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(57) ABSTRACT 

The object of the present invention is to provide a novel 
conditionally replicating adenovirus and a reagent compris 
ing the same for cancer cell detection or for cancer diagno 
sis. 

The present invention provides a polynucleotide, which 
comprises human telomerase reverse transcriptase (hTERT) 
promoter, E1A gene. IRES sequence and E1B gene in this 
order and which comprises a target sequence of a first 
miRNA. The present invention also provides a recombinant 
adenovirus, which comprises a replication cassette compris 
ing the above polynucleotide, wherein the replication cas 
sette is integrated into the E1 region of the adenovirus 
genome. 
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CONDITIONALLY REPLICATING 
ADENOVIRUS 

0001. This application is a continuation-in-part applica 
tion of U.S. application Ser. No. 14/240.216 filed on Mar. 
12, 2014, which is the U.S. National Phase of International 
Patent Application No. PCT/JP2012/053814, filed on Feb. 
17, 2012, and claims the benefit of the filing date of JP 
application 2011-181414 filed on Aug. 23, 2011. These 
documents are hereby incorporated by reference for all 
purposes. 

REFERENCE TO SEQUENCE LISTING 
SUBMITTED VIA EFS-WEB 

0002 This application includes an electronically submit 
ted sequence listing in .txt format. The .txt file contains a 
sequence listing entitled “2016-06-15 SequenceListing 
4456-0189PUS2.txt created on Jun. 15, 2016 and is 137, 
556 bytes in size. The sequence listing contained in this.txt 
file is part of the specification and is hereby incorporated by 
reference herein in its entirety. 

TECHNICAL FIELD 

0003. The present invention relates to a novel condition 
ally replicating adenovirus and a reagent comprising the 
same for cancer cell detection or for cancer diagnosis. 

BACKGROUND ART 

0004 Techniques currently used for cancer diagnosis 
mainly include (i) those using large-sized testing instru 
ments (e.g., MRI) and (ii) those for measuring tumor mark 
ers or the like in blood, and expectations are now focused on 
(ii) which are simple techniques with less burden on 
patients. In particular, cancer cells circulating in the periph 
eral blood of cancer patients (i.e., circulating tumor cells 
(CTCs)) show a close relationship with clinical symptoms 
because these cells increase the risk of systemic metastasis 
and because the prognosis of patients with CTCs is signifi 
cantly poor. Thus, it has been expected to develop a tech 
nique for simple and highly sensitive detection of CTCs as 
a predictive factor or Surrogate marker for prognosis. 
0005 Techniques used for CTC detection include detec 
tion with a cancer-related antigen Such as EpCAM (epithe 
lial cell adhesion molecule) or cytokeratin-8 (e.g., Cell 
Search system) and detection by means of RT-PCR, etc. 
However, these cancer-related antigens are also expressed 
on normal epithelial cells and hence are highly likely to 
cause false positive detection, while cell morphology char 
acteristic of cancer cells cannot be observed at the same time 
in the case of PCR detection. For these reasons. there has 
been a demand for a new technique in terms of sensitivity, 
simplicity, accuracy and costs. 
0006. On the other hand, the inventors of the present 
invention have already developed a conditionally replicating 
adenovirus which grows specifically in cancer cells and 
expresses GFP (GFP-expressing conditionally replicating 
adenovirus: GFP-CRAd) (which is referred to as TelomeS 
can R, OBP-401 or Telomelysin-GFP) (Patent Document 1: 
WO2006/036004). Moreover, the inventors of the present 
invention have also developed a simple technique for CTC 
detection using this TelomeScan (Non-patent Document 1: 
Kojima T, et al., J. Clin. Invest., 119: 3172, 2009). 
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0007. However, since TelomeScan has the fiber protein of 
adenovirus type 5 and infects via coxsackievirus and adeno 
virus receptor (CAR) in target cells, TelomeScan may not 
infect cells which do not express CAR. In particular, it is 
known that CAR expression is reduced in highly malignant 
cancer cells which are highly invasive. metastatic and pro 
liferative (Non-patent Document 2: Okegawa T., et al. 
Cancer Res., 61: 6592-6600, 2001); and hence TelomeScan 
may not detect these highly malignant cancer cells. More 
over, although less likely. TelomeScan may give false posi 
tive results by infecting and growing in normal blood cells 
(e.g., leukocytes) to cause GFP expression. 
0008 For these reasons, there has been a demand for a 
reagent for cancer cell detection and a reagent for cancer 
diagnosis, each of which detects almost all cancer cells 
including CAR-negative ones and does not give any false 
positive results in normal blood cells. 

PRIOR ART DOCUMENTS 

Patent Documents 

0009 Patent Document 1: WO2006/036004 
0010 Non-patent Document 1: Kojima T., et al., J. Clin. 
Invest., 119: 3172, 2009 

0011 Non-patent Document 2: Okegawa T., et al., Cancer 
Res., 61: 6592-6600, 2001 

SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 
0012. The present invention has been made under these 
circumstances, and the problem to be solved by the present 
invention is to provide a reagent for cancer cell detection and 
a reagent for cancer diagnosis, each of which detects almost 
all cancer cells including CAR-negative ones and does not 
give any false positive results in blood cells, as well as to 
provide a conditionally replicating recombinant adenovirus 
which is useful as Such a reagent. 

Means to Solve the Problem 

0013. As a result of extensive and intensive efforts made 
to solve the above problem, the inventors of the present 
invention have found that not only CAR-positive cells, but 
also CAR-negative cells can be detected when the fiber of 
adenovirus type 5 in TelomeScan is replaced with another 
adenovirus fiber binding to CD46, which is highly expressed 
on almost all human cells, particularly cancer cells in 
general. Moreover, the inventors of the present invention 
have Succeeded in avoiding any false positive results in 
blood cells by integration of a microRNA (miRNA)-medi 
ated gene regulatory system into TelomeScan, which led to 
the completion of the present invention. 
0014 Namely, the present invention is as follows. 
00.15 (1) A polynucleotide, which comprises human telo 
merase reverse transcriptase promoter, E1A gene, IRES 
sequence and E1B gene in this order and which comprises 
a target sequence of a first microRNA. 
0016 (2) The polynucleotide according to (1) above, 
wherein the first microRNA is expressed in non-cancer cells. 
0017 (3) The polynucleotide according to (1) or (2) 
above, wherein the first microRNA is at least one selected 
from the group consisting of miR-142, miR-15, miR-16, 
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miR-21, miR-126, miR-181, miR-223, miR-296, miR-125, 
miR-143, miR-145, miR-199 and let-7. 
0018 (4) A recombinant adenovirus, which comprises a 
replication cassette comprising the polynucleotide according 
to any one of (1) to (3) above, wherein the replication 
cassette is integrated into the E1 region of the adenovirus 
genome. 
0019 (5) The recombinant adenovirus according to (4) 
above, which further comprises a labeling cassette compris 
ing a reporter gene and a promoter capable of regulating the 
expression of the gene, wherein the labeling cassette is 
integrated into the E3 region of the adenovirus genome. 
0020 (6) The recombinant adenovirus according to (5) 
above, wherein the labeling cassette further comprises a 
target sequence of a second microRNA. 
0021 (7) The recombinant adenovirus according to (4) 
above, wherein a cell death-inducing cassette comprising a 
gene encoding a cell death induction-related protein and a 
promoter capable of regulating the expression of the gene is 
further integrated into the E3 region of the adenovirus 
genome. 
0022 (8) The recombinant adenovirus according to (7) 
above, wherein the cell death-inducing cassette further com 
prises a target sequence of a second microRNA. 
0023 (9) The recombinant adenovirus according to (6) or 
(8) above, wherein the second microRNA is expressed in 
non-cancer cells. 
0024 (10) The recombinant adenovirus according to (9) 
above, wherein the second microRNA is at least one selected 
from the group consisting of miR-142, miR-15, miR-16, 
miR-21, miR-126, miR-181, miR-223, miR-296, miR-125, 
miR-143, miR-145, miR-199 and let-7. 
0025 (11) The recombinant adenovirus according to (5) 
or (6) above, wherein the reporter gene is a gene encoding 
a protein which emits fluorescence or a gene encoding an 
enzyme protein which generates a luminophore or a chro 
mophore upon enzymatic reaction. 
0026 (12) The recombinant adenovirus according to any 
one of (5) to (10) above, wherein the promoter is human 
telomerase reverse transcriptase promoter or cytomegalovi 
rus promoter. 
0027 (13) The recombinant adenovirus according to any 
one of (4) to (12) above, which further comprises a gene 
encoding a CD46-binding fiber protein. 
0028 (14) The recombinant adenovirus according to (13) 
above, wherein the CD46-binding fiber protein comprises at 
least the fiber knob region in the fiber protein of adenovirus 
type 34 or 35. 
0029 (15) A reagent for cancer cell detection, which 
comprises the recombinant adenovirus according to any one 
of (4) to (14) above. 
0030 (16) A reagent for cancer diagnosis, which com 
prises the recombinant adenovirus according to any one of 
(4) to (14) above. 
0031 (17) The reagent according to (15) above, wherein 
the cancer cells are derived from a biological sample taken 
from a subject. 
0032 (18) The reagent according to (17) above, wherein 
the biological sample is blood. 
0033 (19) The reagent according to (15) or (18) above, 
wherein the cancer cells are circulating tumor cells. 
0034 (20) The reagent according to any one of (15) and 
(17) to (19) above, wherein the cancer cells are drug 
resistant cancer cells. 
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0035 (21) The reagent according to any one of (15) and 
(17) to (20) above, wherein the cancer cells are cancer stem 
cells. 
0036 (22) The reagent according to any one of (15) and 
(17) to (21) above, wherein the cancer cells are cancer cells 
having undergone epithelial-mesenchymal transition or 
mesenchy mal-epithelial transition. 
0037 (23) A method for cancer cell detection, which 
comprises contacting cancer cells with the recombinant 
adenovirus according to (11) above and detecting the fluo 
rescence or color produced by the cancer cells. 
0038 (24) The method according to (23) above, wherein 
the cancer cells are derived from a biological sample taken 
from a subject. 
0039 (25) The method according to (24) above, wherein 
the biological sample is blood. 
0040 (26) The method according to (25) above, wherein 
the cancer cells are circulating tumor cells. 
0041 (27) A recombinant adenovirus, which comprises: 
0042 a replication cassette comprising a polynucleotide 
comprising a human telomerase reverse transcriptase pro 
moter, E1A gene, IRES sequence and E1B gene in this order, 
and a target sequence of a first microRNA, wherein the first 
microRNA is miR-142 and the target sequence comprises a 
nucleotide sequence having at least 98% identity to the 
nucleotide sequence consisting of SEQ ID NO: 52, and 
wherein the replication cassette is integrated into the E1 
region of the adenovirus genome; 
0043 a labeling cassette comprising a reporter gene, a 
promoter capable of regulating the expression of the reporter 
gene, and a target sequence of a second microRNA, wherein 
the second microRNA is miR-142 and the target sequence 
comprises a nucleotide sequence having at least 98% iden 
tity to the nucleotide sequence consisting of SEQID NO:52, 
and wherein the labeling cassette is integrated into the E3 
region of the adenovirus genome; and 
0044 a gene encoding a CD46-binding fiber protein 
comprising at least the fiber knob region in the fiber protein 
of adenovirus type 34 or 35, which comprises a nucleotide 
sequence having at least 99% identity to the nucleotide 
sequence consisting of SEQID NO: 50 and is integrated into 
the adenovirus genome. 
0045 (28) The recombinant adenovirus according to (27) 
above, wherein the reporter gene is a gene encoding a 
protein which emits fluorescence or a gene encoding an 
enzyme protein which generates a luminophore or a chro 
mophore upon enzymatic reaction. 
0046 (29) The recombinant adenovirus according to (27) 
above, wherein the promoter capable of regulating the 
expression of the reporter gene is a human telomerase 
reverse transcriptase promoter or cytomegalovirus promoter. 
0047 (30) The recombinant adenovirus according to (27) 
above, wherein the replication cassette comprises a nucleo 
tide sequence having at least 99% identity to the nucleotide 
sequence consisting of SEQ ID NO: 53. 
0048 (31) The recombinant adenovirus according to (27) 
above, wherein the labeling cassette comprises a nucleotide 
sequence having at least 99% identity to the nucleotide 
sequence consisting of SEQ ID NO: 54. 
0049 (32) A recombinant adenovirus, which comprises: 
0050 a replication cassette comprising a nucleotide 
sequence having at least 99% identity to the nucleotide 
sequence consisting of SEQID NO: 53 and is integrated into 
the E1 region of the adenovirus genome: 
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0051 a labeling cassette comprising a nucleotide 
sequence having at least 99% identity to the nucleotide 
sequence consisting of SEQID NO: 54 and is integrated into 
the E3 region of the adenovirus genome; and 
0052 a gene encoding a CD46-binding fiber protein 
comprising a nucleotide sequence having at least 99% 
identity to the nucleotide sequence consisting of SEQ ID 
NO: 50 and is integrated into the adenovirus genome. 
0053 (33) A recombinant adenovirus, which comprises a 
nucleotide sequence having at least 99% identity to the 
nucleotide sequence consisting of SEQ ID NO: 51. 

Effects of the Invention 

0054 The present invention enables simple and highly 
sensitive detection of CAR-negative cancer cells without 
detection of normal blood cells (e.g., leukocytes). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0055 FIG. 1 is a schematic view showing an example of 
the structure of the recombinant adenovirus of the present 
invention. 
0056 FIG. 2 shows the results measured for activity of 
recombinant adenoviruses by flow cytometry. 
0057 FIG. 3 shows the results detected for H1299 cells 
contained in blood samples. 
0058 FIG. 4 shows the results detected for A549 cells 
contained in blood samples. 
0059 FIG. 5 shows the results measured for activity of 
the recombinant adenovirus of the present invention in 
various types of cancer cells. 
0060 FIG. 6 shows the results detected for cancer cells 
having undergone epithelial-mesenchymal transition 
(EMT). 
0061 FIG. 7 shows the results detected for cancer stem 
cells. 
0062 FIG. 8 shows the results detected for H1299 and 
T24 cells contained in blood samples by using a red fluo 
rescent protein. 
0063 FIG. 9 shows the results detected for H661 cells 
contained in blood samples. 
0064 FIG. 10 shows the results measured for activity of 
the recombinant adenovirus of the present invention in HeLa 
and K562 cells. 

DESCRIPTION OF EMBODIMENTS 

0065. The present invention will be described in more 
detail below. The following embodiments are illustrated to 
describe the present invention, and it is not intended to limit 
the present invention only to these embodiments. The pres 
ent invention can be implemented in various modes, without 
departing from the spirit of the present invention. Moreover, 
this specification incorporates the contents disclosed in the 
specification and drawings of Japanese Patent Application 
No. 2011-181414 (filed on Aug. 23, 2011), based on which 
the present application claims priority. 

1. SUMMARY 

0066 TelomeScan (i.e., a conditionally replicating 
adenovirus comprising hTERT promoter, E1A gene, IRES 
sequence and E1B gene integrated in this order into the 
El-deficient region of adenovirus type 5 and comprising 
cytomegalovirus (CMV) promoter and GFP integrated in 
this order into the E3-deficient region of adenovirus type 5), 
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which has been previously developed by the inventors of the 
present invention, has problems in that: (i) TelomeScan may 
not detect highly malignant cancer cells where CAR expres 
sion is reduced; and (ii) TelomeScan may detect normal 
blood cells as false positive. As a result of extensive and 
intensive efforts made to solve these problems, the inventors 
of the present invention have found that highly malignant 
CAR-negative cancer cells can be detected when the fiber of 
adenovirus type 5 in TelomeScan is replaced with another 
adenovirus fiber binding to CD46, which is highly expressed 
on almost all human cells, particularly cancer cells in 
general. Moreover, the inventors of the present invention 
have also found that when a target sequence of miR-142-3p. 
which is miRNA, is integrated into each of the replication 
and labeling cassettes in TelomeScan, virus growth and 
labeling protein expression can be prevented in normal 
blood cells to thereby prevent the occurrence of false 
positive results in normal blood cells. 
0067 Namely, in a preferred embodiment of the present 
invention, the recombinant adenovirus of the present inven 
tion is a recombinant adenovirus, in which a replication 
cassette comprising hTERT promoter. E1A gene, IRES 
sequence, E1B gene and a target sequence of microRNA is 
integrated into the E1 region of the adenovirus genome and 
a labeling cassette comprising a reporter gene, a promoter 
capable of regulating the expression of the gene and a target 
sequence of microRNA is integrated into the E3 region of 
the adenovirus genome, and which comprises a gene encod 
ing a CD46-binding adenovirus fiber protein (FIG. 1). This 
recombinant adenovirus has the following features. 
(i) Because of comprising a gene encoding a CD46-binding 
adenovirus fiber protein, this recombinant adenovirus is able 
to infect almost all cells including CAR-negative cells. 
(ii) Because of comprising hTERT promoter, this recombi 
nant adenovirus grows specifically in hTERT-expressing 
cancer cells and also increases reporter gene expression 
upon growth, whereby the production of a labeling protein, 
a chromophore or the like can be increased to detectable 
levels. 
(iii) Because of comprising a target sequence of miRNA, 
this recombinant adenovirus can prevent the occurrence of 
false positive results even when the virus infects normal 
cells having hTERT promoter activity, because expression of 
this miRNA prevents not only growth of the virus but also 
expression of the reporter gene. In particular, because of 
comprising a target sequence of miRNA which is expressed 
specifically in blood cells, this recombinant adenovirus can 
prevent the occurrence of false positive results even when 
the virus infects normal blood cells having hTERT promoter 
activity, because expression of this miRNA prevents not 
only growth of the virus in blood cells but also expression 
of the reporter gene. 
0068. The present invention has been completed on the 
basis of these findings. 

2. RECOMBINANT ADENOVIRUS 

(1) Replication Cassette 
0069. The present invention relates to a polynucleotide, 
which comprises human telomerase reverse transcriptase 
(hTERT) promoter, E1A gene. IRES sequence and E1B gene 
in this order and which comprises a target sequence of 
microRNA. In addition, the present invention relates to a 
recombinant adenovirus, which comprises a replication cas 
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sette comprising the above polynucleotide, wherein the 
replication cassette is integrated into the E1 region of the 
adenovirus genome. 
0070. By the action of the above polynucleotide (or a 
replication cassette comprising the same), the recombinant 
adenovirus of the present invention can grow specifically in 
cancer cells and can also be prevented from growing in cells 
which express the desired miRNA. For example, if the target 
sequence of miRNA contained in the replication cassette of 
the present invention is a target sequence of miRNA which 
is expressed specifically in blood cells, the recombinant 
adenovirus of the present invention grows specifically in 
hTERT-expressing cancer cells and is prevented from grow 
ing in blood cells. 
0071 Human telomerase reverse transcriptase (hTERT) 
promoter is a promoter for reverse transcriptase which is an 
element of human telomerase. Although human telomerase 
activity will be increased by splicing of hTERT mRNA, 
post-translational modification of hTERT protein and other 
events, enhanced hTERT gene expression, i.e., increased 
hTERT promoter activity is thought to be the most important 
molecular mechanism. Human telomerase has been con 
firmed to show increased activity in 85% or more of human 
cancers, whereas it shows no activity in most normal cells. 
Thus, the use of hTERT promoter allows a gene downstream 
thereof to be expressed specifically in cancer cells. In the 
present invention, the hTERT promoter is located upstream 
of E1A gene, IRES sequence and E1B gene, whereby the 
virus can grow specifically in hTERT-expressing cancer 
cells. 
0072 hTERT has been confirmed to have many transcrip 
tion factor binding sequences in a 1.4 kbp region upstream 
of its 5'-terminal end, and this region is regarded as hTERT 
promoter. In particular, a 181 bp sequence upstream of the 
translation initiation site is a core region important for 
expression of its downstream genes. In the present inven 
tion, although any sequence may be used as long as it 
includes this core region, an upstream sequence of approxi 
mately 378 bp which covers this core region in its entirety 
is preferred for use as the hTERT promoter. This sequence 
of approximately 378 bp has been confirmed to have the 
same efficiency of gene expression as the 181 bp core region 
alone. The nucleotide sequence of a 455 bp long hTERT 
promoter is shown in SEQ ID NO: 1. 
0073. In addition to the sequence shown in SEQID NO: 
1, the nucleotide sequence of hTERT promoter includes the 
nucleotide sequences of polynucleotides which are hybrid 
izable under stringent conditions with DNA consisting of a 
nucleotide sequence complementary to DNA consisting of 
SEQ ID NO: 1 and which have hTERT promoter activity. 
Such polynucleotides may be obtained from cDNA and 
genomic libraries by known hybridization techniques (e.g., 
colony hybridization, plaque hybridization, Southern blot 
ting) using a polynucleotide which consists of the nucleotide 
sequence shown in SEQ ID NO: 1 or a fragment thereof as 
a probe. 
0074 For preparation of cDNA libraries, reference may 
be made to “Molecular Cloning, A Laboratory Manual 2nd 
ed.' (Cold Spring Harbor Press (1989)). Alternatively, com 
mercially available cDNA and genomic libraries may also be 
used for this purpose. 
0075 Stringent conditions in the above hybridization 
include, for example, conditions of 1 xSSC to 2xSSC, 0.1% 
to 0.5% SDS and 42° C. to 68° C., more specifically 
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prehybridization at 60° C. to 68°C. for 30 minutes or longer 
and the subsequent 4 to 6 washings in 2xSSC, 0.1% SDS at 
room temperature for 5 to 15 minutes. 
0076. As to detailed procedures for hybridization, refer 
ence may be made to “Molecular Cloning, A Laboratory 
Manual 2nd ed.' (Cold Spring Harbor Press (1989); par 
ticularly Section 9.47-9.58), etc. 
0077. In a preferred embodiment of the invention, the 
hTERT promoter comprises the nucleotide sequence of SEQ 
ID NO: 1 or a variant thereof. The variant of the hTERT 
promoter comprises the nucleotide sequence having at least 
90%, preferably at least 95%, more preferably at least 96%, 
and even more preferably at least 97%, 98%, or 99% identity 
to that of SEQ ID NO: 1, wherein the nucleotide sequence 
has an hTERT promoter activity. 
(0078 E1A and E1B genes are both included in the E1 
gene of adenovirus. This E1 gene refers to one of the early 
genes among the virus early (E) and late (L) genes related to 
DNA replication, and it encodes a protein related to the 
regulation of viral genome transcription. E1A protein 
encoded by the E1A gene of adenovirus activates the tran 
Scription of a group of genes (e.g., E1B, E2, E4) required for 
infectious virus production. E1B protein encoded by the 
E1B gene of adenovirus assists late gene (L gene) mRNAS 
to accumulate into the cytoplasm of infected host cells and 
inhibits protein synthesis in the host cells, thereby facilitat 
ing virus replication. The nucleotide sequences of the E1A 
and E1B genes are shown in SEQID NO: 2 and SEQID NO: 
3, respectively. In addition to the sequences shown in SEQ 
ID NO: 2 and SEQ ID NO:3, the nucleotide sequences of 
the E1A and E1B genes include nucleotide sequences which 
are hybridizable under stringent conditions with DNA con 
sisting of a nucleotide sequence complementary to DNA 
consisting of SEQ ID NO: 2 or SEQ ID NO: 3 and which 
encode a protein having E1A or E1B activity. Procedures 
and stringent conditions for hybridization are the same as 
those described above for the hTERT promoter. 
0079. In a preferred embodiment of the invention, the 
E1A gene comprises the nucleotide sequence of SEQ ID 
NO: 2 or a variant thereof. The variant of E1A gene 
comprises the nucleotide sequence having at least 90%, 
preferably at least 95%, more preferably at least 96%, and 
even more preferably at least 97%, 98%, or 99% identity to 
that of SEQ ID NO: 2, wherein the nucleotide sequence 
encodes a polypeptide having an E1A activity. 
0080. In a preferred embodiment of the invention, the 
E1B gene comprises the nucleotide sequence of SEQ ID 
NO: 3 or a variant thereof. The variant of E1B gene 
comprises the nucleotide sequence having at least 90%, 
preferably at least 95%, more preferably at least 96%, and 
even more preferably at least 97%, 98%, or 99% identity to 
that of SEQ ID NO: 3, wherein the nucleotide sequence 
encodes a polypeptide having an E1B activity. 
I0081) Identity of any two nucleotide sequences can be 
determined by those skilled in the art based, for example, on 
a BLAST 2.0 computer alignment. BLAST 2.0 searching is 
known in the art and is publicly available, for example, at 
incbi.nlm.nih.gov/BLAST/. 
I0082 IRES (internal ribosome entry site) sequence is a 
protein synthesis initiation signal specific to the picomavirus 
family and is considered to serve as a ribosomal binding site 
because of having a sequence complementary to the 3'-ter 
minal end of 18S ribosomal RNA. It is known that transla 
tion of mRNAs derived from viruses of the picomavirus 
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family is mediated by this sequence. The efficiency of 
translation from the IRES sequence is high and protein 
synthesis occurs even from the middle of mRNA in a manner 
not dependent on the cap structure. Thus, in the virus of the 
present invention, the E1A gene and the E1B gene, which is 
located downstream of the IRES sequence, are both trans 
lated independently by the action of hTERT promoter. With 
the use of the IRES sequence, hTERT promoter-mediated 
expression regulation occurs independently in both the E1A 
gene and the E1B gene, and hence virus growth can be more 
strictly limited to cells having telomerase activity when 
compared to the case where any one of the E1A gene or the 
E1B gene is regulated by the hTERT promoter. Moreover, 
the IRES sequence inserted between the E1A gene and the 
E1B gene can increase the growth capacity of the virus in 
host cells. The nucleotide sequence of the IRES sequence is 
shown in SEQID NO: 4. In addition to the sequence shown 
in SEQ ID NO: 4, the nucleotide sequence of the IRES 
sequence includes nucleotide sequences which are hybrid 
izable under stringent conditions with DNA consisting of a 
nucleotide sequence complementary to DNA consisting of 
SEQ ID NO. 4 and which encode a protein having IRES 
activity. Procedures and stringent conditions for hybridiza 
tion are the same as those described above for the hTERT 
promoter. 
0083. In a preferred embodiment of the invention, the 
IRES sequence comprises the nucleotide sequence of SEQ 
ID NO. 4 or a variant thereof. The variant of the IRES 
sequence comprises the nucleotide sequence having at least 
90%, preferably at least 95%, more preferably at least 96%, 
and even more preferably at least 97%, 98%, or 99% identity 
to that of SEQ ID NO: 4, wherein the nucleotide sequence 
has an IRES activity. 
008.4 miRNA generally refers to short single-stranded 
RNA of approximately 15 to 25 nucleotides and is consid 
ered to regulate the translation of various genes upon 
binding to its target sequence present in mRNA. Thus, for 
example, when miRNA-expressing cells are infected with a 
recombinant adenovirus comprising a desired gene and a 
target sequence of the miRNA, the desired gene is prevented 
from being expressed in these cells. Such a target sequence 
of miRNA may be inserted into any site as long as a desired 
gene is prevented from being expressed, but it preferably 
inserted into an untranslated region of the desired gene, 
more preferably downstream of the desired gene. 
0085. The target sequence of miRNA to be used in the 
present invention includes target sequences of miRNAS 
which are expressed in non-cancer cells. Non-cancer cells 
are intended to mean cells that are not malignant tumor cells, 
and examples include normal cells, benign tumor cells and 
so on. Normal cells include, for example, normal blood 
cells, normal endothelial cells, normal fibroblasts, normal 
stem cells and so on. On the other hand, circulating tumor 
cells are regarded as cells originating from malignant 
tumors, and hence they fall within malignant tumor cells in 
the present invention. 
I0086. The target sequence of miRNA to be used in the 
present invention also includes target sequences of miRNAS 
which are expressed specifically in blood cells. In the 
present invention, “blood cells' may include not only nor 
mal blood cells, but also cancerous blood cells. Namely, in 
the present invention. “miRNA which is expressed specifi 
cally in blood cells' may be expressed specifically in normal 
blood cells or may be expressed specifically in both normal 
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blood cells and cancerous blood cells. Even when expressed 
specifically in both normal blood cells and cancerous blood 
cells, miRNA can also reduce false positive cases of normal 
blood cells during detection of circulating tumor cells and 
thereby ensures accurate detection of circulating tumor cells 
released from Solid cancers. In the present invention, 
“miRNA which is expressed specifically in blood cells” is 
more preferably miRNA which is expressed in normal blood 
cells but is not expressed in cancerous blood cells. 
I0087. In the present invention, blood cells include, but 
are not limited to, leukocytes (i.e., neutrophils, eosinophils, 
basophils, lymphocytes (T cells and B cells), monocytes, 
dendritic cells), CD34-positive cells, hematopoietic cells, 
hematopoietic stem cells, hematopoietic progenitor cells, 
peripheral blood mononuclear cells (PBMCs) and so on. 
Likewise, cancerous blood cells include leukemia cells, 
lymphoma cells and so on. In the present invention, being 
“expressed specifically in certain cells is intended to mean 
not only that expression is limited only to the intended cells, 
but also that expression levels are higher in the intended 
cells than in other cells. For example, being “expressed 
specifically in blood cells' is intended to mean not only that 
expression is limited only to blood cells, but also that 
expression levels are higher in blood cells than in any cells 
other than blood cells. 
I0088 miRNA which is expressed specifically in blood 
cells includes, for example, miR-142, miR-15, miR-16, 
miR-21, miR-126, miR-181, miR-223, miR-296 and so on, 
with miR-142, miR-15 and miR-16 being preferred. 
I0089 Although miRNA is single-stranded RNA, it is 
possible to use a target sequence of either strand of prema 
ture double-stranded RNA as long as a desired gene can be 
prevented from being expressed. For example, there are 
miR-142-3p and miR-142-5p for miR-142, and a target 
sequence of either miRNA may be used in the present 
invention. Namely, in the present invention, “miR-142 
includes both miR-142-3p and miR-142-5p, with miR-142 
3p being preferred. Likewise, in the present invention. 
“miR-15” includes the sense strand (referred to as “miR 
15S) and antisense strand (referred to as “miR-15AS) of 
premature double-stranded RNA. The same applies to other 
miRNAs. 
0090 miR-142-3p gene is located at a site where trans 
location occurs in B cell leukemia (aggressive B cell leu 
kemia), and is known to be expressed in hematopoietic 
tissues (e.g., bone marrow, spleen, thymus), but not 
expressed in other tissues. Moreover, miR-142-3p has been 
observed to be expressed in mouse fetal liver (fetal 
hematopoietic tissue) and hence is considered to be involved 
in differentiation of the hematopoietic system (Chang-Zheng 
Chen, et al., Science, 2004). 
0091. In this embodiment, gene expression is regulated in 
two stages in a selective manner, because specific gene 
expression is caused in cancer cells by the action of hTERT 
promoter and gene expression in blood cells is regulated by 
the action of miRNA. 
0092. In another embodiment, the target sequence of 
miRNA to be used in the present invention includes a target 
sequence of miRNA whose expression is Suppressed in 
cancer cells. miRNA whose expression is Suppressed in 
cancer cells includes, for example, miR-125, miR-143, 
miR-145, miR-199, let-7 and so on. In this embodiment, 
specific gene expression in cancer cells is doubly regulated 
by the action of hTERT promoter and miRNA. 
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0093. Although miRNA molecules have been initially 
found in nematodes, yeast and other organisms, there are 
currently found several hundreds of miRNAs in humans and 
mice. The sequences of these miRNAS are known, and 
sequence information and so on can be obtained by access 
to public DBs (e.g., miR Base: the microRNA database 
(worldwide web.mirbase.org), microRNA.org Targets and 
Expression (world wide web.microrna.org/microrna/home. 
do)). 
0094. The sequences of miR-142, miRNA-15, miRNA 
16, miR-21, miR-126, miR-181, miR-223, miR-296, miR 
125, miR-143, miR-145, miR-199 and let-7 are shown 
below. 

miR-142-3p: 
(SEO ID NO; 5) 

5'-UGUAGUGUUUCCUACUUUAUGGA 

miR-142-5p: 
(SEQ ID NO : 6) 

5 - CAUAAAGUAGAAAGCACUACU 

miR-15S: 
(SEO ID NO: 7) 

5'-UAGCAGCACAUAAUGGUUUGUG 

miR-15AS: 
(SEQ ID NO: 8) 

5 - CAGGCCAUAUUGUGCUGCCUCA 

miR-16S: 
(SEO ID NO: 9) 

5'-UAGCAGCACGUAAAUAUUGGCG 

miR-16AS: 
(SEQ ID NO: 10) 

5 - CCAGUAUUAACUGUGCUGCUGA 

miR-21S: 
(SEQ ID NO: 11) 

5'-UAGCUUAUCAGACUGAUGUUGA 

miR-21AS: 
(SEQ ID NO: 12) 

5 - CAACACCAGUCGAUGGGCUGU 

miR-126S: 
(SEQ ID NO: 13) 

5'-UCGUACCGUGAGUAAUAAUGCG 

miR-126AS: 
(SEQ ID NO: 14) 

5 - CAUUAUUACUUUUGGUACGCG 

miR-181: 
(SEQ ID NO: 15) 

5'-AACAUUCAACGCUGUCGGUGAGU 

miR-223S: 
(SEQ ID NO: 16) 

5'-UGUCAGUUUGUCAAAUACCCCA 

rniR-223AS: 
(SEO ID NO: 17) 

5 - CGUGUAUUUGACAAGCUGAGUU 

miR-296-3p : 
(SEQ ID NO: 18) 

5 - GAGGGUUGGGUGGAGGCUCUCC 

miR-296-5p: 
(SEQ ID NO: 19) 

s' - AGGGCCCCCCCUCAAUCCUGU 
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- Continued 
miR-125: 

(SEQ ID NO: 2O) 
5'-UCCCUGAGACCCUUUAACCUGUGA 

miR-143S: 
(SEQ ID NO: 21) 

5'-UGAGAUGAAGCACUGUAGCUC 

miR-143AS: 
(SEQ ID NO: 22) 

5 - GGUGCAGUGCUGCAUCUCUGGU 

miR-145S: 
(SEQ ID NO: 23) 

5 - GUCCAGUUUUCCCAGGAAUCCCU 

miR-145AS 
(SEQ ID NO: 24) 

5 - GGAUUCCUGGAAAUACUGUUCU 

miR-199: 
(SEQ ID NO: 25) 

5 - CCCAGUGUUCAGACUACCUGUUC 

let - 7 : 
(SEQ ID NO: 26) 

5'-UGAGGUAGUAGGUUGUAUAGUU 

0095. In the present invention, a single unit of a target 
sequence of miRNA is composed of a sequence comple 
mentary to the whole or part of the miRNA, and has a 
nucleotide length of 7 to 30 nucleotides, preferably 19 to 25 
nucleotides, more preferably 21 to 23 nucleotides. In the 
present invention, a single unit of a target sequence of 
miRNA is intended to mean a nucleotide sequence having 
the minimum length required for serving as a target of 
certain miRNA. More specifically, it is intended to mean an 
oligonucleotide of at least 7 nucleotides in length selected 
from complementary sequences of the nucleotide sequences 
shown in SEQID NOs: 5 to 26, and such an oligonucleotide 
may comprise Substitution, deletion, addition or removal of 
one or several nucleotides at any site(s). 
0096. The target sequence as a whole to be integrated into 
the polynucleotide or recombinant adenovirus of the present 
invention may comprise several copies of a single unit of 
target sequence in order to ensure effective interaction 
between miRNA and the target sequence. The target 
sequence as a whole to be integrated into the recombinant 
adenovirus may be of any length as long as it can be 
integrated into the viral genome. For example, it may 
comprise 1 to 10 copies, preferably 2 to 6 copies, and more 
preferably 2 or 4 copies of a single unit of target sequence 
(John G. Doench, et al., Genes Dev. 2003 17:438-442). An 
oligonucleotide of appropriate length may be inserted 
between single units of target sequence contained in the 
target sequence as a whole. The length of Such an oligo 
nucleotide of appropriate length is not limited in any way as 
long as the target sequence as a whole can be integrated into 
the recombinant adenovirus genome. For example, Such an 
oligonucleotide may be of 0 to 8 nucleotides in length. 
Moreover, in the case of comprising several units of a target 
sequence of miRNA, the target sequences in the respective 
units may be those toward the same miRNA or those toward 
different miRNAs. Furthermore, in the case of comprising 
target sequences toward the same miRNA, the target 
sequences in the respective units may have different lengths 
and/or different nucleotide sequences. 
0097. The target sequence of miRNA to be contained in 
the polynucleotide of the present invention (or a replication 
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cassette comprising the same) can also be referred to as a 
“target sequence of a first microRNA’ in order that the 
polynucleotide, when integrated into the recombinant 
adenovirus, should be distinguished from other miRNA 
target sequences present in the recombinant adenovirus. 
0098. When miR-142-3p is used as miRNA in the present 
invention, a target sequence thereof may be exemplified by 
sequences comprising the following sequences, by way of 
example. 
(i) Sequence comprising two units of a target sequence of 
miR-142-3p: 

(SEO ID NO: 27 
5'-9C99CCtccataaagtaggaaacactacacagcticcataaagtagga 
alacact acattatalagogg tac, 

each underline represents a single unit of a target sequence 
of miR-142-3p) 
(ii)-1. Sequence comprising four units of a target sequence 
of miR-142-3p: 

(SEQ ID NO: 28 
5'-99CCtccataaagtagdaaacact acacagctic cataaagtaggaaa 
Cact acatta atticcataaagtaggaalacact acaCCaCt c cataaagta 
ggaalacactacagtact 

each underline represents a single unit of a target sequence 
of miR-142-3p) 
(ii)-2. Sequence comprising four units of a target sequence 
of miR-142-3p: 

SEO ID NO. 55 
5' ticcataaagtagdaaacact acacagctic cataaagtaggaalacact 
a catta attic cataaagtaggaaac act acaCCaCt c cataaagtaggaia 
acactaca 

each underline represents a single unit of a target sequence 
of miR-142-3p) 
0099. The nucleotide sequence of SEQ ID NO: 55 cor 
responds to the sequence from position 5 to 109 in the 
nucleotide sequence of SEQ ID NO: 28. 
(ii)-3. Sequence comprising four units of a target sequence 
of miR-142-3p: 

(SEO ID NO : 52 
5' ticcataagtagdaaac act acacagotccataagtacgaalacactac 
atta attic cataaagtaggaalacactaca99acticcataaagtaggaaac 
actaca-3', 

each underline represents a single unit of a target sequence 
of miR-142-3p) 
0100. In a preferred embodiment of the invention, the 
sequence comprising four units of a target sequence of 
miR-142-3p comprises the nucleotide sequence of SEQ ID 
NO: 52 or 55, or a variant thereof. The variant of the 
sequence comprising four units of a target sequence of 
miR-142-3p comprises the nucleotide sequence having at 
least 90%, preferably at least 95%, more preferably at least 
96%, and even more preferably at least 97%, 98%, or 99% 
identity to that of SEQ ID NO: 52 or 55. 
0101. The nucleotide sequence of SEQ ID NO: 55 has 
98.1% (103/105) identity to the nucleotide sequence of SEQ 
ID NO: 52. The nucleotide sequence of SEQID NO: 52 has 
98.1% identity to the nucleotide sequence of SEQ ID NO: 
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55. That is, the nucleotide sequences of SEQID NOs: 52 and 
55 have 98.1% (103/105) nucleotide identity each other. 
0102. In the present invention, a target sequence of 
miRNA is placed downstream of the construct of hTERT 
promoter-E1A gene-IRES sequence-E1B gene, and the 
resulting polynucleotide comprising the hTERT promoter, 
the E1A gene, the IRES sequence, the E1B gene and the 
target sequence of miRNA in this order (which polynucle 
otide is referred to as a replication cassette) is integrated into 
the adenovirus genome, whereby E1 gene expression and 
virus growth can be prevented in cells expressing the 
miRNA. 
0103) In the present invention, a target sequence of 
miRNA is integrated downstream of the E1B gene or the 
reporter gene described later, whereby a gene located 
upstream thereof is prevented from being expressed. 
Although the details of this mechanism are not clear, a 
possible mechanism is as follows. First, miRNA-RISC 
(RNA-induced silencing complex) cleaves a target sequence 
on mRNA to thereby remove polyA from the mRNA. This 
would reduce the stability of the mRNA to cause degrada 
tion of the mRNA and hence prevention of gene expression. 
Alternatively, miRNA-RISC would recruit polyA ribonu 
clease, as in the case of normal miRNA, to cause polyA 
degradation, as a result of which the stability of mRNA 
would be reduced and gene expression would be prevented. 
0104. It should be noted that there are previous reports 
showing that the miRNA-induced inhibitory effect against 
gene expression was not obtained for the expression (trans 
lation) of a gene inserted downstream of the IRES sequence 
(Ramesh S. Pillai et al., Science 309, 1573 (2005): Geraldine 
Mathonnet, et al., Science 317, 1764 (2007)). However, 
when the inventors of the present invention confirmed gene 
expression for the recombinant adenovirus of the present 
invention comprising hTERT promoter, E1A gene. IRES 
sequence, E1B gene and a target sequence of miRNA in this 
order, the miRNA was found to sufficiently prevent the 
expression of the E1B gene inserted downstream of the 
IRES sequence. This is a new finding in the present inven 
tion. 

0105. The genes to be contained in the replication cas 
sette of the present invention can be obtained by standard 
genetic engineering techniques. For example, it is possible 
to use nucleic acid synthesis with a DNA synthesizer, which 
is commonly used as a genetic engineering technique. Alter 
natively, it is also possible to use PCR techniques in which 
gene sequences serving as templates are isolated or synthe 
sized, and primers specific to each gene are then designed to 
amplify the gene sequence with a PCR system (Current 
Protocols in Molecular Biology, John Wiley & Sons (1987) 
Section 6.1-6.4) or gene amplification techniques using a 
cloning vector. The above techniques can be easily accom 
plished by those skilled in the art in accordance with 
Molecular cloning 2" Edit. Cold Spring Harbor Laboratory 
Press (1989), etc. For purification of the resulting PCR 
product, known techniques can be used. If necessary, con 
ventionally used sequencing techniques may be used to 
confirm whether the intended gene has been obtained, as 
expected. For example, dideoxynucleotide chain termination 
sequencing (Sanger et al. (1977) Proc. Natl. Acad. Sci. USA 
74: 5463) or the like may be used for this purpose. Alter 
natively, an appropriate DNA sequencer (e.g., ABI PRISM 
(Applied Biosystems)) may also be used for sequence analy 
S1S. 
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0106. In the present invention, the target sequence of 
miRNA can be obtained by being designed and synthesized 
Such that each single unit of target sequence is complemen 
tary to the whole or part of the nucleotide sequence of the 
miRNA. For example, a target sequence of miR-142-3p can 
be obtained by synthesizing DNA such that it is comple 
mentary to the nucleotide sequence of miR-142-3p. 
0107 Then, the respective genes obtained as above are 
ligated in a given order. First, the above genes are each 
cleaved with known restriction enzymes or the like, and the 
cleaved DNA fragment of each gene is inserted into and 
ligated to a known vector in accordance with known pro 
cedures. As a known vector, pIRES vector may be used, by 
way of example. The plRES vector comprises the IRES 
(internal ribosome entry site) sequence of encephalonmyo 
carditis virus (ECMV) and is capable of translating two open 
reading frames (ORFs) from one mRNA. With the use of the 
pIRES vector, it is possible to prepare a “polynucleotide 
which comprises hTERT promoter, E1A gene. IRES 
sequence and E1B gene in this order and which comprises 
a target sequence of microRNA by sequentially inserting 
the required genes into a multicloning site. Such a target 
sequence of miRNA may be inserted into any site, but it is 
preferably inserted downstream of the hTERT promoter 
E1A-IRES-E1B construct. For DNA ligation, DNA ligase 
may be used. Alternatively, CMV promoter contained in a 
known vector (e.g., p.Shuttle) may be removed with known 
restriction enzymes and a sequence cleaved from the hTERT 
promoter-E1A-IRES-E1B-miRNA target sequence with 
appropriate restriction enzymes may then be inserted into 
this site, if necessary. Once the E1 gene required for adeno 
virus growth is allowed to be expressed under the control of 
the hTERT promoter, the virus can be grown specifically in 
cancer cells. 
0108. In a preferred embodiment of the invention, 
hTERT promoter and E1A gene, E1A and IRES sequence. 
IRES sequence and E1B gene, and E1B gene and miRNA 
target sequence may be linked by spacer sequences. 
0109. In another preferred embodiment of the invention, 
the replication cassette comprises the nucleotide sequence of 
SEQ ID NO: 53 or a variant thereof. The variant of the 
polynucleotide cassette comprises the nucleotide sequence 
having at least 90%, preferably at least 95%, more prefer 
ably at least 96%, and even more preferably at least 97%, 
98%, or 99% identity to that of SEQID NO:53, wherein the 
nucleotide sequence encodes a polypeptide having an activ 
ity to enable an adenovirus to replicate selectively in tumor 
cells. The activity can be determined by infecting the 
adenovirus comprising the replication cassette to tumor cells 
and measuring viral titer of the adenovirus. 
0110 (2) Labeling Cassette 
0111. In yet another embodiment, the present invention 
relates to a recombinant adenovirus in which the above 
replication cassette is integrated into the E1 region of the 
adenovirus genome and a labeling cassette is further inte 
grated into the E3 region of the adenovirus genome. Such a 
labeling cassette comprises a reporter gene and a promoter 
capable of regulating the expression of the gene, and may 
further comprise a target sequence of miRNA. 
0112 The adenovirus E3 region contains 11.6 kDa ADP 
(adenovirus death protein), and ADP has the function of 
promoting cell damage and virus diffusion. The recombinant 
adenovirus of the present invention is designed to eliminate 
any viral genome region like the E3 region containing ADP, 
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which encodes a protein having the function of promoting 
cell damage and virus diffusion, so that the timing of cell 
death is delayed to facilitate identification of cancer tissues 
by production (emission, expression) of fluorescence (e.g., 
GFP). This is also effective in that circulating tumor cells 
(CTCs) described later can be detected alive over a long 
period of time. 
0113. The reporter gene to be contained in the labeling 
cassette in the recombinant adenovirus of the present inven 
tion is not limited in any way, and examples include a gene 
encoding a protein which emits fluorescence, a gene encod 
ing an enzyme protein which generates a luminophore or a 
chromophore upon enzymatic reaction, a gene encoding an 
antibiotic, a gene encoding a tag-fused protein, a gene 
encoding a protein which is expressed on the cell Surface and 
binds to a specific antibody, a gene encoding a membrane 
transport protein, and so on. Examples of a protein which 
emits fluorescence (i.e., a labeling protein) include a green 
fluorescent protein (GFP) derived from luminous jellyfish 
Such as Aequorea victorea, its variants EGFP (enhanced 
humanized GFP) and rsGFP (red-shift GFP), a yellow 
fluorescent protein (YFP), a cyan fluorescent protein (CFP), 
a blue fluorescent protein (BFP). GFP derived from Renilla 
reniformis and so on, and genes encoding these proteins can 
be used in the present invention. The above protein which 
emits fluorescence is preferably GFP or EGFP. 
0114. Likewise, examples of an enzyme protein which 
generates a luminophore or a chromophore upon enzymatic 
reaction include B-galactosidase, luciferase and so on. B-Ga 
lactosidase generates a blue chromophore from 5-bromo-4- 
chloro-3-indolyl-B-D-galactopyranoside (X-gal) upon enzy 
matic reaction. On the other hand, luciferase generates a 
luminophore upon enzymatic reaction with luciferin. Firefly 
luciferase, bacterial luciferase, Renilla luciferase and so on 
are known as members of luciferase, and those skilled in the 
art would be able to select an appropriate enzyme from 
known luciferase members. 

0115 Moreover, the promoter capable of regulating the 
expression of the above gene is not limited in any way as 
long as it is a Suitable promoter compatible with the virus 
used for the expression of the above desired gene. Examples 
include, but are not limited to, CMV promoter, hTERT 
promoter, SV40 late promoter, MMTV LTR promoter, RSV 
LTR promoter, SRC. promoter, B-actin promoter, PGK pro 
moter, EF-1a promoter and so on. Preferably, CMV pro 
moter or hTERT promoter can be used for this purpose. 
0116. The target sequence of miRNA to be integrated into 
the labeling cassette may be either the same or different from 
the target sequence of miRNA to be integrated into the 
replication cassette. 
0117. In the present invention, the target sequence of 
miRNA is placed within the untranslated region of the 
reporter gene, preferably downstream of this gene, whereby 
the reporter gene can be prevented from being expressed. 
Namely, in the present invention, the labeling cassette 
preferably comprises a promoter capable of regulating the 
reporter gene, the reporter gene and the target sequence of 
microRNA in this order. The target sequence of miRNA to 
be integrated into the labeling cassette is referred to as a 
“target sequence of a second microRNA’ in order that it 
should be distinguished from the target sequence of miRNA 
to be contained in the replication cassette. Other explana 
tions on miRNA are the same as described above. 
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0118. In a preferred embodiment of the invention, the 
labeling cassette preferably comprises the sequence com 
prising four units of a target sequence of miR-142-3p. The 
sequence comprises the nucleotide sequence of SEQID NO: 
52 or 55, or a variant thereof. The variant of the sequence 
comprising four units of a target sequence of miR-142-3p 
comprises the nucleotide sequence having at least 90%, 
preferably at least 95%, more preferably at least 96%, and 
even more preferably at least 97%, 98%, or 99% identity to 
that of SEQ ID NO: 52 or 55. 
0119. In a preferred embodiment of the invention, 
examples of a replication cassette include a replication 
cassette comprising CMV promoter, EGFP gene and a target 
sequence of miR-142p. In a preferred embodiment of the 
invention, the replication cassette comprising CMV pro 
moter, EGFP gene and a target sequence of miR-142p 
comprises the nucleotide sequence of SEQ ID NO: 54 or a 
variant thereof. The variant of the polynucleotide cassette 
comprises the nucleotide sequence having at least 90%, 
preferably at least 95%, more preferably at least 96%, and 
even more preferably at least 97%, 98%, or 99% identity to 
that of SEQ ID NO: 54. 
0120 Details on how to obtain, purify and sequence the 
recombinant genes to be contained in the labeling cassette of 
the present invention are the same as described above for the 
replication cassette. 
0121 (3) Cell Death-Inducing Cassette 
0122. In yet another embodiment, the present invention 
relates to a recombinant adenovirus in which the above 
replication cassette is integrated into the E1 region of the 
adenovirus genome and a cell death-inducing cassette is 
integrated into the E3 region of the adenovirus genome. 
Such a cell death-inducing cassette comprises a gene encod 
ing a cell death induction-related protein and a promoter 
capable of regulating the expression of the gene, and may 
further comprise a target sequence of microRNA. 
0123. The cell death-inducing cassette used in the recom 
binant adenovirus of the present invention comprises a gene 
encoding a cell death induction-related protein and a pro 
moter capable of regulating the expression of the gene. Thus, 
for example, when the recombinant adenovirus of the pres 
ent invention is infected into cancer cells, the virus grows 
specifically in the cancer cells to thereby increase the 
intracellular expression level of the cell death induction 
related protein and induce cell death only in the cancer cells 
without damaging other normal cells. 
0.124 Such a gene encoding a cell death induction-related 
protein is intended to mean a gene encoding a protein related 
to the induction of cell death in specific cells. Examples of 
a cell death induction-related protein include immunological 
proteins such as PA28. PA28 is a protein which activates 
intracellular proteasomes and which elicits immune reac 
tions and also induces cell death when overexpressed. More 
over. TRAIL can also be exemplified as an apoptosis 
inducing protein. TRAIL refers to a molecule which induces 
apoptotic cell death upon binding to its receptor on the cell 
Surface. 
0.125 Moreover, another example of the gene encoding a 
cell death induction-related protein is a tumor suppressor 
gene, which has the function of Suppressing the growth of 
cancer cells. Examples of Such a tumor Suppressor gene 
include the following genes used in conventional gene 
therapy. SEQ ID NO (nucleotide sequence) and GenBank 
Accession No. are shown below for each gene. 
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(0.126 p53 (SEQ ID NO: 29: Accession No. M14694): 
multiple types of cancer 
(O127 p15 (SEQ ID NO:30: Accession No. L36844): 
multiple types of cancer 
I0128 p16 (SEQ ID NO: 31: Accession No. L27211): 
multiple types of cancer 
0129. APC (SEQ ID NO:32: Accession No. M74088): 
colorectal cancer, gastric cancer, pancreatic cancer 
0.130 BRCA-1 (SEQ ID NO: 33: Accession No. 
U14680): ovarian cancer, breast cancer 
0131 DPC-4 (SEQ ID NO:34: Accession No. U44378): 
colorectal cancer, pancreatic cancer 
(0132) FHIT (SEQ ID NO: 35: Accession No. NM 
112012): gastric cancer, lung cancer, uterine cancer 
0.133 p73 (SEQ ID NO: 36: Accession No. Y 11416): 
neuroblastoma 

0.134 PATCHED (SEQ ID NO. 37; Accession No. 
U594.64): basal cell carcinoma 
0.135 Rbp1110 (SEQ ID NO: 38: Accession No. 
M15400): lung cancer, osteosarcoma 
0.136 DCC (SEQ ID NO:39: Accession No. X76132): 
colorectal cancer 

0.137 NF1 (SEQ ID NO: 40; Accession No. NM 
000267): neurofibroma type 1 
0.138 NF2 (SEQ ID NO: 41: Accession No. L11353): 
neurofibroma type 2 
0.139 WT-1 (SEQ ID NO: 42: Accession No. NM 
000378): Wilms tumor 
0140. The target sequence of miRNA to be contained in 
the cell death-inducing cassette may be either the same or 
different from the target sequence of miRNA to be integrated 
into the replication cassette. In the present invention, the 
target sequence of miRNA is placed within the untranslated 
region of the gene encoding a cell death induction-related 
protein, preferably downstream of this gene, whereby the 
cell death induction-related protein can be prevented from 
being expressed. Namely, in the present invention, the cell 
death-inducing cassette preferably comprises a promoter 
capable of regulating the gene encoding a cell death induc 
tion-related protein, the gene encoding a cell death induc 
tion-related protein and the target sequence of microRNA in 
this order. Other explanations on miRNA are the same as 
described above. 

0.141. Details on how to obtain, purify and sequence the 
recombinant genes to be contained in the cell death-inducing 
cassette of the present invention are the same as described 
above for the replication cassette. 
0142. To determine whether or not cell death has been 
induced, morphological observation described below may 
be conducted for this purpose. Namely, once cells adhered 
onto the bottom surface of a culture vessel have been 
infected with the recombinant virus of the present invention 
and incubated for a given period, the cells will be rounded 
and detached from the bottom surface and then will float as 
shiny cells in the culture solution, as observed under an 
inverted microscope. At this stage, the cells have lost their 
Vital mechanism and hence a determination can be made that 
cell death has been induced. Alternatively, cell death can 
also be confirmed with a commercially available kit for 
living cell assay which uses a tetrazolium salt (e.g., MTT, 
XTT). 
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0143 (4) CD46-Binding Fiber Protein 
0144. In yet another embodiment, the recombinant 
adenovirus of the present invention may comprise a gene 
encoding a CD46-binding adenovirus fiber protein. 
0145 Adenovirus vectors which are now commonly used 
are prepared structurally based on adenovirus type 5 (or type 
2) belonging to Subgroup C among 51 serotypes of human 
adenovirus. Although adenovirus type 5 is widely used 
because of its excellent gene transfer properties, adenovirus 
of this type has a problem of being difficult to infect cells 
with low expression of coxsackievirus and adenovirus 
receptor (CAR) because its infection is mediated by binding 
to CAR on target cells. In particular, CAR expression is 
reduced in highly malignant cancer cells which are highly 
invasive, metastatic and proliferative, and hence an adeno 
virus having the fiber protein of adenovirus type 5 may not 
infect Such highly malignant cancer cells. 
0146 In contrast, CD46 is expressed on almost all cells 
except for erythrocytes in humans and is also expressed on 
highly malignant cancer cells. Thus, a recombinant adeno 
virus comprising a gene encoding a CD46-binding adeno 
virus fiber protein can also infect CAR-negative and highly 
malignant cancer cells. For example, adenovirus types 34 
and 35 bind to CD46 as their receptor and thereby infect 
cells (Marko Marttila, et al., J. Virol. 2005, 79(22): 14429 
36). As described above, CD46 is expressed on almost all 
cells except for erythrocytes in humans, and hence adeno 
virus types 34 and 35 are able to infect a wide range of cells 
including CAR-negative cells. Moreover, the fiber of adeno 
virus consists of a knob region, a shaft region and a tail 
region, and adenovirus infects cells through binding of its 
fiber knob region to the receptor. Thus, at least the fiber knob 
region in the fiber protein is replaced from adenovirus type 
5 origin to adenovirus type 34 or 35 origin, % hereby the 
virus will be able to infect CAR-negative cells via CD46. 
0147 Because of comprising a gene encoding a CD46 
binding adenovirus fiber protein, the recombinant adenovi 
rus of the present invention is able to infect almost all cells 
except for erythrocytes and thus able to infect highly malig 
nant CAR-negative cancer cells which are highly invasive, 
metastatic and proliferative. In the present invention, “CAR 
negative” cells are intended to mean cells where CAR 
expression is low or cells where CAR is not expressed at all. 
0148 57 serotypes have now been identified for human 
adenovirus, and these serotypes are classified into six 
groups, i.e., Groups A to F. Among them, adenovirus types 
belonging to Group B have been reported to bind to CD46. 
Adenovirus types belonging to Group B include adenovirus 
types 34 and 35, as well as adenovirus types 3, 7, 11, 16, 21 
and 50, by way of example. 
0149 For use as a CD46-binding adenovirus fiber protein 
in the present invention, preferred is the fiber protein of 
adenovirus belonging to Group B, more preferred is the fiber 
protein of adenovirus type 3, 7, 34, 35, 11, 16, 21 or 50, and 
even more preferred is the fiber protein of adenovirus type 
34 or 35. 
0150. The nucleotide sequence of a gene encoding the 
fiber protein of adenovirus type 34, 35, 3, 7, 11, 16, 21 or 50 
is available from a known gene information database. e.g., 
the GenBank of NCBI (The National Center for Biotech 
nology Information). Moreover, in the present invention, the 
nucleotide sequence of a gene encoding the fiber protein of 
adenovirus type 34, 35, 3, 7, 11, 16, 21 or 50 includes not 
only the nucleotide sequence of each gene available from a 
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database as described above, but also nucleotide sequences 
which are hybridizable under stringent conditions with DNA 
consisting of a nucleotide sequence complementary to DNA 
consisting of each nucleotide sequence available from a 
database and which encode a protein with binding activity to 
CD46. 

0151. The binding activity to CD46 can be evaluated 
when a recombinant adenovirus having DNA comprising the 
nucleotide sequence is measured for its infectivity to CD46 
expressing cells. The infectivity of Such a recombinant 
adenovirus may be measured in a known manner, for 
example, by detecting GFP expressed by the virus infected 
into CD46-expressing cells under a fluorescence microscope 
or by flow cytometry, etc. Procedures and stringent condi 
tions for hybridization are the same as described above. 
0152 The recombinant adenovirus of the present inven 
tion may comprise the entire or partial region of a CD46 
binding adenovirus fiber protein, such that at least the fiber 
knob region in the fiber protein binds to CD46. Namely, in 
the present invention, the CD46-binding adenovirus fiber 
protein may comprise at least the fiber knob region in the 
fiber protein of adenovirus belonging to Group B, more 
preferably at least the fiber knob region in the fiber protein 
of adenovirus of any type selected from the group consisting 
of type 34, type 35, type 3, type 7, type 11, type 16, type 21 
and type 50, and even more preferably at least the fiber knob 
region in the fiber protein of adenovirus type 34 or 35. 
Moreover, the technical idea of the present invention is not 
limited to these fiber proteins as long as the intended protein 
binds to CD46, and it also covers various proteins capable 
of binding to CD46 as well as proteins having a motif 
capable of binding to CD46. 
0153. Alternatively, in the present invention, the CD46 
binding fiber protein may comprise a region consisting of 
the fiber knob region and the fiber shaft region in the fiber 
protein of adenovirus belonging to Group B, more prefer 
ably a region consisting of the fiberknob region and the fiber 
shaft region in the fiber protein of adenovirus of any type 
selected from the group consisting of type 34, type 35, type 
3, type 7, type 11, type 16, type 21 and type 50, and even 
more preferably a region consisting of the fiber knob region 
and the fiber shaft region in the fiber protein of adenovirus 
type 34 or 35. 
0154) In the present invention, the CD46-binding fiber 
protein may comprise the fiber shaft region or the fiber tail 
region in the fiber protein of adenovirus of any type (e.g., 
type 2, type 5) other than the above types, as long as it 
comprises at least the fiber knob region in the fiber protein 
of adenovirus belonging to Group B. 
0155 Examples of such a fiber protein include, but are 
not limited to, fiber proteins which comprise a region 
consisting of not only the fiber knob region and the fiber 
shaft region in the fiber protein of adenovirus of any type 
selected from the group consisting of type 34, type 35, type 
3, type 7, type 11, type 16, type 21 and type 50, but also the 
fiber tail region in the fiber protein of adenovirus type 5. 
0156 The nucleotide sequences of a gene encoding the 
fiber knob region in the fiber protein of adenovirus type 34, 
a gene encoding the fiber shaft region in the fiber protein of 
adenovirus type 34 and a gene encoding a region consisting 
of the fiber knob region and the fiber shaft region in the fiber 
protein of adenovirus type 34 are shown in SEQID NOs: 47. 
48 and 49, respectively. 
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0157 Likewise, the nucleotide sequence of a gene encod 
ing a region consisting of not only the fiber knob region and 
the fiber shaft region in the fiber protein of adenovirus type 
34, but also the fiber tail region in the fiber protein of 
adenovirus type 5 is shown in SEQID NO: 50. In the present 
invention, the nucleotide sequence of Such a gene includes 
not only the nucleotide sequence shown in SEQID NO: 50. 
but also nucleotide sequences which are hybridizable under 
stringent conditions with DNA consisting of a nucleotide 
sequence complementary to DNA consisting of the nucleo 
tide sequence shown in SEQ ID NO: 50 and which encode 
a protein with binding activity to CD46. Procedures for 
evaluation of the binding activity to CD46, procedures and 
stringent conditions for hybridization are the same as 
described above. 
0158. In a preferred embodiment of the invention, the 
gene encoding a CD46-binding adenovirus fiber protein 
comprises the nucleotide sequence of SEQ ID NO: 50 or a 
variant thereof. The variant of the gene encoding a CD46 
binding adenovirus fiber protein comprises the nucleotide 
sequence having at least 90%, preferably at least 95%, more 
preferably at least 96%, and even more preferably at least 
97%, 98%, or 99% identity to the nucleotide sequence of 
SEQ ID NO: 50. 
0159. To prepare the recombinant adenovirus of the pres 
ent invention, a polynucleotide comprising the replication 
cassette, the labeling cassette and/or the cell death-inducing 
cassette may be excised with appropriate restriction 
enzymes and inserted into an appropriate virus expression 
vector. A preferred virus expression vector is an adenovirus 
vector, more preferably an adenovirus type 5 vector, and 
particularly preferably an adenovirus type 5 vector which 
comprises a gene encoding a CD46-binding adenovirus fiber 
protein (e.g., the fiber protein of adenovirus type 34 or 35). 
(0160. As shown in Example 2 described later, GFP 
expression in blood cells was sufficiently suppressed in both 
cases where a miRNA target sequence was inserted down 
stream of the replication cassette and where a miRNA target 
sequence was inserted downstream of the labeling cassette, 
whereas GFP expression in blood cells was unexpectedly 
significantly suppressed in a case where miRNA target 
sequences were simultaneously inserted downstream of the 
replication cassette and downstream of the labeling cassette, 
respectively. This is a new finding in the present invention. 
0161 In the present invention, the recombinant adenovi 
rus may be obtained in the following manner, by way of 
example. 
(0162 First, pHMCMV5 (Mizuguchi H. et al., Human 
Gene Therapy, 10: 2013-2017, 1999) is treated with restric 
tion enzymes and a target sequence of miRNA is inserted to 
prepare a vector having the target sequence of miRNA. 
Next, pSh-halB comprising a construct of hTERT pro 
moter-E1A-IRES-E1B (WO2006/036004) is treated with 
restriction enzymes and the resulting fragment comprising 
the hTERT promoter-E1A-IRES-E1B construct is inserted 
into the above vector having the target sequence of miRNA 
to obtain a vector comprising hTERT promoter-E1A-IRES 
E1B-miRNA target sequence. On the other hand, pHMCM 
VGFP-1 (pHMCMV5 comprising EGFP gene) is treated 
with restriction enzymes to obtain a fragment comprising 
CMV promoter and EGFP gene, and this fragment is 
inserted into the above vector having the target sequence of 
miRNA to obtain a vector comprising a construct of CMV 
EGFP-miRNA target sequence. Then, the vector comprising 
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hTERT promoter-E1A-IRES-E 1B-miRNA target sequence 
and the vector comprising CMV-EGFP-miRNA target 
sequence are each treated with restriction enzymes and 
ligated together to obtain a vector in which hTERT pro 
moter-E1A-IRES-E1B-miRNA target sequence is integrated 
into the El-deficient region of the adenovirus genome and 
CMV-EGFP-miRNA target sequence is integrated into the 
E3-deficient region of the adenovirus genome. Alternatively, 
when a vector comprising a gene encoding a CD46-binding 
adenovirus fiber protein is used as a vector to be inserted 
with the DNA fragments comprising the respective con 
structs, it is possible to obtain a vector in which hTERT 
promoter-E1A-IRES-E 1B-miRNA target sequence is inte 
grated into the El-deficient region of the adenovirus genome 
and CMV-EGFP-miRNA target sequence is integrated into 
the E3-deficient region of the adenovirus genome and which 
comprises a gene encoding a CD46-binding adenovirus fiber 
protein. Moreover, this vector may be linearized with a 
known restriction enzyme and then transfected into cultured 
cells (e.g., 293 cells) to thereby prepare an infectious recom 
binant adenovirus. It should be noted that those skilled in the 
art would be able to easily prepare all viruses falling within 
the present invention by making minor modifications to the 
above preparation procedures. 
0163. In a preferred embodiment of the invention, the 
recombinant adenovirus comprises a nucleotide sequence 
comprising: 
0.164 a replication cassette comprising a polynucleotide 
comprising a human telomerase reverse transcriptase pro 
moter, E1A gene, IRES sequence and E1B gene in this order, 
and a target sequence of a first microRNA, wherein the first 
microRNA is miR-142, and wherein the replication cassette 
is integrated into the E1 region of the adenovirus genome: 
0.165 a labeling cassette comprising a reporter gene, a 
promoter capable of regulating the expression of the reporter 
gene, and a target sequence of a second microRNA, wherein 
the second microRNA is miR-142, and wherein the labeling 
cassette is integrated into the E3 region of the adenovirus 
genome; and 
0166 a gene encoding a CD46-binding fiber protein 
comprising at least the fiber knob region in the fiber protein 
of adenovirus type 34 or 35, which is integrated into the 
adenovirus genome: 
0.167 wherein the recombinant adenovirus comprises the 
nucleotide sequence of SEQID NO: 51 or a variant thereof. 
The variant comprises the nucleotide sequence having at 
least 90%, preferably at least 95%, more preferably at least 
96%, and even more preferably at least 97%, 98%, or 99% 
identity to the nucleotide sequence of SEQ ID NO: 51. 

3. REAGENT FOR CANCER CELL, DETECTION 
OR REAGENT FOR CANCER DIAGNOSIS 

(0168 As described above, the recombinant adenovirus of 
the present invention has the following features. 
(i) This recombinant adenovirus infects almost all cells 
except for erythrocytes, and is also able to infect highly 
malignant CAR-negative cancer cells. 
(ii) This recombinant adenovirus grows specifically in 
hTERT-expressing cancer cells and also increases the 
expression level of a reporter gene upon growth, whereby 
the production of a labeling protein, a chromophore or the 
like can be increased to detectable levels. 
(iii) This recombinant adenovirus can prevent the occur 
rence of false positive results even when the virus infects 



US 2016/0333323 A1 

normal cells having hTERT promoter activity, because 
miRNA expression prevents not only growth of the virus, 
but also expression of a reporter gene. In particular, because 
of comprising a target sequence of miRNA which is 
expressed specifically in blood cells, this recombinant 
adenovirus can prevent the occurrence of false positive 
results even when the virus infects normal blood cells 
having hTERT promoter activity, because expression of this 
miRNA prevents not only growth of the virus in blood cells 
but also expression of a reporter gene. 
0169. Thus, the recombinant adenovirus of the present 
invention can be used as a reagent for cancer cell detection 
or as a reagent for cancer diagnosis. In particular, because of 
having the above features, the recombinant virus of the 
present invention is extremely effective for detection of 
circulating tumor cells (CTCs) present in blood. 
(0170. On the other hand, since 2004 when CTCs, which 
are cancer cells present in blood, were reported to serve as 
a prognostic factor for post-operative breast cancer patients 
in the New England Journal of Medicine (Cristofanilli M. et 
al., The New England Journal of Medicine, 2004, 781-791), 
CTCs have been measured as a biomarker in many clinical 
trials conducted in Europe and North America. Particularly 
in breast cancer, prostate cancer and skin cancer, CTCs have 
been proven to be an independent factor which determines 
the prognosis of these cancers. Moreover, in Europe, in the 
clinical trial in adjuvant setting of prostate cancer (SUC 
CESS), the number of CTCs counted is added to the 
inclusion criteria and only patients in whom one or more 
cells have been detected are included. This trial is a large 
scale clinical trial including 2000 cases or more, and atten 
tion is being given to the results. Moreover, there is also a 
clinical trial in which an increase or decrease perse in CTCs 
is one of the clinical endpoints (MDV3100). 
0171 In recent years, the FDA in the United States has 
issued guidelines for approval and authorization of molecu 
lar-targeted anticancer agents, and hence the CTC test has 
become more important in cancer diagnosis. The guidelines 
issued by the FDA define that genetic changes in molecular 
targets in tumors should be tested before selection of 
molecular-targeted anticancer agents. When attempting to 
achieve the guidelines by conventional techniques, there 
arises a need for Surgical biopsy from tumor tissues in 
patients to conduct genetic testing, which will impose a very 
strong burden on the patients. To solve this problem, efforts 
are now made to conduct genetic testing on CTCs collected 
from blood, and this strategy is referred to as “liquid biopsy' 
in contrast to the conventional “biopsy.” Once this strategy 
has been achieved, genetic testing of tumor tissues can be 
conducted simply by blood collection and the burden on 
patients can be reduced greatly. For these reasons, the CTC 
test is receiving great attention as a highly useful testing 
technique in the clinical setting. 
(0172. The CellSearch System of Veridex LLC is the only 
CTC detection device currently approved by the FDA, and 
most of the CTC detection methods used in clinical trials are 
accomplished by this CellSearch System. The CellSearch 
System is based on techniques to detect cancer cells with 
EpCAM antibody and cytokeratin antibody. 
0173 However, CTC detection techniques are designed 

to detect several to several tens of cells from among a billion 
of blood cells, and it is therefore very difficult to improve 
their sensitivity and accuracy. Thus, some problems are also 
pointed out in CTC detection methods based on the Cell 
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Search System. For example, it is pointed out that cancer 
cells which are negative in the CTC test based on the 
CellSearch System are detected as being positive in another 
test, and that there are great differences in sensitivity and 
accuracy, depending on the cancer type (Allard W. J. et al., 
Clinical Cancer Research, 2004, 6897-6904). Moreover, the 
CellSearch System is also pointed out to have a problem of 
low CTC detection rate for lung cancer in the clinical setting 
(ibid). 
0.174. Likewise, the CellSearch System is also pointed 
out to have a problem of reduced CTC detection rate because 
the expression of cell Surface antigens including EpCAM is 
reduced in cancer cells having undergone epithelial-mesen 
chymal transition (EMT) (Anieta M. et al., J Natl Cancer 
Inst, 101, 2009, 61-66, Janice Luet. al., IntJ Cancer, 126(3), 
2010, 669-683). 
(0175. Further, to conduct the above “liquid biopsy.” 
additional steps are required for concentration and pheno 
typing or genotyping of CTCs, which require more sensitive 
and more accurate CTC detection techniques than simply 
counting the number of CTCs. 
0176). In contrast to this, because of having the above 
features (i) to (iii), the recombinant adenovirus of the present 
invention allows simple, highly sensitive and highly accu 
rate detection of CTCs in blood without detection of leu 
kocytes and other normal blood cells. Further, the reagent of 
the present invention allows detection of CTCs alive, so that 
the source organ of the detected CTCs can be identified upon 
analyzing surface antigens or the like present on the cell 
surface of the CTCs. Thus, the recombinant adenovirus of 
the present invention is useful for CTC detection and cancer 
diagnosis. 
0177 Moreover, the recombinant adenovirus or reagent 
for cancer cell detection of the present invention can be used 
to detect cancer cells having undergone EMT or mesenchy 
mal-epithelial transition (MET). EMT is a phenomenon in 
which cancer cells lose their properties as epithelium and 
acquire features as mesenchymal lineage cells tending to 
migrate into Surrounding tissues, and EMT is also involved 
in invasion and/or metastasis of cancer cells. On the other 
hand, mesenchymal-epithelial transition (MET) is a phe 
nomenon in which mesenchymally derived cells acquire 
features as epithelium. As described above, it is difficult to 
detect cancer cells having undergone EMT by known tech 
niques including the CellSerch System. In contrast, the 
present invention allows detection of cancer cells having 
undergone EMT or MET. The recombinant adenovirus of the 
present invention is therefore useful for cancer cell detection 
and for cancer diagnosis. 
0.178 Further, the recombinant adenovirus of the present 
invention can also be used to detect drug-resistant cancer 
cells. Drugs intended in the present invention are those used 
for cancer chemotherapy. Examples of Such drugs include, 
but are not limited to, adriamycin, carboplatin, cisplatin, 
5-fluorouracil, mitomycin, bleomycin, doxorubicin, dauno 
rubicin, methotrexate, paclitaxel, docetaxel and actinomycin 
D, etc. Moreover, the recombinant virus of the present 
invention can also be used to detect cancer stem cells. In the 
present invention, cancer stem cells refer to cells (stem cells) 
serving as the origin of cancer cells. Cancer stem cells also 
include those having drug resistance. 
0179. In the present invention, the type of cancer or 
tumor to be detected or diagnosed is not limited in any way, 
and cells of all cancer types can be used. Examples include 
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Solid cancers or blood tumors, more specifically brain tumor, 
cervical cancer, esophageal cancer, tongue cancer, lung 
cancer, breast cancer, pancreatic cancer, gastric cancer, Small 
intestinal cancer, duodenal cancer, colorectal cancer, bladder 
cancer, kidney cancer, liver cancer, prostate cancer, uterine 
cancer, uterine cervical cancer, ovarian cancer, thyroid can 
cer, gallbladder cancer, pharyngeal cancer, sarcoma, mela 
noma, leukemia, lymphoma and multiple myeloma (MM). 
Most (85% or more) of the cancer cells derived from human 
tissues show increased telomerase activity, and the present 
invention allows detection of Such telomerase-expressing 
cancer cells in general. 
0180 Moreover, in the present invention, CTCs are not 
limited in any way as long as they are cancer cells present 
in blood, and they include not only cancer cells released 
from Solid cancers, but also blood tumor cells such as 
leukemia cells and lymphoma cells as mentioned above. 
However, in cases where CTCs are blood tumor cells, the 
miRNA target sequence contained in the adenovirus of the 
present invention is preferably a target sequence of miRNA 
which is expressed specifically in normal blood cells. 
0181. To prepare the reagent of the present invention, the 
recombinant adenovirus may be treated, e.g., by freezing for 
easy handling and then used directly or mixed with known 
pharmaceutically acceptable carriers (e.g., excipients, 
extenders, binders, lubricants) and/or known additives (in 
cluding buffering agents, isotonizing agents, chelating 
agents, coloring agents, preservatives, aromatics, flavorings, 
Sweeteners). 

4. METHOD FOR CANCER CELL, DETECTION 
OR METHOD FOR CANCER DIAGNOSIS 

0182 Furthermore, the recombinant adenovirus of the 
present invention can be used for cancer cell detection or 
cancer diagnosis by contacting the same with cancer cells 
and detecting the fluorescence or color produced by the 
cancer cells. 

0183 In the present invention, the term “contact(ing) is 
intended to mean that cancer cells and the recombinant 
adenovirus of the present invention are allowed to exist in 
the same reaction system, for example, by adding the 
recombinant adenovirus of the present invention to a sample 
containing cancer cells, by mixing cancer cells with the 
recombinant adenovirus, by culturing cancer cells in the 
presence of the recombinant adenovirus, or by infecting the 
recombinant adenovirus into cancer cells. Moreover, in the 
present invention, “fluorescence or color is not limited in 
any way as long as it is light or color produced from a 
protein expressed from a reporter gene, and examples 
include fluorescence emitted from a labeling protein (e.g., 
GFP), light emitted from a luminophore generated by 
luciferase-mediated enzymatic reaction, blue color produced 
from a chromophore generated by enzymatic reaction 
between B-galactosidase and X-gal, etc. 
0184 Cancer cells for use in the method for cancer cell 
detection or in the method for cancer diagnosis may be 
derived from a biological sample taken from a subject. Such 
a biological sample taken from a Subject is not limited in any 
way as long as it is a tissue suspected to contain cancer cells, 
and examples include blood, tumor tissue, lymphoid tissue 
and so on. Alternatively, cancer cells may be circulating 
tumor cells (CTCs) in blood, and explanations on CTCs are 
the same as described above. 
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0185. Cancer cell detection and cancer diagnosis using 
the reagent of the present invention may be accomplished as 
follows, by way of example. 
0186. In cases where the biological sample taken from a 
subject is blood, the blood sample is treated by addition of 
an erythrocyte lysis reagent to remove erythrocytes and the 
remaining cell Suspension is mixed in a test tube with the 
reagent of the present invention at a given ratio (0.01 to 1000 
MOI (multiplicity of infection), preferably 0.1 to 100 MOI, 
more preferably 1 to 10 MOI). The test tube is allowed to 
stand or rotated for culture at room temperature or 37°C. for 
a given period of time (e.g., 4 to 96 hours, preferably 12 to 
72 hours, more preferably 18 to 36 hours) to facilitate virus 
infection into cancer cells and virus growth. GFP fluores 
cence production in the cell fraction is quantitatively ana 
lyzed by flow cytomety. Alternatively, GFP-expressing cells 
are morphologically analyzed by being observed under a 
fluorescence microscope. This system allows highly sensi 
tive detection of CTCs present in peripheral blood. This 
method can be used for detection of CTCs which are present 
in trace amounts in peripheral blood. 
0187. In cases where flow cytometry is used for CTC 
detection, CTCs may be detected by determining whether 
each cell is GFP-positive or GFP-negative, e.g., in accor 
dance with the following criteria. 
0188 First, groups of cells in a sample which is not 
infected with any virus are analyzed to obtain a background 
fluorescence value. A threshold is set to the maximum 
fluorescence value. Subsequently, groups of cells in Samples 
which have been infected with the virus of the present 
invention are analyzed and groups of cells in a sample 
showing a fluorescence value equal to or greater than the 
threshold are determined to be GFP-positive. In the case of 
using a blood sample taken from a subject, GFP-positive 
cells can be detected as CTCs. Further, these GFP-positive 
cells (CTCs) may be concentrated for phenotyping or geno 
typing. 
0189 In the present invention, examples of a subject 
include mammals such as humans, rabbits, guinea pigs, rats, 
mice, hamsters, cats, dogs, goats, pigs, sheep, cows, horses, 
monkeys and so on. 
0190. The amount of the reagent of the present invention 
to be used is selected as appropriate, depending on the State 
and amount of a biological sample to be used for detection 
and the type of detection method to be used, etc. For 
example, in the case of a blood sample, the reagent of the 
present invention can be used in an amount ranging from 
about 0.01 to 1000 MOI, preferably 0.1 to 100 MOI, and 
more preferably 1 to 10 MOI per 1 to 50 ml, preferably 3 to 
25 ml, and more preferably 5 to 15 ml of the blood sample. 
MOI refers to the ratio between the amount of virus (infec 
tious unit) and the number of cells when a given amount of 
cultured cells are infected with a given amount of virus 
particles, and is used as an index when viruses are infected 
into cells. 

(0191 To infect the recombinant virus into cells, the 
following procedures may be used for this purpose. First, 
cells are seeded in a culture plate containing an appropriate 
culture medium and cultured at 37° C. in the presence of 
carbon dioxide gas. The culture medium is selected from 
DMEM, MEM, RPMI-1640 and others commonly used for 
animal cell culture, and may be Supplemented with serum, 
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antibiotics, vitamins and so on, if necessary. The cultured 
cells are inoculated with a given amount of the virus, for 
example, at 0.1 to 10 MOI. 
0.192 For confirmation of virus growth, the virus-in 
fected cells are collected and treated to extract their DNA, 
followed by real-time PCR with primers targeting an appro 
priate gene possessed by the virus of the present invention, 
whereby virus growth can be quantitatively analyzed. 
0193 In cases where GFP gene is used as a reporter gene, 
labeled cells may be detected as follows: cells showing virus 
growth will emit a given fluorescence (e.g., a green fluo 
rescence for GFP) upon irradiation with an excitation light, 
so that cancer cells can be visualized by the fluorescence. 
For example, when the virus-infected cells are observed 
under a fluorescence microscope, GFP fluorescence produc 
tion can be seen in the cells. Moreover, to observe the 
virus-infected cells over time, GFP fluorescence production 
can be monitored over time with a CCD camera. 
0194 Moreover, the reagent of the present invention also 
allows real-time detection of cancer cells present in vivo. To 
label and detect cells in vivo in a real-time manner, the 
recombinant adenovirus of the present invention may be 
administered in vivo. 
0.195 The reagent of the present invention may be 
applied directly to the affected area or may be introduced in 
Vivo (into target cells or organs) in any known manner, e.g., 
by injection into vein, muscle, peritoneal cavity or Subcu 
taneous tissue, inhalation from nasal cavity, oral cavity or 
lungs, oral administration, catheter-mediated intravascular 
administration and so on, as preferably exemplified by local 
injection into muscle, peritoneal cavity or elsewhere, injec 
tion into vein, etc. 
0196. When the reagent of the present invention is 
administered to a subject, the dose may be selected as 
appropriate, depending on the type of active ingredient, the 
route of administration, a target to be administered, the age, 
body weight, sex and/or symptoms of a patient, and other 
conditions. As a daily dose, the amount of the virus of the 
present invention serving as an active ingredient may usu 
ally be set to around 10 to 10' PFU (plaque forming units), 
preferably around 10 to 10' PFU, given once a day or in 
divided doses. 
0.197 Real-time in vivo monitoring of fluorescence from 
cancer cells has the advantage of being used for in vivo 
diagnostic agents. This is useful for so-called navigation 
Surgery and so on. Details on navigation Surgery can be 
found in WO2006/036004. 
0198 Further, the reagent of the present invention is 
useful for detection of CTCs as a biomarker, and hence the 
reagent of the present invention can be used to determine 
prognosis. 
0199 For example, in cases where GFP is used as a 
labeling protein in the virus of the present invention, a 
biological sample taken from a cancer patient before being 
treated by any cancer therapy (e.g., chemotherapy, radiation 
therapy, Surgical operation) and a biological sample taken at 
a time point after a certain period (e.g., 1 to 90 days) has 
passed from the treatment are each infected with the virus of 
the present invention. Next, GFP-positive cells contained in 
the sample taken before the treatment and GFP-positive cells 
contained in the sample taken at a certain time point after the 
treatment are compared for their number under the same 
conditions. As a result, if the number of GFP-positive cells 
after the treatment becomes Smaller than the number of 
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GFP-positive cells before the treatment, a determination can 
be made that prognosis has been improved. 
(0200. The present invention will be further described in 
more detail by way of the following illustrative examples, 
which are not intended to limit the scope of the invention. 

Example 1 

Preparation of Ad34 Fiber 142-3pT 
0201 (1) Preparation of pHMCMV5-miR-142-3pT 
pHMCMV5 (Mizuguchi H. et al., Human Gene Therapy, 10: 
2013-2017, 1999) was treated with NotI/KpnI and the result 
ing fragment was ligated to a double-stranded oligo, which 
had been prepared by annealing the following synthetic 
oligo DNAs, to thereby prepare pHMCMV5-miR-142-3pT 
(pre). 
miR-142-3pT-S1: 

(SEQ ID NO: 43 
5 - GGCCTCCATAAAGTAGGAAACACTACACAGCTCCATAAAGTAGGAA 

ACACTACATTAATTAAGCGGTAC-3' 

each underline represents a miR-142-3p target sequence) 
miR-142-3pT-AS1: 

(SEQ ID NO: 44 
s" - CGCTTAATTAATGTAGTGTTTCCTACTTTATGGAGCTGTGTAGTGTT 
TCCTACTTTATGGA-3 '' . 

each underline represents a miR-142-3p target sequence) 
(0202) Then, pHMCMV5-miR-142-3pT(pre) was treated 
with PacI/KpnI and the resulting fragment was ligated to a 
double-stranded oligo, which had been prepared by anneal 
ing the following synthetic oligo DNAs, to thereby obtain 
pHMCMV5-miR-142-3pT having 4 repeats of a miR-142 
3p target Sequence. 
miR-142-3pT-S2: 

(SEQ ID NO: 45 
5-TCCATAAAGTAGGAAACACTACAGGACTCCATAAAGTAGGAAACA 

CTACAGTAC-3' 

each underline represents a miR-142-3p target sequence) 

(SEQ ID NO: 46 
5'-TGTAGTGTTTCCTACTTTATGGAGTCCTGTAGTGTTTCCTACTTTAT 

GGAAT-3', 

miR-142-3pT-AS2: 
each underline represents a miR-142-3p target sequence) 
(0203 (2) Preparation of E1 Shuttle Plasmid pHM5 
hAIB-miR-142-3pT 
(0204 p.Sh-hAIB (WO2006/036004) was digested with 
I-CeuI/PmeI and the digested product was electrophoresed 
on an agarose gel. A band of approximately 4.5 kbp (halB 
cassette) was excised from the gel and treated with 
GENECLEAN II (Q-Biogene) to purify and collect a DNA 
fragment. The purified DNA fragment (halB cassette) was 
ligated to a fragment which had been obtained from pHM 
CMV5-miR-142-3pT by being digested with Nhel, treated 
with Klenow Fragment and further digested with I-Ceul, 
thereby obtaining pHM5-halB-miR-142-3pT having 
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hTERT promoter, E1A gene. IRES (internal ribosomal entry 
site) sequence, E1B gene and a miR-142-3pT target 
Sequence. 
0205 (3) Preparation of E3 
pHM13CMV-EGFP-miR-142-3pT 
0206 pEGFP-NI (Clontech) was digested with Apal and 
Not, and the resulting digested product was inserted into the 
ApaI/NotI site of pHMCMV5 to obtain pHMCMVGFP-1. 
pHMCMVGFP-1 was digested with PmeI/HindIII, and the 
digested product was electrophoresed on an agarose gel. A 
band of approximately 750 bp (EGFP) was excised from the 
gel and treated with GENECLEAN II to purify and collect 
a DNA fragment. The purified DNA fragment (EGFP) was 
ligated to a fragment which had been obtained from pBlue 
scriptiI KS+ by being digested with HindII/HindII, thereby 
preparing pBSKS-EGFP, pFBSKS-EGFP was digested with 
Apal/Xbal, and the digested product was electrophoresed on 
an agarose gel. A band of approximately 750 bp (EGFP) was 
excised from the gel and treated with GENECLEAN II to 
purify and collect a DNA fragment. The purified DNA 
fragment (EGFP) was ligated to a fragment which had been 
obtained from pHMCMV5-miR-142-3pT by being digested 
with ApaI/Xbal, thereby obtaining pHMCMV5-EGFP-miR 
142-3pT. pHMCMV5-EGFP-miR-142-3pT was digested 
with BglII, and the digested product was electrophoresed on 
an agarose gel. A band of approximately 2 kbp (CMV 
EGFP-miR-142-3pT) was excised from the gel and treated 
with GENECLEAN II to purify and collect a DNA fragment. 
The purified DNA fragment (CMV-EGFP-miR-142-3pT) 
was ligated to a fragment which had been obtained from 
pHM13 (Mizuguchi et al., Biotechniques, 30: 1112-1116, 
2001) by being digested with BamHI and treated with CIP 
(Alkaline Phosphatase, Calf Intest), thereby obtaining 
pHM13CMV-EGFP-miR-142-3pT. 

Shuttle Plasmid 

0207 (4) Preparation of pAdHM49-hAIB142-3pT 
CG142-3pT 
0208 pAdHM49 (Mizuguchi et al., J. Controlled Release 
110; 202-211, 2005) was treated with I-CeuI/PI-Scel and the 
resulting fragment was ligated to pHM5-halB-miR-142 
3pT which had also been treated with I-CeuI/PI-Scel, 
thereby preparing pAdHM49-halB142-3pT in which 
hTERT promoter, E1A gene, IRES sequence, E1B gene and 
a miR-142-3pT target sequence were integrated into the 
E1-deficient region of the Ad vector. p-AdHM49 is a recom 
binant adenovirus in which a region covering genes encod 
ing the fiber knob and fiber shaft of the adenovirus type 5 
fiber is replaced with a region covering genes encoding the 
fiber knob and fiber shaft of the adenovirus type 34 fiber, and 
hence p AdHM49 comprises the nucleotide sequence (SEQ 
ID NO: 49) of a gene encoding a region consisting of the 
fiber knob region and the fiber shaft region in the fiber 
protein of adenovirus type 34. The nucleotide sequence of a 
gene encoding the pAdHM49 fiber protein (i.e., the fiber 
knob region and fiber shaft region of the adenovirus type 34 
fiber and the fiber tail region of the adenovirus type 5 fiber) 
is shown in SEQ ID NO: 50. In the nucleotide sequence 
shown in SEQID NO: 50, the nucleotide sequence of a gene 
encoding the fiber tail region of the adenovirus type 5 fiber 
is located at nucleotides 1 to 132, the nucleotide sequence of 
a gene encoding the fiber shaft region of the adenovirus type 
34 fiber is located at nucleotides 133 to 402, and the 
nucleotide sequence of a gene encoding the fiber knob 
region of the adenovirus type 34 fiber is located at nucleo 
tides 403 to 975. Namely, in the nucleotide sequence shown 
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in SEQ ID NO: 50, the nucleotide sequence of a region 
derived from the adenovirus type 5 fiber is located at 
nucleotides 1 to 132, while the nucleotide sequence of a 
region derived from the adenovirus type 34 fiber is located 
at nucleotides 133 to 975. 
(0209. Then, p AdHM49-hAIB142-3pT was digested with 
Csp45I and the resulting fragment was ligated to a fragment 
which had been obtained from pHM13CMV-EGFP-miR 
142-3pT by being digested with ClaI, thereby obtaining 
pAdHM49-hAIB142-3pT-CG142-3pTin which hTERT pro 
moter, E1A gene, IRES sequence, E1B gene and a miR 
142-3pT target sequence were integrated into the E1-defi 
cient region of the adenovirus vector and CMV promoter. 
EGFP and a miR-142-3pT target sequence were integrated 
into the E3-deficient region of the adenovirus vector, and 
which further comprised a gene encoding the fiber protein of 
adenovirus type 34. 
0210 (5) Preparation of Ad34 Fiber 142-3pT(E1 E3) 
0211 p AdFHM49-hAIB142-3pT-CGI42-3pT was linear 
ized by being cleaved with a restriction enzyme PacI whose 
recognition site was present at each end of the adenovirus 
genome therein, and the linearized product was transfected 
into 293 cells seeded in a 60 mm culture dish by using 
Lipofectamine 2000 (Invitrogen). After about 2 weeks, a 
recombinant adenovirus Ad34 fiber 142-3pT(E1.E3) was 
obtained (FIG. 1). 
0212. The Ad34 fiber 142-3pT(E1, E3) corresponds to 
the Adenovirus type 5: TelomeScan F35 strain, which was 
deposited on Feb. 6, 2014, with the American Type Culture 
Collection (ATCC(R) (10801 University Boulevard, Manas 
sas, Va., 20110), and was provided with the deposit Acces 
sion No. PTA-120968. Please note that the depository 
ATCC(R) is an International Depository Authority (IDA) 
under the Budapest Treaty located in the USA. 

Example 2 

Activity Measurement of Ad34 Fiber 
142-3pT(E1 E3) 

(1) Cells 
0213 HeLa (derived from human uterine cancer cells) 
and LN319 (derived from human glioma cells) were used as 
CAR-positive cells, while LNZ308 (derived from human 
glioma cells), LN444 (derived from human glioma cells) 
and K562 (derived from human myelogenous leukemia 
cells) were used as CAR-negative cells. K562 cells are 
expressing miR-142-3p. DMEM (10% FCS, supplemented 
with antibiotics) was used for HeLa, LN319. LNZ308 and 
LN444 cells, while RPMI-1640 medium (10% FCS, supple 
mented with antibiotics) was used for K562 cells. These 
cells were cultured at 37° C. under saturated vapor pressure 
in the presence of 5% CO. 
0214) (2) Activity Measurement of Ad34 Fiber 142-3pT 
(E1.E3) by Flow Cytometry 
0215 Cells of each line were seeded in a 24-well plate at 
5x10" cells/500 ul/well and treated with Ad34 fiber 142-3pT 
(E1 E3) at an MOI of 10. As a control, TelomeScan (i.e., a 
conditionally replicating adenovirus comprising hTERT 
promoter, E1A gene, IRES sequence and E1B gene inte 
grated in this order into the E1-deficient site of adenovirus 
type 5 and comprising CMV promoter and GFP integrated in 
this order into the E3-deficient site of adenovirus type 5) was 
used. After culture for 24 hours, the cells were collected and 
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the number of GFP-positive cells was measured using a flow 
cytometer MACSQuant (Miltenyi Biotec). 
0216. The results obtained are shown in FIG. 2. In the 
specification and FIG. 2. “TelomeScan (Ad5 fiber) repre 
sents TelomeScan, while “Ad34 fiber' represents a recom 
binant adenovirus which comprises hTERT promoter, E1A 
gene, IRES sequence and E1B gene integrated in this order 
into the E1-deficient site of the adenovirus genome and also 
comprises CMV promoter and GFP integrated in this order 
into the E3-deficient site of the adenovirus genome and 
which comprises a gene encoding a fiber protein derived 
from adenovirus type 34. Likewise, “Ad34 fiber 142-3pT 
(E1) represents a recombinant adenovirus which further 
comprises a target sequence of miR-142-3p integrated into 
the E1-deficient region (downstream of the E1B gene) in the 
above Ad34 fiber, while “Ad34 fiber 142-3pT(E3) repre 
sents a recombinant adenovirus which further comprises a 
target sequence of miR-142-3p integrated into the E3-defi 
cient region (downstream of the GFP gene) in the above 
Ad34 fiber. Likewise, “Ad34 fiber 142-3pT(E1E3) repre 
sents a recombinant adenovirus which further comprises a 
target sequence of miR-142-3p integrated into each of the 
E1- and E3-deficient regions (downstream of the E1B gene 
and downstream of the GFP gene, respectively) in the above 
Ad34 fiber. Moreover, in FIG. 2 and the subsequent figures. 
“(containing GFP) is intended to mean that the GFP gene 
is inserted into each viral genome. 
0217. As a result of activity measurement, when 
LNZ308, LN444 and K562, which are CAR-negative cells, 
were infected with TelomeScan (Ad5 fiber), no GFP-posi 
tive cell was detected (FIG. 2, panelsk, p and u). In contrast, 
when these cells were infected with Ad34 fiber, GFP 
positive cells were detected (85.5% positive in LNZ308, 
58.4% positive in LN444, and 63.7% positive in K562) 
(panels 1. q and V). 
0218. This result indicated that the recombinant adeno 
virus of the present invention having a gene encoding the 
fiber protein of adenovirus type 34 allowed significant 
detection of CAR-negative cells. 
0219. Further, in the case of K562 cells which are CAR 
negative and are expressing miR-142-3p, GFP-positive cells 
were 63.7% upon infection with Ad34 fiber (panel V), 
whereas GFP-positive cells were 12.2% upon infection with 
Ad34 fiber 142-3pT(E1) and 34.8% upon infection with 
Ad34 fiber 142-3pT(E3), and no GFP-positive cell was 
detected upon infection with Ad34 fiber 142-3pT(E1 E3) 
(panels w, x and y). Namely, the detection rate of K562 cells 
was significantly reduced when using an adenovirus com 
prising a target sequence of miR-142-3p integrated into 
either the E1- or E3-deficient region of the adenovirus 
genome, and K562 cells were no longer detected when using 
an adenovirus comprising a target sequence of miR-142-3p 
integrated into each of the E1- and E3-deficient regions. 
0220. This result indicated that the recombinant virus of 
the present invention comprising a target sequence of miR 
142-3p did not detect highly miR-142-3p-expressing cells, 
Such as normal blood cells. 
0221 Moreover, the above result was further investi 
gated. When the case of infecting K562 cells with Ad34 fiber 
(panel V) was compared with the case of infecting the same 
cells with Ad34 fiber 142-3pT(E1) (panel w), the rate (%) of 
GFP-positive cells in the case of the infection with Ad34 
fiber 142-3pT(E1) was decreased by 19% (12.2%/63.7%). 
This result shows an effect based on miR-142-3pT (target 
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sequence of miR-142-3p) integrated into the E1-deficient 
region. On the other hand, when the case of infecting K562 
cells with Ad34 fiber (panel V) was compared with the case 
of infecting the same cells with Ad34 fiber 142-3pT(E3) 
(panel X), the rate (%) of GFP-positive cells in the case of 
the infection with Ad34 fiber 142-3pT (E3) was decreased 
by 54% (34.8%/63.7%). This result shows an effect based on 
miR-142-3pT integrated into the E3-deficient region. These 
results indicate that, in the case of using an adenovirus 
wherein miR-142-3pT has been integrated into both E1- and 
E3-deficient regions in this experiment, if the result obtained 
shows an additive effect based on two sequences of miR 
142-3pT integrated into both E1- and E3-deficient regions, 
the rate (%) of GFP-positive cells would be expected to be 
about 10% (19%x54%). 
0222. However, contrary to the above expectation, in this 
Example, in the case (panely) of infecting K562 cells with 
Ad34 fiber 142-3pT (E1, E3) wherein miR-142-3pT had 
been integrated into both E1- and E3-deficient regions, 
almost no GFP-positive cells were detected. 
0223) This fact indicates that, in the effects exerted by the 
present invention, the effect based on two sequences of 
miR-142-3pT integrated was not an additive effect but a 
synergistic effect. 
0224. As described herein above, CTC detection tech 
niques are required to detect several to several tens of cells 
among a billion of blood cells, and therefore desired to have 
a high accuracy in the detection of CTC. In addition, in order 
to increase the CTC detection accuracy, the CTC detection 
techniques are desired to bring the number of cells detected 
as false positive boundlessly close to Zero. In general, 1 ul 
of blood is known to contain thousands of white blood cells, 
and these white blood cells are desired not to be detected as 
false positive. 
0225. In the CTC detection techniques, even the presence 
of several false positive cells has a great influence on the 
determination of whether a subject has CTC. 
0226. As described above, in this Example, contrary to 
the expectation, in the case of infecting K562 cells with 
Ad34 fiber 142-3pT (E1, E3) wherein miR-142-3pT had 
been integrated into both E1- and E3-deficient regions, 
almost no GFP-positive cells were detected. This result 
shows unexpectedly remarkable effect according to the 
present invention. 

Example 3 

Detection of Cancer Cells in Blood Samples Using 
Ad34 Fiber 142-3pT(E1.E3) 

0227 5x10" H1299 cells (CAR-positive) were suspended 
in 5 mL blood and erythrocytes were lysed to collect 
PBMCs. To these PBMCs, a virus was added in an amount 
of 1x10, 1x10' or 1x10' VPs (virus particles) and 
infected at 37° C. for 24 hours while rotating with a rotator. 
The cells were collected and immunostained with anti-CD45 
antibody, and GFP-positive cells were observed under a 
fluorescence microscope. CD45 is known to be a surface 
antigen of blood cell lineage cells except for erythrocytes 
and platelets. “GFP Positive Cancer cells (%)' found in the 
vertical axis of FIGS. 3 and 4 represents the “number of 
GFP-positive and CD45-negative cells (%) among GFP 
positive cells.” 
0228. As a result, many false positive cells (GFP-positive 
and CD45-positive cells) were observed upon infection with 
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TelomeScan (Ad5 fiber), whereas false positive cells were 
very few upon infection with Ad34 fiber 142-3pT(E1.E3), so 
that cancer cells were able to be specifically detected. 
0229. Moreover, as a result of quantitative analysis on the 
detection specificity of H1299 cells, many false positive 
cells were detected in the case of TelomeScan (Ad5 fiber) 
upon virus infection at 1x10 VPs, whereas the detection 
specificity was 90% or higher and some samples showed 
100% detection specificity in the case of Ad34 fiber 142 
3pT(E1.E3) even when the amount of virus infection was 
increased (FIG. 3). Likewise, quantitative analysis was also 
performed on A549 cells (CAR-positive cells) in the same 
manner, indicating that the detection specificity was 100% 
upon virus infection at 1x10 VPs (FIG. 4). These results 
indicated that the recombinant virus of the present invention 
allowed specific detection of cancer cells contained in the 
PBMC fraction. 
0230. In view of the foregoing, the detection reagent and 
diagnostic reagent of the present invention were demon 
strated to allow detection of highly malignant CAR-negative 
cancer cells and, on the other hand, to ensure no false 
positive detection of highly miR-142-3p-expressing normal 
blood cells (e.g., leukocytes), etc.; and hence they were 
shown to be very effective for detection of circulating tumor 
cells (CTCs) in blood. 

Example 4 

Activity Measurement of Ad34 Fiber 
142-3pT(E1 E3) in Various Human Cancer Cell 

Lines 

(1) Cells 
0231. The cancer cells used in this example were human 
non-small cell lung cancer-derived H1299 cells, human lung 
cancer-derived A549 cells, human breast cancer-derived 
MCF7 cells, human breast cancer-derived MDA-MB-231 
cells, human bladder cancer-derived KK47 cells, human 
gastric cancer-derived MKN45 cells, human colorectal can 
cer-derived SW620, human liver cancer-derived Huh7 cells, 
human pancreatic cancer-derived Panel cells, human 
glioma-derived LN319 cells, human bladder cancer-derived 
T24 cells, human glioma-derived LNZ308 cells, and human 
glioma-derived LN444 cells. 
(2) Activity Measurement of Ad34 Fiber 142-3pT(E1 E3) by 
Flow Cytometry 
0232 5x10" cancer cells of each line were suspended in 
500 ul medium, to which 100 ul of a conditionally replicat 
ing Ad suspension prepared at 5x10 or 5x10 pfu/ml was 
then added. The resulting mixture of the cells and the 
conditionally replicating Ad was seeded in a 24-well plate 
and cultured at 37° C. for 24 hours. The cells were collected 
and centrifuged at 1500 rpm for 5 minutes. After removal of 
the medium, the cells were suspended in 300 ul of 2% 
FCS-containing PBS and measured for GFP-positive rate 
using a flow cytometer (MACS Quant Analyzer. Miltenyi 
Biotec). The data obtained were analyzed by FCS multi 
color data analysis software (Flowo). 
0233. As a result, Ad34 fiber 142-3pT(E1 E3) was found 
to efficiently infect almost all cancer cells, and 60% or more 
of the cancer cells were GFP-positive. Particularly in the 
case of CAR-negative cells (T24, LNZ308, LN444), their 
GFP-positive rate was significantly improved when com 
pared to conventionally used TelomeScan (FIG. 5). 
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0234. This result indicated that the recombinant virus of 
the present invention allowed efficient detection of not only 
CAR-positive cells but also CAR-negative cells. 

Example 5 

Detection of Cancer Cells Having Undergone 
Epithelial-Mesenchymal Transition (EMT) 

0235 Human pancreatic cancer PancIcells were cultured 
for 6 days in the presence of 10 ng/mL recombinant TGF-31 
to thereby induce epithelial-mesenchymal transition (EMT). 
After induction of EMT, relative expression of mRNAs 
encoding E-cadherin, EpCAM, hTERT, N-cadherin, Slug 
and Snail was measured by real-time RT-PCR. In addition, 
CAR and CD46 expression in the Panc I cells was analyzed 
by flow cytometry. The virus of the present invention was 
infected into the cells in the same manner as shown in 
Example 4. 
0236. As a result, upon culture in a TGF-3-containing 
medium, the expression of EMT marker genes Slug, Snail 
and N-cadherin were increased, while the expression of 
epithelial markers E-cadherin and EpCAM was reduced, 
thus indicating that EMT has been induced (FIG. 6A). 
Moreover, upon EMT induction, CAR expression was 
reduced whereas CD46 expression was not reduced at all 
(FIG. 6B). Further, when conventionally used TelomeScan 
was used for PancI cells having undergone EMT only about 
35% of these cells were GFP-positive, whereas almost 90% 
or more of the cells were GFP-positive in the case of Ad34 
fiber 142-3pT(E1 E3) (FIG. 6C). 
0237. These results indicated that the recombinant virus 
of the present invention allowed highly sensitive detection 
of cancer cells having undergone epithelial-mesenchymal 
transition (EMT). 

Example 6 

Detection of Cancer Stem Cells 

0238. MCF7 cells and MCF7-ADR cells (cancer cells 
resistant to the anticancer agent adriamycin) were each 
seeded in a 96-well plate at 1x10 cells/well, and on the 
following day, adriamycin was added thereto at 0.2, 1, 5, 25 
or 125 g/mL. After 24 hours from the addition of adriamy 
cin, an alamarBlue(R) cell viability reagent was used to 
measure cell viability (value: meantS.D. (n-6)). 
0239. MCF7 cells and MCF7-ADR cells were also ana 
lyzed by flow cytometry for expression of CAR, CD46, 
P-glycoprotein (MDR), CD24 and CD44. 5x10 MCF7 
ADR cells were suspended in 100 ul of 2% FCS-containing 
PBS, and FITC-labeled mouse anti-human CD24 antibody 
and PE-labeled mouse anti-human CD44 antibody were 
each added thereto in a volume of 1 ul, followed by reaction 
for 1 hour on ice under light-shielded conditions. After 
washing with 4 ml of 2% FCS-containing PBS, the suspen 
sion was centrifuged at 1500 rpm for 5 minutes to remove 
the Supernatant by aspiration. The cells were suspended 
again in 100 ul of 2% FCS-containing PBS and subjected to 
a cell sorter (FACS Aria II cell sorter, BD Biosciences) to 
sort a CD24-negative and CD44-positive cell fraction. The 
data obtained were analyzed by FCS multi-color data analy 
sis software (Flowo). In human breast cancer cells, a 
fraction having the characteristics of CD24-negative and 
CD44-positive cells is known to be cancer stem cells (Al 
Hai M., et al., Proc Natl Acad Sci USA, 100; 3983-3988, 
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(2003)). The virus of the present invention was infected into 
the cells in the same manner as shown in Example 4. 
0240. As a result, MCF7-ADR cells showed significantly 
high viability even in the presence of adriamycin when 
compared to MCF7 cells and hence were found to have drug 
resistance ability (FIG. 7A). MCF7-ADR cells were also 
found to highly express CAR and CD46 as in the case of 
MCF7 cells. Moreover, MCF7-ADR cells were also found to 
highly express MDR, which is a membrane protein respon 
sible for drug elimination ability (FIG. 7B). Further, when 
Ad34 fiber 142-3pT(E1 E3) was infected into CD24-nega 
tive and CD44-positive cells among MCF-ADR cells, 80% 
or more of the cells were GFP-positive. In contrast, about 
70% of the cells were GFP-positive in the case of conven 
tionally used TelomeScan (FIG. 7C). 
0241 These results indicated that the recombinant virus 
of the present invention allowed detection of drug-resistant 
cancer cells. Moreover, it was also indicated that the recom 
binant virus of the present invention allowed detection of 
cancer stem cells. 

Example 7 

Detection of Cancer Cells in Blood Samples Using 
Ad34 Fiber 142-3pT(E1.E3) 

0242 H1299 cells or T24 cells were infected with a 
lentivirus vector expressing a red fluorescent protein (mono 
meric red fluorescent protein; RFP) at an MOI of 100 and 
cultured. To obtain cell clones, the cells were then seeded in 
a 96-well plate at 0.1 cells/well and cultured until colonies 
were formed. RFP-expressing cells were selected under a 
fluorescence microscope and Subjected to extended culture, 
followed by flow cytometry to measure the intensity of RFP 
expression. Then, cells showing high intensity of RFP 
expression were identified as RFP-expressing cells. 
0243 Human peripheral blood mononuclear cells (hPB 
MCs) obtained from 1.0 mL of human peripheral blood were 
suspended in 800 uL of RPMI-1640 medium (10% FCS, 
supplemented with antibiotics). To the hPBMC suspension, 
cancer cells prepared at 1.0x10 or 5.0x10 cells/mL were 
added in a volume of 100 uL (in FIG. 8, "spiked cancer 
cells' represents the number of cancer cells added to the 
hPBMC suspension). Further, a conditionally replicating Ad 
Suspension prepared at 2x10 pfu/mL was added in a volume 
of 100 uL to give a total volume of 1 mL, followed by 
culture at 37° C. for 24 hours while slowly rotating with a 
rotator. 

0244. The cell suspension cultured for 24 hours after 
virus infection was centrifuged at 300xg for 5 minutes to 
remove the Supernatant. A cell fixative was added in a 
volume of 200 u, and reacted at 4°C. under light-shielded 
conditions for 15 minutes. After addition of 1 mL PBS, the 
Suspension was centrifuged at 300xg for 5 minutes to 
remove the supernatant. The cells were suspended in 2% 
FCS-containing PBS and measured for GFP-positive rate 
using a flow cytometer (MACS Quant Analyzer: Miltenyi 
Biotec). The data obtained were analyzed by FCS multi 
color data analysis software (Flowo). 
0245. In this study, cancer cells labeled with RFP (red 
fluorescent protein) were mixed into hPBMCs to examine 
whether the cancer cells in hPBMCs were able to be 
detected. As a result, in the case of CAR-positive cancer 
cells (H1299), TelomeScan (Ad5 fiber) and Ad34 fiber 
142-3pT(E1 E3) were both able to detect 80% or more of the 
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cancer cells. On the other hand, in the case of CAR-negative 
cancer cells (T24), TelomeScan (Ad5 fiber) achieved very 
low detection efficiency (about 10% of the cells were 
detected as being GFP-positive), whereas Ad34 fiber 142 
3pT(E1.E3) was able to detect 80% or more of the cancer 
cells (FIG. 8). 
0246 This result indicated that the recombinant adeno 
virus of the present invention allowed efficient detection of 
not only CAR-positive cancer cells but also CAR-negative 
cancer cells. 

Example 8 

Full Sequencing of Ad34 Fiber 142-3pT (E1.E3) 
Genome 

0247. In the present example, a full sequencing of Ad34 
Fiber 142-3pT (E1.E3) genome was acquired by construct 
ing a shotgun library using the Nextera XT DNA Library 
Preparation Kit and the Nextera XT Index kit (illumina, 
Inc.), followed by sequencing the clones using MiSeq Sys 
tem (illumina, Inc.) to provide 2,412,121 base pairs sequenc 
ing data. 

Method 

(1) Test Samples 
0248. In this Example, adenoviral genome DNA was 
prepared from the test article using a Qiagen viral DNA 
extraction method and final concentration was 8.1 ng/uL and 
the total amount was 10 uL. 

(2) Shotgun Library Construction and DNA Sequencing 

(2-1) Tagment Genomic DNA and Amplify Libraries 
0249. One ng of purified Ad34 Fiber 142-3pT (E1.E3) 
was used for generating the library by applying the Nextera 
XT DNA Library Preparation Kit according to the manu 
facturers instructions with the exception of using the prim 
ers of the Nextera XT Index kit. In brief, DNA sample was 
fragmented and tagged with adapter sequences by Nextera 
XT transposase and tagged with Index sequence. 

(2-2) Clean Up Libraries 
0250. The resulting fragments were purified by using 
Agencourt AMPure XP beads (Beckman Coulter), separated 
by agarose gel electrophoresis and extracted from the gel in 
the range of 350-600 bases. The fragments were size 
selected by a High Sensitivity DNA Chip on the Bioanalyzer 
2100 (Agilent Technologies, Inc.) and quantified by Qubit 
3.0 Fluorometer (Thermo Fisher Scientific, Inc.) before 
loading on the sequencing chip. The final concentration of 
the resulted library was 1.3 ng/uL and total amount was 10 
LL. 

(2-3) Sequencing and Assembly 

0251. The resulted clean up library was denatured by 
0.2N NaOH for 5 min. After denaturation, it was diluted into 
12 pM by hybridization buffer before loading on the MiSeq 
chip. After 300-bp paired-end read sequencing on the MiSeq 
platform (Illumina), the data were base called and reads with 
the same barcode were collected and assigned to a sample on 
the sequencing instrument. The uncallable ends of the 
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MiSeq reads (B in input file) were automatically trimmed by 
the Sickle: sliding-window, adaptive, quality-based trim 
ming tool for FastO files (Version 1.33) software (Joshi N.A. 
Fass J N (2011)) and FastX tool kit (Ver 0.0.13). De novo 
assembly was performed as follows: the failed reads (Y in 
header information for the quality score) were removed by 
using Bayes hammer implemented, the resulted sequences 
were assembled at parameter k=21, 33, 55, 77,99, 127 and 
repaired mismatches by SPAdes Genome Assembler (Ver 
3.6.0) (J. Comp. Biol. 19(5) (2012): 455-77.). The assemble 
data was aligned to reference sequence by Bowtie2 (Ver 
2.2.4). 

Result 

0252. The assembly resulted in a contig length of 35,324 
bp (SEQID NO:51), in the range of 20,000-2000,000 reads. 
The sequences of genes or regulatory elements were aligned 
for the resulting full sequence of Ad34 Fiber 142-3pT 
(E1 E3). 
0253) The location thereof at SEQID NO: 51 as follows: 
0254 The human telomerase reverse transcriptase pro 
moter starts at position 554 and ends at position 1008, 
therefore consisting of 455 nucleotides. 
The E1A gene starts at position 1041 and ends at position 
1939, therefore consisting of 899 nucleotides. 
0255. The E1B gene starts at position 2616 and ends at 
position 4438, therefore consisting of 1823 nucleotides. 
0256 The IRES sequence starts at position 1961 and ends 
at position 2581, therefore consisting of 621 nucleotides. 
0257. The first microRNA sequence (SEQ ID NO: 52) 
starts at position 4508 and ends at position 4612, therefore 
consisting of 105 nucleotides. 
0258. The second microRNA sequence (SEQID NO: 52) 
starts at position 30715 and ends at position 30819, therefore 
consisting of 105 nucleotides. 
0259. The cytomegalovirus (CMV) promoter starts at 
position 29.381 and ends at position 29.966, therefore con 
sisting of 586 nucleotides. 
0260 The GFP gene starts at position 29.988 and ends at 
position 30,704, therefore consisting of 717 nucleotides. 
0261) The replication cassette (SEQ ID NO. 53) starts at 
position 554 and ends at position 4612, therefore consisting 
of 4059 nucleotides. 

0262 The labeling cassette (SEQ ID NO: 54) starts at 
position 29381 and ends at position 30819, therefore con 
sisting of 1439 nucleotides. 
0263. The gene encoding a CD46-binding fiber protein 
(SEQ ID NO: 50) starts at position 31192 and ends at 
position 32166, therefore consisting of 975 nucleotides. 
0264. The sequence comprising four units of a target 
sequence of miR-142-3p was determined as follow: 

(SEO ID NO : 52 
5'-tcCataaagtaggaalacact acacagotc cataaagtaggaaac act 
a catta attic cataaagtaggaaac act aca99act CCataaagtaggaia 
acactaca-3' 

each underline represents a single unit of a target sequence 
of miR-142-3p). 
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Example 9 

Detection of Cancer Cells in Blood Samples Using 
Ad34 Fiber 142-3pT(E1.E3) 

(1) Cells 
0265 H661 (derived from human lung cancer cells) was 
used as a CAR-positive cell without expression of miR-142 
3p. 
(2) Detection of Cancer Cells Infected with the Ad34 Fiber 
142-3pT(E1.E3) Sequenced at Example 8 by Fluorescence 
Microscope Observation 
0266 One hundred of H661 cells were suspended in 7.5 
mL blood and erythrocytes were lysed to collect PBMCs. To 
these PBMCs, a virus was added in an amount of 1x10 VPs 
(virus particles) for Ad34 fiber 142-3pT(E1.E3) or 3x10° for 
TelomeScan (Ad5 fiber) and infected at 37° C. for 24 hours 
while rotating with a rotator. The cells were collected and 
immunostained with anti-CD45 antibody, and GFP-positive 
cells were observed under a fluorescence microscope. CD45 
is known to be a Surface antigen of blood cell lineage cells 
except for erythrocytes and platelets. “GFP Positive Cancer 
cells (%)' found in the vertical axis of FIG.9 represents the 
“number of GFP-positive and CD45-negative cells (%) 
among GFP-positive cells.” 
0267 As a result, many false positive cells (GFP-positive 
and CD45-positive cells) were observed upon infection with 
TelomeScan (Ad5 fiber), whereas false positive cells were 
not observed upon infection with Ad34 fiber 142-3pT(E1, 
E3), so that cancer cells were able to be specifically detected. 
0268 Moreover, as a result of quantitative analysis on the 
detection specificity of H661 cells, many false positive cells 
were detected in the case of TelomeScan (Ad5 fiber) upon 
virus infection at 3x10° VPs, whereas the detection speci 
ficity was showed 100% detection specificity in the case of 
Ad34 fiber 142-3pT(E1.E3) even when the amount of virus 
infection was increased (1x10 VPs) (FIG.9). These results 
indicated that the recombinant virus of the present invention 
allowed specific detection of cancer cells contained in the 
PBMC fraction. 

Example 10 

Activity Measurement of Ad34 Fiber 
142-3pT(E1 E3) 

(1) Cells 
0269. HeLa (derived from human uterine cancer cells) 
was used as a CAR-positive cell without expression of 
miR-142-3p, while K562 (derived from human myelog 
enous leukemia cells) was used as a CAR-negative cell 
expressing miR-142-3p. CD293 medium without phenol 
containing DMEM (10% FCS, supplemented with antibiot 
ics) was used for HeLa cell, while RPMI-1640 medium 
(10% FCS, supplemented with antibiotics) was used for 
K562 cell. These cells were cultured at 37° C. under 
saturated vapor pressure in the presence of 5% CO. 
(2) Activity Measurement of Ad34 Fiber 142-3pT(E1 E3) 
Sequenced at Example 8 by Multi-Plate Reader 
0270 Cells of each line were seeded in a 12-well plate at 
8x10 cells/well and treated with Ad34 fiber 142-3pT(E1, 
E3) at an MOI of 400. As a control, Ad34 fiber was used at 
an MOI of 150, which can produce the same intensity of 
GFP fluorescence using Ad34 fiber 142-3pT(E1E3) at an 
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MOI of 400 in HeLa cells. After culture for 24 hours, the 
cells were collected and lysed by GLO lysis buffer (Promega 
Corporation). 
0271 The fluorescence intensity of the lysate was mea 
sured using a multi-plate reader, PowerScan HT (DS Pharma 
Biomedical Co., Ltd.). 
0272. The results obtained are shown in FIG. 10. In FIG. 
10, the fluorescence intensity of each cell infected with Ad34 
fiber 142-3pT(E1.E3) was shown as a relative value against 
those of the cell infected with Ad34 fiber, assuming the latter 
was 100%. 

20 
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0274. This result indicated that the recombinant virus of 
the present invention comprising a target sequence of miR 
142-3p did not detect highly miR-142-3p-expressing cells, 
Such as normal blood cells. 

INDUSTRIAL APPLICABILITY 

0275 Reagents comprising the recombinant adenovirus 
of the present invention enable simple and highly sensitive 
detection of CAR-negative cancer cells without detection of 
normal blood cells (e.g., leukocytes). 

SEQUENCE LISTING FREETEXT 
0273. As a result of activity measurement, when K1562 0276 SEQ ID NO: 4: synthetic DNA 
(miR-142-3p-negative cells) were infected with Ad34 fiber (0277 SEQ ID NOs: 5 to 26: synthetic RNA 
142-3pT(E1 E3), the detected intensity of GFP fluorescence 0278 SEQ ID NOS: 27 to 28: synthetic DNA 
was very little (0.45%) as compared to those of Ad34 fiber 0279 SEQ ID NOs: 43 to 46: synthetic DNA 
(FIG. 10). 0280 SEQ ID NOs: 50 to 55: synthetic DNA 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 55 

<21 Os SEQ ID NO 1 
&211s LENGTH: 45.5 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

tggcc cct cc ct cqggittac cc cacagcct aggc.cgattic gacct Ctctic cqctggggcc 60 

Ctcgctggcg tccCtgcacc Ctgggagcgc gagcggcgcg C9ggcgggga agcgcggCCC 12O 

agaccc.ccgg gtc.cgc.ccgg agcagctg.cg Ctgtcggggc caggc.cgggc tic cc agtgga 18O 

titcgcgggca Cagacgc.cca ggaccgc.gct coccacgtgg cqgagggact ggggaccc.gg 24 O 

gcaccc.gtcc togc.ccct tca cct tccagot cogcctic ct c cqcgcggacc cc.gc.ccc.gtc 3 OO 

ccgaccc ct c ccgggtc.ccc gg.cccagc.cc cct c cqggcc ct cocagocc ct cocct tcc 360 

titt CCC ggc ccc.gc.cct ct cotcgcggcg cgagttt cag gCagcgctgc gtCctgctgc 42O 

gcacgtggga agccCtggcc ccggccaccC cc.gc.g 45.5 

<21 Os SEQ ID NO 2 
&211s LENGTH: 899 
&212s. TYPE: DNA 
<213> ORGANISM: Adenovirus 

<4 OOs SEQUENCE: 2 

acaccgggac taaaatgag acatatt at C to cacggag gtgtt attac Caagaaatg 60 

gcc.gc.cagtic titttggacca gotgatcgaa gagg tactgg citgataatct tccacctic ct 12O 

agc cattttg aaccaccitac cct tcacgaa citgitatgatt tagacgtgac gg.ccc.ccgaa 18O 

gat.cccaacg aggaggcggit tt.cgcagatt tttc.ccgact ctgtaatgtt gg.cggtgcag 24 O 

gaagggattg acttact cac ttitt C ccc.g. gcgc.ccggitt ct Coggagcc gcct caccitt 3 OO 

toccggcagc cc.gagcagcc ggagcagaga gccttgggit C cq9tttctat gccaaacctt 360 

gtaccggagg tatcgatct tacct gccac gaggctggct titccacccag tacgacgag 42O 

gatgaagagg gtgaggagtt ttgttagat tatgtggagc accc.cgggca cqgttgcagg 48O 

tottgtcatt at Caccggag gaatacgggg gacccagata ttatgtgttc gctttgct at 54 O 

atgaggacct gtggcatgtt tetct acagt cctgttgtctgaacctgagcc tagc.ccgag 6 OO 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 8 

Caggccaulau uglugclugccu. Ca 

<210s, SEQ ID NO 9 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 9 

ulagcagcacg ula-aalualuugg C9 

<210s, SEQ ID NO 10 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 10 

ccaguauluaa clugugclugcluga 

<210 SEQ ID NO 11 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 11 

ulagcuuauca gaclugauguu ga 

<210s, SEQ ID NO 12 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 12 

Calacaccagul cauggggugu. 

<210s, SEQ ID NO 13 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 13 

ulcgulaccgug aguaaluaalug cq 

<210s, SEQ ID NO 14 
&211s LENGTH: 21 

212. TYPE : RNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

23 

- Continued 

22 

22 

22 

22 

21 

22 
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<4 OOs, SEQUENCE: 14 

Caululaulua cu ululuggulacgc g 

<210s, SEQ ID NO 15 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 15 

aacaulucaac gclugu.cggug agu 

<210s, SEQ ID NO 16 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 16 

uglucagululug ulcalaallac cc Ca 

<210s, SEQ ID NO 17 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
& 22 O FEATURE; 
<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 17 

cgugu.aululug acaagclugag lulu. 

<210s, SEQ ID NO 18 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 18 

gaggguluggg luggaggclcul CC 

<210s, SEQ ID NO 19 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 19 

agggcc cc cc cucaaucclug u. 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 24 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 2O 

luccCugagac ccuuula accu gluga 

24 

- Continued 

21 

23 

22 

22 

22 

21 

24 
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<210s, SEQ ID NO 21 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 21 

ulgagaugaag cacuguagcu. C 

<210s, SEQ ID NO 22 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 22 

ggugdagu.gc lugcaucucug gll 

<210s, SEQ ID NO 23 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 23 

gluccaguluulu cccaggaaluc ccu. 

<210s, SEQ ID NO 24 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 24 

ggaulucclugg aaauaculgulu cul 

<210s, SEQ ID NO 25 
&211s LENGTH: 23 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 25 

Cccaguguuc agacluacclug uuc 

<210s, SEQ ID NO 26 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic RNA 

<4 OOs, SEQUENCE: 26 

lugaggllaglla gullgulallag lull 

<210s, SEQ ID NO 27 
&211s LENGTH: 69 
&212s. TYPE: DNA 

25 

- Continued 

21 

22 

23 

22 

23 

22 
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atcc taagag agaacaactg. tctacaaact ttattacaac acttaaaatc. tca tagtttg 2O4. O 

acaatagt ca gtaatgcatg toggaactittg tdgaatctot cagcaagaaa toctaaagac 21OO 

Caggaagc at tatgggacat gggggcagtt agcatgctica agaac ct cat t cattcaaag 216 O 

Cacaaaatga ttgctatggg aagtgctgca gctittaagga atctgatggc aaataggcct 222 O 

gcqaagtaca aggatgccaa tattatgtct c ctdgct caa gcttgc.cat c tictt catgtt 228O 

aggaaacaaa aagcc.ctaga agcagaatta gatgcticago actitat caga aacttittgac 234 O 

aatatagaca atttaagt co caaggcatct catcg tagta agcagagaca caa.gcaaagt 24 OO 

ctictatggtg attatgttitt togacaccalat cacatgatgataataggit c agacaattitt 246 O 

aatactggca acatgactgt cctitt cacca tatttgaata ctacagtgtt acc cagotcc 252O 

tctt catcaa gaggaagctt agatagttct cqttctgaaa aagatagaag tittggagaga 2580 

gaacgcggaa ttggtctagg caactaccat C cagcaa.cag aaaatcc agg aacttct tca 264 O 

aagcgaggitt to agatcto Caccactgca gcc.ca.gattg C caaagt cat ggaagaagtg 27 OO 

t cagcc attc atacct ct ca ggaagacaga agttctgggit ctaccactga attacattgt 276 O 

gtgacagatg agagaaatgc acttagaaga agctctgctg. CCC at acaca ttcaaac act 282O 

tacaattitca ctaagt cqga aaattcaaat aggacatgtt citatgccitta togccaaatta 288O 

gaatacaaga gat Cttcaaa tatagttta aatagtgtca gtag tagtga tiggittatggit 294 O 

aaaagagg to aaatgaaacc ct cattgaa toc tatt ctog aagatgatga aagtaagttt 3 OOO 

tgcagttatg gtcaat acco agc.cgaccta gcc cataaaa tacat agtgc aaatcatatg 3 O 6 O 

gatgataatg atggagaact agatacacca ataaattata gtc.ttaaata titcagatgag 312 O 

Cagttgaact Ctggaaggca aagtic ctitca Cagaatgaaa gatgggcaag acccaaacac 318O 

ataatagaag atgaaataaa acaaagtgag caaagacaat Caaggaatca aagtacaact 324 O 

tatic ctdttt at actgagag cactgatgat aaa.cacctica agttcca acc acattttgga 33 OO 

Cagcaggaat gtgtttct Co atacaggit ca C9gggagcca atggttcaga aacaaatcga 3360 

gtgggttcta at catggaat taatcaaaat gtaagcc agt Ctttgttgtca agaagatgac 342O 

tatgaagatg ataagcctac Caattatagt gaacgttact ctgaagaaga acagcatgaa 3480 

gaagaa.gaga gaccaacaaa ttatagdata aaatataatg aagagaaacg. t catgtggat 354 O 

cagoctattg attatagttt aaaatatgcc acagatatto citt catcaca gaalacagtica 36OO 

ttitt cattct caaagagttc atctggacaa agcagtaaaa ccgaacatat gtc.ttcaagc 366 O 

agtgagaata cqtccacacc titcatctaat gccaagaggc agaat cagot coat coaagt 372 O 

tctgcacaga gtagaagtgg to agcct caa aaggctgcca cittgcaaagt ttcttctatt 378 O 

aaccaagaaa caatacagaci ttattgtgta gaagatactic caatatgttt ttcaagatgt 384 O 

agttcattat catctttgtc at cagctgaa gatgaaatag gatgtaatca gacgacacag 3900 

gaag Cagatt Ctgctaatac Cctgcaaata gCagaaataa aagaaaagat tdaact agg 396 O 

t cagctgaag atcCtgtgag caagttcca gcagtgtcac agc accctag alaccalaatcC 4 O2O 

agcagactgc agggttctag titt at Cttica gaatcagcca ggcacaaagc tigttgaattit 4 O8O 

tott caggag cqaaatct co citccaaaagt gigtgcticaga cacccaaaag tocacctgaa 414 O 

cactatgttc aggaga.cccc act catgttt agcagatgta cittctgtcag titcacttgat 42OO 

agttittgaga gtcgttcgat tccagotcc gttcagagtgaac catgcag tdgaatggta 426 O 
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agtggcatta taa.gc.cccag tdatct tcca gatagocct g g acaaac cat gccaccaagc 432O 

agaagtaaaa cacctic cacc acctic ct caa acagotcaaa ccaag.cgaga agtacctaaa 438 O 

aataaagcac Ctactgctga aaa.gagagag agtggaccta agcaa.gctgc agtaaatgct 4 44 O 

gcagttcaga gqqtccaggit tottccagat gctgatactt tattacattt togccacggaa 4500 

agtact coag atggattitt c ttgttcatcc agcctgagtg citctgagcct cqatgagc.ca 456 O 

tittatacaga aagatgtgga attaagaata atgcct C cag titcaggaaaa tacaatggg 462O 

aatgaaacag aat cagagca gcc taaagaa t caaatgaaa accalagagala agaggcagaa 468O 

aaaact attg attctgaaaa gogacct atta gatgatt cag atgatgatga tattgaaata 474. O 

ctagaagaat g tattatttctgc catgcca acaaagt cat cacgtaaagc aaaaaagcca 48OO 

gcc.ca.gactg. Cttcaaaatt acct C Cacct gtggcaagga aaccalag to a gctgcctgtg 486 O 

tacaaactitc taccat caca aaa.caggttg caa.ccc.caaa agcatgttag titt tacaccg 492 O 

ggggatgata to cacgggt gtattgttgtt gaagggacac ctataaact t t t c cacagot 498O 

acat ct citaa gtgatctaac aatcgaatcc cct coaaatgagttagctgc tiggagaagga 5040 

gttagaggag gag cacagtic aggtgaattt gaaaaacgag ataccattcc tacagaaggc 51OO 

agaagtacag atgaggctica aggaggaaaa acct Catctg talaccatacc taattggat 516 O 

gacaataaag cagaggaagg tatatt citt gcagaatgca ttaattctgc tatgccCaaa 522 O 

gggaaaagtic acaa.gc.ctitt CC9tgtgaaa aagataatgg accaggit coa gcaa.gcatct 528 O 

gcqt cqtctt ctdcacccaa caaaaatcag titagatggta agaaaaagaa accaact tca 534 O 

c cagtaaaac ctataccaca aaatactgaa tataggacac gtgtaagaaa aaatgcagac 54 OO 

tcaaaaaata atttaaatgc tigagagagitt ttct cagaca acaaagattic aaagaaacag 546 O 

aatttgaaaa ataatticcaa gogactitcaat gataagcticc caaataatga agatagagtic 552O 

agaggaagtt ttgcttittga titcacct cat cattacacgc ctattgaagg aactic ctitac 558 O 

tgtttitt cac gaaatgattic tittgagttct c tagattittg atgatgatga tigttgaccitt 564 O 

tccagggaaa aggctgaatt aagaaaggca aaagaaaata aggaatcaga ggctaaagtt st OO 

accago caca cagaactaac ctic calaccaa caatcagcta ataagacaca agctattgca 576. O 

aagcagccaa taaatcgagg to agcctaaa cccatactitc agaaacaatic cacttitt coc 582O 

Cagt catcca aagacatacc agacagaggg gcagcaactg atgaaaagtt acagaattitt 588 O 

gctattgaaa at actic cagt ttgcttitt ct cataatticct citctgagttct ct cagtgac 594 O 

attgaccaag aaaacaacaa taaagaaaat gaaccitatca aagagactga gcc ccct gac 6 OOO 

t cacagggag aaccaagtaa acct caag catcaggctato ctic ctaaatc attt catgtt 6 O6 O 

gaagataccc cagtttgttt citcaagaaac agttct citca gttct cittag tattgactict 612 O 

gaagatgacc tittgcagga atgtataagc ticcgcaatgc caaaaaagaa aaa.gc.ct tca 618O 

agacticaagg gtgataatga aaaacatagt cccagaaata tiggtgg cat attaggtgaa 624 O 

gatctgacac ttgatttgaa agatatacag agaccagatt cagaacatgg totaticc cct 63 OO 

gatt Cagaaa attittgattg gaaagctatt Cagga aggtg caaattic cat agtaagtagt 636 O 

ttacat caag ctgctgctgc tigcatgttta t ctagacaag ctitcqtctga titcagatticc 642O 

atcc titt.ccc tdaaat cagg aatct citctg ggat cac cat titcatcttac acctgat caa 648 O 

gaagaaaaac Cctttacaag taataaaggc ccacgaattic taaaaccagg ggagaaaagt 654 O 
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aaacgaaagc tigaacctata agcagcagta taa.gcaatat ggaactic gaa ttaaat atcc 1920 

acaattcaaa agcacctaaa aagaataggc tigaggaggala gtcttct acc aggcatatt C 198O 

atgcgcttga act agtag to agtagaaatc taag.cccacc taattgtact gaattgcaaa 2O4. O 

ttgatagttg ttctagoagt galagagataa agaaaaaaaa gtacaiaccala atgc.cagtica 21OO 

ggcacagcag aaacct acaa ct catggaag gtaaagaacc ticaactgga gcc aagaaga 216 O 

gtaacaagcc aaatgalacag acaagtaaaa gacatgacag catactitt C C cagagctga 222 O 

agittaacaaa tdcacctggit tottt tacta agtgttcaaa taccagtgaa cittaaagaat 228O 

ttgtcaatcc tag cct tcca agagaagaaa aagaa.gagaa act agaalaca gttaaagtgt 234 O 

Ctaataatgc tigaagacic cc aaagatct catttalagtgg agaaagggitt ttgcaaactg 24 OO 

aaagatctgt agagagtagc agt atttcat ttacctgg tactgattat ggcacticagg 246 O 

aaagtatict c gtt actggaa gttagcactic tagggaaggc aaaaacagala C caaataaat 252O 

gtgtgagt ca gtgtgcagca tttgaaaac C C Caagggact aatticatggit tott C caaag 2580 

ataatagaaa tacacagaa ggctttalagt atc cattggg acatgaagtt alaccacagtic 264 O 

gggaaacaag catagaaatg gaagaaagtgaacttgatgc ticagt atttg Cagaatacat 27 OO 

t calaggtttic aaa.gc.gc.ca.g. t catttgctic cqttittcaaa ticcaggaaat gcagaagagg 276 O 

aatgtgcaac attct c tocc cactctgggit cottaaagaa acaaagt cca aaagt cactt 282O 

ttgaatgtga acaaaaggaa gaaaatcaag gaaagaatga gtctaat at C aag cct tac 288O 

agacagttaa tat cactgca ggctitt CCtg tdgttggtca gaaagataag C cagttgata 294 O 

atgccaaatg tagtat caaa ggaggcticta ggttttgtct at Catct cag titcagaggca 3 OOO 

acgaaactgg act cattact c caaataaac atggacttitt acaaaac cca tat cqtatac 3 O 6 O 

caccacttitt toccatcaag to atttgtta aaactaaatg taagaaaaat citgctagagg 312 O 

aaaactittga ggalacattca atgtcacctgaaagagaaat gggaaatgag alacattccala 318O 

gtacagtgag cacaattagc cqtaataa.ca ttagagaaaa tdtttittaaa gaa.gc.ca.gct 324 O 

Caagcaat at taatgaagta ggttc.cagta Ctaatgaagt gggct coagt attaatgaaa 33 OO 

taggttcCag tatgaaaac attcaagcag alactagg tag aaacagaggg C caaaattga 3360 

atgctatgct tagattaggg gttittgcaac Ctgaggit cta taaacaaagt Ctt Cotggaa 342O 

gtaattgtaa goat cotgala ataaaaaagc aagaatatga agaagtagtt Cagactgtta 3480 

atacagattt citcticcatat ctdattt cag ataacttaga acago citat g g gaagtagt c 354 O 

atgcatctica ggtttgttct gagacacctg atgacctgtt agatgatggit gaaataaagg 36OO 

aagatactag titttgctgaa aatgacatta aggaaagttctgctgtttitt agcaaaag.cg 366 O 

tccagaaagg agagcttagc aggagt ccta gcc ctitt cac ccatacacat ttggcticagg 372 O 

gttaccgaag aggggg caag aaattagagt cct Cagaaga galacttatct agtgaggatg 378 O 

aagagct tcc ctdct tccaa cacttgtt at ttggtaaagt aaacaatata cct tcticagt 384 O 

Ctact aggca tag caccgtt gct accgagt gtctgtctaa galacacagag gagaattitat 3900 

tat cattgaa gaatagotta aatgactgca gitalaccaggit aatattggca aaggcatct c 396 O 

aggaac atca cct tagtgag gaaacaaaat gttctgctag cittgttittct t cacagtgca 4 O2O 

gtgaattgga agacittgact gcaaatacaa acacc cagga t cotttctitg attggttctt 4 O8O 

ccaaacaaat gaggcatcag tictgaaagcc agggagttgg totgagtgac aagga attgg 414 O 
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tggitta actt gggagaaagt tt Catctgtg gatggagtat tgaggitta tattoaaaag 42O 

aaaaaggaac ttggggaat Ctgtat ctitt attgcacgag ttgacctaga tigagatgtcg 48O 

ttcactttac tdagctacag aaaaa catac gaaat cagtg tccataaatt ctitta actta 54 O 

Ctaaaagaaa ttgataccag taccalaagtt gataatgcta ttcaagact gttgaagaag 6OO 

tatgatgitat tdtttgcact citt cagdaaa ttggaaagga catgtgaact tatatatttg 660 

acacaa.ccca gcagttcgat atc tactgaa ataaattctg cattggtgct aaaagtttct 72 O 

tggat cacat ttt tattagc taaaggggaa gtatt acaaa tigaagatga t ctggtgatt 78O 

t cattt cagt taatgctato tdtcc ttgac tattittatta aactic to acc ticc catgttg 84 O 

citcaaagaac catataaaac agctgttata cccattaatg gttcacct cq aac acccagg 9 OO 

cgaggt caga acaggagtgc acggatagca aaacaactag aaaatgatac aagaattatt 96.O 

gaagttct ct gtaaagaa.ca togaatgtaat atagatgagg tdaaaaatgt ttatttcaaa O2O 

aattittatac Cttittatgaa ttct cittgga cittgtaa.cat citaatggact tccagaggitt O8O 

gaaaatctitt ctaaacgata cqaagaaatt tat cittaaaa ataaagatct agat.cgaaga 14 O 

ttatttittgg at catgataa aactic titcag actgatticta tag acagttt tdaaacacag 2OO 

agaacaccac gaaaaagtaa ccttgatgaa gaggtgaata taatticcitcc acacact coa 26 O 

gttagg actg titatgaacac tat coaacaa ttaatgatga ttittaaattic togcaa.gtgat 32O 

caac ctitcag aaaatctgat titcct attitt aacaactgca cagtgaatcc aaaagaaagt 38O 

at actgaaaa gagtgaagga tataggatac atctittaaag agaaatttgc taaagctgtg 44 O 

ggacagggitt gtgtcgaaat tat cacag catacaaac ttggagttcg Cttgt attac SOO 

cgagtaatgg aatccatgct taaat cagaa gaagaacgat tat coattica aaattittagc 560 

aaacttctgaatgacaac at ttitt catatgtctittattgg cqtgcgctict tdaggttgta 62O 

atggccacat at agcagaag tacat ct cag aatcttgatt citggaacaga tttgtctitt c 68O 

c catggattic togaatgtgct taatttaaaa goctttgatt tttacaaagt gatcgaaagt 74 O 

tittatcaaag Cagaaggcaa Cttgacaaga gaaatgataa alacatttaga acgatgtgaa 8OO 

catcgaatca toggaatcc ct togcatggctic ticagatt cac ctittatttga t cittattaaa 86 O 

caatcaaagg accogagaagg accaactgat caccittgaat citgcttgtcc ticittaatctt 92 O 

cct citccaga ataatcacac togcagcagat atgitatic titt citcctgtaag atctocaaag 98 O 

aaaaaaggitt caactacgcg togtaaattct actgcaaatg cagagacaca agcaacctica 2O4. O 

gcct tccaga cccagaagcc attgaaatct acct citctitt cactgttitta taaaaaagtg 21OO 

tat cqgctag cct atctocq got aaataca citttgttgaac gcc ttctgtc. tdagcaccca 216 O 

gaattagaac at atcatctg gaccc.ttitt c cagcacaccc togcagaatga gitatgaactic 222 O 

atgagagaca ggcatttgga C caaattatg atgtgttcca totatgg cat atgcaaagtg 228O 

aagaatatag accittaaatt caaaatcatt gtaac agcat acaaggat.ct tcc to atgct 234 O 

gttcaggaga cattcaaacg tdttittgatc aaagaagagg agtatgattic tattatagta 24 OO 

ttctataact cqgtctt cat gcagagacitg aaaacaaata ttittgcagta togct tccacc 246 O 

aggcc.cccta ccttgtcacc aatacct cac atticcitcgaa gcc cttacaa gtttic ctagt 252O 

t caccc.ttac ggattic ct gg agggalacatc tatattt cac ccctgaagag to catataaa 2580 

attt cagaag gtctgccaac accaacaaaa atgactic caa gat caagaat cittagtatica 264 O 
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attggtgaat cattcgggac ttctgagaag titccagaaaa taaat Cagat gg tatgtaac 27 OO 

agcgaccgtg totcaaaag aagtgctgaa ggaagcaa.cc ctic ctaalacc actgaaaaaa 276 O 

Ctacgctttg at attgaagg at Cagatgaa goagatggala gtaaa catct CCC aggaga.g 282O 

tccaaatttic agcagaaact ggcagaaatg acttic tactic gaacacgaat gcaaaag cag 288O 

aaaatgaatgatagdatgga tacct caaac aaggaagaga aatgaggat C tdaggacctt 294 O 

ggtgga cact gtgtacacct citggatt cat tdt ct ct cac agatgtgact gtata actitt 3 OOO 

cc.caggttct gtt tatggcc acatttaata t ctitcagctic tittttgtgga tataaaatgt 3 O 6 O 

gcagatgcaa ttgtttgggit gag to ctaag ccacttgaaa tottagt cat tdttattitat 312 O 

acaagattga aaatcttgtg taaatcctgc catttaaaaa gttgtag cag attgttt cot 318O 

Cttic caaagt aaaattgctg. tctt tatgg at agtaagaa tigcc ctaga gtgggagt cc 324 O 

tgataaccca ggcctgtctg act actittgc cittcttttgt agcatatagg tdatgtttgc 33 OO 

t cittgtttitt attaattitat atgtatattt ttittaattta acatgaacac cct tagaaaa 3360 

tgttgtc.ctat citatct tcca aatgcaattt gattgactgc ccatt cacca aaattatcct 342O 

gaactic ttct gcaaaaatgg at attattag aaattagaaa aaaattacta attitt acaca 3480 

ttagattitta ttt tactatt ggaatctgat at actgttgtg cittgtttitat aaaattittgc 354 O 

ttittaattaa ataaaagctg gaa.gcaaagt atalaccatat gatact atca tact actgaa 36OO 

acagattt ca tacct cagaa totaaaagaa citt actgatt attittct tca tocaactitat 366 O 

gtttittaaat gaggattatt gatag tactic ttggtttitta taccatt cag at cactgaat 372 O 

ttataaagta cc catc tagt acttgaaaaa gtaaagttgtt citgccagat c ttagg tatag 378 O 

aggaccctaa cacagtatat cocaagtgca ctittctaatgtttctgggtc ctdaagaatt 384 O 

aagatacaaa ttaattittac to cataaa.ca gactgttaat tataggagcc ttaattittitt 3900 

titt catagag atttgtctaa ttgcatct ca aaattatt cit gcc ct cotta atttgggaag 396 O 

gtttgttgttt totctggaat gigtacatgtc titc catgitat cittittgaact ggcaattgtc 4 O2O 

tatttatctt ttatttittitt aagt cagtat gigt ctaacac togg catgttcaaag.ccacat 4 O8O 

tatttctagt ccaaaattac aagtaatcaa gogg to attat giggittaggca ttaatgttt c 414 O 

tatctgattt tdtgcaaaag cittcaaatta aaa.ca.gctgc attagaaaaa gaggcgcttic 42OO 

t ccc ct cocc tacaccitaaa gotgt attta aactatottg togtgattaac ttatttagag 426 O 

atgctgtaac ttaaaatagg ggatatttaa gogtagct tca gctagotttt aggaaaatca 432O 

Ctttgttctaa citcagaatta tttittaaaaa gaaatctggit cittgttagaa aacaaaattit 438 O 

tattttgtgc ticatttaagt ttcaaactta ctattittgac agittattittgataacaatga 4 44 O 

cact agaaaa cittgactic cattt catcatt gtttctgcat gaatat cata caaat cagtt 4500 

agtttittagg toaagggctt act atttctg ggit cittittgc tactaagttc acattagaat 456 O 

tagtgccaga attittaggaa citt cagagat cqtgt attga gattt cittaa ataatgcttic 462O 

agat attatt gctittattgc titttttgt at tdgittaaaac totacattta aaattgctat 468O 

gttact attt totacaatta at agtttgtc. tattittaaaa taaattagtt gttaa.gagtic 474. O 

<210s, SEQ ID NO 39 
&211s LENGTH: 4608 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
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t catacaggt gaaaagcc ct 

gtcagatgaa ttagt ccdc.c 

ggcgctttga ggggtctic cc 

ctgctttcaa gtctgactict 

ttcatccaac titccaagaca 

gagttggit ct ctg.ccctgcc 

aatgtctggit tagttaaaag 

c catagctga t catgtc.ccc 

gatggaatta ttgtaccatt 

gtctgctaat gtaaactittg 

t cagaga.gca aggcatcggg 

taac Ctggaa agcaggatgt 

agctgaagaa aaaatcagaa 

catt cagtta attcaatgtg 

gattitttittg td tatgttitt 

tacatacctic cittgcacaaa 

gtataaaaac catgctggta 

aaat agggga tiggtcCagga 

ttgggtctac aagtatatgt 

aaagatggtc gtgttgttgttgt 

ttittaaggga gggaattitat 

gataatgatt togct ctittga 

gggtgttgat Cttacaagat 

tittgct ct ca attaaagt ct 

SEQ ID NO 43 
LENGTH: 69 
TYPE: DNA 

t cagctgtcg 

at CacalaCat 

tCggggaccg 

c. cact cost co 

agataccggit 

tacttittagt 

cc cattgc.ca 

ctgaccct tc 

ttctatoatg 

t catggtttc 

ggtgaatctt 

agttctgcca 

ctaac cagta 

aac actggca 

tgact cittitt 

tggaggggala 

tatggctt.ca 

t ct coactga 

gaaaaaaatg 

tatttaccgt. 

Calactaaaat 

attgatgata 

attcaaaag 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 43 

gtggccalagt 

gcatcagaga 

ttcagtgtc.c 

toactaaaaa. 

gct tctggaa 

tgact cacag 

tittggtgtgg 

cottctttitt 

gaatattitat 

catttactaa 

gtctaac att 

ggcaacttitt 

cct ctdtata 

cactgct citt 

gagtggtaat 

tt cattitt ca. 

agttgtaaaa 

taagactgtt 

agact tactg 

gtgttgttgttgt 

tgcttgaaat 

taggactgta 

acact taaaa. 

synthetic DNA 

50 

- Continued 

tgtcagaaaa agtttgc.ccg 

aacatgacca aactic cagot 

Caggcagcac agtgttgttgaa 

ggaaact tca gttgat citt c 

actaccaggt gtgcctggaa 

gcc ctggaga agcagctaac 

attittctact gtaagaagag 

titatgct cqt titt cqctggg 

aggcc agggc atgtgtatgt 

Cagcaa.cagc aagaaataaa 

CCC gagg to a gcc aggctgc 

aaagct catg catttcaagc 

gaaatctaaa agaattittac 

aagaalactat galagatctga 

catatgtgtc tittatagatg 

t cactgggag tdt CCttagt 

atgaaagtga Ctttaaaaga 

tittaagtaac ttaaggacct 

ggtgaggaaa t cc attgttt 

gtgttgttgtt gtgttttgtt 

tactgtgtaa atatatgtct 

taagtactag atgcatcact 

ttgtaacct g catttitt cac 

ggcct coata aagtaggaaa cactacacag ctic cataaag taggaaacac tacattaatt 

aagcgg tac 

SEQ ID NO 44 
LENGTH: 61 

TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: 

SEQUENCE: 44 

synthetic DNA 

cgcttaatta atgtag togtt toc tactitta tdgagctgtg tagtgtttcc tactittatgg 

a. 

162O 

168O 

1740 

18OO 

1860 

1920 

198O 

21OO 

216 O 

222 O 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

27 OO 

276 O 

282O 

288O 

294 O 

2969 

6 O 

69 

6 O 

61 

Nov. 17, 2016 
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<210s, SEQ ID NO 45 
&211s LENGTH: 54 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic DNA 

<4 OOs, SEQUENCE: 45 

tccataaagt aggaaacact acaggactico ataaagtagg aaacactaca gtac 54 

<210s, SEQ ID NO 46 
&211s LENGTH: 52 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic DNA 

<4 OOs, SEQUENCE: 46 

tgtag tdttt cotact titat ggagt cct gt agtgttt cot actittatgga at 52 

<210s, SEQ ID NO 47 
&211s LENGTH: 573 
&212s. TYPE: DNA 
<213> ORGANISM: Adenovirus 

<4 OOs, SEQUENCE: 47 

titatgg actg gaataaac cc ticcacctaac tdtcaaattig toggaaaacac taatacaaat 6 O 

gatggcaaac ttactittagt attagtaaaa aacggagggc titgttaatgg ctacgtgtct 12 O 

c tagttggtg tat cagacac tdtgalaccaa atgttcacac aaaagacagc aaa catccaa 18O 

ttaagattat attittgactic ttctggaaat ct attaactg atgaatcaga cittaaaaatt 24 O 

c cacttaaaa ataaatct to tacagcgacc agtgaaactg. tagccagcag caaagcc titt 3OO 

atgccaagta ctacagotta t cc cttcaac accactacta gggatagtga aaact acatt 360 

catggaatat gttact acat gac tagttat gatagaagtic tattt coctt gaa catttct 42O 

ataatgctaa acago.cgitat gatttct tcc aatgttgcct atgccataca atttgaatgg 48O 

aatctaaatg caagtgaatc. tccagaaag.c aacatagcta cqctgaccac atcc.ccctitt 54 O 

ttcttittctt acattacaga agacgacaac taa sf3 

<210s, SEQ ID NO 48 
&211s LENGTH: 270 
&212s. TYPE: DNA 
<213> ORGANISM: Adenovirus 

<4 OOs, SEQUENCE: 48 

ggagttctta ct cittaagtg tittaa.ccc.ca ctaacaacca cagg.cggat c tictacagcta 6 O 

aaagtgggag ggggacttac agtggatgac actgatggta CCttacaaga aaa catacgt. 12 O 

gctacagdac ccattactaa aaataatcac totgtagaac tat coattgg aaatggatta 18O 

gaaact caaa acaataaact atgtgccaaa ttgggaaatg ggittaaaatt taacaacggit 24 O 

gacatttgta taaaggatag tattalacacc 27 O 

<210s, SEQ ID NO 49 
&211s LENGTH: 843 
&212s. TYPE: DNA 

<213> ORGANISM: Adenovirus 
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<4 OOs, SEQUENCE: 49 

ggagttctta ct cittaagtg tittaa.ccc.ca ctaacaacca cagg.cggat c tictacagcta 6 O 

aaagtgggag ggggacttac agtggatgac actgatggta CCttacaaga aaa catacgt. 12 O 

gctacagdac ccattactaa aaataatcac totgtagaac tat coattgg aaatggatta 18O 

gaaact caaa acaataaact atgtgccaaa ttgggaaatg ggittaaaatt taacaacggit 24 O 

gacatttgta taaaggatag tattalacacic titatggactg gaataaacco tocacctaac 3OO 

tgtcaaattig toggaaaacac taatacaaat gatggcaaac titactittagt attagtaaaa 360 

aacggagggc ttgttaatgg ctacgtgtct c tagttggtg tat cagacac tdtgaac Caa 42O 

atgttcacac aaaaga cago: aaa catccaa ttalagattat attittgactic ttctggaaat 48O 

ctattaactg atgaat caga cittaaaaatt coacttaaaa ataaatcttic tacagcgacc 54 O 

agtgaaactg tagc.ca.gcag caaagcctitt atgccaagta ctacagotta t cc cttcaac 6OO 

accact acta gggatagtga aaact acatt catggaatat gttac tacat gac tag titat 660 

gatagaagtic tatttic cctt gaa catttct ataatgctaa acago cqtat gatttct tcc 72 O 

aatgttgcct atgccataca atttgaatgg aatctaaatg caagtgaatc. tccagaaagc 78O 

aacatagota cqctgaccac atcc.cccttt ttcttitt citt acattacaga agacgacaac 84 O 

taa 843 

<210 SEQ ID NO 5 O 
&211s LENGTH: 975 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic DNA 

<4 OOs, SEQUENCE: 50 

atgaag.cgcg Caagaccgt.c talagatacc ttcaa.ccc.cg titat coat a tigacacggaa 6 O 

accogt cct c caactgtgcc ttitt ct tact c ct coctittg tat cocc caa tdggtttcaa 12 O 

gagagt cc cc ctdgagttct tact cittaag tdtttaa.ccc cactaacaac cacagg.cgga 18O 

tcticta cagc taaaagtggg agggggactt acagtggatg acactgatgg tacct tacaa 24 O 

gaaaacatac gtgctacago acc cattact aaaaataatc act ctdtaga act atccatt 3OO 

ggaaatggat tagaaactica aaacaataala Ctatgtgcca aattgggaaa tiggittaaaa 360 

tittaacaacg gtgacatttg tataaaggat agtattaa.ca cct tatggac toggaataaac 42O 

cctic caccita actgtcaaat tdtggaaaac actaatacaa atgatggcaa act tactitta 48O 

gt attagtaa aaaacggagg gcttgttaat ggctacgtgt Citctagttgg titat cagac 54 O 

actgtgaacc aaatgttcac acaaaagaca gcaaacatcc aattaagatt at attittgac 6OO 

tottctggaa atct attaac tdatgaatca gacittaaaaa titccacttaa aaataaatct 660 

tctacagoga ccagtgaaac togtagccago agcaaagcct titatgccaag tact acagot 72 O 

tatic cct tca acaccactac tagggatagt gaaaactaca tt catggaat atgttac tac 78O 

atgact agtt atgatagaag totatttic cc titgaacattt citataatgct aaa.ca.gc.cgt. 84 O 

atgatttctt coaatgttgc ctatoccata caatttgaat ggaatctaaa togcaa.gtgaa 9 OO 

tctic cagaaa gcaa.catago tacgctgacc acatcc.ccct ttittcttitt c ttacattaca 96.O 

gaagacgaca act aa 97. 
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catgacctta tdggactitt c ct acttggca gta catctac gitattagt catcgct attac 360 

Catggtgatg cggittittggc agtacatcaa tiggcgtgga tagcggtttg act cacgggg 42O 

attt coaagt citccaccc.ca ttgacgtcaa tdggagtttgttittggcacc aaaatcaacg 48O 

ggactitt.cca aaatgtcgta acaactcc.gc cc cattgacg caaatgggc g g taggcgtgt 54 O 

acggtgggag gtctatataa gCagagctgg tttagtgaac ct cagatcc gctagocggit 6OO 

cgc.cac catg gtgagcaagg gcgaggagct gttcaccggg gtggtgcc.ca t c ctggit Ca 660 

gctggacggc gacgtaaacg gcc acaagtt Cagcgtgtcc ggcgagggcg agggcgatgc 72 O 

Caccitacggc aagctgaccc taagttcat Ctgcaccacc ggcaa.gctgc ccgtgcc ctg 78O 

gcccaccctic gtgaccaccc tdaccitacgg cqtgcagtgc titcagcc.gct accc.cgacca 84 O 

Catgaagcag cacgacttct tcaagttcc.gc catgc.ccgala ggctacgt.cc aggagcgcac 9 OO 

Catctt Cttc aaggacgacg gcaactacaa gaccc.gc.gcc gaggtgaagt t cagggcga 96.O 

CaccCtggtg aaccgcatcg agctgaaggg catcgacttic aaggaggacg gcaa.catcct 1 O2O 

ggggcacaag Ctggagtaca act acaacag C cacaacgt.c tatat catgg cc.gacaa.gca 108 O 

gaagaacggc at Caaggtga acttcaagat CCCC acaac atcgaggacg gcagogtgca 114 O 

gct cqc.cgac Cactaccagc agaac acccc catcggcgac ggcc.ccgtgc tigctgc.ccga 12 OO 

Caac Cactac Ctgagc accc agt cc.gc.cct gagcaaagac cccaacgaga agcgcgat.ca 126 O 

Catggit Cotg Ctggagttcg taccgc.cgc cgggat cact Ctcgg catgg acgagctgta 132O 

Caagtaaagc ggcctic cata aagtaggaaa Cactacacag Ctic cataaag taggaalacac 1380 

tacattaatt coataaagta ggaaacacta caggacticca taaagtagga aac actaca 1439 

<210s, SEQ ID NO 55 
&211s LENGTH: 105 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic DNA 

<4 OO > SEQUENCE: 55 

tccataaagt aggaaacact acacagotcc ataaagtagg aaacactaca ttaattic cat 6 O 

aaagtaggaa acactacacc act coataaa gtaggaaaca citaca 105 

1. A recombinant adenovirus, which comprises: 
a replication cassette comprising a polynucleotide com 

prising a human telomerase reverse transcriptase pro 
moter, E1A gene, IRES sequence and E1B gene in this 
order, and a target sequence of a first microRNA, 
wherein the first microRNA is miR-142 and the target 
sequence comprises a nucleotide sequence having at 
least 98% identity to the nucleotide sequence consisting 
of SEQID NO: 52, and wherein the replication cassette 
is integrated into the E1 region of the adenovirus 
genome; 

a labeling cassette comprising a reporter gene, a promoter 
capable of regulating the expression of the reporter 
gene, and a target sequence of a second microRNA, 
wherein the second microRNA is miR-142 and the 
target sequence comprises a nucleotide sequence hav 
ing at least 98% identity to the nucleotide sequence 
consisting of SEQID NO: 52, and wherein the labeling 
cassette is integrated into the E3 region of the adeno 
virus genome; and 

a gene encoding a CD46-binding fiber protein comprising 
at least the fiber knob region in the fiber protein of 
adenovirus type 34 or 35, which comprises a nucleotide 
sequence having at least 99% identity to the nucleotide 
sequence consisting of SEQ ID NO: 50 and is inte 
grated into the adenovirus genome. 

2. The recombinant adenovirus according to claim 1, 
wherein the reporter gene is a gene encoding a protein which 
emits fluorescence or a gene encoding an enzyme protein 
which generates a luminophore or a chromophore upon 
enzymatic reaction. 

3. The recombinant adenovirus according to claim 1, 
wherein the promoter capable of regulating the expression of 
the reporter gene is a human telomerase reverse transcriptase 
promoter or cytomegalovirus promoter. 

4. The recombinant adenovirus according to claim 1, 
wherein the replication cassette comprises a nucleotide 
sequence having at least 99%0 identity to the nucleotide 
sequence consisting of SEQ ID NO: 53. 
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5. The recombinant adenovirus according to claim 1, 
wherein the labeling cassette comprises a nucleotide 
sequence having at least 99% identity to the nucleotide 
sequence consisting of SEQ ID NO: 54. 

6. A recombinant adenovirus, which comprises: 
a replication cassette comprising a nucleotide sequence 

having at least 99% identity to the nucleotide sequence 
consisting of SEQID NO: 53 and is integrated into the 
E1 region of the adenovirus genome; 

a labeling cassette comprising a nucleotide sequence 
having at least 99% identity to the nucleotide sequence 
consisting of SEQID NO: 54 and is integrated into the 
E3 region of the adenovirus genome; and 

a gene encoding a CD46-binding fiber protein comprising 
a nucleotide sequence having at least 99% identity to 
the nucleotide sequence consisting of SEQ ID NO: 50 
and is integrated into the adenovirus genome. 

7. A recombinant adenovirus, which comprises a nucleo 
tide sequence having at least 99% identity to the nucleotide 
sequence consisting of SEQ ID NO: 51. 
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