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Abstract: Chronic myeloid leukemia (CML) is a clonal disorder in which cells of the myeloid lineage undergo massive 
clonal expansion as well as resistance to conventional chemotherapy. Gene therapy hold a great promise for treat-
ment of malignancies based on the transfer of genetic material to the tissues. In this study, we explore whether chi-
meric oncolytic adenovirus-mediated transfer of human interleukin-24 (IL-24) gene induce the enhanced antitumor 
potency. Our results showed that chimeric oncolytic adenovirus carrying hIL-24 (AdCN205-11-IL-24) could produce 
high levels of hIL-24 in CML cancer cells, as compared with constructed double-regulated oncolytic adenovirus 
expressing hIL-24 (AdCN205-IL-24). AdCN205-11-IL-24 could specifically induce cytotoxocity to CML cancer cells, 
but little or no effect on normal cell lines. AdCN205-11-IL-24 exhibited remarkable anti-tumor activities and induce 
higher antitumor activity to CML cancer cells by inducing apoptosis in vitro. Our study may provides a potent and 
safe tool for CML gene therapy.
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Introduction

Remarkable advances have been made in the 
past decades in our understanding of the 
molecular genetic basis of human leukaemias. 
The vast majority of leukaemias are sporadic, 
and are the consequence of acquired somatic 
mutation in haematopoietic progenitor cells.

Chronic myeloid leukaemia (CML)-a haemato-
logical stem-cell disorder that is characterized 
by excessive proliferation of cells of the myeloid 
lineage-represented a particularly interesting 
case. CML is characterized by a reciprocal 
translocation between chromosomes 9 and 
22. The shortened version of chromosome 22, 
which is known as the Philadelphia chromo-
some, was discovered by Nowell and 
Hungerford, and provided the first evidence of 
a specific genetic change associated with 
human cancer [1, 2]. The molecular conse-
quence of this inter-chromosomal exchange is 
the creation of the BCR-ABL gene, which 
encodes a protein with elevated tyrosine-
kinase activity [3]. The discovery and develop-
ment of Glivec has shown that is possible to 

produce rationally designed, molecular-target-
ed drugs for the treatment of a specific cancer 
[4]. At present, the gene therapy may be offer-
ing new hope for expanded treatment options 
for patients with CML.

Gene therapy offers a new approach for treat-
ment of cancer. It is based on the introduction 
of genetic material into the cells of the patient 
with the aim of producing a therapeutic effect 
[5-7]. The anti-tumor activities of adenovirus 
have been widely studied, but the mechanism 
by which adenovirus induces cancer cell death 
remains elusive. Oncolytic viruses have been 
used to crack tumor cellls directly and at the 
same time used to express therapeautic genes 
of anti-tumor [8, 9]. Therefore, there are kinds 
of viruses, including adenovirus, adeno-associ-
ated virus, herpes simplex virus, retroviruses, 
lentivirus, hepatitis B virus, and Newcastle dis-
ease virus, genetically manufactured to adapt 
for therapy of cancer [8-13]. The common strat-
egy used to design oncolytic adenoviruse is to 
recode adenoviral E1A protein. The CR2 region 
of adenoviral E1A could bind to retinoblastoma 
protein (RB) and the RB-related proteins and 
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the proteins regulate the E2F family of tran-
scription factors. Since the tumor cells often 
have dysfunctional RB, deletion of CR2 region 
allows this engineered adenovirus to selective-
ly replicate in tumor cells but not in quiescent 
normal cells [14, 15]. Previously, we have con-
structed several conditionally replicative ade-
novirus systems which viral replication was only 
occurred in cancer cells with high expression of 
hTERT and abnormal cell cycle checkpoint [16, 
17]. We have constructed the AdCN205 sys-
tem, in which therapeutic gene expression is 
controlled by adenovirus E3 endogenous pro-
moter. We have proven that this vector could 
express therapeutic genes in a predictable and 
safe manner [18]. The Human adenovirus sero-
type 11 (Ad11), with a fiber different from that 
of Ad5, can entry cells which could secrete 
complement regulatory proteins CD46 (a spe-
cific membrane protein) to cytomembrane. 
Ad11 adenoviral vector is an alternative tool for 
leukemia cancer therapy [19, 20]. Therefore, 
we have developed the AdCN205-11 system to 
selectively replicate in chronic myeloid leukae-
mia cell lines and exhibit remarkable antitumor 
activity.

Different cytokines or chemokines (IL-2, IL-4, 
IL-6, IL-7; IL-12, GM-CSF) have been used to 
activate antitumoral activity. IL-24 is among the 
cytokines with most potent antitumoral activity. 
The melanoma differentiation-associated gene-
7 (mda-7) was cloned by subtraction hybridiza-
tion as a molecule whose expression is elevat-
ed in terminally differentiated human melano-
ma cells. Current information based on struc-
tural and sequence homology, has led to the 
recognition of MDA-7 as an IL-10 family cyto-
kine member and its renaming as IL-24 [21]. A 
notable property of MDA-7/IL-24 is its ability to 
induce apoptosis in a large spectrum of human 
cancer derived cell lines, in mouse xenografts 
and upon intratumoral injection in human 
tumors (phase I clinical trials). IL-24 can induce 
tumor cell apoptosis, inhibit angiogenesis and 
has a bystander effect [22, 23]. In addition to 
increasing immunity, IL-24 is widely used in 
cancer gene therapy for a dramatic antitumor 
effect [18, 24]. We have shown that the appli-
cation of IL-24 in the gene therapy system not 
only results in a strong antitumor effect, but 
also enhances the effect of other therapeutic 
genes such as TRAIL, p53; chemotherapeutic 
agents such as ADM, DDP and dichloroacetate, 
and RNA interference, such as shRNA-COX2 
[25-28].

Materials and methods

Cell cultures

The K562 (Human chronic myeloid leukemia 
cell) cell line was purchased from the American 
Type Culture Collection (ATCC, Rockville, MD, 
USA). The L02 (Normal human liver cell) cell line 
was purchased from the Shanghai Cell 
Collection (Shanghai, China). The HEK293 cell 
line was purchased from Microbix Biosystems 
Inc. (Toronto, Ontario, Canada). K562 cell lines 
was grown in RPMI 1640 medium containing 
10% FBS. L02 and HEK293 cell lines were 
maintained in Dulbecco’s modified Eagle’s 
medium (GIBCO BRL, Grand Island, NY, USA) 
supplemented with 10% fetal bovine serum 
(GIBCO BRL), 4 mM glutamine, 50 U/ml penicil-
lin ,and 50 mg/ml streptomycin. All cell lines 
were incubated at 37°C in a humidified air 
atmosphere with 5% CO2.

Construction of oncolytic adenoviral vectors

The constructs including pCN205-11-EGFP and 
pCN205-11-IL-24 were generated according to 
the standard molecular cloning protocol. The 
homologous recombination between pCN205-
11-EGFP and pCN205-11-IL-24 plasmids and 
pCN103 plasmid carrying oncolytic adenoviral 
backbone was done in was done in E.coli strain 
BJ5183, to create pAdCN205-EGFP and pAdCN- 
205-IL-24, respectively. Viral particles were 
produced in HEK293 cells by transfection with 
PacI-digested pAdCN205-EGFP and pAdCN205-
IL-24 to obtain recombinant AdCN205-11-EGFP 
and AdCN205-11-IL-24. 

Generation, purification and titration of recom-
binant adenoviruses

To get the viruses, the plasmid pCN205-11-
EGFP and pCN205-11-IL-24 were digested by 
PacI and transfected into HEK293 cells by 
Effectene (Qiagen, Hilden, Germany). The 
recombinant adenoviruses were amplified in 
HEK293 cells and purified by cesium chloride 
gradient ultracentrifugation. The titration of 
recombinant adenovirus was carried out with 
tissue culture infectious dose 50 assays on 
HEK293 cells.

Virus progeny assay

To determine virus progeny, chronic myeloid 
leukemia or normal cells were infected with 
Ad-wt, AdCN205-EGFP, AdCN205-IL-24, AdCN- 
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205-11-EGFP, or AdCN205-11-IL24 at a MOI of 
10. After 48 h, the supernatants and cells were 
collected separately. The cells were resuspend-
ed in PBS, and the virus was released by freeze 
and thaw for three cycles. Virus production in 
supernatants and cell lysates were determined 
by tissue culture infectious dose 50 assays on 
HEK293 cells.

Cell viability by the colorimetric MTT assay

Cells were seeded in 96-well plates at a density 
of 1×104 per well. When cells grew to subconflu-
ence, they were infected with Ad-wt, AdCN205-
EGFP, AdCN205-IL-24, AdCN205-11-EGFP, or 
AdCN205-11-IL24 at a multiplicity of infection 
(MOI) of 10. Fresh medium containing 0.5 mg/
ml (3-(4, 5-dimethylthiazol-2-yl)-2, 5-dipenyltet-
razolium bromide) (Sigma Chemical Co., St 
Louis, MO, USA) solution was added to each 
well at different time after infection. Cells were 
incubated at 37°C for 4 h, and then 150 µl of 
dimethyl sulfoxide was added to each well and 
mixed thoroughly for 10 min. Absorbance was 
read at 595 nm with a DNA expert (Tecan, 
Switzerland). The percentage of cell viability 
was calculated as follows: (mean A595 of 
infected cells)/(mean A595 of uninfected cells) 
×100%.

In vitro transduction studies

For suspension cells, the day before infection, 
3×105 k562 cells per well (24-well plate) were 
seeded. The next day, attached cells were 
counted and viruses were added at the multi-
plicities of infection (MOI) indicated in the figure 
legends in 1 ml of growth medium. Cells were 
incubated with virus for hours, incubated at 
37°C in a humidified atmosphere with 5% CO2. 
Percentages of GFP-positive cells were detect-
ed by fluorescent microscopy. 

Apoptotic cell staining

The k562 cells were cultured in each well 
(4×105) of 6-well plates. The 12 hours later, the 
cells were infected with Ad-wt, AdCN205-EGFP, 
AdCN205-IL-24, AdCN205-11-EGFP, or AdCN- 
205-11-IL24 at a MOI of 10. Forty-eight hours 
after infection, the medium was replaced with 
PBS and then the cells were stained with 
Hoechst 33342 (25 µg/mL). The percentage of 
apoptotic cells was analyzed with and observed 
under the fluorescence microscope.

Flow cytometric analysis

To quantitate apoptosis using flow cytometry 
analysis, the k562 cells were seeded in 6-well 
culture plates and infected with Ad-wt, 
AdCN205-EGFP, AdCN205-IL-24, AdCN205-11-
EGFP, or AdCN205-11-IL24 at a MOI of 10. Cells 
infected with adenovirus were trypsinized and 
washed once with complete medium. Aliquots 
of cells (1×105) were resuspended in 500 μl of 
binding buffer and stained with fluorescein iso-
thiocyanate-labeled annexin V and propidium 
iodide ((BioVision, Palo Alto, CA, USA) according 
to the manufacturer’s instruction. A fluores-
cence-activated cell sorting (BD Biosciences) 
assay was performed immediately after stain-
ing. To determine transduction efficiency of the 
virus, k562 cells were infected with Ad-wt, 
AdCN205-IL-24, AdCN205-11-IL-24 at an MOI 
of 10 for 48 h, and then subjected to flow cyto-
metric analysis.

Western blotting analysis

To determine the expression of various pro-
teins, western blot analysis was performed as 
described previously. Total proteins were sepa-
rated on 10% polyacrylamide gels and trans-
ferred to polyvinylidene difluoride filter mem-
branes (Amersham, Piscataway, NJ). Mem- 
branes were blocked in 5% nonfat dry milk, 
incubated with primary antibodies, detected by 
the appropriate secondary antibodies, and 
revealed with an enhanced chemilumines-
cence system (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA). The primary antibodies included 
rabbit monoclonal anti-mda-7 (melanoma dif-
ferentiation associated gene 7)/IL-24(Abcam, 
Cambridge, UK), rabbit polyclonal anti-cleaved 
caspase-3 (Cell Signaling Technology, Danvers, 
MA, USA), poly-(ADP-ribose) polymerase-1/2 
(H-250) rabbit polyclonal antibody (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), β-actin, 
rabbit monoclonal (Epitomics, Burlingame, CA, 
USA). The membranes were then incubated 
with anti-rabbit infrared dye 700. The fluores-
cent signal was detected with an Odyssey 
Infrared Imaging System (LI-COR Biosciences, 
Lincoln, NE, USA). 

Statistical analysis

Each experiment was performed at least three 
times. Statistical analyses were done with 
Student’s t test to determine the significance. 
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Pearson’s m2 test was also used to test the 
hypothesis of no association of columns and 
rows in tabular data. P<0.05 was considered 
significant.

Results

The constructiom of the chimeric oncolytic ad-
enoviral vectors

Previously, our group have successfully con-
structed an efficient tumor-selective oncolytic 
adenovirus system, AdCN205, in which hTERT 
promoter was used to control the expression of 
CR2 deleted E1A region and the 6.7 K/gp19 K 
of E3 region were substituted by the exogenous 
genes. And then, when adenoviruses infect and 
replicate in tumor cells, the exogenous genes, 
usually anti-tumor genes, in the vector con-
trolled by the adenovirus endogenous E3 pro-

moter are also expressed 
in the tumor cells and 
against uncontrolled tumor 
cells. In the present study, 
most importantly, human 
adenovirus serotype 11 
(Ad11) with a fiber different 
from that of Ad5 can entry 
cells which could secret 
complement regulatory pro-
teins CD46 (a specific 
membrane protein) to cyto-
membrane. Ad11 adenovi-
ral vector is an alternative 
means for cancer therapy, 
especially leukemia. We 
constructed AdCN205-11-
EGFP and AdCN205-11-
IL24 by the fibers on the 
human adenovirus type 5 
(Ad5) replacing with the 
human adenovirus type 11 
(Ad11). The structures  
of AdCN205-GFP, AdCN- 
205-IL24, AdCN205-11-
GFP and AdCN205-11-IL24 
were shown in Figure 1A.

Selective replication chi-
meric oncolytic adenoviral 
vectors in vitro

In order to transduce the 
IL-24 gene into chronic 
myeloid leukaemia (CML) 
cells with high efficiency, 

Figure 1. Construction and characterization of chimeric oncolytic adenoviral vec-
tors. A. Structures of chimeric oncolytic adenoviral vectors carrying EGFP and 
IL-24. Schematic description of the structures of AdCN205, AdCN205-11-GFP 
and AdCN205-11-IL24. In AdCN205, the E1A promoter was replaced by hTERT 
promoter and deletion of the adenoviral genome 923 to 946 nucleotides, which 
enables viral replication within malignant cells with abnormal RB functions. The 
fibers on the human adenovirus type 5 (Ad5) replacing with the human adeno-
virus type 11 (Ad11). In AdCN205-GFP, AdCN205-IL-24, AdCN205-11-GFP and 
AdCN205-11-IL-24, were substituted by GFP reporter gene and hIL-24 thera-
peutic gene, respectively. B. Selective replication of recombinant adenoviruses 
in vitro. The Chronic myeloid leukaemia cell lines (K562) and normal cell lines 
(L02) were infected with Ad-wt, AdCN205-EGFP, AdCN205-IL-24, AdCN205-11-
EGFP and AdCN205-11-IL-24 at a MOI of 10. After 48 h, the supernatants and 
cells were collected separately. The cells were resuspended in PBS and subject-
ed to three freeze-thaw cycles. The virus yield was measured in supernatants 
and cell lysates. *P<0.01 as compared with groups of AdCN205-EGFP or Ad-wt 
group. IL-24, interleukin-24; CML, chronic myeloid leukemia; MOI, multiplicity of 
infection.

our group engineered recombinant oncolytic 
adenoviral vectors carrying IL-24 (AdCN205-11-
EGFP and AdCN205-11-IL-24). To examine 
whether transgenes could interfere with the 
selective replication ability of recombinant ade-
noviruses, a progeny assay was made in CML 
cells (K562) and normal cells (L02) infected 
with Ad-wt, AdCN205-EGFP, AdCN205-IL-24, 
AdCN205-11-EGFP and AdCN205-11-IL-24 at 
MOI of 10. As shown in Figure 1B. AdCN205-
11-IL-24 and AdCN205-11-EGFP replicated at 
similar levels in CML cells, which were compa-
rable to CML cells infected with Ad-wt,AdCN205-
EGFP, AdCN205-IL-24. In contrast, the replica-
tion capacity of these vectors was much 
reduced in normal cells. These data indicated 
that expression of IL-24 and EGFP did not affect 
the selective replication ability of oncolytic 
vectors.
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To confirm whether exogenous gene could be 
expressed properly in the CML cells infected 
with oncolytic adenoviruses, the K562 cell 
lines was infected with AdCN205-EGFP, 
AdCN205-11-EGFP or Ad-wt at the MOI of 10. 
Our results showed that the K562 cells infect-
ed with AdCN205-11-EGFP expressed a high 

level of EGFP protein and as compared with the 
K562 cells infected with AdCN205-EGFP or 
Ad-wt by observed under a fluorescence micro-
scope. Figure 3A.

To estimate the transduction efficiency of the 
recombinant oncolytic adenoviral, K562 cells 

Figure 2. Induction of cytotoxicity by chimeric oncolytic adenoviral vectors in vitro. A. Chronic myeloid leukaemia 
cell lines (K562) and normal cell lines (L02) were infected with Ad-wt, AdCN205-EGFP, AdCN205-IL-24, AdCN205-
11-EGFP and AdCN205-11-IL-24 at a MOI of 10. Cell viability was determined by (3-(4,5-dimethylthiazol-2-yl)-2, 
5-dipenyltetrazolium bromide) assay at 24 h, 48 h, 72 h, and 96 h after infection. B. K562 and L02 cells were 
infected with Ad-wt, AdCN205-IL-24 and AdCN205-11-IL-24 at different MOIs. Cell viability was determined by (3-(4, 
5-dimethylthiazol-2-yl)-2,5-dipenyltetrazolium bromide) assay at 48 h after infection. The cell viability was calculated 
as a percentage with respect to cells without viral infection. Data were presented as the means ± standard deviation 
of three independent experiments. *P<0.01 as compared with groups of AdCN205-EGFP or Ad-wt. IL-24, interleu-
kin-24; CML, chronic myeloid leukemia; MOI, multiplicity of infection.
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were infected with Ad-wt, AdCN205-EGFP, or 
AdCN205-11-EGFP at an MOI of 10 for 48 h, 
and then analyzed by flow cytometry. Figure 3B. 
The AdCN205-11-EGFP was illustrated specific-
ity selective replication ability to K562 cells 
then Ad-wt or AdCN205-EGFP.

Thus, these results indicated that chimeric 
oncolytic adenoviral vectors armed with IL-24 
could selectively replicate in CML cells, but not 
in normal cells.

Cytotoxicity induced by chimeric oncolytic ad-
enoviral vectors in Chronic myeloid leukaemia 
cells in vitro

To investigate the antitumor ability of the 
recombinant adenoviruses with therapeutic 
gene mda-7/IL-24 to wreck tumor cells, we con-
ducted cytotoxicity assay of the cells after 

infection with chimeric oncolytic adenoviruses. 
The chronic myeloid leukaemia (CML) cell lines 
(K562) and a normal cell line (L02) were infect-
ed with Ad-wt, AdCN205-EGFP, AdCN205-IL-24, 
AdCN205-11-EGFP and AdCN205-11-IL-24 at 
an MOI of 10. And cell survival was determined 
by MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-dipen-
yltetrazolium bromide) assay. As shown in 
Figure 2, The AdCN205-EGFP, AdCN205-IL-24, 
and Ad-wt could induce apparent cytotoxicity to 
CML cells at a similar level in a time-dependent 
manner. Moreover, AdCN205-11-IL-24 could 
significantly reduce the viability of CML cells, as 
compared with that induced by Ad-wt, 
AdCN205-EGFP, AdCN205-IL-24 or AdCN205-
11-EGFP. In contrast, oncolytic adenoviruses 
AdCN205-11-EGFP and AdCN205-11-IL-24 did 
not induce equal cytotoxicity to normal cell line 
L02. Furthermore, we observed increased cyto-

Figure 3. Specific selective replication of recombinant adenoviruses in vitro. A. Representative photomicrographs 
was obtained from K562 cells infected with AdCN205-EGFP AdCN205-11-EGFPor Ad-wt at a MOI of 10. Original 
magnification, 200×. B. The transduction efficiency of the virus, K562 cells were infected with Ad-wt, AdCN205-
EGFP, AdCN205-11-EGFP at a MOI of 10 for 48, 96 h, and then subjected to flow cytometric analysis. CML, chron-
ic myeloid leukemia; MOI, multiplicity of infection. C. Detection of IL-24 in K562 cells after infection with Ad-wt, 
AdCN205-EGFP, AdCN205-IL-24, AdCN205-11-EGFP and AdCN205-11-IL-24 at a MOI of 10. The total protein from 
those treated cells after 48 h of infection was subjected to western blotting with antibodies against total IL-24 and 
β-actin. IL-24, interleukin-24; CML, chronic myeloid leukemia; MOI, multiplicity of infection.



IL-24-expressing oncolytic adenovirus targeting CML

3781 Int J Clin Exp Pathol 2015;8(4):3775-3784

toxicity to CML cells in a dose-dependent man-
ner, as compared with that induced by AdCN- 
205-EGFP, AdCN205-IL-24or Ad-wt (Figure 3B). 
These result suggested that AdCN205-11-EGFP 

sis pathways was evaluated by western blot-
ting. As shown in Figure 4C, the cleavage of 
caspase 3 and PARP was obviously increased 
in K562 cells treated with AdCN205-11-IL-24, 

Figure 4. Expression of IL-24 and Induction of cell apoptosis in CML cells after 
infection with AdCN205-11-IL-24 in vitro. A. Chronic myeloid leukaemia cells 
were stained with Hoechst 33342 after infection with Ad-wt, AdCN205-EGFP, 
AdCN205-IL-24 AdCN205-11-EGFP and AdCN205-11-IL-24 at a MOI of 10 for 
48 h. Arrows indicated positive apoptotic cells. Original magnification, ×100. B. 
Detection of apoptosis by staining with anti-annexin V in K562 cells after infec-
tion with Ad-wt, AdCN205-IL-24 and AdCN205-11-IL-24 at a MOI of 10, after 
48 h by the Flow cytometric analysis. C. Detection of cleaved caspase 3 and 
PARP in K562 cells after infection with Ad-wt, AdCN205-EGFP, AdCN205-IL-24, 
AdCN205-11-EGFP and AdCN205-11-IL-24 at a MOI of 10. The total protein from 
those treated cells after 48 h of infection was subjected to western blotting with 
antibodies against total cleaved caspase 3 and PARP and β-actin. IL-24, inter-
leukin-24; CML, chronic myeloid leukemia; MOI, multiplicity of infection.

and AdCN205-11-IL-24 can 
selectively replicate in can-
cer cells and AdCN205-11-
IL-24 displayed a powerful 
efficacy in killing CML cells 
in vitro.

Induction of apoptosis in 
Chronic myeloid leukaemia 
cells after infection with 
chimeric oncolytic adenovi-
ral vectors 

To confirm whether exoge-
nous expression of IL-24 
could induce apoptosis in 
CML cells, CML cells were 
infected with Ad-wt, AdCN- 
205-EGFP, AdCN205-IL-24 
AdCN205-11-EGFP and Ad- 
CN-205-11-IL-24 at an MOI 
of 10 for 48 h. Figure 4A 
shows that infection of 
K562 cell with AdCN205-
11-IL-24 led to remarkably 
morphological changes re- 
presenting apoptosis. Evid- 
ence of apoptotic cell death 
was revealed by features 
such as chromatin conden-
sation in K562 cells. Fluore- 
scence-activated cell sort-
ing analysis was performed 
to examine apoptosis indu- 
ced by AdCN205-11-IL-24. 
Our results indicated that 
the apoptotic proportion in- 
duced by AdCN205-11-IL- 
24 was significantly higher 
than that induced by AdCN- 
205-11-EGFP, AdCN205-
EGFP, AdCN205-IL-24 or Ad- 
wt. Figure 4B. Furthermore, 
activation of the caspase-
dependent apoptosis path-
way was examined to ex- 
plore the mechanism of 
CML cell apoptosis. Expres- 
sion of key proteins invol- 
ved in the extrinsic apopto-
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as compared with Ad-wt, AdCN205-EGFP, 
AdCN205-IL-24, AdCNE205-11GFP or phos-
phate-buffered saline (PBS). These results sug-
gested that AdCN205-11-IL-24 could remark-
ably induce the apoptosis of k562 cells by acti-
vation of the caspase-dependent apoptosis 
pathway. Figure 4C. 

Discussion

Chronic myeloid leukemia (CML) is a clonal 
myeloproliferative disorder characterized by 
the Philadelphia (Ph) chromosome, which 
results from t (9; 22) balanced reciprocal trans-
location. The molecular consequence of the Ph 
chromosome is the generation of the BCR-ABL 
oncogene that encodes for the chimeric BCR-
ABL oncoprotein, with constitutive kinase activ-
ity that promotes the growth advantage of leu-
kemic cells [2, 3]. This represents a critical 
issue in the effort to design molecular 
therapies.

Conventional therapeutic options include inter-
feron-based regimens and stem cell transplan-
tation, with stem cell transplantation being the 
only curative therapy. Through rational drug 
development, STI571, a Bcr-Abl tyrosine kinase 
inhibitor, has emerged as a paradigm for gene 
product targeted therapy, offering new hope for 
expanded treatment options for patients with 
CML [4]. Biological therapies, including gene 
therapy, have shown great promise for the 
treatment of CML. However, present strategies 
are not effective enough to eliminate cancer 
completely, particularly in human patients. 
Therefore, it is needed to explore the potent 
vectors and therapeutic genes for this 
purpose.

Studies by researchers have uncovered many 
of mda-7/IL-24’s unique properties, including 
cancer-specific apoptosis induction cell cycle 
regulation, an ability to inhibit angiogenesis, 
potent “bystander antitumor activity” and a 
capacity to enhance the sensitivity of tumor 
cells to radiation, chemotherapy and monoclo-
nal antibody therapy. The mda-7/IL-24 repre-
sents a unique cytokine gene with potential for 
therapy of human cancers [22, 23]. Our 
previous work has confirmed that mda-7/IL-24 
exerted strong antitumor activity ability in vitro 
and in vivo [18]. Clinical trial with replication-
defective adenovirus expressing IL-24 has 
shown a safe profile and some partial respons-

es in patients with cancers. In this study, we 
investigated whether IL-24 could be used as 
therapeutic gene for treatment of CML.

To get targeting of chronic myeloid leukemia 
cells and improved safety in normal cells, it is 
needed to apply replication-competent viral 
vectors. It has shown that oncolytic adenovi-
ruses could transduce tumor cells effectively 
and exhibit safety profile [29, 30]. Our previous 
studies have constructed double-regulated 
oncolytic adenoviral vectors (AdCN205-EGFP 
and AdCN205-IL-24) that could target human 
telomerase reverse transcriptase and retino-
blastoma pathways [15]. These double-regulat-
ed oncolytic adenoviral vectors showed that 
expression of transgenes was restricted to 
tumor cells. The high level of expression of 
IL-24 and adenoviral greatly improved the onco-
lytic effects of this vector under both in vitro 
and in vivo conditions. At the same time, we 
also had constructive of oncolytic adenoviral 
vectors that the fibers on the human adenovi-
rus type 5 (Ad5) replacing with the human ade-
novirus type 11 (Ad11) can only targeting speci-
ficity selective replication of recombinant ade-
noviruses in leukemia cells. This vector only 
selectively infects and replicates in chronic 
myeloid leukemia cells [20, 31, 32]. Therefore, 
we used this triple-regulated chimeric oncolytic 
adenovirus AdCN205-11-IL-24 vector to deliver 
IL-24 gene (AdCN205-11-EGFP and AdCN205-
11-IL-24) for the therapy of CML cells. 

Our results showed that AdCN205-11-IL-24 
exerted much strong cytotoxicity to CML cells 
compared with that induced by control vector 
AdCN205-EGFP, AdCN205-IL-24 or Ad-Wt. 
AdCN205-EGFP, AdCN205-11-EGFP and Ad-Wt 
induced similar cytotoxicity to CML cells. Our 
data revealed that the cytotoxic effect of the 
AdCN205-11-IL-24 is much higher than that 
induced by Ad-wt, AdCN205-EGFP, AdCN205-
IL-24. In contrast, both AdCN205-11-EGFP and 
AdCN205-IL-24 did not induce cytotoxic effect 
to normal cells. We also demonstrated that 
transfer of IL-24 gene by AdCN205-11-IL-24 
could dramatically expression in CML cells and 
AdCN205-IL-24 can hardly be detected. These 
data indicated that our newly constructed chi-
meric oncolytic adenoviral vectors not only 
maintained their intrinsic capacity of viral repli-
cation in tumor cells but also induced high and 
sustained expression of therapeutic gene. 
These results indicated that strong cytotoxic 
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effect of AdCN205-11-IL-24 on CML cells might 
be induced by alternation of cell cycle and 
induction of cells’ apoptosis. Our data further 
demonstrated that AdCN205-11-IL-24 could 
induce cell apoptosis by induction of cleavage 
of caspase 3 and PARP, the important mecha-
nisms for induction of the caspase-dependent 
cell apoptosis [33]. The study suggested that 
AdCN205-11-IL-24 could induce CML cell apop-
tosis through the activation of the caspase-
dependent apoptosis pathway. The studies 
have also shown that arming oncolytic adenovi-
rus with suicide gene or cytokine gene can also 
significantly increase therapeutic index [33, 
34].

In conclusion, we successfully constructed an 
efficient tumor-selectively triple-regulated chi-
meric oncolytic adenovirus AdCN205-11-IL-24, 
which was can selectively replicate in chronic 
myeloid leukemia cells and exhibit remarkable 
antitumor activity in vitro. Introduction of the 
IL-24 gene in the triple-regulated chimeric onco-
lytic adenovirus resulted could induce CML 
cells’ apoptosis through the activation of the 
caspase-dependent apoptosis’ extrinsic path-
way in vitro. These data indicated that this new 
types of AdCN205-11-IL-24 can provide potent 
and safe tool for the therapy of chronic myeloid 
leukemia cancers.
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