








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, c and d). Immunoblotting
with the same IRS-1 antibody revealed a single band of Mr �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 IGF1R levels (1� or 2�). We also 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

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 �-actin probe (8-day exposure);
b and f, immunohistochemical analysis of IGF1R
protein expression; c and g, bright-field illumina-
tion; d and h, dark-field illumination, showing hy-
bridization to antisense IGF1R probe (8-day expo-
sure). �100.
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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 analyzed 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 (9–12 in
Table 2), IGF1R levels fell from 2� - 4� in the primary tumors to 1�
- 2� in the metastases (Fig. 7g, j). Table 2 also shows the results of

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); all other cases retained significant (�2�) IRS-1
expression (Fig. 7b, e). Therefore our results show significant reten-
tion and in some cases up-regulation of IGF1R 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. 1e, f). Immunohistochemical staining of
primary prostate biopsies revealed that PTEN was undetectable in two
primary tumors (17%, cases 1 and 3 in Table 2), although 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%) all 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. 7l, cases 10–12 in
Table 2). It was notable that all three of these cases had shown

Fig. 6. Semiquantitative immunostaining for IGF1R and IRS-1 in
fine-needle biopsies of the prostate. Comparison of benign (a and b)
and malignant (c and d) prostate biopsies for IGF1R (a and c) and for
IRS-1 (b and d) staining (�200). IRS-1 shows positive staining in
the cytoplasm of epithelial cells, with strong staining in stromal
macrophages.

Table 1 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.

IGF1R

IRS-1

1� 2� 3� 4�

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
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significant reduction in both IGF1R 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 IGF1R 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 a trend toward higher IGF1R levels in 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 IGF1R 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 IGF1R�
antibody at a higher concentration than 1:750 was sufficient to
abolish apparent differences in 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 controls to 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
Figueroa et 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 levels were 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-II 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 fall 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 IGF1R levels (48, 49). This model does not
recapitulate all 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.
Baserga’s group has proposed that IRS-1 loss might favor metastasis,
in which case, IGF1R 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 IGF1R 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 IGF1R 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

Table 2 Immunohistochemical staining for IGF1R, IRS-1, and PTEN in paired biopsies
of primary and metastatic prostate cancer

Table shows staining intensity (IGF1R and IRS-1) and extent (PTEN) in paired
primary (P) and metastatic (M) human prostate cancer tissue. For IGF1R 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).
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support the concept of IGF1R targeting as a potential treatment for
metastatic prostate cancer.
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