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Abstract We have already demonstrated that inactivated,
replication-defective Sendai virus particles (HVJ-E) have a
powerful antitumor effect by both the generation of tumor-
specific cytotoxic T cells and inhibition of regulatory T cell
activity. Here, we report that HVJ-E also has an antitumor
effect through non-T cell immunity. Microarray analysis
revealed that direct injection of HVJ-E induced the expres-
sion of CXCL10 in established Renca tumors. CXCL10
was secreted by dendritic cells in the tumors after HVI-E
injection. Quantitative real-time RT-PCR and immunohis-
tochemistry revealed that CXCR3+ cells (predominantly
NK cells) infiltrated the HVI-E-injected tumors. Moreover,
HVIJ-E injection caused systemic activation of NK cells and
enhanced their cytotoxity against tumor cells. In an in vivo
experiment, approximately 50% of tumors were eradicated
by HVI-E injection, and this activity of HVIJ-E against
Renca tumors was largely abolished by NK cell depletion
using anti-asialo GM1 antibody. Since HVI-E injection
induced systemic antitumor immunity by enhancing or cor-
recting the chemokine-chemokine receptor axis, it might be
a potential new therapy for cancer.
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Introduction

Despite extensive progress in therapeutic and diagnostic
methods, many cancers are still hard to control. In particu-
lar, the treatment of advanced or metastatic cancer and the
prevention of recurrence are the most difficult problems in
the field of cancer therapy.

Viruses have attracted considerable attention as antican-
cer agents [7], and viral vectors have been developed for
anticancer gene therapy [20, 43, 58, 62]. For example, an
adenovirus vector containing the p53 gene has been clini-
cally tested against various cancers in many countries [12,
15, 44]. Various live viruses, such as mumps virus [1],
Newcastle disease virus [5, 40), measles virus [4], reovirus
[15, 35], and vesicular stomatitis virus [3], have also been
administered into tumors in order to kill cancer cells by
infection and viral replication. Based on this concept, a
more elegant method has also been developed to minimize
side effects [45]. Cancer-specific oncolytic viruses that
chiefly replicate in tumor cells have been discovered among
viral mutants [14, 30] or have been produced by genetic
engineering (24, 59]. These oncolytic viruses work very
well in animal tumor models, but unfortunately have been
less successful in humans [33]. Moreover, tumor-selective
replication of these viruses is not strict enough and replica-
tion also occurs in non-cancerous tissues [13], although its
efficiency is much lower than in tumor cells.

Apart from oncolytic activity, the immune reaction to
viruses has been adapted to anticancer immunotherapy. It is
known that vaccinia virus envelope protein can activate
both CD4+ and CD8+ T cells [49]. Vesicular stomatitis
virus G protein with fusion activity has also been employed
to enhance antitumor imunity [9].

Sendai virus (hemagglutinating virus of Japan: HVJ) has
well-known membrane fusion activity [37]. Live Sendai
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virus is also used for the production of type I interferon
[27, 28]. A recombinant Sendai virus vector has been devel-
oped and used for gene therapy because it allows high lev-
els of transgene expression [61]. Furthermore, new drug
delivery vectors such as HVJ-liposomes [22] and HVJ
envelope vector (HVI-E) [21) have been developed using
inactivated Sendai virus particles because of the robust
fusion activity of the viral envelope. Recently, we found
that HVJ-E itself had a powerful antitumor effect that is
mediated through enhancement of cytokine production by
dendritic cells (DCs). HVJ-E has been shown to eliminate
murine colon cancer by both the generation of tumor-spe-
cific cytotoxic T cells (CTL) and inhibition of regulatory T
cell activity [25]. However, the influence of HVJ-E on non-
T cell immunity has yet not been investigated.

In the present study, we demonstrated that intratumoral
injection of HVJ-E could induce the local production of
the interferon (IFN)-inducible chemokine CXCL10, which
seemed to promote NK cell invasion and led to effective
tumor eradication.

Materials and methods
Mice and cell lines

Female BALB/cA mice and C.B-17/1crCrj-SCID mice aged
6-8 weeks were purchased from Oriental Yeast Co. (Kyoto,
Japan) and were maintained in a temperature-controlled,
pathogen-free room. All animals were handled according to
the approved protocols and guidelines of the Animal Com-
mittee of Osaka University. Renca renal cell carcinoma
(RCC) was purchased from the American Type Culture
Collection (Manassas, VA) and was cultured in RPMI 1640
medium (Nakarai Tesque, Kyoto, Japan) with 10% fetal
bovine serum (FBS) (Bio West, Miami, FL) and antibiotics
(100 U/m] penicillin and 100 pg/ml streptomycin, Nakarai
Tesque, Kyoto, Japan). CT26 murine colon cancer and B16
melanoma were purchased from the American Type Cul-
ture Collection and cultured in DMEM (Nakarai Tesque,
Kyoto, Japan) with 10% FBS and antibiotics (100 U/ml
penicillin and 100 pg/ml streptomycin).

Generation of DCs

Murine bone marrow-derived DCs were generated as
described previously [17). Briefly, after flushing bone mar-
row from the tibia and femur with RPMI 1640 medium, it
was passed through a 40-pm mesh and erythrocytes were
lysed with ammonium chloride. After washing, 1 x 10°
cells were plated into 24-well plates (Costar, Corning, NY,
USA) in 1 ml of RPMI 1640 medium supplemented with
10% heat-inactivated FBS (Equitech-Bio, Kerrville, TX,
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USA), antibiotics, 50 uM 2-mercaptoethanol (Nakarai
Tesque, Kyoto, Japan), and 10ng/ml of recombinant
murine GM-CSF (R&D Systems, Minneapolis, MN, USA).
The cultures were maintained by gentle pipetting to aspirate
all medium every second day, after which fresh medium
was added. On day 6 of culture, nonadherent and loosely
adherent clusters of proliferating DCs were collected and
used for the subsequent experiments, More than 90% of
these DCs were positive for CD11c by flow cytometry.

Preparation of HVI-E

HVJ (Z strain) was purified from the chorioallantoic fluid
of hens’ eggs by centrifugation, and the titer was calculated
as described previously [37]. The virus was inactivated by
exposure to UV irradiation (99 mJ/cm?) just before use, and
this procedure meant that viral replication was completely
eliminated (data not shown) as described previously [21].
Then 5,000 hemagglutinating units (HAU) of HVI-E was
suspended in 100 pl of saline for injection in the in vivo
experiment.

Microarray analysis

Renca cells (5 x 10% were inoculated intradermally into
the backs of syngeneic BALB/c mice. When tumor nodules
had grown to approximately 5-8 mm in diameter (5 days
after inoculation), HVI-E (5000 HAU in a total volume of
100 pl) or saline was injected into each tumor mass. After
24 h, the tumors were removed and RNA was isolated
using an RNeasy Mini Kit (Qiagen, Tokyo, Japan) accord-
ing to the manufacturer's instructions. Microarray analysis
was carried out by Hokkaido System Science Co., Ltd.
(Hokkaido, Japan). In brief, RNA amplification and label-
ing was performed according to the LRIFLA protocol.
Hybridization was done with an Agilent In Situ Hybridiza-
tion Plus kit (Agilent Technologies, Palo Alto, USA)
according to the manufacturer’s oligonucleotide microarray
hybridization user’s manual. The arrays were scanned by
an Agilent dual-laser DNA microarray scanner using
SureScan technology, extracted, and analysed by Feature
Extraction software (Agilent Technologies, Palo Alto,
USA).

Quantitative real-time RT-PCR

Intradermal Renca tumors were produced in BALB/c mice
as described above. On day 5, HVI-E (5,000 HAU in a total
volume of 100 pl) or saline was injected into each tumor
mass. After 12 and 48 h, the tumors were removed and
RNA was isolated using an RNeasy Mini Kit (Qiagen,
Tokyo, Japan) according to the manufacturer’s instructions.
A total of 1 pg of RNA was reverse-transcribed using a
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High Capacity cDNA Archive Kit (Applied Biosystems,
Foster City, CA, USA). Primers and probes for CXCL10,
CD4, CD8b, CDl1¢, DX5, CXCR3, [FN-a, IFN-§, IFN-y,
CD69, and GAPDH were all purchased from Applied Bio-
systems (Foster City, CA, USA). Real-time PCR was per-
formed and the products were analyzed by the ABI PRISM
7900HT Sequence Detection System using SDS 2.2 soft-
ware (Applied Biosystems, Foster City, CA, USA).

To quantify mRNA expression by intratumoral DCs and
NK cells, we harvested the tumors of five mice from each
group and minced the tissues in RPMI 1640 medium. Cells
were then passed through a 40-pm mesh and a single-cell
suspension was obtained. DCs and NK cells were isolated
by using anti-CD1llc (N418) and anti-CD49 (DXS5)
MicroBeads, respectively, followed by passage through
MACS-positive selection columns according to the manu-
facturer’s instructions (Miltenyi Biotec, Gladbach, Ger-
many). Then RNA was obtained from the isolated DCs or
NK cells and real-time PCR was carried out as described
above.

Measurement of CXCL10

Renca cells were seeded at 5 x 10* /well in 96-well plates
(Costar, Corning, NY, USA) and were incubated overnight,
after which DCs (1 x 10° cells/well) and HVI-E were
added. After 2 and 24 h of culwre, CXCL10 was measured
in the culture supernatant by a specific enzyme-linked
immunosorbent assay (ELISA) using commercially avail-
able reagents (R&D Systems, Minneapolis, MN, USA). To
assess the serum and tumor levels of CXCLI10, intradermal
Renca tumors were produced in BALB/c mice as described
above. On day 5, HVI-E (5,000 HAU in a total volume of
100 ul) or saline was injected into each tumor mass. After
12 h, the tumors and blood were harvested to measure
CXCL10 by ELISA as described previously [39]. Briefly,
tumors were homogenized and sonicated in 20 mM Tris-
HCI buffer with a protease inhibitor cocktail (complete
Mini, EDTA-free, Roche Diagnostics, Indianapolis, IN,
USA). The specimens were centrifuged at 15,000 rpm for
20 min, followed by filtration and measurement of the total
protein content using Bio-Rad Protein assay reagents (Bio-
Rad Japan, Tokyo, Japan) with bovine serum albumin as
the standard. A 20 pg aliquot of total protein was used for
each assay. Tumor to serum gradient of CXCL10 was rep-
resented by tumor minus serum levels of CXCL10.

Immunofluorescence staining

Intradermal Renca tumors were produced in BALB/c mice
as described above, and HVIJ-E (5000 HAU in a total vol-
ume of 100 pl) or saline was injected into each tumor on
days 5, 6, and 7. Tumor tissues were collected at 12 h after

the third injection for histological examination. Tissues
were embedded in Tissue-Tek OCT compound (Sakura
Finetek, Tokyo, Japan), frozen in dry ice, and stored at
—80°C. For immunofluorescence staining, 6-um sections
were cut with a Cryostat (Leica Microsystems AG, Wetz-
lar, Germany). After washing, the sections were stained
with FITC-conjugated anti-mouse CD49b/Pan-NK cell
monoclonal antibody (1:100, BD Biosciences, Franklin
Lakes, NJ, USA) for 1.5 h at room temperature. Sections
were subsequently stained with 4’,6-diamidino-2-phenylin-
dole for 10 min at room temperature and mounted with
VECTOR Shield antifade solution (Vector Laboratories,
Inc., Burlingame, CA, USA).

NK cell cytotoxity assay

Intradermal Renca tumors were produced in BALB/c mice
as described above. On day 5, HVJ-E (5000 HAU in a total
volume of 100 ul) or saline was injected into the tumors.
Twenty-four hours later, the spleen was harvested from each
mouse and minced, after which NK cells were positively
selected from the splenocytes by using DX5-conjugated
MicroBeads according to the manufacturer’s instructions
(Miltenyi Biotec, Gladbach, Germany). The isolated
DX5* NK cells had a purity >90%. The cytotoxity of the
NK cells was measured by a standard 4-h *'Cr-release
assay using sodium chromate-labeled Renca cells as the
target.

Measurement of type I IFNs

Renca cells were seeded at 5 x 10%well in 96-well plates
(Costar, Coming, NY, USA) and were incubated ovemnight,
after which DCs (1 x 10° cells/well) and HVI-E were
added and culture was continued for 24 h. Then IFN-2 and
IFN-f were measured in the supernatant by a specific
ELISA using commercially available reagents (PBL Bio-
medical Laboratories, Piscataway, NJ, USA).

Measurement of [FN-y

After DCs (1 x 10° cells/well) and HVI-E were cultured in
96-well plates for 24 h, the supernatant was collected.
Renca cells were seeded at 5 x 10%well in 96-well plates
and cultured overnight, after which NK cells (3.5 x 10%
well) and the DC culture supernatant were added. After
another 24 h, the IFN-y concentration in the culture super-
natant was measured by using a mouse IFN-y DuoSet
ELISA kit (R&D Systems, Minneapolis, MN, USA). For
the neutralization assay of type I IFNs, NK cells were prein-
cubated with anti-mouse IFN-o/f R2 (IFNAR2) antibody
(20 pg/ml, R&D Systems, Minneapolis, MN, USA) or con-
trol goat IgG (20 pg/ml, R&D Systems) for 1 h before use.
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Tumor growth in vivo

Mice were injected intradermally into the backs with 0.1 ml
of a single-cell suspension containing 5 x 10° Renca cells.
When the tumor nodules had grown to approximately 5-
8 mm in diameter (5 days after inoculation) the mice were
divided into two groups of five. On days 5, 10, and 15,
HVIJ-E (5000 HAU in a total volume of 100 ul) or saline
was injected into each tumor then the size of the tumor
masses was measured every 4 days using calipers.

Intratumoral depletion of NK cells in vivo

For intratumoral depletion of NK cells, 40 ug of an anti-
asialo GM1 antibody (Wako Pure Chemical Industries, Lid.,
Osaka, Japan) was injected into the tumors at the same time
as HVJ-E or saline. This procedure effectively depleted NK
cell subsets as shown by FACS analysis [10].

ELISPOT assay for detection of CD8+T cell responses

Spleen cells were harvested from mice at 7 days after the
last intratumoral injection of HVJ-E or saline as described
above. Spleen cells (5 x 10"/flask) were stimulated with
mitomycin C (MMC)-treated Renca cells at a ratio of 10:1
in culture medium containing 10 [U/ml of recombinant IL-
2 at 37°C in 5% CO,. After 5 days, CD8+ T cells were iso-
lated using a mouse CD8a+ isolation kit and an AutoMACS
magnetic sorter (Miltenyi Biotec, Gladbach, Germany)
according to the manufacturer’s instructions. Then 1 x 10°
purified CD8+ T cells were cultured for 48 h with or with-
out 1 x 10° MMC-treated Renca cells or CT26 cells. The
assay was performed using a mouse IFN-y ELISPOT kit
(R&D Systems, Minneapolis, MN, USA). The number of
IFN-y-secreting CD8+ T cells was subsequently counted
under a dissecting microscope (Leica, Cambridge, UK).

Statistical analysis

Statistical analysis was done with the unpaired ¢ test and
P < (.05 was considered to indicate statistical significance.
Results

Microarray analysis of tumor gene expression
after HVIJ-E injection

To investigate the gene expression profile of Renca tumors
after intratumoral injection of HVJ-E, microarray analysis
was performed. As shown in Table 1, 44 genes were upreg-
ulated by >2.5-fold in HVI-E-treated tumors compared
with saline-treated tumors. Among 12 genes that were
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upregulated by >4-fold, there were nine IFN-related genes
and two chemokine genes.

Induction of CXCL10 by HVI-E both in vitro and in vivo

Chemokines have been reported to play a crucial role in
eliciting non-T cell immunity [32, 53] and CXCL10 was
the most highly upregulated chemokine after HVI-E injec-
tion. Therefore, we focused on CXCL10 (interferon-induc-
ible protein 10), which is a chemokine that has been
reported to display antitumor activity by inhibiting angio-
genesis [46, 48] and recruiting immune cells [29, 50]. To
confirm that CXCL10 expression was increased in the
tumors by HVJ-E injection, quantitative real-time RT-PCR
was performed, and we found that intratumoral injection of
HVI-E markedly increased the expression of CXCL10
mRNA (Fig. la). It was recently reported that the chemo-
kine receptor/ligand axis plays a critical role in mediating
the antitumor effect of immunotherapy [39]. To assess the
influence of the intratumoral injection of HVJ-E on chemo-
tactic gradient, we examined serum and tumor levels of
CXCLI10 after injection of HVIJ-E or saline into Renca
tumors in mice. We found that the tumor-to-serum gradient
of CXCL10 was markedly increased by HVI-E injection
(Table 2). Next, we investigated the possible sources of
CXCLI0. It is already known that secretion of cytokines,
such as type I interferon [27, 28] and IL-6 [25], by dendritic
cells (DCs) increases after treatment with either live or
inactivated HVJ. Furthermore, we have demonstrated that
DCs have a pivotal role in the antitumor activity of HVI-E
[25]. Therefore, we focused on DCs as the probable source
of CXCLI10. Analysis of DCs isolated from HVI-E-treated
tumors showed that the expression of CXCL10 mRNA was
increased (Fig. 1b), suggesting that DCs were one of the
sources of CXCLI10. Next, we tested whether HVI-E could
induce CXCL10 in vitro (Fig. 1c). We measured CXCL10
levels in the supernatant of cultures with or without Renca
cells, HVI-E, or DCs. When HVIJ-E was added to cultured
Renca cells, production of CXCL10 was very low. How-
ever, when HVJ-E and syngeneic mouse DCs were added
to cultured Renca cells, a significant increase of CXCL10
production was observed at both 2 and 24 h. A significant
increase of CXCL10 was also detected when DCs were cul-
tured with HVI-E, even in the absence of Renca cells,
although the level was lower than in the presence of Renca
cells. These results indicated that HVIJ-E acted on DCs to
induce CXCL10 production.

Promotion of NK cell infiltration and activation by intratu-
moral injection of HVI-E

CXCL10 has been reported to recruit CXCR3-expressing
cells, such as memory T cells, activated T lymphocytes,
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Table 1 Microarray analysis of
genes upregulated in Renca
tumors by HVJ-E injection.
Renca cells were inoculated
intradermally into the backs of
syngeneic BALB/c mice. HVJ-E
or saline was injected into each
tumor. After 24 h, the tumors
were removed and microarray
analysis of the isolated RNA was

performed
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NK cells, and mononuclear cells [11, 26, 42]. Therefore,
we investigated whether these cells were recruited to
infiltrate tumors by HVJ-E injection. Quantitative real-
time RT-PCR revealed an increase of CXCR3 mRNA
expression in the tumors 12 h after HVJ-E injection,
indicating that CXCR3+ cells were recruited into tumor
tissue (Fig. 2a). To investigate the immune cells that
were recruited in more detail, quantitative real-time RT-
PCR was performed with several immune cell markers
(CDS8, CD4, DX5, and CD11c). A significant increase of
DX5, mRNA expression (a marker for NK cells) was
detected in the tumors after HVI-E injection (Fig. 2a).
To confirm the infiltration of NK cells into the tumors,
we performed immunofluorescence staining using anti-
pan-NK cell (DX5) antibody, which revealed that the
number of infiltrating NK cells was increased by succes-
sive three times injection of HVI-E (Fig. 2b). Even after

a single injection of HVI-E, we could detect NK cell
infiltration, but the number of infiltrating cells was
smaller (data not shown). Next, we investigated whether
or not the infiltrating NK cells were activated. Analysis
of NK cells from HVJ-E-treated tumors showed that
IFN-y mRNA expression was markedly increased, as
was the expression of CD69 mRNA, another marker of
NK cell activation [52] (Fig. 2c). In addition to intra-
tumoral activation of NK cells, significant systemic NK
cell activation in HVI-E-treated mice was also revealed
by the 'Cr release cytotoxicity assay using Renca cells
(Fig. 2d). Moreover, we confirmed that the level of cyto-
toxity was much higher when we performed cytotoxic
assay with YAC-1 mouse T cell lymphoma cells as tar-
gets, which have low MHC class I expression [41] and
are commonly used as the prototype for an NK-sensitive
tumor line [41](data not shown). These results suggested
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A 5 Table 2 Serum and tumor levels of CXCL10 after intratumoral injec-
tion of HVI-E or saline
D) Serum CXCL10 Tumor CXCLI0 Chemotactic gradient
5 (ng/ml) {ng/ml) ({tumor-serum, ng/ml)
T
g Saline 0.043+0.0098 1.3+ 0.45 13
% ¢ HVI-E 0904010 10418 9.1
g 4
B2 NK cell activation by type I IFNs released
i from HVJ-E-stimulated DCs
saline HVI-E
B 4 Next, we investigated the factor induced by HVJ-E that
= played an important role in NK cell activation. It is known
that type I IFNs are induced by viral infection (6, 8], lead-
E 2 ing to activation of NK cells and enhanced secretion of type
i 25 I1 IFNs [19, 57]. In this study, we found that intratumoral
< 3 injection of HVJ-E markedly increased the expression of
% i IFN-f mRNA in Renca tumors, as detected by quantitative
g real-time RT-PCR (Fig. 3a). This suggested that type 1
5 ; IFNs were being secreted in the tumor tissue. When co-cul-
03 wre of Renca cells and DCs was performed, a significant
0 —- T and dose-dependent increase of type I IFNs (predominantly
IFN-f) was detected in the medium at 24 h after the addi-
C ——— tion of HVJ-E (Fig. 3b). When HVJ-E was added to Renca
Bop =2h cells in the absence of DCs, however, secretion of type I
sooof L B2h IFNs was very low, indicating that HVJ-E acted on DCs to
- induce IFN secretion. We subsequently tested whether the
. a . conditioned medium of HVJ-E-stimulated DCs (H-DCCM)
z [ Il 4 could activate NK cells by measuring IFN-y as an activation
5 1500 marker. We cultured NK cells with or without H-DCCM
S i i and quantified the IFN-y level in the culture supernatant. In
S [ |—'-—‘ the presence of H-DCCM, the IFN-y level increased signifi-
.“] cantly in an HVJ-E dose-dependent manner (Fig. 3c), while
o H”HJ—:—J'I = 'm_r_‘_j ;:_'Im el Wi ' there was no increase of IFN-y secretion in the absence
DC(H) DCe) ‘ DCE+) DCE | of H-DCCM, even when HVJ-E was added. The promotion
Renca(+) Rencaf-) of IFN-y secretion by H-DCCM was abolished by the

Fig. 1 Induction of CXCL10 by HVJ-E in vivo and in vitro. CXCL10
mRNA expression in whole tumors (a) or DCs isolated from tumors
(b) after injection of HVJ-E or saline was measured by quantitative
real-time RT-PCR (n = 5 per group). CXCL10 mRNA expression was
increased by injection of HVI-E. Error bars indicate the SE (<5%).
This experiment was repeated three times with similar results. ¢
CXCL10 levels in the medium of cultures with (+) or without (-) Renca
cells, HVI-E, or DCs. When HVI-E and syngeneic mouse DCs were
added to cultured Renca cells, a significant increase of CXCL10 pro-
duction was observed. A significant increase of CXCL10 was also de-
tected in the medium of DCs cultured with HVJ-E even in the absence
of Renca cells, although the level was lower than that obtained with
Renca cells (*P < 0.05, **P < 0.01). Data points are the mean £+ SE
of triplicate wells. SE < 5%. This experiment was repeated four times
with similar results

that HVJ-E promoted NK cell infiltration into tumors,
and also activated the NK cells to enhance IFN-y produc-
tion.
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addition of anti-IFNAR2 antibody, which inhibits the
signaling of type 1 IFNs in NK cells (Fig. 3d). These
findings indicated that type I IFNs were induced by HVI-E
and subsequently promoted NK cell activation.

Intratumoral injection of HVJ-E suppresses Renca tumor
growth in mice, while this effect is abolished by NK cell
depletion

Next, we investigated whether direct injection of HVIJ-E
into established tumors could inhibit their growth. Renca
cells were inoculated intradermally into the backs of synge-
neic BALB/c mice, and then the growing tumors were
injected three times with HVIJ-E or saline. Injection of
HVI-E led to elimination of approximately 50% of the
tumors and markedly inhibited the growth of the remaining
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Fig. 2 Infiltration and activation of NK cells after intratumoral injec-
tion of HV]-E. a Intratumoral infiltration of immune cells was investi-
gated by quantitative real-time RT-PCR (n=5). DX5 mRNA
expression showed a marked increase. SE < 5%. This experiment was
repeated three times with similar results. b NK cell infiltration. Immu-
nofluorescence staining using a FITC-conjugated anti-mouse CD49b
(DX5)/Pan NK cell monoclonal antibody shows prominent infiltration
of DX5-positive cells (green) into an HVJ-E-treated tumor (x200).
This experiment was repeated three times with similar results, ¢ Acti-
vation of intratumoral NK cells: NK cells were purified from tumors

lesions (Fig. 4a). We subsequently confirmed that this inhi-
bition persisted for a longer period (data not shown). The
maximum dose of HVJ-E particles that can be injected
without causing side effects is 1.5 x 10'%, according to the
results of our previous study [31]. Three injections seemed
to be necessary for tumor eradication because recurrence
often occurred after one or two injections (data not shown).
Survival was also significantly improved by the intratu-
moral injection of HVI-E (Fig. 4b).

To confirm that NK cells mediated the antitumor effect
of HVIJ-E, it was co-injected into tumors with anti-asialo
GM1 antibody to cause NK cell depletion. As shown in
Fig. 4c, suppression of tumor growth by HVJ-E was largely
abolished after concomitant antibody injection. In addition,
intraperitoneal injection of the antibody led to similar
results being obtained (data not shown). These results indi-
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injected with HVJ-E or saline, and [FN-y and CD69 mRNA expression
was assayed by quantitative real-time RT-PCR. Both IFN-y and CD69
expressions were upregulated in HVJ-E-treated tumors. SE < 5%
This experiment was repeated three times with similar results. d NK
cytotoxity in vivo, Cytotoxicity assays were performed with NK cells
harvested from the spleens of mice after treatment with HVI-E (filled
square) or saline (filled diamond). NK cells from HVJ-E-treated mice
showed an increase of cylotoxity against Renca cells. This experiment
was repeated three times with similar results

cated that HVIJ-E predominantly acts on Renca tumors by
inducing NK cell-mediated immunity.

T cell immunity was also elicited against Renca tumor

Finally, since we previously reported that HVI-E could
eliminate murine colon cancer by induction of CTL with
blocking regulatory T cell activity [25], we examined the
induction of T cell immunity in Renca tumors in later
phase. By real-time RT-PCR analysis, we found that CD8
and CD4 mRNA expressions showed a marked increase in
tumors 48h after HVI-E injection (Fig. 5a). In addition, the
ELISPOT assay showed that Renca-specific CDB+ T cell
activation was induced in HVJ-E-treated mice, confirming
the involvement of T cell-mediated acquired immunity also
in this RCC model (Fig. 5b). Moreover, Renca tumors
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Fig. 3 Activation of NK cells by type I IFNs induced from HVI-E-

imulated DCs. a Intr expression of type 1 [IFN mRNAs after
in vivo injection of HVJI-E or saline injection measured by quantitative
real-time RT-PCR (n = S/group). This experiment was repeated four
times with similar results. b Type | IFNs in the conditioned medium of
Renca cells cultured with HVJ-E in the presence or absence of DCs.
HVJ-E was added at an MOI of 0.3-3,000. Both IFN-a and IFN-f lev-
els were increased in an HVI-E-dose-dependent manner (*P < 0.05,
**P < 0.01) only in the cultures with DCs. Data points are the
mean = SE of triplicate wells. This experiment was repeated three
times with similar results. ¢ A significant increase of [FIN-y was observed

transplanted into severe combined immuno deficiency
(SCID) mice were treated with HVI-E or saline. We found
that the growth of Renca tumors was still significantly
inhibited by HVIJ-E (Fig. 5¢) although the inhibition was
less marked than in wild-type mice. However, in CT26
tumor-bearing SCID mice, the growth inhibition by HVJ-E
was completely abolished as reported previously [25].
These results suggested that the antitumor effect of HVJ-E
against Renca tumors depend on both T cell- and non-T
cell-mediated immunity.

Discussion

We have already shown that UV-inactivated Sendai virus
particles without any specific therapeutic properties show
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in the culture medium of Renca cells after addition of H-DCCM and
NK cells (*P < 0.01), while no significant increase of [FN-y secretion
was detected with either HVJ-E or H-DCCM alone. Data points are
the mean = SE of triplicate wells. This experiment was repeated
three times with similar results. d IFN.y secretion was reduced by anti-
IFNAR2 in the medium of Renca cells cultured with H-DCCM. When
NK cells were preincubated with anti-IFNAR2, the increase of IFN-y
in response to HVJ-E was abolished. Data points are the mean = SE of
triplicate wells. This experiment was repeated three times with similar
results, SE < 5%. Results were statistically analyzed using the un-
paired  test

powerful antitumor activity [25]. Recently, it has been real-
ized that the tumor microenvironment plays a critical role
in tumor progression and suppression [2, 34, 47, 54]. In this
study, we performed microarray analysis to investigate how
the wmor microenvironment was affected by HVI-E injec-
tion and we found that CXCL10 mRNA was prominently
upregulated in HVJ-E-treated tumors (Table 1). CXCL10 is
a non-ELR (Glu-Leu-Arg) CXC chemokine that has been
reported to play a critical role in regulating type 1 cytokine-
induced cell-mediated immunity via the recruitment of
CXCR3-expressing mononuclear cells, such as CD4 and
CD8 lymphocytes, as well as NK cells [11, 26, 42, 51].
When we examined immune cell recruitment into the
tumors by real-time RT-PCR and immunohistochemistry,
we found that NK cells were the predominant infiltrating
cells after HVI-E injection (Fig. 2a, b). These findings
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suggested that HVJ-E induced NK cell-mediated immunity
in our Renca tumor model. We also confirmed that HVI-E
induced systemic and intratumoral NK cell activation by
measuring cytotoxity and IFN-y secretion in vivo (Fig. 2c, d).
Furthermore, we found that the secretion of type I IFNs by
HVIJ-E-stimulated DCs was important for NK cell acti-
vation (Fig. 3a, d). Thus, our results showed that intra-
tumoral injection of HVI-E induced CXCLI10 production,
which resulted in NK cell recruitment into the tumors and
also caused systemic and intratumoral activation of NK
cells through stimulation via DCs. CXCL10 is produced by
several kinds of cells in response to a variety of stimuli,

< Fig. 4 Suppression of the growth of Renca tumors in mice by intra-

tumoral injection of HVJ-E. a Renca cells were inoculated intrader-
mally into the backs of syngeneic BALB/c mice. Then HVI-E (open
circle) or saline (filled square) (n=35 per group) was injected three
times (on days 5, 10, and 15) into the resulting tumors. Tumor growth
was significantly inhibited by HVJ-E injection (*P < 0.01) and approx-
imately 50% of the mice became tumor-free. Data shown are represen-
ative of experiments that were repeated five times with similar results.
b Kaplan-Meier survival curves for HV]-E-treated and saline-treated
mice. When HVI-E (open circle) or saline (filled square) (n =35 per
group) was injected three times into the intradermal Renca tumors of
BALB/c mice, the survival of HVJ-E-treated mice was significantly
better than that of saline-treated mice (*P < 0.01). Data shown are rep-
resentative of experiments that were repeated four times with similar
results. ¢ Loss of the antitumor effect of HVJ-E after neutralization of
NK activity. Renca cells were inoculated intradermally into syngeneic
BALB/c mice, and then HV]-E was injected three times into the result-
ing tumors together with anti-asialo GM| antibody (filled square) or
control IgG (filled circle) (n = 5 per group). Tumor growth was inhib-
ited in the mice treated with HVI-E plus control IgG, whereas it was
not inhibited in mice treated with HVI-E plus anti-asialo GM| anti-
body (*P < 0.05). Data shown are representative of experiments that
were repeated three times with similar results. Arrows indicate the
timing of injection. SE (<5%). Statistical analysis was done with the
unpaired ¢ test (a, c) and the Log-rank test (b)

including IFN-«, [FN-f, IFN-y, TNF-g, lipopolysaccharide
(LPS), and viral infection [16, 36, 55, 56]. In this study, we
found that HVJ-E induced CXCL10 production by DCs
(Fig. 1b, c). Furthermore, we confirmed that CD11c-posi-
tive DCs produced the largest amount of CXCL10 among
several kinds of immune cells (data not shown). Because
the secretion of [FN-y in Renca tumors was much enhanced
after HVJ-E injection, it is likely that various other cells
also produced CXCL10. However, CD1lc-positive cells
were obviously one of the main sources of CXCL10 pro-
duction in direct response to HVI-E stimulation. It was
recently reported that CXCR3/CXCR3 ligand biological
axis plays a critical role in mediating the antitumor effect of
systemic IL-2 therapy [39]. During such immunotherapy,
systemic levels of CXCR3 ligands (such as CXCL9 and
CXCLI10) increase without any marked increase in the
intratumor levels of these chemokines. Accordingly, the
CXCR3 ligand chemotactic gradient is attenuated and opti-
mal recruitment of circulating immune cells into tumor tis-
sue cannot be achieved. As shown in Table 2, intratumoral
HVIJ-E injection not only induced systemic activation of
NK cells, but also enhanced the CXCLI10 gradient by
increasing the local intratumor level of this chemokine,
which may be of benefit for cancer therapy.

Our previous study demonstrated that HVJ-E induced T
cell-mediated immunity against colon cancer through
activation of DCs and inhibition of regulatory T cells [25].
In the present study, we investigated the early response
(12-24 h) to HVIJ-E injection in order to focus on non-T
cell immunity. Although neither by real-time PCR
(Fig. 2a) nor by immunohistochemistry (data not shown)
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an increase of CD8 and CD4 T cells was detected during
this early phase, we detected such an increase at 48 h after
HVI-E treatment (Fig. 5a) and confirmed that tumor-spe-
cific CTLs were also induced in Renca tumors (Fig. 5b). In
addition, we found that antitumor activity against Renca
tumors was partially retained even in SCID mice without
CTLs (Fig. 5c), while activity against CT 26 tumors was
completely lost [25]. Furthermore, the suppression of
Renca tumor growth by HVJ-E was largely abolished after
either intratumoral (Fig. 4c) or intraperitoneal (data not
shown) NK cell depletion. These data suggested that NK
cells could play a dominant role in the antitumor activity
of HVIJ-E against Renca cells. We subsequently performed

2} Springer

<« Fig. 5 Induction of T cell immunity in Renca tumors in later phase,

a Intratumoral infiltration of T cells 48 h after HVI-E treatment was
investigated by quantitative real-time RT-PCR (n = 3). CD8 and CD4
mRNA expressions showed a marked increase. These experiments
were repeated three times with similar results, b ELISPOT analysis of
HVJ-E-treated mice (open bars) and saline-treated mice (solid bars).
Spleen cells were harvested from the mice at 7 days after the last injec-
tion of HVI-E or saline into Renca tumors: Then the spleen cells were
stimulated with MMC-treated Renca cells for 5 days, after which CD8+
T cells were isolated. Subsequently, | x 10° purified CD8+ T cells
were cultured for 48 h with or without MMC-treated Renca cells or
CT26 cells and the number of IFN-y-secreting CD8+ T cells was count-
ed (*P <0.05). Data points are the mean of triplicate wells. ¢ Antitumor
effect of HVJ-E in SCID mice (n=5). Renca cells were inoculated
intradermally into SCID mice, after which HVI-E (open circle) or sa-
line (filled square) (n = S/group) was injected three times into the tu-
mors that developed. Tumor growth was significantly inhibited by
HVI-E (*P < 0.05); although the inhibition was less marked compared
with that in wild-type mice, Arrows indicate the timing of injection.
This experiment was repeated twice with similar results. SE < 5%. Re-
sults were analyzed statistically using the unpaired ¢ test (b, ¢)

cytotoxicity assays using Renca or CT26 cells and H-
DCCM-stimulated NK cells. Cytotoxity of the NK cells
for Renca cells was observed, while there was no signifi-
cant NK activity against CT26 cells (data not shown). This
observation may be explained by our subsequent finding
that Renca cells showed weaker expression of MHC class
I, a ligand for an NK cell inhibitory receptor [60], than
CT26 cells (data not shown). Therefore, it is likely that
Renca cells are more easily recognized and killed by NK
cells than CT26 cells.

Thus, replication-defective HVI-E has multiple anti-
tumor effects. Although more detailed analysis of the mecha-
nisms is needed, HVJ-E appears to be more advantageous
for cancer treatment compared with oncolytic viruses. One
advantage is its safety. Although detailed toxicity tests and
pharmacodynamic studies of HVI-E are still necessary, its
safety has already been confirmed in mice, rats, and mon-
keys. No infective particles have been recovered from HVJ-
E after inactivation by UV irradiation [21]. We observed no
weight loss in the mice after intratumor administration.
Second, HVIJ-E can also be used for the delivery of thera-
peutic agents, such as plasmid DNA [38], siRNA [18] and
anticancer drugs [31], to tumor cells both in vitro and
in vivo. Therefore, we could expect a combined antitumor
effect of such agents targeted by HVI-E in addition to the
activity of HVIJ-E itself. Finally, we have established a
method for producing HVI in human cells using animal
product-free medium, and also a method for purification of
HVI-E using three different columns [23]. Clinical grade
HVIJ-E has been produced on a pilot scale, so this vector is
now ready for clinical testing.

In summary, our results suggested that intratumor injec-
tion of HVJ-E promoted NK cell infiltration into tumors by
enhancing CXCL10 expression and also activated NK
cells through DC stimulation. Since HVJ-E also induces
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systemic antitumor immunity by enhancing or correcting the
chemokine-chemokine receptor axis, it may become a
promising new therapeutic agent for cancer.
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A Comparison of Cooling Methods for
Laparoscopic Partial Nephrectomy

Yoshio Naya, Akihiro Kawauchi, Kimihiko Yoneda, So Ushijima, Yasuyuki Naitoh,
Jintetsu Soh, Yoshizo Ito, Yoichi Mizutani, and Tsuneharu Miki

OBJECTIVES
METHODS

RESULTS

CONCLUSIONS

To evaluate appropriate cooling methods in laparoscopic partial nephrectomy.

Under general anesthesia, 21 porcine kidneys were exposed retroperitoneoscopically. Ice slush
(500 g) was put into the retroperitoneal cavity after renal vascular clamping. Renal parenchymal
temperature was measured by a thermometer. Seven kidneys were cooled only by ice slush (group 1).
In seven kidneys, 200 mL of 4°C saline was infused around the kidney 45 minutes after vascular
clamping (group II). In seven kidneys, 4°C saline was irrigated continuously through a 5F
ureteral catheter, which was inserted into the ureter (group I11).

In group 1, 21 minutes after vascular clamping, the lowest temperature achieved was 13.2°C, and
at 47 minutes the temperature exceeded 20°C. In group [I, the lowest temperature achieved was
13.0°C 23 minutes after vascular clamping, and at 59 minutes the temperature exceeded 20°C.
In group 111, the lowest temperature of 10.6°C was achieved at 27 minutes, and at 79 minutes the
temperature exceeded 20°C.

In complicated cases of laparoscopic partial nephrectomy, cooling with both ice slush and
ureteral catheter irrigation was thought to be effective. When the renal collecting system is

opened, an additional infusion of cooled water may also be effective.

2008. © 2008 Elsevier Inc.
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he widespread use of imaging modalities such
I as computed tomography, ultrasonography, and
magneric resonance imaging has resulted in the
detection of a large number of incidental small localized
renal tumors.! Many of these small renal masses are now
managed effectively with partial nephrectomy. Recently
laparoscopic radical nephrectomy has become a standard
treatment for renal cell carcinoma.”? With the accep-
tance of laparoscopic radical nephrectomy, laparoscopic
partial nephrectomy for small renal tumors was reported
from several institutions.>™® In the procedure, several
cooling methods, such as the use of ice slush and tran-
sureteral saline perfusion, have been reported to decrease
ischemic nephron damage.”° In usual settings of the
operation, cooling using ice slush is thought to be both
practicable and cost-efficient. Although the ice slush
eventually melts and the renal parenchymal temperature
increases, it is time consuming to replace the ice slush in
the operative field.
In this study, to evaluate appropriate cooling methods
in laparoscopic partial nephrectomy, renal parenchyma
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temperature was measured during three different cooling

methods.

MATERIAL AND METHODS

Twenty-one porcine kidneys were used in this study. Under
general anesthesia, the retroperitoneal laparoscopic approach
was used. A LAPDISC-mini was placed at a 2-cm skin incision.
A 12-mm port was inserted through the LAPDISC-mini, and
pneumoretroperitoneum was established. Two other 12-mm
ports were also placed. The renal artery was dissected, and the
kidney was completely mobilized. A laparoscopic vascular bull-
dog clamp was applied to the renal artery. After renal vascular
clamping, 500 g of sterile ice slush was put into the retroperi-
toneal cavity through the LAPDISC-mini. Renal parenchymal
temperature was measured by a thermometer (AM-7002K;
Anritsu-meter, Tokyo, Japan). Temperature measurements
were obtained at two depths (0.5 cm and | cm from the renal
surface). Seven kidneys were cooled only by ice slush (group ).
In a further seven kidneys, 200 mL of 4°C saline was infused
around the kidney with a 20-gauge needle 45 minutes after
vascular clamping (group 11). In the remaining seven kidneys,
the ureter was cut and a 5F ureteral catheter was inserted into
the renal pelvis through the ureter. The proximal end of the
catheter was passed through the abdominal wall and 4°C saline
was irrigated continuously at an infusion rate of 5 mL/min after
ice slush placement around the kidney (group III). The renal
parenchymal temperature was measured every 5 minutes from 8
to 10 minutes after clamping the renal artery because ice slush
placement required 8 to 10 minurtes. The porcine body remper-
ature was measured during the procedures. The changes in
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Figure 1. Temperature decay curves at 0.5 cm and 1.0 cm
for the three groups. Average renal parenchymal tempera-
tures at 5-minute intervals for the three cooling methods.

parenchymal temperature and the durations with the tempera-
ture below 20°C were compared in the three groups. Staristical
analysis was performed with the Mann-Whitney U test, and
significance was set at P <0.05.

RESULTS

The porcine body temperature remained approximately
35°C ro 37°C and stable throughout the entire proce-
dure. No significant differences were found in tempera-
ture when measured at 1 cm and 0.5 em in each group
(Fig. 1). In group I, at 21 minutes after vascular clamping,
the mean lowest temperature of 13.2°C (range, 11.6°C to
17.9°C) at 1 em was achieved, and at 47 minutes the
temperature exceeded 20°C. In group 11, the mean lowest
temperature of 13.0°C (range, 9.9°C to 15.4°C) at 1 cm
was achieved at 23 minutes, and at 59 minutes the
temperature exceeded 20°C. In group III, the mean lowest
temperature of 10.6°C (range, 8.1°C to 13.8°C) ar 1 em
was achieved at 27 minutes, and ar 79 minutes the
temperature exceeded 20°C (Fig. 1). Although the lowest
temperarure was lower in group Il than in groups I and
II, there were no significant differences among the three
groups. At 60 minutes there were significant differences
in the temperature among the three groups, which were
25.1°C, 20.1°C, and 15.6°C at 1 cm on average, respec-
tively. The mean durations with a temperature below
20°C at 1 em in groups I, 11, and 111 were 46.7 minutes,
59.4 minutes, and 78.7 minutes, respectively, and there
were significant differences among the three groups (Fig. 2).

COMMENT

Open nephron-sparing surgery is now an established al-
ternative to radical nephrectomy in parients with a com-
promised contralateral kidney or even in selected pa-
tients with a favorably located, small (4 cm or less) renal
tumor with normal contralateral kidney.''*? Partial ne-
phrectomy yields equivalent cancer outcomes to radical
nephrectomy while simultaneously preserving renal func-
tion. Recently, laparoscopic partial nephrectomy has been
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Figure 2. Durations with a temperature less than 20°C:
comparison between the three groups.

reported,’~% and it combines the benefits of nephron-

sparing surgery with a minimally invasive approach,'?
However, the widespread use of this technique is limited
owing to the technical difficulties. Barriers limiting the
increase in use of laparoscopic partial nephrectomy have
been the duration of renal hilar clamp time required to
remove the tumor, secure hemostasis, and repair the
collecting system.'* The maximal safe duration of warm
renal ischemia from which the kidney will make a com-
plete recovery during open partial nephrectomy has been
commonly assumed ro be 30 minutes.'>'® During open
partial nephrectomy surface cooling of the kidney with
ice slush is the technique of choice for achieving renal
hypothermia.'® Hypothermia induces short-term suspen-
sion of the renal metabolism, which is necessary for
cellular protection and minimizing postischemic renal
injury. Gill et al.” reported a purely laparoscopic tech-
nique of surface renal hypothermia with ice slush, similar
to open surgery. Landman et al.® and Crain et al.*® reported
that retrograde intracavity saline perfusion is effective for
renal hypothermia during laparoscopic surgery.

In the present study we compared three cooling meth-
ods during laparoscopic surgery. Renal mertabolic activity
is almost completely suspended at remperatures of 5°C to
20°C."*!7 Therefore, the duration with temperature of
the renal parenchyma less than 20°C is considered im-
portant for partial nephrectomy. With the classic cooling
method using ice slush it was possible to maintain a
durartion of 47 minutes with a temperature less than 20°C
in this study. However, 8 to 10 minutes are required for
placement of the ice slush; consequently, only 30 to 40
minutes remained for the procedure with vascular clamp-
ing while the temperature remained below 20°C. But
cases in which the procedure with vascular clamping can
be completed within 30 minutes do not require cooling.
On the other hand, the use of ice slush plus additional
transureteral hypothermic infusion achieved 79 minures
with a temperature below 20°C. By this method, the
working time with a temperature below 20°C could be
elongated to 70 minutes. Thus, this option would be
suitable for difficult cases, such as those with a large or an
unfavorably located tumor requiring a vascular clamping
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time exceeding 30 minutes. During resection of tumors, it
is possible to open the renal collecting systems. In those
cases, rransureteral infusion fluid leaks into the abdomi-
nal cavity, and the leakage may interfere with the pro-
cedure. In that event, an additional infusion of cooled
water around the kidney may be effective, because a
20-minute elongation of the duration with a temperarture
below 20°C could be achieved by this method. The
difficulties of laparoscopic partial nephrectomy are paren-
chymal hemostasis during tumor excision and suture re-
pair of the collecting system in the short time available.
These methods might help promote the widespread use of
laparoscopic partial nephrectomy.

In conclusion, in complicated cases of laparoscopic
partial nephrectomy, cooling with both ice slush and
ureteral catheter irrigation was thought to be effective.
When the renal collecting system is opened, an addi-
tional infusion of cooled water around the kidney may
also be effecrive. This method might help promote the

widespread use of laparoscopic partial nephrectomy.
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THE UTILITY OF TRANSRECTAL REAL-TIME ELASTOGRAPHY IN
THE DIAGNOSIS OF PROSTATE CANCER
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Abstract—The aim of this study is to evaluate the diagnostic performance of transrectal real-time elastography
(TRTE) to differentiate benign from malignant prostatic lesions, with pathologic diagnosis obtained by prostatic
needle biopsy. Conventional gray scale transrectal ultrasonography (TRUS) and power Doppler ultrasonography
(PDUS) were performed in 107 men who had elevated serum prostate-specific antigen level >4 ng/mL or
abnormal findings on digital rectal examination. For baseline TRUS and PDUS imaging, the suspicion of
carcinoma was scored using previously proposed five-point subjective scale. For TRTE imaging, we used newly
adopted five-point subjective scale based on the degree and distribution of strain in relation to hypoechoic area,
which simultaneously displayed on B-mode image. All patients underwent transperineal systematic 8-cores
biopsies, as well as up to four cores of targeted biopsy from suspicious area by TRUS, PDUS and/or TRTE. The
samples were diagnosed pathologically and compared with the findings of TRUS, PDUS and TRTE. Prostate
cancer was detected in 40 (37%) of 107 patients. When a cutoff point of 3 (displaying focal asymmetric lesion
without strain not related to hypoechoic lesion) was used, TRTE had 68% sensitivity, 81% specificity and 76%
accuracy. TRTE was comparable with PDUS (70% sensitivity, 75% specificity and 73% accuracy) and had
significantly higher sensitivity than TRUS (68% vs. 50%, p = 0.027). Combination of TRTE with PDUS in-
creased sensitivity to 78%. The detection rate of directed biopsy from suspicious area in either TRTE or PDUS
(TRTE+PDUS-directed biopsy) was 29% (31/107) by patient and was comparable with systematic biopsy (31%,
33/107, p = 0.86), whereas the detection rate of TRTE+PDUS—directed biopsy by core (55/111, 50%) was
significantly higher than systematic biopsy (132/856, 15%, p < 0.0001). For ing prostatic lesions, TRTE
with B-mode image-based scoring had almost the same diagnostic performance as PDUS. Although
TRTE+PDUS-directed biopsy detected comparable number of cancers with systematic biopsy, both techniques
should be used supplementarily for minimizing the number of missing cancers. (E-mail: kamoi@koto.kpu-
m.ac.jp) © 2008 World Federation for Ultrasound in Medicine & Biology.

Key Words: Ultrasound, Power Doppler, Elastography, Prostatic neoplasms.

INTRODUCTION

For many years digital rectal examination (DRE), pros-
tate-specific antigen (PSA) and transrectal ultrasonogra-
phy (TRUS) have been the mainstays for detection of
prostate cancer (Scardino et al. 1992), PSA-based
screening commonly results in biopsy in men with serum
PSA levels of >4.0 ng/mL, and the chance of detecting
prostate cancer in the 4—10 ng/mL range is nearly 30%—
35% (Smith et al. 2006). Those negative for cancer
undergo repeat PSA screening and may undergo repeat
biopsy at six to 12 months, which yields another 20%

Address correspondence to: Tsuneharu Miki, M.D., PhD, Depar-
ment of Urology, Kyoto Prefectural University of Medicine, 465 Kawara-
machi-Hirokoji, Kyoto, Japan. E-mail: tmiki@koto. kpu-m.ac.jp
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with cancer (Keetch et al. 1994). This process incurs
both increased costs and delays in diagnosis. Thus, to
improve the sensitivity and specificity on the initial bi-
opsy. new techniques that allow us to display more
cancerous lesions and to target areas of high cancer
incidence are desirable.

Carcinoma of the prostate is classically described as
hypoechoic (Rifkin et al. 1990) by TRUS. But recent
cases are more likely 10 be echogenic or isoechoic, with
the shift toward smaller, early-stage cancers (Coley et al.
1997). Many cancers detected at biopsy are not visible at
TRUS (low sensitivity), and many hypoechoic areas do
not prove to be malignant at biopsy (low specificity);
therefore, TRUS alone without the addition of biopsy has
limited value in the detection of cancer. Color Doppler
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Fig. 1. Elastography sconng system. Score 1: A and a—normal
appearance (homogeneous strain, the entire gland evenly
shaded in green). Score 2: B and b—probably normal (sym-
metric heterogeneous strain, the gland in a symmetrical mosaic
pattern of green and blue). Score 3: C and c—indeterminate
(focal asymmetric lesion without strain not related 1o hypo-
echoic lesion, the focal asymmetric lesion in blue). Score 4: D
and d—probably carcinoma (strain at the perniphery of the
hypoechoic lesion with sparing of the center of the lesion, the
peripheral part of lesion in green and the central pan in blue)
Score 5: E and e—definitely carcinoma (no strain in the entire
hypoechoic lesion or in the surrounding area, the entire lesion
in blue)

imaging has been proposed to supplement TRUS (Rifkin
et al. 1993) by looking for neovascularization, a prereq-
uisite for tumor invasion, to improve wmor detection.
Increased color Doppler signal correlates positively with
both prostate tumor stage and grade, as well as with the
risk of recurrence after treatment (Ismail et al. 1997)
Transrectal power Doppler ultrasound (PDUS) may be
even more useful in the detection of prostate carcinoma
(Okihara et al. 1997). Nonetheless, conventional color
and power Doppler-guided needle biopsy do not substan-
ually improve the detecuon rate of prostate carcinoma
(Halpern et al. 2002). The combination of gray scale and
Doppler ultrasound is not sufficient to eliminate the need
for systematic biopsy (Comnud et al. 1997).

In general, prostate cancer tissue is stiffer than the
adjacent normal prostate tissue. Therefore, by measuring
the tissue strain induced by compression, we can esu-
mate tissue stiffness, which may be useful in diagnosing
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cancer. The principle of elastography is that tissue com-
pression produces strain (displacement) within the tissue
and that strain is smaller in stffer tissue than in more
comphiant tussue. Based on the difference of tissue elas-
ucity between malignant and normal tissue, prostate bi-
opsies technique using transrectal real-time elastography
(TRTE), as well as conventional B-mode imaging, was
reported (Konig et al. 2005), and this technique contrib-
uted to enhance prostate cancer detection.

Current ultrasound system enabled us to survey the
prostate using elastography and power Doppler imaging
simultaneously. The aim of this study was to clanfy
whether TRTE in combination with PDUS enhances
prostate cancer detection with a targeted biopsy tech-
nigque.

MATERIALS AND METHODS

Between October 2005 and May 2006, 107 consec
utive patients with serum PSA level >4 ng/mL or ab-
normal DRE without previous biopsy were studies pro-
spectively by a urologist (K.K.) skilled in TRUS, PDUS
and TRTE. All patients underwent 8-core transperineal
ultrasound-guided prostate needle biopsy (Okihara et al.
2006) (conventional sextant and far lateral portion of the
peripheral zone: one core each from the nght and left
sides). For pauents with abnormal findings by TRUS,
PDUS and/or TRTE, image-directed biopsies were next
performed taking as many as four biopsy specimens per
patient. These directed biopsy cores were often over-
lapped with the sectionally obtained cores. Tissue spec-
imens were separately diagnosed by a single pathologist
blinded to the results of ultrasound images. Our institu
tional review board approved the study and written in-
formed consent was obtained from all patients.

Table 1. Demographics of patients

N (%) Range Mean = 5D
Age (y) 45-88 684 =90
Serum PSA levels (ng/m) 02-679 114 =9
PSA level <4 ng/ml 4(4)
PSA level 410 ng/mi 58 (54)
PSA level >10 ng/ml 45 (42)

Prostate volume (ml) 11.6-1740 504 =285

DRE findings

Normal 79 (74)
Abnormal 28 (26)
Pathological diagnosis
Benign 67 (63)
Malignant 40 (3T
Gleason 6 10 (25)
Gleason 7 17 (42)
Gleason 8 9(23)
Gleason 9 4(10)
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Table 2. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and diagnostic

accuracy (DA) for transrectal ultrasonography (TRUS), power Doppler ultrasonography (PDUS), transrectal real-

time tissue elastography (TRTE) and combinations of tests in overall patients (n = 107)

Test Sensinvity /N (%) Specificity a/N (%) PPV n/N (%) NPV a/N (%) DA w/N (%)
TRUS 20/40 (50) 57167 (85) 20030 (67) 5717 (14) 7707 (712)
PDUS 28/40 (70) 50067 (75) 28/45 (62) 50/62 (81) T8/107 (73)
TRTE 27/40 (68) 54167 (81) 27140 (68) 54/67 (81) 81107 (76)
TRUS+TRTE* 27/40 (68) 50067 (75) 27154 (50) 50063 (79) 711107 (72)
TRUS+PDUS* 29/40 (73) 49/67 (73) 29/57 (51) 49/60 (82) T8/107 (73)
PDUS+TRTE* 31/40 (78) 49/67 (73) 31/59 (53) 49/58 (84) 80107 (75)
TRUS+PDUS+TRTE" 31/40 (78) 48/67 (72) 31160 (52) 48/57 (84) 79/107 (74)

* Combinations of tests indicate that the test 15 positive if either of them demonstrates suspicious areas for malignancy, and that the test is negative

Brdi

if neither of them de

suspicious

Imaging technique

All ultrasound images were obtained and recorded
with a system that consisted of a digital ultrasound
scanner (EUB-6500; Hitachi Medical, Tokyo, Japan).
We first performed TRUS and PDUS placing the patent
in a lateral decubitus position in the manner mentioned
previously (Okihara et al. 2000). We next obtained
TRTE images as motion images by using the transrectal
7.5-MHz convex probe (EUP-CC531; Hitachi Medical,
Tokyo, Japan). Imaging focus was set 1.5 cm on average
from surface of the probe. To visualize tissue elasticity,
different compressibility values are marked with differ-
ent colors and the so-called elastograms are shown side
by side with conventional B-mode images on the screen
of the ultrasound system. Each pixel of the elasticity
image was assigned one of 256 specific colors, depend-
ing on the magnitude of strain. The scale ranged from red
for components with the greatest strain (1.e., more com-
pliant components) to blue for those with no strain (Le.,
stiffer components). Green indicated average strain in the
region-of-interest. The color-coding is standardized and
the same color display was used in all patients. Prostate
compression was induced manually by the physician
using the transrectal probe to apply the force necessary to
achieve stable image series. The strength and duration of
the manually-induced movement can be adjusted by vi-
sual control using the video screen of the ultrasound
system for optical feedback. Transducer movement was
repeated using different compression ratios until a stable
and reproducible image series was captured. To obtain a
sull image for diagnosis, we replayed the recorded mo-
tion images and selected an image obtained with the best
contrast. A detailed technical discussion of the methods
used in this approach can be found in previously pub-
lished literature (Itoh et al. 2006). This technique was
easy to perform and required no more than three to five
minutes of additional examination time,

For baseline TRUS and PDUS imaging, the suspi-
cion of carcinoma was scored using a five-point subjec-
tive scale proposed by Halpern et al. (2006). For TRTE

imaging, we used the five-point subjective scale devel-
oped for the diagnosis of breast cancer based on the
symmetry and heterogeneity of the lesion without strain
related to hypoechoic area (see Fig. 1) (Itoh et al. 2006).
The cutoff point of the scoring system was set between
scores of 2 and 3 for all ultrasound techniques.

Image interpretation and analysis

Two reviewers who had not performed any of the
examinations viewed all TRUS, PDUS and TRTE im-
ages separately. Both reviewers were dedicated urolo-
gists (K.O. and A.O.) who routinely perform TRUS. The
examinations were randomized, and the reviewers were
not aware of the results of the other imaging examina-
tions and the results of the other reviewers. All reviewers
viewed the images in the same order in three separate
sessions.

08 b
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Fig. 2. Areas under receiver operating characteristic (ROC)
curve for transrectal ultrasonography (TRUS), power Doppler
ultrasonography (PDUS) and transrectal real-time tissue elas-
tography (TRTE). A cutoff value of S3 and 54 represents score
3 and score 4, respectively. TRUS vs. PDUS : p = 0.5412;
TRUS vs. TRTE : p = 0.3679; PDUS vs. TRTE : p = 0.7798.
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Table 3. Comparison of positive predictive values (PPV) by core and by patient, number of patients who saved
biopsies. and number of missing cancers when using directed biopsies by transrectal ultrasonography (TRUS),
power Doppler ultrasonography (PDUS), transrectal real-time tissue elastography (TRTE) and combination of PDUS
and TRTE, with when using only systematic biopsies in overall patients (n = 107)

Test PPV by core a/N cores (%) PPV by Pr w/N Pis. (%)  Biopsies saved w/N Pis. (%) Missing cancers /N Pts. (%)
TRUS directed 4072 (56) 20730 (67) 77107 (72) 20/40 (50)
PDUS durected 52197 (54) 28/45 (62) 62/107 (58) 12/40 (30)
TRTE directad 46/84 (55) 27140 (68) 67/107 (63) 13/40 (33)
PDUS+TRTE-directed* 35111 (50) 31459 (53) 58/107 (54) 940 (23)

Systematic only 132/856 (15) 33/107 (31) None 7/40 (18)

* PDUS + TRTE-directed biopsy
overlapping suspicious areas in both PDUS and TRTE images

Statistical analysis

The McNemar test, a nonparametric procedure, was
used to compare the sensitivity of TRUS, PDUS and
TRTE in detecting a cancerous lesion. Receiver operator
characteristic (ROC) curves were plotted to calculate the
area-under-the-curve for the fitted logistic models (Stat-
Flex, Artec Inc., Osaka, Japan).

Univariate analysis was performed using chi-square
tests and two-tailed t-tests for categorical and continuous
variables, respectively. A multivanate logistic regression
model was created to explore the relationship of predic-
tors to the likelihood of detecting high-grade cancer.
Odds ratios (ORs) and 95% confidence intervals (Cls)
were presented (JMP6, SAS Institute Inc., Cary, NC,
USA).

Interobserver agreement between each pair of re-
viewers in detecting cancer was assessed for each sono-
graphic technique using kappa statistics and associated
95% Cls (StatFlex). Kappa values of 0.01-0.20 were
considered to represent minor agreement; 0.21-0.40, fair
agreement; 0.41-0.60, moderate agreement; 0.61-0.80,
high agreement; and 0.81-1.00, almost perfect agree-
ment, beyond chance (Landis and Koch 1977).

Probability values below 0.05 were considered sta-
tistically significant.

that taking biopsy cores from the suspicious areas in either PDUS or TRTE image as well as the

RESULTS

Patient baseline demographics are outlined in Ta-
ble 1. Mean patient age was 68.4 y (range 45-88).
PSA was 0.2 to 67.9 ng/mL, with most patients (58/
107, 54%) presenting with values between 4 and 10
ng/mL. DRE was suspicious in 28 of 107 patients
(26%). In 40 of 107 patients (37%) the diagnosis of
prostate cancer was histologically confirmed with
Gleason score ranging from 6 to 9.

Of the 107 patients, 30 (28%), 45 (42%) and 40
(37%) were suspected of having prostate cancer by
TRUS, PDUS and TRTE, respectively. An overall com-
panson of diagnostic power on a patient basis of TRTE
and the other diagnostic methods in the 107 patients is
summarized in Table 2. Sensitvity of TRUS (20/40,
50%) was lower than those of TRTE (27/40, 68%) and
PDUS (28/40, 70%), with statistical significance (p =
0.027 and 0.023, respectvely). There was no statistical
difference in specificity among three ultrasound tech-
niques. The combinations of these tests were regarded as
positive when each one of ultrasound techniques showed
a positive result. The combination of PDUS and TRTE
showed highest sensitivity (31/40, 78%), positive predic-
tive value (31/59, 53%), negative predictive value (49/
58, 84%) and diagnostic accuracy (80/107, 75%). al-

Table 4. Comparison of positive predictive values (PPV) by core and by patient, number of patients who saved
biopsies, and number of missing cancers when using directed biopsies by transrectal ultrasonography (TRUS),
power Doppler ultrasonography (PDUS), transrectal real-time tissue elastography (TRTE) and combination of PDUS
and TRTE, with when using only systematic biopsies in patients with PSA levels of 4-10 ng/ml (n = 58)

Test PPV by core n/N cores (%) PPV by PL w/N Pts. (%) Biopsies saved wN Ps. (%) Missing cancers n/N Pts. (%)
TRUS -directed 16729 (55) 913 (69) 45/58 (78) 918 (50)
PDUS-directed 19739 (49) 11720 (55) 38/58 (66) 7718 (39)
TRTE-directed 16729 (55) 11/16 (69) 42/58 (T2) 7718 (39)
PDUS + TRTE-durected* 22/45 (49) 13722 (59 36/58 (62) 5/18 (28)
Systematic only 260464 (6) 13/58 (22) None 5/18 (28)

* PDUS +TRTE-directed biopsy indicates that taking biopsy cores from the suspicious areas in either PDUS or TRTE image as well as the
overlapping suspicious areas in both PDUS and TRTE images.



