and A549-mE1A) with
E1A/mE1A lentivirus, in which also included EGFP
expression (Fig. 3a). We performed quantitative RT-PCR
and immunoblotting to determine that there were higher
decorin and E1A level in EIA/mE1A-stably expressed
cell lines (Fig. 3b, c). The migration and invasion of E1A/
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Fig. 1 Decorin expression was attenuated in cancer cell lines and the
lung cancer specimens. a Decorin protein expression in different cell
lines. HUVEC, human umbilical vein endothelial cells; PC-3, human
prostate cancer cell lines; SW-480, human colorectal adenocarcinoma
cell lines; ACHN and OSRC-2, human renal cancer carcinoma cell
lines. Quantification was done using ImageJ software. b Representa-
tive decorin immunohistochemical staining in tumor tissue cores and
adjacent noncancer tissues. ¢ Statistical analysis of immunohisto-
chemical (IHC) staining intensity. Box-and-whisker plots show the
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median (horizontal line), interquartile range (box) and 5th to 95th
percentiles of the data. T, tumor tissues (n=15); A, adjacent noncan-
cer tissues (n=15). ***p<0.001. d Decorin had tumor-suppressing
ability in lung cancer cell lines. Ad-decorin has antitumor activity
against human lung cancer cells (A549 and H1299). A549 and H1299
cells were infected with Ad-decorin or Ad-vector at the indicated
dose (0.5, 2, 10, 20, 50) for 4 days. Cell viability was measured by
MTT assay. The value of MOI=0 was set at 1. Cell viability data
were expressed as mean values + SD (n=6)
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Fig.2 E1A increased the expression of decorin and decreased VEGF.
a A549 and H1299 were infected with Ad-DC315-mE1A or Ad-
DC315E1A at an MOI of 10 for 24 h, and mRNA expression levels
of decorin (left) and VEGF (right) were analyzed by qRT-PCR. Rela-
tive expression levels were calculated by normalization to the values
for the housekeeping gene beta-actin. Triplicate wells were used for
each experiment, and results are from at least two independent experi-
ments. Values are shown as means standard errors of the means.
*p <0.05; **p <0.01; NS, not significance. b H1299 and A549 cells

mE1A-stable cell lines were also detected. Migration and
invasion ability of E1A/mE1A-stable cell lines was attenu-
ated comparing to blank cells (Fig. 3d). These data showed
that EIA/mE1A had migration and invasion inhibition abil-
ity in vitro, which was consistent with other reports.

Next, we tested the tumorigenic of the E1IA/mE1A-sta-
bled expression cell lines in vivo. The same amounts of cells
(H1299-vector, H1299-E1A, H1299-mE1A, A549-vector,
A549-E1A and A549-mE1A) were injected subcutaneously
in a xenograft tumor model. Tumor appearance and growth
were monitored daily after inoculation. The tumor size was
measured every week until the end of the experiment. As
shown in Fig. 4a, tumors formed by E1A/mE1A-stabled
expression cell lines exhibited an intense reduction than
that control cells. It suggested that the tumorigenicity of
E1A or mEIA overexpression cell lines was delayed over-
whelmingly compared to the control group. Next, we wanted
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were infected with Ad-DC315-E1A, Ad-DC315-mEIA or Ad-DC315
at the indicated MOI for 48 h. The level of p53, p21, decorin, VEGF
and E1A proteins was analyzed by Western blotting, in which for
decorin detect, the loading samples were from conditioned medium in
cells infected with Ad-DC315-E1A, Ad-DC315-mE1A or Ad-DC315
at the indicated MOI. GAPDH was assayed as a loading control. ¢
Cells were treated as in (b) and then supernatants were collected.
ELISA was used to detect the protein expression of decorin and
VEGF

to determine whether E1A’s migration/invasion inhibition
ability was dependent on decorin, we performed a transfec-
tion assay with decorin siRNA. As shown in Fig. 4b, siRNA
1175 and 619 efficiently knock down decorin expression in
E1A/mE1A-stabled expression cell lines, but not affect the
expression of E1IA or mE1A. Transwell was assayed using
the combine siRNA1175 and 619 in the E1A stabled cell
lines with silenced decorin; the cell migration and inva-
sion ability was detected. As shown in Fig. 4c, d, there was
much more migrated or invaded cells for E1A/mE1A-stabled
expression cell lines when cells were decreased decorin by
siRNA transfection. It indicated that the knock down of
decorin attenuated E1A-mediated inhibition of cell migra-
tion. We also tested the role of decorin in E1A-mediated
metastasis inhibition by injecting established stable cell lines
(H1299-vector, H1299-E1A, H1299-mE1A, A549-vector,
A549-E1A and A549-mE1A) into the tail vein of mice. The
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data showed that the number of lung metastatic colonies in
mice carrying E1A or mE1A was significantly reduced com-
pared with the control group (Fig. 4e). These observations
showed that decorin was a potent target of E1A-mediated
antitumor activity.

E1A could bind to decorin and induced
the proteasomal degradation of VEGF

E1A has no enzymatic or specific DNA-binding capabili-
ties and carries out its functions by binding to multiple
cellular regulatory proteins [24]. Then, we want to know
whether E1A could interact with decorin or VEGF through
a binding manner or not. A549 cells were infected with
adenovirus Ad-E1A or vector Ad-dc315 for 48 h. Total cell
lysates were immunoprecipitated using anti-E1A antibody
and subsequently immunoblotted for anti-decorin or anti-
VEGF antibody. As shown in Fig. 5a, an efficient interac-
tion between E1A and decorin was observed, bur not VEGF.
Then, we further examined whether E1A regulated VEGF
stability. A549 and H1299 cells were infected with Ad-E1A,
Ad-mEI1A or Ad-dc315 (MOI=10) for 24 h and then were
treated with the protein synthesis inhibitor cycloheximide
(CHX), and VEGF expression was measured by Western
blot analysis. As shown in Fig. 5b, E1A expression markedly
reduced the half-life of VEGF (<4 h). It suggested that the
expression of E1A decreased VEGF protein stability.

Evaluation on antitumor efficacy of E1A
through decorin and/or VEGF expression in vivo

Finally, 4-week-old female nude mice from the Animal
Center were subcutaneously inoculated with A549 cells
(5% 10° cells each). When the subcutaneous tumor diameter
of mice was about 5 mm, the mice were randomly divided
into four groups (six mice in each group), and the mice were
injected with PBS, Ad-DC315 (vector), Ad-E1A and Ad-
mE1A (virus injection dose was 1x 10° PFU) for treatment
and were injected three times a week every other day. Tumor
size was measured every 7 days during treatment. The results
showed that the inhibition effect of tumors by Ad-E1A and
Ad-mEIA treatment groups was significantly higher than
that of PBS group and Ad-DC315 treatment group (Fig. 6a).
Tumor section slides were prepared for immunohistochem-
istry assay. As shown in Fig. 6b, the expression of decorin
in Ad-E1A and Ad-mE1A groups was significantly up-reg-
ulated compared with the other two groups. Then, we used
antibodies specific for adenovirus hexon protein to study
viral distribution within the tumor mass. We found that
Ad-E1A or Ad-mE1A group was significantly more distrib-
uted in the tumor mass than vector, based on the marked
increased hexon expression.

Tumor sections were subsequently stained by Masson’s
trichrome staining to analyze the distribution of collagen
fibers in the cells (blue is collagen fibers). As shown in
Fig. 6¢c, PBS-treated tumors contained higher levels of col-
lagen fibers, whereas Ad-E1A or Ad-mE1A-treated tumors
contained very little. For further study, we stained tumor
tissue with a specific antibody to type I collagen, one of the
ECM components. The results showed that type I collagen
was more abundant in the PBS and vector-treated control
tumor tissues, while immunopositive signals were less in
the Ad-E1A or Ad-mEIA treated tumors (Fig. 6b), which
was also consistent with the results of Massons’s trichrome
staining. Ad-E1A or Ad-mE1A changed ECM components
in tumor mass. These results supported the antitumor effect
of Ad-E1A or Ad-mE1A and the faster spread of the virus in
tumor mass. We also detected the neoangiogenesis by CD31
staining within tumor. It showed that CD31 expression was
decreased among Ad-E1A or Ad-mE1A treatment group
compared to control groups (Fig. 6b). These data suggested
the role of EIA/mE1A in suppressing cancer through chang-
ing the tumor characteristics.

Discussion

Many previous studies have indicated the antitumor effect
of the human adenovirus E1A gene. E1A can induce tumor
cell apoptosis and inhibit cancer cell metastasis [25]. Studies
have shown that E1A can down-regulate several oncogenic
signaling pathways, such as Her2/neu [26], EGFR [27, 28].
E1A also activated tumor suppressing pathways, such as p53
[71, [29], [30], PP2A/C or FOXO3a [31]. Our previous stud-
ies also showed that E1A and CR2 partially deleted mutant
E1A (mE1A) can effectively induce tumor cell apoptosis
and inhibit tumor growth in a p53-independent manner [7].
In addition, studies have shown that E1A gene therapy com-
bined with paclitaxel treatment significantly improved the
sensitivity of tumor cells to paclitaxel and prolonged the
survival rate in orthotopic animal models of breast and ovar-
ian cancer [32, 33]. However, the target of E1 A-mediated
tumor progression inhibition was still unclear and needed
further investigations.

Since the adenoviral E1A has a key role in adenoviral
replication, proteins encoded by E1A play an important role
in adenovirus replication because E1A-encoded proteins are
indispensable for maintaining the viral life cycle [34]. E1A,
also known as transcription factor, achieves its gene regula-
tory function by interacting with cellular transcription fac-
tors such as CREB, ATF, c-Jun or cellular cofactors such as
p300 and CBP and inhibitors such as pRB [35].

There is much more research about tumor inner signaling
pathways mediated by adenoviral E1A. However, the role of
E1A to affect molecules in the extracellular matrix (ECM)
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«Fig.3 ElA-stably expressed cell lines have attenuated tumor cell
mobility. a EIA/mE1A-stably expressed cell lines (H1299-E1A,
H1299-mE1A, A549-E1A and A549-mE1A) were constructed by
infected with E1A/mE1A lentivirus, in which also included GFP
expression. The E1A/mE1A-stably expressed cell lines had high
expression level of GFP under a fluoresce microscopy. b qRT-PCR
was performed to determine decorin and EIA mRNA expression in
the EIA/mE1A-stably expressed cell lines and compared to untreated
cells to calculate induction. ¢ Decorin and E1A protein level was
determined by Western blotting in the EIA/mE1A-stably expressed
cell lines. GAPDH was used as a loading control. d The migration
and invasion ability of EIA/mE1A-stable cell lines was evaluated by
transwell assay, comparing to blank cells

was hardly reported. In the present work, we found that E1A/
mE1A increased decorin and decreased VEGF expression
(Fig. 2), which both are components of extracellular matrix
(ECM). E1A might provide an antitumor activity through
affecting the ECM of tumor mass. Comparing to the wild-
type adenoviral E1A, the mutant adenoviral E1A with Rb-
binding ability absent (E1A 30-60aa, 120—127aa deletion)
had partially different behaviors in inhibiting cancer cell
migration and invasion ability (Fig. 3d), and it might be
associated with the Rb signaling pathway in cancer cells.

E1A increases the expression of decorin and down-regu-
lates VEGF, two members of tumor ECM, involved in both
vasculogenesis and angiogenesis.

Decorin is an extracellular matrix protein, which belongs
to a family of small proteoglycans rich in leucine [36]. More
and more studies have shown that decorin, as a ligand for
various cytokines and growth factors, directly or indirectly
participates in various biological processes of cancer cells.
Our data showed that decorin expression is reduced in lung
cancer specimens and decorin had tumor-suppressing abil-
ity and inhibited invasion and metastasis of lung tumor
cells (Fig. 1). Decorin could act as a potential therapeutic
agent for cancers and shows good prospects for clinical and
research applications. Due to the functions of decorin or
adenoviral E1A in cancer progression (Fig. 2), we exam-
ined the potential connections between decorin and E1A-
mediated anticancer activities. Our results showed that
E1A’s migration/invasion inhibition ability was dependent
on decorin (Fig. 4). E1A interacted with decorin directly
(Fig. 5). It suggested E1A played a novel role in mediating
ECM components.

Decorin has many functions; it can regulate the activity
of cell growth factors and participate in the assembly of
extracellular matrix. In the subcutaneous lung cancer xeno-
graft model, injection of E1A or mE1A can significantly
inhibit tumor growth (Fig. 6). There appeared to have higher
decorin expression and be devoid of collagen fibers in tumor
bed treated with E1A or mE1A, suggesting that the expres-
sion of collagen fibers in tumor tissues decreased with the
increase in decorin (Fig. 6). We also found there were less
collagen fibers and lower CD31 expression in tumor treated

with E1A, compared to the control group. It indicated that
E1A inhibited the angiogenesis in tumor mass might through
down regulating associated molecular markers, such as
VEGFE.

In conclusion, we had clearly demonstrated that adeno-
viral E1A suppressed cancer cell growth and possessed its
antitumor activities through regulating decorin and VEGF
in ECM to change the tumor characteristics.

Materials and methods
Cell lines, plasmids and lung tissue specimens

H1299, A549, HCT116 p53 +/+, HCT116 p53 —/— and
HEK (human embryonic kidney)—293, 293T and HUVEC
(human umbilical vein endothelial cells) cells are from the
Chinese Academy of Sciences. It was cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10%
(v/v) fetal bovine serum (FBS) and 1% (v/v) penicillin/strep-
tomycin at 37 °C in a 5% CO, incubator.

The plasmid pGV227-decorin was purchased from
GenePharma (Shanghai, China). Decorin fragment was
inserted into pCA13 adenoviral vector (Microbix Biosys-
tems) to get pCA13-decorin shuttle plasmid. Adenovirus
E1A gene (NC_001405.1) was ligated with adenovirus
shuttle vector pDC315 (Microbix Biosystems Inc.) after
enzyme cutting, and the ligation product was named as
pDC315-E1A. pDC315-mE1A was constructed by cloning
30-60 and 120-127 amino acid deficient E1A synthesized
by Invitrogen company into pDC315. The vector pDC315
was used as a control. The detailed methods were descripted
previously [26].

E1A or mE1A cDNA from the constructed plasmids
pDC315-E1A or pDC315-mE1A was inserted into pCDH1-
CMV-MSC-EF1-GFP-Puro lentivirus vector (System Bio-
sciences) at EcoR I/BamH I sites. E1IA or mE1A overex-
pression lentiviruses were generated by co-transfecting
293T cells with the other two packing vectors pMD2G and
PSPAX?2 and concentrated as described previously [20]. Sta-
ble decorin overexpression cell lines (A549, H1299) were
generated by infected with lentivirus and selected with 2 pg/
ml puromycin for about 2 weeks.

The decorin siRNA and non-specific control siRNA were
purchased from GenePharma (Shanghai, China). According
to the manufacturer’s instructions, we transfected Decorin
siRNA and non-specific control siRNA into A549 and
H1299 cells using siLentFect lipid reagent (Bio-Rad, Her-
cules, CA, USA).

Lung tissue specimens had been purchased from Outdo
Biotech (Shanghai, China). The clinicopathologic informa-
tion of patients was obtained from the archive of the pathol-
ogy department and confirmed by the medical record of
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Fig.5 E1A bound to decorin and induced the proteasomal degrada-
tion of VEGF. a A549 cells were infected with Ad-E1A, Ad-mE1A
or vector Ad-dc315 for 48 h. Total cell lysates were immunoprecipi-
tated using anti-E1A antibody and subsequently immunoblotted (IB)
for anti-decorin or anti-VEGF antibody. b Determination of the pro-

Outdo Biotech, and informed consent was obtained from all
patients. The patient studies were conducted in accordance
with Declaration of Helsinki. We took lung cancer tissues
and corresponding noncancerous tissues from 15 patients.
Each array point had a diameter of 1.5 mm, and each point
represented a tissue spot from one individual specimen.

Adenoviruses construction

The constructed shuttle plasmids pCA13-decorin, pDC315,
pDC315-E1A and pDC315-mE1A were co-transfected
into HEK-293 cells with adenoviral cytoskeleton plasmid
pBHGE3 (Microbix Biosystems Inc.) through Lipofectamine
2000 (Invitrogen) according to manufacturer’s instructions.
Specific primers for decorin or EIA (mE1A) were used
by PCR to identify whether the plasmid construction was
correct. HEK293 cells were infected with adenovirus Ad-
decorin, Ad-DC315, Ad-DC315-E1A and Ad-DC315-mE1A
with a density of about 80%, when half of the cells were
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tein stability of VEGF. A549 or H1299 cells were infected with Ad-
E1A, Ad-mEI1A or vector Ad-dc315 for 48 h. Then, cells were treated
with 100 ug/mL CHX for the indicated times, and VEGF expression
was analyzed by Western blot assay. The fold change in the protein
expression was shown

floated; the virus was collected and the titer was measured
by tissue culture infection dose 50 (TCID50) methods.

Cell proliferation assay

The cells were digested with trypsin and spread in 96-well
plates with 10* cells per well. One day later, Ad-decorin
with a multiplicity of infection (MOI) of 0, 0.5, 2, 10, 20
or 50 was added to the cells. Four days after infection, cell
proliferation was analyzed by recording the absorbance of
the sample at 570 nm using the MTT assay. The blank con-
trol groups were wells that added MTT and medium but no
cells. The final data were the average of three independent
experiments.

For cell growth assay, stably expressed or vector cell lines
were counted on day 1 and plated into 12-well plate at the
same amount. Then, the cell proliferation of cell lines was
detected by cell counting for 4 continuous days and the cell
growth curve was drawn according to the cell growth rate.
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Fig.6 The antitumor efficacy of Ad-E1A and Ad-mElA in tumor
xenograft nude mice. a A549 cells (5% 10° cells per site) were inocu-
lated into the flank of 4-week-old female BALB/c nu/nu mice. When
the tumors reached 3-5 mm in diameter, Ad-DC315, Ad-E1A, Ad-
mE1A or PBS was intratumorally injected on days 0, 2 and 4. Tumor
growth is expressed as the mean tumor volume +SD in each group
(n=06). Statistical significance was determined using Student’s ¢ test.

RNA isolation, reverse transcription
and quantitative real-time PCR

Total cellular RNA was extracted using 1 ml of TRIzol rea-
gent (Invitrogen) per well in six-well plates. 500 ng RNA
was used for cDNA synthesis with HiScript® Reverse Tran-
scriptase reagent Kit (Vazyme biotech, China). Samples
were analyzed in triplicate by the Applied Biosystems 7500
PCR System. The targeted genes and endogenous house-
keeping gene GAPDH were used as normalizing controls

@ Springer

E1A

*p<0.05, ** p<0.0l. b Tumor section slides were prepared for
immunohistochemistry assay. Immunohistochemical staining of ade-
noviral hexon protein (Ad hexon) to localize adenovirus in tumor tis-
sue. Immunostaining for decorin, collagen type I and CD31 was per-
formed. ¢ Masson’s trichrome staining of extracellular matrix (ECM)
(blue staining) present in the tumor tissue sections

and amplified, using the PrimeScript™ RT reagent Kit
(TaKaRa). The cycle number (Ct) was calculated, and the
fold changes of gene expression were determined using the
double ACt (2724€T) method.

Transwell migration and invasion assays
Briefly, 1x 103 cells were plated in the upper chamber of

the chamber (Corning Costar; Lowell, MA), and 600 pl
of medium containing 20% serum was added to the lower
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chamber and fixed and stained after 24 h. Invasion assay was
similar to migration, and 1x 10° cells were inoculated in
Matrigel—coated chamber and stained after 48 h.

Immunoblotting analysis

A549 and H1299 were seeded into six-well plates at 1 x 10
cells, and then the cells were infected with Ad-E1A or Ad-
mE1A (or Ad-DC315) at MOI 10. The primary antibodies
used were: anti-decorin (Abeam, USA), anti-VEGF (Beyo-
time, China), anti-p21 (Santa Cruz Biotechnology, USA),
anti-p53 (Santa Cruz Biotechnology, USA), anti-E1A (clone
M73, Merck Millipore) and anti-GAPDH (Santa Cruz Bio-
technology, USA).

Quantification of decorin and VEGF expression

A549 and H1299 cells were seeded on a six-well plate at
1x10° cells per well, and then, cells were infected with Ad-
E1A and Ad-mE1A with MOI of 20. After starvation treat-
ment for 1.5 h, culture medium containing 20% serum was
added for 24 h. After 24 h, the culture medium was removed,
and the 600 pl serum-free culture medium was added for
24 h. Then, the supernatant of each well collected was cen-
trifuged at 4000 rpm for 5 min to take the supernatant as
samples. Decorin or VEGF expression was determined by
ELISA according to the manufacturer’s protocol for decorin
(Abcam, USA) or VEGF ELISA kits (Dakewe, China).

Immunoprecipitation

Cells infected with different adenoviruses for 48 h were
lysed with RIPA buffer and centrifuged at 4 °C to remove
precipitation. 1 ug of the purified antibody was added to a
test tube containing 1 mg of protein lysate and incubated
overnight at 4 °C. The pre-washed Protein A agarose (20 pl
of 50% bead slurry) was then added to the tube and incu-
bated for 1-3 h at 4 °C. The mixture was washed 2-3 times
with 500 pl of cold lysis buffer, centrifuged at 2000 rpm for
1 min, and subjected to immunoblot analysis with 20 pl of
5X SDS sample buffer.

Mouse xenografts

BALB/c nude mice (4-5 weeks old) were purchased from
Beijing HFK Bio-technology. Animal welfare and labora-
tory procedures were performed in strict accordance with
the Guide for the Care and Use of Laboratory Animals.
Additionally, all animal experiments were approved by the
Animal Care Committee of the Xuzhou Medical University,
Xuzhou, China. First, A549 cells (5 X 10%) were subcutane-
ously injected into the right side of the nude mice. When
the tumor diameter reached about 5—6 mm, viruses with a

dose of 1x 10° PFU were injected into the tumor (PBS was
injected as control), three times a week, and once every other
day. Tumors were measured once a week, and their volume
was calculated. Six weeks later, the subcutaneous tumor was
removed, weighed and fixed in formalin and embedded in
paraffin.

Next, for experimental metastasis assays, 1 X 10° A549
cells resuspended in PBS were injected through the tail
vein to observe the tumor metastasis in nude mice. Lung
metastatic colonies were counted by stereomicroscope after
8 weeks of injection.

Immunohistochemistry

Tumor tissue was fixed in 10% formalin, embedded in paraf-
fin and cut into 3-mm sections. Deparaffinized tumor sec-
tions were treated with primary antibody for hexon, decorin,
collagen type I or CD31. After incubation with a second-
ary antibody, tissue sections were then counterstained with
hematoxylin. Masson’s trichrome staining was used to ana-
lyze the distribution of collagen fibers (stained blue color).
Representative sections were stained with Masson’s tri-
chrome and then observed by light microscopy.

Statistical analysis

Data were represented by the mean + standard deviation
(SD). Student’s ¢ test was used to compare differences
between groups. Log-rank test was used to compare differ-
ences between groups in the survival rate of mice. Statistical
significance was defined as a P value less than 0.05.

Acknowledgements This project is supported by grants from the
National Key Research and Development Plan (2018 YFA0900900), the
National Natural Science Foundation of China (Grant Nos. 81872488,
81372460), the Natural Science Foundation of Jiangsu Province
(Grants Nos. BK20161156, BK20161157), the Education Depart-
ment of Jiangsu Province (Grant Nos. 13KJB320028, 12KJA320001),
Social Development Key Project of Jiangsu Province (Grant Nos.
BE2016643), Jiangsu Provincial Medical Youth Talent (Grant Nos.
QNRC2016774, QNRC2016773, CXTDA2017034, The Project of
Invigorating Health Care through Science, Technology and Educa-
tion) and Jiangsu Provincial Key Medical Discipline, The Project of
Invigorating Health Care through Science, Technology and Education
(No. ZDXKA2016014).

Conflicts of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. Animal welfare
and experimental procedures were carried out strictly in accordance
with Guide for the Care and Use of Laboratory Animals (National
Research Council, 1996) and all procedures performed in studies
involving animals were in accordance with the ethical standards of the
Animal Care Committee of the Xuzhou Medical University, Xuzhou,
China.

@ Springer



96 Page120f13

Medical Oncology (2019) 36:96

References

10.

11.

12.

13.

14.

15.

16.

Yano T, Kawashima O, Takeo S, Adachi H, Tagawa T, Fukuyama
S, et al. A prospective observational study of pulmonary resec-
tion for non-small cell lung cancer in patients older than 75 years.
Semin Thorac Cardiovasc Surg. 2017;29(4):540-7. https://doi.
org/10.1053/j.semtcvs.2017.05.004.

Dayen C, Debieuvre D, Molinier O, Raffy O, Paganin F, Virally J,
et al. New insights into stage and prognosis in small cell lung can-
cer: an analysis of 968 cases. J Thorac Dis. 2017;9(12):5101-11.
https://doi.org/10.21037/jtd.2017.11.52.

Bommareddy PK, Patel A, Hossain S, Kaufman HL. Talimogene
Laherparepvec (T-VEC) and other oncolytic viruses for the treat-
ment of melanoma. Am J Clin Dermatol. 2017;18(1):1-15. https
://doi.org/10.1007/s40257-016-0238-9.

Radko S, Koleva M, James KM, Jung R, Mymryk JS, Pelka P.
Adenovirus E1A targets the DREF nuclear factor to regulate
virus gene expression, DNA replication, and growth. J Virol.
2014;88(22):13469-81. https://doi.org/10.1128/JV1.02538-14.
Su JL, Chen PB, Chen YH, Chen SC, Chang YW, Jan YH, et al.
Downregulation of microRNA miR-520 h by E1A contributes to
anticancer activity. Cancer Res. 2010;70(12):5096—108. https://
doi.org/10.1158/0008-5472.CAN-09-4148.

Chen HA, Chang YW, Tseng CF, Chiu CF, Hong CC, Wang W,
et al. E1 A-mediated inhibition of HSPAS suppresses cell migra-
tion and invasion in triple-negative breast cancer. Ann Surg Oncol.
2015;22(3):889-98. https://doi.org/10.1245/s10434-014-4061-3.
Li Z, Day CP, Yang JY, Tsai WB, Lozano G, Shih HM, et al.
Adenoviral E1A targets Mdm4 to stabilize tumor suppressor pS53.
Can Res. 2004;64(24):9080-5. https://doi.org/10.1158/0008-
5472.CAN-04-2419.

Fang L, Cheng Q, Zhao J, Ge Y, Zhu Q, Zhao M, et al. A
p53-independent apoptotic mechanism of adenoviral mutant E1A
was involved in its selective antitumor activity for human cancer.
Oncotarget. 2016;7(30):48309-20. https://doi.org/10.18632/oncot
arget.10221.

Fang L, Cheng Q, BaiJ, Qi YD, LiuJJ, Li LT, et al. An oncolytic
adenovirus expressing interleukin-24 enhances antitumor activi-
ties in combination with paclitaxel in breast cancer cells. Mol Med
Rep. 2013;8(5):1416-24. https://doi.org/10.3892/mmr.2013.1680.
Jiang G, Jiang AJ, Cheng Q, Tian H, Li LT, Zheng JN. A dual-reg-
ulated oncolytic adenovirus expressing interleukin-24 sensitizes
melanoma cells to temozolomide via the induction of apoptosis.
Tumour Biol. 2013;34(2):1263-71. https://doi.org/10.1007/s1327
7-013-0701-7.

Zhang W, Ge Y, Cheng Q, Zhang Q, Fang L, Zheng J. Decorin
is a pivotal effector in the extracellular matrix and tumour
microenvironment. Oncotarget. 2018;9(4):5480-91. https://doi.
org/10.18632/oncotarget.23869.

Gubbiotti MA, Vallet SD, Ricard-Blum S, Iozzo RV. Decorin
interacting network: a comprehensive analysis of decorin-binding
partners and their versatile functions. Matrix Biol. 2016;55:7-21.
https://doi.org/10.1016/j.matbio.2016.09.009.

Bierbaum S, Douglas T, Hanke T, Scharnweber D, Tippelt S,
Monsees TK, et al. Collageneous matrix coatings on titanium
implants modified with decorin and chondroitin sulfate: charac-
terization and influence on osteoblastic cells. ] Biomed Mater Res
A. 2006;77(3):551-62. https://doi.org/10.1002/jbm.a.30572.

Bi XL, Yang W. Biological functions of decorin in cancer. Chin J
Cancer. 2013;32(5):266-9. https://doi.org/10.5732/cjc.012.10301.
Parato KA, Senger D, Forsyth PA, Bell JC. Recent progress in the
battle between oncolytic viruses and tumours. Nat Rev Cancer.
2005;5(12):965-76. https://doi.org/10.1038/nrc1750.

Choi IK, Lee YS, Yoo JY, Yoon AR, Kim H, Kim DS, et al.
Effect of decorin on overcoming the extracellular matrix barrier

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

for oncolytic virotherapy. Gene Ther. 2010;17(2):190-201. https
://doi.org/10.1038/gt.2009.142.

Goetsch KP, Niesler CU. The extracellular matrix regulates the
effect of decorin and transforming growth factor beta-2 (TGF-
beta2) on myoblast migration. Biochem Biophys Res Commun.
2016;479(2):351-7. https://doi.org/10.1016/j.bbrc.2016.09.079.
Yao T, Zhang CG, Gong MT, Zhang M, Wang L, Ding W.
Decorin-mediated inhibition of the migration of U§7MG glioma
cells involves activation of autophagy and suppression of TGF-
beta signaling. FEBS Open Bio. 2016;6(7):707-19. https://doi.
org/10.1002/2211-5463.12076.

Shi X, Liang W, Yang W, Xia R, Song Y. Decorin is responsible
for progression of non-small-cell lung cancer by promoting cell
proliferation and metastasis. Tumour Biol. 2015;36(5):3345-54.
https://doi.org/10.1007/s13277-014-2968-8.

Liang S, Xu JF, Cao WJ, Li HP, Hu CP. Human decorin regulates
proliferation and migration of human lung cancer A549 cells.
Chin Med J (Engl). 2013;126(24):4736—41.

Wu Y, Xiao T, Li M, Zhang Y, Gao Y, Sun K. Decorin pro-
tein is down-regulated in non-small cell lung cancer tissue
and significantly associated with histological type. Zhongguo
Fei Ai Za Zhi. 2011;14(11):848-52. https://doi.org/10.3779/j.
issn.1009-3419.2011.11.03.

Xu L, Wang F, Liu H, Xu XF, Mo WH, Xia Y], et al. Increased
expression of cellular repressor of E1A-stimulated gene (CREG)
in gastric cancer patients: a mechanism of proliferation and
metastasis in cancer. Dig Dis Sci. 2011;56(6):1645-55. https://
doi.org/10.1007/s10620-010-1510-0.

Matsubara S, Wada Y, Gardner TA, Egawa M, Park MS, Hsieh
CL, et al. A conditional replication-competent adenoviral vec-
tor, Ad-OC-Ela, to cotarget prostate cancer and bone stroma in
an experimental model of androgen-independent prostate cancer
bone metastasis. Can Res. 2001;61(16):6012-9.

Marshall KS, Cohen MJ, Fonseca GJ, Todorovic B, King CR,
Yousef AF, et al. Identification and characterization of multiple
conserved nuclear localization signals within adenovirus E1A.
Virology. 2014;454-455:206—14. https://doi.org/10.1016/j.virol
.2014.02.020.

Yu D, Hung MC. The erbB2 gene as a cancer therapeutic target
and the tumor- and metastasis-suppressing function of E1A. Can-
cer Metast Rev. 1998;17(2):195-202.

Fang L, Huang Y, Hu X, Sun L, He X, Hu H, et al. A truncated
minimal-Ela gene with potency to support adenoviral replication
mediates antitumor activity by down-regulating Neu expression
and preserving Rb function. Chem Biol Interact. 2009;181(1):1-7.
https://doi.org/10.1016/j.cbi.2009.06.002.

Su CM, Chang TY, Hsu HP, Lai HH, LiJN, Lyu YJ, et al. A novel
application of E1A in combination therapy with EGFR-TKI treat-
ment in breast cancer. Oncotarget. 2016;7(39):63924-36. https://
doi.org/10.18632/oncotarget.11737.

Flinterman MB, Mymryk JS, Klanrit P, Yousef AF, Lowe SW,
Caldas C, et al. p400 function is required for the adenovirus E1A-
mediated suppression of EGFR and tumour cell killing. Onco-
gene. 2007;26(48):6863-74. https://doi.org/10.1038/sj.onc.12104
97.

Yamasaki Y, Tazawa H, Hashimoto Y, Kojima T, Kuroda S, Yano
S, et al. A novel apoptotic mechanism of genetically engineered
adenovirus-mediated tumour-specific p53 overexpression through
E1A-dependent p21 and MDM?2 suppression. Eur J Cancer.
2012;48(14):2282-91. https://doi.org/10.1016/j.ejca.2011.12.020.
Das S, El-Deiry WS, Somasundaram K. Regulation of the
pS3 homolog p73 by adenoviral oncogene E1A. J Biol Chem.
2003;278(20):18313-20. https://doi.org/10.1074/jbc.M211704200

Su JL, Cheng X, Yamaguchi H, Chang YW, Hou CF, Lee
DF, et al. FOXO3a-dependent mechanism of E1A-induced


https://doi.org/10.1053/j.semtcvs.2017.05.004
https://doi.org/10.1053/j.semtcvs.2017.05.004
https://doi.org/10.21037/jtd.2017.11.52
https://doi.org/10.1007/s40257-016-0238-9
https://doi.org/10.1007/s40257-016-0238-9
https://doi.org/10.1128/JVI.02538-14
https://doi.org/10.1158/0008-5472.CAN-09-4148
https://doi.org/10.1158/0008-5472.CAN-09-4148
https://doi.org/10.1245/s10434-014-4061-3
https://doi.org/10.1158/0008-5472.CAN-04-2419
https://doi.org/10.1158/0008-5472.CAN-04-2419
https://doi.org/10.18632/oncotarget.10221
https://doi.org/10.18632/oncotarget.10221
https://doi.org/10.3892/mmr.2013.1680
https://doi.org/10.1007/s13277-013-0701-7
https://doi.org/10.1007/s13277-013-0701-7
https://doi.org/10.18632/oncotarget.23869
https://doi.org/10.18632/oncotarget.23869
https://doi.org/10.1016/j.matbio.2016.09.009
https://doi.org/10.1002/jbm.a.30572
https://doi.org/10.5732/cjc.012.10301
https://doi.org/10.1038/nrc1750
https://doi.org/10.1038/gt.2009.142
https://doi.org/10.1038/gt.2009.142
https://doi.org/10.1016/j.bbrc.2016.09.079
https://doi.org/10.1002/2211-5463.12076
https://doi.org/10.1002/2211-5463.12076
https://doi.org/10.1007/s13277-014-2968-8
https://doi.org/10.3779/j.issn.1009-3419.2011.11.03
https://doi.org/10.3779/j.issn.1009-3419.2011.11.03
https://doi.org/10.1007/s10620-010-1510-0
https://doi.org/10.1007/s10620-010-1510-0
https://doi.org/10.1016/j.virol.2014.02.020
https://doi.org/10.1016/j.virol.2014.02.020
https://doi.org/10.1016/j.cbi.2009.06.002
https://doi.org/10.18632/oncotarget.11737
https://doi.org/10.18632/oncotarget.11737
https://doi.org/10.1038/sj.onc.1210497
https://doi.org/10.1038/sj.onc.1210497
https://doi.org/10.1016/j.ejca.2011.12.020
https://doi.org/10.1074/jbc.M211704200

Medical Oncology (2019) 36:96

Page130f 13 96

32.

33.

34.

chemosensitization. Can Res. 2011;71(21):6878-87. https://doi.
org/10.1158/0008-5472.CAN-11-0295.

Liao Y, Zou YY, Xia WY, Hung MC. Enhanced paclitaxel cyto-
toxicity and prolonged animal survival rate by a nonviral-mediated
systemic delivery of E1A gene in orthotopic xenograft human
breast cancer. Cancer Gene Ther. 2004;11(9):594-602. https://
doi.org/10.1038/sj.cgt.7700743.

Ueno NT, Bartholomeusz C, Herrmann JL, Estrov Z, Shao R,
Andreeff M, et al. E1A-mediated paclitaxel sensitization in
HER-2/neu-overexpressing ovarian cancer SKOV3ipl through
apoptosis involving the caspase-3 pathway. Clin Cancer Res.
2000;6(1):250-9.

King CR, Zhang A, Tessier TM, Gameiro SF, Mymryk JS. Hack-
ing the cell: network intrusion and exploitation by adenovirus
E1A. mBio. 2018. https://doi.org/10.1128/mBio.00390-18.

36.

. Deissler H, Opalka B. Therapeutic transfer of DNA encoding ade-

noviral E1A. Recent Pat Anticancer Drug Discov. 2007;2(1):1-10.
Buraschi S, Neill T, Iozzo RV. Decorin is a devouring proteo-
glycan: remodeling of intracellular catabolism via autophagy
and mitophagy. Matrix Biol. 2019;75-76:260-70. https://doi.
org/10.1016/j.matbio.2017.10.005.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1158/0008-5472.CAN-11-0295
https://doi.org/10.1158/0008-5472.CAN-11-0295
https://doi.org/10.1038/sj.cgt.7700743
https://doi.org/10.1038/sj.cgt.7700743
https://doi.org/10.1128/mBio.00390-18
https://doi.org/10.1016/j.matbio.2017.10.005
https://doi.org/10.1016/j.matbio.2017.10.005

	A novel role mediated by adenoviral E1A in suppressing cancer through modulating decorin
	Abstract
	Introduction
	Results
	The expression of decorin is reduced in lung cancer, and decorin had tumor-suppressing ability in vitro
	E1A increased the expression of decorin and decreased VEGF
	Decorin was critical for E1A-mediated inhibition of tumor cell growth
	E1A could bind to decorin and induced the proteasomal degradation of VEGF
	Evaluation on antitumor efficacy of E1A through decorin andor VEGF expression in vivo

	Discussion
	Materials and methods
	Cell lines, plasmids and lung tissue specimens
	Adenoviruses construction
	Cell proliferation assay
	RNA isolation, reverse transcription and quantitative real-time PCR
	Transwell migration and invasion assays
	Immunoblotting analysis
	Quantification of decorin and VEGF expression
	Immunoprecipitation
	Mouse xenografts
	Immunohistochemistry
	Statistical analysis

	Acknowledgements 
	References




