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results in a large number of unnecessary biopsies [2]. Several
modifications of PSA-related indices such as PSA isoforms
and volume-referenced PSA have been investigated to
improve the specificity of PSA in detecting prostate cancer
[3-5]. Free/total PSA ratio (f/t PSA) is widely used in clinical
practice to differentiate prostate cancer from BPH in men
with grey zone PSA levels, but this does not have sufficient
specificity to reduce unnecessary biopsies. Thus, more
accurate and reliable assessments are needed to select
candidates for prostate biopsy.

Bussemakers et al. [6]reported that prostate cancer gene 3
(PCA3) produces an untranslated, prostate-specific
messenger RNA (mRNA) that is highly overexpressed in
prostate cancer tissue compared with its level in normal or
benign tissue. Several studies have shown that PCA3 urine
assay is superior to serum PSA level or various PSA
isoforms for predicting prostate cancer in European and US
men, and it could be used as a diagnostic tool to select
biopsy candidates [7-10]. We have previously demonstrated
the high specificity of PCA3 urine assay in detecting
prostate cancer in a limited number of Japanese men at a
single institution [11]. In the present multicentre study, we
investigated the diagnostic performance of this assay in a
large cohort of Japanese men.

Methods

The study protocol was approved by the institutional
review boards and all men provided written informed
consent before enrolment in the present study. A total of
647 men with elevated serum PSA levels and/or an
abnormal DRE were enrolled. They underwent systematic
extended prostate biopsy (=8 cores) at one of four Japanese
institutions (Kyoto Prefectural University of Medicine,
Japanese Red Cross Medical Centre, University of Tsukuba
and Kinki University) from 2009 to May 2011. The ethnic
origin of all patients was Asian. Among the 647 cases, 158
had a previous negative biopsy. The exclusion criteria were
as follows: previous history of prostate cancer, taking
medication known to affect serum PSA levels, UTIs, and
history of invasive treatment for BPH. The first voided
urine sample was collected after a DRE, and the urine
specimen was examined using a PROGENSA PCA3 assay
according to a previously described method [11]. The
PCAS3 score was determined using PCA3 mRNA copy
divided by PSA mRNA copy. The f/t PSA was measured in
men with PSA 4-10 ng/mL. Prostate volume (PV) was
measured using ultrasonography and PSA density (PSAD)
was calculated by dividing PSA by PV. Clinical and
pathological outcomes such as clinical stage, Gleason score
and percentage of positive cores (% positive cores) in men
diagnosed with prostate cancer were correlated with PCA3
score. The % positive cores was calculated as the number of
positive cores divided by the number of cores taken, and
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patients were divided into two groups according to %
positive cores (=33% or >33%). Indolent cancer was
defined, according to the Epstein criteria, as clinical stage
T1c, PSAD < 0.15, Gleason score = 6, and <3 positive cores
on a six-core biopsy, which was replaced by % positive
cores = 33 with biopsy sampling of more than six cores
[12]. The Mann-Whitney test was used to compare
continuous variables among the groups. The chi-squared
test was used to assess nominal variables. Bivarjate analysis
(Pearson’s correlation coefficient ') was used to test the
linearity of relationships among the variables. Areas under
the receiver-operator curves (AUCs) were compared.
Multiple stepwise logistic regression analysis was used to
determine the significant predictors of positive biopsy
among variables such as repeated biopsy or not, PSA, PV,
PSAD and PCA3 score. These statistical analyses were
performed using commercially available software (SPSS
version 12.0, Chicago, IL, USA). A P value of <0.05 was
considered to indicate statistical significance.

Results

Among 647 urine samples, 633 were successfully analysed
(the informative rate was 98%). The median (range) age,
PSA level and number of biopsy cores taken were 69
(42-89) years, 7.6 (1.4-1908) ng/mL and 12 (6-59),
respectively. Two patients had a six-core biopsy. There was
no relationship between the PCA3 score and serum PSA
level (r =0.049, nonsignificant). Prostate biopsy was
positive for prostate cancer in 264 men (41.7%). The
characteristics of the men with positive and negative
biopsies are shown in Table 1. The median PCA3 score in
men with prostate cancer was significantly higher than that
in those without prostate cancer (49 vs 18, P < 0.001). The
positive rate of biopsy is shown in Table 2. We excluded all
men who had a PSA level > 50 ng/mL and men who had
initial biopsy with PSA of 20-50 ng/mL from further
analyses because of the high yield of positive biopsy results;
thus, the remaining 578 men were entered for analysis. The
percentage of men with positive biopsy increased with
increasing PCA3 score (Fig. 1). In men with a PCA3 score
< 20, 16.0% (38/237) had a positive biopsy. When the PCA3
score was =50, the percentage of patients with a positive
biopsy was 60.6% (106/175). Sensitivity, specificity, positive
and negative predictive values of PCA3 scores at different
PSA thresholds are shown in Table 3. Using a PCA3
threshold of 35, the sensitivity, specificity and diagnostic
accuracy were 66.5, 71.6 and 69.7%, respectively. The AUCs
of PSA, PV, PSAD and PCA3 score in 561 available men
were 0.583, 0.706, 0.712 and 0.748, respectively. There was a
significant difference in AUC between PSA and PCA3 score
(P <0.001), but not between PSAD and PCA3 score.
Thirty-eight out of 408 men with PSA of 4-10 ng/mL had
missing values of either PV or f/t PSA. In 370 available men
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Table 1 Characteristics of patients with negative and posifive bicpsy results.

Age, years 67 (42-89)

PSA, ng/mL 7.0 (1.4-42.6)
PV*, mL 38 (9.4-130)
PSAD 0.18 (0.03-1.38)
No. of cores 12 (6-59)

PCA3 score 18 (0-381)

71 (49-88) <0.001
9.0 (2.2-1908) <0.001
29.1 (8.2~-109) <0.001
0.36 (0.07-80.84) <0.001
12 (6-40) N.S.
49 (1-288) <0.001

*22 cases not available. N.S., nonsignificant.

Table 2 Positive rafe of prostate cancer by serum PSA range.

=4 22 5(22.7) 21
4-10 408 140 (34.3) 316
10-20 131 64 (48.8) 85
20-50 46 29 (63.0) 29
>50 26 26 (100) 25
Total 633 264 (41.7) 476

5(23.8) 1 0(0)
120 (38.0) 92 20 (21.7)
44 (51.8) 16 20 (43.5)
23 (79.3) 17 6(37.9)
25 (100) 1 1 (100)
217 (45.6) 157 47 (29.9)

Fig. 1 Percentage of men with positive biopsy by PCA3 score range
(N =578).
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with PSA of 4-10 ng/mL, the AUCs of PSA, f/t PSA, PV,
PSAD and PCA3 score were 0.557, 0.647, 0.686, 0.692 and
0.742, respectively. There was a significant difference in
AUC between f/t PSA and PCA3 score (P < 0.05), but not
between PSAD and PCA3 score (Fig. 2). On univariate
regression analysis, all variables had a significant association
with biopsy outcome. Multivariate logistic regression analysis
showed that PCA3 score (P < 0.001), PSAD (P < 0.001), PV
(P <0.01) and repeated biopsy (P < 0.01) were independent
factors predicting biopsy outcome (Table 4). Totals of 21.1%
(32/152),22.9% (27/118) and 51.5% (150/291) of patients
had a positive biopsy in patients with PSAD < 0.15, 0.15-0.2
and =0.2, respectively. The percentage of men with positive
biopsy according to the combination of PSAD and PCA3
score is shown in Fig. 3. The percentage of patients with a

positive biopsy increased with higher PCA3 scores in
subgroups based on PSAD. Only three (4.1%) out of 72 cases
with PSAD < 0.15 and PCA3 score < 20 had prostate cancer.
A total of 43% had a positive biopsy in men with PSAD <
0.15 and PCA3 score =50. In 264 men diagnosed with
prostate cancer, a total of 72, 103 and 89 cases had Gleason
scores = 6, 7, and =8, respectively. Median (range) PCA3
scores in men with Gleason scores = 6,7 and =8 were 45
(4-280), 51 (4-288), and 45 (1-250), respectively. There was
no significant difference in PCA3 score among these three
groups. A total of 88, 133, 35 and eight patients had clinical
stage Tlc, T2, T3, and T4, respectively. Median (range) PCA3
scores in men with clinical stage T1c, T2, T3, and T4 were 44
(6-242), 55 (4-280), 49 (1-288), and 51 (15-123),
respectively. There was no significant difference in PCA3
score among the four categorical groups of clinical stage.
There was a significant association between PCA3 score and
% positive cores (r =0.166, P < 0.01). Data on % positive
cores was not available in two patients. A total of 164 and 98
cases had % positive cores < 33, and >33, respectively. A
total of 12 and 248 cases had indolent cancer and significant
cancer, respectively. There was no significant difference in
PCA3 score between % positive cores = 33 and >33 (median
PCA3 score 47 vs 58), or between indolent cancer and
significant cancer (median PCA3 score 39 vs 49).

Discussion

In the present study, we investigated the ability of a PCA3
urine assay to predict the prostate biopsy outcome in a
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Table 3 Sensitivity, specificity, positive and negative predictive values at different PCA3 score

threshaolds.

10 94.9
20 82.3
35 66.5
50 49.3
100 18.6

443

29.2 90.6
54.8 51.9 84.0
71.6 58.1 783
810 60.6 73.0
94.8 67.8 66.3

Fig. 2 A, Receiver - operator curve (ROC) analysis to predict positive
biopsy resulfs (n = 561), PSA: 0.583, PV: 0.706, PSAD: 0.712, PCA3 score:
0.748. PSA vs. PCA3 score: P < 0.001, PV, PSAD vs. PCA3 score N.S. B,
ROC analysis to predict positive biopsy result in patients with PSA
between 4 and 10 ng/mL (n = 370), PSA: 0.557, f/t PSA: 0.647, PV:
0.686, PSAD: 0.692, PCA3 score: 0.742, PSA vs PCA3 score P < 0.001, f/t
PSA vs. PCA3 score: P < 0.05, PV, PSAD vs. PCA3 score N.S.
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large cohort of patients from four major institutions in
Japan. We found the highly informative specimen rate of
98% using a PROGENSA PCA3 assay, which verified the
results of multiple studies [7-11]. We observed an
increasing incidence of prostate cancer in men with a
higher PCA3 score. The diagnostic performance of PCA3
urine assay for prostate cancer was excellent, with an AUC
of 0.748 in Japan, compared with other reports in North
America and Europe ranging from 0.66 to 0.69 [8-10,13].
Adam et al. [14] reported that the AUC of PCA3 was
0.7054 in a South African setting consisting of 68% black
men. At a PCA3 threshold of 35, which is considered to be
a better balanced value between sensitivity and specificity,
the specificity of the PCA3 score was 71.6% in Japanese
men, compared with 72-76% in North American and
European men and 50% in South African men. These
results showed that the diagnostic performance of PCA3
assay in Japan was similar to that reported in different
regions and ethnic groups.

Free/total PSA ratio is widely used to stratify the risk of
prostate cancer in men with PSA 4-10 ng/mL, and a lower
f/t PSA is more likely to be found in association with
prostate cancer [4]. In the present study, we found that the
diagnostic performance of PCA3 score surpassed that of f/t
PSA in men with PSA 4-10 ng/mL. The AUC of the PCA3
score was highest among the variables analysed and it was
significantly higher than that of f/t PSA (0.742 vs 0.647; P <
0.05). In the placebo arm of the Reduction by Dutasteride
of Prostate Cancer Events (REDUCE) trial, 1140 men who
had a negative baseline biopsy received a PCA3 score
before repeat biopsy at 2 years [15]. In its largest repeat
biopsy study to date, the AUCs of PCA3 score, PSA, and f/t
PSA were 0.693, 0.612 and 0.637, respectively. A significant
difference was found between PCA3 score and PSA, but the
difference between PCA3 score and f/t PSA did not reach
statistical significance (P = 0.065). In 463 European men
with repeat biopsy, the AUC of PCA3 score was higher
than that of f/t PSA (0.658 vs 0.578); however, the
difference in AUCs between PCA3 score and {/t PSA did
not reach statistical significance either [10]. We confirmed
that PCA3 score was significantly superior to f/t PSA and
PSA in predicting biopsy outcome in Japanese men with
grey zone PSA levels.
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Table 4 Univariable and multivariable logistic regression analysis for positive biopsy.

Repeat biopsy 0.626 0.422-0.930
PSA 1.058 1.022-1.096
PV 0.955 0.942-0.968
PSAD 60.885 18.671-198.536
PCA3 score 1.017 1.013-1.022

<0.05 0.521 0.319-0.849 <0.01
<0.01 N.S.
<0.001 0.978 0.963-0.992 <0.01
<0.001 18.883 4.805-74.208 <0.001.
<0.001 1.015 1.010~-1.020 <0.001

Fig. 3 Percentage of men with positive biopsy by combination of
PCA3 score range and PSAD range.
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Multivariable logistic regression showed that PCA3 score
(P < 0.001), PSAD (P < 0.001), PV (P < 0.01) and repeated
biopsy (P < 0.01) were independent predictors of positive
biopsy in the present study. Several studies showed that
PCA3 score was significantly cooperating with PSA and PV
for predicting prostate cancer [9,10,13]. PSA correlates with
PV in men without prostate cancer; thus, PSAD (PSA
divided by PV) was used for more accurate assessment to
improve the specificity in diagnosis of prostate cancer;
however, the commonly used PSAD threshold of 0.15 could
not detect > 40% of cancers, resulting in limited usefulness
in a routine clinical setting [5]. In the present study, 21.1%
of men with PSAD < 0.15 had a positive biopsy. Thus,
when a PSAD threshold value of 0.15 was applied in our
population, a considerable number of prostate cancer cases
were missed. When the PCA3 score was combined with
PSAD, we observed that the rate of positive biopsy
increased, even in the subgroup of men with PSAD < 0.15
(Fig. 3). When the PCA3 score was <20 in men with PSAD
< 0.15, only three (4.1%) out of 72 men had prostate
cancer. By contrast, 43% of men with PCA3 score =50 and
PSAD < 0.15 had a positive biopsy. The combination of
PSAD and PCA3 score stratifies the risk of prostate cancer
and predicts a low risk of prostate cancer, suggesting that
these men could avoid unnecessary biopsy. It is notable that
these three patients with cancer (PSAD < 0.15 and PCA3
score <20) had significant cancer with % positive cores of
=33 and Gleason score > 6 as biopsy pathological features.

Several studies have shown the significant relationship
between PCA3 score and tumour volume in prostatectomy
specimens and the ability of PCA3 score to discriminate
low-volume/low-grade cancer with the aim of selecting
patients who are candidates for active surveillance [16,17].
Ploussard et al. [17]reported that a high PCA3 score of >25
was an important predictor of large tumour volume with
an odds ratio of 5.4 (P =0.1) and significant cancer with an
odds ratio of 12.7 (P =0.003). In the present study, we
found a significant relationship between PCA3 score and %
positive cores; however, there was no difference in PCA3
score between % positive = 33 and >33, or among
subgroups by Gleason score and clinical stage. Further
investigation of the correlation between PCA3 score and
pathological outcomes on prostatectomy specimens will be
needed in Japan.

In the present cohort, men with a wide range of PSA levels
were enrolled. A PCA3 urine assay would be irrelevant in
men with a high PSA level (the positive rate of prostate
cancer was 100% in men with PSA > 50 ng/mL, and 79.3%
in men with PSA 20-50 ng/mL at initial biopsy); thus, these
were excluded from the analysis for prediction of biopsy
outcome. Furthermore, not all men received prostate
volume measurement because this was a multi-institutional
study. These features might have influenced the results.

In conclusion, this Japanese multicentre study shows that
the PCA3 urine assay could improve the prediction of
prostate cancer and may help in selecting men who might
benefit from prostate biopsy. The percentage of patients
with positive biopsy increased with higher PCA3 scores.
PCA3 score was superior to f/t PSA for predicting prostate
cancer in patients with PSA 4-10 ng/mL. A combination of
PSAD and PCA3 score may be useful for selecting patients
who could avoid an unnecessary biopsy.
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Expression and Role of HMIGA1 in Renal Cell Carcinoma
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Purpose: Although molecular targeted therapy has improved the clinical out-
come of metastatic renal cell carcinoma, a complete response is rare and there are
various side effects. Identifying novel target molecules is necessary to improve
the clinical outcome of metastatic renal cell carcinoma. HMGAL1 is over expressed
in many types of cancer and it is associated with metastatic potential. It is
expressed at low levels or not expressed in normal tissue. We examined HMGA1
expression and function in human renal cell carcinoma.

Materials and Methods: HMGA1 expression in surgical specimen from patients
with renal cell carcinoma was examined by immunoblot. HMGA1 expression in 6
human renal cell carcinoma cell lines was examined by immunoblot and immu-
nofluorescence. The molecular effects of siRNA mediated knockdown of HMGA1
were examined in ACHN and Caki-1 cells.

Results: Immunoblot using surgical specimen showed that HMGA1 was not ex-
pressed in normal kidney tissue but it was expressed in tumor tissue in 1 of 30
nonmetastatic (3%) and 6 of 18 metastatic (33%) cases (p = 0.008). Immunoblot and
immunofluorescence revealed significant nuclear expression of HMGA1 in ACHN
and Caki-1 cells derived from metastatic sites. HMGA1 knockdown remarkably
suppressed colony formation and induced significant apoptosis in ACHN and Caki-1
cells. HMGA1 knockdown significantly inhibited invasion and migration in vitro,
and induced anoikis associated with P-Akt down-regulation in ACHN cells.
Conclusions: HMGAL1 is a potential target for novel therapeutic modalities for
metastatic renal cell carcinoma.

Key Words: apoptosis; carcinoma, renal cell; HMGA1 protein; molecular
targeted therapy; anoikis

AvrtHOUGH molecular targeted therapy
has improved the clinical outcome for
patients with mRCC, a complete re-
sponse is rare and therapy has vari-
ous adverse effects. Identifying novel
target molecules is needed to develop
new therapeutic modalities for mRCC.
Targeting molecules that have a role in
cell growth and survival, and are ex-
pressed exclusively in cancer cells but
not in normal cells should result in sig-
nificant antitumor effects with few ad-
verse events.
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From this perspective we focused
on HMGA1, a nuclear matrix protein
with 3 AT-hook domains that bind the
minor groove of AT-rich DNA se-
quences.” HMGA1 modulates the ac-
tivity of many transcription factors
by inducing a conformational change in
DNA via AT rich DNA sequence bind-
ing.? HMGA1 also modulates the mo-
lecular or cellular function of other
molecules, including p53* and Rb,* via
protein-protein interactions. HMGA1 is
over expressed in many types of can-
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cer” but it is expressed at low levels or not expressed
in normal adult tissue.® HMGA1 exerts oncogenic
activity in vitro”® and in vivo.”** HMGAL1 expres-
sion is associated with cancer metastatic potential
and progression.?1%-1*

We previously reported that HMGA1 transfection
in prostate cancer cells enhanced tumor cell growth
and matrix metalloproteinase 2 expression’® while
HMGAL expression in the TRAMP (transgenic ade-
nocarcinoma of the mouse prostate) model was con-
fined to the later stage when metastatic lesions
formed.*® These findings suggest that HMGAL is a
strong candidate gene with a potential role in pros-
tate cancer progression and metastasis.

Thus, we examined HMGA1 expression in RCC
cell lines and RCC tissues, and the role of HMGA1 in
RCC with an emphasis on HMGA1 as a target mol-
ecule for novel therapeutic modalities for mRCC,
including antisense therapy.

MATERIALS AND METHODS

Cell Culture and Reagents

The human cancer cell lines PC-3 (prostate cancer),
Caki-1, ACHN, NC65, A498, 786-0 and RCC4 (RCC) were
maintained in RPMI1640 containing 10% fetal bovine se-
rum, 100 U/ml penicillin and 100 pg/ml streptomycin at
37C in a humidified atmosphere of 5% CO,. We used the
pancaspase inhibitor zVAD-fmk (R & D Systems®) and
poly-HEMA (Sigma®).

Immunofluorescence

After fixation in methanol and blocking, cultured cells
were incubated with anti-HMGI(Y) antibodies (N19) (di-
lution 1:100) and then with fluorescein conjugated donkey
anti-goat IgG (Santa Cruz Biotechnology, Santa Cruz,
California) (dilution 1:200). Samples were observed by
fluorescence microscopy (Olympus®).*”

Protein Preparation

Whole cell lysate was prepared from each cell line in RIPA
Lysis Buffer (Santa Cruz Biotechnology) according to
manufacturer instructions. Each whole cell lysate was
prepared from surgical specimens in sodium dodecyl sul-
fate buffer, as previously described."® The protein concen-
tration was measured using a BCA™ Protein Assay Kit.

Immunoblot

Protein samples were separated in 15% polyacrylamide
gel (Bio-Rad®) and transferred to nitrocellulose mem-
branes (GE Healthcare, Little Chalfont, United Kingdom).
Primary antibodies against HMGA1 (anti-HMGI [Y] anti-
bodies, N19, Santa Cruz Biotechnology), P-Akt (Ser473)
and Akt (Total Akt, Cell Signaling Technology®) were
used (dilution 1:200, 1:1,000 and 1:2,000, respectively). Sig-
nals corresponding to HMGAL, P-Akt and Total Akt were
detected using an enhanced chemiluminescence kit (GE
Healthcare). A monoclonal antibody against -actin (clone
AC15, Sigma) (dilution 1:5,000) was used to control sam-
ple loading. The B-actin signal was detected with a chemi-
luminescence kit (GE Healthcare).

Patients
Surgical specimens from 48 patients diagnosed histo-
pathologically with RCC who underwent radical nephrec-
tomy were examined by immunoblot. Correlations be-
tween HMGAI1 expression and clinicopathological factors
were analyzed. The patients included 34 males and 14
females 33 to 83 years old. The histopathological diagnosis
included clear cell carcinoma in 36 cases, spindle cell
carcinoma in 5, chromophobe cell carcinoma in 3, papil-
lary RCC in 2 and an unclassified subtype in 2. Histolog-
ical classification and stage data according to the 2002
TNM classification system, 6th edition were Tla in 10
cases, Tlbin 11, T2 in 4, T3ain 7, T3b in 13, T4 in 3, NO
in 43, N1in 2, N2 in 3, MO in 18, M1 in 30, stages I to IV
in 19, 2,9 and 18, and G1 to G3 in 3, 33 and 9, respectively.
Normal and cancerous tissues were collected separately
from each surgically removed kidney. Specimens were
stored frozen at —~80C until used for immunoblot.

This study was done with the approval of our institu-
tional review board. Informed consent was obtained from
each patient.

siRNA Mediated Knockdown

Synthetic double strand siRNAs were transfected at a
concentration of 200 nM using Oligofectamine™ according
to manufacturer instructions. The siRNAs used had the
sequence (target sequence, sense strand) scramble (con-
trol) siRNA 5-CAGTCGCGTTTGCGACTGGATAT-3' and
HMGA1 siRNA 5-GACCCGGAAAACCACCACAATAT-3’
(Sigma).'?

Assays

Colony formation. Two days after siRNA transfection
cells were seeded at 150 live cells per well in 6-well plates.
Cells were incubated in growth medium for 8 to 10 days.
The number of viable colonies per well was counted.

Cell proliferation. Two days after siRNA transfection
cells were seeded in replicates of 6 into 96-well plates at
5,000 live cells per well in growth medium. Cell prolifera-
tion was estimated using the Cell Counting Kit-8 (WST-8)
(Dojindo Laboratories, Kumamoto, Japan) according to man-
ufacturer instructions.

Apoptosis Detection

To detect apoptosis by flow cytometry cells were grown for
the indicated duration after siRNA transfection and then
treated with 0.1% Triton X-100 containing propidium io-
dide to stain nuclei or labeled using the FITC Annexin V
Apoptosis Detection Kit 1 (BD Pharmingen™). DNA con-
tent and annexin V positive cells were measured using a
FACSCalibur™ flow cytometer and CellQuest™ software.
Apoptosis was evaluated by quantifying the percent of
cells with hypodiploid DNA (sub-G1) as an indicator of
DNA fragmentation or the percent positively stained with
annexin V. For all assays 10,000 cells were counted.

Cell Invasion and Migration Assays

Migration and invasion assays were performed using un-
coated and Matrigel™ coated Transwell® inserts accord-
ing to manufacturer instructions. Two days after siRNA
transfection 5 X 10* and 2 X 10° live cells were added to
the inserts for migration and invasion assays, respec-
tively. After 24-hour incubation at 37C in a humidified 5%
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CO, atmosphere cells that had migrated through or in-
vaded the inserts were stained using a Diff-Quik™ stain-
ing kit and quantified by determining the total cell num-
ber derived from 5 randomly chosen visual fields per
membrane at 400X magnification.

Anoikis Evaluation

Anoikis was examined by plating cells on poly-HEMA
coated 6-well plates to produce a cell suspension according
to a previously reported method®® with minor modifica-
tions. A solution of 30 mg/ml poly-HEMA in 95% ethanol
was made and 0.96 ml of this solution was overlaid on 1
well of the 6-well plates. The plates were left to dry in a
sterile culture hood at room temperature overnight. Be-
fore use the wells were rinsed twice with phosphate buff-
ered saline (-) and once with culture medium. Two days
after siRNA transfection cells were plated at 2.0 X 10° live
cells in each poly-HEMA coated well (nonadherent condi-
tion) or in each uncoated well (adherent condition) and
incubated for 24 hours at 37C in a humidified 5% CO,
atmosphere. Apoptosis under each condition was evalu-
ated as described. If the apoptotic fraction was greater
under nonadherent conditions than under adherent con-
ditions, anoikis induction was inferred.

Statistical Analysis

Multiple independent experiments were done for each
data set. Results are shown as the mean * SD. Student’s
t test was used to identify significant differences between
the control and experimental groups. The correlation be-
tween clinicopathological factors and HMGA1 expression
was evaluated by the Fisher exact test with differences
considered statistically significant at p <0.05.

RESULTS

HMGA1 Expression

Human RCC tumor tissue (surgical specimens).
HMGAL expression in kidney tumor and normal
kidney tissues from the same patient after radical
nephrectomy was examined by immunoblot. Immu-
noblots of surgical samples from 48 cases of RCC
revealed that HMGA1 was not expressed in normal
kidney tissue in any case while HMGA1 was ex-
pressed in tumor tissue in 1 of 30 nonmetastatic
(MO0) (3%) and 6 of 18 metastatic (M1) (33%) cases
(p = 0.008) as well as in 3 of 36 G1-2 (8%) and 4 of
9 G3 (44%) cases (p = 0.022, see table and fig. 1, A).
These findings suggest the preferential expression of
HMGAL1 in high grade and metastatic RCC.

Human RCC cells. High HMGA1 expression was de-
tected by immunoblot in Caki-1 cells derived from
skin metastasis and in ACHN cells derived from
pleural effusion. Low expression was detected in
NC65 cells derived from moderately differentiated
primary renal cancer whose host had skin metasta-
sis. Scarcely detectable expression was noted in
786-0 cells derived from primary renal cancer whose
host had metastasis after nephrectomy, RCC-4 and

HMGAT expression in RCC

Total  No. Pos No. Neg p Value
No. HMGAT (%) HMGA1 (%) (Fisher exact test)
Kidney: 0.012
Normal 48 0 48 (100)
Tumor 48 7(15) 41 (85)
Histological grade: 0.022
G1-2 36 3 {8) 33 (92)
G3 9 4 (44) 5 (56)
Metastasis clinical stage: 0.008
MO 30 1 (3 29 (97)
M1 18 6(33) 12 (67)

A498 cells (fig. 1, B). Immunofluorescence revealed
nuclear localization of HMGA1 in Caki-1, ACHN
and NC65 cells (fig. 1, C). Significant HMGA1 ex-
pression was confirmed in ACHN and Caki-1 cells
and, thus, these lines were subsequently used to
examine HMGA1 function using RNA interference.

HMGA1 Knockdown

By siRNA. HMGA1 knockdown in Caki-1 and ACHN
cells was achieved using HMGA1 specific siRNA.
Immunoblot revealed that transient transfection
with HMGAL1 specific siRNA efficiently and signifi-
cantly decreased HMGA1 expression in each cell
line 2 days after transfection while scrambled con-
trol siRNA barely affected the HMGA1 level (fig. 2, A).
These knockdown experiments were applied to the
following experiments to evaluate HMGA1 function
in the 2 cell lines.

Colony formation and cell proliferation inhibition.
The effects of HMGA1 knockdown on cell growth
and survival in Caki-1 and ACHN cells were exam-
ined using a colony formation assay. HMGA1 knock-
down using HMGA1 specific siRNA in ACHN cells
remarkably inhibited colony formation. However,
transfecting control siRNA with a scrambled se-
quence scarcely affected the number of colonies (con-
trol v¢ HMGAL siRNA mean 127.7 = 5.4 vs 5.7 =
2.5, p <0.01, fig. 2, B and C). HMGA1 knockdown in
Caki-1 cells also remarkably suppressed colony for-
mation (control ve HMGA1 mean 86.0 + 5.3vs 7.3 =
1.5, p <0.01, fig. 2, B and C). Similarly HMGA1
knockdown in ACHN and Caki-1 cells remarkably
suppressed cell proliferation (fig. 2, D).

Apoptosis induction. Since the results of our colony
formation and cell proliferation assays suggested an
inhibitory effect of HMGA1 knockdown on cell sur-
vival and growth, we examined how HMGA1 knock-
down affected apoptosis induction. Transfection of
HMGAI1 specific siRNA induced significant apopto-
sis in ACHN and Caki-1 cells in a time dependent,
siRNA sequence specific manner. Four days after
transfection the mean ACHN sub-G1 fraction was
2.3% = 0.4% vs 39.8% * 0.7% and the mean Caki-1
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Figure 1. HMGAT1 expression in RCC. PC-3 served as loading positive control. A, HMGA1 and B-actin expression in normal (N) and
tumor kidney tissue from same patients was assessed by immunoblot. Boxed T, kidney tumor tissue expressing HMGA1. T, kidney
tumor tissue with no HMGA1 expression. B, HMGA1 and B-actin expression in human RCC cell lines was assessed by immunoblot.
C, immunofluorescence revealed HMGA1 nuclear localization in Caki-1, ACHN, NC-65 and PC-3 cells at different intensities.

sub-G1 fraction was 7.1% = 1.0% vs 41.6% *= 1.7%
for control siRNA vs HMGA1 specific siRNA, respec-
tively (each p <0.01, fig. 3, A). The blocking effect of
the pancaspase inhibitor zZVAD-fmk on apoptosis in-
duction by HMGA1 knockdown was significant in
ACHN but minimal in Caki-1 cells (fig. 3, B).

These findings suggest that HMGA1 has inhibi-
tory effects on caspase independent and dependent
apoptosis in RCC cells. The induction of apoptosis by
transfection of HMGA1 specific siRNA in ACHN and
Caki-1 cells was also confirmed by the emergence of
annexin V positive cells (fig. 3, C).

Inhibition of ACHN cell in vitro invasion and migra-
tion. In vitro invasion assay after 24-hour incubation
showed that the number of untreated ACHN cells in-
vading the Matrigel coated membrane was high
enough to be counted while that of untreated Caki-1
cells was not. Thus, the role of HMGA1 in cell invasion
and migration was evaluated using ACHN cells.

In vitro invasion assay revealed that transfection
of HMGA1 specific siRNA significantly decreased
the number of ACHN cells invading the Matrigel
coated membrane compared to the transfection of
control siRNA (169.3 += 10.1 vs 718.3 = 163.5 cells,
p <0.01, fig. 4, A). Similarly our in vitro migration
assay indicated that transfection of HMGA1 specific
siRNA significantly decreased the number of ACHN

cells migrating through the uncoated membrane
compared to the transfection of control siRNA (299.0 +
30.8 vs 590.0 = 112.1 cells, p <0.05, fig. 4, B).

Anoikis induction and phosphorylated Akt down-
regulation in ACHN cells. Anoikis induction was
first examined using untreated ACHN and Caki-1
cells. In each untreated cell line no significant in-
crease was noted in apoptotic cells under nonadher-
ent vs adherent culture conditions (fig. 5, A). Thus,
the 2 cell lines were judged to be anoikis resistant.
No significant anoikis was observed in ACHN cells
transfected with control siRNA while significant
anoikis was observed in ACHN cells transfected
with HMGA1 specific siRNA (fig. 5, B). In contrast,
no significant anoikis was induced in Caki-1 cells
transfected with control or HMGA1 specific siRNA
(fig. 5, B).

Since it was suggested in the literature that anoi-
kis resistance is associated with Akt phosphoryla-
tion at Ser473, the phosphorylation of Akt in each
cell line 4 days after siRNA transfection was exam-
ined by immunoblot analysis. In ACHN cells HMGA1
knockdown was associated with P-Akt down-regula-
tion compared to transfection with control siRNA
while total Akt expression was least affected by
transfection of HMGA1 specific or control siRNA
(fig. 5, C). Conversely HMGA1 knockdown in Caki-1
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Figure 2. HMGA1 knockdown inhibited colony formation by RCC cells. A, expression of HMGA1 and S-actin as loading control in
ACHN and Caki-1 cells was assessed by immunoblot. HMGA1 efficient decrease was confirmed in cells treated with HMGAT1
specific siRNA (HMGAT) but not in cells treated with control siRNA (Scramble) vs untreated control cells. B, macroscopic
appearance of ACHN and Caki-1 colonies treated with siRNA. Two days after siRNA transfection 150 cells were seeded per well.
C, graphic presentation of the number of ACHN and Caki-1 colonies. Columns indicate mean of 3 preparations. Bars indicate SD.
Asterisk indicates p <0.01. D, ACHN and Caki-1 cell proliferation. Two days after transfection with siRNA on day 0 cells were
seeded in 96-well plates for WST-8 assay on days 1 to 4. Points indicate mean of 6 preparations. Bars indicate SD. Asterisk

indicates p <0.01 vs cells treated with control siRNA.

cells did not lead to significant P-Akt down-regula-
tion (fig. 5, C). These findings suggest that HMGA1
knockdown in cases associated with P-Akt down-
regulation is involved in anoikis induction in a sub-
set of RCC cells.

DISCUSSION

The introduction of molecular targeted drugs in clin-
ical settings has conferred significant survival ben-
efits for patients with mRCC but the antitumor ef-
fect of these drugs is relatively weak since they
rarely achieve a complete response. Also, various
side effects are commonly associated with molecular
targeted drugs.’ Identifying novel candidate target
molecules with significant molecular functions is
mandatory to develop new therapeutic modalities
for mRCC. If the expression of these candidate mol-
ecules is observed exclusively in RCC cells but not in
normal cells, the incidence of side effects should be
minimal. In addition, if these candidate molecules
have a significant role in cell growth or survival,
therapy targeting and inhibiting these molecules
should have significant antitumor effects. To this

end we examined the expression and molecular func-
tion of HMGA1 in RCC cells.

HMGAL expression is high in normal embryonic
tissue but low or almost undetectable in adult
tissue.® In contrast, HMGA1 is over expressed in
cancer of various types, including cancer of the
pancreas,?! colon,?* prostate,'®'* ovary®® and tes-
tis,** especially in association with high grade and
metastasis.>™?1** HMGAL1 is also a potent onco-
gene.”®1%1 Furthermore, various important func-
tions and roles in cancer have been reported for
HMGAL1. To our knowledge this is the first report to
describe the expression and role of HMGA1 in RCC.
We examined HMGA1 expression in RCC using sur-
gical specimens and cell lines. We also estimated the
molecular function of HMGAL in RCC by HMGA1
knockdown using RNA interference.

HMGA1 was preferentially expressed in meta-
static RCC tumor tissue and cell lines but not in
normal tissue. Our functional analysis revealed that
HMGA1 knockdown induced remarkable inhibition
of colony formation and significant apoptosis in RCC
cells. These findings make this molecule a candidate
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Figure 3. HMGA1 knockdown induced apoptosis in ACHN and Caki-1 RCC celis. siRNA treatment was done as described. A and
B, apoptosis (sub-G1 fraction) was identified by flow cytometry. A, apoptosis time dependent induction. B, effect of pancaspase
inhibitor zVAD-fmk on apoptosis. C, representative flow cytometry data on apoptosis. Apoptosis was evaluated by percent of annexin
V positive fraction 3 days after siRNA transfection. Scramble, cells treated with control siRNA. Columns indicate mean of 3 prepara-
tions. Bars indicate SD. n.s., not statistically significant (p >0.05). Asterisk indicates p <0.01.

for molecular targeted therapy for mRCC and sug-
gest a significant antitumor effect with minimal side
effects.

Our study also suggests that HMGA1 has a role
in the metastatic cascade, including the acquisition
of invasion potential and anoikis resistance. After
cancer cells detach from a primary site upon acquir-
ing invasion potential they must survive anoikis to
develop metastatic lesions. Resistance to anoikis or
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detachment induced apoptosis was suggested as a
phenotypic hallmark of metastatic cancer cells.?®
The PI3 kinase/Akt pathway activation is reportedly
involved in resistance to anoikis.?®

Notably Liau et al reported that HMGA1 in pan-
creatic cancer cells is involved in anoikis resistance
and associated with Akt activation.?” Our study sug-
gests that HMGA1 knockdown in cases associated
with P-Akt down-regulation is involved in anoikis
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Figure 4. HMIGA1 knockdown inhibited ACHN cell invasion and migration in vitro. siRNA treatment was done as described. Scramble,
cells treated with control siRNA. Columns indicate mean of 3 preparations. Bars indicate SD. A, asterisk indicates p <0.01. B, asterisks

indicate p <0.05.
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Figure 5. HMIGA1 knockdown affected RCC cell anoikis. siRNA treatment was done as described. A, ACHN and Caki-1 were resistant
to anoikis. No increase in apoptosis under nonadherent conditions with poly-HEMA was noted vs adherent conditions in each cell line.
B, HMGA1 knockdown induced significant anoikis in ACHN but not in Caki-1 cells. Scramble, cells treated with control siRNA. Columns
indicate mean of 3 preparations. Bars indicate SD. n.s., not statistically significant (p >0.05). Asterisk indicates p <0.01. C, immunoblot
produced using antibodies against P-Akt, total Akt, HMIGA1 and B-actin showed that HMGA1 knockdown led to down-regulation of

P-Akt associated with anoikis induction in ACHN but not Caki-1 cells.

induction in RCC cells. This indicates that therapy
targeting HMGA1 could inhibit the formation of
metastatic lesions that develop from existing meta-
static lesions, which would significantly affect the
survival of patients with mRCC.

Several drugs that affect HMGA1 DNA binding
activity have been examined to estimate their effi-
cacy and toxicity in animal models and clinical tri-
als, including distamycin, FR900482, FK317, ne-
tropsin and NOX-A50.%7%% Alternatively other groups
have targeted important molecules downstream of
HMGA1, including COX-2, STAT3 and MMP-2.**
HMGA1 has multiple important biological roles in
cancer cells, including oncogenic activity in vitro”®
and in vivo,'%'? cell growth,®!® metastatic poten-
tial,®"'**¢ chromosomal rearrangement,'” and p53°
and Rb? inhibition, in addition to the regulation of
gene expression.” Thus, antisense therapy for HMGA1
that suppresses the expression of only 1 gene would
produce multiple effects simultaneously, which
might contribute greatly to mRCC control. Chi et al

developed an antisense construct for clusterin and
applied it clinically to treat castration resistant
prostate cancer.?” Further in vivo studies and the
development of an antisense construct are war-
ranted to confirm whether HMGA1 is a good candi-
date molecule for targeted therapy of mRCC.

CONCLUSIONS

HMGA1 was preferentially expressed in mRCC but
not expressed in normal kidney tissue. Functional
analysis revealed that HMGA1 knockdown mark-
edly inhibited colony formation, significantly in-
duced apoptosis, inhibited invasion potential and
induced anoikis. These findings suggest that HMGA1
is a potential target molecule for novel molecular tar-
geted therapy of mRCC.
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Significant induction of apoptosis in renal cell carcinoma
cells transfected with cationic multilamellar liposomes
containing the human interferon-f§ gene through activation
of the intracellular type 1 interferon signal pathway
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Abstract. We previously reported that cationic multilamellar
liposome containing the human interferon-f3 (hulFN-f) gene
(IAB-1) demonstrated significant cytotoxic effect in the NC65
human renal cell carcinoma (RCC) cell line. In this study,
we investigated the molecular mechanisms of IAB-1-induced
apoptosis and cytotoxicity in RCC cells. Remarkable in vitro
cytotoxic and apoptosis-inducing effects of IAB-1 against
NC65 cells were observed by a colorimetric method and
TUNEL staining, respectively. In contrast, treatment of NC65
cells with exogenously added hulFN-f3 protein induced low-
level cytotoxicity without apoptosis. Neutralizing antibodies
against hulFN-f significantly suppressed the cytotoxic effect
of hul FN-§ protein, but they were unable to block the effect
of IAB-1. Cytotoxicity assays using transwell plates revealed
that NC65 cells treated with IAB-1 did not secrete cytotoxic
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soluble factors other than IFN-f. Substantial enhancement
of interferon-stimulated response element (ISRE) activity of
NC65 cells by IAB-1 was demonstrated by promoter reporter
assays. In addition, immunofluorescence using confocal
microscopy revealed the intracellular expression of IFN-
and its receptor induced by IAB-1. The induction of c-Myc
by IAB-1 was suggested by a cDNA macroarray and was
confirmed by western blot analysis. These findings indicate
that IAB-1 induces significant cytotoxicity and apoptosis in
NC65 cells, possibly through enhanced ISRE activity, that
is associated with increased intracellular localization of
hulFN-f and IFN-receptor. Our data support the potential
clinical application of IAB-1 gene therapy for RCC resistant
to IFN.

Introduction

There are few effective therapeutic modalities for metastatic
renal cell carcinoma (RCC). Among these treatment strate-
gies, interferons (IFNs) have generally been included. Many
combination treatments with other biological agents and
chemotherapeutic agents have been developed to enhance
the effectiveness of IFNs. However, response rates to these
therapies have been reported to be ~15-20% (1-4), which is not
satisfactory. Although molecular-targeted therapy has recently
been introduced to treat metastatic renal cell carcinoma
(mRCC) patients and has been shown to improve clinical
outcome, a complete response has rarely been observed, and
the therapy has various adverse effects (5-8). Therefore, the
prognosis of mRCC remains poor, emphasizing the need to
develop novel therapeutic modalities. One such promising
treatment involves gene therapy.

We previously reported that cationic multilamellar lipo-
somes containing the IFN-§ gene (IAB-1) show significant
antitumor activity against RCC both in vitro and in vivo (9).
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Significant cytotoxic effects as well as apoptosis are induced
by IAB-1, but not by the hulFN-B protein. Therefore, we
speculated that one mechanism of enhanced cytotoxicity by
TAB-1 may be via the induction of apoptosis. We even observed
cytotoxicity and apoptosis against the relatively IFN- protein-
resistant NC65: cell line, which suggests that this method may
be suitable for clinical application to treat IFN-resistant RCC.
Elucidation of the imolecular mechanisms of TAB-I-induced
apoptosis and cytotoxicity in RCC cells would be useful for

developing and optimizing effective gene therapies for RCC. In -

this study, we examined the molecular mechanisms responsible
for the significant apoptosis and cytotoxicity of RCC cells
induced by IAB-1. ‘

Materials and methods

Cells. The human RCC cell line NC65 (10) was maintained in
RPMI-1640 medium (Life Technologies Inc., Gaithersburg,
MD, USA) supplemented with 100 U/ml penicillin, 100 pg/m!
streptomycin (Life Technologies Inc.), and 10% heat-inactivated
fetal bovine serum (Life Technologies Inc., Bio-cult, Glasgow,
Scotland, UK), hereafter referred to as complete medium.

Reagents . 1AB-1is aplasmid DNA/lipid complex composed ofa
plasmid (pSV2IFNB) that contains the SV40 early promoter and
the hulFN-§3 gene coding sequence (11), and positively charged
liposomes [N-(o-trimethylammonioacetyl)-didodecyl-D-
glutamine chloride, dilauroyl phosphatidylcholine, and
dioleoyl phosphatidylethanolamine in a molar ratio of 1:2:2],
as described previously (11-13). The final concentration of
IAB-1 was 50 nmol of lipid/ul with 1.0 pg plasmid DNA/ul.
The empty liposome was composed of liposome alone
(50 nmol of lipid/ul) without plasmid DNA (9). The IAB-1
and empty liposomes were dissolved in phosphate-buffered
saline (PBS) and diluted to the indicated concentrations.
Recombinant hulFN-f protein (IFN-B Mochida, 2.0x10° IU/
mg) was provided from Mochida Pharmaceutical Inc., Tokyo,
Japan (9). Neutralizing anti-hulFN-f monoclonal antibody
(clone 76703.111) was purchased from R&D Systems Inc.
(Minneapolis, MN, USA).

IFN-f gene transfer. Aliquots of 5.0x10* cultured cells were
placed in each well of 6-well plates with 2 ml medium and
were incubated for 24 h at 37°C in a humidified atmosphere of
5% CO, (standard conditions). IAB-1 solution or empty lipo-
some solution was then added, and incubation was continued
for up to 3 days (9,14).

Cytotoxicity assay. Cytotoxicity was evaluated by a colorimetric
method using 2-(2-methoxy-4-nitrophenyl)-3-(4-nitro-
phenyl)-5-(2, 4-disulfophenyl)-2H-tetrazolium monosodium salt
(WST-8; Nacalai Tesque, Kyoto, Japan) (15). Briefly, triplicate
aliquots of cells were treated with IAB-1. After incubation under
standard conditions, the culture supernatant was replaced with
1 ml fresh complete medium containing 0.5 pmol tetrazolium
salt. After incubation for an additional 1 h, culture supernatants
were harvested, and the optical density (OD) at 450 nm was
measured. Cytotoxicity was calculated as follows: cytotoxicity
(%) = [1 - (absorbance of experimental wells/average absorbance
of control wells)] x100 (9).
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Terminal deoxynucleotidyl transferase-mediated dUTP nick
end-labeling (TUNEL) assay for detection of apoptotic cells.
Apoptosis was examined by the TUNEL method, as previously
reported (16). NC65 cells were incubated with 0.1 pl/ml IAB-1
(5.0 nmol lipid with 0.1 ug plasmid DNA/ml) or 10000 IU/
ml recombinant hulEN-f protein for 24 h under standard
conditions. After incubation, apoptotic cells were detected
using an in situ-Apoptosis Detection kit (Takara, Otsu, Japan),
according to the manufacturer's protocol. Labeled cells were
observed with a flaorescence microscope (16).

Western blot analysis. Sample proteins (20 pg) were separated
on 10% polyacrylamide gels in Tris-glycine buffer and trans-
ferred onto nitrocellulose membranes. The nitrocellulose
membranes were blocked for 30 min with blocking buffer (5%
skim milk in 0.1% Tween-PBS) and probed with anti-c-Myc
monoclonal antibody (clone 9E10; Santa Cruz Biotechnology,
Santa Cruz, CA, USA), anti-signal transducer and activator of
transcription 1 (STAT1) monoclonal antibody (clone 42; BD
Biosciences, San Jose, CA, USA), anti-STAT2 monoclonal anti-
body (clone 22; BD Biosciences), or anti-interferon-stimulated
gene factor 3y (ISGF3y, p48) monoclonal antibody (clone 6; BD
Biosciences) for 1 h. The membrane was washed and then incu-
bated with alkaline phosphatase-conjugated goat anti-mouse
IgG (Sigma, St. Louis, MO, USA). The signal was detected with
the BCIP-NBT kit (Nacalai Tesque). The relative expression of
c-Myc, STAT1, STAT2, and ISGF3 was determined with Gel
Doc 2000 (Bio-Rad Laboratories, Osaka, Japan).

The measurement of interferon-stimulated response element
(ISRE) activity. The activity of ISRE in NC65 cells treated with
1AB-1 or recombinant hulFN-§ protein was measured using
Pathway Profiling Luciferase System 5 (Clontech Laboratories
Inc.,Mountain View, CA, USA), according to the manufacturer's
protocol. pISRE-Luc is a signal transduction cis-reporter vector.
It was designed to monitor the activation of IFN-triggered signal
transduction pathways. pISRE-Luc contains five copies of the
ISRE-binding sequence, located upstream of the TATA-like
promoter (Pr,;) region of the herpes simplex virus thymidine
kinase promoter. Located downstream from Py, is the firefly
luciferase reporter gene. After activated transcription factors
bind to the cis-acting enhancer element, ISRE, transcription
is induced and the luciferase reporter gene is activated. The
activity of Iuciferase is proportional to the level of induction of
cellular gene transcription by type 1 IFN. pTA-Luc, the negative
control plasmid vector, was used as a control.

NC65 cells were plated the day before transfection of the
Pathway Profiling Luciferase vectors. Then, 1 pg pISRE-Luc
or pI'A-Luc was transfected with 9 ug SuperFect transfection
reagent (Qiagen, Hilden, Germany), according to the manu-
facturer’s protocol. One day after the transfection, JAB-1
or recombinant hulFN-f protein was added to the wells, as
described above in ‘IFN-§ gene transfer’, and the cells were
incubated for 24 h. Luciferase activity was measured using a
Luciferase assay kit (Promega, Madison, WI, USA), according
to the manufacturer's protocol. Photoemission was measured
for 10 sec using a luminometer.

Fluorescent confocal imaging of IFN-§ protein and type 1
IFN-receptor. NC65 cells were treated with IAB-1 or hulFN-8
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Figure 1. Cytotoxicity of IAB-1 against NC65 in vitro. NC635 cells (1.25x10%)
were placed in each well of a 24-well plate with 0.5 ml medium and incubated
for 24 h. PBS (control), recombinant hulFN-B protein, empty liposome, or
IAB-1 was added to the medium, and the cells were further incubated for 3
days. Cytotoxicity was evaluated by a colorimetric method using tetrazolium
salt as described in Materials and methods. a, control (PBS); b, 0.1 x#l/ml of
empty liposome (5.0 nmol lipid/ml); ¢, 1000 IU/ml recombinant hulFN-f;
d, 0.01 xl/ml of IAB-1 (0.5 rimol lipid with 0.01 ug plasmid DNA/ml); e,
0.1 ul/ml of IAB-1 (5.0 nmol lipid with 0.1 pg plasmid DNA/m]). Results
were derived from three independent experiments and are expressed as mean
+ SD. "p<0.05, compared to other treatment groups.

Figure 2. TUNEL assay for detection of apoptosis. NC65 cells were treated
with (A) 10000 1U/ml . recombinant hulFN-f protein or (B) 0.1 pl/ml of
IAB-1 (5.0 nmol ﬁpid with 0.1 g plasmid DNA/ml). Apoptotic cells (yellow)
were determined by TUNEL staining 24 h after treatment and visualized
by fluorescence microscopy at X200 magnification. Red arrows indicate
representative apoptotic cells.

protein in single-well chamber slides. After 24 h of incubation,
the cells were fixed in 4% paraformaldehyde, permeabilized
with 0.2% Triton X-100 in PBS, and then incubated with 1:25
mouse monoclonal anti-hulFN-f antibody (clone 76703.111;
R&D Systems Inc.) and 1:10 rabbit polyclonal anti-IFNa/BRf
antibody (the beta chain of type 1 IFN-receptor, C-18; Santa
Cruz Biotechnology) for 1 h at room temperature. After washing
with PBS twice, the slides were incubated with AlexaFlour 488
goat anti-mouse IgG antibody (Invitrogen Corp., Carlsbad,
CA, USA) and AlexaFlour 568 goat anti-rabbit IgG antibody
(Invitrogen Corp.) at a dilution of 1:200 for 45 min. Slides
were washed in PBS and coverslipped. Cells were viewed at
x600 magnification. Images were collected with an Olympus
Fluoview laser scanning confocal microscope (Olympus).

c¢DNA macroarray. Gene expression profiles using mRNA
from NC65 cells treated with medium, 10000 IU/ml recom-
binant huIFN-f protein, 0.1 x1/ml empty liposome solution, or
0.1 pl/ml IAB-1 were compared by Atlas Human Cancer 1.2
Array (Clontech Laboratories Inc.). This array includes 1185
human genes. Cells were harvested 48 h after each treatment.
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Figure 3. Neutralization effect of anti-IFN antibody on cytotoxicity of
IAB-1 against NC65 in vitro. NC65 cells (2.5x10%) were placed in each well
of a 12-well plate with 1.0 ml medium and incubated for 24 h. PBS (control),
recombinant hulFN-§ protéin, or IAB-1 was added to the medium with or
without 20 g/ml anti-hulFN-B monoclonal antibody (Ab). After 2 days of
incubation, cytotoxicity was evaluated by a colorimetric method using tetrazo-
lium salt as described in Materials and methods. a, control (PBS); b, 0.1 j1/ml
of IAB-1 (5.0 nmol lipid with 0.1 pg pl_asmid DNA/ml); c,0.1 ul/ml of IAB-1
+ Ab; d, 100 IU/ml IFN-B; e, 100 IU/ml IFN-B + Ab; £, 1000 IU/mi IFN-B;
g, 1000 I'U/ml IFN- + Ab; h, 10000 IU/m1 IFN-§; i, 10000 TU/ml IEN-B +
Ab. Results are expressed as mean + SD (p=4 per treatment group). “p<0.05,
comparing cells with antibody versus those without.

Statistical analysis. Multiple independent experiments were
performed for each data set, and the results are presented as the
mean + standard deviation (SD). For statistical analysis, unpaired
t-tests were used. Differences were considered statistically
significant at p<0.05.

Results

Transfection of IAB-1 induces significant cytotoxicity and
apoptosis in the human RCC line NC65. The cytotoxicity
against NC65 cells induced after 3 days of incubation with
0.1 pl/ml IAB-1 was substantially higher than that after
exogenously adding 1000 IU/ml recombinant hulFN-§ protein
(Fig. 1), consistent with our previous report (9). However, we
previously found that NC65 cells treated with TAB-1 secreted
IFN-B protein, and the concentration of IFN-f protein in the
culture medium of NC65 cells treated with 0.1 pl/ml IAB-1
was consistently lower than that of cells treated with 1000 IU/
ml recombinant hulFN-§ protein (9). In this study, TUNEL
staining demonstrated that transfection of 0.1 ul/ml IAB-1
significantly induced apoptosis, while treatment of NC65
cells with 10000 IU/ml recombinant hulFN-f protein did
not (Fig. 2), which is also consistent with our previous study
(9). These findings suggest that the ability of IAB-1 to induce
cytotoxicity and apoptosis is not simply the result of IFN-f§
protein secretion.

Secreted hulFN-f3 protein is not the sole cause of cytotoxicity
in IAB-I1-transfected NC65 cells. Utilizing neutralization
antibodies against hulFN-f, we evaluated the contribution of
secreted hulFN-f protein to the cytotoxic and apoptotic effects
of JAB-1. Neutralizing antibodies to hulFN-f protein signifi-
cantly suppressed the cytotoxic effect of exogenously supplied
hulFN-f protein, but did not block the lysis of IAB-1-transfected
NC65 cells (Fig. 3). These results suggest that secreted hulFN-f
protein was not the sole factor that induced cytotoxicity or apop-
tosis of IAB-1-transfected NC65 cells.
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Figure 4. Effects of soluble factors secreted by IAB-1-transfected NC65 cells
on untransfected NC65 cells using transwell plates NC65 cells (5 0x10“) were
seeded in each compartment of a transwell plate (6-well plate). Two days after
the addition of PBS (control), empty liposomes, IAB-1, or hulFN-B protein to
the upper wells, the growth of NC65 cells in the lower wells was determined
and cytotoxicity was evaluated by a colorimetric method using tetrazolium
salt as described in Materials and methods. a, control (PBS); b, 0.1 ul/m! of
empty liposome (5.0 nmol lipid/ml); ¢, 0.01 u1/ml of IAB-1 (0.5 nmol lipid
with 0.01 pg plasmid DNA/ml); d, 0.1 pl/ml of IAB-1 (5.0 nmol lipid with
0.1 pg plasmid DNA/ml); e, 1000 IU/ml recombinant hulFN-B.

Lack of evidence for other cytotoxic or pro-apoptotic soluble
Jactors secreted by IAB-I-transfected NC65 cells. To examine
if IAB-1-transfected NC65 cells secreted other molecules that
contributed to autocrine-mediated induction of cell lysis or

apoptosis, we employed a transwell system, which is composed

of two compartments (upper and lower) separated by a 1-mm
space containing a polycarbonate membrane with 8.0 um pores.
NC65 cells were seeded into both compartments at 5.0x10*
cells/well (6-well plate), and IAB-1 or hulFN-§ protein was
added to the upper wells. Two days after the addition of IAB-1 or
hulFN-B protein, the growth of NC65 cells in the lower well was
determined and cytotoxicity was evaluated. Using this system,
molecules secreted from the IAB-1-transfected NC65 cells in
the upper wells transfer through the porous membrane and
affect NC65 cells in the lower wells. IAB-1-transfected NC65
cells in the upper wells resulted in lower cytotoxicity of NC65
cells in the lower wells compared to hulFN-B protein-treated
cells (Fig. 4). This suggests that IAB-1 does not induce the
secretion of soluble factors, other than IFN-B, that significantly
impact cell growth or cytotoxicity.

No difference in STATI, STAT2, or p48 expression between
IAB-I-transfected NC635 cells and hulFN-§ protein-treated
NC65 cells. We next examined the expression of ISGF3, which
transduces signals triggered by IFN/IFN-receptor interactions
through the cytoplasm and into the nucleus, activating the
ISRE. ISGF3 consists of STAT1, STAT2, and p48, and their
expression in NC65 cells treated with PBS or empty liposome
solution was detected at very low levels by western blot analysis.
In contrast, the expression of STAT1, STAT2, and p48 in NC65
cells was upregulated by the addition of 1000 IU/ml huIFN-§
protein or 0.1 1/ml IAB-1, but their levels of expression did not
significantly differ between the two treatment groups (data not
shown).

The activity of ISRE is enhanced by IAB-1. ISRE is a signal
transduction cis-acting response element that is activated
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Figure 5. Activation of ISRE by IAB-1. NC65 cells were plated 1 day
prior to transfectlon thh control or ISRE promoter luciferase vectors.
One day post- transfectlon, IAB-1 or recombinant huIFN-B protem was
added to the wells, and the cells were incubated for an additional 24 h
before measuring 1uc1ferase activity. a, control (PBS), b, 100 IU/ml
recombinant hulFN-§; c, 1000 IU/ml recombinant huIlFN- -B; d, 10000 IU/ml
recombinant hulFN-B; e, 0.01 pl/mi of IAB-1 (0.5 nmol lipid with 0.01 ug
plasmid DNA/ml); f,0.1 pl/ml of IAB-1 (5.0 nmol lipid with 0.1 pg plasmid
DNA/m]). Results are expressed as mean + SD (a-d, n=3; e and f, n=6).
"p<0.03, compared to other treatment groups.

through IFN—tnggered 31gna1 transduction pathways to induce
ription of type 1 IFN-responsive genes. The addition of
0.1 pl/ml TAB-1 induced significant activation of ISRE, whereas
0.01 pl/ml IAB-1 or various concentrations of hulFN- protein
did not activate ISRE (Fig. 5). Luciferase activity was not demon-
strated in control transfected with pTA-Luc (data not shown).
These results suggest that:the IFN—tnggered signal transduction
pathway is s1gn1ﬁcantly activated in IAB-1-transfected NC65
cells.

IAB-I-induced intracellular expression of IFN-B and
IFN-receptor. To further investigate the molecular mechanisms
of IAB-1-induced apoptosis and cytotoxicity, compared to
those of exogenously added hulFN-f protein, we examined
the expression of hulFN-f protein and type 1 IFN-receptor
by immunofluorescence. Confocal microscopy enabled us to
assess the subcellular expression patterns of hulFN-§ protein
and type 1 IFN-receptor. In PBS-treated NC65 cells, type 1
IFN-receptor was expressed only on the cell membrane
(Fig. 6A). When NC65 cells were treated with hulFN-B protein,
hulFN-§ protein and type 1 IFN-receptor were also detected on
the cell membrane (Fig. 6A). In contrast, in IAB-1-treated NC65
cells, hulFN-f protein and type 1 IFN-receptor were observed
predominantly in the cytoplasm and were co-localized (Fig. 6A
and B).

c-Myc expression is enhanced by IAB-1. To better understand
the mechanism of enhanced cytotoxicity and apoptosis in
1IAB-1-treated versus hulFN-f protein-treated NC65 cells,
we performed a cDNA macroarray. We identified eight genes
among the 1185 human genes represented on the array, for which
expression differed by =3-fold in'NC65 cells treated by IAB-1
compared to NC65 cells treated with hulFN-f protein. Among
these eight genes, c-Myc was of particular interest, because it
is reported to be associated with proliferation and apoptosis
(17-20). cDNA expression of c-Myc increased by 3.4-fold in
NC65 cells treated with IAB-1 compared to hulFN-§ protein.
The level of c-Myc protein in whole cell lysates extracted 24 h
after each treatment was examined by western blot analysis and
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Cell membrane

Figure 6. Subcellular localization of IFN- B protein’ and type 1 IFN-receptor (A) Merged confocal mlcroscoplc images show the subcellular localization of
IFN-B protein (green) and type 1 IFN-receptor (red) i in NC65 cells by immunofluorescence. Cells were treated with PBS (control), 10000 IU/m] recombinant
hulFN- (IFN-B), or 0.1 ¢1/ml IAB-1 (IAB-1).(B)In NC65 cells treated with IAB-1, co-localization of hulFN-B protein (green) and type 1 IFN-receptor (red)
was observed in the cytoplasm. In the merged image, superimposed white dotted lines delineate the cell membrane, and the gray area demarcates the nucleus.
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Figure 7. Western blot analysis of c-Myc expression. The relative expression
levels of c-Myc protein were determined by western blot analysis using 20 ug
whole lysate extracted from NC65 cells after treatment with (a) PBS (control),
(b) 0.1 x1/m! of empty liposome (5.0 nmol lipid/ml), (c) 10000 IU/m] recom-
binant hulFN-B, or (d) 0.1 p1/ml of IAB-1 (5.0 nmol lipid with 0.1 g plasmid
DNA/ml). Cell lysates were separated on 10% polyacrylamide gels, and

c-Myc protein (67 kDa) was detected with an anti-c-Myc annbody Relative
expression levels of c-Myc protein were quantified as follows: (a) 1 00, (b)
0.91, (¢) 0.93, and (d) 1.91.

was found to be 2.1-fold higher in NC65 cells treated with IAB-1
compared to those treated with hulFN-f protein (Fig. 7).

Discussion

We previously reported that IAB-1 causes significant cyto-
toxicity against human RCC cells and that apoptosis was
induced by IAB-1, but not by recombinant hulFN-f3 protein
(9). However, the molecular mechanisms by which IAB-1,
but not recombinant hulFN-f protein, induced apoptosis in
the human RCC cell line NC65 were unclear. In this study,
we examined the type 1 IFN signal transduction pathway
in NC65 cells treated with IAB-1 and compared it to that in
NC65 cells treated with recombinant hulFN-f protein. We
first examined the status of extracellular signals induced
by IAB-1 and hulFN-§ protein. Neutralizing anti-hulFN-$
antibodies decreased cytotoxicity in NC65 cells exogenously
applied with hulFN-f protein, but not in NC65 cells trans-
fected with IAB-1. This suggests that the IFN-f secreted from

IAB-1-treated NC65 cells did not contribute to the enhanced
cytotoxic and apoptotic effects. Furthermore, transwell experi-
ments suggested that IAB-1 did not induce secretion of other
molecules that may have contributed to increased cytotoxicity.
Assessing downstream effects of the type 1 IFN signal trans-
duction pathway, luciferase reporter assays indicated that ISRE
activity was substantially enhanced by IAB-1.

To elucidate the molecular changes responsible for this
increased activity, we examined the expression of ISGF3, which
propagates signals triggered by IFN-IFN-receptor associations
at the cell membrane through the cytoplasm and into nucleus,
activating the ISRE. We found increased expression of the
components of ISGF3 (STAT1, STAT2, and p48) in NC65
cells treated with either hulFN-f protein or IAB-1, although
their levels did not significantly differ between the two treat-
ments. We speculate that the activation of ISGF3, including
phosphorylation, translocation into the nucleus, and expression
of co-activators, is more highly induced by IAB-1 compared
to hulFN-f protein. However, the molecular mechanism by
which only IAB-1, but not hulFN-f3 protein, activates ISGF3 to
enhance ISRE activity is unclear:

It has been reported that transfection of Fas hgand into
prostate cancer cells resistant to monoclonal antibody-induced
apoptosis induces Fas-mediated apoptosis associated with intra-
cellular Fas ligand expression (21). In addition, it was recently
reported that adenovirus encoding IFN-a caused marked cell
growth inhibition and apoptosis in bladder, prostate, and ovarian
cancer cell lines, all of which were resistant to IFN-a. protein,
in association with the perinuclear expression of IFN-a. protein
(22). Therefore, we examined the subcellular localization of
hulFN-§ protein and type 1 IFN-receptor after the transduction
of IAB-1 into NC65 cells. Immunofluorescence revealed the
co-localization of hulFN-f protein and type 1 IFN-receptor.
We postulate that intracellular expression of hulFN-f protein
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by IAB-1 transduction into RCC cells leads to the association
of hulFN-B protein with type 1 IFN-receptor, enhancing ISRE
activity. Our findings, together with those of previous studies

cases resistant to IFN: - i e e
To elucidate the molecular mechamsm of IAB l-mduced
cytotoxicity and apoptosis, we compared gene expression

blot analysis conﬁrmed a 2-fold increase in c-Myc protem in
the same cells. The c-Myc promoter contains four regulatory
sequences that are similar to ISRE (23). IRLB has been shown
to bind this sequence, and its molecular cloning has been
reported (23). The expression of c-Myc is generally suppressed
by IFNs (23-26), but its transcriptional regulation is not well
understood (23).

Furthermore, c-Myc has been reported to induce apoptosis
under certain conditions (17-20). Enhanced expression of
c-Myc protein in NC65 cells might be related to IAB-1-induced
apoptosis. Additional studies are needed to confirm whether
this is the case. It is also possible that other molecules play a
role in IAB-1-induced apoptosis. Detailed understanding of the
molecular mechanism of IFN gene transduction-induced apop-
tosis in IFN-resistant RCC will help develop more powerful
therapeutic modalities for RCC patients that are resistant to
conventional immunotherapies.
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BACKGROUND. We previously reported that the level of high mobility group protein AT-
hook 1 (HMGA1) is low in androgen-dependent prostate cancer (PCa) cells (LNCaP), but is
high in androgen-independent PCa cells (DU145 and PC-3) and that HMGAI is a strong
candidate gene playing a potential role in the progression of PCa. These findings have
prompted us to evaluate the effect of HMGA1 on developing androgen independency, which
is associated with the progression of PCa.

METHODS. Expression of HMGAT in PCa cells and mouse tissues was examined by West-
ern blot. In order to examine the effect of HMGA1 on cell growth under androgen-deprived
condition, we transfected HMGAT1 into LNCaP cells, and siRNA into both DU145 and PC-3
cells, respectively.

RESULTS. Androgen-deprivation induced an increase in the level of HMGA1 in LNCaP
cells in vitro and in vivo, but did not in normal prostate tissue. Overexpression of HMGA1
maintained the cell growth of LNCaP under androgen-deprived condition. Furthermore,
knockdown of HMGAL suppressed the cell growth of DU145 and PC-3.

CONCLUSIONS. These data suggest that elevated expression of HMGAL1 is associated
with the transition of PCa cells from androgen-sensitive to androgen-independent growth
and plays a role in the cell growth of androgen-independent PCa cells. Prostate 72:1124-1132,

2012. © 2011 Wiley Periodicals, Inc.
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INTRODUCTION

Prostate cancer (PCa) is the leading cancer diagno-
sis and the second most common cause of cancer-re-
lated death in men in the United States [1]. Initially,
the growth of PCa is dependent on androgen and can
be effectively treated by androgen-deprivation thera-
py (ADT). However, ADT only achieves a temporary
regression in many cases of PCa, as almost all tumors
will eventually progress to refractory to ADT after 1-
3 years of the treatment. The majority of the deaths
from PCa result from metastatic castration-resistant
PCa (CRPC). Understanding the mechanisms by
which androgen-sensitive tumor cells lose androgen-
dependence or otherwise acquire the ability to grow
under androgen-deprived condition has therefore
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been an important objective in the quest for effective
treatment of PCa. Recent advances identified several
possible mechanisms and pathways involved in the
development of androgen-independent PCa cells.

It is also important to identify which gene altera-
tions induced by androgen-deprivation are involved
in the development of androgen-independent PCa
cells.
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