











IGF1IR EXPRESSION IN PROSTATE CANCER

Fig. 5. Analysis of IGF1R expression by in situ
hybridization. a—d, sections of a benign biopsy;
e-h, sections of a prostate adenocarcinoma. a and
e, hybridization to B-actin probe (8-day exposure);
b and f, immunohistochemical analysis of IGF1IR
protein expression; ¢ and g, bright-field illumina-
tion; d and h, dark-field illumination, showing hy-
bridization to antisense IGF1R probe (8-day expo-
sure). X100.

Both of these cell types express the IGF1R, detectable by immuno-
blotting and immunostaining (not shown). DU145 cells also express
IRS-1, but LNCaP cells reportedly lack IRS-1 because of promoter
methylation (9). Indeed, we were unable to detect IRS-1 by immuno-
staining of LNCaP cells, whereas DU145 cells showed clear mem-
branous and cytoplasmic staining (Fig. 1, ¢ and d). Immunoblotting
with the same IRS-1 antibody revealed a single band of M, ~180,000
in DU145 cells, and no band in LNCaP cells (not shown).

IRS-1 expression was assessed in a subset of the fine-needle
biopsies used for analysis of IGF1R immunostaining, including 11

sections of malignant prostate that had the highest expression of
IGF1R (3+ or 4+) and the 11 sections of benign prostate that had
the lowest IGFIR levels (1+ or 2+). We aso assessed IRS-1
expression in the 10 prostate biopsy chips that we had prospec-
tively collected for analysis of IGF1R expression by in situ hy-
bridization. Fig. 6 shows representative sections of benign and
malignant prostate biopsies stained for IGF1R and IRS-1. The
results for all specimens are shown in Table 1, including the 22
retrospectively collected and 10 prospectively collected biopsies.
In both the benign and malignant prostate biopsies there was a
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trend toward higher IRS-1 staining in biopsies with high IGF1R
levels. However, the difference in intensity of IRS-1 staining
between benign and malignant epithelium was less marked than
was the difference in IGF1R staining, and failed to reach statistical
significance.

IGF1R and IRS-1 Are Infrequently Down-Regulated in Meta-
static Prostate Cancer. To assess any changes in IGF1R and IRS-1
expression in metastatic prostate cancer, we anayzed IGF1R and
IRS-1 levels by immunostaining in 12 cases, in which we were able
to obtain paired biopsies of primary and metastatic tumor (Table 2).
The interval between the diagnostic and metastatic biopsies was
5-108 months (median, 19.5 months). In 4 patients with early relapse
(5-8 months after initial biopsy), the prostate tumor showed evidence
of high grade-disease with neurovascular invasion (cases 3, 5, 9, and
11 in Table 2). There were 6 cases (1-6 in Table 2) in which IGF1R
levels were unchanged or higher in the metastasis compared with the
primary tumor. In the other six, IGF1R levels appeared to be lower in
the metastatic deposit than in the primary. In two of these (cases 7, 8)
the reduction was from 4+ to 3+ intensity, indicating persistence of
significant IGF1R expression in the metastasis. Fig. 7(a, d) shows
representative sections from case 7. In the remaining 4 cases (9—12in
Table 2), IGFIR levelsfell from 2+ - 4+ in the primary tumorsto 1+
- 2+ in the metastases (Fig. 79, j). Table 2 aso shows the results of

Table1l Semiquantitative analysis of IRS-1 expression in prostate biopsies

The staining intensity was scored as for IGF1R expression using a 4-point scale: 1+,
none or minimal; 2+, light; 3+, moderate; 4+, heavy. The Table records staining for 16
benign (B) and 16 malignant (M) biopsies, including 11 benign and 11 malignant
retrospectively collected fine-needle biopsies used for IGF1R analysis, and 5 benign, 5
malignant prospectively-collected samples.

IRS-1
1+ 2+ 3+ 4+

IGFIR B M B M B M B M

1+ 1 0 6 0 3 0 0 0

2+ 0 0 1 0 4 2 1 0

3+ 0 0 0 2 0 3 0 4

4+ 0 0 0 0 0 4 0 1

PROSTATE CANCER

semiquantitative analysis of IRS-1 expression in these paired tumor
biopsies. As before the levels of IRS-1 staining tended to parallel the
intensity of IGF1R staining. There were 4 cases (nos. 1, 10, 11, 12)
where IRS-1 expression fell to 1+ (nil/negligible) in the metastatic
deposit (Fig. 7 h, k); al other cases retained significant (=2+) IRS-1
expression (Fig. 7b, €). Therefore our results show significant reten-
tion and in some cases up-regulation of IGFIR and IRS-1 in meta-
static deposits of prostate cancer.

Down-Regulation of IGF1R and IRS-1 Can Be Associated with
Loss of PTEN Expression. Finally we assessed the presence of
PTEN immunoreactivity. Initially we stained sections made from cell
pellets of the DU145 cell line (one wild type PTEN allele), and the
PC-3 cell line (homozygous PTEN gene deletion), which were pre-
viously identified as appropriate positive and negative controls re-
spectively (27, 28, 39). Indeed the DU145 cells showed definite
granular cytoplasmic staining for PTEN, whereas PC-3 cells showed
no detectable staining (Fig. le, f). Immunohistochemical staining of
primary prostate biopsies revealed that PTEN was undetectable in two
primary tumors (17%, cases 1 and 3 in Table 2), athough it was
detected in the metastasis from case 3. The remaining 10 primary
tumors had detectable PTEN staining that was of uniform intensity but
variable extent (Fig. 7c, i). Three cases (25%) showed mixed staining
(1+ in Table 2), with some tumor cells positive and some negative for
PTEN. In 7 cases (58%) al of the tumor cells were positive (2+) for
immunoreactive PTEN. This compares with a previous report of 109
cases of primary prostate cancer in which PTEN staining was negative
in 20%, mixed in 65% and positive in 15% (28). The complete
absence of PTEN correlated significantly with a Gleason score of =7,
and with advanced (T3b and T4) stage (28). In our series the two
primary tumors which lacked PTEN had total Gleason scores of 6
(case 1) and 7 (case 3). In most of the cases where PTEN was present
in the primary, we were able to detect PTEN in the metastasis at
similar or increased levels (Fig. 7f). However there were three tumors
that had apparently lost PTEN expression during the progression to
androgen-independent metastatic disease (Fig. 71, cases 10-12 in
Table 2). It was notable that al three of these cases had shown
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Table 2 Immunohistochemical staining for IGF1R, IRS-1, and PTEN in paired biopsies
of primary and metastatic prostate cancer
Table shows staining intensity (IGFIR and IRS-1) and extent (PTEN) in paired
primary (P) and metastatic (M) human prostate cancer tissue. For IGFIR and IRS-1,
staining intensity was scored as for Fig. 3 and Table 1. The extent of PTEN staining was
scored as 0 (no staining), 1+ (mixed, some tumor cells positive, some negative) or 2+ (all
tumor cells positive), as described previously (28).

Total IGFIR IRS-1 PTEN
Case Gleason
Score | P P p
M M M
1 6 ° 3 2 1 ° 0
2 6 ' 20 2| 2
5 . 2 1B 1k .
4 9 ! Ak ik 2
5 8 ? 2| 2 ? 2
6 6 ! ol .’ 2
7 8 ! 3 ‘ 4 2 2
s . 4 1k ik .
9 9 ! 2 ° 2 ' 1
o . 2 ! 3 1k -
" 8 0 |2 0
12 7 2 1 WL 0

significant reduction in both IGFIR and IRS-1 expression in the
metastasis compared with the primary biopsy.

DISCUSSION

We used a previously validated semiquantitative immunohisto-
chemical method (13) to show that there is diffuse increased expres-
sion of the IGFIR in localized human prostate cancer. This result
conflicts with previous reports using immunostaining and immuno-
blotting to quantify IGF1R levels in prostate cancer (18, 20). It may
be difficult to interpret results of analysis of IGF1R levels by the
immunoblotting of tissue lysates, because of contaminating stromal
elements and benign epithelium in the malignant biopsies. In a few
samples, we found atrend toward higher IGF1R levelsin lysates made
from malignant biopsies, but the magnitude of the difference between
benign and malignant epithelia was less marked than was apparent by
immunostaining.

It seems likely that technical factors could explain why our
results differ from those of previous studies. We undertook pre-
liminary optimization of immunostaining, which proved important
in obtaining reliable staining results for IGF1IR and PTEN. The
intensity of staining can be affected by the size of biopsy and hence
the adequacy of formalin-fixation, which has an important influ-
ence on the rate of decay of immunoreactivity (34). The outcome
can also be influenced by the choice of “normal” tissue controls,
the use of antigen-retrieval techniques, and by the type and amount
of antibody used for staining. We found that the use of the IGF1RS
antibody at a higher concentration than 1:750 was sufficient to
abolish apparent differencesin IGF1R staining between benign and
malignant prostate epithelium (not shown). The results can also be
influenced by the choice of secondary reagents used to detect
bound primary antibody. We used the Envision system, which is
more sensitive than the standard ABC kit (Ref. 40 and our unpub-
lished observations). We used the appropriate cell controlsto guide
our choice of antibody dilution for staining studies and incorpo-

rated positive and negative controls into each staining run. These
factors may explain the discrepancies between our findings and
those of previous reports (18, 19).

The results of immunohistochemical analysis were reinforced by
in situ hybridization, which showed that the increase in IGF1R
expression in prostate cancer was attributable to enhanced expres-
sion at the level of gene transcription. This result concurs with that
of Kurek et al. (41), who used quantitative reverse transcription-
PCR to show a 10-fold up-regulation of IGF1R expression in
primary prostate cancer versus benign prostatic epithelium. A trend
to IGF1R up-regulation in prostate cancer was also reported by
Figueroaet al. (42). The finding of IGF1R overexpression has been
reported in other tumor types (10, 11), and also tallies with the
ability to inhibit prostate cancer growth by blocking expression or
function of the IGF1R (31, 43). However, IGF1R up-regulation has
not been reported in recent studies using gene arrays to profile
prostate cancer (44-47). In one of these studies, the on-line
supplementary material indicated that IGF1R levelswere similar in
the primary cancers to the control samples of normal prostate.
However, IGF1R levels in the BPH samples were generally lower
than in the normal samples, which illustrates the influence of the
selection of nonmalignant control tissues. Compared with BPH,
there was an apparent increase in IGF1R expression of ~25% in
primary prostate cancer and ~50% in metastatic disease (44).
Furthermore, differential expression of IGF-11 and IGF BP2 and
-BP5 was observed in prostate cancer (44, 47) and differential
expression of IGF BP4 was observed in prostatic intraepithelial
neoplasia (45), supporting the importance of this growth factor
pathway.

There is little information on IGF1R expression in advanced pros-
tate cancer. One study reported that the IGF1R was undetectable in
bone metastases (19), and IGF1R levels have been reported to fal in
lymph node metastases in the TRAMP model (22). It should be noted,
however, that SV40 immortalization has itself been shown to influ-
ence cellular IGF-I and IGFIR levels (48, 49). This model does not
recapitulate al of the cellular and molecular changes involved in
prostate cancer pathogenesis. Indeed, transgenic rats, expressing
SV40 T antigen driven by the probasin promoter, develop prostate
carcinomas that are strictly androgen dependent (50). These studies
have, however, led to a consensus view that IGF1R levels are down-
regulated in metastatic disease (4, 24, 51). As outlined above, Dr.
Basergd' s group has proposed that IRS-1 loss might favor metastasis,
in which case, IGF1IR down-regulation is necessary to avoid Shc-
mediated terminal differentiation (4, 9, 52). In this setting, activation
of the phosphatidylinositol triphosphate pathway is achieved by PTEN
mutation (27).

Our analysis of paired primary and metastatic prostate cancer
biopsies revealed some cases in which the IGF1IR was down-
regulated in metastatic disease, compatible with findings in the
TRAMP model (22). This was associated with down-regulation of
IRS-1 and with significant reduction/loss of PTEN immuno-
staining. This pattern was relatively uncommon, occurring in 3 of
12 cases that we analyzed. Thus, our study provides limited sup-
port for the relevance of the cellular and molecular changes oc-
curring in model systems of prostate cancer. However, most of the
tumors that we studied continued to express IGF1IR and IRS-1
during the development of advanced, androgen-independent met-
astatic disease. In support of this finding, Nickerson et al. (53)
have reported significant up-regulation of both IGF-I and the
IGF1R during progression to androgen-independent growth of
LNCaP and LAPC-9 tumors in vivo. These findings confirm that
the IGF axis plays an important role in prostate cancer biology and
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Case 7 primary

Case 11 metastasis Case 11 primary Case 7 metastasis

Fig. 7. Immunohistochemical staining for IGF1R, IRS-1, and PTEN in paired biopsies of primary and metastatic prostate cancer. a—c, sections from the primary tumor of case 7,
showing expression of IGF1R (a), IRS-1 (b), and PTEN (c) in the primary biopsy; d-f, sections from the metastasis of case 7 (Table 2), showing the persistence of expression of IGF1R
(d), IRS-1 (e), and PTEN (f) in the secondary deposit (X200). g—i, from the primary tumor; j, from the metastasis of case 11. The primary tumor expressed IGF1R (g), IRS-1 (h)
and PTEN (i) but immunoreactive IGFIR (j), IRS-1 (k) and PTEN (1) were significantly reduced in the metastasis. < 100.

support the concept of IGF1R targeting as a potential treatment for
metastatic prostate cancer.

ACKNOWLEDGMENTS

We are grateful to Renato Baserga, Kimmel Cancer Center, Thomas Jef-
ferson University, Philadelphia, PA, for cell lines, IGF1IR cDNA, and advice;
and to Dr. Athanasou, Department of Pathology, Nuffield Orthopaedic Centre,
Oxford, United Kingdom, for help in obtaining paired tumor biopsies. For
technica help, we thank Rosemary Jeffery and Jan Longcroft of the Cancer

Research UK In Situ Hybridisation Service, and Robin Roberts-Gant, Medical
Informatics Unit, Nuffield Department of Clinical Laboratory Sciences, John
Radcliffe Hospital, Oxford, United Kingdom.

REFERENCES

1. Parker, S. L., Tong, T., Bolden, S,, and Wingo, P. A. Cancer statistics, 1997. CA
Cancer J. Clin., 47: 5-27, 1997.

2. Byrne, R. L., Leung, H., and Neal, D. E. Peptide growth factors in the prostate as
mediators of stromal epithelia interaction. Br. J. Urol., 77: 627-633, 1996.

3. Brewster, S. F., and Gillatt, D. A. Advanced prostate cancer: what’s new in hormonal
manipulation? Br. J. Hosp. Med., 49: 710-711, 714—715, 1993.

2949

Downloaded from cancerres.aacrjournals.org on October 26, 2021. © 2002 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

IGF1IR EXPRESSION IN PROSTATE CANCER

. Baserga, R. The IGF-I receptor in cancer research. Exp. Cell Res., 253: 1-6, 1999.
. Jackson, J. G., Zhang, X., Yoneda, T., and Yee, D. Regulation of breast cancer cell

motility by insulin receptor substrate-2 (IRS-2) in metastatic variants of human breast
cancer cell lines. Oncogene, 20: 7318—7325, 2001.

. Maile, L. A., Imal, Y., Badley Clarke, J.,, and Clemmons, D. R. Insulin-like growth

factor-1 increases oV B3 affinity by increasing the amount of integrin-associated
protein that is associated with non raft domains of the cellular membrane. J. Biol.
Chem., 277: 18001805, 2001.

. Playford, M. P., Bicknell, D., Bodmer, W. F., and Macaulay, V. M. Insulin-like

growth factor 1 regulates the location, stability, and transcriptional activity of p-cate-
nin. Proc. Natl. Acad. Sci. USA, 97: 12103-12108, 2000.

. Guvakova, M. A., and Surmacz, E. Overexpressed |GF-| receptors reduce estrogen

growth requirements, enhance survival, and promote E-cadherin-mediated cell-cell
adhesion in human breast cancer cells. Exp. Cell Res., 231: 149-162, 1997.

. Reiss, K., Wang, J. Y., Romano, G., Furnari, F. B., Cavenee, W. K., Morrione, A., Tu,

X., and Baserga, R. IGF-I receptor signaling in a prostatic cancer cell line with a
PTEN mutation. Oncogene, 19: 2687-2694, 2000.

Hakam, A., Yeatman, T. J, Lu, L., Mora, L., Marcet, G., Nicosia, S. V., Karl, R. C.,
and Coppola, D. Expression of insulin-like growth factor-1 receptor in human
colorectal cancer. Hum. Pathol., 30: 1128-1133, 1999.

Kanter-Lewensohn, L., Dricu, A., Girnita, L., Wejde, J., and Larsson, O. Expression
of insulin-like growth factor-1 receptor (IGF-1R) and p27Kipl in melanocytic tu-
mors: apotentia regulatory role of IGF-1 pathway in distribution of p27Kipl between
different cyclins. Growth Factors, 17: 193-202, 2000.

Khandwala, H. M., McCutcheon, |. E., Flyvbjerg, A., and Friend, K. E. The effects
of insulin-like growth factors on tumorigenesis and neoplastic growth. Endocr. Rev.,
21: 215-244, 2000.

Turner, B. C., Heffty, B. G., Narayanan, L., Yuan, J,, Havre, P. A., Gumbs, A. A., Kaplan,
L., Burgaud, J. L., Carter, D., Baserga, R., and Glazer, P. M. Insulin-like growth factor-I
receptor overexpresson mediates cellular radioresistance and local breast cancer recur-
rence after lumpectomy and radiation. Cancer Res, 57: 3079-3083, 1997.

Macaulay, V. M., Salisbury, A. J.,, Bohula, E. A., Playford, M. P., Smorodinsky, N. I.,
and Shiloh, Y. Downregulation of the type 1 insulin-like growth factor receptor in
mouse melanoma cells is associated with enhanced radiosensitivity and impaired
activation of Atm kinase. Oncogene, 20: 4029—-4040, 2001.

Chan, J. M., Stampfer, M. J., Giovannucci, E., Gann, P. H., Ma, J., Wilkinson, P.,
Hennekens, C. H., and Pollak, M. Plasma insulin-like growth factor-1 and prostate
cancer risk: a prospective study. Science (Wash. DC), 279: 563-566, 1998.

Wolk, A., Mantzoros, C. S., Andersson, S. O., Bergstrom, R., Signorello, L. B.,
Lagiou, P., Adami, H. O., and Trichopoulos, D. Insulin-like growth factor 1 and
prostate cancer risk: a population-based, case-control study. J. Natl. Cancer Inst.
(Bethesda), 90: 911-915, 1998.

Cohen, P., Peehl, D. M., Lamson, G., and Rosenfeld, R. G. Insulin-like growth factors
(IGFs). IGF receptors, and IGF-binding proteins in primary cultures of prostate
epithelia cells. J. Clin. Endocrinol. Metab., 73: 401407, 1991.

Tennant, M. K., Thrasher, J. B., Twomey, P. A., Drivdahl, R. H., Birnbaum, R. S, and
Plymate, S. R. Protein and messenger ribonucleic acid (mRNA) for the type 1
insulin-like growth factor (1GF) receptor is decreased and IGF-II mRNA isincreased
in human prostate carcinoma compared to benign prostate epithelium. J. Clin. Endo-
crinol. Metab., 81: 3774-3782, 1996.

Chott, A., Sun, Z., Morganstern, D., Pan, J,, Li, T., Susani, M., Mosberger, I., Upton,
M. P., Bubley, G. J,, and Balk, S. P. Tyrosine kinases expressed in vivo by human
prostate cancer bone marrow metastases and loss of the type 1 insulin-like growth
factor receptor. Am. J. Pathol., 155: 1271-1279, 1999.

Zhang, P., Wang-Rodriguez, J., and Bailey, D. Insulin-like growth factor receptor
expression in prostate cancer. Am. J. Clin. Pathol., 112: 130, 1999.

Gingrich, J. R., Barrios, R. J,, Morton, R. A., Boyce, B. F., DeMayo, F. J., Finegold,
M. J., Angelopoulou, R., Rosen, J. M., and Greenberg, N. M. Metastatic prostate
cancer in a transgenic mouse. Cancer Res., 56: 4096—4102, 1996.

Kaplan, P. J, Mohan, S., Cohen, P., Foster, B. A., and Greenberg, N. M. Theinsulin-like
growth factor axis and prostate cancer: lessons from the transgenic adenocarcinoma of
mouse prostate (TRAMP) model. Cancer Res., 59: 2203-2209, 1999.

Horoszewicz, J. S, Leong, S. S.,, Chu, T. M., Wgjsman, Z. L., Friedman, M.,
Papsidero, L., Kim, U., Chai, L. S, Kakati, S., Arya, S. K., and Sandberg, A. A. The
LNCaP cell line—anew model for studies on human prostatic carcinoma. Prog. Clin.
Biol. Res.,, 37: 115-132, 1980.

Baserga, R. The contradictions of theinsulin-like growth factor 1 receptor. Oncogene,
19: 5574-5581, 2000.

Reiss, K., D’Ambrosio, C., Tu, X., Tu, C., and Baserga, R. Inhibition of tumor growth
by a dominant negative mutant of the insulin-like growth factor | receptor with a
bystander effect. Clin. Cancer Res., 4: 2647-2655, 1998.

Baserga, R., Hongo, A., Rubini, M., Prisco, M., and Vaentinis, B. The IGF-I receptor
in cell-growth, transformation and apoptosis. Biochim. Biophys. Acta, 1332: F105—
F126, 1997.

Li, J, Yen, C, Liaw, D., Podsypanina, K., Bose, S., Wang, S. I., Puc, J., Miliaresis,
C., Rodgers, L., McCombie, R., Bigner, S. H., Giovanella, B. C., Ittmann, M., Tycko,
B., Hibshoosh, H., Wigler, M. H., and Parsons, R. PTEN, a putative protein tyrosine
phosphatase gene mutated in human brain, breast, and prostate cancer. Science
(Wash. DC), 275: 1943-1947, 1997.

McMenamin, M. E., Soung, P., Perera, S., Kaplan, |., Loda, M., and Sellers, W. R.
Loss of PTEN expression in paraffin-embedded primary prostate cancer correlates
with high Gleason score and advanced stage. Cancer Res., 59: 4291-4296, 1999.
Davies, M. A., Koul, D., Dhesi, H., Berman, R., McDonnell, T. J., McConkey, D.,
Yung, W. K., and Steck, P. A. Regulation of Akt/PKB activity, cellular growth, and
apoptosisin prostate carcinoma cells by MMAC/PTEN. Cancer Res., 59: 2551-2556,
1999.

30.

31

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

45.

46.

47.

48.

49.

50.

51.

52.

53.

2950

Iwamura, M., Sluss, P. M., Casamento, J. B., and Cockett, A. T. Insulin-like growth
factor 1: action and receptor characterization in human prostate cancer cell lines.
Prostate, 22: 243-252, 1993.

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
insulin-like growth factor 1. Cancer Res., 53: 1102-1106, 1993.

Kimura, G., Kasuya, J., Giannini, S., Honda, Y., Mohan, S., Kawachi, M., Akimoto,
M., and Fujita-Y amaguchi, Y. Insulin-like growth factor (IGF) system componentsin
human prostatic cancer cell-lines: LNCaP, DU145, and PC-3 cells. Int. J. Urol., 3:
39-46, 1996.

Sdll, C., Dumenil, G., Deveaud, C., Miura, M., Coppola, D., Deangelis, T., Rubin, R.,
Efstratiadis, A., and Baserga, R. Effect of a null mutation of the insulin-like growth-
factor-1 receptor gene on growth and transformation of mouse embryo fibroblasts.
Mol. Cell. Biol., 14: 3604—3612, 1994.

. Vis, A. N,, Kranse, R,, Nigg, A. L., and van der Kwast, T. H. Quantitative analysis

of the decay of immunoreactivity in stored prostate needle biopsy sections. Am. J.
Clin. Pathol., 113: 369-373, 2000.

Ramaswamy, S., Nakamura, N., Vazquez, F., Batt, D. B., Perera, S., Roberts, T. M.,
and Sellers, W. R. Regulation of G; progression by the PTEN tumor suppressor
protein islinked to inhibition of the phosphatidylinositol 3-kinase/Akt pathway. Proc.
Natl. Acad. Sci. USA, 96: 2110-2115, 1999.

Senior, P. V., Critchley, D. R., Beck, F., Walker, R. A., and Varley, J. M. The
localization of laminin mRNA and protein in the postimplantation embryo and
placenta of the mouse: an in situ hybridization and immunocytochemical study.
Development (Camb.), 104: 431-446, 1988.

Ullrich, A., Gray, A., Tam, A. W., Yang-Feng, T., Tsubokawa, M., Collins, C.,
Henzel, W., Le Bon, T., Kathuria, S., Chen, E. et al. Insulin-like growth factor |
receptor primary structure: comparison with insulin receptor suggests structural
determinants that define functional specificity. EMBO J., 5: 2503-2512, 1986.
Zandvliet, D. W., Hanby, A. M., Austin, C. A., Marsh, K. L., Clark, I. B., Wright,
N. A., and Poulsom, R. Analysis of foetal expression sites of human type 1| DNA
topoisomerase a and 3 mRNAS by in situ hybridisation. Biochim. Biophys. Acta,
1307: 239-247, 1996.

Taniyama, K., Goodison, S,, Ito, R., Bookstein, R., Miyoshi, N., Tahara, E., Tarin, D.,
and Urquidi, V. PTEN expression is maintained in sporadic colorectal tumours.
J. Pathol., 194: 341-348, 2001.

Sabattini, E., Bisgaard, K., Ascani, S., Poggi, S., Picciali, M., Ceccarelli, C., Pieri, F.,
Fraternali-Orcioni, G., and Pileri, S. A. The EnVision++ system: a new immuno-
histochemical method for diagnostics and research. Critical comparison with the
APAAP, ChemMate, CSA, LABC, and SABC techniques. J. Clin. Pathol., 51:
506-511, 1998.

Kurek, R., Tunn, U. W., Aumueller, G., and Renneberg, H. Insulin-like growth
factor-1 (IGF-1) and insulin-like growth factor receptor (IGF-R1) in prostate cancer.
J. Urol., 163 (Suppl.): 35, 2000.

Figueroa, J. A., De Raad, S., Speights, V. O., and Rinehart, J. J. Gene expression of
insulin-like growth factors and receptors in neoplastic prostate tissues: correlation
with clinico-pathological parameters. Cancer Investig., 19: 28—34, 2001.

. Burfeind, P., Chernicky, C. L., Rininsland, F., and llan, J. Antisense RNA to the type

I insulin-like growth factor receptor suppresses tumor growth and prevents invasion
by rat prostate cancer cellsin vivo. Proc. Natl. Acad. Sci. USA, 93: 7263-7268, 1996.

. Dhanasekaran, S. M., Barrette, T. R., Ghosh, D., Shah, R., Varambally, S., Kurachi,

K., Pienta, K. J,, Rubin, M. A., and Chinnaiyan, A. M. Delineation of prognostic
biomarkers in prostate cancer. Nature (Lond.), 412: 822—-826, 2001.

Bull, J. H., Ellison, G., Patel, A., Muir, G., Walker, M., Underwood, M., Khan, F., and
Paskins, L. Identification of potential diagnostic markers of prostate cancer and
prostatic intraepithelial neoplasia using cDNA microarray. Br. J. Cancer, 84: 1512—
1519, 2001.

Chetcuti, A., Margan, S, Mann, S, Russell, P., Handelsman, D., Rogers, J., and
Dong, Q. Identification of differentially expressed genes in organ-confined prostate
cancer by gene expression array. Prostate, 47: 132-140, 2001.

Chaib, H., Cockrell, E. K., Rubin, M. A., and Macoska, J. A. Profiling and verifica-
tion of gene expression patterns in normal and malignant human prostate tissues by
cDNA microarray analysis. Neoplasia, 3: 43-52, 2001.

Porcu, P., Ferber, A., Pietrzkowski, Z., Roberts, C. T., Adamo, M., LeRoith, D., and
Baserga, R. The growth-stimulatory effect of simian virus 40 T antigen requires the
interaction of insulinlike growth factor 1 with its receptor. Mol. Cell. Biol., 12:
5069-5077, 1992.

Zilberstein, M., Chou, J. Y., Lowe, W. L., J., Shen-Orr, Z., Roberts, C. T., Jr.,
LeRoith, D., and Catt, K. J. Expression of insulin-like growth factor-I and its receptor
by SV40-transformed rat granulosa cells. Mol. Endocrinol., 3: 1488-1497, 1989.
Asamoto, M., Hokaiwado, N., Cho, Y. M., Takahashi, S., lkeda, Y., Imaida, K., and
Shirai, T. Prostate carcinomas developing in transgenic rats with SV40 T antigen
expression under probasin promoter control are strictly androgen dependent. Cancer
Res., 61: 4693—-4700, 2001.

Plymate, S. R, Bae, V. L., Maddison, L., Quinn, L. S., and Ware, J. L. Reexpression
of the type-1 insulin-like growth-factor receptor inhibits the malignant phenotype of
simian-virus-40 t-antigen immortalized human prostate epithelial-cells. Endocrinol-
ogy, 138: 1728-1735, 1997.

Reiss, K., Wang, J. Y., Romano, G., Tu, X., Peruzzi, F., and Baserga, R. Mechanisms
of regulation of cell adhesion and motility by insulin receptor substrate-1 in prostate
cancer cells. Oncogene, 20: 490-500, 2001.

Nickerson, T., Chang, F., Lorimer, D., Smeekens, S. P., Sawyers, C. L., and Pollak,
M. In vivo progression of LAPC-9 and LNCaP prostate cancer models to androgen
independence is associated with increased expression of insulin-like growth factor |
(IGF-1) and IGF-I receptor (IGF-IR). Cancer Res., 61: 6276—6280, 2001.

Downloaded from cancerres.aacrjournals.org on October 26, 2021. © 2002 American Association for Cancer

Research.


http://cancerres.aacrjournals.org/

AAC_R American Association
for Cancer Research

Cancer Research

The Journal of Cancer Research (1916-1930) | The American Journal of Cancer (1931-1940)

Expression of the Type 1 Insulin-like Growth Factor Receptor Is
Up-Regulated in Primary Prostate Cancer and Commonly
Persists in Metastatic Disease

Giles O. Hellawell, Gareth D. H. Turner, David R. Davies, et al.

Cancer Res 2002;62:2942-2950.

Updated version

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/62/10/2942

Cited articles

Citing articles

This article cites 53 articles, 19 of which you can access for free at:
http://cancerres.aacrjournals.org/content/62/10/2942 full#ref-list-1

This article has been cited by 54 HighWire-hosted articles. Access the articles at:
http://cancerres.aacrjournals.org/content/62/10/2942 full#related-urls

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.

To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/62/10/2942.

Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on October 26, 2021. © 2002 American Association for Cancer

Research.



http://cancerres.aacrjournals.org/content/62/10/2942
http://cancerres.aacrjournals.org/content/62/10/2942.full#ref-list-1
http://cancerres.aacrjournals.org/content/62/10/2942.full#related-urls
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/62/10/2942
http://cancerres.aacrjournals.org/

