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Abstract

TOB (transducer of ErbB-2) is a tumor suppressor that interacts with protein-tyrosine kinase receptors, including ErbB-2. Introduction of the
tob gene into NIH3T3 cells results in cell growth suppression. In this study, we evaluated the effect of rob expression in pancreatic cell lines
(AsPC-1, BxPC-3, SOJ) and discuss the tumor-suppressing effects of adenoviral vector expressing tob cDNA. We first measured the levels of
endogenous fob mRNA being expressed in all pancreatic cancer cell lines. Then, we examined the effect of adenoviral vector containing tob
c¢DNA (Ad-tob vector) on cancer cell lines. The viral vector was expanded with transfection in 293 cells. The titer of the vector was
350 x 10 pfu/ml. These cancer cells were able to be transfected with MOI 20 without adenoviral toxicity. The transfection of Ad-tob vector re-
sults in growth suppression of SOJ and AsPC-1 cell lines. The magnitude of the expression of the Ad-tob gene in cancer is correlated to tumor
suppressive activity. We prepared pancreatic cancer peritonitis models using a peritoneal injection of AsPC-1 cells. In this model, bloody ascites
and multiple tumor nodules were seen at the mesentery after 16 days. AdCAtob (50 x 108 pfu/day) was administered from day S to day 9 after 4
days of peritoneal injection of 2 X 10® AsPC-1 cells. Tumor growth suppression occurred 10 days after peritoneal injection of AdCAtob compared
with the control group. There were no tumor nodules in the abdomen and no bloody ascites. These results suggest that the peritoneal injection of
AdCAU10b has potential to suppress the formation of pancreatic cancer peritonitis, and can be applied for chemotherapy-resistant cancer peritonitis.
© 2008 Elsevier Masson SAS. All rights reserved.
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and once metastasis to the liver or peritoneal dissemination has
occurred, current treatments, including surgery and chemo-
therapy, are difficult to induce complete remission [1].

Advances in science and technology for direct gene transfer
into living animals have provided opportunities to develop
treatment modalities of malignancies by somatic gene therapy
[2-5].

TOB (transducer of ErbB-2) is a 45 kDa tumor suppressor
that interacts with protein-tyrosine kinase receptors, including
ErbB-2 [6,7]. ErbB-2 phosphorylates and interacts with Shc,
which participates between active tyrosine protein kinases to
the Ras signaling pathway. A point mutation or an elevated ex-
pression of ErbB-2 is commonly observed in pancreatic can-
cers and breast cancers. Matsuda et al. reported that the
carboxy-terminal half of TOB is relevant to its interaction
with ErbB-2 and the amino-terminal half is homologous to
the growth suppressor protein BTG-1, and introduction of
the tob gene into NIH3T3 cells results in cell growth suppres-
sion [6,8—10]. Expression of BTG-1 is high in quiescent cells
and decreases when cells enter the growth cycle, suggesting
that the gene product is inhibitory to GO/G1 progression.
The tob is localized on chromosome 17q21, telomeric to the
BRCA 1 locus.

Using the anti-proliferative function of TOB, here we eval-
uated rob expression in pancreatic cancer cell lines and dis-
cussed its potential as a useful candidate for genetic therapy
of pancreatic cancer peritonitis with peritoneal (ip) injection
of recombinant adenovirus vector containing the fob gene (Ad-
CAtob) in vitro and in vivo.

2. Materials and methods
2.1. Target tumor cells, mice and antibodies

The human pancreatic carcinoma cell line SOJ and AsPC-1
producing carcinoembryonic antigen (CEA), were maintained
in RPMI1640 medium (Hazleton Biologics, Inc., Kansas,
USA) supplemented with 10% fetal calf serum (Cell Culture
Laboratories, Ohio, USA) and 100 pgml~' kanamycin. All
cultures were incubated in high moisture air with 5% CO; at
37 °C. The medium was changed three times a week.

Male BALB/cnu/nu mice were obtained from Nihon SLC
(Shizuoka, Japan) and used at 6—7 weeks of age. In each ex-
periment, mice of similar age and weight were selected. Mice
were housed in plastic cages and maintained in an air-condi-
tioned room. The procedures for tumor implantation and sac-
rifice of the animals were in accordance with approved
guidelines of the Institution’s Animal Ethics Committee.

Mouse anti-human TOB monoclonal antibody (IgG 2a),
4B1, was obtained from Immuno-Biological Laboratories
(Gunma, Japan).

2.2. Construction of plasmid

Expression plasmid pMIK-tob was‘ constructed by inserting
the 1.3 kbp tob cDNA fragment into pMIK vector (a derivative

of pME18S, kindly provided by Dr. K. Maruyama, DNAX
Res. Inst., CA, USA) [6].

2.3. Northern blot analysis

Total RNA of cancer cells was extracted by the guanidium
isothiocyanate method. RNA samples (10 pg) were separated
and blotted following the general protocol. One kbp Hind II
fragment of A fob ¢DNA was used as a probe labeled with
a-**P-dCTP [6].

2.4. Recombinant adenovirus preparation

Adenovirus vector containing the fob driven by CAG pro-
moter (AdCAtob) was prepared in this study following the
method described previously [11—13]. Briefly, the 1.2 kb hu-
man tob fragment was blunt ended and subcloned into down-
stream of the CAG promoter of adenovirus vector. This
expression cassette was subcloned into the Swal site of the pA-
dexlcw cosmid, resulting in pAdexltob. The pAdexlcw is
a 42 kb cosmid containing a 31 kb adenovirus type 5 genome
lacking EIA, E1B, and E3 genes, as described previously. The
expression cosmid cassette and adenovirus DNA-terminal pro-
tein complex were cotransfected into 293 cells by calcium
phosphate precipitation. The recombinant viruses were propa-
gated with 293 cells and viral solution was stored at —80 °C.
The titers of viral stocks were determined by plaque assay on
293 cells. Adenovirus containing the JacZ gene coding for the
bacterial enzyme B-galactosidase (AdCAlacZ) was used as
a control to measure the efficiency of tumor cell infection.

2.5. Adenovirus-mediated lac Z expression in vitro

The pancreatic cancer cell lines were plated at a density of
50 x 10° cell/well in 24-well culture plates (Iwaki Glass, To-
kyo, Japan) 12 h before AdCAlacZ infection. Then, culture
medium was replaced with medium containing varying
amounts of adenovirus per cell (MOI). After 48 h, the cells
were stained with X-gal (Wako Ltd., Tokyo, Japan) and the
number of B-galactosidase-positive cells was counted in order
to demonstrate the transfection efficiency [13].

2.6. Cell growth assay

Human pancreatic cancer cell lines (50 x 10% cell) were
cultured in 60 mm tissue culture dishes (Corning Glass Works,
NY, U.S.A.) for 12 h. Then, the culture medium was replaced
with suspensions of AdCAlacZ or AdCAtob at an MOI of 20.
After transfection, the medium was changed every other day.
Cell growth was assessed by counting the number of live cells
on the indicated day after transfection. The results are the
means + SD from three independent experiments.

2.7. Protein immunoblotting

Six days after transfection of AdCAlacZ or AdCArob into
the pancreatic cancer cell lines, total protein was isolated by
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lysis in 0.5 ml 1% NP-40 (Sigma). The lysates (100 ug pro-
tein) were electrophoresed on a 10% SDS-PAGE and trans-
ferred to nitrocellulose (Nytran, Schieicher & Schuell,
Keene, NH) [14]. Western analysis was performed with the
anti-TOB monoclonal antibody using a second antibody con-
jugated to peroxidase. The preparations were visualized with
diaminobenzidine.

2.8. In vivo tumor experiments

2.8.1. Establishment of tumors in nude mice

We prepared pancreatic cancer peritonitis models using in-
traperitoneal (ip) injection of AsPC-1 pancreatic cancer cells.
AsPC-1 cells were trypsinized, washed once with RPMI1640
and suspended in RPMI1640 at 1, 2, 5 or 10 x 10° cells/
0.2 ml; a 0.2 ml cell suspension was injected into each nude
mouse peritoneally.

2.8.2. Inhibition of tumor growth in vivo

In order to examine the tumor suppressor effect of the
tob on the formation of pancreatic cancer peritonitis, ip
injections of AdCAfob or AdCAlacZ were performed in
tumor-bearing mice of a cancer peritonitis model. Perito-
neal injection of AdCAfob or AdCAlacZ (50 x 10° pfu/
0.2 ml/day, from day 5 to day 9) after 4 days of ip injec-
tion of AsPC-1 cells (2 x 108, doubling time 2—3 days).
After 16 days of tumor inoculation, the mice were sacri-
ficed and tumor formations investigated in the abdominal
cavity.

2.8.3. Pathological evaluation of tumors in nude mice

At 16 days of follow-up, tumors from AdCAtob-, AdCA-
lacZ-treated groups and the non-treated control group were
evaluated for differences between the control and the exper-
imental groups by analyzing the anti-TOB immunostained
sections of each tumor. Formalin-fixed paraffin-embedded
in vivo experimental tissues were cut at 4—5 um, dried at
60 °C, deparaffinized, and hydrated with distilled water. En-
dogenous peroxidase activity was blocked with 3% hydro-
gen peroxidase in PBS, followed by rinsing in several
changes of distilled water and PBS. Immunochemical stud-
ies were performed using the avidin—biotin—peroxidase
complex method of Hsu et al. in the following manner: sec-
tions were blocked with normal rabbit serum for 30 min at
room temperature and incubated with mouse anti-human
TOB monoclonal antibody (clone 4B1, 1:100 dilution) for
30 min at room temperature. HISTOFINE SAB-PO (M)
kit (Nichirei Co. Ltd., Tokyo, Japan) was used to apply bio-
tinylated anti-mouse IgG/IgA/IgM and avidin—biotin—
peroxidase complexes, incubating for 10min at room
temperature. The immunoperoxidase staining reaction was
visualized by using 0.5% dimethyl-aminoazobenzene in
0.61 M Tris buffer (pH 7.4) containing 0.03% hydrogen
peroxidase.

3. Results

3.1. Northern blot analysis of endogenous tob transcripts
in pancreatic cancer cell lines

The endogenous tob mRNA was expressed in the three pan-
creatic cancer cell lines (Fig. 1). The level of t0b mRNA of
SOJ cells was low, but that of AsPC-1 cells was high (A).
The overexpression of c-erbB-2 mRNA was shown in BxPC-
3 and AsPC-1 cells (B).

B-actin

Fig. 1. Expressions of fob, f-actin (A) and erbB-2 (B} mRNA in pancreatic
cancer cell lines. Three human pancreatic cancer cell lines, AsPC-1, BxPC-
3, and SOJ, were used in this experiment. (A) tob mRNAs are shown as
a 1.3kb band in the left side (upper panel of A). Total RNA was extracted
and processed for Northern blot analysis as described in Section 2. A 10 ug
of RNA were loaded in each lane. Standard molecular weights are shown on
the right side as arrows. Internal control of the expression level of mRNA is
shown as B-actin mRNA. (B) Expression level of erbB-2 mRNAs is also com-
pared among pancreatic cancer cell lines. Four kb bands corresponding to
erbB-2 mRNA are indicated by an arrow.
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3.2. Adenovirus-directed lacZ gene transfer in
pancreatic cancer cell lines in vitro

Use of a recombinant B-gal adenovirus AdCAlacZ allowed
us to establish the measures of gene transfer efficiency in pan-
creatic cancer cells. Three human pancreatic cancer cell lines,
AsPC-1, BXxPC-3, and SOJ were used as target cells for the
vector. These cell lines were transfected with AdCAlacZ at
different MOIs (Fig. 2). The lacZ was expressed in all cell
lines, in parallel with the increase in MOL There was no sig-
nificant difference in transfection efficacy among the cell
lines, indicating that cell lines are susceptible to adenovirus
transfection.

3.3. Tumor suppression by transfection of AdCAtob

In order to examine the tumor suppressor effect of the tob
gene on the growth of cancer cells, the cells were transfected
with AdCAlacZ or AACAtob at an MOI of 20. The cells could
be transfected with MOI 20 without adenoviral virulence. SOJ
and AsPC-1 cell lines transfected with AdCAfob vector
showed growth suppression (Fig. 3A). SOJ and AsPC-1 cells
expressed exogenous tob mRNA, and were enlarged and
megakaryocytic with many granules in the cytoplasm
(Fig. 3B). The characteristics resembled those of senescent
cells. Anti-proliferative activity of TOB seems to be well cor-
related with the level of its expression. In comparison with Ad-
CAlacZ, the two-fold growth suppression was shown in the
SOJ cell line expressing a good amount of TOB (Figs. 3A
and 4).

3.4. Exogenous tob expression

TOB expression was analyzed with Western blot analysis of
lysates of pancreatic cancer cell lines after transfection of Ad-
CAlacZ or AdCAtob. As shown in Fig. 4, an exogenous
45 kDa band was detected in all transfected cell lines. Tob
was successfully introduced, especially into SOJ cells, and
the magnitude of the expression of TOB is correlated to tumor
growth suppressive activity, as shown in Fig. 3A.

3.5, Pathological findings of tumors treated with
AdCAtob vector: adenovirus-mediated tob expression in
vitro

Expression of exogenous TOB (45 kDa) was confirmed by
immuno-cytostaining of cells. AsPC-1 cells were plated at
a density of 50 x 10° cells/well in a 24-well culture plate
12 h before AACAtob infection. Then, cells were transfected
with AdCAtob vector (MOI 20). After 72 h, cells were spinned
down and stained with anti-TOB monoclonal antibody 4B1 in
order to determine the expression of TOB. AsPC-1 cells
showed the expression of TOB with AdCAtob transfection
(Fig. 5).

3.6. Electronmicroscopic findings

We noted a dramatic change in the light scatter pattern of
AsPC-1 cells upon induction of tob expression. Using trans-
mission electron microscopy, we found that TOB-overexpress-
ing AsPC-1 cells showed degradation of the nucleus and many
autophagosomes and electron-dense cytoplasmic inclusions
(Fig. 6A). The contents of these electron-dense cytoplasmic
vesicles consisted of lamellar material that resembled lipofus-
cin, a lipid substance with auto-fluorescence properties that
has been shown to accumulate with aging in the lysosomes
of all vertebrates. Neither the increase inside scatter nor the
appearance of lipofuscin granules was seen in AsPC-1 cells
transfected with or without AdCA mock vector (Fig. 6B, C).
Cytotoxic changes in TOB-induced AsPC-1 cells showed the
degradation of autophagy.

3.7. Anti-tumorigenic effects of AdCAtob vector on
AsPC-1 cell-derived tumors in nude mice: morphological
findings of tumors treated with AdCAtob vector

Pancreatic cancer peritonitis model was established in nude
mice using ip injection of AsPC-1 cells. Four days after the ip
injection of AsPC-1 cells, the mice were ip-injected with Ad-
CAtob (50 x 10° or 150 x 10° pfu/0.5 ml/day, from day 5 to
day 9).

Bloody ascites and multiple tumor nodules were seen at the
mesothelium after 16 days of ip injection of 2, 5 and 10 x 108
AsPC-1 cells. We designed our initial experiments to deter-
mine whether in vivo AdCAtob-mediated gene transfer would
affect the formation of pancreatic cancer peritonitis after im-
plantation of cancer cells into the abdominal cavity. Peritoneal
injection of AdCAtob suppressed tumor nodule formation in
the abdominal cavity compared with the non-treated group
(Fig. 7). Several tumor nodule formations were observed in
AdCAlacZ-treated mice. Bloody ascites was not seen in either
AdCAob or AdCAlacZ-treated mice (Table 1).

3.8. Pathological findings of tumor treated with AdCAtob
vector: adenovirus-mediated tob expression in vivo

Only one tumor nodule was recognized in the abdominal
cavity of AdCAtob (50 X 10° pfu)-treated groups, and not
found in that of 150 x 10® pfu groups. The tumor continued
to express TOB with staining by anti-TOB monoclonal anti-
body, 4B1 (Fig. 8A). On the other hand, the jejunum, mesothe-
lium, acinal gland and pancreatic islets of Langerhans did not
show the expression of exogenous TOB with AdCAzob trans-
fection (Fig. 8B). AsPC-1 cells expressing exogenous fob
mRNA were enlarged and megakaryocytic with characteristics
resembling those of senescent cells. These results suggest that
our adenovirus-mediated tob gene therapy was applicable for
the specific and efficient treatment of pancreatic cancer
peritonitis.
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mMolo

Fig. 2. Transduction efficiency of adenovirus in cancer cells in vitro. Optimal MOI for adenovirus-mediated gene transduction without virulence was determined in
pancreatic cancer cells with control viral vector AdCAlacZ. AsPC-1, BxPC-3 and SOJ cells were plated on 24-well plates and transfected with AdCAlacZ at MOIL
of 0, 5, and 20. Forty-eight hours later, cells were fixed and stained with x-gal to demonstrate lacZ gene expression. The magnification of all photographs is x400.
No stained cells were detected at MOI 0 in the left panels, and increased transduction of JacZ in the right two panels of each cell line.

4, Discussion

The development of gene transfer technologies has pro-
vided new possibilities for the treatment of malignancies. Ad-
enovirus vector systems that can produce high titers of viruses
capable of efficient expression in target cells can deliver exog-
enous genes into a variety of cells and tissues.

Matsuda et al. reported that 185 kDa protein immunoreac-
tive to anti-erbB-2 antibodies was detected in TOB

immunoprecipitates, and a 45kDa protein reactive to the
anti-TOB  antibodies was co-immunoprecipitated ~ with
p185“82 reciprocally [6,7). TOB physically interacts with
the c-erbB-2 gene product. Exogenously expressed TOB is
able to suppress the growth of NIH3T3 cells, and delivers
growth inhibitory signals. These findings raise the possibility
that the tob is a tumor suppressor gene [6,15]. Inspection of
the deduced amino acid sequence of TOB revealed significant
homologies (40.6%) to the BTG-1 anti-proliferative gene
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Fig. 3. (A) Tumor suppressor effect of the tob gene AsPC-1, BXPC-3, and SOJ cell lines were transfected with AdCAftob (O) or AdCAlacZ (A) at an MOI of 20.
Medium without adenovirus vector ([1) is also shown as medium only. These cancer cells could be transfected with MOI 20 without adenoviral virulence. Live
cells were counted on the indicated days after transfection. Results are the means = SD of three independent experiments. (B) Morphologies of transfected AsPC-1
cells with AdCAf0b, AdCAlacZ, medium only without adenovirus vector. Enlarged megakaryotic cells appeared with many granules in cytoplasm. Photograph
magnification is x400.
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Fig. 4. Western blot analysis of lysates of pancreatic cancer cell lines after
ransfection of AdCAlacZ or AdCAfob using the anti-TOB monoclonal anti-
body Transfected adenovirus vectors are indicated above lanes. Cancer cells
are indicated below lanes. Arrow on the left side of gel indicates 45 kDa
band specific to exogenous TOB. Band higher than 45 kDa indicates endoge-
nous TOB expressed in AsPC-1 cells.

product and to the PC 3 (BTG-2) gene product at its amino-
terminal half. Both BTG-1 and BTG-2, having the significant
homologies to TOB, suppress cell growth, and perform cell
cycle control [8,9]. ANA, belonging to the anti-proliferative
TOB family, interacts with CCR transcription factor-associ-
ated protein Cafl {16,17].

NIH3T3 cells expressing exogenous fob mRNA were en-
larged and showed swollen nuclei with many granules in the
cytoplasm. The characteristics resembled those of senescent

cells. Evidence of senescence change were the accumulation
of lipofuscin granules, an ultrastructural change associated
with aging, and flattened enlarged cell morphology. TOB ex-
hibits anti-proliferative activity when the level of its expres-
sion is elevated and/or deregulated. The interaction of TOB
with c-erbB-2 gene products was suggested to occur through
the carboxyl-terminal half of TOB. Exogenously expressed
TOB also exhibits anti-proliferative activity. Protein-tyrosine
kinase receptors induce the expression of Gl cyclins, which
in turn interact with and activate CDK family proteins, result-
ing in the phosphorylation of Rb protein. It is necessary to ex-
amine whether protein-tyrosine kinases other than p185°B-2
could also interact with TOB in the proliferative signal trans-
duction of cancer cells. Expression of BTG-1 is high in G0/G1
phases of the cell cycle and is down regulated when the cells
enter the growth cycle, suggesting that the gene product is in-
hibitory to GO/G1 progression. A forced expression of exoge-
nous BTG-1 in NIH3T3 cells resulted in the suppression of
cell growth [8]. The BTG-1 gene is 60% homologous to
PC3, an immediate early gene induced by nerve growth factor
in rat PC12 cells. Rouault et al. named PC3 as BTG-2, and
have reported that BTG-2 expression is induced through
a p53-dependent mechanism and the function may be relevant
to cell cycle control and cellular response to DNA damage [9].

Yoshida et al. had reported that fob is a member of anti-pro-
liferative family genes. Mice lacking fob are prone to sponta-
neous formation of tumors. The occurrence rate of
diethylnitrosamine-induced liver tumors is higher in 1ob™"™
mice than in wild-type mice. T OB™'~ p53" ~ mice show ac-
celerated tumor formation in comparison with single nuil
mice. Expression of cyclin D1 mRNA is increased in the ab-
sence of and reduced by TOB [18]. Suzuki et al. had reported
that TOB inhibits cell growth by suppressing cyclin D1 ex-
pression, which is canceled by Erkl- and Erk2-mediated
TOB phosphorylation. TOB is critically involved in the con-
trol of early G1 progression [19]. Iwanaga et al. reported

Fig. 5. AdCAtob vector-mediated fob expression in vitro AsPC-1 cells (50 x 10°

) were transfected with AdCAfob vector (MOI 20). After 72 h, cells were collected

and stained with anti-TOB monoclonal antibody 4B1 by peroxidase immunostaining in order to determine the expression of TOB protein. Photograph magnifi-
cation is %400, Left: transfected cells were well stained. Right: non-treated naive cells.
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Fig. 6. Cytotoxic effect on AsPC-1 with fob expression by AdCAtob vector on electron microscopy. (A) AdCAtob transfectant (MOI 100), (B) AdCA mock trans-
fectant (MOI 100), (C) Non-treated control. (A) AdCArob transfectant (MOI 100) showed degradation of nucleus (arrowhead 1), many autophagosomes and elec-
tron-dense cytoplasmic inclusions (arrowhead 2). The contents of these vesicles consisted of lamellar material that resembled lipofuscin, a lipid substance with
auto-fluorescence properties. (B) AACA mock transfectant (MOI 100) showed irregular-shaped nucleus, enlargements and deformities of mitochondria, increase
of endoplasmic reticulum and lysosome vesicles. No increase of lipofuscin granules. (C) Non-treated control showed irregular-shaped nucleus, enlargement of
mitochondria, increase of endoplasmic reticulum. Several autophagosomes were seen in cells treated with AACA mock and non-treated cells, but increase of au-
tophagosomes were recognized in cells treated with AdCAtob. There was neither an increase of inside scatter nor the appearance of lipofuscin granules. A-1, B-1,
and C-1 are low magnification of the photograph (x5000), A-2, B-2, and C-2 are high magnification of the photograph (x8000), and A-3, B-3, and C-3 are high
magnification of the photograph (x15,000).
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AdCA tob treated

Fig. 7. Tumor growth suppression of cancer peritonitis model with peritoneal AACA1ob transfection. Bloody ascites and tumor growth suppression in the abdominal
cavity disappeared with viral tob expression. (A). Non-treated control; Bloody ascites (Left) and multiple tumor nodules (Right) were seen at the mesentery after 16
days of 2 x 10° ip injection of AsPC-1 cells.'(B). AdCAfob-treated; mice underwent ip injections of AdCAtob (1.5 x 10° pfu/0.2 m/day, from day 5 to day 9) after
4 days of ip injection of 2 x 10% AsPC-1 cells. Peritoneal injections of AdCAtob suppressed tumor nodule formation in the abdominal cavity compared with the
non-treated group (Right). Bloody ascites was not seen in AdCAtob-treated mice (Left).

that the phosphorylated and inactive form of TOB was de-
tected in 76% of cancer tissues of adenocarcinoma patients,
but not in normal alveolar epithelial cells [20]. Cho et al. re-
ported that phosphorylation of myristoylated alanine-rich C
kinase substrate, MARCKS, removes TOB from ErbB-2 by in-
creasing its binding affinity with TOB, and thereby activates
ErbB-2-mediated signal transduction [21]. TOB phosphoryla-
tion contributes to the progression of papillary carcinoma of
the thyroid, especially in the later phase through cancellation
of its anti-proliferative function [22]. Exogenous overexpres-
sion of TOB family proteins suppresses cell proliferation.

Mutation in the nuclear localization signal sequence of TOB
affects its nuclear localization and impairs anti-proliferative
activity [23,24]. ERK phosphorylation negatively regulates
the anti-proliferative function of TOB [25]. Sasajima et al. re-
ported that the BTG/TOB family was degraded by the ubiqui-
tin-proteasome system [26].

We evaluated the expression of fob mRNA and gene prod-
uct in pancreatic cancer cell lines, AsPC-1, BxPC-3, and SOJ
with or without t0b transfection, The tob mRNA was expressed
in all pancreatic cancer cell lines, and the level of tob mRNA
of AsPC-1 cells was strongest among them. The t0b mRNA
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Table 1
Inhibition of the formation of pancreatic cancer peritonitis with Adeno-virus
mediated tob gene transfer in vivo

Treatment Tumor Ascites

group nodules

AdCA1ob (1.5 % 10% pfu) (n=4) - (0/4) + Serous
AdCAf0b (5 x 107 pfu) (n=3) + as =+ Serous
AdCAlacZ (1.5 x 10% pfu) (n=13) + (2/3) + Serous
AdCAlacZ (5 x 107 pfu) (n=13) + 2/3) +~++  Turbid
Non-treated (1.5 x 10 pfo) (n=3) +++ (33) 44+ Bloody

Despite the observed heterogeneity for individual animals, a significant tumor
growth inhibitory effects of AdCAtob has been noted.

A-1: AdCA tob transfection

A-2: Non transféction

Langerhans Islet of Pancreas

expression was increased in correlation with erbB-2 mRNA
expression in AsPC-1 and BxPC-3 cells, but the endogenous
tob gene product is not increased in these cells.
Overexpression of erbB-2 and EGF-R protein was observed
in pancreatic cancer cells, so the suppressive effect of endog-
enous TOB could be impaired by the passage of protein-tyro-
sine kinases as p185°°B% We prepared adenoviral vector
containing tob cDNA (AdCAtob). AdCAtob was transfected
and expanded in 293 cells. The titer of the vector was
350 x 10° pfu/ml. Monitoring the viability of pancreatic can-
cer cells transfected with adenoviral vector containing the
lacZ gene revealed that these cancer cells were able to be
transfected with MOI 20 without adenoviral toxicity. Growth

A-3: AdCA lacZ transfection

Fig. 8. Pathological findings of tumor treated with AdCAtob vector in vivo. Only one tumor nodule was recognized in the abdominal cavity in the AdCAtob
(5 x 107 pfu)-treated group, and not found in 1.5 x 108 pfu groups. The tumor continued to express TOB with staining by anti-TOB monoclonal antibody 4B1
(A-1). Tumors of non-treated control (A-2) and AdCAlacZ (A-3)-transfected groups showed only a few endogenous TOB. The jejunum (B-1), mesothelium, acinal
gland and pancreatic islets of Langerhans (B-2) did not show the expression of exogenous TOB with AdCAtob transfection.



H. Yanagie et al. | Biomedicine & Pharmacotherapy 63 (2009) 275—286 285

suppression with transfection of AdCAtob was shown in SOJ
and AsPC-1 cell lines according to tob expression. We evalu-
ated the tumor-suppressing effects of AAdCAtob in pancreatic
cancer cell lines. SOJ and AsPC-1 cell lines transfected by Ad-
CArtob showed growth suppression. Significant suppression
was shown in SOJ cell lines after the overexpression of
TOB. These results suggest that the recombinant adenovirus
vector containing the fob gene is a useful candidate for anti-tu-
mor gene therapy, and could be applied for cancer peritonitis.
AsPC-1 cells expressing the exogenous fob were enlarged and
megakaryocytic with characteristics resembling those of sen-
escent cells.

We also found that TOB-overexpressing AsPC-1 cells
showed degradation of the nucleus and many autophagosomes
and electron-dense cytoplasmic inclusions. One cancer cyto-
toxic mechanism is based on autophagy. Autophagy is a cellu-
lar degradation pathway for the clearance of damaged or
superfluous proteins and organelles [27,28], and a survival
pathway required for cellular viability during starvation; how-
ever, if it proceeds to completion, autophagy can lead to cell
death. Autophagy has emerged as a homeostatic mechanism
regulating the turnover of long-lived or damaged proteins
and organelles, and buffering metabolic stress under condi-
tions of nutrient deprivation by recycling intracellular constit-
uents. Autophagy is also a form of cell death, when allowed to
proceed to excessive levels and when apoptosis-defective cells
are triggered to die. It has been thought that autophagy may
play an active role in programmed cell death [29]. We had ob-
served autophagic conformation by the formulation of auto-
phagosomes and localization of GFP-LC3 on the
cytotoxicity of human pancreatic cancer cells treated with pol-
yoxomolybdates (PM-17) [30]. Faiy et al. indicated that quer-
cetin induced autophagy specifically in Ha-RAS-transformed
cells [31]. They had reported that flavonoid quercetin drasti-
cally reduces the half-life of oncogenic Ras, and Ras protein
levels in cell lines expressing oncogenic Ras proteins. Querce-
tin induces autophagic processes in Ha-RAS-transformed
cells. Microtubule-associated protein light chain 3 (I.C3) pro-
tein is localized in autophagosomes and autolysosomes mem-
branes after processing in quercetin-treated cancer cell lines.

In this report, we also prepared pancreatic cancer peritonitis
models using ip injection of AsPC-1 cells. In this model,
bloody ascites and multiple tumor nodules were seen at the
mesentery after 16 ip days. We administered ip injection of
AdCA1ob to mice bearing pancreatic cancer peritonitis. Tumor
growth was suppressed 10 days after ip injections of AdCAtob
compared to the control group. Our new model of gene ther-
apy for pancreatic cancer by AdCArob in the first week in-
duced significant tumor reduction and complete tumor
regression. There was no tumor nodule in the abdomen and
no bloody ascites. AACAtob has shown no significant toxic ef-
fect on untransformed cells. AACAtob treatment produced sig-
nificant growth inhibition both in vivo and in vitro.

Overexpression of wt p53 triggered a short-term cellular re-
sponse leading to irreversible growth arrest and senescence
[32—34]. The commitment to senescence became irreversible
with in 48—72h and no longer required p53 expression. A

number of studies utilizing adenoviral or retroviral vectors
have evaluated the anti-proliferative and anti-tumorigenic po-
tential of restoration of wild-type p53 in in vitro as well as in
vivo animal models of cancer [35—40]. Nielsen et al. reported
that ip injection of AACMVwt p53 resulted in reducing the tu-
mor burden of SK-OV-3 ovarian cancer in vivo [2]. We also
performed ip injections of AACMVwt p53 (5 x 107 pfu/day,
from day 5 to day 9) after 4 days of ip inoculation of AsPC-
1 cells, and tumor growth was suppressed 10 days after ip in-
jections of AACMVwt p53 (data not shown). Tumor suppres-
sor gene p53 includes the regulation of Gl-associated cell
growth inhibition, maintenance of genomic integrity, control
of the apoptotic pathway, and regulation of inhibitors of angio-
genesis. Consequently, reconstituting the normal p53 function
in tamor cells with defective p53 via introduction of the wt
p53 gene may have therapeutic utility [41,42].

It has been known that the adenovirus vector-mediated gene
transfer system has several limitations for in vivo application,
including transient expression of transferred gene and immu-
nogenic response of the host against adenovirus. As an exten-
sion of this study, we are now evaluating the tob gene
therapeutic potential with a cationic liposomal delivery system
to a pancreatic cancer model. Injection of the AdCAtob vector
provides significant growth inhibition of tumor progression,
and our study offers strong support for the gene therapeutic
potential of this vector in human pancreatic cancer peritonitis.
Continuous progression of these investigations in the future
will be necessary for the successful development of a new
treatment modality for clinical trials of gene therapy for met-
astatic pancreatic cancer.
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ABSTRACT

Basophilic granulocytes (basophils) are a very small population of
peripheral blood leukocytes. Because basophils have high-affinity
immunoglobulin E receptors (FceRI) and secrete chemical mediators that
contain histamine, they are thought to be very similar to mast cells. However,
research characterizing the function of basophils was slow to proceed and
their unique function and importance were not established for a significant
period of time. Recently, a series of studies have characterized the role of
basophils in anaphylactic shock, chronic allergic reactions, and other human
immunological reactions. These studies have shown that basophils are not a
supplementary cell type but key players in very serious immune reactions. In
this chapter we introduce the recently discovered characteristics of basophils.
In addition, we consider how these aspects are clinically important and are
connected with new cellular or molecular treatments for allergic reactions.
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INTRODUCTION

Basophilic granulocytes (basophils) are a small population of peripheral
blood leukocytes that were first described in 1879 by Ehrlich[1]. These cells
contain unique cytoplasmic granules that stain with basophilic dyes, such as
toluidine blue. The percentage of basophils in the peripheral blood is low (<1%),
and they share physicochemical properties with other blood cells. Like mast cells,
basophils possess high-affinity immunoglobulin (g) E receptors (FeeRI) that are
cross-linked when the receptor bound IgE is engaged with the corresponding
antigen (“allergen”). Receptor cross-linking results in the release of a number of
mediators, which contain some elements that are common to both cell types.
Based on their similarity to mast cells, basophils have been thought to play a
minor and possibly redundant role as “circulating mast cells”{2, 3].

Not so long ago, some investigators thought that mice entirely lacked
basophils because they could not be detected by normal hematologic staining
(eg. Wright-Giemsa). In 1981, Urbina et al. showed that mouse basophils have a
distinet morphology that is different from other species, which may have
contributed to their inability to be detected in routine skin preparations{4].
Furthermore, the ultrastructural features of mouse basophils have been well
defined[5], and many studies have been conducted on this unique cell
population{6, 7].

Phenotype, Development, and Activation of Basophils

The early stages of basophil maturation and their relationship to other cell
lineages are not well understood[2]. Basophils express a variety of cytokine
receptors  (IL-1RII (CD121b), IL-2Ra (CD25), IL-3Roe (CD123), IL-4Ra
(CD124), IL-8R (CD128), GM-CSFR( (CD116), IFNRy (CD119)), chemokine
receptors [CCR1, CCR2, CCR3, CCR5 (CD195), CXCR1 (IL-8Ra), CXCR2 (IL-
8RP), CXCR4 (CD170), CRTH2], complement receptors [CD11b (iC3bR),
CDl1le (C3biR), CD21 (C3dR), CD35 (C3bR, C4bR), CD45 (C3bR, C4bR),
CD35 (C4b/2aR, C3b/BbR), CD59 (C5b-8R, C5b-9R)], homing receptors and
related molecules [CD15s, CD62L, CD162, CD11a (LFA-1), CD18, CD29, CD44
(Pgp-1), CD49%a (VLA-1), CD49d (VLA-4)}, prostaglandin receptors, and Ig Fc
receptors [CDw32 (FeyRIIA and B), FeeRI, FeyRIII[8-10].

Previous reports have suggested that basophils evolved from
eosinophil/basophil progenitors, and this hypothesis is supported by the presence
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of granulocytes with hybrid eosinophil/basophil phenotypes in patients with
chronic or acute myelogenous leukemia and in cell culture[11-13]. On the other
hand, the possibility that mast cells and basophils share a common lineage arises
from the observation that basophils with phenotypic features that are characteristic
of mast cells can be found in patients with asthma, allergies, or allergic drug
reactions[14]. Therefore, the current predominant model that mast cells and
basophils originate from separate lincages is still debated and may have to be
revised|[2].

Our understanding of basophils has been advanced by the development of
basophil-specific monoclonal antibodies, Bsp-1, 2D7, BB1 and 212H6[10, 15-17].
In addition, the 97A6 monoclonal antibody has been described as an antibody
specific for mature mast cells, basophils, and their progenitors[18]. 97A6 does not
react with any other hematopoietic or nonhematopoietic cell types. The epitope
recognized by 97A6 may therefore be associated with the commitment of the
CD34 precursor to a mast cell or basophil lineage that is distinct from other
lineages|2].

Among the many cytokines that stimulate basophils, IL-3 is thought to be the
main growth and differentiation factor for basophils[19, 20]. SCF together with
IL-3 expand the progenitor pool of most hematopoietic cell types in the bone
marrow, including mast cells and basophils[20].

As with mast cells, basophils express complete and functional FceRI
receptors, and cross-linking of these receptors leads to basophil activation, granule
exocytosis and mediator release[21]. C3a and C5a can also activate basophils
throngh the C3aR and C5aR complement receptors, respectively. Activation
through any of these receptors leads to histamine release, eicosanoid synthesis,
and IL-4 and IL-13 gene expression. In addition, basophil activation may be
associated with increased CD18 and CD63 expression and decreased Leu-8
(CD62L) expression[8].

Basophils and Anaphylaxis

Anaphylaxis is an immune reaction that is induced upon exposure to food,
wasp toxins, and allergens, such as medicine and latex, and can lead to a severe
generalized allergy[22, 23]. Because anaphylaxis is often associated with rapid
skin urticaria, decreased blood pressure, dyspnea, consciousness disorder, etc.,
this condition is dangerous and sometimes fatal. Therefore, anaphylaxis is a
pathosis that concerns medical professionals and both rapid diagnosis and
treatment are necessary. Previous work has shown that both mast cells and



