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An oncolytic adenovirus enhances antiangiogenic and antitumoral
effects of a replication-deficient adenovirus encoding endostatin
by rescuing its selective replication in nasopharyngeal carcinoma cells
0006-291X/$ - see front matter � 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.bbrc.2013.11.047

⇑ Corresponding authors at: Sun Yat-sen University Cancer Center, State Key
Laboratory of Oncology in South China, 651 Dongfeng Road East, Guangzhou
510060, China.

E-mail addresses: liuranyi@mail.sysu.edu.cn, liury@sysucc.org.cn (R.-y. Liu),
hwenl@mail.sysu.edu.cn (W. Huang).

1 These authors contributed equally in this paper.
Ran-yi Liu a,⇑,1, Ling Zhou a,1, Yan-ling Zhang b,1, Bi-jun Huang a, Miao-la Ke a, Jie-min Chen a, Li-xia Li a,c,
Xiang Fu a, Jiang-xue Wu a, Wenlin Huang a,d,⇑
a Sun Yat-sen University Cancer Center, State Key Laboratory of Oncology in South China, Collaborative Innovation Center of Cancer Medicine, Guangzhou 510060, China
b School of Biotechnology, Southern Medical University, Guangzhou 510515, China
c General Hospital of Guangzhou Military Command of PLA, Guangzhou 510010, China
d Guangdong Provincial Key Laboratory of Tumor-Targeted Drug, Doublle Bioproducts Inc., Guangzhou 510663, China

a r t i c l e i n f o a b s t r a c t
Article history:
Received 7 November 2013
Available online 20 November 2013

Keywords:
Endostatin
Adenovirus vector
Oncolytic virus
Viral-gene therapy
Nasopharyngeal carcinoma
A replication-deficient adenovirus (Ad) encoding secreted human endostatin (Ad-Endo) has been
demonstrated to have promising antiangiogenic and antitumoral effects. The E1B55k-deleted Ad H101
can selectively lyse cancer cells. In this study, we explored the antitumor effects and cross-interactions
of Ad-Endo and H101 on nasopharyngeal carcinoma (NPC). The results showed that H101 dramatically
promoted endostatin expression by Ad-Endo via rescuing Ad-Endo replication in NPC cells, and the
expressed endostatin proteins significantly inhibited the proliferation of human umbilical vein
endothelial cells. E1A and E1B19k products are required for the rescuing of H101 to Ad-Endo replication
in CNE-1 and CNE-2 cells, but not in C666-1 cells. On the other hand, Ad-Endo enhanced the cytotoxicity
of H101 by enhancing Ad replication in NPC cells. The combination of H101 and Ad-Endo significantly
inhibited CNE-2 xenografts growth through the increased endostatin expression and Ad replication.
These findings indicate that the combination of Ad-Endo gene therapy and oncolytic Ad therapeutics
could be promising in comprehensive treatment of NPC.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction antiangiogenesis [6]. The results of preclinical, phase I/II clinical tri-
Oncolytic adenovirus (Ad) has been demonstrated to lyse selec-
tively cancer cells but not normal cells [1]. E1B55k-deleted Ad
dl1520 [2] and H101 [3] are the oncolytic Ad with the most exten-
sive investigation, were firstly applied in clinical trials and H101
has been approved for the clinical application to treat squamous
cell carcinoma of the head and neck in China.

The antiangiogenic therapy is another attractive strategy for
cancer treatment. Endostatin was previously considered the most
potent endogenous angiogenesis inhibitor [4] and was rapidly
moved to clinical trials. However, the high instability and shorter
half-life made it difficult for clinical application [5]. Promisingly,
the antiangiogenic gene therapy can overcome these problems
and is likely a potential new approach for the treatment of cancer.

An Ad vector encoding a secreted human endostatin
(Ad-Endo) has been confirmed to inhibit tumor growth through
als suggested that the treatment of solid tumor with Ad-Endo is
likely a safe and promising approach [7,8] (ClinicalTrials.gov identi-
fier, NCT00634595). Even so, it is necessary to find a way for over-
coming the problem of limited curative effect due to limited
endostatin expression [7,9,10].

We presumed that the selective replication of oncolytic Ad
would rescue Ad-Endo genome amplification and promote
endostatin expression. In this study, we investigated the antitumor
effects of the combined treatment of Ad-Endo and H101 on Naso-
pharyngeal carcinoma (NPC). The results indicate that Ad-Endo and
H101 have a synergistic antitumor effect on NPC, which resulted
from the promoted antiangiogenic effect of Ad-Endo by H101
and the enhanced oncolysis of H101 by Ad-Endo.
2. Materials and methods

2.1. Cells and plasmids

Human NPC CNE-1, CNE-2 cells contain a mutant p53 at codon
280, whereas C666-1 harbors a deletion at codon 249 of p53 and
Epstein-Barr virus (EBV) DNA. Human umbilical vein endothelial
cells (HUVEC) were cultured in Ham’s F12 nutrient mixture
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supplemented with endothelial cell growth supplement (BD
Biosciences) and 10% FBS. human embryonic kidney 293 cells
and CNE-1, CNE-2 cells were cultured in DMEM containing 10%
FBS (Invitrogen), and C666-1 cells were cultured in RPMI 1640
with 15% FBS. The plasmids pCD-E1A or pCD-E1B19k were con-
structed by inserting the relevant gene fragments, amplified with
the corresponding primers (Table S1), into pcDNA3.1(+) vector.
Plasmids were transfected into NPC cells using the Lipofectamine
2000 transfection reagent (Invitrogen).

2.2. Recombinant Ad, infection and titering

Recombinant Ad H101 [3,11] was purchased from Shanghai
Sunway Biotech Co. Ltd., and Ad-Endo [6] was kindly supplied by
Guangzhou Doublle Bioproduct Inc. NPC cells were infected with
Ad in serum-free medium for 2 h, then were cultured in normal
medium. The indicated time point post-infection corresponds to
the one after the medium change. The Ad was titered by hexon
immunoassay using Adeno-X rapid titer kit (BD Clontech™).

2.3. Quantitative real-time PCR

Ad-infected cells and tumor tissues were collected. The DNA
was isolated using genomic DNA preparation kits (Axygen). The
mRNA was isolated by TRIzol� reagent (Invitrogen) and reverse-
transcribed into cDNA. The viral DNA or cellular cDNA were
quantitatively measured by real-time PCR. The primers are listed
in Table S1. The viral DNA copy number (DCN) is normalized to
that of b-actin (2�DCt), and mRNA level was presented as a relative
value against GAPDH.

2.4. In vitro cytotoxicity assay

The cytotoxicity was assessed by CCK-8 (Dojindo). After treated
for 72 h, cells were incubated with CCK-8 for 2–4 h, then measured
OD450nm.

2.5. Animal models and in vivo antitumor activity

BALB/c-nu/nu mice (5–6 weeks old) were obtained from Guang-
dong Medical Laboratory Animal Center (License No. SCXK (Yue)
2008-0002), and fed under specific pathogen-free conditions
according to protocols approved by the Sun Yat-sen University
Institutional Animal Care and Use Committee. Pieces (about
Ø1.5 mm) of CNE-2 tumor were subcutaneously transplanted into
the flanks to construct xenograft model.

To assess Ad DCN dynamic change and endostatin expression,
mice were injected intratumorally with Ad-Endo or H101 (alone
or together) when xenografts reached Ø7–8 mm. Tumor tissues
and heparin-anticoagulant blood were sampled After treatment,
DNAs from tumor tissues were analyzed for DCN, blood plasma
and tumor tissue homogenate were measured for endostatin
concentration.

To analyze the antitumor effects, mice carrying CNE-2 xeno-
grafts were randomly assigned to five groups when the xenografts
reached Ø5–6 mm. The mice were treated as described in (Fig. 4E).
Body weight and tumor size were measured every 5 days, and the
tumor volumes were calculated according to the formula
V = 0.52 � L �W2 (L, length; W, width) [6]. The xenografts were
weighed at the end point of the experiments.

2.6. Statistical analysis

All in vitro experiments were repeated at least three times, and
the animal experiments were repeated over two times. The data
were analyzed with ANOVA. p < 0.05 indicates statistically
significant. The combined effect was assessed with the Q value
using Zheng-Jun Jin’s method [12]: Q = EAB/[EA + EB(1 � EA)] (EA,
EB and EAB indicate the effects of A, B and combination). And the ef-
fect of the combination effect can be classified as antagonistic
(Q < 0.85), additive (0.85 < Q < 1.15), or synergistic (Q > 1.15).
3. Results and discussion

Ad-Endo has been showed that can inhibit tumor growth
through antiangiogenic effects in our previous study [6].
E1B55kD-deficient Ad, such as H101 or Onyx-015, has been con-
firmed that can selectively lyse cancer cells with abnormal p53
pathway [1,13]. In addition, late viral RNA export, the cell cycle sta-
tus of host cells, viral infectivity, and the expression of heat shock
proteins may also determine the tumor selectivity of E1B55kD-
deficient Ad [13,14]. In previous studies, E1B55k-deleted oncolytic
Ad was demonstrated to replicate selectively in and destroy NPC
cells [13]. In this paper, we try to investigate the antitumor effects
of combination treatment with H101 and Ad-Endo on NPC.

3.1. H101 enhanced the antiangiogenic effect of Ad-Endo by promoting
endostatin expression in vitro

Firstly, we assessed the influence of H101 on endostatin expres-
sion by Ad-Endo in NPC cells. The results showed that H101 dra-
matically promoted endostatin expression in Ad-Endo-infected
NPC cells (Fig. 1). The endostatin concentrations in cultural super-
natants from NPC cells infected with Ad-Endo plus H101 were
much higher than those infected with Ad-Endo alone (Fig. 1A–C).
Then we infected CNE-2 cells with 10 MOIs of Ad-Endo in combi-
nation with H101 at increasing doses, and analyzed endostatin
concentrations at 48 h post-infection. The results showed that
endostatin amounts increased along with the increases of H101
doses, presenting a dose-dependent manner (Fig. 1D).

Next, we tested the anti-proliferation effect on HUVEC of endo-
statin in these cultural supernatants after removing viral particles
by ultra-filtering, and found that all of supernatants from Ad-Endo-
infected NPC cells significantly inhibited HUVEC growth, compared
with those from mock-infected NPC cells. Moreover, the
supernatants from Ad-Endo+H101-infected cells showed stronger
inhibitory effect on HUVEC proliferation than those from Ad-
Endo-infected cells (Fig. 1F).

In summary, oncolytic Ad H101 likely enhances the antiangio-
genic effect of Ad-Endo by promoting endostatin expression in
NPC cells in vitro.

3.2. H101 rescued Ad-Endo replication in NPC cells by supplying E1A
and E1B19k proteins

Since H101 can replicate in NPC cells, we presumed that H101
rescued the replication of Ad-Endo by supplying some Ad early
proteins, then promoted endostatin expression. To test this
hypothesis, we detected Ad-Endo DCN in NPC cells infected with
Ad-Endo alone or in combination with H101. The results showed
that Ad-Endo DCN in CNE-1 or CNE-2 cells infected with Ad-En-
do+H101 increased by over 100-fold after infection, whereas the
DCN decreased gradually in cells infected with Ad-Endo alone
(Fig. 2A and B). These data indicated that H101 rescued the Ad-
Endo replication in CNE-1 and CNE-2 cell. Moreover, the rescue
effects enhanced along with the increases of H101 doses in CNE-
2 cells (Fig. 2D).

Surprisingly, different from in CNE-1 and CNE-2 cells, Ad-Endo
DCN increased in C666-1 cells infected with Ad-Endo alone, though
the DCN increased more in Ad-Endo+H101-infected C666-1 cells
than in Ad-Endo-infected C666-1 cells (Fig. 2C). These data gave



Fig. 1. H101 promoted endostatin expression in NPC cells and anti-HUVEC proliferation by Ad-Endo in vitro. NPC cells were infected with Ad-Endo alone or in combination
with H101, and then the culture supernatants were collected for measuring endostatin concentration using a human endostatin ELISA kit (Shanghai ExCell Biology, Inc.). (A–
C) Endostatin concentrations in the culture supernatants of CNE-1 (A), CNE-2 (B) and C666-1 (C) cells after infection with 10 MOIs of Ad-Endo alone or in combination with 10
MOIs of H101 (two way ANOVA, ⁄p < 0.05, ⁄⁄p < 0.01 compared with Ad-Endo alone). (D) Endostatin concentrations in the culture supernatants of CNE-2 cells at 48 h post-
infection with 10 MOIs of Ad-Endo alone or in combination with increasing MOIs of H101 (one way ANOVA, ⁄⁄p < 0.01 compared with Ad-Endo alone). (E) Western blotting
assay for endostatin in culture supernatants (condensed 20-fold by a Amicon 5 K Centrifugal Filter Unit) at 48 h post-infection with Ad-Endo alone, in combination with H101
or mock-infection. (F) Cytotoxicity assay on HUVEC cells. The above culture supernatants, filtered through 50 K filter to remove viral particles, were assessed the cytotoxicity
on HUVEC by a CCK-8 based cell viability assay at 1/4 dilution (one-way ANOVA, ⁄p < 0.05, ⁄⁄p < 0.01).

Fig. 2. H101 rescued the replication of Ad-Endo in NPC cells by supplying E1A and E1B19K proteins. Ad-Endo DNA copy number (DCN) was measured by real-time PCR, and
the increases of Ad-Endo DCN presented the replication of Ad-Endo. The results are shown here as the fold change in the Ad-Endo DCN at the indicated time points relative to
that at 0 h post-infection. (A–C) Ad-Endo DCN in CNE-1 (A), CNE-2 (B) or C666-1 (C) cells after infection with Ad-Endo alone or in combination with H101 (two way ANOVA,
n = 3, ⁄p < 0.05, ⁄⁄p < 0.01 compared with Ad-Endo alone). (D) The Ad-Endo DCN in GC cells at 48 h post-infection with Ad-Endo alone or in combination with H101 (increasing
MOIs) (one way ANOVA, n = 3, ⁄p < 0.05, ⁄⁄p < 0.01 compared with Ad-Endo alone). (E) CNE-2 cells were transfected with the E1A or/and E1B19k genes, 48 h later, gene
expression was detected by Western blotting. (F and G) plasmid-transfected CNE-2 cells were infected with Ad-Endo at 10 MOIs, 48 h (F) or 72 h (G) later, the Ad-Endo DCN
(F) or titer (G) was measured (one-way ANOVA, ⁄⁄p < 0.01 compared to pCD-EGFP).
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us a clue that there were some events in C666-1 cells to support
Ad-Endo replication, though H101 still promoted Ad-Endo
replication in C666-1 cells.

To explore the mechanism of H101 rescuing Ad-Endo
replication in NPC cells, H101 E1 region genes were transfected
into CNE-2 cells to assess their effects on Ad-Endo replication
(DCN and titer). The results showed that E1A and E1B19k genes
transfection dramatically promoted Ad-Endo replication in CNE-2
cells (p < 0.01), E1A alone also benefited Ad-Endo replication but
not significantly (p > 0.05), but E1B19k had no effects on Ad-Endo
replication (Fig. 2E–G and Fig. S1). These data suggested that
H101 rescued Ad-Endo replication by providing E1A and E1B19k
proteins in NPC cells, though there were also other factors contrib-
uted to Ad-Endo replication in C666-1 cells.

Ad DNA replication depends on Ad E2-encoded three essential
proteins whose expression are controlled by E2 early (E2E)
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promoter and E2 late (E2L) promoter. E1A proteins can activate
cellular E2F, which can activate E2E promotor and launch Ad
DNA replication [15]. E2F can also activate p53 pathway, lead to
cell cycle arrest or apoptosis. Loss of E1b55k–E4ORF6–p53 interac-
tion, H101 can efficiently replicate in tumor cells defective in p53
pathway, but not in normal cells [16]. Thus, H101 should selec-
tively replicate and rescue the replication of Ad-Endo in NPC cells
with a dysfunctional p53 pathway.

However, the conjecture above can’t explain the founding that
Ad-Endo DNA replicated in C666-1 cells (Fig. 2C). The overexpres-
sion and nuclear accumulation of transcription factor YB-1 have
been reported to facilitate the replication of E1-deleted Ad vectors
by regulating E2L promoter [17]. This indicates that there are likely
some factors in C666-1 cells activate E2 expression by regulating
E2L promotor or by activating E2F to regulate E2E promotor, then
facilitate Ad-Endo DNA replication. Considering that C666-1 cells,
but not CNE-1 or CNE-2, contain EBV genome, a hypothesis natu-
rally surfaces whether EBV products will benefit the activation of
E2 expression. Clarifying this hypothesis may find a novel target
for Ad-based gene therapy.

To make a summary, H101 selectively rescues or promotes Ad-
Endo replication in NPC cells by providing E1A and E1B19k pro-
teins, consequently promotes endostatin expression in NPC cells.

3.3. Ad-Endo enhanced the cytotoxicity of H101 in NPC cells

In our opinions, oncolytic Ad exerts antitumor effect through
viral replication and consequent lysis of tumor cells. Since Ad-Endo
replication was observed in NPC cells co-infected with H101, the-
oretically, Ad-Endo should in turn contribute to oncolytic effect.
We here assessed the influence of Ad-Endo on the cytotoxicity of
oncolytic Ad in NPC cells. As shown in (Fig. 3A), Ad-Endo had al-
most no cytotoxicity on CNE-1 and CNE-2 cells, but it significantly
enhanced the cytotoxicity of H101. Moreover, the cytotoxicity of
H101 increased with the increase in Ad-Endo dose when H101
dose was fixed, even though Ad-Endo alone had no obvious cyto-
toxicity at the same doses (Fig. 3B and C). The Q values [12] were
above 1.15 at all doses of Ad-Endo except at 2.5 MOIs, suggesting
that Ad-Endo and H101 had a synergistic effect on the cytotoxicity
in CNE-1 and CNE-2 cells. Ad-Endo also increased the cytotoxicity
of H101 on C666-1 cells in a dose-dependent manner (Fig. 3A and
D), whereas Ad-Endo alone showed strong cytotoxicity on C666-1
though less than H101 (Fig. 3A and D). This is in accord with the
data that Ad-Endo can replicate in C666-1 cells (Fig. 2C). The com-
bination of H101 and Ad-Endo showed an additive, not synergistic,
effect on the oncolysis in C666-1 cells (Fig. 3A and D).

Further investigations showed that Ad-Endo resulted in an in-
creased Ad replication (Fig. 3E). This may be the reason that Ad-
Endo enhances the cytotoxicity of H101 in NPC cells. In summary,
Ad-Endo synergistically or additively enhanced the cytotoxicity of
H101 in NPC cells.

3.4. In vivo antitumor effects of Ad-Endo combined with H101 on NPC
xenografts in nude mice

To investigate the combined antitumor effects of Ad-Endo and
H101, we firstly assessed the dynamic change of Ad DCN and endo-
statin expression in CNE-2 xenografts after single intratumoral
injection of Ad-Endo or H101 alone or together. The results showed
that Ad-Endo DCN dropped rapidly and became undetectable after
8 days in xenografts treated with Ad-Endo alone, but it rose in the
beginning, peaked at day 3, then declined gradually, and was still
detectable after 13 days in xenografts treated with Ad-Endo+H101
(Fig. 4A). Endostatin expression started at 1 day after treatment,
and high levels of endostatin proteins were detected in the blood
samples (Fig. 4B) and tumor tissues (Fig. 4C) in the following
several days. Endostatin concentrations peaked at day 3 in mice
treated with Ad-Endo alone whereas at day 4 in those treated with
Ad-Endo+H101. Notably, the expression of endostatin was much
higher in mice treated with Ad-Endo+H101 than in mice treated
with Ad-Endo alone (Fig. 4B and C). These data suggested that
H101 supported Ad-Endo replication and promoted endostatin
expression by Ad-Endo in NPC xenografts, thus enhanced antian-
giogenic and antitumor effect of Ad-Endo in animal models. Con-
sidering that the antiangiogenic and antitumor effects of
endostatin gene therapy are associated with the elevated local
and circulating endostatin levels [10], endostatin expression pro-
moted by H101 will benefit the elevation of the antiangiogenic
and antitumor effects of Ad-Endo in nude mice.

Secondly, we investigated the effect of the combination H101
with Ad-Endo on Ad replication, which reflects oncolytic effect of
oncolytic Ad. As shown in (Fig. 4), Ad DCN increased during the
first 4 days post-treatment either in the group treated with H101
alone or in the group treated with H101+Ad-Endo. The DCN was
significantly higher in the combination group than in the group
treated with H101 alone at day 2 and day 3 (p < 0.01). Whereafter,
the DCN decreased rapidly after 6 days post-injection and became
undetectable at day 21 (Fig. 4D). These data indicated that Ad-Endo
enhanced the Ad replication and presumably increased the onco-
lytic effect of H101.

As expected, the growth of CNE-2 xenografts was significantly
retarded by the administration of Ad-Endo or H101 alone at
6 � 108 pfu/dose every 5 days for 5 courses in nude model
(p < 0.01) (Fig. 4E and F). The combination of Ad-Endo and H101,
either 3 � 108 pfu/dose each (combination 1) or 6 � 108 pfu/dose
each (combination 2), had much stronger antitumor effects than
either Ad-Endo or H101 alone (p < 0.05 or 0.01) (Fig. 4E and F).
There are no obvious differences in body weights in all groups
(data not shown). The tumor inhibition rates of the treatment with
Ad-Endo alone, H101 alone, combination 1 or combination 2 were
39.5%, 35.6%, 58.2% and 77.1%, respectively (Fig. 4F). Ad-Endo and
H101 likely had a synergistic antitumor effect on CNE-2 NPC xeno-
grafts in nude mice (Q = 1.26). The synergism of H101 and Ad-Endo
was likely resulted from the promoted antiangiogenic effect of Ad-
Endo by H101 and the enhanced oncolysis of H101 by Ad-Endo in
nude mice carrying CNE-2 xenografts.

Take together, our results show that the E1B55k-attenuated Ad
H101 can promote the antiangiogenic effects of Ad-Endo through
rescuing the replication of Ad-Endo and consequently increasing
the expression of endostatin in NPC cells. On the other hands, the
addition of Ad-Endo enhances the oncolytic effect of the E1B55k-
attenuated Ad H101 by reinforcing Ad replication. The antiangio-
genic agent Ad-Endo and the oncolytic Ad H101 have synergistic
antitumor effects on nasopharyngeal carcinoma.

3.5. The application prospects of the combination treatment with Ad-
Endo and H101 in NPC patients

NPC is a rare malignancy with a high incidence in southern
China and southeast Asia [18]. In most of NPC, the p53 pathway
is dysfunctional due to EBV proteins and the overexpressed
Mdm2 and dN-p63 rather than p53 gene mutation [13]. H101, an
E1B55kD-deficient Ad, has been approved for the treatment of
head-and-neck nasopharyngeal squamous cell carcinoma in China
[3]. Moreover, the E1B55k-deleted oncolytic Ad was demonstrated
to replicate selectively in and destroy NPC cells in our previous
study [13]. Therefore, oncolytic therapy with E1B55k-deficient Ad
is a potential treatment approach for NPC.

The establishment of the antiangiogenic cancer therapies is an-
other important development in the field of tumor research. Four,
of the 12 new anti-cancer drugs approved by the FDA in 2012, are
antiangiogenesis agents [19]. Ad-Endo can directly produce the



Fig. 3. Ad-Endo enhanced the cytotoxicity of H101 in NPC cells. The cytotoxicity (inhibition rate) was calculated as follows: [(ODcontrol � ODexperiment)/ODcontrol] � 100%. The Q
value was calculated from the inhibition rates. (A) The cytotoxicity of Ad-Endo and H101 alone or each at 10 MOIs (one-way ANOVA, ⁄p < 0.05, ⁄⁄p < 0.01 compared with Ad-
Endo plus H101). (B–D) The cytotoxicity of H101 alone or in combination with Ad-Endo (increasing doses) on CNE-1 (B), CNE-2 (C) and C666-1 (D) cells (two-way ANOVA,
⁄p < 0.05, ⁄⁄p < 0.01 compared to that of Ad-Endo at 0 MOIs). (E) Ad replication in NPC cells. Cells were infected with H101 alone or in combination with Ad-Endo, then Ad DCN
was detected. Ad replication is presented as the increased fold in Ad DCN at the indicated time points relative to that at 0 h post-infection with H101 alone (two-way ANOVA,
⁄p < 0.05, ⁄⁄p < 0.01 compared with H101 alone).

Fig. 4. Dynamic change of Ad copy and endostatin concentration, and the potentiated antitumor effects of Ad-Endo combined with H101 on CNE-2 xenografts in nude mice.
(A–D) The mice carrying CNE-2 xenografts were administered with a single intratumoral injection of Ad-Endo or/and H101 (6 � 108 pfu each). The endostatin concentration
and relative DCN of Ad-Endo or total Ad were detected (n = 5). (A) Ad-Endo DCN in tumor tissues (relative to human b-actin). (B and C) Endostatin concentration in blood
plasmas or tumor tissues. (D) Total Ad DCN in tumor tissues (relative to human b-actin) (two way ANOVA, ⁄p < 0.05, ⁄⁄p < 0.01 compared with Ad-Endo or H101 alone). (E and
F) The mice carrying CNE-2 xenografts were treated with 100 lL of PBS (Vehicle), 6 � 108 pfu/dose of Ad-Endo or H101, 3 � 108 pfu (combination 1) or 6 � 108 pfu
(combination 2) each per dose of Ad-Endo plus H101 every 5 days for 5 courses (n = 7). (E) The growth curves of CNE-2 xenografts. (F) Tumor weights (One-way ANOVA,
⁄p < 0.05, ⁄⁄p < 0.01).
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endostatin proteins with high bioactivity and stability by benefit-
ing from thorough post-translational modifications [20], inhibit
NPC growth through antiangiogenic effects [6], and has already
been applied in the phase III clinical trials.

In this study, we reported that the antiangiogenic agent Ad-
Endo and the oncolytic Ad H101 have synergistic antitumor effects
on nasopharyngeal carcinoma in vitro and in NPC xenograft mouse
model. Moreover, no obvious side effects were observed in the
mice in combination treatment groups besides that the treatment
with Ad-Endo or H101 alone are confirmed safe in preclinical and
clinical trials [6–8,11,21]. These findings indicate that the use of
Ad-based oncolytic virus therapeutics in combination with Ad-
based antiangiogenic gene therapy is a promising approach for
the comprehensive treatment of nasopharyngeal carcinoma.
Considering that H101 has been approved for the treatment of
head-and-neck nasopharyngeal squamous cell carcinoma in China,
and Ad-Endo has been in its phase III clinical trial and will likely be
applied for the treatment of advanced NPC and HNSCC soon, our
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findings provided an experimental basis for combined application
of these two therapeutics in future.
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