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Pancreatic cancer has a poor prognosis after complete macro-
scopic resection combined with chemotherapy. Even after neo-
adjuvant chemotherapy, R0 resection is often not possible.
Moreover, current imaging techniques cannot reliably distin-
guish viable cancer cells from scar tissue at the resectional mar-
gin. We investigated the use of a conditionally replicative
adenovirus (CRAd), Ad5 ⁄ 3Cox2CRAd-DE3ADP-Luc, for imaging
the effects of chemotherapy. The CRAd infectivity of pancreatic
cancer cells was enhanced by a chimeric Ad5 ⁄ 3 fiber, E1A
expression was under the control of the Cox2 promoter, and
the luciferase gene was inserted adjacent to the adenovirus
death protein (ADP) gene. Subcutaneous xenografts of the pan-
creatic cancer cell line MiaPaCa-2 were established in 24 BALB ⁄ c
nu ⁄nu mice. When xenografts reached a diameter of 4–6 mm
(day 1), the mice were injected i.p. with either PBS (group A;
n = 12) or 1000 mg ⁄ kg gemcitabine (group B; n = 12), weekly.
On days 19, 26, 33, and 40, CRAd were injected intratumorally
into three mice in groups A and B. Bioluminescence was imaged
72 h after CRAd injection, and gross tumor volumes were mea-
sured then tumors were removed for ex vivo histopathology
using H&E and Ki-67 staining. Correlations between gross tumor
volume, pathological evaluation of the percentage of viable
tumor area, and CRAd bioluminescence were analyzed. Biolumi-
nescence correlated closely with the percentage of viable tumor
area (R = 0.96), but not with gross tumor volume (R = 0.31).
Therefore, CRAds might be reliable imaging tools for monitoring
chemotherapy in pancreatic cancer, and could improve our abil-
ity to distinguish viable tumor cells from scar tissue. (Cancer Sci
2013; 104: 1083–1090)

P ancreatic adenocarcinoma has one of the worst survival
rates of all cancers worldwide, with only a 5% five-year

survival rate, for all stages. In 2008, 37 680 new cases of pan-
creatic cancer were diagnosed, and 34 290 deaths were
expected.(1) In Japan, only 20% of patients diagnosed with
pancreatic cancer are treatable by resection, as 50–60% of
patients already have distant metastases and approximately
30% of patients have locally advanced disease that is not
resectable.(2) Median survival rates of 20–24 months can be
expected only in cases where resection is possible and is com-
bined with postoperative chemotherapy or chemoradiation.(3–5)

However, two-thirds of patients that are borderline resectable
and one-third of patients that are clinically unresectable could
become resectable after neoadjuvant therapy, resulting in a
prognosis comparable to those patients with resectable
tumors.(2) Several reports(6–11) have suggested that the number
of patients with unresectable or borderline resectable pancre-
atic cancer for whom a microscopic tumor clearance (R0)

resection becomes possible will increase as new aggressive
regimens such as FOLFIRINOX(12,13) are developed.
When using such therapeutic strategies, it is important to

establish whether remnant cancer cells exist at resectional mar-
gins after neoadjuvant therapy. However, current techniques
for cross-sectional imaging, including PET-CT, cannot reliably
distinguish viable cancer cells from scar tissue because the
increased soft-tissue density observed around celiac or superior
mesenteric arteries after neoadjuvant therapy is often scar
tissue without viable tumor cells.(14,15) As it is not possible to
evaluate the effects of chemotherapy on pancreatic cancer
based on residual tumor volume (gross tumor volume), it is
difficult to determine whether surgery is indicated after neoad-
juvant therapy in patients with a stable tumor volume. Thus,
novel imaging tools are urgently needed to distinguish viable
cancer cells from scar tissue in pancreatic cancer.
Conditionally replicative adenoviruses have been designed

to replicate only in cancer cells, and have been developed
mainly as cancer therapeutics.(16,17) Clinical trials in cancers
including pancreatic, prostate, ovarian, and glioblastoma
multiforme,(18,19) have established that CRAds are tolerated.
Previous studies in mouse models found that CRAds are
excellent tools for the non-invasive imaging of cancer cells,
and can be specifically cytocidal.(20,21) Furthermore, CRAd(A
d5 ⁄3Cox2-CRAd-DE3-ADP-Luc) has been specifically devel-
oped to infect viable pancreatic cancer cells, replicate in
them, and emit light.(22–25) This CRAd shows promising char-
acteristics for use both in vitro and in vivo; however, it has
so far not been evaluated as a diagnostic for assessing the
effects of chemotherapy. The current study investigated
whether CRAd(Ad5 ⁄3Cox2-CRAd-DE3-ADP-Luc) was a use-
ful imaging tool for monitoring the effects of chemotherapy
on pancreatic cancer.

Materials and Methods

Cell lines and cell culture. The MiaPaCa-2, BxPC-3, and
Panc-1 pancreatic cancer cell lines (ATCC, Manassas, VA,
USA) and the Cox2-positive lung cancer cell line A549
(JCRB0076; Health Science Research Resources Bank, Osaka,
Japan) were grown in DMEM with 10% FCS (JRH Bio-
sciences, Lenexa, KS, USA). The Cox2-negative breast can-
cer cell line BT-474 (THB-20; ATCC) was cultured in
RPMI-1640 medium with 0.01 mg ⁄mL bovine insulin (Life
Technologies, Rockville, MD, USA). All media were
supplemented with 100 IU ⁄mL penicillin and 100 mg ⁄mL
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streptomycin. Cells were incubated at 37°C in 5% CO2 under
humidified conditions.

Adenovirus vector construction. CRAd(Ad5 ⁄3-Cox2CRAd-
DE3-ADP-Luc) has enhanced infectivity for pancreatic cancer
cells as a result of a chimeric Ad5 ⁄3 fiber that consists of the
tail and shaft of adenovirus serotype 5 with the knob of adeno-
virus serotype 3. Expression of E1A is under the control of the
Cox2 promoter, and the luciferase gene is inserted adjacent to
the ADP gene, which is in its native position despite a deletion
in the E3. This CRAd was generated using homologous recom-
bination in Escherichia coli as described previously
(Fig. 1).(22–28) The recombinant virus was purified using an
Adenovirus Purification kit (VIRAPUR, San Diego, CA,
USA), and vp numbers were measured spectrophotometrically
at an absorbance wavelength of 260 nm (vp = optical density
260 nm value 9 10 (dilution rate) 9 1.1 9 1012 viral particle
⁄mL). The vectors were stored at �80°C until use. This genetic
recombination was approved by the Ministry of Education,
Culture, Sports, Science, and Technology of Japan.

In vitro luciferase assay. Among pancreatic cancer cell lines,
MiaPaCa-2 and Panc-1 express high levels of Cox2.(29) These
cell lines were plated in 96-well black plates at a density of
1.0 9 104 cells ⁄well, and infected with CRAd(Ad5 ⁄3-Cox2-
CRAd-DE3-ADP-Luc) at 10 vp ⁄well. Luciferase activity was
analyzed daily for 7 days using an XFLUOR4 microplate
reader (Tecan Japan, Kawasaki, Japan).

Effects of chemotherapeutic drugs estimated using in vitro
MTT assays. The effects of chemotherapeutic drugs on Mia-
PaCa-2, Panc-1, and BxPC-3 cells were evaluated using MTT
assays. The cell lines were plated into 96-well plates at a den-
sity of 2 9 104 cells ⁄mL in 100 lL ⁄well medium containing
serum, and were allowed to grow for 24 h. An additional
100 lL medium containing 0.01 lg ⁄mL GEM (Gemzar; Eli
Lilley, Kobe, Japan) or 0.5 lg ⁄mL tegafur ⁄gimeracil ⁄oteracil
(TS-1; Taiho Pharmaceutical, Tokyo, Japan) was added. After
24, 48, 72, and 96 h, 20 lL ⁄well MTT reagent (0.4% MTT;

Sigma, St. Louis, MO, USA) with 0.1 M disodium succinate
hexahydrate (Kanto Chemical, Tokyo, Japan) was added, and
cells were incubated for a further 4 h. The formazans formed
were dissolved in 150 lL DMSO (Kanto Chemical), and opti-
cal densities were read with an Elx800 Universal Microplate
Reader (Bio-Tek Instruments, Winooski, VT, USA) at 590 nm.

In vivo detection of luciferase bioluminescence. We needed to
identify a pancreatic cancer cell line with high chemosensitivi-
ty that could easily be grafted. We therefore selected
MiaPaCa-2 cells, which showed comparable GEM sensitivity
to BxPC-3 cells and were more sensitive than Panc-1 cells
(Fig. 2). In preliminary experiments, MiaPaCa-2 cells were
also simple to graft.
We determined the time at which CRAd(Ad5 ⁄3-Cox2CRAd-

DE3-ADP-Luc) replication peaked after the intratumoral injec-
tion of CRAds into MiaPaCa-2 xenografts by monitoring bio-
luminescence. Female BALB ⁄ c nu ⁄nu mice (Charles River
Laboratories, Yokohama, Japan) aged 5–7 weeks were injected
s.c. on the right flank with 5.0 9 106 MiaPaCa-2 cells in
100 lL PBS. When tumors grew to 6–10 mm in diameter,
they were injected intratumorally with 1.0 9 1010 vp CRAd
(Ad5 ⁄ 3-Cox2CRAd-DE3-ADP-Luc) in 50 lL PBS. Previous
studies have reported the effectiveness of CRAds as both cyto-
cidal therapeutics and non-invasive imaging tools for tumors.
In these studies, CRAds were injected intratumorally with
1.0 9 109–1010 vp in 50 lL PBS.(22–24,29) This injection vol-
ume is sufficient to infect the tumor safely, so we injected
1.0 9 1010 vp in 50 lL PBS. In vivo luciferase expression
was assessed daily for 9 days by injecting each mouse i.p.
with 150 mg ⁄kg D-luciferin, and placing the animal in the
imaging chamber of an IVIS 100 bioimaging system (Xeno-
gen, Alameda, CA, USA). Images of the mice were captured
and processed solely by adjusting the overall contrast and
brightness using the IGOR Pro Imaging software (Xenogen).

In vivo use of CRAd(Ad5 ⁄ 3-Cox2CRAd-DE3-ADP-Luc) to monitor
the pancreatic cancer cell response to GEM. MiaPaCa-2 xeno-
grafts were established in 24 BALB ⁄ c nu ⁄nu mice as described
above. When the tumors grew to 4–6 mm in diameter (day 1),
PBS was injected i.p. into group A mice (n = 12, untreated),
and 1000 mg ⁄kg GEM was injected i.p. into group B mice
(n = 12, experimental) weekly. On days 19, 26, 33, and 40,
1.0 9 1010 vp CRAd(Ad5 ⁄3-Cox2CRAd-DE3-ADP-Luc) in
50 lL PBS was injected intratumorally into three mice in
group A and three mice in group B. On days 22, 29, 36, and
43 (72 h after CRAd injection), the tumors in these mice were
measured, their bioluminescence was imaged, and they were
removed for ex vivo histopathology using H&E and Ki-67 stain-
ing. Gross tumor volume was calculated as a 9 b2 9 0.5 mm3,
where a was the longest axis and b the shortest axis. Biolumines-

Fig. 1. Structure of the conditionally replicative adenovirus Ad5 ⁄
3-Cox2CRAd-DE3-ADP-Luc. A chimeric Ad5 ⁄ 3 fiber enhances infectivity,
a luciferase reporter gene is inserted at the E3 region deletion, and
an adenovirus death protein (ADP) gene is in its native location. L-ITR,
left inverted terminal repeat; R-ITR, right inverted terminal repeat.

Fig. 2. Cytocidal effect of gemcitabine (GEM) and tegafur ⁄ gimeracil ⁄ oteracil (TS-1) on pancreatic cell lines. MiaPaCa-2, Panc-1, and BxPC-3 cells
were plated into 96-well plates at 2 9 104 cells ⁄mL in 100 lL serum-containing medium per well. After 24 h, an additional 100 lL medium
containing 0.01 lg ⁄mL GEM or 0.5 lg ⁄mL TS-1 was added, and MTT assays were carried out after 24, 48, 72, and 96 h.
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cent values were measured using ROI analysis of the images
collected, and correlations with gross tumor volume and the%
viable tumor area were analyzed (Fig. 3). All experimental pro-
tocols involving live animals were approved by the Institutional
Animal Care and Use Committee of Yokohama City University
(Yokohama, Japan) and the National Cancer Center Research
Institute (Tokyo, Japan).

Statistical analysis. Data from in vitro luciferase and MTT
assays, and in vivo tumor volumes were expressed as
means � standard deviation. The statistical analysis of correla-
tions between tumor volumes, percentage viability of tumors,
and bioluminescence values was carried out using Pearson’s
correlation coefficient.

Results

In vitro characterization of pancreatic cell lines. In the three
pancreatic cell lines infected with CRAd(Ad5 ⁄3-Cox2CRAd-
DE3-ADP-Luc), in vitro luciferase activity peaked on day 2 in
Panc-1 cells at 1.0 � 0.05 9 106 RLU, on day 3 in MiaPaCa-2
cells at 8.6 � 0.4 9 105 RLU, and on day 4 in BxPC3 cells at
5.4 � 1.0 9 105 RLU (Fig. 4). The time course of lumines-
cence appearance and the level reached were similar to those
seen in the Cox2-positive, control cell line, A549, whereas no
luminescence was seen in the Cox2-negative, negative control
cell line, BT-474.
The effects of GEM and TS-1 on the pancreatic cell lines

were assessed over 96 h in culture (Fig. 2). After 96 h, the
absorbance at 590 nm was 0.04 � 0.001 in wells treated with
GEM, and 0.129 � 0.01 in wells treated withTS-1, compared
with 0.21 � 0.01 in the control wells for MiaPaCa-2 cells.
Similarly, for BxPC-3 cells after 96 h, the absorbance at
590 nm was 0.03 � 0.004 in wells treated with GEM, and
0.1 � 0.005 in wells treated with TS-1, compared with
0.14 � 0.001 in untreated wells. By contrast, for Panc-1 cells,
the absorbance at 590 nm was 0.172 � 0.002 in wells treated
with GEM, and 0.209 � 0.002 in wells treated with TS-1,
compared with 0.31 � 0.002 in untreated wells. Thus, we
identified GEM as an effective cytocidal agent, and MiaPaCa-
2 and BxPC-3 cells as more sensitive to GEM than Panc-1
cells.

In vivo detection of luciferase bioluminescence. After the
intratumoral injection of CRAd(Ad5 ⁄3-Cox2CRAd-DE3-ADP-
Luc) into MiaPaCa-2 xenografts on the flanks of BALB ⁄ c nu
⁄nu mice, luciferase bioluminescence could be detected as
early as the day after injection. As shown in Figure 5, biolumi-
nescence peaked between days 3 and 7, and began to decrease
by day 9.

In vivo evaluation of CRAd(Ad5 ⁄ 3-Cox2CRAd-DE3-ADP-Luc) for
monitoring the response of pancreatic tumors to GEM. As shown
in Figure 6(a,b), in a representative individual from control

group A mice, the s.c. tumor measured 12 mm on its major
axis with an ROI of 1.1 9 107 total photon ⁄ s ⁄ cm2 ⁄ steradian
by day 36 (Fig. 6a) and 13 mm on its major axis with an ROI
of 1.7 9 107 p ⁄ s ⁄ cm2 ⁄ sr on day 43 (Fig. 6b). All cells were
viable in the tumor, as shown by pathological examination of
H&E and Ki-67 stained sections. For all mice in Group A,
gross tumor volumes were 172.7 � 33.0, 286.8 � 46.9,
463.0 � 97.25, and 842.0 � 87.1 mm3, and bioluminescence
ROI values were 39.7 � 9.0, 80.7 � 15.7, 734.7 � 259.9, and
1013.3 � 515.5 9104 p ⁄ s ⁄ cm2 ⁄ sr on days 22, 29, 36, and 43,
respectively. In all tumors from group A mice, cell viability
was 100% at all time-points. As shown in Figure 6(c), there
was a strong positive correlation between gross tumor volume
and bioluminescence (R = 0.94).
In the example of a group B mouse treated with GEM, the

s.c. tumor measured only 5 mm on the major axis, and the
ROI of the tumor measured only 3.2 9105 p ⁄ s ⁄ cm2 ⁄ sr on day
36 (Fig. 7a). On day 43, the s.c. tumor measured 5 mm on its
major axis, the ROI of the tumor was 29 433 p ⁄ s ⁄ cm2 ⁄ sr,
which was not significantly different to background, and no
viable cells were detected (Fig. 7b). For all mice in Group B,
tumor volumes were 47.5 � 5.3, 37.3 � 1.9, 44.8 � 6.5, and
37.3 � 1.9 mm3, bioluminescence ROI values were 56.6
� 9.1, 53.3 � 8.1, 21.0 � 4.3, and 0.02 � 0.004 9 104 p ⁄ s
⁄ cm2 ⁄ sr, and the% viable tumor area in the tumors was
72.7 � 0.84, 67.0 � 1.1, 44.3 � 10.8, and 10.7 � 7.5%,
respectively, on days 22, 29, 36, and 43 (Fig. 7c). Although
the mean gross tumor volume in these mice treated with GEM
was stable after day 22 at approximately 40 mm3, in contrast,
the bioluminescence ROI values were still rapidly falling
(R = 0.31). Furthermore, as the ROI values continued to fall,
the% viable tumor area continued to fall and the measurements
of CRAd bioluminescence and% viable tumor area were
strongly correlated (R = 0.96), but not with gross tumor

Fig. 3. Protocol for assessing the use of
conditionally replicative adenovirus (CRAd),
Ad5 ⁄ 3-Cox2CRAd-DE3-ADP-Luc, as an in vivo
imaging diagnostic, showing the timing of i.p.
gemcitabine (GEM) injection, intratumoral injection
of CRAd, bioluminescent imaging, and ex vivo
histopathology.

Fig. 4. Each cell line was infected with conditionally replicative ade-
novirus Ad5 ⁄ 3-Cox2CRAd-DE3-ADP-Luc at 10 viral particles per well.
Luciferase activity was analyzed daily for 7 days.
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Fig. 5. Bioluminescent imaging of conditionally
replicative adenovirus (CRAd) Ad5/3-Cox2CRAd-DE3-
ADP-Luc replication after intratumoral injection
into MiaPaCa-2 xenografts. BALB/c nu/nu mice were
inoculated with MiaPaCa-2 cells, and when tumor
nodules achieved a diameter of 6–10 mm,
1.0 9 1010 viral particles CRAd(Ad5/3-Cox2CRAd-
DE3-ADP-Luc) were injected into tumors. The
luciferase signal from the tumors was monitored
from day 1.

(a)

(b)

(c)

Fig. 6. Control results for the in vivo use of
conditionally replicative adenovirus (CRAd) Ad5/3-
Cox2CRAd-DE3-ADP-Luc to monitor the pancreatic
cancer cell response to gemcitabine. Established
MiaPaCa-2 xenografts in BALB/c nu/nu mice were
injected i.p. with PBS weekly, then on days 33 (a)
and 40 (b), 1.0 9 1010 viral particles CRAd(Ad5/3-
Cox2CRAd-DE3-ADP-Luc) in 50 lL PBS were injected
intratumorally. On day 36 (a) and day 42 (b),
tumors (upper left panel) and bioluminescence
were measured (lower left panel), and tumors were
removed and stained with H&E (upper right panel)
and Ki-67 (lower right panel). (c) Gross tumor
volume and CRAd bioluminescence were closely
correlated (R = 0.94).
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volume. This suggested that CRAd bioluminescence might
provide a more accurate measurement of tumor cell death than
gross tumor volume.

Discussion

Previous studies have reported the effectiveness of CRAds as
both cytocidal therapeutics and non-invasive imaging tools for
tumors.(22–25,28) However, this is the first report to show the
diagnostic ability of CRAds to image the effects of chemother-
apy, using a CRAd with a Cox2 promoter, an E3 modification
containing a bioluminescent reporter gene, an intact ADP gene,

and a chimeric Ad5 ⁄3 fiber. In patients whose disease is stable
after chemotherapy, it is difficult for current imaging tech-
niques such as PET-CT to determine whether viable pancreatic
cancer cells are still present in the nodule. If viable cells are
histologically absent from a residual mass, then no biolumines-
cence will be emitted when the mass is imaged using CRAds.
This imaging study found that even in residual masses of the
same gross size, a CRAd could detect whether viable cancer
cells were present in the residual mass.
In patients with pancreatic cancer, overall and disease-free

survival times are significantly worse after R1 compared with
R0 resections.(30) Recently, interest has increased in studying

(a)

(b)

(c)

Fig. 7. In vivo use of conditionally replicative
adenovirus (CRAd) Ad5 ⁄ 3-Cox2CRAd-DE3-ADP-Luc
to monitor the pancreatic cancer cell response to
gemcitabine. Established MiaPaCa-2 xenografts in
BALB ⁄ c nu ⁄ nu mice were injected i.p. with
gemcitabine weekly, then on days 33 (a) and 40 (b),
1.0 9 1010 viral particles CRAd(Ad5 ⁄ 3-Cox2CRAd-DE3-
ADP-Luc) in 50 lL PBS were injected intratumorally.
On day 36 (a) and day 42 (b), tumors (upper left
panel) and bioluminescence were measured (lower
left panel), and the tumors were removed and
stained with H&E (upper right panel) and Ki-67
(lower right panel). (c) Xenograft growth was
monitored by gross tumor volume, by% viable
tumor area and CRAd bioluminescence. The
correlations between these measurements were
analyzed using Pearson’s correlation coefficient.
Bioluminescence correlated closely with% viable
tumor area (R = 0.96) but not with gross tumor
volume (R = 0.31).
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the effect of neoadjuvant chemoradiation for patients with unre-
sectable or borderline resectable pancreatic cancer, with the aim
of making R0 resection a possibility. A systematic review of
concurrent studies of neoadjuvant chemoradiation in primary un-
resectable pancreatic cancer found resection rates of 8–64%, and
a surprisingly high rate of R0 resections with a median of
88%.(31) However, even after neoadjuvant chemoradiation, it is
not uncommon for tumor surgical margins to be positive for
cancer cells (0–44%) in postoperative histological examina-
tions.(32–38) It is therefore important to distinguish any remaining
cancer cells around major arteries, such as the celiac, superior
mesenteric, and common hepatic arteries, from necrotic or fibro-
tic tissue present after neoadjuvant chemoradiotherapy.
Positron emission tomography–CT has a distinct advantage

for identifying distant metastases in the whole body.(39) Heinrich
et al.(40) reported 91% sensitivity and 64% specificity for PET-
CT scanning for pancreatic cancer in 51 patients. They con-
cluded that PET-CT represents an important staging method
prior to resection of pancreatic cancer. However, PET-CT has
difficulty detecting a tumor less than 1 cm in diameter because
of its low spatial resolution.(41) Moreover, the rate of unexpected
cancerous infiltrates in the superior mesenteric artery after neo-
adjuvant therapy not detected by PET-CT scans has been
reported to be 28.5%.(42) Therefore, PET-CT scans appear useful
for detecting distant metastases, but not as a decision-making
method after chemotherapy and prior to surgery in patients with
locally advanced pancreatic cancer abutting major vessels.
In a clinical setting, the grade classification of pathological

response is based on the% viable tumor area after neoadjuvant
chemotherapy. However, discrepancies between preoperative
diagnosis and postoperative pathological response are problem-
atic. Therefore, we used preoperative CRAds imaging to deter-
mine the% of viable tumor area rather than the% of viable tumor
volume in this study. Using gross tumor volume, bioluminescence
was found to correlate closely with the% viable tumor volume
(R = 0.93), but not with the gross tumor volume (R = 0.36).
Clinically, if the gross tumor volume becomes large or small

after neoadjuvant chemotherapy, the viable tumor area under-
goes the same changes. However, if the gross tumor volume is
stable after neoadjuvant chemotherapy, we cannot determine
whether viable cells remain in the residual tumor. In such cases,
CRAd imaging may be useful. As no other promising imaging
tools are currently being considered for monitoring the effects of
chemotherapy on locally advanced pancreatic cancer, the clini-
cal application of CRAds is an important prospect.
In this study, CRAds were directly injected into tumors. It

has been reported that CRAds injected directly into tumor
infected not only primary tumors but also metastases in lymph
nodes.(43) However, this technique is difficult unless patients
undergo laparotomy. Endoscopic ultrasonography–fine needle
aspiration biopsy has recently made remarkable progress. For
example, the direct injection of immature dendritic cells into
advanced pancreatic tumors using an EUS-guided fine-needle
injection technique has been reported,(44) and CRAds could
potentially be injected directly into pancreatic cancers using
this method. Intravenously injected CRAds were also found to
be safe in the infection of cancer cells and to replicate and
emit light in vivo.(22,24,29) Although CRAd i.v. injection might
be useful for hypervascular tumors such as pancreatic cancer,
further studies are needed to investigate whether CRAds can
successfully infect pancreatic tumors when administered by
this route. Both intratumoral and i.v. delivery of CRAds could
be clinically useful for imaging in the future.
Several different promoters have been used in association with

adenoviral vectors, including Cox2 promoters in gastrointestinal
cancers,(45–48) the midkine promoter in pediatric solid tumors,(49,50)

ovarian cancer,(46) pancreatic cancer,(47) and cholangiocarcino-
ma,(48) the secretory leukocyte protease inhibitor promoter in ovar-

ian cancer,(51,52) the vascular endothelial growth factor promoter
and the gastrin-releasing peptide promoter in lung cancer and cho-
langiocarcinoma,(48,53) and the human telomerase reverse transcrip-
tase promoter in gastric cancer,(54) breast cancer,(55) lung cancer,(56)

prostate cancer,(21) colorectal cancer,(20,21) and hepatocellular carci-
noma.(20,21) Modifications of the CRAd used in the present study
with these tumor-specific promoters could therefore be evaluated
for therapeutic use in other cancers.
For clinical applications involving the present study design,

the important issues that need to be overcome include the
safety of luciferin in humans, and the weakness of luciferase
luminescence for use with CRAds in patients. Human sodium
iodide symporter is a transmembrane glycoprotein that medi-
ates the uptake of iodide into cells, and a CRAd vector
expressing hNIS was recently reported.(57) This CRAd was
transduced into prostate cancer cells and shown to induce
functional hNIS expression, which increased radioisotope
uptake and so mediated non-invasive tumor imaging using sin-
gle photon-emission computed tomography – CT. This method
could be applied to our CRAd vector by modifying it to
express hNIS for an imaging system of higher sensitivity.
In this study, as we used the Cox2 promoter and a Cox2-

positive cell line (MiaPaCa-2), all tumor cells became infected.
However, in a clinical setting, Cox2-positive cells make up 90.0–
90.4% of pancreatic cancers,(47,58) so approximately 1 in 10 cases
of pancreatic cancer would be undetected. Therefore, it would be
necessary to use EUS-FNA to examine protein overexpression
individually. Although precision could be improved by modify-
ing Cox2 to a protein that is detected, not all pancreatic cancers
would express Cox2 or the detected protein so cell-negative
populations would not be detected by CRAd leading to false
negative results. The identification of an overexpressed pro-
tein common to all pancreatic cancer cells would overcome
this problem.
In conclusion, this is the first study to our knowledge to

focus on the diagnostic application of CRAds in assessing the
effects of chemotherapy. Conditionally replicative adenovirus
imaging could be a useful tool for evaluating pancreatic cancer
infiltration into the celiac trunk or superior mesenteric artery
after neoadjuvant chemotherapy, and to determine the effec-
tiveness of neoadjuvant chemotherapy in down-staging pancre-
atic cancer for R0 surgical resection.
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ADP adenovirus death protein
CRAd conditionally replicative adenovirus
EUS-FNA endoscopic ultrasonography–fine needle aspiration
FOLFORINOX 5-fluorouracil, leucovorin, irinotecan, and oxaliplatin
GEM gemcitabine
hNIS human sodium iodide symporter
PET-CT positron emission tomography–computed tomography
RLU relative light unit
ROI region of interest
vp viral particle
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