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Identification of mAb 9BI0antigen. A: immunoprecipitation withmAb 9BI0.The band that appeared at 55 kDa (indicated byanarrow)

was excised from the gel and analyzed by mass spectrometry. B: Encircled high-intensity spectra circle indicate the peptide, the sequence of
whichcorrespondedto theaminoacid sequence of human HAI- 1.C: Boldfaceindicates the sequence of the detected peptide. D: Flow cytometry
of the reactivity of mAb 9BIO with CHO cells transfected with cDNA of each subunit of HAI-1. mAb9BIO reacted with CHO cells transfected

with cDNA of each subunit of HAI-|.
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Fig. 6. Transfectionefficiencyinto PC-3cells witheachfiber mutant adenovirus-mediatedmAb. A: Numbers presentedin each panelindicate
the percentage of cells expressing EGFP. Cells transfected using AdvEGFP-FZ33 together with mlgG! showed low expression of EGFP. Cells
transfected using AdvEGFP-FZ33 together with mAbs IB7(anti-Ep-CAM mAb), 2H7(anti-CDIS5 mAb), 6F8(Na,K-ATPase Pl mAb), and
9BI0(anti-HAI-I mAb) showed enhanced expression of EGFP. B: The cells were lysed, and assayed for B-Gal activity using a commercial kit
(n = 4). AdvEGFP-FZ 33 together with mAbs|B7, 2H7, 6F8,and 9BI0 showed high transduction efficiency compare with control 1gG.C: AdvlacZ
- FZ33 together with mAb 6F8 showed high transduction efficiency compared with wild type adenovirus (Adv Lacz-WT).
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Fig. 7. Reactivities of established mAbs with various human cell lines. A: Antigen of mAb IB7 was expressed on the surface of PC-3, DUI45,
LNCaP, Caki-1,T24, and SKOV-3 but not PrMFB and PDF. B,C: Antigens of mAbs I1B7 and 6F8 were expressed on the surface of each cell line.
D: Antigen of mAb 9BI0 was expressed on the surface of PC-3, DUI45, LNCaP, Caki- I, and T24 but not SKOV-3, PrMFB, or PDF.

DISCUSSION

Volspers et al. [6] constructed a Z33-modified
adenovirus vector and reported that the transduction
efficiency of this modified vector in epidermal growth
factor receptor (EGFR)-expressing cells was strongly
and dose-dependently enhanced by combination with
an EGFR-specific monoclonal antibody. They sug-
gested that antibody-mediated targeting of the Z33-
modified adenovirus vector could be applied for
directed gene transfer to a wide variety of cell types
by simply changing the target-specific antibody.
Tanaka et al. [8] evaluated, both in vitro and in
vivo, the extent of retargeting toward and therapeutic
effectiveness against carcinoembryonic antigen (CEA)-
positive gastric cancers when wusing the fully
human CEA antibody complex with Adv-FZ33. They
generated Ax3CAUP-FZ33 (UP-FZ33), an Adv-
FZ33 derivative vector expressing a therapeutic gene
(Escherichia coli uracil phosphoribosyltransferase) that
converted 5-fluorouracil (5-FU) directly to 5-fluoro-
UMP. UP-FZ33 with the anti-CEA mAb enhanced
the cytotoxicity of 5-FU by 10.5-fold in terms of the
ICsy against a CEA-positive gastric cancer cell line
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compared with control IgG4. In a nude mouse
peritoneal dissemination model, tumor growth in mice
treated by UP-FZ33 premixed with the anti-CEA mAb
was significantly suppressed, and the median survival
time was significantly longer than in the control group.

Surface antigens may be a viable target for antibody-
mediated gene therapy. Although, PSA is a clinically
important biomarker in prostate cancer [10,11], PSA is
not a surface antigen [12]. Although, prostate-specific
membrane antigen (PSMA) [13] is a type Il membrane
antigen, the PSMA expression pattern is not fully
restricted to the prostate [14,15]. Therefore, we inves-
tigated target molecules amenable to gene therapy with
Adv-FZ33. In this study, we immunized mice with
three human cell lines that were androgen-indepen-
dent (PC-3 and DU145) or androgen-dependent
(LNCaP) {16], for generating various types of mouse
mAbs. We have performed to screening the target
antibodies using human prostate cancer cell line PC-3.
Although, our Adv-FZ33 has intact CAR-binding
structure and retains CAR-binding ability, CAR pro-
tein is downregulated in the highly tumorigenic PC-3
cell line [17] and the transduction efficiency of
adenovirus is quit low (Fig. 6). Furthermore, PC-3 does
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Immunohistochemical findings for prostate cancer cells and normal epithelial cells of the prostate. A: Prostate cancer and normal

epithelial cells shows strong immunoreactivity for mAb IB7. B: Basolateral cell surface of normal epithelium shows strong immunoreactivity
for mAb IB7 C: Prostate cancer shows strong immunoreactivity for mAb IB7 but normal epithelial cells do not. D: Normal epithelial cells are

not stained. Stromal cells are not stained in each sample.

notexpress PSMA. The first aim of this study is to target
adenovirus to resistant cell line PC-3.

We purified four different mAbs and confirmed high
transduction efficiency by flow cytometry and chemi-
luminescent B-Gal reporter gene assay. The target
molecules of mAbs 1B7, 2H7, 6F8, and 9B10 were
Ep-CAM, CD155, Na,K-ATPase B1, and HAI-1, respec-
tively. CD155 and Na,K-ATPase 1 found to be widely
expressed by flow cytometric analysis are inappropri-
ate molecules for tumor targeting. The anti-Ep-CAM
antibody mAb 1B7 and anti-HAI-1 antibody mAb 2H7
showed reactivity with cancer cell lines other than
fibroblast cell lines. We could not find reactivity with
prostate cancer samples for mAb 2H7, 6F8, or 9B10.
These mAbs may be unsuitable for staining of samples
fixed in formalin. In mAb 1B7, we found that Ep-CAM
expression on prostate cancer cells was stronger
than on normal epithelial cells, but not significantly.
In 1979, Ep-CAM was discovered in a search for novel
cell surface antigens expressed on neoplastic tissue
[18]. Ep-CAM is known to be expressed on the
basolateral cell surfaces of selected normal epithelia
and many carcinomas [19-22]. Of particular interest,
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overexpression of Ep-CAM has been reported in
prostate cancer [21,23]. Clinical trials of mAbs directed
against Ep-CAM for immunologic therapy have been
conducted in patients with colon cancer [24]. Recently,
clinical phase I study with anti-Ep-CAM humanized
IgG1 have been performed in patients with hormone
refractory prostate cancer by Oberneder et al. [25].
Heideman et al. [26] showed that Ep-CAM targeted
vectors using bispecific antibodies against the adeno-
virus fiber-knob protein, and Ep-CAM may be useful
for gastric and esophageal cancer-specific gene ther-
apy. HAI-1 is a novel Kunitz-type serine protease
inhibitor first reported in 1997 [27]. Although, HAI-1 is
broadly expressed in epithelial cells of most human
tissues [28,29], Knudsen et al. [30] reported that its
expression was significantly increased in localized
prostate cancer and was present in most prostate
cancer metastases compared to normal prostate glands.
Furthermore, HAI-1 overexpression in prostate cancer
was predictive of prostate-specific antigen recurrence.
Nagakawa et al. [31] demonstrated that significantly
increased serum levels of HAI-1 were detected in
patients with prostate cancer, indicating that HAI-1
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would be a potential tumor marker for prostate cancer.
Ep-CAM and HAI1 overexpressed in prostate
cancer may be potential targets for prostate cancer
gene therapy with Adv-FZ33, although therapeutic
effectiveness must be evaluated as well. In future
clinical application, we would like to use Adv-FZ33
premixed with prostate cancer targeting mAb prior to
injection. This method seems to be more practical for
administration systemically.

In addition to mAb 1B7 and 9B10, we may be able to
establish new prostate cancer-specific mAbs through
the hybridoma screening system that was designed in
this study. Previously, Lampe et al. [32] performed
fusions 25 times and developed three mAb directed
against prostate associated antigens that might identify
potential new therapeutic targets through screening of
circa 25,000-50,000 hybridomas. We evaluated only
2,500 wells through three fusions and identified
potential four target molecules. Overall, this approach
of inductive method using FZ33 fiber-modified adeno-
virus is reliable strategy for screening useful mAbs that
recognize target molecules in prostate cancer gene
therapy as well as antibody therapy and diagnosis.

CONCLUSIONS

We established hybridoma from mice immunized
with prostate cancer cell lines and selected anti-
Ep-CAM mAb and anti-HAI-1 mAbs. Using
Adv-FZ33, these mAbs increased transduction
efficiency to prostate cancer cells. Gene transduction
via Ep-CAM and HAI-1 may be a novel strategy for
treatment of prostate cancer.
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OBJECTIVE

To investigate the relationship between the
expression of Akt {a serine/threonine kinase
that plays a central role in tumorigenesis),
phosphorylated Akt (p-Akt), prostate cancer
tumour grade, androgen receptor (AR)-
staining score, and Ki67 labelling index (LI} in
Japanese men.

PATIENTS, MATERIALS AND METHODS

The expression and activation of the cell
survival protein Akt was analysed by
immunohistochemical staining of paraffin-
embedded tissue microarray sections of
prostate carcinoma taken from 52 Japanese

INTRODUCTION

Prostate cancer is the commonest visceral
malignancy and the second leading cause of
cancer mortality in men in Western countries
[1]. Prostate cancer is initially dependent on
androgens for growth. Most tumours are
primarily treated with surgery or radiation
therapy, but disease that is in an advanced
stage at diagnosis and disease that progresses
after primary treatment are managed with
androgen-ablation therapy (AAT) [2].
Unfortunately, most tumours treated with
AAT alone become resistant to AAT [3]. When
this occurs, the prognosis is poor because a
standard therapy has yet to be established for
this group. Thus, there is an urgent need to
improve our understanding of the biology of
prostate cancer and to establish new

© 2007 THE AUTHORS
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men who under radical prostatectomy. The
correlation between the expression of Akt and
p-Akt, and their relationship to primary
Gleason grade, AR expression and Ki-67 LI
was investigated.

RESULTS

The expression of Akt and p-Akt were
positively related to primary Gleason grade
(Fisher's exact test, P=0.002 and P=0.032,
respectively). Both AR-staining score and Ki67
LI were were positively related to the
expression of Akt (both P< 0.001) and p-Akt
(P<0.001 and P=0.008, respectively). There
was a significant positive correlation between

prognostic markers to aid in the selection of
unfavourable prognostic groups for whom
adjuvant therapy is indicated.

In 1997, the tumour-suppressor gene, PTEN
was identified as a gene that is mutated in
multiple sporadic tumour types [4,5]. In
prostate cancer cell lines (PC3 and LNCaP) a
deletion or point mutation of PTEN have been
reported [4,5]. PTEN is a lipid phosphatase
that negatively regulates the
phosphatidylinositol 3-kinase (PI3K)
signalling pathway [6]. This pathway is
important for cell proliferation and cell
survival, and PTEN antagonizes the activity of
the PI3K oncoproteins, as it functions as a
tumour suppressor. Thus, the PTEN-PI3K-
signalling pathway functions as a crucial
regulator of cell survival decisions. Important
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the expression of Akt and p-Akt (Spearman’s
correlation, r=0.644, P< 0.001).

CONCLUSIONS

Increased expression of both Akt and p-Akt

were associated with higher tumour grade as
well as a higher AR-staining score and Ki67 LI.
These data indicate that Akt and p-Akt might
be molecular markers for detecting malignant
biological features of prostate cancer in the

Japanese population.

KEYWORDS

prostate cancer, Akt, phosphorylated Akt,
androgen receptor

downstream targets of the PTEN-PI3K
signalling pathway include the serine-
threonine protein kinase B family, or Akt.
Members of this family, Akt-1, Akt-2 and Akt-
3, are broadly expressed in most organs and
tissues. The relative contribution of specific
Akt isoforms to the biological activities
regulated by them was unknown until
recently, but the development of ‘knockout’
mice for each of the isoforms, as well as
isoform-specific small interfering RNAs for
analysis in cultured cells, have revealed the
specific functions of individual Akt proteins.
Briefly, a targeted disruption of Akt-1 in mice
has shown its role in the regulation of body
size and adipogenesis [7]. As for Akt-2,
disruption of this isoform in mice leads to
severe insulin resistance and diabetes [8], and
for Akt-3, mice lacking in Akt-3 had in 20%
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decrease in brain size [9]. The net result of the
activation of all the Akt isoforms is protection
from apoptosis and an increase in cell
proliferation. Accumulating evidence
suggests that the activation of this key
survival kinase plays an important role in
tumour development. In a transgenic mouse
model {murine prostate Akt kinase transgenic,
MPAKT) a constitutively active Akt was
overexpressed in mouse prostate epithelia,
which resulted in prostate intraepithelial
neoplasia [10]. Prostate cancer cell line studies
have shown that reduced apoptotic response,
release from the cell-cycle block, and
regulation of androgen receptor (AR)
expression can be triggered by overexpression
and activation of Akt [11-13].
Immunohistochemical studies of Akt
expression in human prostate cancer tissues
showed that Akt is upregulated in prostate
cancer and that expression was correlated
with tumour progression in Western
populations [14~17]. Recently, Le Page et ol.
[18] examined the expression and tocalization
of the three Akt isoforms, suggesting a
particular role of Akt-1 expression as a
prognostic marker depending on its
localization (cytoplasmic or nuclear).

Prostate cancer incidence and mortality rates
have been rising over the last two decades,
but remain lower in Asian countries, including
Japan, than in Western countries. The
difference might be partly due to genetic
factors, such as ras mutations [19] and
polymorphism of the AR and enzymes that
participate in androgen metabolism, as well as
dietary or environmental factors [20]. Hence,
investigating the risk factors for disease
progression in Japanese men with prostate
cancer is important for advancing our
understanding of the disease. In the present
study, prostate carcinoma tissue taken from
Japanese men at RP was analysed for the
expression of Akt and phosphorylated Akt
(p-Akt), and their relationships with tumour
grade, AR-staining score, Ki67 labelling index
(L1), and PSA-defined disease-free survival
rate were evaluated.

PATIENTS, MATERIALS AND METHODS

Prostate tissue specimens were obtained from
52 consenting patients who had radical
prostatectomy (RP} for prostate cancer
between June 1997 and August 2001 at Kyoto
University Hospital, Japan. None of the
patients had a diagnosis of metastatic cancer
or had received hormonal therapy before RP.
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Variable Median {range) or N TABLE 1
Age, years 68 (50-76) The demographic and
PSA level before RP, ng/ml 939 (3.8-120) clinicopathological

Follow-up, months
Pathological T stage

81.6 (19.2-106.9)

features of the 52 patients

pi2 15

pl3 37
Gleason sum

5 2

. 9

7 45

8 0

9 3

10 0
Primary Gleason score

3 39

4 12

5 1
Surgical margin

negative ) 17
.. positive . ' 235

All clinical and pathological data were

“obtained from medical records and are

summarized in Table 1. The date of PSA failure
was considered to be when the first blood
sample after RP yielded a detectable PSA level
(=0.1 mg/mL). When serum PSA did not
decline to <0.1 ng/mL after RP, the date of
failure was defined as the date of RP. The
patients were followed until 31 March 2008,
for a median (range) of 81.6 (19.2 to

106.9) months. The tissue microarrays (TMAs)
were constructed as previously described [21].
Three cores from tumour-bearing tissue were
obtained from each patient, giving a total of
156 cancer spots.

Standard indirect immunoperoxidase
procedures were used on the paraffin-
embedded sections. Anti-AKT1/2 polyclonal
antibody (N-19, Santa Cruz Biotechnology,
Santa Cruz, CA, USA), antip-Akt (Ser473)
monoclonal antibody (Cell Signalling
Technology, Beverly, MA, USA), anti-AR
monoclonal antibody (2F12 Novocastra,
Newcastle, UK}, and anti-Ki67 monoclonal
antibody (MIB-1, DAKOQ, Kyoto, Japan) were
used as primary antibodies at ditutions
of 1:400, 1:100, 1:100, and 1 : 100,
respectively. The chromogen was 3,3'-
diaminobenzidine tetrahydrochloride.
Tumours with known positivity were used as
positive controls for all antibodies. For the
negative controls, primary antibodies were
omitted.

The results of Akt and p-Akt staining were
interpretation by two of the authors (.. and
YS.) 'blinded' to the clinicopathological data
and all spots in the arrays were examined. For
Akt and p-Akt, total staining was scored as
the product of the staining intensity (on a
scale of 0-3) and the percentage of cells
stained, resulting in a scale of 0-300 [16].
Staining intensity in the cytoplasm and
plasma membrane was defined as follows: no
cells stained positively, 0; weak staining, 1;
moderate staining, 2; and strong staining, 3;
as previously described [16]. Nuclear staining
was considered representative of Ki67, while
both cytoplasmic and nuclear staining of the
epithelium was considered positive for AR.
The Ki67 LI was defined as the percentage of
the nuclear area stained. The AR-staining
score was defined as follows: weak AR
staining, 1; moderate , 2; and strong, 3; as
previously described [21]. To evaluate the
prognostic value of each marker, the mean
staining score of Akt, p-Akt and AR (the sum -
of the score of the three cancer spots in each
case divided by three) and the mean Ki67 LI
(the sum of the LIs of the three cancer spotsin
each case divided by three) were calculated
for each case. Expression of Akt, p-Akt,

the Ki67 LI, and AR-staining score were
dichotomized according to a threshold of 140,
140, 5, and 1.6, respectively.

Spearman’s rank correlation coefficient was
used to analyse the correlation between Akt
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FIG. 1. Representative immunohistochemical staining of Akt, p-Akt, AR, and Ki67 expression in humon
prostatic odenocarcinoma. (A, C, E and G, Gleason grade 4; B, D, F and H, Gleason grade 3). (A)
Immunohistochemical staining with an Akt antibody showing strong cytoplasmic staining; this would be -
given a score of 270 [90% of the cells x 3 (strong staining)]. (B) Immunohistochemical staining with an Akt
antibody showing no staining; this would be given a score of 0. (C) Immunohistochemical staining with a p-
Akt antibody showing strong cytoplasmic staining; this would be given a score of 285 [95% of the cells x 3
{strong staining)]. (D) Immunohistochemical staining with a p-Akt antibody showing no staining; this would

be given a score of 0. (£} Immunohistachemical staining with an AR ontibody showing strong cytoplasmic

and nuclear staining; this would be given o score of 3. (F} Immunohistochemical staining with on AR antibody

showing no staining; this would be given a score of 0. (G) Immunohistochemical staining with a Ki67

antibody showing strong nucleor staining, the Ki67 Liwas 12. {H) Immunohistochemical staining with o Ki67

antibody showing no staining; the Ki67 Ll was 0.
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and p-Akt staining scores in each of the 156
cancer spots. The chi-squared test or Fisher's
exact probability test were used to analyse the
relationship between the staining score of Akt
or p-Akt and the AR-staining score, the Ki67
LI or primary Gleason grade in each cancer
spot. Cox proportional-hazards mode! was
used for univariate and multivariate survival
analyses to evaluate the risk factors
associated with PSA failure. To obtain a
multivariate model with the statistically
significant variables, a stepwise-selection
procedure was used. Categorical variables
included age, preoperative PSA level, stage,
Gleason sum, primary Gleason score, TMA
Gleason sum, TMA primary Gleason score,
surgical margin, the Ki67 Ll and the staining
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score of Akt, p-Akt and AR. A P< 0.05 was

considered to indicate statistical significance.

RESULTS

Of the 156 cancer spots investigated, 122 had
a primary Gleason grade of <4 and the
remaining 34 were >4. Akt expression was
localized mainly in the cytoplasm (Fig. 1A). In
rare cases, Akt was localized in the nuclei. The
expression of p-Akt was similar (Fig. 1C). AR
expression was located in both the cytoplasm
and nuclei (Fig. 1E). Ki67 expression was
localized in the nuclei (Fig. 1G). The median
(range; interquartile range, IQR) Akt and p-Akt
staining scores were 120 (60-300; IQR
100-200) and 100 (0-300; IR 100-200),
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FIG. 2. Scatterplot of Akt and p-Akt expression
scores in each cancer spot. Akt expression correlates
with that of p-Akt. Spearman’s correlation,
r=0.644;P <0.001.
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respectively. There was a significant positive
correlation between p-Akt and Akt expression
levels (Spearman's correlation, r = 0.644,

P <0.001; Fig. 2). The median (range) AR-
staining score was 1 (1-3; QR 1-2) and Ki67
LI was 2.85 (0-49.7; IQR 1.15-8.00).

The staining intensity of Akt, p-Akt, AR, and
Ki67 in each cancer spot was classified as low
or high. In tumours with a primary Gleason
grade of <4, 58.2% of spots had a low
staining score for Akt and 62.3% had a

low staining score for p-Akt. By contrast, in
tumours with a primary Gleason grade of >4,
73.5% of spots had a high staining score for
Akt and 58.8% had a high staining score
for p-Akt. There was a highly significant
difference in the staining scores for Akt

and p-Akt between tumours with 2 primary
Gleason grade of <4 and tumours with a
primary Gleason grade >4 (Fisher's exact test,
P=0.002 and P=0.032, respectively;

Table 2).

In all, 79 spots {50.6%) had low AR expression
and the remaining 77 {49.4%) had high

AR expression. In the spots with low AR
expression, 75.9% had low Akt expression and
74.7% had low p-Akt expression. In the spots
with high AR expression, 74.0% had high
Akt expression and 59.7% had high p-Akt
expression. There was a highly significant
difference in the staining score for Akt

and p-Akt between tumours with low AR
expression and tumours with high AR
expression (both P< 0.001, Table 2).There
was also a strong relationship between the
Ki67 Ll and the expression of Akt and p-Akt
(P<0.001 and P = 0.001, respectively;

Table 2).

The 5-year PSA-defined disease-free survival
rate for the 52 patients was 59.6% (31
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TABLE 2 Expression of Akt and p-Akt in relation to primory Gleason grade, AR expression and Ki-67 L in each cancer spot {156 spots)

Akt eipression (score)

p-Akt expression (score)

Variable, n (%0} low intensity* high intensityt P4 low intensity” high intensityt Pt
Primary Gleason grade )
low grade (<4) 71 (58.2) 51 (41.8) 0.002 76 (62.3) 46 (37.7) 0.032
high grade (>4) 9'{26.5} 25 (73.5) 14{41.2) 20 (58.8)
AR expression (score)
low intensity (<1.6) 60 (75.9) 19 (24.1) <0.001 59 (74.7) 20 (25.3) '<0.001
high intensity (21.6) 20 (26.0) 57 (74.0) 31 (40.3) 46 (59.7) :
Ki-67 Ll (%) o '
low intensity (<5) 69 (71.1) 28 (28.9) - <0.001 64 (66.0) 33 (34.0) 0.008
48 (81.4) ' 26 (44.1) 33 (55.9)

high intensity (=5) on (_18.6)‘

" *low intensity score <140; thigh intensity score > 140; #fishier's exact test.

patients). Univariate analysis showed that
Akt, p-Akt, AR expression, Ki67 LI, pT stage,
primary Gleason score, surgical margin, TMA
Gleason sum and TMA primary Gleason score
were significant factors for PSA-defined
disease-free survival (Table 3). The relative
importance of each variable was determined
by multivariate Cox proportional-hazards
model analysis. Stepwise inclusion of
variables in the model showed that the
significant factors were primary Gleason
score (P=0.043, hazard ratio, HR, 2.59),
surgical margin status (P=0.006, HR 8.39)
and Ki67 LI (P< 0.001, HR 6.58) (Table 3).

DISCUSSION

The present results show the importance of
Akt expression and activation as molecular
markers for malignant biological features of
prostate cancer in the Japanese population.
The expression and activation of Akt was
increased in high Gleason grade prostate
cancers. Liao et al. [14] also reported that an
increase of Akt expression correlated with
Gleason pattern in human prostate cancer,
while Le Page et al. [18] reported that there
was no correlation between Akt-1, Akt-2, or
Akt-3 and Gleason score, surgical grade or
pathological stage. Expression of p-Akt was
reported by Malik et al. [15] to be significantly
greater in Gleason grades 8-10 vs all other
grades, while Ayala et al. [17] showed that
p-Akt expression was correlated only with
clinical staging of tumour, and Le Page et al.
[18] showed that p-Akt overexpression was
correlated only with preoperative PSA level.
The reasons for the discrepancies among
these results are unknown, but differences in
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TABLE 3 Univariate and multivariate analysis (Cox regression models) for PSA-defined treatment fqilu}e

Variable

Univaria_té analysis
Age (<70 vs =70 years)
PSA level (210 vs <10 ng/mi)

. bT stage (213 vs <T3)

Gleason sum-(27 vs <7)

Primary Gleason score (24 vs <4)

TMA Gleason sum (27 vs <7} -,
~TMA primary Gleason scoré (24 vs'<4)

Surgical margin {positive vs negative) *

Akt score 2140 vs <140) )

p-Akt score (2140 vs <140)

AR (high vs fow) -

Ki67 Ll [positive'vs negative)

Multivariate analysis® =
* Primary Gleason score (4 vs <4) . : :

Surgical margin {positive vs negative } -

Ki6_7: Ll ( positive vs negative} - '

*P<005.

the patient cohorts or in statistical analysis
might be contributory.

Fenic etal [22] reported that when comparing
prostate intraepithelial neoplasia, primary

carcinomas and metastases as ordered groups,

{with increasing malignancy), both PTEN
mRNA (r=-0.49, P=0.06) and its protein
(r=—-10386, P=0.09) showed a progressive
decreasing trend. PTEN protein expression
was moderate to strong in 27 of 58 primary
tumours (46.5%), weak in 24 (41.3%), and
negative in eight (13.8%). Of 15 metastases,
PTEN protein expression was moderate to

HR @5% C) _ P
-0.70 (0:29, 1.66) 0.414
2,07 {0.86, 4.99) 0.107
4,61 (1.07,20) 0.040*
143 (0.9, 2.28) . 0.130
3.26 (1.37,7.8) 0008"
367 (1.08,1249) " 0037
6.17 (2,07, 18.45) . oo
579 (1.34, 2493) “0,018%
2.53 (1.02, 6.29) ".0.046"
254 (1.02, 6.31) 0.044°
245(099,6.11) . . 0049
6.64 (240, 18.33). - - <0.001".
| 2597(1.03,653) © 0.043*
- 8,39 (1,86, 37.86)° ' 0.006"
<0.001*

6.58 {2.26, 19.15)

strong in four, weak in six, and negative

in five [22]. In the present early-stage
prostate cancer tissues, =49% of cancer spots
showed high expression of Akt and there
was a significant correlation between the
expression of Akt and p-Akt (r=0.644,

P < 0.001). These results suggest that both
the loss of PTEN and the increase in Akt
expression might activate Akt in early-stage
human prostate cancer and play an important
role in the poor differentiation of prostate
cancer cells. However, the precise role of this
early up-regulation of Akt needs further
examination.
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In the present study, expression of Akt and p-
Akt were strongly related with the Ki67 LI, the
-cell proliferation antigen. Akt is a well-known
regulator of cell survival, promoting cell
survival by phosphorylating and inactivating
the pro-apoptotic protein BAD [23]. Akt

also stimulates cell cycle progression by
suppressing AFX-mediated transcription of
target genes such as the cyclin-dependent
kinase inhibitor p27X™ [24]. Thus, activation
of Akt regulates not only survival but also
proliferation of cancer cells. Ghosh et of. [25]
verified these results in vitro using LNCaP cells
and its androgen-independent clone C4-2,
and in vivo using human prostate cancer
tissues. C4-2 cells expressed higher Akt
activation and increased proliferation than
LNCaP cells, similar to cases with poor clinical
outcome [25]. They also reported in an
immunohistochemical study of 74 human
prostate cancer specimens that there was a
strong correlation between the expression of
p-Akt and the Ki67 LI [25], which is
compatible with the present results.

In the present immunohistochemical study,
there was a-strong. relationship between the
expression of Akt or p-Akt and AR expression.
Manin et al. [13] showed that AR protein
levels are greatly reduced after treatment of
LNCaP cells with the PI3K[Akt pathway
inhibitor LY294002. LY294002 does not alter
AR mRNA accumulation, suggesting that
translational or post-translational
mechanisms might be the main factors
responsible for decreased AR expression.
Consistent with this possibility, it was
reported that Akt activates mRNA translation
by phosphorylation and inactivation of the
translational repressor elF4E-binding proteins
[26). The mammalian target of rapamycin,
which is important in the regulation of
protein translation, is a direct target for Akt
[27] and might be the mediator of the growth
factor's effects on AR protein expression.
Recently Xin et al. [28] suggested synergy of
Akt and AR exists in the progression of
prostate cancer. In the present study, there
was a significant relationship between Akt/p-
Akt expression and AR expression, suggesting
that the PI3K/Akt pathway might control AR-
mediated progression of prostate cancer.

To our knowledge, this is the first
immunohistochemical study showing a
strong relationship between the expression of
Akt or p-Akt and the expression of AR in
prostate cancer. Previously published data
show that the significance of the AR in
prostate cancer after RP remains limited and

© 2007 THE AUTHORS

inconclusive. Li et al. [29] reported that
patients with higher levels of AR that had a
RP had a higher degree of malignancy, more
advanced disease progression, and worse
biological recurrence-free survival, while
another study showed that low AR expression
correlated with histopathological grade and
indicated a poor prognosis [30]. Although the
correlations between the expression of AR
and prognosis are not fully understood,
considering that the androgen/AR complexes
are known to promote tumour cell
proliferation and survival [31], it is reasonable
to think that hormonally naive prostate
cancer treated with RP might take advantage
of higher AR status, which eventually might
lead to enhanced AR activity, resulting in
more growth advantage under a low
androgen environment due to ageing [32].
Moreover, this aggressiveness was confirmed
by a significant positive relationship between
AR immunostaining and Ki67 U in our
previous study [21] and a study by Li et al.
[29].

Kreisberg et a/. [16] reported that in a group
with weak p-Akt staining (score 1-100) the
PSA failure rate was half, whereas, in a
moderate staining group (101-200) the rate
was 66.7%, and in a strong staining group
(201-300) it was 91.3% . Increased p-Akt was
an independent predictor of the probability of
PSA failure. Although p-Akt was not an
independent prognostic factor according to
multivariate analysis in the present study, a
similar tendency was observed: in the weak p-
Akt staining group the PSA failure rate was
23.5%, whereas in the moderate and strong
staining groups the rates were 43.3 and
60.0%, respectively.

In conclusion, immunohistochemical analysis
of prostate cancer specimens from Japanese
men showed that the aggressive form of
prostate cancer is accompanied by increased
levels of Akt and p-Akt. The close correlation
between the expression of Akt and p-Akt
shows that the higher expression of Akt might
increase its activity and play an important role
in the poor differentiation of prostate cancer
cells. Although Akt and p-Akt were not
independent prognostic factors according to
our multivariate analysis, the expression of
Akt and p-Akt were related with tumour
grade, AR-staining score and the Ki67 LI, and
are therefore thought to be molecular
markers for malignant biological features of
prostate cancer. We think this is the first
report from an Asian country showing a
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strong relationship between the
aggressiveness of prostate cancer and
expression of Akt and p-Akt. Despite the-
previously noted differences in gene
alterations between prostate cancers from
Japan and Western countries, the present
study highlights the similarities of Akt and p-
Akt alterations between these populations.
One potential implication of the present study
is that Akt and AR alterations are more central
in prostate-cancer biology, in comparison to
the other gene alterations, which might be
linked to environmental factors. Further
investigation of the Akt pathway might
therefore reveal its involvement in the
progression of prostate cancer.
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Summary

To observe the effect of testosterone on the frequency of urination in mice
lacking neuronal nitric oxide synthase (nNOS™~), we compared the urination
patterns between unanaesthetized male wild-type (n = 27) and nNOS™" mice
(n = 50) with or without testosterone treatment. Compared with wild-type
mice, nNOS™" mice showed a greater frequency of urination during a 24-h
observation period (3.0 vs. 5.4 times/day, p < 0.0001) without any significant
difference in the total voided volume or the functional voiding capacity. While
testosterone treatment did not affect the urination patterns in wild-type, it
decreased the daytime frequency of urination (5.4 vs. 3.7 times, p = 0.0198)
and the nighttime urination (4.4 vs. 2.9 times, p = 0.039) in nNOS™" mice.
The nNOS™ mice can be a useful animal model for urinary frequency. Testos-
terone improved the functional abnormalities in the voiding of nNOS™" mice,

January 2007; accepted 5 February 2007

doi:10.1111/.1365-2605.2007.00763.x

Introduction

The relaxation of bladder outlet regions on voiding and
the maintenance of low pressure during urinary storage
are prerequisite conditions for normal micturition. An
accumulating body of evidence indicates that nitric oxide
(NO) is an important physiological inhibitory neurotrans-
mitter that mediates relaxation in the smooth muscle
component (Andersson et al., 1992; Thornbury et al,
1992; Persson & Andersson, 1994). Nitric oxide is pro-
duced as a result of the conversion of the substrate L-
arginine to r-citrulline by three isoforms of the enzyme
NO synthase (NOS). The mechanism underlying NO-
induced smooth muscle relaxation was found to be cal-
cium-dependent, and cyclic guanosine monophosphate
(cGMP) was identified as the second messenger. The indi-
vidual NOS isoforms (eNOS, endothelial nitric oxide
synthase; nNOS, neuronal nitric oxide synthase and
iNOS, inducible nitric oxide synthase), have a unique
subcellular location, structure, kinetics, regulation and
function. There is increasing evidence that alterations in
the NO-cGMP pathway play an important role in the
development of lower urinary tract syndrome (LUTS)
(Andersson et al., 2002; Mamas et al., 2003; Chertin et al.,
2004; Hedlund, 2005). Neuronally released NO has been
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suggested to be involved in the relaxation of the urethral
smooth muscle during micturition (Buga et al., 1989; An-

-dersson & Persson, 1995; Burnett, 1995). By inhibiting

70

the production of NO, both bladder hyperactivity and
a decreased bladder capacity have been demonstrated
(Persson et al., 1992).

Indeed a targeted disruption of the nNOS gene has
been demonstrated to result in voiding abnormalities
(Burnett et al., 1997). In nNOS™™ mice, urinary blad-
ders develop hypertrophy because of deficient outflow
relaxation. The urinary bladder and urethra do not relax
in response to electrical field stimulation or r-arginine,
the amino-acid substrate for NO. The nNOS™~ mice
have urinary frequency and a decreased threshold of
afferent firing of the bladder detrusor, thus indicating
that nNOS is responsible for the relaxation of the blad-
der outlet regions on voiding and the maintenance of
low pressure in urinary storage. These features observed
in the abnormal urination of nNOS™~ mice are thus
considered to be a plausible model for human overactive
bladder.

Recently, several studies have shown testosterone (T)
to induce the relaxation of smooth muscle cells by
modulating both the nNOS activity and ¢cGMP level.
Androgens play a pivotal role in the erectile function by
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regulating both cGMP formation by NOS and
degradation by phosphodiesterase 5 (PDE5) (Morelli
et al., 2005; Vignozzi et al,, 2005). In addition, testoster-
one has direct vasoactive properties. Testosterone has
been shown to cause a dose dependant effect on the
relaxation of vascular smooth muscles (Webb et al,
1990; English et al., 2001). It is caused either by a direct
effect on the vascular smooth muscle, or by an effect on
potassium channel (Deenadayalu et al., 2001; English
et al., 2002). These lines of evidence prompted us to
investigate the role of testosterone in the relaxation of
bladder smooth muscle. To evade the effect of nNOS in
the relaxation of bladder, nNOS™~ mice was examined
to see the role of T. The purpose of the current study
was to examine the effect of testosterone on the
abnormal voiding of nNOS™~ mice.

Materials and methods

Animals

Experiments were performed in nNOS null mutant mice
(nNOS™) generated by Huang et al (1993) and their
wild-type littermates. All wild-type littermates (n =27)
and homozygous nNOS™" males (n = 50) of C57Bl/6
strains with targeted disruption of exon2 of the nNOS
gene, used in this study were derived from a heterozy-

gous breeding pair. Both groups were housed and stud- .

ied under identical conditions. At weaning, the animals
were ear-tagged. Genomic DNA was extracted from the
tails after digestion with proteinase K and E, and purifi-
cation of DNA with ethanol. The genotype of each DNA
sample was then determined by testing for the presence
of wild-type or modified nNOS sequences by use of
PCR. Animals were maintained on standard rodent chow
and tap water at 23 + 1 °C with a 12/12-h light-dark
cycle (lights on at 6:00 am). The mice always had free
access to food and tap water. All care and handling of
the animals were carried out in accordance with institu-
tional guidelines.

Voiding behaviour

Male nNOS™~ and wild-type littermates aged
8-13 months and weighing between 30 and 40 gm were
used in this study. Voiding studies were carried out after
a 3-day period of acclimatization to the laboratory. Indi-
vidual mice were placed in a mouse micturition cage. The
urine collection funnel and faecal separation screen were
placed on the bottom of the cage. Each scale was monit-
ored using a remote computer running an application
that permits recording information sent by the scale to
a resolution of 1 sec. The voiding volume is expressed as
weight with a resolution of 10 mg. When assuming
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a urine specific gravity of approximately, 1.1 mg urine
has a volume of 1 mL.

This assumption was reasonable because animals with
polydipsia tend to produce extremely dilute urine. The
total amount of urine voided in 1 day was accumulated
into a container. Voiding was studied continuously for
a 10-day period.

Testosterone administration

After stable baseline voiding patterns had been estab-
lished, 3.6 mg/g body weight testosterone enanthate (Tei-
koku Hormone Mfg, Tokyo, Japan) diluted in sesame oil
or other vehicles were singly administered intraperitoneal-
ly to male wild-type littermates and nNOS™~. This dose
was selected based on previous studies that examined the
effect of androgen on the gene expression in the prostate
(Mirosevich et al, 1999, 2001). The voiding pattern of
the treated mice was examined 1-week later. We exam-
ined the urinary frequency, functional bladder capacity
and the urinary volume.

Statistics

The results are generally reported as the mean + SD. Stu-
dent’s unpaired two-tailed ¢ test was used compared with
the micturition parameters between the control and
obstructed groups, as well as between the wild-type litter-
mates and nNOS™", One-way ANova was used to analyse
to compare the differences of the parameters among four
groups (wild-type with or without testosterone and
nNOS™~ with or without T). A probability level of <0.05
was considered to be significant.

Results

The micturitional characteristics of wild-type and
nNOS™" mice

The amount of urine output per day (0.84 + 0.40 mL vs,
1.09 + 0.55 mL, p = 0.282) and the functional bladder
capacity (defined as the voided volume per void)
(0.28 £ 0.17 mL vs. 0.21 + 0.12 mL, p = 0.061) did not
differ substantially between the wild-type and nNOS™~
mice. Within comparison to the wild-type mice, the
nNOS™ mice showed a greater frequency of urination
during the 24-h observation period (3.00 + 1.00 times vs.
5.40 £ 0.97 times, p < 0.0001) and also during the noc-
turnal period (2.50 * 0.85 times vs. 4.40 + 1.27 times,
p = 0.001) (Table 1).

However, no significant differences were seen in the
frequency of daytime voiding between the wild type and
nNOS™" mice (0.50 £ 0.71 times vs. 0.60 + 0.70 times,
p = 0.750).

@© 2007 The Authors
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Table 1 The number of voids in wild-type and nNOS™" mice

WT {n = 27) KO {n = 50) p-value
Capacity
Total micturition 0.84 + 0.40 1.09 £ 0.55 0.282
volume (mL/24 h)
Functional capacity 0.28 + 0.17 0.21 £ 0.12 0.061
{mL/void)
WT (n = 10) KO {n =10)
frequency
No. of voids/24 h 3.00 =+ 1.00 5.40 + 0.97 <0.0001
No. of daytime voids 0.50 + 0.71 0.60 + 0.70 0.750
No. of nightime voids 2.50 + 0.85 4.40 +1.27 0.001

WT, wild-type; KO, neuronal nitric oxide synthase (NNOS™"),

Effects of testosterone on the urinary frequency of
nNOS™~ and the wild-type mice

Testosterone treatment did not affect either the amount of
urine output per day (wild-type; 084 + 040 mL vs.
0.64 + 0.57 mL, p = 0420, nNOS™7; 109 + 0.55 mL vs.
1.01 + 0.59 mL, p = 0.782) or the functional bladder capacity
(wild-type; 0.28 + 0.17 mL vs. 024 + 0.13 mL, p = 0.331,
nNOS™7; 0.21 + 0.12 mL vs. 0.27 + 0.10 mL, p = 0.057) in
the wild-type and nNOS™" mice. Regarding the frequency of
daytime voiding, there were no significant differences before
and after testosterone administration in the wild-type and
nNOS™™ mice (wild-type; 0.50 + 0.71 times vs. 133 + 1.37
times, p = 0.127, nNOS™; 0.60 + 0.70 times vs. 0.86 % 0.69
times, p = 0.465). However, in the nNOS™ mice, testosterone
administration significantly decreased the frequency of urin-
ation during both the 24-h observation period (5.40 £ 0.97
times vs. 3.71 * 1.70 times, p = 0.020) and the nocturnal per-
iod (4.40 + 1.27 times vs. 2.86 * 1.86 times, p = 0.039). By
one-way ANOVA, there were statistical differences in both the
24-h observation period (p =0.018) and the nocturnal period
(p < 0.001) among four groups (wild-type with or without tes-
tosterone nNOS ™™ mice with or without T) (Table 2).

Testosterone improved urinary frequency

Discussion with conclusions

In the present study, we confirmed the previous study
that nNOS™ mice had urinary frequency with
a decreased functional urinary bladder capacity. Thus
nNOS™ mice can be a useful animal model for the
exploration of the treatment of LUTS. Several lines of evi-
dence may allow the speculation for the underlying mech-
anisms of the effect of the testosterone treatment on the
voiding abnormalities of nNOS™~ mice.

First, testosterone has been shown to cause a dose-
dependant effect on the relaxation of vascular smooth
muscles (Webb et al., 1990; English et al., 2001). How-
ever, it remained unknown whether testosterone relaxes
smooth muscle cell in a tonic manner. Secondly, there is
evidence that androgens can regulate the expression of
NOS enzymes in the corporeal tissue (Chamness et al.,
1995; Park et al., 1999). As a result, in nNOS™" mice,
testosterone might possibly augment the expression of
eNOS to compensate for the loss of nNOS. A previous
study demonstrated that androgens maintain the erectile
response by the pathways that are independent of NO
but involve the synthesis of ¢cGMP (Reilly et al., 1997).
Those hypotheses warrant further studies. The associ-
ation of the late-onset hypogonadism and urinary fre-
quency has been reported in literature. The findings of
this study may indicate that testosterone potentially has
a therapeutic effect on an overactive bladder by decreas-
ing the nNOS expression in ageing males. The nNOS™'~
mice showed an increased urinary frequency. Testoster-
one treatment significantly improved the urinary fre-
quency for nNOS™" mice. These findings may indicate
that testosterone can improve bladder overactivity because
of the loss of nNOS. Androgen replacement may there-
fore be a potentially useful and novel pharmacological
target for patients with a decreased level of NO thus
leading to urinary frequency.

Table 2 The voiding function in wild-type and nNOS™ mice before and after testosterone administration

WT (n=27) WT+T(h=19) p-value KO (n = 50) KO + T (n = 26) p-value
Capacity
Tota! micturition volume (mL/24 h) 0.84 + 0.40 0.64 + 0.57 0.420 1.09 + 0.55 1.01 £ 0.59 0.782
Functional capacity (mLAvoid) 0.28 £0.17 0.24 +0.13 0.331 0.21 £ 0.12 0.27 £ 0.10 0.057
WT (n = 10) WT+T(h=7) KO {(n = 10) KO+Tn=7)
Frequency
No. of voids/24 h 3.00 £ 1.00 271 £2.22 0.734 5.40 + 0.97 3.71 £ 1.70 0.020
No. of daytime voids 0.50 £ 0.71 1.33 +£1.37 0.127 0.60 + 0.70 0.86 + 0.69 0.465
No. of nightime voids 2.50 +0.85 133 1.2 0.059 440 £1.27 2.86 + 1.86 0.039
WT, wild-type; WT + T, wild-type after testosterone administration; KO, neuronal nitric oxide synthase (nNNOS™); KO + T, nNOS™" after
testosterone administration.
© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Ltd « International Journal of Andrology 31, 67-70 69
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Abstract

Protein tyrosine kinase plays a central role in the proliferation and differentiation of various types of cells. One of these protein
kinases, Tyk2, a member of the Jak family kinases, is known to play important roles in receptor signal transduction by interferons, inter-
leukins, growth factors, and other hormones. In the present study, we investigated Tyk2 expression and its role in the growth and inva-
siveness of human prostate cancer cells. We used a small interfering RNA targeting Tyk2 and an inhibitor of Tyk2, tyrphostin Al, to
suppress the expression and signaling of Tyk2 in prostate cancer cells. We detected mRNAs for Jak family kinases in prostate cancer cell
lines by RT-PCR and Tyk?2 protein in human prostate cancer specimens by immunohistochemistry. Inhibition of Tyk?2 signaling resulted
in attenuation of the urokinase-type plasminogen activator-enhanced invasiveness of prostate cancer cells in vitro without affecting the
cellular growth rate. These results suggest that Tyk2 signaling in prostate cancer cells facilitate invasion of these cells, and interference
with this signaling may be a potential therapeutic pathway.
© 2007 Elsevier Inc. All rights reserved.
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Prostate cancer arises as a consequence of an imbalance =~ CD44 is a cell surface glycoprotein receptor and this signal-
between cell division and differentiation. The proliferation, ing regulates several important biologic processes including
differentiation, growth, and apoptosis of normal and  lymphocyte homing and activation, hematopoiesis, and
malignant cells are regulated by many different cytokines = tumor progression and metastasis {1]. In addition, CD44
and growth factors. Protein tyrosine kinases (PTKs) play  is expressed during mouse prostate development but not
a central role in the proliferation and differentiation of var-  in the adult prostate. Treatment with neutralizing antibod-
ious types of cells. They participate in the cellular responses  ies to CD44 inhibits androgen-stimulated ductal branching
to growth factors, and activation of their protein kinase = morphogenesis in serum-free organ cultures of the mouse
activity is critical for the transmission of mitogenic signals.  prostate [2]. Therefore, CD44 is one of the markers of early
In a previous study, to explore the function of PTKs in the  progenitor cells in prostate tissues. Using CD44 as a cell
developing prostate gland, we screened for PTKs expressed  surface marker, we isolated several PTK genes including
in CD44-positive cells from the developing mouse prostate.  Tyk2 from CD44-positive prostate cells [3].

To date, four mammalian members of the Jak family
—— have been identified, namely, Tyk2, Jakl, Jak2, and Jak3.

Abbreviation.s: Jak,_ Janus kinase; RT-PCR, reverse transcriptase- Previous reports from other laboratories have also demon-

; :(liy';zs::ocrl;a:; :::;;L:?pusoan St homology 2; Stat, signal transducers g4 10d that Jaks are expressed in a human prostate cancer
* Corresponding author. Fax: +81 3 3964 8934, xenograft model and in bone marrow metastases [4,5].
E-mail address: shorie@med.teikyo-u.ac.jp (S. Horie). Extensive studies over the last few years have suggested
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that Jak kinases play important roles in the responses to
interferons, interleukins, growth factors, hormones, and

. urokinase-type plasminogen activator (uPA), also known
as urokinase [6,7]. Activation of Jaks leads to the tyrosine
phosphorylation of receptors, producing docking sites for
various SH2-containing signaling molecules including Stat
proteins {8]. It is well documented that Stats are over-acti-
vated in some malignancies. For example, Stat3 activity is
elevated in prostate cancer [9]. Accumulating evidence for
constitutive activation of various Stats and other oncopro-
teins in different cancers strongly suggests that Jak kinases
play critical roles in the pathogenesis of many human neo-
plastic diseases [6].

In this study, we examined the expression and biological
significance of Tyk2 in prostate cancer. We show that Tyk?2
is involved in uPA-induced cell invasion, which is a mea-
sure of the malignant potential of prostate cancer cells.
Blockade of Tyk2 signaling by a small interfering RNA
(siRNA) or by the PTK inhibitor tyrphostin Al signifi-
cantly suppresses the invasiveness of human prostate can-
cer cells into Matrigel. Our results demonstrate that
activation of the Tyk2 signaling pathway is important for
the enhancement of prostate cancer cell invasiveness by
uPA. Thus, the Tyk2 signaling pathway may be a worth-
while target for therapeutic intervention in prostate cancer.

Materials and methods

Cell culture and reagents. Three human prostate cancer cell lines
LNCaP, PC-3, DU145, and TSU-Prl (bladder cancer cell line) and MCF-
7 (breast cancer cell line) were used in this study. The cells were routinely
maintained in RPMI 1640 supplemented with 10% fetal calf serum,
100 units/m! penicillin, and 100 pg/ml streptomycin. Cell growth was
assessed using a colorimetric proliferation assay employing the tetrazo-
lium  3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulf-
ophenyl)-2H tetrazolium (MTS). Each day, MTS was added, and the
absorbance at 490 nm was measured on microplate reader after a 60-min
incubation at 37 °C. The siRNA duplex targeting Tyk2 and a control
siRNA were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
For transfection with siRNAs, DU145 cells were placed in Opti-MEM 1
(Invitrogen, Carlsbad, CA) and then transfected using oligofectamine
(Invitrogen). Tyrphostin Al (Sigma-Aldrich, St. Louis, MI), an inhibitor
of Tyk2 PTK activity, was used at 100 pM, and the effect of uPA (R&D
Systems, Minneapolis, MN) was examined at a concentration of 5 nM.

RT-PCR analyses. For RNA expression analysis, total RNA was
extracted from cells using RNA Bee (Tel-Test, Friendswood, TX)
according to the manufacturer’s protocol. The RNA was then treated with
DNAse I to remove contaminating DNA and then reverse transcribed
using an oligo-dT primer and Super-ScriptB reverse transcriptase (Invit-
rogen) in a volume of 25 pl. The primer sequences were as follows: human
Jakl, 5-AAGTGATGTCCTTACCACA-3' and 5-AGCAGCCACAC
TCAGGTTCT-3’; human Jak2, 5-GAGCCTATCGGCATGGAATA-3'
and 5-ATATCTAACACTGCCATCCC-3'; human Jak3, 5'-CAAACAC
CACTCCCTGTCCT-3 and 5'-TGGGGGTGTTCCTGAAGTAG-3;
Tyk2, 5'-GGATGGCCAGGGGCAGTAAG-3’ and 5'-GGATCTCCTC
CTCGGTCGAC-3'; prostate-specific antigen, 5-GGTCGGCACAGCC
TGTTTCA-3' and 5-CCACGATGGTGTCCTTGATC-3’; B-actin, 5'-
GACTACCTCATGAAGATCCT-3' and 5-GCGGATGTCCACGTCA
CACT-3'. The resulting cDNA was subjected to PCR.

Immunoblot analyses. The cells were washed twice with cold PBS, and
lyzed on ice in 2x sample buffer (125 mmol/L Tris, pH 6.8, 4% SDS, 10%
2-B mercaptoethanol, 20% glycerol, 0.06% bromophenol blue). The cell

2 H. Ide et al. | Biochemical and Biophysical Research Communications xxx (2007) xxx~xxx

lysates were boiled for 3 min and resolved by 10% SDS-PAGE. Proteins
were transferred onto a PVDF membrane (Bio-Rad, Hercules, CA), and
immunoblotting was performed using rabbit anti-human Tyk2 antibody
(Santa Cruz Biotechnology; 1:1000) or rabbit anti-human B-tubulin
antibody (Santa Cruz Biotechnology) as an internal loading control.
Goat anti-rabbit antibody conjugated by HRP (Bio-Rad, 1:3000 dilu-
tion) were used as a secondary antibody. Immunoreactive proteins were
visualized with ECL detection reagents (Amersham Biosciences, Piscat-
away, NJ).

Immunohistochemistry. Serial 4-mm-thick sections were deparaffi-
nized in three changes of xylene and rehydrated through a graded series
of ethanol decreasing from 100% to 70%. The sections were immersed in
citrate buffer (pH. 6.0) and autoclaved at 120 °C for 5 min and then
placed in 3% hydrogen peroxide in methanol for 20 min at room tem-
perature to block endogenous peroxidase activity. Nonspecific protein
binding was blocked by incubating the section for 30 min-1 h in 5% goat
serum. Next, the sections were incubated overnight at 4 °C in polyclonal
rabbit Tyk2 antibody (Santa Cruz Biotechnology). Sections were then
processed for immunohistochemistry using the EnVisionTM+ system
(DAKO, Denmark). We examined 70 samples from prostate cancer
patients.

Matrigel invasion assay. Membrane inserts (8-um pore size) for 24-
well transwell plates were prepared by coating with Matrigel basement
membrane matrix (BD Biosciences, San Jose, CA) according to the
manufacturer’s instructions. DU145 cells were placed in the upper
chamber at a density of 2 x 10* cells/insert. Medium containing 5 nM
uPA (R&D Systems, Minneapolis, MN) was added to the lower chamber
as a chemoattractant. To inhibit the invasion, 200 nM of Tyk2 siRNA/
200 nM oligofectamine or 100 uM of tyrphostin A1 was added to the
medium. After 24 h, the upper surface of the inserts was wiped with
cotton swabs, and the inserts were stained with Trypan blue. Cells that
migrated through the Matrigel and the filter pores to the lower surface
were counted in five random high-power fields per insert using a light
microscope.

Results

Expression analyses of Tyk2 in prostate cancer cell lines and
tissues

We first analyzed the expression of Jaks in MCF-7,
LNCaP, PC-3, TSU-Prl and DUI145 cells by RT-PCR
(Fig. 1A). Amplified products for four members of the
Jak family, Tyk2, Jakl, Jak2, and Jak3, were clearly
detected in these cell lines. We also found that prostate-spe-
cific antigen was expressed by LNCaP cells which is andro-
gen sensitive prostate cancer cell line as previously
described [3]. Although we tested one androgen sensitive
prostate cancer cell line LNCaP, there was no difference
of the expression level of Jaks mRNAs between androgen
sensitive cells and insensitive cells. We next examined the
expression of Tyk2 in human prostate cancer tissue speci-
mens by immunohistochemistry with rabbit anti-human
Tyk2 antiserum. The reactivity for Tyk2, shown as brown
color, was higher in cancerous than in noncancerous glands
in the same field (Fig. 1B). The staining for Tyk2 was het-
erogeneous and predominately located in the cytoplasm of
prostate cancer cells. Of 70 samples from prostate cancer
patients, Tyk2 staining was clearly detected in 17
(24.3%). Further studies are needed to accurately deter-
mine the correlation between Tyk2 expression in the can-
cerous tissues and clinical and pathological variables.
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Fig. 1. (A) RT-PCR analysis of Jak family kinases mRNA levels in
prostate cancer cell lines. MCF-7 is a breast cancer-derived cell line. (B)
Immunohistochemical analysis of Tyk2 expression in prostate cancer
tissues. Strong staining is observed in cancerous cells. Histopathological
evaluation was done by a pathologist (Y.T.) and hematoxylin and eosin
staining shows malignant features of these cells (data not shown).

Interference of Tyk 2 signaling dose not inhibit proliferation
of prostate cancer cells

We next examined the role of Tyk2 in cell proliferation
using a 96-well-based MTS assay. The experiments were
carried out with cells at several different passages and with
different batches of transfected cells. At a concentration of
100 pM, tyrphostin Al, a tyrosine kinase inhibitor, did not
inhibit the growth rate of DU145 cells (Fig. 2A). Down-
regulation of Tyk2 expression using a siRNA also did
not inhibit the growth rate of DU145 cells, even though
the expression of Tyk2 was decreased (Fig. 2B). These
results suggest that signaling by Tyk2 does not affect the
proliferation of DU145 cells. Finally, uPA did not affect
the growth rate of DU145 cells (Fig. 2C).

Tyk2 signaling involved in invasiveness of prostate cancer
cells through uPA

Recent reports suggest that Tyk2 regulates cell migration
by mediating uPA activation of phosphatidylinositol
3-kinase [10]. Although uPA is known to regulate the inva-
siveness of prostate cancer cells, the underlying molecular
mechanisms are still unclear. To determine whether Tyk2
participates in the promotion of invasiveness by uPA, we
performed Matrigel invasion chamber assays. DU-145 cells
were placed in transwells containing Matrigel-coated porous
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Fig. 2. Role of Tyk2 signaling in the growth of DU145 cells. (A)
Tyrphostin Al did not affect the growth of DU145 cells. (B) The siRNA
targeting Tyk2 also did not affect the growth of DU145 cells. (C) uPA did
not change a proliferation rate of DU-145 cells. The number of live cells
was determined by MTS assay. These assays were repeated two times with
different batches of transfected cells, and each cell sample was done in
triplicate.

membranes, and the lower chamber was filled with medium
with or without uPA. After 24 h, cells that migrated through
the Matrigel basement membrane matrix and the filter pores
to the lower surface of the membrane were counted by light
microscopy. Treatment of cells with tyrphostin A1l inhibited
the invasiveness in the presence or absence of uPA in the
lower chamber of the transwell (Fig. 3A). In addition, cells
transfected with the Tyk2 siRNA, showed decreased inva-
siveness compared to cells transfected with control siRNA
(Fig. 3B). The results with the Tyk2 inhibitor and using
the siRNA indicated that inhibition of Tyk2 signaling
reduces the invasiveness of prostate cancer cells in vitro.

Discussion

In prostate cells, transformation, tumorigenesis, and
metastasis can be caused by alterations in cellular regulation,
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Fig. 3. The enhancement of invasion by uPA is suppressed by blockade of
Tyk2 signaling in DU-145 cells. (A) The enhancement of invasiveness by
uPA was suppressed by tyrphostin Al, an inhibitor of Tyk2 phosphor-
ylation, in DU145 cells. (B) Down-regulation of Tyk2 expression with a
siRNA inhibited the invasiveness of uPA-treated DU145 cells. Assays
examining the effect of siRNA were repeated three times with different
batches of transfected cells.

especially by dysregulation of signaling by PTKs, including
receptors for transforming growth factora, epidermal
growth factor, insulin-like growth factor 1, fibroblast
growth factors, hepatocyte growth factor, platelet-derived
growth factor, nerve growth factors, and interleukin-6
[11]. For example, immunocytochemical analysis has
shown that platelet-derived growth factor receptor-o is
expressed in bone marrow metastases from prostate tumors
[4]. Also, overexpression of HER-2/neu in primary prostate
cancer and in metastatic sites of prostate tumors has been
detected before and after hormone therapy [12]. In addi-
tion, in prostate cancer cells, interleukin-6 enhances cell
growth and causes a parallel activation of the Stat3 signal-
ing pathway [13]. Although some of the signaling compo-
nents have been investigated in prostate cancer cells, only
afew of these PTK genes have been shown to influence their
invasiveness and metastatic potential.

CD44 has been implicated in a number of important bio-
logic processes, including lymphocyte homing and activa-
tion, hematopoiesis, and tumor progression and
metastasis [14]. CD44 may be a marker for immature and
progenitor cells in prostate tissues. We previously identified
Jakl and Tyk2 using a PCR-based strategy to screen for

e e

PTKs in CD44-positive prostate celis [3]. To our knowl-
edge, this is the first report that Tyk2 plays a significant role
in mediating the enhancement of prostate cancer invasion
by uPA. We found that prostate cancer cells express Jak
family kinases, and in the current studies, we concentrated
the role of Tyk2. Blockade of Tyk2 expression using a siR-
NA significantly suppressed the promotion of human pros-
tate cancer cell invasiveness by uPA. In addition, the Tyk2
inhibitor tyrphostin Al suppressed the invasiveness of
human prostate cancer cells. We also showed that tissue
samples from prostate cancer patients are positive for Tyk2.
The activation of Tyk2 signaling may depend on
upstream events such as the activation of the uPA, interleu-
kin, and interferon receptors. Furthermore, uPA is a mul-
tifunctional molecule that acts as both a proteolytic
enzyme and a ligand that induces intracellular signaling.
The uPA receptor mediates intracellular signaling via sur-
face proteins such as integrins, growth factors receptors,
and G-protein-coupled membrane proteins [15]. Several
reports have shown that Jaks and Stats interfere with mul-
tiple signaling cascades, such as the Ras/mitogen-activated
protein kinase pathway and activation of phosphatidylino-
sitol 3-kinase and Src kinases [16]. For instance, Tyk2 is
required for the activation of Stat3 by uPA in glomerular
mesangial cells [17]. In human vascular smooth muscle
cells, uPA stimulates migration via the uPA receptor signal-
ing complex, which contains the Tyk2 and phosphatidylin-
ositol 3-kinase [10]. Together with these previous findings,
our results suggest that Tyk2 is one of the key molecules in
mediating uPA receptor signaling in prostate cancer cells.
Our results also suggest that Tyk2 signaling may con-
tribute to the metastasis of prostate cancer. Further studies
are needed to determine whether inhibition of Tyk2 atten-
uates the metastasis of prostate cancer cells in in vivo. We
are currently examining the correlation between the expres-
sion of Tyk2 in prostate cancer and the pathological and
clinical variables. Several inhibitors of Jak protein kinase
have been developed as molecular-targeted chemothera-
peutic agents [18]. Jak kinase generally functions as a mod-
ulator at the intersection of multiple signal transduction
pathways. Thus, targeting Tyk2 with specific drugs may
be useful for therapeutic intervention in prostate cancer.
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