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RECOMBINANT ADENOVIRUSES AND STEM CELLS COMPRISING SAME 

 

 

TECHNICAL FIELD 

[0001]  The present invention relates to a recombinant adenovirus having an 5 

excellent ability to regulate the expression of cancer-specific genes and to be 

introduced into stem cells, a stem cell into which the recombinant adenovirus is 

introduced, and gene delivery and cancer-specific therapeutic agent using the same. 

 

BACKGROUND ART 10 

[0002]  As numerous advantages of adenoviruses as a gene delivery vector have 

been highlighted, the frequency of use of adenoviruses in cancer gene therapy 

continues to increase.  When cancer is treated with gene therapy, there is an 

advantage that the long-term and continuous expression of therapeutic genes is not 

required.  In addition, since immune responses of a host, induced by a virus used 15 

as a vector, are not very problematic or rather act as an advantage, adenoviruses 

have been spotlighted as gene carriers for cancer treatment.  In particular, cancer 

cell (tumor)-selective killing adenoviruses (Oncolytic adenovirus), which are 

capable of proliferating only in cancer cells, do not affect normal cells and can 

selectively kill only cancer cells, and thus are receiving attention as a next-20 

generation therapeutic agent. 

[0003]  However, when an adenovirus is administered systemically as a gene 

therapeutic agent, the adenovirus accumulates in liver tissue to induce toxicity, or 

has a short in-vivo retention time due to a neutralizing antibody produced in the 

blood, thus reducing the efficiency of delivering the adenovirus to a target tumor 25 
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site.  Therefore, there is an unmet need to develop a gene therapeutic agent that, in 

gene therapy, maintains the advantages of an adenovirus and exhibits an enhanced 

ability to target a tumor site and enhanced transduction efficiency. 

[0004]  One of the carriers of a gene therapeutic agent is mesenchymal stem cells 

(MSCs).  MSCs can be easily isolated from various tissues such as bone marrow 5 

and are easily cultured and proliferated in vitro.  In addition, when administered 

into the body, MSCs move to a damaged site and replace damaged cells, and 

secrete various growth factors and cytokines, thereby providing the effects of 

suppressing disease and promoting the regeneration of the damaged site.  In 

addition, MSCs possess the ability to migrate to tumors due to tumor tropism 10 

characteristics thereof, and do not express co-stimulatory molecules, resulting in 

reduced or no immune rejection responses, and thus can be administered 

systemically, and MSCs are also advantageous in that both self-treatment and 

allogeneic therapy for many patients are possible. 

[0005]  Thus, efforts have been actively made to develop various regenerative stem 15 

cell therapies using these MSCs, which have no immunogenicity and have the 

ability to target tumors.  As a part of the efforts, attempts have been made to 

develop a cell/gene therapyusing MSCs and an adenovirus-mediated gene 

therapeutic agent, but there is a problem in that specific receptor-deficient MSCs 

are not infected with an adenovirus, and thus, until now, there are difficulties in 20 

using MSCs as an adenovirus carrier. 

[0006]  Moreover, there is a continuous need to develop a therapeutic agent that can 

be used for allogeneic treatment for many patients, rather than autogenous 

treatment, for the development of the gene therapeutics industry, and to develop a 
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preparation method capable of increasing quality consistency and reducing 

manufacturing costs. 

 

DESCRIPTION OF EMBODIMENTS 

TECHNICAL PROBLEM 5 

[0007]  The inventors of the present invention had continuously researched a 

method that can address the disadvantages of conventional adenoviruses, which 

cannot be administered systemically and have low efficiency of introduction into 

stem cells, and that can deliver, after injected into the body, adenoviruses to a target 

site with high efficiency, and as a result, developed adenoviruses exhibiting an 10 

excellent capacity of being introduced into stem cells even at a low concentration 

and an excellent ability to regulate the expression of cancer-specific genes, and 

stem cells into which the adenoviruses are introduced, and confirmed that, when the 

stem cells were used, systemic administration of an adenovirus was possible, the 

stem cells did not cause problems such as hepatotoxicity due to an excellent ability 15 

thereof to target cancer and had an excellent cancer cell-specific killing effect, thus 

completing the present invention. 

 

TECHNICAL SOLUTION 

[0008]  According to an aspect of the present invention, there is provided a 20 

recombinant adenovirus comprising a serotype 35 fiber knob and exhibiting an 

enhanced ability to be introduced into stem cells. 

[0009]  The serotype 35 fiber knob may consist of a sequence of SEQ ID NO: 1 
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[0010]  The recombinant adenovirus may further comprise a gene expression 

regulatory sequence that regulates the expression of a target gene, and the target 

gene. 

[0011]  Specifically, the recombinant adenovirus may comprise: a gene expression 

regulatory sequence comprising, in a 5' to 3' direction, (a) a sequence of 6 copies of 5 

a hypoxia-response element (HRE), (b) a sequence of 2 copies of alpha-fetoprotein 

(AFP) enhancer A, (c) a sequence of one copy of AFP promoter enhancer B, and (d) 

an AFP promoter sequence; a target gene that is operatively linked to the gene 

expression regulatory sequence; and a serotype 35 fiber knob sequence. 

[0012]  The present invention also provides a mesenchymal stem cell (MSC) 10 

comprising the recombinant adenovirus. 

[0013]  The mesenchymal stem cell may be a mesenchymal stem cell, for treating a 

cancer, comprising a recombinant adenovirus comprising a target gene and a 

sequence of SEQ ID NO: 1. 

[0014]  The recombinant adenovirus may further comprise a gene expression 15 

regulatory sequence that regulates the expression of the target gene. 

[0015]  The gene expression regulatory sequence may comprise an AFP promoter 

sequence of SEQ ID NO: 5 or a TERT promoter sequence of SEQ ID NO: 8. 

[0016]  The mesenchymal stem cell may be infected for 50 hours or less with a 

recombinant adenovirus comprising a target gene and a sequence of SEQ ID NO: 1 20 

at a concentration of greater than 0.01 MOI to less than 100 MOI. 

[0017]  The composition is for systemic administration or local administration. 

 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0018]  A recombinant adenovirus of the present invention has an excellent ability 25 
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to be introduced into stem cells and to regulate the expression of a specific gene, 

and thus has a characteristic capable of being introduced into stem cells even at a 

low concentration.  In particular, when the adenovirus of the present invention is 

used, stem cells are highly transfected therewith even at a low concentration, and 

thus the proportion of stem cells that die in an adenovirus transduction process is 5 

low, resulting in enhanced preparation efficiency of a gene therapeutic agent.  In 

addition, an adenovirus-introduced stem cell of the present invention has further 

enhanced viability and cancer cell-killing capacity.  The adenovirus of the present 

invention loaded in the stem cell is able to self-proliferate, and thus, when applied 

to gene therapy, the stem cell can exhibit enhanced therapeutic effects.  Further,  10 

the injected stem cells do not remain in the body, thus not causing side effects.  In 

addition, an adenovirus-loaded stem cell of the present invention and a composition 

comprising the same are more suitable for systemic administration compared to 

other adenovirus therapeutic agents, do not cause hepatotoxicity, can be enable 

allogeneic therapy due to no occurrence of immune responses, and can reduce 15 

therapeutic agent costs. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0019]  FIG. 1 illustrates the promoter regions and sizes of plasmids in which 

luciferase expression is regulated by a recombinant AFP promoter produced 20 

according to an embodiment of the present invention. 

[0020]  FIG. 2 is a graph showing the results of confirming the liver cancer-specific 

activity of a recombinant AFP promoter produced according to an embodiment of 

the present invention. 
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[0021]  FIG. 3 illustrates the structures of shuttle vectors of adenovirus into which a 

promoter is inserted and in which gene expression is regulated produced according 

to an embodiment of the present invention. 

[0022]  FIG. 4 illustrates the homologous recombination processes and structures of 

non-replicable adenoviruses with liver cancer-specific promoters produced 5 

according to an embodiment of the present invention. 

[0023]  FIG. 5 illustrates a process of constructing an adenovirus in which gene 

expression is regulated by a modified AFP promoter according to an embodiment of 

the present invention. 

[0024]  FIGS. 6A, 6B, 6C, 6D, 6E, and 6F are graphs showing the results of 10 

confirming the presence or absence of the gene expression activities of recombinant 

adenoviruses with liver cancer-specific promoters loaded therein and produced 

according to an embodiment of the present invention, depending on cell lines, and 

of confirming an increase in gene expression thereof in a hypoxia state.  FIGS. 6A 

to 6D illustrate experimental results of liver cancer cell lines, FIG. 6E illustrates the 15 

results of a normal cell line, and FIG. 6F illustrates the results of a lung cancer cell 

line (A549). 

[0025]  FIG. 7 illustrates the results of confirming, by fluorescence, the degree of 

GFP expression in tumor tissue of adenoviruses with liver cancer-specific 

promoters produced according to an embodiment of the present invention. 20 

[0026]  FIG. 8 illustrates the structures of liver cancer-specific oncolytic adenovirus 

shuttle vectors in which the replication of the adenoviruses is regulated by modified 

AFP promoters. 
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[0027]  FIG. 9 illustrates the homologous recombination processes and structures of 

liver cancer-specific oncolytic adenoviruses in which the replication of the 

adenoviruses is regulated by modified AFP promoters. 

[0028]  FIGS. 10A, 10B, 10C, 10D, and 10E are graphs showing the results of 

confirming the killing effects of oncolytic adenoviruses with liver cancer-specific 5 

promoters constructed according to an embodiment of the present invention, 

depending on the type of cell line, wherein FIGS. 10A, 10B, and 10C illustrate 

HCC-specific killing effects in liver cancer cell lines, and FIGS. 10D and 10E 

illustrate the presence or absence of killing in a normal cell line and killing effects 

under a normoxia condition and under a hypoxia condition, respectively. 10 

[0029]  FIG. 11 illustrates the results of confirming the replication capabilities of 

recombinant adenoviruses with liver cancer-specific promoters constructed 

according to an embodiment of the present invention under normoxic and hypoxic 

conditions. 

[0030]  FIG. 12 illustrates the results of confirming, through fluorescence staining 15 

in spheroid-cultured liver cancer tissue (Hep3B organoid system), the replication 

capabilities of recombinant adenoviruses with liver cancer-specific promoters 

constructed according to an embodiment of the present invention at a normoxia 

concentration (tumor peripheral regions; normoxia, red boxes) and at a hypoxia 

concentration (tumor central regions; hypoxia, blue boxes). 20 

[0031]  FIG. 13 illustrates the results of confirming the proliferative capabilities and 

antitumor effects (necrocytosis) of recombinant adenoviruses with liver cancer-

specific promoters constructed according to an embodiment of the present invention 

in a liver cancer subcutaneous xenograft model (AFP+ Hep3B xenograft model). 
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[0032]  FIG. 14 illustrates the results of confirming the antitumor effects of 

recombinant adenoviruses with liver cancer-specific promoters constructed 

according to an embodiment of the present invention in a liver cancer orthotopic 

xenograft model. 

[0033]  FIG. 15 is a set of graphs showing the results of confirming the antitumor 5 

effects of recombinant adenoviruses with liver cancer-specific promoters 

constructed according to an embodiment of the present invention. 

[0034]  FIG. 16A illustrates a method of constructing a non-replicable adenovirus 

expressing an adenovirus serotype 35 fiber (K35). 

[0035]  FIG. 16B illustrates a method of constructing a non-replicable adenovirus 10 

expressing RGD at an adenovirus fiber terminal end. 

[0036]  FIG. 16C illustrates the results of confirming the transduction efficiency 

into mesenchymal stem cells according to adenovirus fiber modification. 

[0037]  FIG. 17 illustrates the results of confirming the gene delivery efficiencies of 

recombinant adenoviruses constructed according to an embodiment of the present 15 

invention according to adenovirus fiber modification. 

[0038]  FIG. 18 is a set of graphs showing the results of confirming, through MTT 

assay, the cancer cell-killing efficacy by an oncolytic adenovirus loaded in 

mesenchymal stem cells, constructed according to an embodiment of the present 

invention and the results of confirming, through Q-PCR, the viral proliferative 20 

capacity thereof in mesenchymal stem cells. 

[0039]  FIG. 19 illustrates a process of establishing a human liver cancer orthotopic 

model according to an embodiment of the present invention. 
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[0040]  FIG. 20 is a luminescence (luciferase) image confirming the generation and 

growth of a tumor in a human liver cancer orthotopic model established according 

to an embodiment of the present invention. 

[0041]  FIG. 21 is a set of luminescence (luciferase, Luc) images showing the 

results of confirming targeting of tumor tissue in the body and the proliferative 5 

capacity of an adenovirus when Ad-MSC constructed according to an embodiment 

of the present invention was administered. 

[0042]  FIG. 22 illustrates the homogenous combination process and structure of a 

liver cancer-targeting oncolytic adenovirus capable of gene transduction into MSCs 

constructed according to an embodiment of the present invention. 10 

[0043]  FIGS. 23A and 23B illustrate the homogenous combination process and 

structure of a Luc-expressing, liver cancer-targeting oncolytic adenovirus capable 

of gene transduction into MSCs constructed according to an embodiment of the 

present invention. 

[0044]  FIGS. 24A and 24B illustrate the results of comparing gene transduction 15 

efficiencies according to adenovirus fiber modification in mesenchymal stem cells 

in which adenoviruses constructed according to an embodiment of the present 

invention were loaded, wherein FIG. 24B illustrates efficient induction of the 

expression of the Luc gene through proliferation of the adenoviruses in 

mesenchymal stem cells in which adenoviruses constructed according to an 20 

embodiment of the present invention were loaded. 

[0045]  FIG. 25 illustrates the structure of a therapeutic gene-expressing, liver 

cancer-targeting adenovirus for loading in stem cells according to an embodiment 

of the present invention. 
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[0046]  FIG. 26 illustrates the homologous recombination process and structure of a 

sLRP6-expressing, liver cancer-targeting adenovirus for loading in stem cells 

according to an embodiment of the present invention. 

[0047]  FIG. 27 is a set of graphs for comparing the killing effects of a liver cancer-

specific oncolytic adenovirus constructed according to an embodiment of the 5 

present invention according to types of cell lines (liver cancer cells (Hep3B, huh7, 

and Hep1) and normal cells (HDF)). 

[0048]  FIG. 28 is a graph showing the results of confirming the MSC-killing 

potency of a liver cancer-specific oncolytic adenovirus constructed according to an 

embodiment of the present invention, wherein, in the graph, the vertical axis 10 

denotes the cell viability of MSCs and the horizontal axis denotes the dose of an 

adenovirus (Ha2bm-d19-k35/sLRP6) which infected mesenchymal stem cells, and 

each treatment group denotes elapsed time (day 2 and day 5) after infection. 

[0049]  FIG. 29 is a graph showing the results of confirming the proliferative 

capacity of an adenovirus in mesenchymal stem cells in which a liver cancer-15 

specific oncolytic adenovirus constructed according to an embodiment of the 

present invention is loaded, wherein, in the graph, the vertical axis denotes the 

number of adenoviruses (Ad genome copies, VP/ml) and the horizontal axis 

denotes the dose of an adenovirus (Ha2bm-d19-k35/sLRP6) which infected the 

MSCs, and each treatment group denotes elapsed time (day 2 and day 5) after 20 

infection  

[0050]  FIGS. 30A and 30B illustrate the results of confirming the in vivo antitumor 

effect of mesenchymal stem cells in which liver cancer-targeting oncolytic 

adenoviruses constructed according to an embodiment of the present invention are 

loaded. 25 



 11 

[0051]  FIG. 31 is a graph showing, as quantification values, the results of 

confirming the in vivo antitumor effect of mesenchymal stem cells in which a liver 

cancer-targeting oncolytic adenovirus constructed according to an embodiment of 

the present invention is loaded. 

[0052]  FIG. 32 illustrates the results of confirming, through ex vivo images, the 5 

antitumor effect of mesenchymal stem cells in which a liver cancer-targeting 

oncolytic adenovirus constructed according to an embodiment of the present 

invention is loaded. 

[0053]  FIGS. 33A and 33B are graphs for comparing, according to the difference in 

tumor weight (33A) or a flux value (33B), the antitumor effect of mesenchymal 10 

stem cells in which a liver cancer-targeting oncolytic adenovirus constructed 

according to an embodiment of the present invention is loaded. 

[0054]  FIG. 34 is a graph showing the results of confirming in-vivo changes in a 

liver damage index that were caused by mesenchymal stem cells in which a liver 

cancer-targeting oncolytic adenovirus constructed according to an embodiment of 15 

the present invention is loaded. 

[0055]  FIG. 35 is a graph showing the results of confirming the biodistribution of 

mesenchymal stem cells in which a liver cancer-targeting oncolytic adenovirus 

constructed according to an embodiment of the present invention is loaded, when 

systemically administered. 20 

[0056]  FIG. 36 is a set of images confirming liver cancer histological changes of 

stem cells in which liver cancer-specific oncolytic adenoviruses constructed 

according to an embodiment of the present invention are loaded. 
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[0057]  FIG. 37 is a set of images confirming liver cancer histological changes of 

stem cells in which liver cancer-specific oncolytic adenoviruses constructed 

according to an embodiment of the present invention are loaded. 

[0058]  FIGS. 38A, 38B, 38C, and 38D illustrate the results of confirming the 

structure and characteristics of WNTi-expressing HCC-targeting oAd according to 5 

an embodiment of the present invention, wherein FIG. 38A illustrates the structure 

of HCC-oAd-WNTi, FIG. 38B illustrates the results of confirming the expression 

of a Wnt signaling pathway-related gene, FIG. 38C illustrates the results showing 

the HCC-killing effect of HCC-oAd-WNTi, and FIG. 38D is a graph showing the 

HCC-killing potency of HCC-oAd-WNTi under hypoxic and normoxic conditions. 10 

[0059]  FIG. 39 is a graph showing the results of confirming the cancer cell-killing 

effect of HCC-oAd-WNTi-loaded mesenchymal stem cells (HCC-oAd-WNTi/MSC) 

according to an embodiment of the present invention, wherein an untreated group, a 

group treated with MSCs alone (MSC), and a group treated with naked Ad (HCC-

oAd-WNTi) were used as controls for experiments. 15 

[0060]  FIG. 40 illustrates the results of confirming the pharmacokinetic profile of 

HCC-oAd-WNTi-loaded mesenchymal stem cells (HCC-oAd-WNTi/MSC) 

according to an embodiment of the present invention. 

 

BEST MODE 20 

[0061]  The present invention provides a mesenchymal stem cell with a recombinant 

adenovirus loaded therein (Ad-MSC), the recombinant adenovirus having an 

excellent ability to be introduced into a mesenchymal stem cell even at a low 

concentration due to an excellent ability to deliver a gene into the mesenchymal stem 

cell, and exhibiting an excellent ability to regulate the expression of the gene, a 25 
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composition for delivering a gene, comprising the mesenchymal stem cell (Ad-MSC) 

of the present invention, and a composition for treating cancer comprising the 

mesenchymal stem cell (Ad-MSC) of the present invention. 

[0062]  Hereinafter, the present invention will be described in more detail. 

[0063]  As the present invention allows for various changes and numerous forms, 5 

particular embodiments set forth herein and descriptions are provided only to 

facilitate the understanding of the present invention, and are not intended to limit the 

present invention to particular forms of disclosure.  The scope of the present 

invention should be understood as encompassing all changes, equivalents, and 

substitutes that fall within the technical spirit and scope of the present invention. 10 

[0064]  According to an embodiment of the present invention, there is provided a 

recombinant adenovirus comprising a fiber sequence of SEQ ID NO: 1.  The 

present invention also provides a mesenchymal stem cell with the recombinant 

adenovirus introduced thereinto (Ad-MSC). 

[0065]  Adenoviruses are widely used as a gene delivery vector due to an 15 

intermediate sized genome, ease of manipulation, high titer, a wide range of target 

cells, and high infectivity.  Both ends of the genome have a 100-200 bp inverted 

terminal repeat (ITR), which is a cis-element necessary for DNA replication and 

packaging.  The E1 region (E1A and E1B) of the genome encodes proteins 

responsible for the regulation of transcription and transcription of host cell genes.  20 

The E2 region (E2A and E2B) encodes proteins involved in viral DNA replication.  

Among currently developed adenoviruses, E1 region-deleted replication-incompetent 

adenoviruses are widely used.  Meanwhile, the E3 region is removed from a general 

adenovirus vector to provide a site into which a foreign gene is inserted 
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(Thimmappaya, B. et al., Cell, 31:543-551(1982); and Riordan, J. R. et al., Science, 

245:1066-1073(1989)). 

[0066]  The adenovirus of the present invention comprises the fiber sequence of 

SEQ ID NO: 1.  Conventionally, the availability of adenoviruses as a carrier for 

gene or cell therapy has been researched, but these adenoviruses are rapidly removed 5 

in the blood or cause other immune responses, thus reducing therapeutic efficiency.  

To address this, loading of an adenovirus in a mesenchymal stem cell has been 

proposed, but the efficiency of introduction of an adenovirus into a mesenchymal 

stem cell is very low, and, when stem cells are infected with an adenovirus at a high 

concentration in order to enhance the introduction efficiency of the adenovirus, the 10 

viability of the stem cells is reduced, thus causing problems such as death of the stem 

cells before reaching a tumor site, and therefore, it is difficult to actually use 

adenovirus-loaded mesenchymal stem cells as a therapeutic agent. 

[0067]  However, in the case of a recombinant adenovirus comprising the fiber 

sequence of SEQ ID NO: 1 of the present invention, the efficiency of introduction 15 

thereof into a mesenchymal stem cell is significantly high, and the adenovirus has the 

ability to be introduced into the stem cell well even at a low virus concentration.  

Thus, in view that the disadvantages of adenoviruses and low efficiency of 

introduction into stem cells, which have been problems in conventional gene 

therapies, have been addressed, the present invention has very important patentability. 20 

[0068]  In one embodiment of the present invention, when the adenovirus of the 

present invention was introduced into a mesenchymal stem cell, it was confirmed 

that the viral vector was well introduced into the mesenchymal stem cell even at 0.02 

MOI (see FIG. 18).  In addition, in the case of using other vectors, viral vectors 

were not well introduced even at 100 MOI or 500 MOI (see FIGS. 17 and 24), 25 
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whereas, in the case of using the recombinant adenovirus of the present invention, 

the viral vector was introduced very well even at 5 MOI. 

[0069]  In the Ad-loaded mesenchymal stem cell of the present invention, to 

optimize anticancer effects using the same and the effect of delivering the Ad-loaded 

MSC to a target site, the amount of adenovirus (Ad) loaded in a stem cell may be 5 

adjusted. 

[0070]  Specifically, MSCs may be infected for 50 hours or less using an adenovirus 

at greater than 0.001 MOI to less than 100 MOI.  Preferably, MSCs may be infected 

therewith at 0.01 MOI to 100 MOI.  More particularly, MSCs may be infected for 

50 hours or less with serotype 35 knob-comprising Ad at a concentration of 50 MOI 10 

or less, greater than 0.01 MOI to 50 MOI, or 2 MOI to 10 MOI, thereby loading the 

adenovirus in the mesenchymal stem cells.  In this case, problems such as reduced 

viability of MSCs themselves due to an excessive amount of an adenovirus, can be 

addressed and the proliferation of Ad in MSCs can be optimized, and thus, when 

MSCs injected into the body reach a target site, a stronger anticancer effect may be 15 

obtained by the proliferation of Ad, thereby producing Ad-loaded MSCs with optimal 

conditions that make a balance between viral proliferation and MSC viability. 

[0071]  The adenovirus of the present invention may further comprise a gene 

expression regulatory sequence.  The gene expression regulatory sequence may be 

comprised in conventional adenoviruses, and any gene expression regulatory 20 

sequence known in the art to which the present invention pertains falls within the 

scope of the present invention without limitation. 

[0072]  The gene expression regulatory sequence may be inserted into a promoter 

sequence position of the E1A gene to regulate the expression of the E1A gene.  In 

addition, a gene expression regulatory sequence-expressing gene cassette of the 25 
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present invention is preferably inserted into a deleted E1 region (E1A region and/or 

E1B region, preferably an E1B region) and/or a deleted E3 region, more preferably, 

into a deleted E1 region.  In addition, the gene expression regulatory sequence-

expressing gene cassette of the present invention may also be inserted into a deleted 

E4 region.  The term "deletion" as used herein with regard to viral genomic 5 

sequences means that the corresponding sequence is completely or partially deleted. 

[0073]  In a specific embodiment, when the gene expression regulatory sequence of 

the present invention is located upstream of the E1A gene, i.e., when the gene 

expression regulatory sequence of the present invention is operatively linked to the 

E1A gene (HRE-Ea-Eb-AFPm-E1A), the replication of the recombinant adenovirus 10 

is regulated by the gene expression regulatory sequence of the present invention.  

When the gene expression regulatory sequence of the present invention is located in 

a deleted E3 gene region, the gene expression regulatory sequence may be inserted, 

in the form of a "gene expression regulatory sequence-target gene"-expressing 

cassette, into the deleted E3 gene region.  When the gene expression regulatory 15 

sequence of the present invention is located in a deleted E4 gene region, the gene 

expression regulatory sequence may be inserted, in the form of a "gene expression 

regulatory sequence-target gene"-expressing cassette, into the deleted E4 gene region. 

[0074]  A target gene, which is to be inserted into the recombinant adenovirus, may 

be inserted in the form of a cassette expressing promoter-target gene.  In this case, 20 

as the promoter, the gene expression regulatory sequence of the present invention 

(e.g., Ea-Eb-AFPm, Ea2-Eb-AFPm, or HRE6-Ea2-Eb-AFPm) or a general promoter 

may be used.  The general promoter which binds to the target gene may act on 

preferably animal cells, more preferably mammalian cells and regulate the 

transcription of the target gene, and comprises promoters derived from mammalian 25 
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viruses and promoters derived from the genomes of mammalian cells, for example, a 

U6 promoter, a H1 promoter, a cytomegalovirus (CMV) promoter, an adenovirus late 

promoter, a vaccinia virus 7.5K promoter, a SV40 promoter, a tk promoter of HSV, a 

RSV promoter, an EF1-α promoter, a metallothionein promoter, a β-actin promoter, a 

human IL-2 gene promoter, a human IFN gene promoter, a human IL-4 gene 5 

promoter, a human lymphotoxin gene promoter, a human GM-CSF gene promoter, 

an inducible promoter, cancer cell-specific promoters (e.g., a TERT promoter, a PSA 

promoter, a PSMA promoter, a CEA promoter, an E2F promoter, and an AFP 

promoter), and tissue-specific promoters (e.g., an albumin promoter), but the present 

invention is not limited thereto. 10 

[0075]  In an expression construct for expressing the target gene, a polyadenylation 

sequence is preferably bound downstream of the target gene.  The polyadenylation 

sequence comprises a bovine growth hormone terminator (Gimmi, E. R., et al., 

Nucleic Acids Res. 17:6983-6998(1989)), a SV40-derived polyadenylation sequence 

(Schek, N, et al., Mol. Cell Biol. 12:5386-5393(1992)), HIV-1 polyA (Klasens, B. I. 15 

F., et al., Nucleic Acids Res. 26:1870- 1876(1998)), β-globin polyA (Gil, A., et al, 

Cell 49:399-406(1987)), HSV TK polyA (Cole, C. N. and T. P. Stacy, Mol. Cell. 

Biol. 5:2104-2113(1985)), or polyomavirus polyA (Batt, D. B and G. G. Carmichael, 

Mol. Cell. Biol. 15:4783-4790(1995)), but the present invention is not limited thereto. 

[0076]  In addition, since an adenovirus can pack up to about 105% of the wild-type 20 

genome, about 2 kb can be additionally packed (Ghosh-Choudhury et al., EMBO 

J., 6:1733-1739(1987)).  Therefore, the foreign sequences described above, which 

are inserted into the adenovirus, may be further linked to the genome of the 

adenovirus. 
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[0077]  Foreign genes delivered by an adenovirus are replicated in the same manner 

as episomes, and the genetic toxicity against host cells is very low.  Therefore, it is 

determined that gene therapy using the adenovirus gene delivery system of the 

present invention is very safe. 

[0078]  The term "K35 fiber" as used herein refers to an adenovirus serotype 35 5 

fiber protein or a nucleotide sequence encoding the protein.  Adenoviruses are 70-

90 nm nonenveloped viruses with a capsid, wherein the capsid consists of the hexon, 

fiber, and penton base, which are three main exposed structural proteins, and a knob-

type protein which protrudes from a penton region, which is each of the vertexes of 

the capsid, is referred to as fiber.  An adenovirus binds to a receptor of a cell to be 10 

infected or the like via the fiber protein, and is known to exhibit different infections 

and symptoms according to serotype. 

[0079]  The sequence of the K35 fiber may comprise a nucleotide sequence of SEQ 

ID NO: 1, and preferably, may consist of a nucleotide sequence of SEQ ID NO: 1. 

[0080]  In one embodiment of the present invention, as a result of converting the 15 

fiber of an adenovirus that delivers a target gene into K35, it was confirmed that the 

gene was well introduced into a mesenchymal stem cell (MSC) even with a low 

concentration of the adenovirus.  It was also confirmed that, in the case of 

mesenchymal stem cells infected with an excessive concentration of a virus in order 

to introduce the adenovirus into the mesenchymal stem cells, the mesenchymal stem 20 

cells rather died, showing low viability, whereas, in the case of mesenchymal stem 

cells infected with a low concentration of the adenovirus, the adenovirus proliferated 

in the mesenchymal stem cells after loading of the adenovirus, and thus when 

administered, the stem cells exhibited a further enhanced anticancer effect. 
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[0081]  In one embodiment, the gene expression regulatory sequence comprised in 

the adenovirus of the present invention may further comprise: a gene expression 

regulatory sequence comprising, in a 5 'to 3' direction, (a) a hypoxia-response 

element (HRE) domain sequence, (b) an alpha-fetoprotein (AFP) promoter enhancer 

A sequence, (c) an AFP promoter enhancer B sequence, and (d) an AFP promoter 5 

sequence; and a target gene that is operatively linked to the gene expression 

regulatory sequence. 

[0082]  Therefore, the adenovirus of the present invention may be an adenovirus 

comprising: a gene expression regulatory sequence comprising, in a 5' to 3' direction, 

(a) a sequence of 6 copies of the hypoxia-response element (HRE), (b) a sequence of 10 

2 copies of alpha-fetoprotein (AFP) enhancer A, (c) a sequence of one copy of AFP 

promoter enhancer B, and (d) an AFP promoter sequence; a target gene that is 

operatively linked to the gene expression regulatory sequence; and a serotype 35 

fiber knob sequence. 

[0083]  In another embodiment, the adenovirus of the present invention may 15 

comprise a gene expression regulatory sequence comprising a 5MMTERT promoter 

and a target gene that is operatively linked to the gene expression regulatory 

sequence. 

[0084]  The gene expression regulatory sequence refers to a sequence capable of 

regulating expression so that the target gene can be expressed only under specific 20 

conditions. 

[0085]  As used herein, the term "AFP promoter" refers to a promoter that promotes 

the expression of the alpha-fetoprotein (AFP) protein, which is a serum protein 

highly expressed in the liver during yolk sac and fetal development stages.  Since 

the AFP protein is rarely detected except for adult liver cancer patients, it is used as a 25 



 20 

useful marker for liver cancer, and the level of AFP expression in serum considerably 

varies due to the difference in activity between enhancers that regulate the expression 

thereof.  Therefore, when an expression regulatory sequence consisting of a specific 

combination of AFP promoters and enhancers is used, a target/therapeutic gene to be 

delivered may be allowed to be specifically expressed in cancer cells.  The 5 

sequence of the AFP promoter may comprise a nucleotide sequence of SEQ ID NO: 

5. 

[0086]  As used herein, the term "HRE domain sequence" refers to a hypoxic-

reactive enhancer sequence.  Under hypoxic conditions, the expression of specific 

genes in a cell is regulated (Bunn and Poyton Physiol. Rev. 76:839-885(1996); 10 

Dachs and Stratford Br. J. Cancer 74:5126-5132(1996); Guillemin and Krasnow Cell 

89:9-12(1997)).  Most tumor cells receive an inadequate blood supply because 

tumor cells typically grow faster than endothelial cells that form blood vessels, which 

causes hypoxia in tumors.  These hypoxic conditions, which occur in most solid 

tumors, result in the production of survival factors such as glycolytic enzymes and 15 

proangiogenic factors, making them resistant to radiation and chemotherapy.  The 

primary mediator of the hypoxic response is transcriptional complex hypoxia 

inducible factor (HIF)-1α, which interacts with HRE at regulatory sites of various 

genes, and the genes comprise, for example, the vascular endothelial growth factor 

(VEGF) gene, and glycolytic enzyme-encoding genes such as enolase-1 and 20 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH).  The present invention may 

use HRE, which is a sequence that regulates the expression of genes in hypoxic 

conditions and interacts with HIF-1α.  In the present invention, the HRE not only 

can greatly enhance tumor cell selectivity of a recombinant adenovirus, but also 

serves to enhance the proliferative capacity of an adenovirus. 25 
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[0087]  According to an exemplary embodiment of the present invention, the gene 

expression regulatory sequence of the present invention may comprise a HRE 

sequence, and preferably, may comprise a HRE repeat sequence in order to enhance 

transcriptional activity by the HRE sequence.  More preferably, the gene expression 

regulatory sequence of the present invention may comprise 1 to 10 repeats, further 5 

more preferably 3 to 8 repeats, and most preferably 5 to 7 repeats, of the nucleotide 

sequence of SEQ ID NO: 6.  In one embodiment, the 6 copies of a hypoxia-

response element (HRE) domain sequence may comprise a sequence of SEQ ID NO: 

2. 

[0088]  The gene expression regulatory sequence may comprise an enhancer A 10 

sequence of SEQ ID NO: 3 to improve the expression efficiency of a gene to be 

delivered, and the enhancer A sequence may be comprised in the form of a repeat 

sequence.  In the repeat sequence of the present invention, the same sequence may 

be continuously repeated (immediately adjacent), or may also be discontinuously 

repeated with a linker nucleotide of an appropriate length interposed therebetween 15 

within a range that does not affect the activity of a promoter or enhancer. 

[0089]  Preferably, the enhancer A sequence comprised in the gene expression 

regulatory sequence of the present invention may be a sequence in which the 

nucleotide sequence of SEQ ID NO: 3 is repeated 1 to 10 times, further more 

preferably, repeated 2 to 6 times, and most preferably, repeated 3 to 5 times. 20 

[0090]  According to an exemplary embodiment of the present invention, the gene 

expression regulatory sequence of the present invention comprises, in the 5' to 3' 

direction, a HRE domain sequence, an enhancer A sequence, an enhancer B sequence, 

and an AFP promoter sequence.  In addition, preferably, the HRE sequence may be 

repeated six times, and the enhancer A sequence may be repeated twice. 25 
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[0091]  According to an exemplary embodiment of the present invention, the 

recombinant adenovirus of the present invention may further comprise a target gene 

that is operatively linked to the gene expression regulatory sequence. 

[0092]  As used herein, the term "operatively linked" refers to functional binding 

between a nucleic acid expression regulatory sequence (e.g., an array of promoters, 5 

signal sequences, or transcriptional regulator binding sites) and other nucleic acid 

sequences, and the regulatory sequence thereby regulates transcription and/or 

translation of the other nucleic acid sequences.  The type of gene (target gene) to be 

expressed, which is operatively linked to the gene expression regulatory sequence of 

the present invention, is not particularly limited. 10 

[0093]  The gene to be expressed may also be referred to as a target gene in terms of 

a gene to express the function of the gene at the target site, and the target gene may 

be a therapeutic gene.  The therapeutic gene may also be referred to as the term 

"therapeutic transgene" in the specification of the present invention.  As used herein, 

the term "therapeutic transgene" refers to a nucleotide sequence exhibiting the effect 15 

of alleviating or treating diseases or symptoms.  The therapeutic transgene may be, 

for example, a nucleotide sequence that is expressed in cancer cells and exhibits a 

therapeutic effect. 

[0094]  The target gene may be selected from the group consisting of, for example, 

a tumor suppressor gene, a suicide gene, an antigenic gene, an immune-enhancing 20 

gene, a cytotoxic gene, a cell proliferation inhibitory gene, an apoptotic gene, anti-

angiogenic gene, a metastasis inhibitory gene, an antibody gene, an 

immunomodulatory gene, and nucleotides that can be delivered by the vector of the 

present invention. 
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[0095]  As used herein, the term "tumor suppressor gene" refers to a nucleotide 

sequence that can be expressed in target cells to inhibit tumor phenotype or induce 

apoptosis.  Tumor suppressor genes useful in the practice of the present invention 

comprise the p53 gene, the APC gene, the DPC-4/Smad4 gene, the BRCA-1 gene, 

the BRCA-2 gene, the WT-1 gene, retinoblastoma genes (Lee et al., Nature, 1987, 5 

329,642), the MMAC-1 gene, adenomatous polyposis coil protein (U.S. Patent 

Publication No. 5,783,66), deleted colorectal carcinoma (DCC) genes, the MMSC-2 

gene, the NF-1 gene, a nasopharyngeal cancer suppressor gene located on 

chromosome 3p21.3 (Cheng et al. Proc. Nat. Acad. Sci, 95:3042-3047(1998)), the 

MTS1 gene, the CDK4 gene, the NF-1 gene, the NF-2 gene, and the VHL gene. 10 

[0096]  In the present invention, the foreign gene sequence to be delivered by an 

antitumor adenovirus into a cell is a cancer treatment gene that induces the death of 

cancer cells and ultimately degenerates tumors.  Examples of the cancer treatment 

gene comprise, but are not limited to, tumor suppressor genes, immunomodulatory 

genes [e.g., cytokine genes, chemokine genes, and costimulatory factors (auxiliary 15 

molecules necessary for T cell activation, such as B7.1 and B7.2)], antigenic genes, 

suicide genes, cytotoxic genes, cytostatic genes, pro-apoptotic genes, and anti-

angiogenic genes. 

[0097]  A suicide gene is a nucleic acid sequence that expresses a substance for 

inducing a cell to be easily killed by an external factor or induces toxic conditions in 20 

a cell.  A gene well-known as such a suicide gene is the thymidine kinase (TK) gene 

(U.S. Patent Nos.: 5,631,236 and 5,601,818).  TK gene product-expressing cells are 

susceptible to selective killing by administration of gancyclovir.  A tumor 

suppressor gene refers to a gene encoding a polypeptide that inhibits tumorigenesis.  

The tumor suppressor gene is a naturally occurring gene in mammals, and the 25 
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deletion or inactivation of this gene is believed to be a prerequisite for tumorigenesis.  

Examples of tumor suppressor genes comprise APC, DPC4, NF-1, NF-2, MTS1, 

WT1, BRCA1, BRCA2, VHL, p53, Rb, MMAC-1, MMSC-2, retinoblastoma genes 

(Lee et al. Nature, 329:642(1987)), the adenomatous polyposis coli protein (U.S. 

Patent No.: 5,783,666), the nasopharyngeal cancer suppressor gene that is located on 5 

chromosome 3p21.3 (Cheng et al. Proc. Nat .Acad. Sci., 95:3042-3047(1998)), 

deleted colon carcinoma (DCC) genes, MTS1, CDK4, VHL, p110Rb, and members 

of the INK4 family of tumor suppressor genes comprising p16 and p21, and 

therapeutically effective fragments thereof (e.g., p56Rb, p94Rb, and the like).  It 

will be understood by one of ordinary skill in the art that other known antitumor 10 

genes, in addition to the above-listed genes, may be used. 

[0098]  The term "antigenic gene" as used herein refers to a nucleotide sequence 

which is expressed in target cells to produce cell-surface antigenic proteins that can 

be recognized by the immune system.  Examples of such antigenic genes comprise 

carcinoembryonic antigens (CEAs), HER-2, prostate specific antigens (PSAs), and 15 

p53 (Levine, A., WO 94/02167).  To facilitate recognition of the antigenic gene by 

the immune system, the antigenic gene may be bound to a MHC I-type antigen. 

[0099]  The term "cytotoxic gene" as used herein refers to a nucleotide sequence 

exhibiting toxic effects through expression in a cell.  Examples of the cytotoxic 

genes comprise nucleotide sequences encoding Pseudomonas exotoxin, ricin toxin, 20 

diphtheria toxin, cytosine deaminase (CD), super-cytosine deaminase (Super-CD), 

thymidine kinase (TK), and the like. 

[00100]  The term "cytostatic gene" as used herein refers to a nucleotide sequence 

which is expressed in cells to stop a cell cycle during the same.  Examples of such 

cytostatic genes comprise, but are not limited to, p21, retinoblastoma genes, E2F-Rb-25 
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fused protein genes, cyclin-dependent kinase inhibitor-encoding genes (e.g., p16, p15, 

p18, and p19), and growth arrest specific homeobox (GAX) genes (WO 97/16459 

and WO 96/30385). 

[00101]  The term "apoptotic gene" as used herein refers to a nucleotide sequence 

that is expressed, resulting in programmed cell death.  Examples of these pro-5 

apoptotic genes comprise p53, TRAIL, MDA-7(IL-24), adenovirus E3-11.6K 

(derived from Ad2 and Ad45) or adenovirus E3-10.5K (derived from Ad), an 

adenovirus E4 gene, p53 pathway genes, and genes encoding caspases. 

[00102]  The term "anti-angiogenic gene" as used herein refers to a nucleotide 

sequence that is expressed, resulting in the extracellular secretion of anti-angiogenic 10 

factors.  Non-limiting examples of anti-angiogenic factors comprise vastatin, 

angiostatin, inhibitors of vascular endothelial growth factor (VEGF) such as Tie 2 

(PNAS, 95:8795-800(1998)), endostatin, VEGF decoy proteins, VEGF Trap, and 

VEGF siRNA. 

[00103]  "Metastasis inhibitory gene," which inhibits metastasis caused by infiltration, 15 

comprises, for example, BRMS1, CRSP3, DRG1, KAI1, KISS1, NM23, and various 

tissue inhibitors of metalloproteinase (TIMP). 

[00104]  As used herein, the term "antibody gene" refers to a nucleotide sequence 

that produces a specific antibody capable of inducing apoptosis of cancer cells by 

binding to antigens preferentially or exclusively expressed in cancer cells, unlike 20 

normal cells.  Examples of these antibody genes comprise nucleotide sequences 

encoding anti-DR4/DR5, anti-CTLA-4, anti-PD-1, anti-PD-L1, anti-Her2/neu, anti-

VEGF, anti-VEGFR, anti-cMet, anti-Survivin, anti-EGFR, anti-Wnt, anti-Ly49, and 

the like. 
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[00105]  As used herein, the term "immune-related gene (immune-modulating gene)" 

refers to all genes that regulate the expression of immune-related factors, and 

examples thereof comprise genes encoding cytokines (e.g., interferon-α, interferon-β, 

interferon-γ and interferon-δ), interleukins (e.g., IL-1, IL-2, IL-4, IL-6, IL-7, IL-10, 

IL-12, IL-17, IL-18, IL-19, IL-20, and IL-23), and colony-stimulating factors (e.g., 5 

GM-CSF and G-CSF), a chemokine group (monocyte chemotactic protein 1 (MCP-l), 

monocyte chemotactic protein 2 (MCP-2), monocyte chemotactic protein 3 (MCP-

3)), monocyte chemotactic protein 4 (MCP-4), macrophage inflammatory protein 1α 

(MIP-1α), macrophage inflammatory protein 1β (MIP-1β), macrophage 

inflammatory protein 1γ (MIP-1γ), macrophage inflammatory protein 3α (MIP-3α), 10 

macrophage inflammatory protein 3β (MIP-3β), an EBI1-ligand chemokine (ELC), 

macrophage inflammatory protein 4 (MIP-4), macrophage inflammatory protein 5 

(MIP-5), LD78β, RANTES, SIS-epsilon (p500), thymus and activation-regulated 

chemokine (TARC), an eotaxin, I-309, human protein HCC-l/NCC-2, human protein 

HCC-3, mouse protein C10), and costimulatory factors (auxiliary molecules 15 

necessary for T cell activation, such as B7.1 and B7.2). 

[00106]  In addition, the nucleotides that can be delivered by the vector of the present 

invention comprise CD44v3/6, adenovirus death proteins (ADPs), IFN-γ, HIF-1α 

siRNA, idolamine 2,3-dioxygenase2 (IDO2) siRNA, Wnt decoy proteins, VEGF 

decoy proteins, cMet siRNA, microRNA (microRNA-26A), miR-99a, miR-143, 20 

miR-193a-3p, miR-206, miR-506 (fokhead box Q1), shAkt1, shMYO6, sodium-

iodine symporter (NIS), HSV-TK, LMP2A/LMP1, IP-10/CXCL10, PF-

4var/CXCL4L1, oncostatin M, CD 147-targeted human-mouse chimeric antibodies, 

humanized antibodies, Lin28-targeted zinc finger proteins, VEGF-targeted zinc 

finger proteins, cMet-targeted zinc finger proteins, the Cas 9 protein and guiding 25 
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RNA, the TALEN protein, the TRAIL protein, or phosphatase and tensin homolog 

protein (PTEN)-encoding genes, and the therapeutic transgene of the present 

invention is not limited thereto.  The above-described miR-99a targets mTOR, 

AKT1, and FGFR3, and the miR-193a-3p targets the PSEN1 gene. 

[00107]  According to one embodiment of the present invention, the recombinant 5 

adenovirus of the present invention may further comprise fluorescent protein-

encoding nucleotides in a capsid protein-encoding nucleotide.  In this case, it is 

possible to provide a recombinant adenovirus whose location is easy to track in a cell 

into which the adenovirus is inserted. 

[00108]  According to the present invention, when a fluorescent marker protein is 10 

inserted into a protein constituting the capsid of an adenovirus, it is possible to track 

the path and distribution of the virus in real time.  When a label gene is inserted into 

the gene of a virus, the expression of the protein is confirmed only after the DNA is 

converted to the protein, whereas, in the case of a virus with the label protein bound 

to the IX protein, regardless of the viral infection pathway, it is possible to track the 15 

expression of the protein and the location of the virus from the initial stage of viral 

infection.  Therefore, the present invention may be used as a useful non-invasive 

molecular imaging tool. 

[00109]  According to an exemplary embodiment of the present invention, the capsid 

protein of the present invention may be pIX. 20 

[00110]  According to an exemplary embodiment of the present invention, the 

fluorescent protein of the present invention may be selected from the group 

consisting of green fluorescent protein (GFP), red fluorescent protein (RFP), cyan 

fluorescent protein (CFP), yellow fluorescent protein (YFP), blue fluorescent protein 

(BFP), enhanced green fluorescent protein (EGFP), enhanced cyan fluorescent 25 
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protein (ECFP), enhanced yellow fluorescent protein (EYFP), enhanced red 

fluorescent protein (ERFP), enhanced blue fluorescent protein (EBFP), and luciferase. 

[00111]  Mesenchymal stem cells (MSCs) are a type of adult stem cell and have been 

reported to be capable of differentiating into various cells such as adipocytes, 

osteoblasts, and chondrocytes.  Mesenchymal stem cells have been actively studied 5 

as one of the gene carriers, but lack specific receptors, or the like, and thus are not 

infected with an adenovirus, which makes it difficult to be used as a gene carrier. 

[00112]  However, the recombinant adenovirus of the present invention has an 

improved ability to be introduced into mesenchymal stem cells by modification of 

fiber proteins, and thus can be effectively used as a gene carrier that delivers a target 10 

gene to a desired site in the body. 

[00113]  In the case of mesenchymal stem cells, it was difficult to load an adenovirus 

therein, and thus a large number of adenoviruses was required to load the adenovirus 

to a level that can be used as a gene therapeutic agent.  However, in this case, the 

mesenchymal stem cells exhibit deteriorated viability and characteristics due to an 15 

adenovirus, and there is a problem that causes rapid death of the mesenchymal stem 

cells.  However, it was experimentally confirmed that, when the recombinant 

adenovirus comprising the sequence of SEQ ID NO: 1 of the present invention is 

loaded in a mesenchymal stem cell, the adenovirus was loaded well even at a low 

concentration (MOI).  Accordingly, the recombinant adenovirus-loaded stem cell 20 

(Ad-MSC) of the present invention has higher viability than that of other stem cells, 

acts as a culture in which the loaded adenovirus can proliferate, and inherently does 

not cause immunogenicity, and thus may be used as an excellent gene carrier for 

gene therapy. 
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[00114]  In one embodiment of the present invention, the stem cells may be 

administered systemically or locally.  For example, the systemic administration may 

be intravenous administration, intraperitoneal administration, intrapulmonary 

administration, and intravesical injection, but the present invention is not limited 

thereto.  In conventional gene therapies, when an adenovirus is itself used as a gene 5 

carrier, there is a problem in that the adenovirus disappears or causes hepatotoxicity 

before reaching a target site after being injected into the body, due to 

immunogenicity thereof or the like.  However, the adenovirus-loaded stem cell (Ad-

MSC) of the present invention can be administered systemically due to reduced or no 

immunogenicity thereof, and has an excellent ability to target tumor cells, thus not 10 

causing hepatotoxicity. 

[00115]  In this regard, a composition for gene delivery of the present invention may 

be for systemic administration.  When a conventional adenovirus vector is used 

alone as a gene carrier, it is impossible to systemically administer the vector, and the 

adenovirus vector disappears due to immune cells and the like in the body before 15 

reaching a target site, making it difficult to deliver a gene into the target site.  

However, the adenovirus-loaded stem cell (Ad-MSC) of the present invention 

exhibits reduced or no immune responses other than cancer-specific characteristics, 

can be administered systemically, has an excellent ability to target tumor cells, and 

does not cause hepatotoxicity, thus significantly enhancing gene delivery efficiency. 20 

[00116]  The mesenchymal stem cells may be isolated from bone marrow and the 

like, and patient's own mesenchymal stem cells or allogeneic mesenchymal stem 

cells using the database of a blood bank may be used.  Thus, when the adenovirus-

loaded stem cells of the present invention are used as a gene carrier, both self-
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treatment and allogeneic therapy are possible, thus further reducing gene therapy 

costs. 

[00117]  A method of loading, in a mesenchymal stem cell, the adenovirus of the 

present invention comprising a gene expression regulatory sequence and a target 

gene may be performed using various methods known in the art.  In particular, the 5 

loading of the gene may be performed using a virus infection method known in the 

art. 

[00118]  A recombinant adenovirus comprising a gene expression regulatory 

sequence, a target gene, and a K35 fiber, according to the present invention, is the 

same as described above, and the descriptions thereof will be omitted herein to avoid 10 

the repetition of the description. 

[00119]  According to another embodiment of the present invention, there is provided 

a composition for gene delivery, comprising a mesenchymal stem cell (MSC) with 

the recombinant adenovirus comprising a sequence of SEQ ID NO: 1 loaded therein. 

[00120]  The composition for gene delivery of the present invention may be a 15 

composition for cancer-specific gene delivery. 

[00121]  According to one embodiment of the present invention, the gene expression 

regulatory sequence comprised in the adenovirus may be designed as a promoter and 

enhancer capable of specifically expressing genes in liver cancer cells, and also 

comprises a HRE domain sequence so that gene expression is excellent under 20 

hypoxic conditions.  Thus, in a specific embodiment of the present invention, it was 

confirmed that gene expression occurred specifically both in AFP-positive liver 

cancer cells and AFP-negative liver cancer cells, and a target gene was not expressed 

in normal cells. 
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[00122]  According to another embodiment of the present invention, in view of the 

disclosure of the present invention that tumor tissue-specific therapeutic effects are 

exhibited using pan-cancer specific oncolytic Ads that can be used for treatment 

regardless of the type of carcinoma, the effect of the composition for gene delivery of 

the present invention may vary depending on the type of target gene, and thus the 5 

type of cancer is not limited. 

[00123]  The descriptions of the recombinant adenovirus and stem cell of the present 

invention will be omitted herein to avoid the repetition of contents of the foregoing 

descriptions, and the above descriptions can be applied mutatis mutandis. 

[00124]  Another embodiment of the present invention provides a pharmaceutical 10 

composition comprising a pharmaceutically effective amount of mesenchymal stem 

cells (MSCs) with a recombinant adenovirus loaded therein, the recombinant 

adenovirus comprising: a gene expression regulatory sequence comprising, in a 5' to 

3' direction, (a) a hypoxia-response element (HRE) domain sequence, (b) an alpha-

fetoprotein (AFP) enhancer A sequence, (c) an AFP promoter enhancer B sequence, 15 

and (d) an AFP promoter sequence; a therapeutic gene that is operatively linked to 

the gene expression regulatory sequence; and a serotype 35 (K35) fiber knob-

encoding sequence. 

[00125]  The pharmaceutical composition may be for cancer treatment.  In the 

present invention, the type of cancer to be treated may vary depending on the type of 20 

therapeutic gene to be inserted into the adenovirus of the present invention, the type 

of promoter, and the like, and thus the type of cancer is not limited.  Specifically, 

examples of cancer comprise, but are not limited to, gastric cancer, lung cancer, liver 

cancer, cervical cancer, leukemia, pancreatic cancer, pediatric solid cancer, colon 

cancer, skin cancer, ovarian cancer, endometrial cancer, bladder cancer, kidney 25 
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cancer, head and neck cancer, brain cancer, osteosarcoma, prostate cancer, soft tissue 

cancer, thyroid cancer, nasopharyngeal cancer, esophageal cancer, ocular cancer, 

breast cancer, and biliary tract cancer. 

[00126]  In one embodiment of the present invention, the effect of the adenovirus as 

a pan-cancer-specific oncolytic adenovirus was confirmed, and thus the type of 5 

carcinoma is not limited.  In addition, a gene for liver cancer treatment was inserted 

into the adenovirus and the effect thereof was confirmed, and thus the 

pharmaceutical composition may be for liver cancer treatment. 

[00127]  The cancer may be cancer cells or tumor tissue.  In one embodiment of the 

present invention, the adenovirus-loaded stem cells can exhibit cancer cell-killing 10 

ability through the expression of a therapeutic gene both in AFP-positive liver cancer 

cells and AFP-negative liver cancer cells, and thus, regardless of the phenotype of 

liver cancer cells, the adenovirus-loaded stem cell of the present invention may be 

used for treatment. 

[00128]  When used for cancer treatment, the adenovirus-loaded stem cell (Ad-MSC) 15 

of the present invention enables cancer-specific expression of a therapeutic gene, 

thus not affecting other normal cells, can be administered systemically due to 

reduced or no immune responses, and has an excellent ability to target tumor cells, 

and does not cause hepatotoxicity, thus significantly enhancing gene delivery 

efficiency.  In addition, the MSC itself dies due to the adenovirus after being 20 

injected into the body, and thus may prevent the occurrence of side effects caused by 

the retention of the MSC in the body. 

[00129]  As used herein, the term "treatment" means all actions that inhibit or 

alleviate and beneficially change clinical situations related to diseases.  Treatment 

may also mean increased survival compared to the expected viability when not 25 
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treated.  The treatment may simultaneously comprise preventive means other than 

therapeutic means.  In the present invention, treatment may mean, for example, 

death or killing of tumor cells. 

[00130]  As used herein, "individual" may be vertebrates, preferably mammals, for 

example, dogs, cats, mice, and humans. 5 

[00131]  The composition of the present invention may be formulated by further 

comprising a pharmaceutically acceptable carrier.  As used herein, the term 

"pharmaceutically acceptable carrier" refers to a carrier or diluent that does not 

significantly stimulate an organism and does not inhibit the biological activity and 

properties of an administered ingredient.  The pharmaceutically acceptable carrier 10 

of the present invention may be one selected from saline, sterile water, Ringer's 

solution, buffered saline, a dextrose solution, a maltodextrin solution, glycerol, and 

ethanol, or a mixture of two or more thereof.  As necessary, other commonly used 

additives such as an antioxidant, a buffer, and a bacteriostatic agent may be added to 

the composition and formulated into an injectable form suitable for injection into 15 

tissues or organs.  In addition, an isotonic sterile solution or, in some cases, sterile 

water or physiological saline may be added to the composition and may also be 

formulated into a dried preparation (particularly, a freeze-dried preparation) that can 

become an injectable solution. 

[00132]  In addition, preferably, the composition of the present invention may further 20 

comprise a filler, an excipient, a disintegrating agent, a binder, a lubricant, and the 

like.  In addition, the compositions of the present invention may be formulated 

using methods known in the art so as to provide, after administration to mammals, 

rapid, sustained or delayed release of the active ingredient. 
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[00133]  As used herein, the term "administration" refers to introduction of the 

composition of the present invention into a patient in any suitable way, and the 

administration route of the composition of the present invention may comprise 

various routes such as oral and parenteral routes as long as the composition is able to 

reach a target tissue.  Examples of administration routes comprise, but are not 5 

limited to, intraperitoneal administration, intravenous administration, intramuscular 

administration, subcutaneous administration, intradermal administration, oral 

administration, local administration, intranasal administration, intrapulmonary 

administration, and intrarectal administration, preferably intravenous administration. 

[00134]  As used herein, "effective amount" refers to an amount necessary to delay or 10 

completely stop the onset or progression of a particular disease to be treated.  In the 

present invention, the composition may be administered in a pharmaceutically 

effective amount.  It is obvious to those of ordinary skill in the art that a suitable 

total daily dosage can be determined by a prescriber within the proper medical 

determination range.  For the objectives of the present invention, it is preferable that 15 

a specific therapeutically effective amount for a particular patient varies depending 

on various factors comprising the type and degree of reaction to be achieved, specific 

compositions, comprising whether or not other agents are used in some cases, the age, 

body weight of a patient, general health conditions, gender and diet, administration 

time, administration route, the excretion rate of a composition, treatment period, and 20 

drugs used together or simultaneously with specific compositions, and similar factors 

well known in the medical field. 

[00135]  Hereinafter, the present invention will be described in detail with reference 

to the following preparation examples and experimental examples.  These examples 
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and experimental examples are provided for illustrative purposes only and are not 

intended to limit the scope of the present invention. 

 

 [Exampled] 

[00136]  [Preparation Example] Experimental Preparation and Experimental 5 

Methods 

[00137]  1. Experimental Materials and Preparation 

[00138]  Cell lines used in the experiments of the present invention, such as HEK293 

(human embryonic kidney cell line expressing adenovirus E1 region), A549 (human 

lung cancer cell line), AFP-positive HCC (Hep3B), and AFP-negative HCC (Hep1) 10 

were purchased from ATCC (USA) unless otherwise specifically stated herein and 

used.  The cells were cultured in Dulbecco's Modified Eagle's Medium (Gibco BRL, 

Gaithersburg, MD) supplemented with 10% fetal bovine serum (FBS: Gibco BRL), 

penicillin (100 IU/mL), and gentamicin (20 μg/mL).  All cell lines were stored in a 

humidified incubator at 37 °C under a 5% CO2 atmosphere.  Human MSCs, which 15 

were isolated from bone marrow after aspiration from healthy adult male donors, 

were provided by Pharmicell Co., Ltd. (Seongnam, Korea).  Cryopreserved MSCs 

were thawed and used in the study.  MSCs were incubated in low-glucose 

Dulbecco's Modified Eagle's Medium comprising 10% FBS (Gibco BRL), penicillin 

(100 IU/mL), streptomycin (50 mg/mL), and gentamicin (20 μg/mL) in a humidified 20 

incubator at 37 °C under a 5% CO2 atmosphere. 

[00139]  In the present invention, Ha2bm-d19-k35/sLRP6, Ha2bm-d19-k35/WNTi, or 

HCC-oAd-WNTi was used interchangeably for liver cancer-specific WNTi-

expressing adenoviruses. 

[00140]  2. Statistical Analysis 25 
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[00141]  Data was expressed as mean ± standard deviation (SD).  Statistical 

significance was determined by a bilateral Student T-test or One-way Anova test 

(SPSS 13.0 software, SPSS, Chicago, IL). A P value of less than 0.05 was considered 

statistically significant. 

 5 

[00142]  [Example 1] Construction of Liver Cancer-Specific Oncolytic 

Adenoviruses 

[00143]  Experimental Example 1-1. Construction of Liver Cancer-Specific 

Promoters through Recombination of Enhancer and Silencer Regions of AFP 

Promoter 10 

[00144]  To develop liver cancer-specific adenoviruses, first, promoter regions of the 

AFP protein, which is highly expressed in patients with liver cancer, were subjected 

to recombination and the activities of respective promoters were compared. 

[00145]  Specifically, from phAFP5.1 into which a 5.1 Kb AFP promoter region was 

inserted, enhancer A (365 bp, SEQ ID NO: 3), enhancer B (193 bp, SEQ ID NO: 4), 15 

a distal silencer (90 bp), a proximal silencer (156 bp), and an AFP minimal promoter 

(300 bp, SEQ ID NO: 5) regions were respectively amplified by PCR to obtain DNA 

fragments and the respective fragments were sequentially inserted into a pGL3-Basic 

vector into which luciferase was inserted as a marker gene, thereby constructing 

modified AFP promoters (see FIG. 1). 20 

 

[00146]  Experimental Example 1-2. Comparison between Activities of Liver 

Cancer-Specific Promoters Constructed through Recombination of Enhancer 

and Silencer Regions of AFP Promoter 
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[00147]  To confirm the activity of tissue-specific luciferase by the AFP promoters 

constructed according to Experimental Example 1-1, HCC cell lines Huh7 with high 

AFP expression, Hep3B and HepG2 exhibiting a middle level of AFP expression, 

and Hep1 with no AFP expression, cancer cells of other tissues except for liver 

cancer, i.e., U343, which is a brain cancer cell line, and A549, which is a lung cancer 5 

cell line, and human normal cell lines BJ, WI38, CBHEL, and IMR90 were 

transformed with each DNA and lysed for 48 hours to perform luciferase activity 

assay (see FIG. 2). 

[00148]  As illustrated in FIG. 2, luciferase activity was high in the HCC cell lines 

expressing AFP, the Huh7, Hep3B, and HepG2 cell lines, and almost no luciferase 10 

activity was shown in hep1 with no AFP expression, cancer cells of other tissues, and 

normal cells.  Among the promoters used in the experiment, the activity of the 

luciferase linked to a2bm in which 2 copies of enhancer A and one copy of enhancer 

B are bound to a minimal promoter was highest, and it was confirmed that the 

plasmid also had tissue specificity expressed specifically in liver cancer. 15 

 

[00149]  Experimental Example 1-3. Construction of Adenovirus Shuttle Vectors 

in which Gene Expression is regulated by Modified AFP Promoters 

[00150]  Based on the results of the experiment (luciferase assay) using plasmids in 

which luciferase expression was regulated by various recombinant promoters of 20 

Experimental Example 1-2, a2bm and a2bSm, which are promoters exhibiting the 

highest gene delivery efficiency, were selected, AFPm was used as a negative control, 

and each promoter was inserted into the gene of a non-replicable adenovirus, thereby 

constructing viruses. 
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[00151]  For the non-replicable adenovirus, first, the GFP gene was inserted into 

adenovirus E1 shuttle vector p△E1sp1A by using restriction enzymes HindIII and 

EcoRI, thereby constructing a p△E1sp1A/GFP shuttle vector.  The constructed 

vector was cleaved with XhoI and BglII and each AFPm promoter was inserted 

thereinto, thereby constructing p△E1sp1A/AFPm/GFP into which the AFPm 5 

promoter was inserted, p△E1sp1A/a2bm/GFP into which the a2bm promoter was 

inserted, and p△E1sp1A/a2bSm/GFP into which the a2bSm promoter was inserted, 

respectively.  In addition, to prevent the inhibition of viral activity even in a 

hypoxic state, 6 copy repeats of the HRE domain of VEGF, which is a vascular 

endothelial growth factor, were inserted into an upstream M1uI region of the AFP 10 

promoter, thereby constructing p△E1sp1A/Ha2bm/GFP and 

p△E1sp1A/Ha2bSm/GFP shuttle vectors (see FIG. 3). 

 

[00152]  Experimental Example 1-4. Construction of Adenoviruses in which 

Gene Expression Is Regulated by Modified AFP Promoters 15 

[00153]  The five E1 shuttle vectors constructed in Experimental Example 1-3 were 

cleaved with restriction enzyme XmnI to be linearized, and the adenovirus total 

vector dE1 was cleaved with restriction enzyme BstBI to be linearized, followed by 

homologous recombination of the shuttle vector and the total vector in BJ5183 E. 

coli, thereby finally constructing adenoviruses AFPm-dE1/GFP, a2bm-dE1/GFP, 20 

a2bSm-dE1/GFP, Ha2bm-dE1/GFP, and Ha2bSm-dE1/GFP (see FIG. 4). 

[00154]  Subsequently, the five types of plasmid DNAs constructed in Experimental 

Example 1-3 were cleaved with restriction enzyme PacI to be linearized, followed by 

transfection of HEK293, which is an adenovirus-producing cell line, using 
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Lipofectamine, thereby producing viruses.  The HEK293 cell line was infected 

again with the produced adenoviruses, concentrated using a CsCl gradient method, 

purely isolated, and then limiting dilution assay and optical density (O.D) by 

absorbance of the viral genome were used to determine the titers of the adenoviruses. 

 5 

[00155]  Experimental Example 1-5. Confirmation of Whether Liver Cancer-

Specific Gene Expression Is Regulated by Modified AFP Promoters 

[00156]  To confirm whether the adenoviruses, which comprise the recombinant AFP 

promoters (AFPm, a2bm, a2bSm, Ha2bm, and Ha2bSm) constructed in Experimental 

Example 1-1 and in which the expression of a liver cancer-specific gene is regulated, 10 

regulate the expression of the GFP gene, liver cancer cell lines exhibiting different 

levels of AFP expression (Huh7, HepG2, Hep3B, and Hep1), a cancer cell line of 

other tissues (A549), and a human normal cell line (HaCaT) were infected with each 

of the non-replicable adenoviruses (AFPm-dE1/GFP, a2bm-dE1/GFP, a2bSm-

dE1/GFP, Ha2bm-dE1/GFP, and Ha2bSm-dE1/GFP), and after 48 hours, the 15 

population of GFP-expressing cells was confirmed using FACS.  In addition, 

experimental groups for determining the activity of each promoter in a hypoxic state 

were infected with each adenovirus and then cultured under a hypoxic (1% O2) 

condition, followed by culture under a normal oxygen concentration condition, 

wherein this cycle was repeated a total of two times.  The results thereof are shown 20 

in FIGS. 6A, 6B, 6C, 6D, 6E, and 6F. 

[00157]  As illustrated in FIGS. 6A, 6B, 6C, 6D, and 6F, GFP expression by Ha2bm-

dE1/GFP was highest in AFP-expressing liver cancer cell lines (Huh7, HepG2, and 

Hep3B), and GFP expression by Ha2bSm-dE1/GFP came in second highest.  It was 

also confirmed that the expression level was increased by Ha2bm-dE1/GFP and 25 
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Ha2bSm-dE1/GFP under a hypoxic condition, rather than under a normoxic condition, 

not only in AFP-positive liver cancer cell lines (Huh7, HepG2, or Hep3B), but also 

in a liver cancer cell line (Hep1) that does not express AFP and a lung cancer cell 

line (A549).  In contrast, it was confirmed that, in normal cells (HaCaT, see FIG. 

6E), all vectors exhibited a very low GFP expression level.  Thus, it was confirmed 5 

that the promoters constructed according to the present invention are cancer-specific 

promoters, and among the five candidate viruses, Ha2bm-dE1/GFP is the most potent 

cancer-specific gene expression virus, and the following experiments were conducted. 

 

[00158]  Experimental Example 1-6. Confirmation of Regulation of Cancer-10 

Specific Gene by Modified AFP Promoters in Liver Cancer Cell Tissue 

[00159]  To confirm whether the adenoviruses constructed in Experimental Example 

1-4 are able to regulate gene expression by the AFP promoters in a liver cancer-

specific manner in cancer tissue, a tumor was formed using the liver cancer cell line 

Hep3B, and the adenovirus a2bm-dE1/GFP or Ha2bm-dE1/GFP was injected into the 15 

tumor and whether or not GFP expression occurred was observed by fluorescence. 

[00160]  To confirm whether the liver cancer-specific gene is expressed by the 

modified AFP promoters in liver cancer tissue, 1 x 10 7 Hep3B cells were injected 

subcutaneously into 6-week-old nude mice to form a tumor and, when the size of the 

tumor reached about 200 mm3, 5 x 10 9 VP of a2bm-dE1/GFP or Ha2bm-dE1/GFP 20 

was directly injected into the tumor three times at intervals of two days.  After 3 

days, the tumor was extracted and embedded in a paraffin block, which was then 

sectioned to a thickness of 3 µm and attached to a slide, and the resulting slide was 

sequentially immersed in xylene and a 100%, 95%, 80%, or 70% ethanol solution to 

be deparaffinized.  The resulting tumor was immersed in a 0.5% NP40 solution to 25 
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enhance tissue permeability, and then allowed to react with an anti-pimonidazole 

antibody (HP1-100, Chemicon, Temecula, CA, USA), which is used for labeling a 

hypoxic state, at 4 °C overnight to stain the hypoxic region red.  The next day, the 

hypoxic region was hybridized with an Alexa 568-conjugated secondary antibody at 

room temperature for 2 hours and allowed to react again with an anti-GFP antibody 5 

(MAB3580, Chemicon, Temecula, CA, USA) at 4 °C overnight to stain the GFP 

protein green.  The next day, the resulting product was allowed to react with an 

Alexa 448-conjugated secondary antibody at room temperature for 2 hours, stained 

with DAPI (cell nuclei were stained blue), mounted with a fluorescence-only 

mounting solution, and observed using a confocal laser microscope. 10 

[00161]  As illustrated in FIG. 7, it was confirmed that the adenovirus (Ha2bm-

dE1/GFP) in which the HRE-comprising promoter was loaded exhibited high gene 

expression in tumor cells, compared to the HRE-free promoter, and GFP expression 

was maintained due to the insertion of HRE not only in a normoxic region but also in 

a hypoxic region in the tumor. 15 

 

[00162]  Experimental Example 1-7. Construction of Liver Cancer-Specific 

Oncolytic Adenoviruses of which Replication is Regulated by Modified AFP 

Promoters 

[00163]  Based on the research results obtained using the above-described non-20 

replicable adenoviruses, a2bm and Ha2bm promoters with the highest efficiency and 

specificity were selected from among various types of promoters and used to 

construct liver cancer-specific oncolytic adenoviruses. 

[00164]  To construct liver cancer-targeting adenoviruses (HCC-targeting oAd 

vector), p△E1sp1A/a2bAFPm and p△E1sp1A/Ha2bAFPm vectors were cleaved 25 
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with XhoI and BglII, and then the a2bm and Ha2bm promoters were respectively 

inserted into adenovirus shuttle vectors with an excellent cell-killing capacity due to 

the removal of E1B19Dka, thereby constructing p△E1sp1A/a2bAFPm/d19 and 

p△E1sp1A/Ha2bAFPm/d19 shuttle vectors (see FIG. 8). 

[00165]  Next, the two shuttle vectors and a p△E1sp1A/d19 shuttle vector as a 5 

control were cleaved with restriction enzyme XmnI to be linearized, and the 

adenovirus total vector dE1 was cleaved with restriction enzyme BetB I to be 

linearized, and then each shuttle vector and the total vector were transfected together 

into E. coli BJ5183 and subjected to E1 homogenous recombination, thereby finally 

constructing the control virus and two types of liver cancer-specific oncolytic 10 

adenoviruses, i.e., d19, a2bm-d19, and Ha2bm-d19 (see FIG. 9). 

[00166]  The produced plasmid DNAs were cleaved with restriction enzyme PacI to 

be linearized, followed by transfection of HEK293, which is an adenovirus-

producing cell line, using Lipofectamine, thereby producing viruses.  The HEK293 

cell line was infected again with the produced adenoviruses, concentrated using a 15 

CsCl gradient method, and purely isolated, and then limiting dilution assay and 

optical density (O.D) by absorbance of the viral genome were used to determine the 

titers of the adenoviruses. 

 

[00167]  Experimental Example 1-8. Confirmation of Cell Killing Capacities of 20 

Liver Cancer-Specific Oncolytic Adenoviruses of which Replication is 

Regulated by Modified AFP Promoters 

[00168]  To compare liver cancer-specific cell killing capacities by the adenoviruses 

constructed in Experimental Example 1-7, various cell lines (Huh7, Hep3B, Hep1, 
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IMR90, and MRC5) were infected with the d19, a2bm-d19, or Ha2bm-d19 

adenovirus, respectively, and then MTT assay was performed. 

[00169]  As illustrated in FIGS. 10A, 10B, 10C, 10D, and 10E, it was confirmed that 

the cell killing capacity of the d19 adenovirus was highly shown in all cells used in 

the experiment, i.e., cancer cells (Huh7, Hep3B, Hepl) and normal cells (IMR90, 5 

MRC5).  However, in the case of infection with the a2bm-d19 adenovirus, a cell 

killing capacity was shown only in the cell line cells with a high AFP expression 

level, and particularly, the cell viability of the IMR90 and MRC5, which are normal 

cells, was almost similar or higher than that of a non-treated cell group.  In addition, 

when infected with the Ha2bm-d19 adenovirus, in which HRE was additionally 10 

inserted, the cell killing capacity in AFP-expressing cells was remarkably increased 

under a hypoxic condition.  In particular, in the Hep3B cell line was exhibited a cell 

killing capacity that is similar to that of the d19 adenovirus with a potent cell killing 

capacity.  However, in the normal cell lines such as IMR90 and MRC5 was 

exhibited cell viability that is similar to that of an experimental group not treated 15 

with a virus, from which it was confirmed that the adenoviruses with modified AFP 

promoters according to the present invention had a cell killing capacity in a liver 

cancer-specific manner.  In the Hep1 cell line, which does not express AFP, was 

exhibited an increased cell killing capacity of about 60% under a hypoxic condition 

when infected with the Ha2bm-d19 adenovirus, from which it was expected that the 20 

adenovirus can kill not only AFP-expressing cancer cells, but also cancer cells that 

do not express AFP in liver cancer tissue with high heterogeneity, and thus has a 

more potent oncolytic effect. 
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[00170]  Experimental Example 1-9. Confirmation of Viral Replication Ability 

of Liver Cancer-Specific Oncolytic Adenoviruses of which Replication is 

Regulated by Modified AFP Promoters 

[00171]  To confirm whether the phenomenon, in which the adenoviruses of the 

present invention exhibited a significantly enhanced cell killing capacity in a hypoxia 5 

state, is correlated with an increase in viral replication ability, the liver cancer cell 

line Hep3B and the lung cancer cell line A549 were infected with a2bm-d19 or 

Ha2bm-d19 adenoviruses, respectively, and then a cell culture solution and living 

cells were all collected and the cell line HEK293 was re-infected therewith to 

perform limiting dilution assay. 10 

[00172]  As illustrated in FIG. 11, it was confirmed that there was no difference 

between the replication abilities of the a2bm-d19 and Ha2bm-d19 adenoviruses in the 

lung cancer cell line, whereas the replication of the virus was not inhibited even in a 

hypoxia state in the Hep3B cell line infected with the Ha2bm-d19 adenovirus and 

was rather increased 40-fold, compared to a normoxia condition and cells infected 15 

with the a2bm-d19 virus. 

 

[00173]  Experimental Example 1-10. Verification of Replication Abilities of 

Liver Cancer-Specific Oncolytic Adenoviruses in Spheroids 

[00174]  To allow a hypoxic region to be naturally formed inside cancer tissue in 20 

vitro, the liver cancer cell line Hep3B was injected into a nude mouse to form a 

tumor, and the tumor was extracted to perform spheroid culture.  Spheroid sections 

obtained by infection with two types of adenoviruses a2bm-d19 or Ha2bm-d19 during 

the spheroid culture were subjected to a tissue immunostaining method using 

antibodies against the E1A protein related to the replication of an adenovirus. 25 
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[00175]  As a result, as illustrated in FIG. 12, E1A was observed only in a spheroid 

margin, which is expected to be a normoxia region where the virus is easily 

accessible, in tissue infected with a2bm-d19, whereas, in tissue infected with Ha2bm-

d19, the E1A protein was observed not only in the spheroid margin but also inside 

tissue, which is expected that a hypoxia condition was naturally formed.  This 5 

suggests that the replication ability of Ha2bm-d19, which is a cancer-specific 

oncolytic adenovirus, is not inhibited not only in vitro but also in a hypoxia condition 

in vivo. 

 

[00176]  Experimental Example 1-11. Verification of In Vivo Replication 10 

Abilities and Cell Killing Abilities of Liver Cancer-Specific Oncolytic 

Adenoviruses 

[00177]  To verify the in vivo cell killing abilities and replication abilities of liver 

cancer-specific oncolytic adenoviruses on the basis of the in-vitro experimental 

results, the Hep3B cell line was injected subcutaneously into nude mice to form 15 

tumors, and PBS, adenovirus a2bm-d19, or adenovirus Ha2bm-d19 was respectively 

administered to the tumors.  Using this, the expression pattern of the E1A protein, 

which is related to the replication of an adenovirus in tumor tissue, was examined 

and the degrees of cell killing were compared through TUNEL assay. 

[00178]  As illustrated in FIG. 13, as a result of performing immunostaining using 20 

antibodies against the E1A protein of an adenovirus, a significant increase in 

expression of the E1A protein was observed in the experimental group treated with 

HRE-inserted Ha2bm-d19, compared to the experimental group treated with a2bm-

d19, and it was observed that E1A was uniformly distributed over a wide area of the 

tumor tissue of the Ha2bm-d19-treated group.  From the TUNEL assay results, it 25 
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was observed that, like E1A, TUNEL-positive cells where necrocytosis had been 

progressed were uniformly distributed inside tumor tissue in the experimental group 

treated with HRE-inserted Ha2bm-d19. Through this, it was confirmed that HRE-

inserted Ha2bm-d19 exhibited an excellent cell killing effect without inhibition of the 

replication ability thereof even in a hypoxic condition in tumor tissue, compared to 5 

HRE-free Ha2bm-d19. 

 

[00179]  Experimental Example 1-12. Verification of In Vivo Antitumor Effects 

of Liver Cancer-Specific Replicable Adenoviruses Using Orthotopic Model 

[00180]  6-week-old male nude mice (BALB/c-nu) were purchased from Orient Inc., 10 

Korea to conduct animal experiments.  The temperature and humidity of an animal 

breeding room were maintained at 22 ± 2 ℃ and 55-60%, respectively, light/dark 

cycles were adjusted to 12 hours, and the animals were allowed to freely eat solid 

feed (Central Lab Animal Inc., Seoul, Korea) sterilized with radiation and freely 

drink sterilized water. 15 

[00181]  To establish an orthotopic model, which is the closest to an actual 

tumorigenic model, the abdominal subcutaneous tissues of 6-week-old male nude 

mice were incised, 1 x 106 Hep3B cells suspended with 20 µl of HBSS and stably 

expressing luciferase were mixed with 20 µl of Matrigel (BD Bioscience, San Jose, 

CA, USA), the mixture was directly injected into the left hepatic lobe, and the 20 

incision was sutured.  2 weeks after cell injection, blood was collected from the 

mice, serum was separated, and then an AFP ELISA kit (R&D Systems, Minneapolis, 

MN, USA) was used to measure the level of AFP expression in the blood, and the 

mice having an AFP expression level of 700 ng/mL or more were divided into three 

groups and used for the experiment. 2.5 x 1010 VP of PBS or each of the two types of 25 
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adenovirus (a2bm-d19 and Ha 2bm-d19) was intravenously injected three times at 

intervals of two days into the tail of each mouse, and 200 mg/kg of luciferin 

(Promega, Madison, WI, USA) was intraperitoneally administered to each mouse at 

intervals of 1 week, followed by optical imaging using IVIS 100 (Xenogen, Alameda, 

CA, USA).  Signals obtained through imaging were quantitatively analyzed using 5 

the IGOR-PRO Living Image software (Xenogen, Alameda, CA, USA).  5 weeks 

after virus injection, blood was collected, serum was separated, the level of AFP 

expression in the blood was measured by ELISA, liver cancer tissue was extracted 

and weighed, and then embedded in paraffin blocks.  PBS, a2bm-d19, or Ha2bm-

d19 was respectively injected intravenously, and then optical imaging was performed 10 

every week to confirm antitumor effects. 

[00182]  As illustrated in FIGS. 14 and 15, 5 weeks after the adenoviruses were 

injected, the three groups showed the most significant difference in antitumor effect.  

In the case of the a2bm-d19-administered group, it was confirmed that all six mice 

showed a continuously great increase in the size of a tumor.  In contrast, it was 15 

confirmed that, in the case of the Ha2bm-d19-administered group, the growth rate of 

a tumor was reduced in most mice, and it was consequently confirmed that, 5 weeks 

after virus administration, the size of a tumor was smaller in the Ha2bm-d19-

administered group than in the a2bm-d19-administered group.  As a result of 

quantifying changes in tumor size using a total flux value, 5 weeks after virus 20 

administration, the Ha2bm-d19-administered group exhibited a 5-fold lower value 

compared to that of the a2bm-d19-administered group.  This means a tumor growth 

inhibitory effect of about 82%, from which it was confirmed that the administration 

of Ha2bm-d19 provides an excellent antitumor effect.  In addition, as a result of 

comparing the levels of AFP expression in serum (5 weeks after virus administration) 25 
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together with images to confirm antitumor effects by the liver cancer-specific 

oncolytic adenoviruses, like the total flux value, the Ha2bm-d19-administered group 

expressed a 5-fold lower concentration of AFP than that of the a2bm-d19-

administered group. 

 5 

[00183]  [Example 2] Production of Stem Cells for Loading Liver Cancer-

Specific Oncolytic Adenoviruses 

[00184]  Experimental Example 2-1. Optimization of Loading Efficiency of 

Adenovirus into MSC 

[00185]  To confirm the transduction efficiency of adenoviruses into mesenchymal 10 

stem cells (MSCs, Pharmicell Corporation), the mesenchymal stem cells (MSCs, 

Pharmicell Corporation) were infected with, at an MOI of 0-200, each of three types 

of viruses, dE1/LacZ, dEl-k35/LacZ, anddEl-RGD/LacZ in which LacZ gene-

expressing fibers are different from one another, and after two days, LacZ expression 

was confirmed through X-gal staining. 15 

[00186]  Each of the fiber-modified adenoviruses was constructed according to the 

following method. 

[00187]  pSK5543-K35, which is an adenovirus shuttle vector into which the 

adenovirus type 35 (serotype 35) fiber sequence of SEQ ID NO: 1 was inserted, and 

dE1/GFP, which is a non-replicable adenovirus in which the GFP gene was inserted 20 

into the adenovirus E1 region, were subjected to homogenous recombination, thereby 

constructing a dE1-35/GFP virus (see FIG. 16A).  In addition, pSK5543-RGD, 

which is an adenovirus shuttle vector in which RGD was inserted into the fiber end 

of the adenovirus, and dE1/GFP, which is a non-replicable adenovirus in which the 

GFP gene was inserted into the adenovirus E1 region, were subjected to homogenous 25 
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recombination, thereby constructing a dE1-RGD/GFP virus (see FIG. 16B).  The 

constructed adenoviruses were infected into the HEK293 cell line and mass-

proliferated, thereby producing adenoviruses. 

[00188]  As illustrated in FIG. 16C, when MSCs were infected with the dEl-

k35/LacZ virus, the highest gene transduction efficiency was exhibited. 5 

[00189]  In addition, to optimize the transduction efficiency of Ad into MSCs, the 

transduction efficiency was examined using GFP-expressing Ad5 having different 

fiber types: dE1/GFP (Ad5 vector having wild-type fiber), dEl-k35/GFP (chimeric 

Ad5 having Ad serotype 35 fiber knob), dEl-RGD/GFP (Ad5 vector comprising an 

RGD motif in the HI loop of the Ad fiber), dE1-k3S/GFP (chimeric Ad5 comprising 10 

an Ad5 cleaved fiber shaft and an Ad3 fiber knob), dE1-VSVG(12L)/GFP, dE1-

VSVG(12C)/GFP, and dE1-VSVG(12R)/GFP.  Before gene delivery, MSCs were 

inoculated into a 24-well plate at a density of 5 x 104 cells/well for 24 hours.  The 

MSC cells were treated with each Ad at 0, 5, 20, or 100 MOI, and incubated at 37 ℃ 

for 48 hours.  GFP expression was measured using a fluorescent microscope 15 

(Olympus IX81; Olympus Optical, Tokyo, Japan). 

[00190]  As illustrated in FIG. 17, dE1/GFP and dE1-RGD/GFP exhibited 

significantly very low transduction efficiency into MSCs at all multiplicities of 

infection (MOI).  dE1-k3S/GFP exhibited a higher GFP expression level in a dose-

dependent manner, while exhibiting significantly very low efficiency.  However, 20 

dE1-k35/GFP exhibited very high transduction efficiency into MSCs.  This 

coincided with the results of LacZ expression.  In particular, it was confirmed that 

the adenovirus having the Ad serotype 35 fiber knob of SEQ ID NO: 1 was well 

infected into mesenchymal stem cells even at 5 MOI, and thus had a significantly 

excellent effect as an adenovirus for loading into mesenchymal stem cells.  25 
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Subsequently, the viral vector comprising the fiber sequence of SEQ ID NO: 1 was 

used to conduct experiments. 

 

[00191]  2-2. Verification of Cell Killing Ability and Virus Replication Ability 

of MSCs by Adenovirus in MSCs 5 

[00192]  MSCs were infected with an oncolytic adenovirus (H5cmT-Rd19-k35/Luc) 

at the titer of 0.02, 0.05, 0.1, 0.2, 0.5, or 1 MOI, and the cell killing capacity thereof 

was confirmed through MTT assay.  In addition, to confirm the amount of virus 

produced in the MSCs, virus replication capacity was confirmed through Q-PCR. 

[00193]  H5cmT-Rd19 was constructed as follows. 10 

[00194]  To construct an adenovirus comprising 6 copies of HRE enhancer (SEQ 

ID NO: 6) and in which the expression of the E1A gene is regulated by a 5MMTERT 

promoter, first, the Rb7△19/E1B55 region was amplified by polymerase chain 

reaction (PCR) using the total adenovirus gene as a template to obtain a desired gene 

site.  5'-GCGGAATTCACTCTTGAGTGCCAGCGAGTA-3' as a sense primer and 15 

5'-CGCGGATCCACATTTCAGTACCTCAATCTG-3' as an antisense primer were 

used, and for convenience in cloning, EcoRI and BamHI restriction enzyme sites 

were inserted.  The resulting PCR product was cleaved with EcoRI and BamHI, and 

then inserted into a pBluescriptⅡSK(+) vector, and a vector comprising a 

5MMTERT promoter constructed in the laboratory was cleaved with ClaI and EcoRI, 20 

and then inserted thereinto.  Finally, the previously constructed vector 

pBluescriptⅡSK(+)/5MMTERT/Rb7△19 was cleaved with XhoI and Sa1I and 6 

copies of the HRE sequence were inserted into the vector 

pBluescriptⅡSK(+)/5MMTERT/Rb7△19.  The recombinant enhancer and 
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promoter were cleaved, with XhoI and BamHI, from the resulting vector 

pBluescriptSK(+)/HRE65MMTERT/Rb7△19 and inserted into the E1 shuttle vector 

pΔE1sp1B.  The E1 shuttle vector constructed using the above method was cleaved 

with restriction enzyme XmnI, and then simultaneously transfected into E. coli 

BJ5183 along with the adenovirus dl324BstB which had become single-stranded 5 

through treatment with restriction enzyme BstB, thereby inducing genetic 

homologous recombination.  The recombinant plasmid DNA obtained in BJ5183 

was transfected again into E. coli DH5α to amplify DNA.  The homologous 

recombinant plasmid DNA was obtained from E. coli DH5α and treated with 

restriction enzyme HindIII to screen respective adenovirus genomes.  The knob site 10 

of the virus using the H5cmT-Rd19 as a backbone was substituted with a k35 

sequence (SEQ ID NO: 1), and for imaging, the Luc gene was inserted thereinto and 

used. 

[00195]  As illustrated in FIG. 18, it was confirmed that the cell killing ability and 

virus proliferation ability of the pan-cancer-specific oncolytic adenovirus were 15 

increased depending on infection time or concentration.  Based on the above results, 

it was confirmed that, when MSCs are used as a cell therapy carrier, the replication 

of a virus with cell killing efficacy can induce more killing of cancer cells, and thus 

the MSCs have a further enhanced anticancer effect compared to the case of using 

other carriers.  It was also confirmed that, after a certain period of time after being 20 

injected into the body, the MSCs were removed by the adenovirus, thus alleviating 

concerns about the retention of MSCs in the body when conventional MSCs are used 

as a cell therapeutic agent.  Accordingly, a cell therapeutic agent in which an 

adenovirus is loaded in MSCs increases the productivity of the virus, thereby 
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maximizing anticancer efficacy, and has the effect of minimizing the side effects of 

MSCs. 

 

[00196]  Experimental Example 2-3. Establishment of Human Liver Cancer 

Orthotopic Model 5 

[00197]  To establish an orthotopic model, which is the closest to an actual 

tumorigenic model, the abdominal subcutaneous tissues of 6-week-old male nude 

mice were incised, 1 x 106 Hep3B cells suspended with 20 µl of HBSS and stably 

expressing luciferase were mixed with 20 µl of Matrigel, the mixture was directly 

injected into the left hepatic lobe (see FIG. 19).  2 weeks after cell injection, blood 10 

was collected from the mice, serum was separated, and then an AFP ELISA kit was 

used to measure the level of AFP expression in the blood, and the mice having an 

AFP expression level of 300 ng/mL or more were used in the experiment.  In 

addition, tumor growth and changes in the nude mice to which the luciferase-

expressing liver cancer cell line was administered were observed through 15 

luminescence imaging in real time (see FIG. 20). 

 

[00198]  Experimental Example 2-4. Cancer Targeting of Gene Therapeutic 

Agent by Oncolytic Adenovirus-Loaded Stem Cells 

[00199]  To confirm tumor-specific localization of Ad-MSC and liver cancer-20 

specific replication of adenoviruses in a liver cancer orthotopic model, first, MSCs 

were infected with H5cmT-Rd19-k35/Luc at 0.2 MOI, 0.5 MOI, and 1 MOI, 

respectively.  After 24 hours, the respective mesenchymal stem cells were 

administered into the liver cancer orthotopic model (nude mice) at a density of 1 x 

106 cells/mouse via the tail vein.  In addition, PBS as a control was administered 25 
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into the liver cancer orthotopic model via the tail vein.  From 2 hours to 28 days 

after administration, the migration and replication ability of the virus were observed 

through luminescence imaging in real time. 

[00200]  As illustrated in FIG. 21, it was confirmed that, in the group administered 

Ad-MSCs infected with a pan-cancer-specific oncolytic adenovirus at a 5 

concentration of 0.5 MOI and 1 MOI, the Ad-MSCs were successfully delivered to a 

tumor site and, up to day 28 after administration, the virus exhibited a therapeutic 

effect while surviving.  This suggests that the oncolytic virus according to the 

present invention actively replicates, and thus exhibits a therapeutic effect while 

being maintained for a long period of time in the tumor. 10 

 

[00201]  Experimental Example 2-5. Construction and Production of Cancer-

Targeting Adenovirus for Loading in Stem Cell 

[00202]  Through the experiment of Example 1 for comparison of the activities of 

the liver cancer-specific promoters, a2bm having a small size and excellent promoter 15 

activity was selected, and HRE-inserted Ha2bm, which is able to replicate even in a 

hypoxic condition, was finally selected as a liver cancer-specific promoter.  In 

addition, based on the results of Experimental Example 2-1, a fiber with excellent 

gene transduction efficiency into an MSC and having a sequence of SEQ ID NO: 1 

was selected, and in order to confirm gene transduction efficiency, the reporter gene 20 

Luc was inserted and Ha2bm-d19-k35/Luc was finally selected as a candidate.  To 

construct a virus, the shuttle vector △E1sp1A/Ha2bm/d19 was linearized with XmnI, 

the total vector dE1-k35 was linearized with BstBI, followed by transfection into 

BJ5183 E- coli and E1 homogenous recombination, thereby constructing Ha2bm-

d19-k35 (see FIG. 22). 25 
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[00203]  Next, a firefly luciferase expression cassette was ligated to an Ad E3 

shuttle vector (pSP72 E3), thereby constructing a pSP72ΔE3/Luc Ad E3 shuttle 

vector.  To construct a WNTi-expressing HCC-targeting oAd vector, a sequence 

encoding WNTi was subcloned from pCA14-sLRP6E1E2 [60], and then ligated to 

pSP72ΔE3, thereby constructing a pSP72ΔE3/WNTi_Ad E3 shuttle vector.  The 5 

Ad E3 shuttle vectors (pSP72ΔE3/Luc and pSP72ΔE3/WNTi) were linearized 

using XmnI, and co-transformed into E. coli BJ5183 cells along with HCC-

oAd(Ha2bm-d19-k35)[48] linearized with SpeI, followed by homogenous 

recombination, thereby constructing a plasmid comprising either Ha2bm-d19-

k35/Luc (HCC-oAd-Luc) or Ha2bm-d19-k35/WNTi (HCC-oAd-WNTi) (see FIG. 10 

23A).  Homogenous recombinant Ad plasmids were cleaved with PacI and 

transfected into HEK293 cells, which belongs to an adenovirus-producing cell line, 

using Lipofectamine, thereby constructing HCC-targeting HCC-oAd-Luc and HCC-

oAd-WNTi (see FIG. 23B).  When viral particles were produced in HEK293 cells, 

HCC-oAd-Luc and HCC-oAd-WNTi were propagated in A549 cells and purified by 15 

CsCl gradient centrifugation.  The number of VPs was calculated from optical 

density measurements at 260 nm (OD 260) where an absorbance of 1 (OD 260 = 1) was 

equivalent to 1.1 x 1012 VP/mL.  The purified viruses were stored at -80 ℃ until use. 

 

[00204]  Experimental Example 2-6. Comparison of Transduction Efficiencies 20 

of, in MSCs, Liver Cancer-Targeting Adenoviruses for Loading in Stem Cell 

[00205]  To confirm the transduction efficiencies of tumor-specific oncolytic 

adenoviruses into MSCs, each of the adenovirus vectors constructed in Experimental 

Example 2-1 and designed to express GFP was transduced at 500 MOI into 
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mesenchymal stem cells and after 24 hours, the expression level of the GFP gene was 

examined. 

[00206]  In addition, MSCs were infected with Ha2bm-d19-k35/Luc (HCC-oAd-

Luc), which is liver cancer-specific oncolytic adenovirus expressing the Luc gene, at 

an MOI of 0, 50, 100, or 200 and after two days (48 hours after infection), the IVIS 5 

imaging system (Xenogen Corp, Alameda, CA) was used to confirm luciferase 

signals.  The bioluminescence signal intensity was obtained as photons acquired per 

second (p/s) from the region of interest. 

[00207]  As illustrated in FIG. 24, it was confirmed that only the case of dE1-

k35/GFP exhibited smooth gene transduction into MSCs and, when MSCs were 10 

infected with 50, 100, or 200 MOI of oAd, Luc expression was increased in a manner 

dependent on the concentration of the adenovirus (P <0.001).  These results 

demonstrate that the Ad according to the present invention is efficiently transduced 

into MSCs, and thus is able to express a transgene. 

 15 

[00208]  Experimental Example 2-7. Construction and Production of 

Therapeutic Gene-Expressing Liver Cancer-Targeting Adenovirus for Loading 

in Stem Cell 

[00209]  Through the experiment for comparison of the activities of the liver 

cancer-specific promoters, a2bm having a small size and excellent promoter activity 20 

was selected, and HRE-inserted Ha2bm, which is able to replicate even in a hypoxic 

condition, was finally selected as a promoter, thereby constructing a liver cancer-

specific oncolytic adenovirus.  To construct an sLRP6 gene-expressing adenovirus 

capable of blocking beta-catenin/wnt signaling in order to increase tumor cell-killing 

capability, a Ha2bm-d19-k35 total vector was linearized with SpeI, a 25 
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pSP72dE3/sLRP6 shuttle vector was linearized with XmnI, followed by 

transformation into BJ5183 E- coli and E3 homogenous recombination, thereby 

constructing a Ha2bm-d19-k35/sLRP6 plasmid (see FIGS. 25 and 26). 

[00210]  The constructed plasmid DNA was cleaved with restriction enzyme PacI 

to be linearized, and then transformed into HEK293, which is an adenovirus-5 

producing cell line, using Lipofectamine, thereby producing a virus.  The HEK293 

cell line was infected again with the produced adenovirus, concentrated using a CsCl 

gradient method, and purely isolated, and then limiting dilution assay and optical 

density (O.D) by absorbance of the viral genome were used to determine the titer of 

the adenovirus. 10 

 

[00211]  Experimental Example 2-8. Comparison of Liver Cancer Cell- and 

Normal Cell-Killing Capabilities of Liver Cancer-Targeting Oncolytic 

Adenoviruses 

[00212]  To confirm the liver cancer cell-specific killing potency of liver cancer-15 

specific oncolytic adenovirus Ha2bm-d19-k35/sLRP6, liver cancer cell lines Hep3B, 

Huh7, and Hep1, and HDF as normal cells were infected therewith at 0.1, 0.5, 2, 10, 

and 50 MOI, respectively, and after 72 hours, cell-killing potency was examined 

through MTT assay. 

[00213]  As illustrated in FIG. 27, it was confirmed that the killing potency was 20 

increased, according to the concentration of a liver cancer-specific oncolytic 

adenovirus, in the liver cancer cell lines Hep3B, Huh7, and Hep1.  It was also 

confirmed that the killing effect was not shown in HDF as normal cells.  This 

means that Ha2bm-d19-k35/sLRP6 does not exhibit a normal cell-killing effect and 

had an excellent ability to target only cancer cells.  In addition, Ha2bm-d19-25 
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k35/sLRP6 exhibited excellent cancer cell-killing potency not only in AFP-positive 

liver cancer cells (Hep3B and Huh7) but also in AFP-negative liver cancer cells 

(Hep1), which indicates that Ha2bm-d19-k35/sLRP6 has excellent therapeutic 

capacity that is applicable to various phenotypes of clinical liver cancer patients. 

 5 

[00214]  Experimental Example 2-9. Optimization of Dose of oAd Loaded into 

MSCs 

[00215]  To prevent cells from being lysed at an early stage before reaching target 

tissue through systemic circulation, it is very important to optimize the loading dose 

of oAd loaded into MSCs as a carrier.  Thus, the optimal dose of oAd for loading 10 

into MSCs was evaluated. 

[00216]  To confirm the cell-killing potency of a liver cancer-targeting oncolytic 

adenovirus in MSCs, MSCs were infected with the liver cancer-specific oncolytic 

adenovirus Ha2bm-d19-k35/sLRP6 at 0.5, 1, 2, 5, 10, 20, and 50 MOI, respectively, 

and then on day 2 and day 5, MTT assay was performed to compare the cell viability 15 

of the mesenchymal stem cells. 

[00217]  As illustrated in FIG. 28, the viability of MSCs was significantly lower 

(p>0.001) at all loading doses on day 5 after infection, compared to day 2 after 

infection.  It was confirmed that the cell killing potency was increased according to 

an increase in concentration of virus and over time.  Through this, it was confirmed 20 

that, when MSCs targeted a tumor and reached cancer tissue, not only tumor cells but 

also MSCs could be removed in vivo by the cell-killing effect of the virus, and thus 

concerns about the retention of MSCs in the body, caused when conventional MSCs 

are used as a cell therapeutic agent, could be alleviated.  Thus, the cell therapeutic 

agent of the present invention in which an adenovirus is loaded in MSCs causes the 25 
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amount of the virus to be increased through the proliferative effect of the virus in the 

MSCs while being delivered to cancer tissue, thereby maximizing anticancer action, 

and, after reaching the cancer tissue, may cause the MSCs to be removed, thereby 

minimizing side effects that may occur due to the retention of the MSCs in the body, 

thus presenting the possibility of enhancing the safety of the cell therapeutic agent. 5 

[00218]  Next, to further optimize oAd-loaded MSCs, the degree of viral 

proliferation in MSCs was measured. 

 

[00219]  Experimental Example 2-10. Confirmation of Production of 

Adenovirus in MSCs 10 

[00220]  To confirm the production of a liver cancer-specific oncolytic adenovirus 

in MSCs, MSCs were infected with the liver cancer-specific oncolytic adenovirus 

Ha2bm-d19-k35/sLRP6 at 0.5, 1, 2, 5, 10, 20, 50, and 100 MOI, respectively, and 

then on day 2 and day 5, QPCR was performed to compare the production of the 

virus. 15 

[00221]  As illustrated in FIG. 29, on day 2 after infection, a 10-fold increase in the 

amount of the virus from 0.5 MOI to 5 MOI caused a 5,000-fold higher level of 

production of the virus.  However, a similar level of increase from 5 MOI to 50 

MOI showed only an approximately 1.8-fold minimum increase.  An increase in the 

level of production of the virus exhibited a stable state at an MOI of 5 or more, and a 20 

significant dose-dependent decrease was observed in the viability of MSCs in the 

same dose range of the virus, and thus, when producing oAd-loaded MSCs, 5 MOI 

and infection for 2 days were used as optimal conditions for balancing the 

proliferation of the virus and the viability of MSCs. 

 25 
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[00222]  Experimental Example 2-11. Verification of Antitumor Effect of Liver 

Cancer-Specific Oncolytic Adenovirus-Loaded Stem Cell (HCC-oAd-WNTi/MSC) 

[00223]  2-11-1. Characterization of WNTi-Expressing HCC-Targeting oAd 

[00224]  WNTi-expressing HCC-targeting oAd, i.e., HCC-oAd-WNTi (see FIG. 

38A), was constructed using an enhancer site-modified AFP promoter (Ha2bm). 5 

[00225]  To evaluate whether the HCC-oAd-WNTi constructed in the present 

invention is able to inhibit the Wnt signaling pathway, the expression levels of 

various downstream factors related to Wnt and the Wnt signaling pathway in Hep3B 

cells infected with HCC-oAd or HCC-oAd-WNTi were examined through western 

blotting. 10 

[00226]  As illustrated in FIG. 38B, HCC-oAd-WNTi treatment induced a 

significantly low level of Wnt expression in Hep3B cells, compared to cells infected 

with oAd (HCC-oAd) as a control or a negative control (untreated group).  In 

addition, the HCC-oAd-WNTi treatment significantly reduced the expression levels 

of various downstream factors such as β-catenin and phospho-MAPK/ERK (p-MEK), 15 

which are known to promote rapid cancer cell proliferation and EMT.  In addition, 

the expression level of epithelial cadherin (E-cadherin), which is a mesenchymal 

marker, was significantly higher in Hep3B cells infected with HCC-oAd-WNTi than 

in untreated cells or HCC-oAd-infected cells.  These results demonstrate that the 

Wnt signaling pathway of HCC cells is effectively inhibited by HCC-oAd-WNTi and 20 

ultimately prevent EMT. 

[00227]  To evaluate whether WNTi expression by HCC-targeting oAd enhances 

the cancer cell-killing effect of oAd in HCC cells, AFP-positive HCC cells were 

infected with clinically approved oAd (H101), or HCC-oAd or HCC-oAd-WNTi as a 

homologous control at various MOIs.  As illustrated in FIG. 38C, HCC-oAd-WNTi 25 
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induced a significantly more potent cancer cell-killing effect in a dose-dependent 

manner at all MOIs in AFP-positive Hep3B cells, compared to H101 or the control 

HCC-oAd (P <0.001).  This means that WNTi expression can enhance the cancer 

cell-killing effect of hepatocellular carcinoma (HCC)-specific oAd.  HCC-oAd-

WNTi exhibited 5.46-fold or 2.29-fold greater cytotoxicity on AFP-positive HCC 5 

cells (Hep3B) at 10 MOI than in H101 or HCC-oAd as a control. 

[00228]  Since it was shown that the Ha2bm promoter overcomes hypoxia-

medicated suppression of Ad replication in a hypoxic state, it was evaluated whether 

HCC-oAd-WNTi is able to induce a more potent cancer cell-killing effect in a 

hypoxia state under control of the Ha2bm promoter.  As illustrated in FIG. 38D, 10 

HCC-oAd-WNTi exhibited an enhanced cancer cell-killing effect both in hypoxia 

and normoxia environments, compared to HCC-oAd.  In addition, HCC-oAd-WNTi 

exhibited 1.2-fold greater cancer cell-killing efficiency in a hypoxic state than in a 

normoxic state (P <0.001).  These results suggest that HCC-oAd-WNTi exhibits a 

potent cell-killing effect in AFP-positive HCCs and can overcome hypoxia-mediated 15 

downregulation of viral replication. 

 

[00229]  2-11-2. Potent Hepatoma Treatment Effect of HCC-oAd-WNTi/MSC 

[00230]  To evaluate the HCC-targeting oncolytic potency of HCC-oAd-

WNTi/MSC, Hep3B cells and HCC-oAd-WNTi/MSC (MSCs infected with 5 MOI 20 

of virus for 2 days) were co-cultured at a cell ratio of 1:1. 

[00231]  As illustrated in FIG. 39, there was no significant difference in Hep3B 

viability between the untreated group and the MSC-administered group both under 

normoxic and hypoxic conditions from day 1 to day 5 after treatment, and thus it can 

be seen that MSCs do not affect the growth of cancer cells.  In contrast, the Hep3B 25 
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viability was significantly reduced in the group treated with HCC-oAd-WNTi or 

HCC-oAd-WNTi/MSC both under normoxic and hypoxic conditions on day 3 and 

day 5 after treatment, compared to the untreated group or the MSC-treated group, 

from which it was confirmed that both naked HCC-oAd-WNTi and Ad loaded in 

MSCs exhibited AFP-positive HCC cell-killing potency.  In addition, Hep3B cells 5 

treated with HCC-oAd-WNTi or HCC-oAd-WNTi/MSC exhibit viability that is 

similar to that of the untreated group on day 1 after treatment, and from then on, a 

decrease in the viability of cancer cells caused by the oAd-comprising groups 

reconfirms that the decrease was due to replication-mediated effects.  In addition, 

HCC-oAd-WNTi and HCC-oAd-WNTi/MSC exhibited a more potent cancer cell-10 

killing effect under a hypoxic condition than under a normoxic condition on day 3 

and day 5 after treatment due to Ha2bm promoter.  For reference, HCC-oAd-

WNTi/MSC treatment induced a more significantly potent HCC-killing effect in a 

normoxic condition or in a hypoxic condition (P <0.05, P <0.01) on day 3 or day 5 

after treatment, compared to HCC-oAd-WNTi.  These results demonstrate that, 15 

while the virus is delivered to HCC cells, the efficient viral replication of HCC-oAd-

WNTi in MSCs can enhance the cancer cell killing effect of the oAd virus. 

 

[00232]  2-11-3. Verification of Antitumor Effect of Systemically Administered 

HCC-oAd-WNTi/MSC 20 

[00233]  To evaluate the therapeutic efficacy of systemically administered Ad-MSC 

in an orthotopic HCC tumor model, luciferase-expressing orthotopic Hep3B tumor 

model mice were treated with PBS, MSC (1 x 106 cells), HCC-oAd-WNTi (5 x 

108 VPs), or HCC-oAd-WNTi/MSC (1 x 106 MSCs infected with 5 x 108 VP for 18 

hours) via tail-vein injection. 25 
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[00234]  Specifically, on day 8 and day 12 after liver cancer cell transplantation, 

MSCs were infected with 5 MOI of HCC-oAd-WNTi (Ha2bm-d19-k35/sLRP6), 

which is a liver cancer-specific oncolytic adenovirus and after 24 hours, 1 x 106 

MSCs were administered to the liver cancer orthotopic model (nude mice) via the tail 

vein.  As controls, PBS, the same dose (1 x 106 cells) of MSCs not infected with the 5 

virus, or the same dose (5 x 108 VP) of Ad loaded in MSCs was administered via the 

tail vein. 

[00235]  As illustrated in FIGS. 30A and 31, rapid tumor growth was observed in a 

control group (PBS), whereas remarkable inhibition of tumor growth was observed 

in the Ad-MSC-administered group.  As illustrated in FIGS. 30A and 30B, the 10 

systemic administration of HCC-oAd-WNTi/MSC exhibited significantly more 

potent antitumor activity on day 35 after transplantation (P <0.01) compared to 

HCC-oAd-WNTi or the group administered MSCs alone, and exhibited a 447-fold, 

24.0-fold, or 8.1-fold or greater therapeutic effect compared to PBS, MSC, or HCC-

oAd-WNTi, respectively.  It was also confirmed in ex-vivo images of orthotopic 15 

tumor model mice that a much larger tumor was observed in the liver treated with 

PBS, MSC, or HCC-oAd-WNTi, whereas a significantly smaller HCC tumor was 

observed in the liver treated with HCC-oAd-WNTi/MSC (see FIGS. 32 and 33A).  

These patterns were also observed as similar results when a tumor was evaluated by 

weight (see FIG.33B).  For reference, HCC-oAd-WNTi/MSC still exhibited a 20 

potent antitumor effect even when administered at a lower dose than the dose range 

of existing oAd ((~2 x 1010 VP), which is commonly used in systemic treatment for 

mice with a tumor.  These results suggest that loading of oAd into MSCs can 

significantly enhance therapeutic efficacy of the systemically administered virus and 

minimize dose-related side effects. 25 
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[00236]  Experimental Example 2-12. Observation of Change in Liver Damage 

Index by Liver Cancer-Targeting Oncolytic Ad-MSC in Vivo 

[00237]  To confirm liver function by the tumor therapeutic effect of Ad-MSC in a 

liver cancer orthotopic transplantation model, MSCs were infected with 5 MOI of 5 

Ha2bm-d19-k35/sLRP6, which is a cancer-specific oncolytic adenovirus, for 18 

hours, and the Ad-MSCs (1 x 106 cells) were administered to the liver cancer 

orthotopic transplantation model (nude mice) via the tail vein.  As controls, PBS, 

200 µl of the same dose (1 x 106 cells) of MSCs not infected with the virus, and 

naked Ad (tumor oncolytic adenovirus Ha2bm-d19-k35/sLRP6 not loaded in MSCs, 10 

5 x 108 VP) were administered via the tail vein twice on day 9 and day 13.  3 days 

after the second injection, blood was collected from the four group of mice, and the 

serum levels of alanine transaminase (ALT) and aspartate aminotransferase (AST) 

were measured together with non-tumor normal mice as a control, to evaluate 

hepatotoxicity.  Specifically, 0.5-1 mL of blood was collected from the mice, and 15 

then after 20-30 minutes, centrifuged at 3,000 rpm for 30 minutes.  The supernatant 

as serum was collected and a toxicity testing institute was commissioned. 

[00238]  As illustrated in FIG. 34, mice treated with HCC-oAd-WNTi exhibited the 

highest AST level (1.6-fold greater than that in PBS-treated group; P <0.05).  In 

contrast, relative to the normal mouse group, a significant increase in AST level was 20 

not observed in mice treated with HCC-oAd-WNTi/MSC.  Rather, it can be 

confirmed that the AST level is maintained at the same level as that of normal mice.  

This demonstrates that tumor-specific delivery of MSC-mediated oAd can prevent 

the occurrence of liver damage problems caused by HCC, as well as typical liver 

damage related to systemically administered Ad. 25 
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[00239]  Experimental Example 2-13. Biodistribution Assay according to 

Systemic Administration of HCC-oAd-WNTi/MSC in Vivo 

[00240]  Naked oAd is rapidly and nonspecifically sequestered in the liver after 

intravenous injection due to interactions with Kupffer cells and coagulation factors, 5 

resulting in hepatotoxicity and a limited antitumor effect.  Thus, to examine 

whether HCC-oAd-WNTi/MSC can circumvent hepatic sequestration while 

enhancing oAd accumulation into a tumor, biodistribution profiles of systemically 

administered MSCs, HCC-oAd-WNTi, or HCC-oAd-WNTi/MSC were analyzed. 

[00241]  To analyze biodistribution, which is exhibited after systemic 10 

administration of tumor-specific oncolytic Ad-MSC in an orthotopic model, a 

Hep3B-Luc liver cancer orthotopic xenograft model was constructed, and then PBS, 

MSCs (1 x 106 cells), Ha2bm-d19-k35/sLRP6 (HCC-oAd-WNTi, 5 x 108 VP), or 

MSCs (Ad-MSC, 1 x 106 cells) infected with 5 x 108 VP of Ha2bm-d19-k35/sLRP6 

for 18 hours with were administered via the tail vein on day 9 and day 13, 15 

respectively, after tumor transplantation.  24 hours after the second administration 

to each group, the mice were anesthetized to collect blood, and then sacrificed, 

followed by extraction of liver cancer tissue, normal liver tissue, the stomach, spleen, 

lungs, pancreas, heart, and kidneys and DNA extraction.  Specifically, the organs 

were frozen using liquid nitrogen, and then pulverized using a pestle and a mortar.  20 

20 mg of each of the pulverized organs was placed in a new tube, and the organ was 

lysed using a lysis buffer to obtain DNA.  The concentration of the DNA was 

measured using a Nanodrop spectrometer, 100 ng of DNA was extracted using a 

QIAamp DNA blood mini kit (Qiagen), and real-time quantitative polymerase chain 

reaction (PCR) was performed to measure the number of viral genomes in each 25 
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sample.  The number of viral genomes in each sample was quantitatively verified 

for the distribution of liver cancer-specific oncolytic adenovirus. 

[00242]  As illustrated in FIG. 35, HCC-oAd-WNTi/MSC absorbed into the liver 

exhibited a significant decrease (P<0.001) compared to naked HCC-oAd-WNTi.  In 

addition, it is important that HCC-oAd-WNTi/MSC exhibits 4,824.2-fold greater 5 

intratumoral accumulation (P <0.001) than that of naked HCC-oAd-WNTi.  These 

results demonstrate that MSCs can effectively protect oAd during systemic 

circulation, and reduces hepatic tropism of oAd, thereby inducing efficient 

intratumoral accumulation of the virus due to the tumor-targeting characteristic of 

MSCs.  In addition, this data suggests that the intratumoral distribution of MSC-10 

mediated oAd allows, even at a low dose of the virus, viral replication both in MSCs 

and tumor tissue while systemically circulating, thereby inducing a potent antitumor 

effect.  Consequently, the tumor-to-liver ratio of HCC-oAd-WNTi/MSC was 

6,480.8-fold greater than that of naked HCC-oAd-WNTi, which demonstrates that 

MSC-mediated oncolytic Ad delivery can overcome obstacles in systemic 15 

administration for enhancing the therapeutic efficiency of the virus and safety 

profiles, thus enhancing the effects. 

 

[00243]  Experimental Example 2-14. Observation of in Vivo Liver Cancer 

Histological Changes by HCC-Targeting Oncolytic Ad-MSC 20 

[00244]  The tumor therapeutic effect of Ad-MSC in a liver cancer orthotopic 

xenograft model was histologically examined.  MSCs were infected with 5 MOI of 

Ha2bm-d19-k35/sLRP6 (HCC-oAd-WNTi) as oAd-MSC, which is a liver cancer-

specific oncolytic adenovirus, for 24 hours. 
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[00245]  Liver cancer cells were transplanted into a liver cancer orthotopic model 

(nude mice) and after 9 days and 13 days, 1 x 106 MSCs were administered to the 

liver cancer orthotopic model (nude mice) via the tail vein (Ad-MSC-treated group; 

HCC-oAd-WNTi/MSC).  As controls, PBS (PBS-treated group), the same dose (1 x 

106 cells) of MSCs not infected with the virus, or the same dose (5 x 108 VP) of Ad 5 

not loaded in MSCs (Ad-treated group; HCC-oAd-WNTi) was administered via the 

tail vein (n=6 mice/group). 

[00246]  3 days after the last administration, liver tissues were acquired from the 

four groups of mice, i.e., PBS-, MSC-, Ad-, and Ad-MSC-treated groups.  The liver 

tissues were fixed in 10% formalin, embedded in paraffin, and cut into 5-µm sections.  10 

The sections were attached to slides and sequentially immersed in xylene and a 100%, 

95%, 80%, or 70% ethanol solution to be deparaffinized, followed by hematoxylin 

and eosin (H&E) staining and Masson's trichrome staining for staining collagen 

fibrils.  Next, the same tissues were subjected to immunohistochemistry staining 

using antibodies against CD90, which is a marker for human MSCs, and proliferating 15 

cell nuclear antigen (PCNA) for confirming the degree of cell proliferation.  The 

tissue slides were sequentially immersed in xylene and a 100%, 95%, 80%, or 70% 

ethanol solution to be deparaffinized, and immersed in a 0.5% NP40 solution to 

enhance tissue permeability, and then allowed to react with a CD90 antibody (Abcam, 

Ltd., Cambridge, UK) or a PCNA antibody (DAKO, Glostrup, Denmark) at 4 ℃ 20 

overnight.  The next day, a secondary antibody reaction was performed using an 

ABC-peroxidase kit (ChemMate DAKO Envision kit; DAKO, Carpinteria, CA), 

followed by hematoxylin staining, mounting with a mounting solution, and 

observation with a tissue microscope. 
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[00247]  As illustrated in FIG. 36, it was confirmed that a wide range of tumor 

distribution in liver tissue was confirmed in a control (PBS) or a group treated with 

MSCs or Ad, and the wide distribution of collagen fibers (stained in blue), which is a 

major component of the extracellular matrix and aid in the formation and growth of 

tumor tissue, was confirmed in cancer tissue boundary regions and cancer tissues, 5 

whereas no tumor tissue and collagen fiber were confirmed in the group administered 

Ad-MSC (HCC-oAd-WNTi/MSC) and a normal form of liver tissue was maintained. 

[00248]  In addition, as illustrated in FIG. 37, as a result of confirming the presence 

of MSCs through staining with CD90, which is an MSC marker, CD90 was positive 

in the liver tissues of mice treated with MSCs, and CD90 was negative in the liver 10 

tissues of mice treated with HCC-oAd-WNTi or HCC-oAd-WNTi/MSC.  The result 

that MSCs remain in liver tissue for a long period of time only in the group 

administered MSCs alone indicates that MSCs having completed gene delivery are 

completely removed by Ad loaded therein, and considering that this means the 

exclusion of the possibility of causing side effects due to the remaining MSCs, the 15 

Ad-MSC of the present invention may have excellent characteristics as a therapeutic 

agent. 

[00249]  Next, as a result of confirming the degree of cell proliferation, excessive 

cancer cell-specific cell proliferation was confirmed only in a control (PBS) and the 

group administered MSCs or Ad, whereas no tumor cell was observed in a group 20 

administered the Ad-MSC of the present invention.  It was confirmed that, 

compared to PBS, MSCs, or HCC-oAd-WNTi treatment, HCC-oAd-WNTi/MSC 

treatment significantly reduced the level of proliferating cells, and can effectively 

inhibit the proliferation of HCC tumors, thereby inducing a potent antitumor effect. 

 25 
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[00250]  Experimental Example 2-15. Confirmation of Enhanced 

Pharmacokinetic Profile of HCC-oAd-WNTi / MSC 

[00251]  To effectively treat HCC tumors through a systemic administration method, 

the blood retention time of oAd needs to be extended for oAd delivery to target 

tumor tissue.  Thus, in the present invention, it was evaluated whether to extend the 5 

blood retention time of HCC-targeting oAd-MSC. 

[00252]  To evaluate the rate at which Ad is removed from the blood of mice, real-

time quantitative PCR (Q-PCR) was performed using whole blood samples of oAd-

treated mice.  5 x 108 VP of naked HCC-oAd-WNTi or the same dose of HCC-oAd-

WNTi/MSC (a total number of Ads loaded in MSCs is 5 x 108 VP) was systemically 10 

injected, and then 100 µL of whole blood was collected from the retro-orbital plexus 

of each mouse at 5 min, 10 min, 30 min, 1 h, 6 h, 24 h, or 48 h (n=3).  Total DNA 

was extracted from whole blood aliquots using a QIAamp DNA blood mini kit 

(Qiagen, Hilden, Germany).  The number of Ad genomes was measured by Q-PCR 

(Applied Biosystems).  The samples were analyzed three times, and the 15 

experimental results were processed with the SDS 19.1 Software Package (Applied 

Biosystems). 

[00253]  Naked HCC-oAd-WNTi (Ad not loaded in MSCs) was rapidly removed 

from the blood.  In contrast, HCC-oAd-WNTi/MSC was retained at 12-fold and 

3,200-fold higher levels (P <0.001) in the blood at 1 hour and 24 hours, respectively, 20 

after injection, compared to naked HCC-oAd-WNTi, suggesting that MSCs 

effectively protect HCC-oAd-WNTi during systemic circulation.
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CLAIMS 

 

1.  A mesenchymal stem cell (MSC) for anticancer comprising a 

recombinant adenovirus comprising a target gene and a sequence of SEQ ID NO: 1. 

 5 

2.  The mesenchymal stem cell for anticancer of claim 1, wherein the 

recombinant adenovirus further comprises a gene expression regulatory sequence 

that regulates the expression of the target gene. 

 

3.  The mesenchymal stem cell for anticancer of claim 2, wherein the 10 

gene expression regulatory sequence comprises an AFP promoter sequence of SEQ 

ID NO: 5 or a TERT promoter sequence of SEQ ID NO: 8. 

 

4.  The mesenchymal stem cell for anticancer of claim 1, wherein the 

mesenchymal stem cell is infected for 50 hours or less with a recombinant 15 

adenovirus comprising the target gene and the sequence of SEQ ID NO: 1 at a 

concentration of greater than 0.01 MOI to less than 100 MOI. 

 

5.  A composition for delivering a gene, the composition comprising a 

mesenchymal stem cell in which a recombinant adenovirus comprising a target gene 20 

and a sequence of SEQ ID NO: 1 is loaded. 

 

6.  The composition of claim 5, wherein the recombinant adenovirus 

further comprises a gene expression regulatory sequence that regulates the 

expression of the target gene. 25 
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7.  The composition of claim 5, wherein the composition is for systemic 

administration or local administration. 

 

8.  The composition of claim 5, wherein the composition comprises a 5 

mesenchymal stem cell infected for 50 hours or less with a recombinant adenovirus 

comprising the target gene and the sequence of SEQ ID NO: 1 at a concentration of 

greater than 0.01 MOI to less than 100 MOI. 

 

9.  A pharmaceutical composition for treating cancer, the pharmaceutical 10 

composition comprising a pharmaceutically effective amount of a mesenchymal stem 

cell (MSC) in which a recombinant adenovirus comprising a target gene and a 

sequence of SEQ ID NO: 1 is loaded. 

 

10. The pharmaceutical composition of claim 9, wherein the recombinant 15 

adenovirus further comprises a gene expression regulatory sequence that regulates 

the expression of the target gene. 

 

11. The pharmaceutical composition of claim 9, wherein the composition 

comprises a mesenchymal stem cell infected for 50 hours or less with a recombinant 20 

adenovirus comprising the target gene and the sequence of SEQ ID NO: 1 at greater 

than 0.01 MOI to less than 100 MOI. 

 

12. A recombinant adenovirus with enhanced stem cell transduction 

potency comprising a serotype 35 fiber knob. 25 
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13. The recombinant adenovirus of claim 12, wherein the serotype 35 

fiber knob consists of a sequence of SEQ ID NO: 1. 

 

14. The recombinant adenovirus of claim 12, wherein the recombinant 5 

adenovirus further comprises a target gene and a gene expression regulatory 

sequence that regulates the expression of the target gene. 

 

15. The recombinant adenovirus of claim 12, wherein the recombinant 

adenovirus comprises: a gene expression regulatory sequence comprising, in a 5' to 3' 10 

direction, (a) a sequence of 6 copies of a hypoxia-response element (HRE), (b) a 

sequence of 2 copies of alpha-fetoprotein (AFP) enhancer A, (c) a sequence of one 

copy of AFP promoter enhancer B, and (d) an AFP promoter sequence or a TERT 

promoter sequence; a target gene that is operatively linked to the gene expression 

regulatory sequence; and a serotype 35 fiber knob sequence. 15 

 


