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culture supernatants of MS-5 cells was determined by sandwich
enzyme-linked immunosorbent assay (ELISA), using Mouse
IGF-1 Quantikine ELISA Kit (R&D Systems, Wiesbaden, Ger-
many), according to manufacturer’s instruction. Experiments
were performed in triplicate, and mean *= SDs of cell numbers
are shown in Figure 2C.

Results

Differentiation of

pro-B cells from human BM CD34™ cells by

coculturing with murine stromal MS-5 cells

Murine stromal cell line MS-5 has been reported to possess

the capability to support differentiation of B-lineage cells -

from human cord blood (CB) CD34 7 cells [14-17]. Coin-
cident with these previous reporis, we observed that human
BM CD34% cells generated a high number of CD191 B
cells after cocultivation with MS-5 cells (Fig. 1A and B).
Starting with 4 X 10* CD34™ cells, approximately 0.4 to
1.3 % 10° mononuclear cells, 30.1% to 68.2% of which
were CD191 cells, were obtained after 4 weeks of cultiva-
tion. As shown in Figure 1C, approximately half of the he-
matopoietic cells were floating, while the remainder were
adhered to the MS-5 cells and the CDI9* cells were
more abundant in adherent cell fraction.

As shown in Figure 1B, most of the CD19™" B cells ob-
tained after 9 weeks of cultivation expressed cytoplasmic
CD179a. The CD179a is reported to be already expressed
in pro-B celis, remains expressed on B-cell precursors,
and disappears upon differentiation from pre-B cells to ma-
ture B cells [9]. In contrast, a few percent of CD19™ cells
were positive for surface and/or cytoplasmic p heavy chain
and a portion of them expressed either the « or A light
chains (Fig. 1B). We also observed that CD10, CD24,
CD43, and CD45 were expressed but CD20 and CD25
were not in the CD197 cells {Fig. 1D). No difference in im-
munophenotypic characteristics was observed between the
CD197 cells in adherent cell fraction and that in floating
cell fraction (data not shown). Based on the above data,
we concluded that human BM CD34% cells can differenti-
ate into pro-B cells, but not into pre-B cells, after cocultar-

ing with the murine stromal cell line MS-5 in the present
culture system. CD19% cells cultured for 4 weeks were
also examined, and similar immunophenotypic characteris-
tics were noted (data not shown).

Next, we examined the time course of the expression of
CD19 in human BM CD34% cells in our culture system.
CD19™ cells were already detected after 1 week of culture
(data not shown), and the number of CD19™ cells increased
throughout the course of the cell culture thereafter. After 4
to 9 weeks of culture, both the fluorescent intensity of
CD19 on each cell and the percentage of CDI9™ cells
out of the total number of cells continned to increase
(Fig. 1E), but the total number of CD19™ cells did not
change significantly {data not shown). When expression
of transcription factors related to early B-cell differentia-
tion was analyzed by RT-PCR, expression profiles of these
factors were well correlated with proliferation of CD19*
cells as described (data not shown). Therefore, pro-B-cell
development after 4 weeks of culture in the present system
was analyzed in the following experiments.

Effect of IGF-I on

in vitro human pro-B-cell development

Because expression of IGFRs in cultured CD34* BM cells
was detected (Fig. 2A), we first tested the effect of adding
exogenous recombinant human IGF-I to the coculture of
CD34% BM cells and MS-5 cells to evaluate the contribu-
tion: of ¥GF-I to human pro—B-cell development; no signif-
icant change in pro-B-cell development was observed (data
not shown).

However, RT-PCR analysis revealed expression of IGF-1
in MS-3 cells (Fig. 2B). Results of ELISA further demon-
strated that mouse IGF-I was indeed secreted in the culture
supernatant of MS-5 cells (Fig. 2C). As presented in
Figure 2D, mouse IGF-I is active in human hematopoietic
cells and can induce tyrosine-phosphorylation of human
IGF-IR expressed on NALM-16 cells derived from human
B-precursor acute Iymphoblastic leukemia. When we tested
similarly, MS-5 culture supernatant could stimulate IGF-IR
on NALM-16 cells, whereas freshly prepared medium
containing 10% FCS could not, indicating that mouse
IGP-I secreted from MS-5 cells is sufficient to stimulate

Fipure 1. Chzaracterization of human bone marrow (BM) CD347 cells cocultured with murine stromal cells. {A) Human BM CD34™ cells were cacultured
for 4 weeks with murine stromal MS-3 celis on cover slips. At the end of the culture period, the cells were examined with either May-Griinwald-Giemsa
staining {a) or CD19 immaunostaining (green) with nuclear counter staining by 4',6-diamidino-2-phenylindole (blue) (b). Original magnification X400.
(B) Human BM CD34 % cells cocultured for & weeks with MS-5 cells were harvested. The expression of celt surface CD19, k/A light chains and cytoplasmic
CD179a and W heavy chain was simultaneously assessed by flow cytometry with cell-permeabilization technique as described in Materials and Methods. In
cultered BM ceils (a), CD197 cells were gated (b), and expression of CD179a (¢), p heavy chain, and &/X Hght chains (d) was examined, As a negative
control, same sample specimen stained with isotype-matched control mouse IgG was also presented. As a positive control, mononuclear eells prepared
from tonsil were similarly treated as in (@) and presented (e). FITC = fluorescein isothiocyanate; FS = forward light scatter; S8 = side light scatter.
(C) Human BM CD34% cells were cocultured with MS$-5 cells for 4 weeks and the adherent cell fraction and floating cell fraction were collected separately.
Total cell number and expression of CD19 were examined as above. (D} Human BM CD347 cells were cocultured with MS-5 cells as in (B), and multicolor
immunofluorescence study was performed as above, CD§9™ cells were gated, and expression of surface B-cell differentiation markers, as indicated, was
examined using Bow cylometry. (E) Human BM CD347 cells were cocultured with MS-3 cells for 3, 4, and 6 weeks, and expression of CD19 was examined
using flow cytometry.
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Figure 2. Expression of insulin-like growth factors (IGFs} and IGF receptors on cutired human bone marrow (BM) CD34 ™ cells and murine stromal MS-5
cells. (A) Human BM CD34™ cells were cocultured with MS-5 cells for 1, 2, 3, or 4 weeks, as shown in Figure 1. At the end of the culture periods, the
floating fraction of the cultured human BM cells was collected and expression of human IGF-I receptor (IGF-IR) and IGF-I was examined using reverse
transcriptase polymerase chain reaction (RT-PCR). As an internal control, expression of human glyceraldehyde phosphate dehydrogenase was also examined.
CD197 cells were sorted from 4-week cultured human BM CD34 % cells and similarly examined (CD19+y. (BY Expression of mouse IGF-1 in MS-5 cells was
examined using RT-PCR. As an internal control, expression of mouse B-actin was also examined. The ¢y 174/Haelll molecular weight marker was presented
in the left side. (C) MS-3 cells were cultured alone for 4 weeks and the cultuse supernatant was collected. Subsequent concestration of mouse IGF-I secreted
by MS-5 cells in culture supernatant was determined by enzyme-linked immunosorbent assay. As a negative control, freshly prepared medium containing
10% fetal calf serum (FC8) was also examined, and no significant crossreaction was observed, (D) Biological effect of mouse IGF-I secreted by MS-5 cells
on human hematopoietic cells was examined using NALM-16 cells that express IGF-IR. Cells at logarithmic growth were stimulated for 5 minutes with either
freshly prepared culture medium coataining 10% FCS, MS-5 culture supernaiant, or recombinant mouse IGF-I (final concentration at 50 ng/mL) and exam-
ined by immunoblotting using antiphosphospecific human IGF-IR Ab that only recognize the activated form of IGF-IR. As a control, anti-entire IGF-IR Ab
was also used.

human hematopoietic cells. Therefore, the data suggest
a possibility that MS-5 cells secrete excess amounts of
IGF-1 and thus exogenous addition of recombinant IGF-1
revealed no effect on pro-B-cell development.

Indeed, when anti-mouse IGF-I Ab, which neutralizes
the effect of IGF-I, was added to the culture, development
of CDI19¥ B cells was significantly reduced (Fig. 3A and
B). As shown in Figure 3B, the initial addition of 5 ug/
mL polyclonal goat anti-mouse IGF-1 Ab was sufficient
to induce a significant reduction in pro-B-cell develop-
ment. When hamster anti-mouse IGF-1 mAb was used,
however, additional Abs were required to produce a remark-
able reduction in subsequent pro-B-cell production

(Fig. 3A). In both cases, anti-mouse IGF-1 Abs not only re-
duced the total cell number of cultured CD347T BM cells,
but also remarkably diminished the percentage of CD19™
B cells out of the total number of cells in the culture, There-
fore, reduction in CD19™ B ceils is not merely the result of
an overall cell reduction. Moreover, anti-mmouse IGF-I
Ab-induced reduction in CD19% B-cell development was
canceiled by the addition of recombinant human IGF-I
(Fig. 3D). The data suggests that IGF-I significantly partic-
ipates in pro-B-cell development. Evidence that anti-
human IGF-IR Ab and IGF-IR kinase inhibitor, both of
which can block the effect of IGF-I, reduce pro-B-cell de-
velopment, further supports this notion (Fig. 3B and C).
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Of note, RT-PCR analysis also showed a time-dependent
expression of IGF-I in a total cell fraction, but not sorted
CDI19™* cell fraction, of the cultured human BM CD34%
cells during the culture period (Fig. 2A). Beside CD19™
cell fraction, CD33™ myelomonocytic cells were present
in the culture (data not shown). Although CD33 ™ cell pop-
ulation was decreasing with the culture time, they matured
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with time. Thus, time-dependent expression of IGF-I is
most likely due to this cell fraction.

FEffect of recombinant

human IGFBPs on human pro-B-cell development

To assess the effect of IGFBPs on human pro-B-cell devel-
opment, we challenged the present culture system with
recombinant human IGFBPs. As shown in Figure 4A, of
the six IGFBP members, only IGFBP-3 produced a subse-
quent reduction in the number of pro-B cells; the other
IGFBPs did not affect human pro-B-cell development. As
shown in Figure 4B, the inhibitory effect of IGFBP-3 on
pro-B-cell differentiation was dose-dependent. Further-
more, IGFBP-3—mediated inhibition of CD19% cell devel-
opment was cancelled by the addition of recombinant
human IGF-I (Fig. 4C).

Because none of the IGFBPs other than IGFBP-3 af-
fected pro—B-cell development from CD34™* BM cells co-
cultured with MS-5, we tested a synergistic effect of two or
more IGFBPs; no significant synergism was observed and
other IGFBPs failed to enhance the effect of IGFBP3
(data not shown). Therefore, we next examined the effect
of neutralization of the IGFBP function using specific Abs.

First we tested expression of IGFBPs in MS-5 cells. As
shown in Figure 5A and B, RT-PCR experiments revealed
that MS-5 transcribe mRNA. of IGFBP-4, 5, and 6, but
not 1, 2, and 3, while immuncblotting experiments using
commercially available Abs detected only IGFBP-6 protein
expression. Coincident with the results of immunoblotting,
anti-IGFBP-2, 3, and 5 Abs did not affect MS-5-induced
pro—B-cell development from CD34™ BM cells (Fig. 5C).
Interestingly, however, when anti-mouse IGFBP-6 Ab was
added to the culture system, pro-B-cell development was
significantly reduced (Fig. 5C). In addition, as shown in
Figure 5D, the anti-mouse IGFBP-6 Ab—induced inhibition
of pro-B-cell development was completely canceled by the
addition of human IGFBP-6. In light of this data, we con-
cluded that the IGFBP-6 produced by the MS-5 cells is
essential for pro-B-cell development from CD34F BM
cells.

Figure 3. Effect of insulin growth factor-I (IGF-I) inhibition on human
pro-B-cell development. Human bone marrow (BM) CD34™ cells were co-
cultured with MS-5 for 4 weeks in the presence or absence of hamster anti-
mouse IGF-1 monoclonal antibody (mAb) {[{A) &« MsIGF-I (Iim), either
initial administration of 10 pg/mL alone (10} or a combination of an initial
administration of 10 pg/ml. and an additional administration of 5 pg/mL
after 2 weeks of culture (10 + 5)], goat polyclonal anti-mouse IGF-F Ab
[(B) & MsIGF-1 (Gt), 5 pg/ml)], IGF-IR kinase inhibitor I-OMe-AG538
[(B) 5 uM], mouse anti-human IGF-IR mAb [(C) o« HulGF-IR (Ms), 3
pg/mL], and a combination of o MsIGF-1 (Hm) and human IGF-I
(HulGF-1, 10, and 100 ng/mL) (D). Subsequent CD19™ cell number was
estimated using flow cytometry and is shown. Total cell number of cultured
CD34% cells and the percentage of CD19™ cells are also presented,
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Figure 4. Effect of insulin-like growth factor (IGF)-binding proteins on human pro-B-cel development. (A) Human bone marrow (BM) CD34% cells were
cocultured with MS-5 cells with or without 100 ng/mL each recombinant human IGF-binding proteins (iGFBP 1-6) for 4 weeks. The subsequent iotal cel}
number of cultured CD34™ cells and the percentage and cell number of CDI9™ cells are shown. (B) Human BM CD34™ cells were cocultured with MS-5
cells with or without different doses (ng/mL} of recombinant human IGFBP-3, as indicated, for 4 weeks and examined using the protocol described in (A).
(C) Human BM CD34™ cells were cocultured with MS-5 cells with or without indicated combinations of recombinant human IGFBP-3 {ng/ml.) and human

IGF-1 {ng/mL} and examined using the protocol described in (A).

Discussion

In the present study, when BM CD34™ cells were cultured
in the presence of the murine stromal cell line MS-5, pro-B
cells, but not pre-B cells, were efficiently induced. MS-5 is
well known to be capable of supporting B-cell development
[14-17]. However, several different groups have reported
this cell line to have distinct effects on induction of B cells.
Coincident with our observation, Berardi et al. [14] showed
that when human HPSCs derived from umbilical CB were
cultured in the presence of MS-5, CD10T, CD197, and cy-
toplasmic p~ pro-B cells were generated [14]. In contrast,
Nishihara et al. [15] and Hirose et al. [16] reported the in-
duction of pre-B cells from CB CD34 7 celis after cocultur-

ing with MS-5 in the presence of exogenous granulocyte
colony-stimulating factor (G-CSF} and stem cell factor
(SCF) [14-16]. Moreover, Ohkawara et al. [17] reported
that surface . IgM™' mature B cells could be produced
from CB CD347 cells using the same culture condition.
We tested the effect of the exogenous addition of G-CSF
and SCF in our culture system, but failed to observe any
signs of pre-B-cell differentiation (data not shown). Al-
though a precise reason for such a difference is unavailable,
it may be possible that different stocks of MS-5 exhibit dis-
tinct effects on B-cell differentiation. A comparison of the
distinct effects of different MS-5 stocks on B-cell differen-
tiation may provide useful and interesting information.
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Figure 5. Effect of antibodies against insulin-like growth factor (IGF)-binding proteins on human pro-B-cell development. (A) Gene expression of mouse
1GF-binding proteins (IGFBP) 1-6 on MS$-5 ceils was examined using reverse transcriptase polymerase chain reaction. As an internal control, expression of
mouse B-zctin was also examined. The ¢y 174/Haelll molecular weight marker was presented in the lefi side. (B) Immuncblot analysis with goat anti-mouse
IGEBP-2, 3 5, and IGFBP-6 antibodies (2IGFBP2-6, respectivelyy on MS-5 cell lysates was performed. (C) Human bone marrow (BM) CD347 cells were
cocultured with MS-5 cells for 4 weeks with or without 10 pg/mL each goat antibodies against mouse IGF-binding proteins («IGFBP), as indicated. Sub-
sequent cell number of CD19™ cells was examined using flow cytometry and is shown. Fotal cell number of cultured D34 cells and percentage of CD19™
cells are also presented. (D) Human BM CD34™ cells were cocultured with MS-5 cells for 4 weeks with or without the indicated combination of «IGEBPG (5
pg/mL) and recombinant human IGFBP-6 (100 ng/mL). Subsequent total cell number of cultured CD347 cells and percentage and cell number of CD19™*
celis was examined using the protocol described in (C).
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Name of gene

Primer sequence forward reverse

Product size (bp)

human IGF-I 5-ACAGGTATCGTGGATGAGTG-3' 263
5 -GTAACTCGTGCAGAGCAAAG-3

human IGF-IR 5.ATGTGCTGGCAGTATAACCC-3' 929
5 -ACAGCCTTGGATGAACGATG-3

mouse [GF-I 5 -ATGCTCTFCAGTTCGTGTGT-3 271
5.CTTCTCCTTTGCAGCTTCGT-3

mouse IGFBP-1 5 -AGATTAGCTGCAGCCCAAC -¥ 535
5 -TGTTCTAGGCAGCATCACTCT-3'

mouse IGFBP-2 5 -ATCCCCAACTGTGACAAGCA-3 407
5-CCTCTCTAACAGAAGCAAGGGA-Y

mouse IGFBP-3 5-TCCAAGTTCCATCCACTCCA-3 a7z
5-GAGGCAATGTACGTCGTCTT-3'

mouse IGFBP-4 §-AATTAGAGATCGGAGCAAGA-3 598
S-TGGGAATTCCTATTGCTACA-3

mouse IGFBP-5 5-ATGAGACAGGAATCCGAACA-Y 269
S-TCAACGTTACTGCTGTCGAA-I

mouse IGFBP-6 S-TGCTAATGCTGTTGTTCGCT-3 652
3 TGAGTGCTTCCTTGACCATC-3

human GAPDH §-CCACCCATGGCAAATTCCATGGCA-Y 598
5.-TCTAGACGGCAGGTCAGGTCCACC-3

mouse Aclin S-TGACGGGGTCACCCACACTGTGCCCATCTA-3' 661

5-CTAGAAGCATTTGCGGTGGACGATGGAGGG-3'

It was previously reported that earlier stages of B-cell
development depend on contact with the stromal cells
[15,17]. Consistently, culture supernatant of MS-5 cells
failed to support pro-B-cell development from CD347
BM cells (data not shown), suggesting that cell-to-cell in-
teraction between CD34™ BM cells and MS-5 cells is es-
sential for pro—B-cell development in our culture system.
In contrast, however, we detected pro-B cells not only in
adherent cell fraction, but also in floating ceil fraction,
while pro-B cells were more enriched in adherent cell frac-
tion. Although contact with stromal cells should be neces-
sary for pro-B cell development from CD34% cells, it
may not always be necessary for further differentiation
and/or proliferation of pro-B cells. Therefore, a portion of
pro-B cells will dissociate from stromal cells and move to
floating cell fraction.

As demonstrated in the present study, the MS-5 cells
produced IGF-I, and elimination of IGF-1 function resulted
in the failure of pro—-B-ceil development. Previous reports
have revealed that IGF-] is essential for differentiation of
pro-B to pre-B cell [6,18] and expansion of B-cell popula-
tion [7,8]. Therefore, our data extends previous observa-
tions and indicates that IGF-I likely plays an important
rele in induction of pro-B cells from HPSCs.

As we presented in Figure 2A, IGF-1 is possibly secreted
by a non-B-cell fraction of the cultured CD34 ¥ cells. IGF-I
may aiso be present in the supplemented FCS. Therefore, in
addition to the IGF-I secreted by MS-5 cells, IGE-I pro-
duced by a non-B-cell fraction of the cultured CD34 ™ cells
as well as that provided by supplemented FCS can also af-
fect to pro-B-cell development. However, as we presented

in Figure 2D, the biological assay has indicated that the
contribution of IGF-I that may be present in the supple-
mented FCS can be excluded. Furthermore, because the
Abs used to neufralize IGF-1 activity in this study have higher
specificity for mouse IGF-I than human IGF-I, it is most
likely that the majority of IGF-I-mediated effects in our
culture system are due to mouse IGF-I secreted by MS-5 cells.

Because IGF-I is thought to play an integrating role in
hematopoiesis, it seems reasonable to consider that IGFBPs
may also contribute to regulation of hematopoiesis. Evi-
dence that IGFBPs are produced by stromal cells in the
BM, yolk sac, and liver, where hematopoiesis occurs
[19,20], strongly supports this notion. Indeed, a recent re-
port by Liu et al. {21] suggested that IGFBP-3 may block
differentiation of HPSCs and be capable of promoting pro-
liferation of primitive CD34 ¥CD38™ hematopoictic cells,
contributing to expansion of the HPSC pool [21]. Ia this
study, we further demonstrated that addition of exogenous
IGFBP-3 inhibited the effect of IGF-I on pro-B-cell induc-
tion from CD34% BM cells. Although MS-5 cells do not
express IGFBP-3, it has been reported that BM stromal
cells produce 1GFBP-3 upon stimulation with several fac-
tors, such as vitamin D3 and transforming growth factor
(TGF)-B1 [22,23]. Therefore, it is conceivable that
IGFBP-3 could be secreted by BM stromal cells and in-
volved in the regulation of early hematopoiesis, including
B-cell development, depending on conditions in the hema-
topoietic microenvironment.

As demonstrated in the present article, while all six
members of the IGFBP family possess the ability 1o bind
with IGF, only IGFBP-3 inhibited the effect of IGF-I on

-~ 143 —



T. Taguchi et al./ Experimental Hematology 34 (2006} 508-518 517

pro-B-cell development. Because all other IGFBPs failed
to exert synergism with the IGFBP-3 in an inhibitory effect
on pro-B-cell development in our experiment {data not
shown), IGFBPs may compete with each other for binding
with IGF-1, and IGFBP-3 should have the highest binding
affinity. Furthermore, our data indicated that IGFBP-6 is
required for pro-B-cell development, and neutralization
of IGFBP-6 resulted in a marked reduction in the subse-
quent pro-B-cell number. Therefore, it is suggested that
each IGFBP can have a distinct effect on the IGF action
in regulation of hematopoiesis.

Interestingly, recent reports have indicated that IGFBPs
have an intrinsic ability to affect cells directly [24-29]. For
example, IGFBP-2 has been shown to be mitogenic in uter-
ine endometrial and osteosarcoma cells in the absence of
IGFs [30). IGFBP-3 has been reported to induce a reduction
in cell growth, DNA synthesis inhibition, and apoptosis in
specific cells in an IGF-independent manner [31--34]. Fur-
thermore, IGFBPs have been reported to have specific
cell-surface receptors; IGFBP-2 and IGFBP-3 directly
bind to target cells through «5B1 integrin and TGF-B
type-V receptors, respectively, thereby inducing intracellular
signals [35,36]. Therefore, IGFBPs might not only inhibit
the effects of IGF-I during hematopoiesis, but also have
intrinsic and direct bioactivities that directly affect hemato-
poietic cells independently of IGF-I function.

In conclusion, IGF-T and IGFBPs appear to play impor-
tant roles in early B-lymphopoiesis. Although details of their
molecular functions remain uncertain, IGFBPs can possibly
affect hematopoietic cells in both IGF-dependent and IGF-
independent manners. The present observations should con-
tribute to a better understanding of the functional roles of
IGF-I and IGFBPs in regulation of B-lymphopoiesis.
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Desmoplastic small cell tumor of soft tissue: Molecular variant of

EWS-WT1 chimeric fusion
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A 7-year-old girl was hospitalized because of a tumorous
mass in her left periorbital region. The tumor was removed
by local excision. The soft-part tumor recurred in the parotid
gland region 4 months later, and a second recurrence was
noted on the left side of the neck 3 years and 3 months
thereafter. The patient had not received chemotherapy or
local irradiation. Histological and immunohistochemical
examinations of the recurrent masses revealed morpholog-
ical characteristics of small cell proliferation with desmo-
plastic stroma that were similar to those of the initial tumor.
The cellular components showed immunoreactivity for
desmin, cytokeratin, vimentin, and epithelial membrane
antigen in part, but the cells were negative for myogenin,
€089, and neuron-specific enolase. These findings sug-
gested a diagnosis of desmoplastic smaill cell tumor,
despite its extra-abdominal location. The histological diag-
nosis was confirmed by reverse transcriptase polymerase
chain reaction, which demonstrated an EWS-WTT chimeric
fusion gene. An in-frame fusion of EWS exon 9 and WT7
exon 8 was subsequently identified by cloning and
sequencing. The chimeric fusion gene might be refated to
the tissue-specific phenotype of desmoplastic small celf
tumors, although further investigation of this speculation is
necessary.

Key words: desmoplastic small celt tumor, EWS-WTT {fusion
transcript, extra-abdominal

.Desmoplastic small cell tumor (DSCT) occurs usually in the
intra-abdominal region of children or adolescents and con-
sists of proliferating small cells with a desmoplastic stroma.
DSCT is also characterized by the presence of an EWS-
WT? chimeric fusion transcript, typically confirmed by
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reverse transcriptase—polymerase chain reaction (RT-PCR).
Tumors with similar histological appearances have been
reported in other soft tissues,' but such tumars are
extremely rare. Here, we describe a patient with a desmo-
plastic small cell tumor that developed primarily in the orbital
soft tissue.

CLINICAL SUMMARY

A 7-year-old girl complained of an insidicus swelling in
the soft tissue of her left upper eyelid. On hospitalization,
a reconstructed CT image revealed a partially calcified,
low-density mass in the upper lateral aspect of the left
orbital region (Fig. 1). The mass was excised surgically. The
patient was not treated with systemic chemotherapy or lccal
irradiation.

Four months after the initial surgery, a local recurrence
was detected in the left periorbital region. A CT image
revealed an irregular mass, measuring 26 x 20 mm in great-
est diameter, with central low-density and calcified foci; the
mass was located near the upper aspect of the left parotid
gland {Fig. 1). Systemic gallium citrate scintigraphy demon-
strated an abnormally localized accumulation at the mass
lesion, but no distant metastases were noted. The local tumor
was completely re-excised surgically, and the patient was
carefully followed thereafter. Chemotherapy or irradiation
was not performed.

Three years and 3 months later, at the age of 11 years, the
patient was again hospitalized because of a second recur-
rence in her left lower neck region. CT showed a tumorous
lesion located between the left lower margin of the parotid
gland and the piriform fossa. The main cervica| recurrent
tumor and nodal metastases were removed. The tumorous
tissue weighed 38.9 g in total. The patient has been followed
for 8 months and has shown no signs of local recurrence,
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Figure 1
{arrow) is visible in the left upper lateral aspect of the orbital region
as a partially calcified, low-density mass on a CT image. (b) CT of
the first recurrence showing an irregular mass (arrow} with a central
low-density area near the upper aspect of the left parotid gland.

Radiological appearance. {a) The initial lumor mass

although the possibility of future recurrence cannot be ruled
out.

PATHOLOGICAL FINDINGS

A conventional morphological examination was performed
using formalinfixed paraffin sections stained with HE.
Histological examination of the primary tumor suggested
an epithelial neoplasm, like a lacrimal gland carcinoma or
an adenocid cystic carcinoma, or a rhabdomyosarcoma or
metastasis of an abdominal tumor. The first recurrent tumor
was characterized by conspicucusly atypical small cell
proliferation, forming solid cellular nodules or trabecular,
basalioid epithelial lesions, and was accompanied by prom-
inent interstitial fibrous intervention (Fig. 2). The tumorous
tissue was intermingled with the ducts of the parotid gland,
and the tumor iiself was located adjacent to the serous
acini of the parotid gland. The second recurrent main tumaor
exhibited diffuse cellular proliferation but did not have a
desmoplastic stroma. The nodal metastases in the fower
portion of the left neck, however, exhibiled a distinct desmo-
plastic morpholegy similar to that of the first recurrent

tumor. These histological findings were consistent with a
desmoplastic small cell tumor of soft tissue with divergent
differentiation, and were almost identical to those of the ini-
tial orbital tumor.

Immunohistochemical study

The immunohistochemical investigation was performed using
formalin-fixed, paraffin-embedded tissues and the streptoa-
vidin—biotin peroxidase indirect method. Primary antibodies
were prepared against the following antigens: desmin
(clone DE-R-11, diluted 1:50; DakoCytomation, Glostrup,
Denmark), cytokeratin (AE1/AE3, diluted 1:50, proteinase
K-treated; DakoCytomation), vimentin {(Vim3B4, diluted 1:50,
microwave-treated; DakoCytomation), epithelial membrane
antigen (EMA; E£29, diluted 1:50; DakoCytomation), myoge-
nin {F5D, diluted 1:50, microwave-treated; DakoCytomation),
WT1 (C-19, diluted 1:50, proteinase K-treated; Santa Cruz
Biotechnology, Santa Cruz, CA, USA), CD99 (F5D, diluted
1:50; DakoCytomation), sarcomeric actin {e-Sr-1, diluted
1:40; DakoCytomation), CD45 (T29/33, diluted 1:50; Dako-
Cytornation), glial fibrillary acidic protein {GFAP; 6F2, diluted
1:50, microwave-ireated; DakoCytomation), neuron-specific
enolase (NSE; BBS/NC/VI-H14, diluted 1:50; Dako-
Cytomation), S-100 protein (rabbit polyclonal, diluted 1:400;
DakoCytomation), Ki-67 antigen (MIB-1, diluted 1:50,
microwave-treated; DakoCytomation), and P53 (PAb240,
diluted 1:50, microwave-treated; DakoCytomation).

The solid areas of the first and second recurrent tumors
were positive for vimentin, but the trabeculae were negative.
In contrast, the trabecular or epitheliold components were
positive for EMA, but the solid cellular area was negative.
Distinct positive immunoreactivity for desmin and cytokeratin
was expressed in the cytoplasm of the small tumor cells in
both the solid cellular and trabecular architectures (Fig. 3).
No evidence of myogenin, WT1, CD89, sarcomeric actin,
CD45, GFAP, NSE, or $-100 protein positivity was seen. Ki-
67 labeling index was 40-60% in the solid area of tumor and
10-20% at the trabeculae. P53 labeling index was <1-5%.

Electron microscopy

The electran microscopy specimens were prepared using
conventional 2% glutaraldehyde and 1% osmium tetraoxide
fixation followed by epoxy embedding. Ultrathin sections
stained with uranyl acetate and lead citrate were then
observed using a JEM 1010 transmission electron micro-
scope (JEOL, Tokyo, Japan).

The tumor cells were characterized by prominent desmo-
some-type intercellular junctions with tonofilaments (Fig. 4).
A small amount of intermediate fibrils without striated muscle

©® 2006 Japanese Society of Pathology
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Figure 2 Histological findings. {a) Conspicuous proliferation of srall atypical cells with increased mitotic figures is apparent. A salivary gland
duct is visible at the right of the figure. (b) The tumor tissue is characterized by trabecular, epithelioid proliferation surrcunded by a hyaline
basal structure, with fibrous proliferation in the interstitium.
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Figure 3 Immunohistochemical findings. (a) Vimentin is reactive in the cytoplasm of the tumor cells. (b} EMA is positive at the membrane
“of the tumor cells, especially in the trabecular region. Immunostaining was positive for {c) desmin and (d) cytokeratin in both solid and
trabecular portions of the tumor.
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Figure 4 Electron microscopy. The tumor celis exhibit intercellular
desmosomes with distinct tonefilaments.

differentiation were seen in the cytoplasm. No specific neu-
rosecretory vesicle was found in the cytoplasm.

Gene analysis

Total BNA was extracted from frozen tumor tissue using an
RNeasy Kit (Qiagen, Hilden, Germany) and was reverse
transcribed to ¢DNA using a First-Strand cDNA synthesis Kit
(Amersham, Piscataway, NJ, USA). PCR was performed
using the following primers: EWS/MWT1, ESBP1 (CGAC
TAGTTATGATCAGAGCAGT)® and 10BA (TGCTGCCTGG
GACACTGAAC), EWS-FLIM, 22.3 (TCCTACAGCCAAGCT
CCAAGTC)® and 11.3 (ACTCCCCGTTGGTCCCCTCC); and
EWS/ERG, ESBP1 and EU15 (CATGTACGGGAGGTCT
GAGGGGT).* The amplified products were run on a 2%
agarose gel. The products were then purified using
MicroSpin 8-400 Columns (Amersham) and cloned inio
pGEM-T vectors via the pGEM-T Vector System (Promega,
Madison, W1, USA}. Sequencing of the subcloned PCR prod-
ucts was performed using a DyEnamic ET Terminator Cycle
Sequencing Kit (Amersham) with M13-40 and reverse
primers.

The aforementioned histological diagnosis was also con-
firmed by RT-PCR of snap-frozen tumor tissues taken from
the first recurrent fumor and the second recurrent masses,
including both the solid cellular portion and the desmoplastic
portion (Fig. 5). Each tissue specimen exhibited the same
EWS-WTT chimeric fusion (data not shown). The chimeric
franseript was finally confirmed by cloning and sequencing
of the PCR product, resulting in the identification of an in-
frame fusion of EWS exon 9 and WT7 exon 8 (Fig. 6). Neither
EWS-FLIT nor EWS-ERG chimeric transcripts associated
with the Ewing family of tumors were detected {data not
shown).

600 bps —

Figure 5 Molecular analysis. Reverse transcriptase—polymerase
chain reaction of the first recurrent tumor tissue shows an in-frame
fusion of EWS and WTT in lane 2, which contains a longer band
than that of the positive desmoplastic small cell tumor (DSCT) con-
irol. A smaller product, corresponding to the fusion of EWS exon 7
{0 WTT exon 8, is also visible. Lane 1, 100 bp ladder marker; lane
2, present case; lane 3, positive DSCT control; lane 4, NCR-NB3
negative control neuroblastoma cell.

EWS exon 9 WT1 exon 8
Present case cgaggtggeltcaataageciggtglgtgagaaaccataccagtgtgactt

Figure 6 Seguence of EWS-WTT junction. The fusion point of the
longer product is shown. A vertical line indicates the nucleotide
position of the junction.

DISCUSSICON

Several epithelial neoplasms, many of which are malignant
in adults, were initially considered in the differential diagnosis
of the slow-growing tumor and repeated recurrences seen in
the present case. Several kinds of malignant small cell
tumors of soft tissues including rhabdomyosarcoma (espe-
cially alveolar type), exiraskeletal Ewing sarcoma family of
tumors (ESFT),® neurcblastoma metastases, and non-
Hodgkin lymphoma (in addition to DSCT) must be ruled out
in pediatric patients. The immunochistochemical reactivity of
desmin or vimentin was not necessary to confirm a diagnosis
of rhabdomyosarcoma because myogenin, which is a myo-
genic regulatory protein, was not reactive. The absence of
CD98, CD45, NSE, 5100, and GFAP reactivity enabled
ESFT, non-Hedgkin lymphoma, and neuronal tumors to be
ruled out. Electron microscopy revealed an epithelioid fine
structure with distinct desmosomes, similar to the findings for
a previously reported extra-abdominal DSCT.® No evidence
of intracytoplasmic neurosecretory vesicles, often seen in
neuroblastomas, or aggregates of thick myofilaments with
electron-dense zones, indicating rhabdomyosarcoma, was
found.

Ancther possibility in the differential diagnosis of smaill
round cell tumors in children is DSCT. Recently, intra-

© 2006 Japanese Society of Pathology
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abdominal DSCT was recognized as a small cell tumor that
usually occurs in the intra-abdominal region of children or
young adults. DSCT is characterized by small cell prolifera-
tion, prominent stromal desmoplasia, and intra-abdominal
serosal involvement. A distinct molecular property of this
tumor is the presence of an in-frame fusion of the EWS gene
and the WTT gene.™"

Intra-abdominal DSCT has been described in the retro-
peritoneum, pancreatic region, gastric wall, and the pelvic,
mesenteric, and omental regions.”*" Light micrecopy has
revealed a divergent differentiation pattern {smalt cell prolif-
eration in an intermingled pattern) because the majority of
cases exhibit a trabecular, basalioid, or glandular architecture
associated with abundant interstitial fibrous proliferation, and,
in some cases, solid cellular areas.” The small cells are
typically positive for cytokeratin, EMA, vimentin, desmin,
or NSE immunochistochemical staining.” Immunoreactivity
for 8100, Leu?7, or LeuM1 has been observed in some
cases b1

Cytogenetic investigation of intra-abdominal DSCT
has revealed a consistent chromosomal translocation:
1{11;22){p13;q12). This translocation causes an in-frame
fusion between the EWS gene and the WTT gene, producing
a chimeric transcript. In most cases of intra-abdominal DSCT,
the first seven exons of EWS are fused to the last three exons
of WT1. EWS-EAG or EWS-FLIT fusion transcripts have also
been described in some DSCT cases, 22!

The soft-tissue tumor in the present case was similarly
characterized by divergent immunocreactivity pattern of EMA,
cytokeratin, desmin, and vimentin in the solid and trabecular
areas of the tumor. Electron microscopy showed the tumor
cells to be arrayed with distinct desmosome-type intercellular
junctions® and with intracytoplasmic intermediate fibrils in a
few cells. These characteristics were morphologically and
immunohistochemically consistent with a diagnosis of DSCT,
despite the extra-abdominal location of the turmor. Molecuiar
analysis of the first and second recurrent tumors showed the
same in-frame fusion transcript, even though the tumor tis-
sues had different morphological phenotypes.

Extra-abdominal DSCT is extremely rare, although ovarian
or paratesticular involvement has been described.®'s DSCT
of the soft tissue and bone of the hand, intracranial DSCT,
and pleural cavity DSCT have also been reported.'®"° To the
best of cur knowledge, no extra-abdominal DSCT confirmed
by RT-PCR to exhibit an EWS-WT1 chimeric fusion have
been reported in Japanese studies. The morphological,
immunchistochemical, ultrastructural, and molecuiar features
of soft-tissue DSCT are similar to those of intra-abdominal
DSCT. Gerald ef al. reviewed and summarized 109 cases of
DSCT, of which 103 were located in the abdominal cavity,
four were in the thoracic region, one was in the cranial fossa,
and one was in the hand.® Swanson et al described 12
cases of polyphenotypic small cell tumors in children; two of
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these tumors arose from bone, six arose from soft tissue or
the axial skeleton, two arcse from the CNS, and two arose
from the retroperitoneum.” Al of the tumors exhibited
primitive round cell features or neuroectodermal char-
acteristics with or without myogenic, epithelial, or combined
differentiation.

The present patient exhibited an uncommon form of the
EWS-WTT fusion transcript: a fusion of EWS exon 9 and
WTT exon 8, instead of the more common fusion of EWS
exon 7 and WTT exon 8 seen in intra-abdominal DSCT.%%
Interestingly, two cases of DSCT of soft tissue and bone and
one case of DSCT of the kidney exhibited the same type of
fusion transcript.%'®# This molecular aberration might be a
variant of the in-frame EWS-WTT fusion transcript, because
the EWS-WTT fusion gene has been reported to exhibit
molecular heterogeneity, such as the fusion of EWS exon 10
and WT1 exon 8 or the fusion of EWS exon 7 and WT7
exon 9. In contrast, intra-abdominal DSCT with a fusion of
EWS exon 9 and WT7 exon 8 has not been previously
described. Furthermore, in spite of the cytological heteroge-
neity of the tumor phenotypes in the present case, the same
in-frame EWS-WTT fusion was noted in the solid area and
the desmoplastic epithelioid region. The genetic findings in
the present case suggest that fusion gene heterogeneity may
be related to the tissue-specific phenotypes of DSCT,
although further investigation of other cases of extra-
abdominal DSCT is needed to confirm this speculation.
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BACKGROUNI. Angiotensin IT (ATD type 1 receplor (ATTR) antugonists are used widely as
antihvpertensive agents, and long-term ATIR blockade may have a protective vifuct against
cancer, We previously demonstrated that specific ATIR blockade with candesartan, an ATIR
antagonist, inhibited vascular endothelial growth factor (VEGE) production and dramatically
decrvased lung metastasis of renal cancer by inhibiting tumor anglogenesis. This study was then
undertaken Lo invesligate the effects of ATIR blockade using candesartan 1 prostale cancer
(PCa).

METHODS. We first determined whether hormone-independence is associated with tumor
angiogenesis and ATTR expression, Accordingly, we postulated that ATIR blockade may affect
angingenesis in androgen-independent PCa rather than in androgen-dependent PCa, and
investigated the etfects of All and candesartan on PCa cell lines and a tumor xenograft madel.
RESULTS. A hurhan hormone-refractory PCa {HRPC) and C4-2 androgen-independent PCa
cell line showed significantly higher expression of VEGF, MVD, and ATIR than did human
androgen-dependent PCa and an TNCaP androgen-dependent PCa cell line, In vitro, All and
candesartan did not direetly affect the proliferation of LNCal’ and C4-2 cells, but candesartan
significantly suppressed VEGE production in C4-2 cells, In vivo, candesartan significantly
suppressed VEGF expression, serum PSA - concentration and tumor growth (1102,
45.0 4 17.6 ngg/ml, 235.8 £ 37.4 mm”) in C4-2 xenografts in castrated mice, compared with the
controls (2.440.6, 376.7 + 74.2 ng/ml, 830.8 + 147.6 mm’}.

CONCLUSIONS. Candesartan exerted preventive effects on [TRPC, rather than on androgen-
sensilive PCa, through the inhibition of tumor angiogenesis, Prosiale 67: 47489, 2007,

o 2000 Wiley-Liss, Inc.

KEY WORDS: prostate cancer; hormone; refractory; angiotensin I

INTRODUCTION

Prostate cancer (PCa) is one of the most common
malignancy in Western countries and is the second
leading cause of cancer mortality in the United States.
Currently, patients with advanced or metastatic PCa
are treated by androgen ablation alone or in combined
with local therapy. While hormonal ablation is the
standard therapy for advanced PCa and most patients
initially respond to androgen ablation, in more than
800% of the patients the tumor will subsequently acquire

© 2006 Wiley-Liss, Inc.

androgen independence [1] and the cancer ultimately
becomes fatal [2]. To dale, no (reatments specifically
effective for hormoene-refractory prostate cancer
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(HRPC) are available, although a number of therapies
have been tested.

Angiotensin 1] (All} is a key biological peptide in the
renin-angiotensin system that regulates bloed pressure
and renal hemodynamics. The two major All receptors
subtypes are ATIR and AT2R. ATIR Dbelongs to the
seven transmembrane domain superfamily, and its
stimulation activates classical second messenger sys-
tems that lead to the rapid production of diacylglycerol
and inositol 1,4, 5-triphosphate as well as the activation
of protein kinase C [3]. Nevertheless, ATIR is localized
in not only cell membrane but also cytoplasm because
of its internalization [4,5].

The potential tumor growth promating effects of All
has been suspected based on its known hormonal
actions and its vasoconsirictor effect [6]. It has been
suggested that angiotensin-converting enzyme (ACE)
inhibitors may offer protection against cancer and may
prevent carcinogenesis [7]. Several studies have shown
that All can induce neovascularization in experimental
systems [8] by way of ATIR [9]. AT1R is also frequently
expressed in human tumors such as skin cancer [10],
renal cell carcinoma [5,11], and breast cancer [12]. A
recent in vitro study showed that treatment with an
ATIR antagonist inhibited the growth of a pancreatic
cancer cell line, suggesting that AT1R blockade may be
a useful therapeutic strategy for cancer [4]. Candesar-
tan was developed as a specific long-acting ATIR
antagonist, and it has been widely used as an
antihypertensive agent. We previously demonstrated
that lung metastasis of murine renal cancer showed
significant ATIR expression and that candesartan
inhibited vascular endothelial growth factor (VEGF)
production and dramatically decreased lung metasta-
5i$ in a mouse model by inhibiting tumor angiogenesis
[5], and confirmed anti-angiogenic effects in bladder
cancer tumor xenograft model as well [13].

It is well known that angiogenesis is essential for
tumor progression and metastasis [14-16]. In relation
to ’Ca, it has also been suggested that the degree of
tumor angiogenesis 1s related to clinical stage [17,18],
progression after radical prostatectomy [19], and
survival [20,21]. Various endothelial growth factors,
namely, angiogenic factors produced by cancer cells,
have been shown to play crucial roles in tumor
angiogenesis. VEGY is one of the most potent and
specific angiogenic factor. Immunchistochemical stu-
dies have shown that PCa cells produce VEGF [22,23],
and that VEGF expression correlates with microvessel
density (MVD) and tumor progression [24].

In this study, we hypothesized that ATIR blockade
may have a therapeutic effect on PCa, if ATIR were
involved in tumor angiogenesis in PCa. We then sought to
investigate the expression of angiogenic factors and ATIR
in PCa and tested the effects of AT1R blockade on PCa.

The Prostate DO 10.1002/pros

MATERIALS AND METHODS
Clinical Samples and Clinicopathological Features

Archival paraffin-embedded sections were obtained
from 25 patients who underwent retropubic radical
prostatectomy for localized I’Ca between January 2001
and December 2001. None of the patients had received
hormonal treatment prior to the operation. The average
age of the patients at the time of surgery was 64.0=
6.2 years. Gleason score was less than 7 in 14 patients
and 7-10in 10 patients. According to the TNM system,
there were 16 patients in clinical stage Il and & in
stage 111

Twenty-four prostate specimens were alse ran-
domly selected from the archival paraffin-embedded
sections of patients who had died of HRPPC and had
undergone autopsy in our institutions. The average age
of these patients was 70.7 = 11.8 vears. The Gleason
scoreof all 24 samples was more than 6 and clinically all
of them were in stage IV. All these patients had been
subjected to androgen ablation alone or to androgen
ablation plus chemotherapy or radiation. Of them, two
had a serum PSA level of less than 10 ng/ml; the others
had levels of 10 ng/ml or higher. llistology of the
specimens was evaluated by two independent pathol-
ogists using hematoxylin and eosin-stained slides.

It is impossible to prove that all the surgical spedi-
mens were androgen-dependent tumors. Nevertheless,
more than 80% of the patients responded to the
treatment at the beginning, thereafter they suffered a
relapse and only 20% were well controlled for 5 vears
[25,26]. Accordingly, most of our patients who were not
subjected to neoadjuvant androgen ablation may have
had androgen-dependent tumors [27].

Murine Xenograft Prostate Cancer Model

LNCaP cells and C4-2 cells, an androgen-indepen-
dent LNCaP subline [28], were grown in RPMI 1640
medium containing 10% fetal calf serum. Six-week-old
male athvmic nude BALB/C mice were castrated by
scrotal incision under local anesthesia, and were used
to create a xenograft model with C4-2 cells 28], while
intact male athymic nude BALB/C mice were used to
create a xenograft model with LNCal cells. Twenty
mice per group were subcutaneously inoculated with
5% 10° cells suspended in 100 pl of Matrigel (Becton
Dickinson Labware, Lincoln Park, NJ). The volume of
the tumors was calculated using the formula: tumor
volume (mnv’) =length x width x height » 0.52. When
the tumor volume reached 80-100 mm®, the animals
were killed and the subcutaneous tumors were
harvested. In the ATIR administration model, the
treatment was started on Day 1. Tumors were mea-
sured every 4 days. The serum concentration of PSA
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was determined using an enzymatic immunoassay kit
(MEDICORP, Montreal, Canada).

Immunostaining for CD34, YEGF, and ATIR

Formalin-fixed paraffin-embedded sections (4 pm)
were deparaffinized, rehydrated, and washed in PBS.
Endogenous peroxidase was quenched. A blocking
step was included using 1% bovine serum albumin in
conjunction with avidin and biotin blocking solutions.
The tissue section were overlaid with the primary
antibody (anti-CD34 monoclonal antibody, Nichiret,
Tokyo, Japan; anti-VEGF polyclonal antibody, Neo-
Markers, Freemont, CA, anti-AT1R polyclonal anti-
body, Santa Cruz Biotechnology Inc, Santa Crux, CA)
and incubated at4°C overnight. After incubation witha
biotinylated secondary antibody, the tissue sections
were incubated with avidin-biotin peroxidase com-
plex, and color was developed with diaminobenzidine.
After washing the slides, they were counter-stained
with 10% hematoxylin for 1-2 min. MVD was assessed
in areas of the tumor containing the highest numbers of
microvessels using the criteria established by Weidner
et al. [17]. Briefly, individual microvessels were
counted on a =200 field under a light microscope.
Any CD34-positive endothelial cell or cell cluster that
was clearly separated from adjacent microvessels,
tumor cells, and other connective tissue elements was
consgidered a single, countable microvessel. MVD was
calculated by the number of microvessels per 1 mm”™. A
computer-driven microscopic  scanner, MacScope
(MITANI Corp, Fukui, Japan) was used. The intensity
of ATIR and VEGF staining in tumor lesions was
graded on a scale of 0 to +3, with 0 indicating no
detectable staining and +3 indicating the strongest
staining. Immunopositivity of tumor lesions for VEGF
was assessed in all lesions at a high power (x400) by
two independent investigators operating in a blinded
fashion [5].

Immunocytochemistry

For immunocytochemistry, PCa cells were grown on
glass coverslips and the cells were fixed with acetone
for 15 min. The cells were then washed and incubated
with an ant-AT1R rabbit polvclonal antibody (Santa
Cruz Biotechnology). After washing with I’BS, they
were incubated for 1 hr with FITC-labeled anti-rabbit
IeG. The coverslips were washed with PBS, mounted
on glass slides and viewed under a confocal laser-
scanning microscope.

Effects of ATIR Blockade InVitro

LNCaP (10" or C4-2 (10"} cells were plated in 96-well
plates and allowed to attach at 37 C in a humidified

The Prostate DO 10.4002/pros

atmosphere of 5% CO./95% On for 24 hr. After the
medium was replaced with serum free medium for 4 hr,
the cells were incubated with All or CV11974, which is
the active form of candesartan, at various concentra-
tions between 10" and 10 *M for 24, 48, or 72 hr. At the
end of the incubation period, *1I-thymidine incorpora-
tion assay was performed to determine the effects of Al
and candesartan on LNCal’ and C4-2 cells.

ELISA Assay for VEGF in Conditioned Medium

Cells were seeded in 60 mm® dishes and allowed to
attach at 37 'C in a humidified atmosphere of 5% COL/
95% On. After 24 hr, the medium was replaced with
serinm free medium for 4 hr, and then the cells were
incubated with conditioned medium (Al 107 M or
candesartan 10 7 M, or All 10 ® M and candesartan
10 7 M). After 24 hr (C4-2, LNCal) or 6 hr (C4-2), the
supernatant was collected and VEGF was measured
using commercially available ELISA kits (Quantikine,
Ré&D Systems, Minneapolis, MN). The protein level for
VEGF was quantified by comparing its optical density
to the standard curve for VEGF and normalizing it for
the cell number.

Statistical Analysis

Al results were analyzed for statistical significance
by the ANOVA or chi-square test. Data are expressed as
the mean value = SEM. The level of significance was set
at P < 0.05. Statistical analysis was performed using
Statview 5.0 software (SAS Institute, Cary, NC).

RESULTS

MVD, YEGF and ATIR Expression in
Human Prostate Cancer

The specimens from patients with HRPC showed a
significantly higher MVD (65.1 £ 6.3, Fig. 1B) than the
surgical specimens from patients without androgen
ablation (35.3+2.7, P« (.01, Fig. 1A). In all the samples
(Table 1), MVD was closely associated with a higher
Gleason score (7). This finding was consistent with
previous observations of prostate biopsy samples and
metastatic PCa specimens [17,20,29]. We next investi-
gated whether hormone independence was related to
VEGF expression by immunostaining the specimens
for VEGF. | IRPC samples showed a significantty higher
VEGF expression (1.9 =0.6, n=24, P« 0.01, Hg. 1D),
than the surgical specimens from patients without
androgen ablation (0.8 = 0.4, n=25, Fig. 1C).

As for AT1R expression, this was mainly detected in
tumor vessels and tumor cells. HRPC samples showed
significantly higher AT1R expression (1.5 =03, n=24,
P< (.01, Fig. 1F) than the surgical specimen from
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Fig. I. Serial photo panels showing HRPC (B, D, F} and surgical
specimens (A, C, E). Immunchistochemical staining for CD34
(A, B), VEGF (C, D} and ATIR (E, F) expression in PCa is shown.
Magnification is 1:200. G: Intensity of ATIR expression in human
specimens by distribution by dot plot.

patients without androgen ablation (0.9 =03, n=25,
Fig. 1E), as shown in Figure 1G.
ATIR Expression InVitro

We also investigated AT 1R expression in androgen-
sensitive LNCaP cells and androgen-independent C4-2

TABLE |. Different Expression Pattern of MYD in Surgical
Specimen and HRPC

Gleason score Slage
5-6 7-10 I+ 11 i+ 1V
MVD = 50 13 14 13 4
MVD = 50 1 23 3 19
P<0.05 NG

The Prostate DO1 10.1002/pros

cells by immunocytochemistry, Although both cell
lines expressed ATIR, C4-2 cells (Fig. 2A) showed a
significantly higher AT1R expression than LNCal’ cells
(Fig. 2B).

Mice Xenograft Model

We next evaluated the angiogenic parametersina
mouse xenograft model using immunohistochemical
techniques. The MVD of C4-2 tumors in castrated
mice (14.0=x1.6, n==9, P<0.01, Fig. 3A) was also
significantly higher than that of LNCaP tumors
(7.7x1.2, n=6, Fig. 3B). C4-2 tumors in castrated
mice showed significantly higher VEGF expression
(24=0.6, n=9, P=0.004, Fig. 3C) than LNCaP
tumors (1.1=0.2, n=6, Fig. 3D). These results
suggest that neovascularization is more aggressively
induced in HRPC. In addition, both LINCal* and C4-2
tumors showed a prominent AT1R expression, with
C4-2 tunors exhibiting a significantly higher ATIR
expression {2.0+£0.3, n=>5, P < 0.0001, Fig. 3E) than
LNCaP tumors (04=0.2, n=#6, Fig. 3F). These
findings indicated that the HRPC primary lesion
was characterized by a significantly higher VEGF
production and neovascularization than androgen-
dependent PPCa.

ATIR Antagonist Administration to the
Mice Xenograft Model

The above results suggested that targeting tumor
angiogenesis through ATIR may be a possible
treatment for HRPC. To test this hypothesis, we
orally administered candesartan (10 mg/kg) to nude
mice bearing a C4-2 tumor. Candesartan treatment
resulted in a dramatic decrease in the volume of
subcutaneous tumor nodules and serum PSA con-
centration in the treated group (235.8#+37.4 mm®,
P<0.01; 450=%17.6 ng/ml, P<001) compared
to the untreated group (830.8 =147.6 mm®; 376.7 =
742 ng/ml; Fig. 4A)} at Day 28. To evaluate
tumor neovascularization, we immunostained
tissue samples using a CD34 monoclonal antibody.
The MVD of the subcutaneous tumors in the
control group was 14.0 =4.8 (Fig. 4B). Candesartan
significantly decreased tumor MVD in the treated
group (5.9 =08, P <0.001, Fig. 4C). Investigation of
VEGF expression showed that tumors ireated with
candesartan exhibited a significantly lower VEGF
expression (1.6 = 0.4, Fig. 4E) than tumors not treated
with candesartan (2.3 =0.5, P<{0.01, Fig. 4D). We
performed the same experiments in nude mice
bearing a LNCaP tumor for 6 weeks. In this case,
however, candesartan had no significant effects on
LNCal’ tumors growth (data not shown).
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Fig. 2. ATIR expression was demonstrated by immunocytochemistry. A: C4-2, B: LNCaP. Magnification is 1:200. C: ATIR expression
detected in C4-2 cells and LNCaP cells by FACS. Solid tine; C4 -2 cells, dotted line: LNCaPcells.
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Fig. 3. Serial photo-panels showing immunohistochemical stain-

ing for C4 -2 tumors{A,C,E)and LNCaPtumors (B, D, F). Immuno-
histochemical staining for CD34{A, 8), VEGF(C, D), and ATIR(E,F).
Magpnification is [:200.

The Prostate DOL 10.1002/pros

Effects of ATIR Blockade by Candesartan on
DMNA Synthesis InVitro

To examine All-induced effects on cell growth,
LNCaP and C4-2 cells were incubated with increasing
concentrations of the active form of the ATIR antago-
nist (CV11974) or All for 24 hr (Fig. 5A,B). Neither
CV11974 nor All affected the proliferation of these cell
lines (LNCaP, C4-2) at anv of the concentrations tested.
Similar results were observed at 48 and 72 hr. In vitro
proliferation assay at clinically achievable concentra-
tion of All (10 °~10 %) and CV11974 (10 *-107%)
showed no effect on cell proliferation.

VEGF Secretion From PCa Cells

In humans and mice, HRPC expresses significantly
more VEGF than hormone-dependent PCa. We there-
fore sought to assess VEGF production in PCa cells. In
C4-2 cells, VEGF production was significantly higher
(9.8=1.5 pg/ 107 cells, n =5, P < 0.001) than in LNCal®
cells (23+0.3 pg/10° cells, n=>5) at the 24-hr time-
point. Atthe 6-hr timepoint, VEGF production was alse
detected in Cd-2 cells (2.2 = 0.4 pg /1 0? cells, Fig. 6). All
stimulated VEGF productionin C4-2 cells (4.5 = 0.2 pg/
107 cells, n =5, 7 =0.01), while CV11974 significantly
inhibited AH-induced VEGF production in these cells
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