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[CANCER RESEARCH 59, 2787-2790, June 15, 1999]

Advances in Brief

Human Prostate Cancer Expresses the Low Affinity Insulin-like Growth Factor
Binding Protein IGFBP-rP1*

Armelle Degeorges, Fuan Wang, Henry F. Frierson, Jr., Arun Seth, Leland W. K. Chung, and Robert A. Sikés

Department of Urology, Molecular Urology and Therapeutics Program [A. D., F. W., L. W. K. C., R. A. S.] and Department of Pathology [H. F. F.], University of Virginia Health
Sciences Center, Charlottesville, Virginia 22908, and Department of Laboratory Medicine and Pathobiology, MRC Group in Periodontal Physiology and Women'’s College
Hospital, University of Toronto, Toronto ON M5S 1B2, Canada [A. S.]

Abstract decreased in replicating mammary cells as compared with senescent
mammary epithelium (2).

T1A12 was identified by subtractive cDNA cloning using RNAs
from a normal breast cell line, Hs578Bst, and the corresponding tumor
that are thought to mediate the action of IGFs on target tissues. IGFBP- cell line, Hs578T. Sequence ana.IySIS demonstratedﬁh&ﬂ?was
related protein 1 (rP1), also known as IGFBP-7 or mac25, is a recently actuallylGFBP-rP1, .and the protgln prodqct was shown t_o bind lGFS.
described member of the IGFBP family, the biological function of which  (5). A polyclonal antibody was raised against a decapeptide located in
has yet to be completely ascertained. In this study, we analyzed the the COOH-terminal sequence of T1A12. The immunoreactivity for
localization of IGFBP-rP1 in prostate cancer and benign prostate tissues T1A12 was found in normal mammary epithelium, but was absent in
using immunohistochemistry and a polyclonal antibody, T1A12, that is breast adenocarcinoma (5).
specific for IGFBP-rP1. The most intense staining was observed in nerves,  Previously, we have shown that although the mRNA for IGFBP-rP1
whereas smooth muscle cells in the prostate stained weakly. Lymphocytess expressed in all normal tissues, the protein localization is compart-
were always negative. When normal prostatic secretory epithelium was e ntalized to specific cell typést was of interest that normal breast
present, staining was usually absent. The .I'n'ng secretory ep'th?“um and prostate epithelium had an opposite pattern of staining. Although
stained positively in 0 of 12 (0%) cases of benign prostatic hyperplasia, 57 . . . . .

normal breast epithelium was intensely immunoreactive, normal pros-

of 63 (90.5%) primary adenocarcinomas, and 7 of 7 (100%) prostate . - .
cancer metastases. Prostatic intraepithelial neoplasia showed a similar tate secretory epithelium was usually negative. As IGFBP-1 to -6

pattern of staining to that observed for the invasive tumors. Analysis of €Xpression has been shown to be modified in prostate tumors (6—8),
Northern blots showed that none of the prostate cancer cell lines (LNCaP, We were particularly interested in looking at the expression of this
C4, C4-2, C4-2B4, 9069E3, DU145, and PC3) expressed IGFBP-rPinew member of the IGFBP family in prostatic adenocarcinomas. In
mRNA. This lack of expression was confirmed by immunohistochemistry  this study, we summarize the results of inmunohistochemical staining
of s.c.-generated tumor xenografts of LNCaP and C4-2 and by immuno- on a cohort of human prostate cancers, as well as an examination of

blot on serum-free-conditioned media from all prostatic cell lines. In  the expression of IGFBP-rP1 in several human prostate cancer cell
contrast to these results, tumor xenografts generated by direct intraosse- lines bothin vitro andin vivo.

ous injection of LNCaP or C4-2 to bone marrow space resulted in tumors
that stained positively for IGFBP-rP1. Our results show that IGFBP-rP1
is expressed in bothin situ and invasive prostate neoplasms, but not
typically in normal secretory or BPH epithelium; furthermore, the ex-
pression of IGFBP-rP1 can be induced in human prostate cancer cell lines
in vivo on interaction with an appropriate host environment.

Many of the alterations in the insulin-like growth factor (IGF) axis in
prostatic disease have been associated with changes in the insulin-like
growth factor binding proteins (IGFBPs), a multigene family of proteins

Materials and Methods

Cell lines and Cultures. Bone cell lines (MG-63 and Saos-2) and breast
cancer cell lines (MDA-MB-231, MCF-7, and Hs578T) were purchased from
American Type Culture Collection and cultured according to the manufactur-
. er's recommendations. The prostate-derived cell lines LNCaP, C4, C4-2,
Introduction C4-2B4, DU145, PC-3, and 9069E3 and the stromal cells were cultured in T

. . . medium supplemented with 5% FBS, as described previously (9). C4, C4-2,
IGFBP-rP1 s a recently described member of the IGFBP famll%nd C4-2B4 are sublines derived from LNCaP and constitute an experimental

F'r5t identified as mac 25 (1, 2), it was renamed !GFBP'7 ,becauslen%del of prostate tumor progression complete with the acquisition of androgen
its structural homology to the IGFBP family and its capacity to binghdependence and the capacity to metastasize to bone (10). 9069E3 is an
IGFs (3). Because its affinity for IGF is low compared with IGFBP-Z%pithelial cell culture derived from near diploid cells from an adenocarcinoma
through -6, IGFBP-7 was proposed to be the first member of a n@ithe prostate (11). Human prostate stromal cells were derived from a prostate
subgroup of low-affinity IGFBPs, IGFBP-rPs of which there are nowdenocarcinoma sample after primary culture in our laboratory. To determine
four members, IGFBP-7 being renamed IGFBP-rP1 (4). IGFBP-rithe effect of androgens, cells were plated in T medium supplemented with 5%
expression is decreased in some tumor cells as compared with norfi# (9)- At 80% confluency, the cells were washed three times in PBS, and

cells, such as in meningioma (1). Furthermore, its expressionﬂi@n the medium was replaced by serum-free, phenol-free DMEM/F12 (Irvine
' ' Scientific, Santa Ana, CA). R1881, a nonmetabolizable synthetic androgen

(NEN DuPont, Wilmington DE), was added to a final concentration of @1 n

Received 2/10/99; accepted 4/27/99. ) Controls were performed using the ethanol vehicle. After 48 h, conditioned
The costs of publication of this article were defrayed in part by the payment of pa'che di d total RNA lected d ibed bel
charges. This article must therefore be hereby maddertisemenin accordance with edium and 1otal were collected as described below.

18 U.S.C. Section 1734 solely to indicate this fact. Tissue SpecimensSixty-three patients with prostatic adenocarcinoma
1 This research was supported in part by the Canadian Breast Cancer Reseqsefe treated by prostatectomy with or without pelvic lymph node dissection;
Initiative. two of those patients had positive pelvic nodes, whereas none had evidence of

2To whom requests for reprints should be addressed, at Department of Urolo . . .
Molecular Urology and Therapeutics Program, Box 422, University of Virginia HealtﬂYstant metastasis. The age range of these patients was 42-74 years (median,

Sciences Center, Charlottesville, VA 22908. 60). Approximately one-third of the neoplasms were Gleason score 5 or 6,

®The abbreviations used are: IGFBP, insulin-like growth factor binding proteisne-third were Gleason score 7, and one-third were Gleason score 8—10. Seven
IGFBP-rP, IGFBP-related protein; FBS, fetal bovine serum; PIN, prostatic intraepithelial
neoplasia; BPH, benign prostatic hyperplasia; TGF, transforming growth factor; ER;
estrogen receptor; AR, androgen receptor. 4 A. Degeorget al., submitted for publication.
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patients (three at autopsy) had prostate cancer metastatic to lymph nodes; Results

age range was 67—83 years (median, 76). o )
Immunohistochemistry. Formalin- or zinc-formalin-fixed, paraffin-em- |GFBP-rP1 Staining in Human Prostate Tissues.Twelve cases

bedded tissues of prostate adenocarcinomas (12), benign prostatic hype@iddenign prostatic hyperplasia, 63 prostatic adenocarcinomas, and 7
sias, and human prostate cancer cell line xenograft tumors establishecpiostate carcinoma metastases were analyzed by immunohistochem-
athymic or SCID mouse hosts (10, 13) were sectioned ambthickness, istry. Peripheral nerves were always strongly positive, whereas lym-
deparaffinized in xylene, rehydrated in a graded ethanol series, rinsed in P[?f%cytes within the specimens were always negative, constituting
briefly, and incubated for 15 min at room temperature in 10% normal 9ogtoq internal controls to survey the quality of staining. Smooth

serum (Jackson Immunoresearch Laboratories, West Grove, PA), followed e
a treatment with the avidin-biotin blocking kit (Vector Laboratories, Burl- lscle cells were moderately positive in the stroma of both adeno

ingame CA). After a brief rinse, the sections were incubated overnight at 4%rcmoma_s fand benign prostatic hyperplgsnas. When normgl prostatic
with a dilution of the T1A12 antibody (L:1500 dilution in 5% normal goatS€Cretory lining cells were present in sections of adenocarcinoma and
serum, 1% BSA, and 0.5% FSG in PBS). The specificity of the T1A1R€Nign hyperplasia, their staining was usually negative; when staining
antibody has been demonstrated by} Blocking of signal by preincubation was apparent in normal epithelium it was weak-moderate and local-

with the peptide immunogen; ant)(by the recognition of a single-37-kDa  ized almost exclusively to cells of basal layer. In all cases of prostatic

band on Western blotting of positive control cell (Hs578N) protein that coulﬁyperp|asia (12 of 12), the secretory cell layer was usually negative,

also be blocked by the peptide immunogeFhis antibody has also been used.py t there was occasionally weak focal positivity (Fig\)1The basal

by Burgeret al. (5), to specifically recognize mac25/IGFBP-rP1 in breas&e" layer displayed a variable weak to moderate positivity (FAj. 1

tissue and has been cited by Hwaal. (20) as being specific for mac25/ rostatic adenocarcinoma samples. tumor cells were more often
IGFBP-rP1. After several washes in PBS, the tumor slides were incubated orp pies,

30 min at room temperature with a 1:100 dilution of a biotinylated goaﬁosmve and showgd a similar or higher Ievgl Of_ staining intensity
antirabbit IgG (Jackson Immunoresearch Laboratories) or Multi-link (Mulvhen compared with normal basal layer epithelial cells (Fig).1
tilink; BioGenex, San Ramon, CA). Endogenous peroxidase activity wédfty-seven of 63 (90.6%) tumors were positive, showing a cytoplas-
quenched by treating the tissues for 30 min in 0.3% hydrogen peroxide. TigC staining, with a positivity ranging from 25-100% of the tumor
slides were then incubated in a 1:60 dilution of streptavidin-peroxidase for 8ells. When high-grade PIN was present, the immunohistochemical
min at room temperature (BioGenex). Peroxidase activity was visualized usipgttern was the same as that for the invasive tumor component. There
diaminobenzidine as the chromagen in a 5-min incubation containing hydroggas no correlation between the Gleason score and the level of stain-
peroxide (1.1%). The sections were rinsed in water, counterstained Wiffy, ‘\jetastases of prostate cancer showed positive staining in all

hematoxylin, dehydrated, and mounted. . . .
. . X Specimens examined (seven of seven; F{@). IThe results are sum-
Cell lines were stained using the same protocol. Cells were plated at 10

confluency in their regular culture medium. After 48 h, the cells were Washéaar'zed in Table 1. ) . .

several times in PBS before replacing the media with serum and phenol GFBP-rP1 Expression in Prostate Tissue and Cancer Cell

red-free DMEM/F12 (Irvine Scientific). The medium was changed at 24 h, akdnes. The 1.1-kb IGFBP-rP1/mac25 mRNA was found by Northern

the cells were fixed at 48 h using 2% paraformaldehyde. The staining was thdot (Fig. 2) in normal prostate tissues, probably originating from

performed as described above. either the stromal component of the organ or from the strongly
Northern Blot. Total RNA was extracted from cells using the acid guapositive neural elements. In support of a stromal source of the tran-

nidium/isothiocyanate method of Chomczynski and Sacchi (14) using RNétript, IGEBP-rP1 mRNA was observed in a stromal cell line derived

STAT (BioTecX, Houston, TX). Total RNA (3Qug) was separated by elec- g0 5 hrostatic adenocarcinoma. In fact, under normal cell culture

trophoresis in denaturing conditions (7.4% formaldehyde agarose gel in borate . . o . .
buffer), as described previously (15), and transferred to nitrocellulose meﬁ\qndltlons of 5% FBS, the highest levels of IGFBP-rP1 expression

brane (Hybond N; Amersham Corp., Arlington Heights, IL). HybridizatiorWere observed in a prostate cancgr-derived_ Strom_al culture. '_\‘O
was performed at 65°C in RapidHyb buffer (Amersham Corg#§-labeled |GFBP-rP1 mRNA could be detected in a well-differentiated prostatic

probes were generated by random nonamer priming (Megaprime kit; Am@denocarcinoma cell line, 9069E3, or in any other androgen-depen-
sham Corp.) of a 1.1-kbp gel-purifiggcoRI fragment ofT1A12/mac25. dent or -independent prostate cancer cell lines tested (LNCaP, C4,

b3

g

i a“a(g

Fig. 1. Representative immunostaining of IGFBP-rP1 in prostat€, human specimens were immunostained as described in “Materials and Methpdi®hign prostatic
hyperplasia. Diffuse positive staining of fibromuscular stroma with occasional positive basal cells. Secretory epithelial cells are negative. There is an intense positive reaction in
peripheral nervesB, prostate adenocarcinoma. Intense positive reaction in peripheral nerves. Adenocarcinoma cells are now positive in contrast to the normal secretory epithelial cells
C, lymph node metastasis of a prostate adenocarcinoma. Most of the adenocarcinoma cells are now strongly positive. Lymphoid tissue are negative in contrast to pidstatic stroma.
immunostaining of prostate cancer cell line xenografts was performed, as described in “Materials and MBthedstumor of androgen-sensitive LNCaP cells coinjected with MS
osteosarcoma fibroblasts. Xenograft is weakly positive in most cells; other s.c. xenografts of LNCaP and C4-2 were negative. Note the strong staining of the perifghetdH#erves.

s.c. tumor. Androgen-independent C4-2 cell xenografts were usually negative by immunostaining for IGFBA:=-NRIaP intraosseous tumor. Intraosseously generated xenografts
of either LNCaP or C4-2 (data not shown) were consistently and strongly positive for IGFBP-rP1 stairiadp, andF, magnification,X62.5; C and E, magnification,x125.
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Table 1IGFBP-rP1 immunoreactivity in prostate tissues to the basal cell layer. The presence of IGFBP-rP1 in the basal cell
Tumors IGFBP-rP1 positivity layer of the prostate is supported by tinesitu hybridization data of
Benign prostate hyperplasia 012 (0%) Hwa et al. (20); however, our data clearly demonstrate that IGFBP-
Prostate adenocarcinoma 57/63 (90.5%) rP1 expression is not present in the secretory lining of epithelial cells
& eason score 5 and 6 o gg(’s‘]ﬁjz) of normal glands, whereas the expression is deregulated and strong in
Gleason score 8-10 17/21 (81%) PIN and prostate neoplasms. Regardless of the strong staining in
Metastasis 717 (100%) prostate neoplasms, the role of IGFBP-rP1 in prostatic neoplasia is

unclear. It can bind IGF, but with a low affinity compared with other
IGFBPs (5—6-fold lower for IGF-I and 20—25-fold lower for IGF-II;
C4-2 and C4-2B4 and PC-3 and DU145). Two osteosarcoma Gglly 3) Recently, it has been shown that IGFBP-rP1 has an even

lines, MG63 and Saos-2, and a colon carcinoma cell line did ?,)(prefﬁaher affinity for insulin (21), the significance of which is unknown.
low levels of IGFBP-rP1 mRNA under normal cell culture conditions, prostate biology, however, the role of insulin remains to be ex-

Treat_ment V‘_’ith androgens (O‘M'Rl_881 for 48 h) under serum-freeplored in relation to the IGF axis and IGFBP-rP1, in particular.
conditions did not alter the expression pattern of IGFBP-rP1in any of\segp_3 is the first IGEBP shown to trigger its own effects

the prostate_ cancer gell lines (data _not Sh‘?W“)- independently of its binding to IGFs. IGFBP-3 directly mediates the
Immunohistochemistry and protein blotting fpr IGFBP-rP1 wergacts of TGFB1 by inducing apoptosis in an IGF:IGF receptor-

perfo.rrned on breast and prostatg cancer cgll' lines under Serum'ﬁﬁf‘ependent mechanism (22). The type V T@feceptor is a putative

conditions (data not shown). The immunostaining was weak or abs?é‘éeptor for IGFBP-3 (23). IGFBP-rP1 might act by sequestering

in cell lines and difficult to improve because ofgcross-reactivity WitibF-l in the prostate, resulting in an inhibition of the antiapoptotic
the FBS. However, although the Hs578T cell line showed very weak .+ of IGE-1. It might also act via its own receptor signaling

immunpstaining for_ _IGFBP-rPl_, the secreted protein. was detec hway, the existence of which remains to be investigated. No
easily n the conditioned medium by Western blotting (data noL.entor has been demonstrated thus far for any of the low-affinity
shown) There was no detectable IGFBP-rP1 protein in the condisepp | prostate epithelial cells immortalized by SV40, Hstal.
tioned medium of LNCaP, C4_2_' DUM?’ and PC'?’ tregted or not l&0) demonstrated that the IGFBP-rP1 is regulated by IGF-I, BGF-
R1881 (data not shown), a finding that is consistent with the lack gf,4 retinoic acid.

any detectable mRNA in the prostate cancer cell lines (Fig. 2). INBecause there is a remarkable difference in the pattern of IGFBP-
contrast to these data, however, were the results of prostate cancengflle, nression in breast and prostate cancers, it is possible that there
xenografts in bone marrow spaces. s.c.-generated LNCaP and Cf—2 jifterential regulation by male or female sex steroids. It would
cell xenografts were mostly negative, but were weakly stained Whege, that only ER-negative breast cancer cells express IGFBP-rP1
positive for IGFBP-rP1 (Fig. 1D andE), however, intraosseously \pNA - although some ER-negative breast cancer cell lines do not
ge”erate_d LNCaP_ and C4-2 ceI_I xenograft_s rout_ln_ely stained po@k’press it. By Northern blot, estrogen was not found to alter IGFBP-
_tlvely _(Flg. 1F) with no overt_dlfferences in staining pattern O P1 mMRNA levels in ER- cell lines (0.01 m estradiol for 48 h),
intensity between the two cell lines. thereby eliminating a role for estradiol in the suppression of IGFBP-
rP1. Whether the loss of ER is in any way required for the expression
of IGFBP-rP1 remains to be determined.

IGFBPs have been shown to be modified in prostatic diseaseBurgeret al. (5) showed that the loss of expression of IGFBP-rP1
suggesting that they play a role in the onset and developmentiofreast cancer is associated with a loss of heterozygosity in 50% of
prostatic hyperplasia and adenocarcinoma. Several prostate catioerinformative cases, perhaps explaining why not all ER-negative
cell lines have shown autocrine proliferatiam vitro that involves tumor cells express IGFBP-rP1. For prostate cancer cell lines, we
IGF-1 and/or IGF-Il in combination with IGF-I receptors (16, 17). Thdound no mRNA expression in any of the commonly studied andro-
stromal cell cultures derived from BPH specimens produce higher
levels of IGF-II than normal prostate stromal cells, and IGFBP-2

Discussion

expression is lost in favor of expression of IGFBP-5 (18). On the oth: © 2

hand, studies performed on prostate cancer specimens show an = g §

crease in IGFBP-2 expression in tumor cel&ssusnormal cells (7, ] <3 g

19), but a more recent study tends to moderate the difference, with % .~ e w £ o 3 o
increase in high Gleason scorersuslow Gleason score and benign < U 2 g g '2' o o N ? ) 9.9) Py
tissues (8). For IGFBP-3, the role of posttranslational modificatio g og 5 8 0O % a < $ 5060 §
seems to be essential; for example, despite no change in the mR 22T coad © oo =20
level as observed hiyn situ hybridization, the level of protein detected ‘

by immunohistochemistry is increased in PIN, but decreased in ac‘G':gPl;éP“ . o ,

nocarcinoma (7). This trend was confirmed without correlation wit|

tumor grade or stage by Thrashadral. (19), whereas Figuercet al.

(8) showed a significantly higher immunoreactivity in low Gleasor

score tumors when compared with high Gleason score cancers. E' GAFDH

if the levels are slightly different from one study to another, it seenr .

clear that IGFBP-2 and -3 are modified in prostatic disease. B(:-‘Calvls‘fiig. 2. IGFBP-rP-1 mRNA expression. Total RNA (3@) from each cell line was

IGF-l and IGF-Il levels are also altered, there is probably a role for te@ctrophoresed and hybridized to the 1.1-kbp cDNA probe of IGFBP-rP-1. MDA-MB231

IGF axis in the regulation of prosiale cancer. sdVesieTa SR negeiue uheress NCTTT s an ERcpostve pun breastcarcer o
In the case of IGFBP-rP1, we found immunoreactivity in prostatigoeges is a well-differentiated prostatic adenocarcinoma cell line. PCa stromal cells are

adenocarcinoma and PIN, with no segregation by stage or gra@g,primary culture of nonepithelial cell population derived from a prostate adenocarci-
oma specimen. C4, C4-2, and C4-2B4 are sublines derived from the human prostate

. . . . n
whereas normal S(.ecretory. gplthellum and epithelium of hyperpl"flség"hcer cellline LNCaP. DU145 and PC3 are human androgen-independent prostate cancer
glands were negative; positivity, when present, was usually restricted lines. MG-63 and Saos-2 are human osteogenic sarcoma cell lines.
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gen-dependent or -independent cell linegy(,LNCaP, C4-2, PC-3,
and DU145), and there was no induction of IGFBP-rP1 expressiog
after treatment of the AR-positive cells with androgens N1R1881 ’

for 48 h). Because most prostate cancers do not lose their AR (in fact,

under conditions of androgen deprivation, most prostate cancers WJ;,||
amplify their AR and actually express more of it; Ref. 24) and both "
normal and hyperplastic prostate epithelium are AR-positive but lack
IGFBP-rP1 expression, it is unlikely that there is a demonstrable

association between AR positivity and IGFBP-rP1 expression. Fur-

binding protein related gene is associated with disease progression in breast carcino-
mas. Oncogenel,6: 2459-2467, 1998.

Tennant, M. K., Trasher, J. B., Twomey, P. A., Birnbaum, R. S., and Plymate, S. R.
Insulin-like growth factor-binding proteins (IGFBP)-4, -5, and -6 in the benign and
malignant human prostate: IGFBP-5 messenger ribonucleic acid localization differs
from IGFBP-5 protein localization. J. Clin. Endocrinol. Mete8il; 3783-3792, 1996.
Tennant, M. K., Trasher, J. B., Twomey, P. A., Birnbaum, R. S., and Plymate, S. R.
Insulin-like growth factor-binding protein-2 and -3 expression in benign human
prostate epithelium, prostate intraepithelial neoplasia, and adenocarcinoma of the
prostate. J. Clin. Endocrinol. Metal1: 411-420, 1996.

8. Figueroa, J. A., De Raad, S., Tadlock, L., Speights, V. O., and Rinehart, J. J.

Differential expression of insulin-like growth factor binding proteins in higiisus

thermore, alteration of chromosome 4, where IGFBP-rP1 is located, islow Gleason score prostate cancer. J. Urth9: 1379-1383, 1998.
not a typical finding in prostate cancer because no loss of heteroz?f- Chang, S. M., and Chung, L. W. K. Interaction between prostatic fibroblast and

. . . . . .~ epithelial cells in culture: role of androgen. Endocrinolo@g5: 27192727, 1989.
gOS|ty of this partlcular region has been reported. ObV'OUSIy’ thi%. Thalmann, G. N., Anezinis, P. E., Chang, S. M., Zhau, H. E., Kim, E. E., Hopwood,

mechanism would favor the loss of IGFBP-rP1 expression, which isin v. L., Pahak, S., von Eschenbach, A. C., and Chung, L. W. K. Androgen-independent
contrast to the increased expression that we have observed in pI’OStat@ancer progression and bone metastasis in the LNCaP model of human prostate

cancer. Finally, amplification of chromosome 4 does not seem to be g e8! Cancer Redd: 2577-2581, 1994.
- F Y plim ! q‘:l. Ozen, M., Multani, A. S., Chang, S., Von Eschenbach, A. C., Chung, L. W. K., and

common event in prostate cancer because the only study is a trisomypathak, S. Establishment of @mvitro cell model system to study human prostate
of chromosome 4 in 1 patient among 30 patients studied by Brothman carcinogenesis: involvement of chromosome 5 in early stages of neoplastic transfor-

. . . . . mation. Int. J. Oncol.8: 883—-888, 1996.
etal. (25)1 also with no evidence of deletion. It is pOSSIble that 50”1‘%. Theodorescu, D., Broder, S. R., Boyd, J. C., Mills, S. E., and Frierson, H. F. J. p53,

other mechanism (for example, demethylation; Refs. 26 and 27) is bcl-2, and retinoblastoma proteins as long-term prognostic markers in localized
responsible for deregulating the expression of IGFBP-rP1 in prostateflsf(?'qo?ag_fkthe gffftag-_J-QUf%5?i 131—1G37N 1?<97- . Muromy G F. Yana. H

. ; - P Lo . . Wu, T. T., Sikes, R. A., Cui, Q., Thalmann, G. N., Kao, C., Murphy, C. F., Yang, H.,
cancer. Methylation is essential to genomic imprinting, WhIC.h hég Zhau, H. E., Balian, G., and Chung, L. W. K. Establishing human prostate cancer cell
been demonstrated for two genes of the IGF ak&=-Il (26) in xenografts in bone: induction of osteoblastic reaction by PSA-producing tumors in
prostate tissues and its receptgf2r (28). Finally, these differences athymic and SCID/bg mice using LNCaP and lineage-derived metastatic sublines. Int.

B . Cancery7: 887—-894, 1998.

bem_leen breas_t and prosta_te expression of IGFBP_rPl may_ not be Pﬂé:homczynski, P., and Sacchi, N. Single-step method of RNA isolation by acid
to differences in sex steroid hormone regulation because it does Notguanidium thiocyanate-phenol-chloroform extraction. Anal. Biochet82: 156—
seem to involve either androgen or estradiol. 159, 1987.

Data from human prostate tumor xenografts in immune-comprbS-' Sikes, R. A_., an_d Chung, L. Acqws_mon of atumorlgenl(_: phenotype by a rat ventral
. prostate epithelial cell line expressing a transfected activated neu oncogene. Cancer

mised mouse hosts has suggested that 3-D architecture alone iges. 52: 3174-3181, 1992.
insufficient to induce the expression of IGFBP-rP1. s.c.-generaté@l Pietrzkowski, Z., Mulholland, G., Gomella, L., Jameson, B. A., Wernicke, D., and

_ ~ ¢ Baserga, R. Inhibition of growth of prostatic cancer cell lines by peptide analogues of
LNCaP and C4-2 tumors do not express IGFBP-rP1, as determlnedinsulin_Iike growth factor. Cancer Re&3: 1102-1106, 1993,

by immunohistochemical staining. In contrast, the bone environmemt Figueroa, J. A., Lee, A. V., Jackson, J. G., and Yee, D. Proliferation of cultured
has the capacity to induce IGFBP-rP1 expression. Therefore, bone carhuman prostate cancer cells is inhibited by insulin-like growth factor (IGF) binding

; ; ; _ protein-1: evidence for an IGF-II autocrine growth loop. J. Clin. Endocrinol. Metab.,
supply the appropriate environment for the reexpression of IGFBP 80: 3476.-3482, 1995,

rP1 by prostate cancer cell xenografts, effectively recapitulating thg cohen, p., Peehl, D. M., Baker, B., Liu, F., Hintz, R. L., and Rosenfeld, R. G.
expression observed in primary human prostate cancer tissues anthsulin-like growth factor axis abnormalities in prostatic stromal cells from patients
metastases. with benign prostatic hyperplasia. J. Clin. Endocrinol. Met@B:,1410-1415, 1994.
. . . . . . 19. Thrasher, J. B., Tennant, M. K., Twomey, P. A., Hansberry, K. L., Wettlaufer, J. N.,
In conclusion, prostatic intraepithelial neoplasia, prostatic adeno- ang piymate, S. R. Immunohistochemical localization of insulin-like growth factor
carcinoma, and prostate cancer metastases express |IGFBP-rPXjnding proteins 2 and 3 in prostate tissue: clinical correlations. J. Ut6b;

whereas secretory epithelium in normal prostate and benign prostatjc999-1003, 1996. .
. 20. Hwa, V., Tomasini-Sprenger, C., Bermejo, A., Rosenfeld, R., and Plymate, S.
hyperplasia does not. Furthermore, the LNCaP human prostate CanCeEnaracterization of insulin-like growth factor-binding protein-related protein-1 in

progression model will express IGFBP-rP1 when grown under the prostate cells. J. Clin. Endocrinol. MetaB3: 4355-4362, 1998.

influence of bone. but not when grown sio. vivo. These results 21. Yamanaka, Y., Wilson, E. M., Rosenfeld, R. G., and Oh, Y. Inhibition of insulin
L ' . . . receptor activation by insulin-like growth factor binding proteins. J. Biol. Ch2i2;
indicate that local microenvironment may mediate the expression of

30729-30734, 1997.

IGFBP-rP1 in prostate cancer. 22. Rajah, R., Valentinis, B., and Cohen, P. Insulin-like growth factor (IGF)-binding
protein-3 induces apoptosis and mediates the effects of transforming growthfactor-
on programmed cell death through a p53- and IGF-independent mechanism. J. Biol.
Chem.,272:12181-12188, 1997.

&3. Leal, S. M., Liu, Q. L., Huang, S. S., and Huang, J. S. The type V transforming
growth factorf receptor is the putative insulin-like growth factor-binding protein 3
receptor. J. Biol. Chem272: 20572—-20576, 1997.

24. Koivisto, P., Kononen, J., Palmberg, C., Tammela, T., Hyytinen, E., Isola, J.,
Trapman, J., Cleutjens, K., Noordzij, A., Visakorpi, T., and Kallioniemi, O. Androgen
receptor gene amplification: a possible molecular mechanism for androgen depriva-

_ tion therapy failure in prostate cancer. Cancer R&8. 314-319, 1997.

. Brothman, A., Peehl, D., Patel, A., and McNeal, J. Frequency and pattern of

karyotypic abnormalities on human prostate cancer. Cancer B&s3795-3803,

Acknowledgments

Figure plates were prepared in the University of Virginia Informatio
Technology Center—Academic Computing Health Sciences.

References

1. Murphy, M., Pykett, M. J., Harnish, P., Zang, K. D., and George, D. L. Identification
and characterization of genes differentially expressed in meningiomas. J. Clin.
docrinol. Metab.4: 715-722, 1993.

. Swisshelm, K., Ryan, K., Tsuchiya, K., and Sager, R. Enhanced expression of an

insulin growth factor-like binding protein (mac 25) in senescent human mamma : . . . .
. Jarrard, D., Kinoshita, H., Shi, Y., Sandefur, C., Hoff, D., Meisner, L., Chang, C.,

epithelial cells and induced expression with retinoic acid. Proc. Natl. Acad. Sci. USA; : -
92: 44724476, 1995. Herman, J., Isaacs, W., and Nassif, N. Methylation of the androgen receptor promoter

. Oh, Y., Nagalla, S. R., Yamanaka, Y., Kim, H. S., Wilson, E., and Rosenfeld, R. G. CpG islands is associated with loss of androgen receptor expression in prostate cancer

Synthesis and characterization of insulin-like growth factor-binding protein cells. Cancer Res58: 53105314, 1998. .
(IGFBP)-7. J. Biol. Chem.271: 30322-30325, 1996. 27. Martin, V., Ribieras, S., Song-Wang, X., Lasne, Y., Frappart, L., Rio, M., and Dante,

. Baxter, R., Binoux, M., Clemmons, D., Conover, C., Drop, S., Holly, J., Mohan, S., R. Involvement of DNA methylation in the control of the expression of an estrogen-
Oh, Y., and Rosenfeld, R. Recommendations for nomenclature of the insulin-like induced breast-cancer-associated protein (pS2) in human breast cancers. J. Cell.
growth factor binding protein superfamily. Endocrinology9: 4036, 1998. Biochem.,65: 95-106, 1998.

. Burger, A. M., Zhang, X., Li, H., Ostrowski, J. L., Beatty, B., Venanzoni, M., Papa8. Birger, Y., Shemer, R., Perk, J., and Razin, A. The imprinting box of the mgt&e
T., and Seth, A. Down-regulation of TLA12/mac25, a novel insulin-like growth factor gene. Nature (Lond.397: 84—88, 1999.

2790

Downloaded from cancerres.aacrjournals.org on June 2, 2013. © 1999 American Association for Cancer Research.


http://cancerres.aacrjournals.org/

