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ABSTRACT

We evaluated levels of mannose-6-phosphate/insulin growth factor-II
receptor (M6P/IGFII-R) RNA in 37 breast cancer tumors by quantitative
i/i situ hybridization using a computer-aided image analyzer and com
pared them to cathepsin D RNA and protein levels in the same tissues.
Breast cancer cells expressed more cathepsin D and M6P/IGFII-R RNA
than fibroblasts in the same tumors. We found a significant increase of
cathepsin D RNA (P = 1 x IO'5) and M6P/IGFII-R RNA (P = 0.02) in

breast cancer cells compared to epithelial cells of benign mastopathies.
There was a positive correlation (r = 0.6S; P = 1 x 10~5)between M6P/

IGFII-R and cathepsin D RNA levels measured on serial sections. This
contrasted with the inverse relationship of these 2 RNA species in breast
cancer cell lines where estrogen down-regulates M6P/IGFII receptor RNA
levels. Moreover, in vivo we found no correlation between the M6P/
IGFII-R RNA level and menopausa! or estrogen receptor status, suggest
ing that the in vivo regulation of M6P/IGFII-R RNA differs from its in
vitro regulation in cell lines. The M6P/IGFII-R RNA level was not corre
lated with cathepsin D status, histolÃ³gica!grade, and tumor size but was
significantly higher in lymph node-positive tumors (P = 0.047). The M6P/
IGFII-R could therefore be an additional parameter to predict aggressive
breast cancers, complementing cathepsin D assays and other more classi
cal pronostic parameters.

INTRODUCTION

The routing of lysosomal proteases is mediated by several transport
mechanisms, including the M6P3 receptors interacting with M6P sig

nals located on the oligosaccharidic chains of these enzymes (1, 2).
Alteration of this recognition system leads to increased secretion of
the pro-enzyme ( 1). An increased secretion of several pro-cathepsins

associated with gene overexpression has been observed in cultured
transformed or cancer cells as compared to normal epithelial cells (3,
4). In studies on breast cancer cell lines, we proposed that increased
secretion of pro-cath-D and its decreased maturation could be due to

saturation of the M6P receptor. This saturation would be facilated by
the overexpression of cath-D gene associated with simultaneous
down-regulation of the M6P/IGFII-R, both induced by estradiol (5, 6).

In addition to its role in lysosomal transport, the M6P/IGFII receptor
may have other functions such as transducing the mitogenic activity of
IGFII or cathepsins (7, 8) or facilitating cell motility (9). In order to
verify in vivo the results obtained in cell lines and to study the putative
role of M6P/IGFII-R in carcinogenesis and in modulating in vivo
cathepsin D transport and activation, we measured M6P/IGFII-R RNA
and cath-D RNA levels in serial sections of 37 breast cancer speci

mens using a semiquantitative in situ hybridization technique.
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MATERIALS AND METHODS

Patients. Mammary tumor samples were collected at surgery in 48 patients
from the Cancer Center (Val d'Aurelle) of Montpellier. None of the patients

had undergone radiation or chemotherapy prior to surgery. This series included
37 primary, nonmetastatic breast cancers and 11 benign mastopathies.

All tissues were immediately frozen in liquid nitrogen after surgical removal
and stored at -80Â°C until processing. Breast cancer samples were classified on

a routine basis according to their tumor stage following the WHO histolÃ³gica!
typing of breast tumors (10) and histopathological grading according to Bloom
and Richardson (II). The number of invaded axillary lymph nodes was deter
mined by histolÃ³gica! examination. Estrogen and progesterone receptor con
centrations were determined in cytosol as described ( 12). Cytosolic cath-D was
measured using an optimized double determinant solid phase immunoenzy-

matic assay with a median value close to 50 pmol/mg P (13). The population
studied (Table 1) had the same characteristics as the general primary breast
cancer population treated in the Cancer Center of Montpellier.

Cell Lines and Probes. MCF7 and MDA-MB231 cells were cultured as
described ( 14, 15). The M6P/1GFII-R probe, kindly donated by Dr W. L. Rutter
(Hormone Research Institute, San Francisco CA), was the 804-base pair 3'

BamHI-EcoRI restriction fragment from clone H5.I inserted into the EcoRl
site of the Bluescript+ vector (16). The cathepsin D probe was the 953-base
pair 3' Kpnl-EcoRl fragment subcloned in the pSp64 vector (17).

In Situ Hybridization. RNA in situ hybridization was performed on 5-p.m
frozen tissue sections as previously described (18-20). Briefly, paraformalde-
hyde fixed sections were hybridized with 1.5 X IO6 dpm of [a-35S]UTP-
labeled RNA probes for 15 h at 42Â°Cin mineral oil. After hybridization, oil was

removed from the slides in 3 chloroform washes and the coverslips were
allowed to slide off in 2 X standard saline-citrate at room temperature. Excess
radioactivity was washed off by incubating the slides once for 30 min at 37Â°C

with 20 fig/ml RNase-A (Sigma) and 400 units/ml RNase-Tl (Boehringer
Mannheim) in 10 nui Tris HC1 (pH 8)-0.5 MNaCI and once in the same buffer
without RNase for another 30 min at 37Â°C.Slides were then washed twice in
0.1 X standard saline-citrate, first at 65Â°Cand then at room temperature.

Hybridized sections were exposed to IIford K5 emulsion for autoradiography,
developed in Kodak Dektol Dl9 (Eastman Kodak, Rochester, NY) for 2-5 min
at 22Â°C.and finally stained with hematoxylin-eosin. Cath-D and M6P/IGFII-R

hybridized sections were exposed for autoradiography for 3 days and 2 weeks,
respectively. Sections hybridized with the linearized pSP64 vector without
insert used as negative control were exposed for 2 weeks. The antisense 28s
RNA probe was used to check for RNA integrity and the corresponding
hybridized sections were exposed for 3 days. Hybridization levels of autora-

diographed sections were evaluated by semiautomatic counting of silver grains
with the "Starwise Grains" program (IMSTAR, Paris, France) as previously

described (18-20).
Statistics. Statistical analysis was performed with the STAT-ITCF program

(Institut Technique des CÃ©rÃ©aleset des Fourrages. Paris. France). Significance
of quantitative parameters was tested with the nonparametric Wilcoxon Mann
Whitney rank sum test for small populations.

RESULTS

M6P/IGFII-R RNA Expression in Breast Tissues. Using RNA in
situ hybridization of frozen sections, M6P/IGFII-R RNA was mostly

detected in epithelial cells of benign and malignant mammary tumors
(Fig. 1). No marked expression was detected in stromal cells. In
benign breast disease, cath-D expression was generally higher in

hyperplastic ductal epithelial cells than in lobules. In breast cancer, the
distribution of both types of RNA was similar, indicating that mam-
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BENIGN BREAST DISEASE

BREAST CANCER

â€¢â€¢

CATH.D

Fig. 1. Bright field and corresponding dark field photographs of M6P/1GFII-R RNA and calh-D RNA detected by in situ hybridization of adjacent sections from a benign mastopalhy

and a breast cancer (umor. Bar. 10 (im.
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Table I RNA levels in grains/cell

ParameterMenopausa!

status
Premenopause

PosimenopauseER

status_+PgR

status_+Histopathological

grade
I-1IIIILymph

nodeinvasion+Tumor

stage
T,-T2

T,-T4Cytosol

cath-D

<50 pmol/mg P
>50 pmol/mg Pn16

2\112563015Â»121822

61617Cathepsin

D,
mean Â±SDI8.9Â±

10.3
22.4Â±8.118.2

Â±6.721.6
Â±9.720.4

Â±5.820.6
Â±9.521

Â±11.121.9
Â±6.518.2

Â±8.924.5
Â±8.72I.2Â±9.I

28.7 Â±3.718.2

Â±9.7
21.7 Â±8.4P

valueNSÂ°NSNSNS0.10NSNSM6P/IGFII-R.mean Â±SD13.0

Â±5.6
10.1Â±4.510.4

Â±3.112.2
Â±5.810.6

Â±3.711.3
Â±5.010.81

Â±5.511.7
Â±4.99

Â±3.212.7
Â±5.611.5

Â±5.312.4
Â±4.110.3

Â±4.7
11.4Â±5.2PvalueNSNSNSNS0.047NSNS

" NS. noi significant. PgR. progeslerone receptor.

mary cancer cells overexpressing cath-D also expressed the receptor
M6P/IGFII receptor which normally transports this protease to lyso-

somes. Semiautomatic quantification of autoradiographic silver grains
showed that the M6P/IGFII-R RNA levels were significantly in

creased in breast cancer cells (mean, 11.1 grains/cell) compared to
epithelial cells of benign mastopathies (mean, 7.5 grains/cell). How
ever, this increase was less than that of cathepsin D RNA measured in
the same tissues (mean: 20.1 gaines/cell in cancer and 5.8G/C in
benign mastopathies) (Fig. 2).

Correlation between M6P-R and Cath-D RNA Levels in Breast
Cancer Specimens. M6P/IGFII-R and cath-D RNA levels were meas

ured in 37 malignant breast tumor samples. Expression of both genes
was detected in the same area of adjacent tissue sections containing
epithelial cancer cells (Fig. 1). However, cath-D expression was much

higher than that of its receptor. Three days of autoradiographic expo
sure was sufficient for cath-D while 2 weeks exposure was required
for M6P/IGFII-R. We found a positive correlation (r = 0.65) between
M6P/IGFII-R and cath-D RNA levels in breast cancers, but there was
no correlation between M6P/IGFII-R RNA and the cytosolic cath-D
protein level measured in another part of the tumor (r = 0.4) (Fig. 3).
In this study, there was no correlation between cath-D protein and
cath-D RNA levels (r = 0.04; P = 0.82). The reason for this discrep

ancy might be due to the fact that different parts of the tumor were
analyzed or might also suggest that the enzyme concentration is not
exclusively regulated at the RNA level. The correlation between M6P/
IGFII-R and cath-D contrasts with results of Mathieu et al. (5) who
found an inverse correlation between cath-D protein and M6P/
IGFII-R RNA in breast cancer cell lines. However, in MCF7 and
MDA-MB-231 cells, cath-D and M6P/IGFII-R RNA were also neg

atively correlated in this study (Fig. 4), confirming the discrepancy
between the in vivo and in vitro results. In the 11 benign mastopathies,
the positive correlation between M6P/IGFII-R and cath-D RNA levels
of nonmalignant mammary epithelial cells was higher (r = 0.80;
P = 3 X IO"3; data not shown), but levels of both genes were lower

than those found in breast cancer cells.
M6P/IGFII-R Expression According to Clinicopathological In

formation. The statistical analysis did not show any correlation be
tween M6P/IGFII-R RNA level in breast cancer and most prognostic

parameters tested (Table 1). However, lymph node invasion was
slightly but significantly correlated with M6P/IGFII RNA level (P =
4.7 X 10~2)suggesting an association between this receptor and tumor

invasiveness.
We found no significant difference in M6P/IGFII-R RNA levels in

premenopausal and postmenopausal patients and ER- and ER+ pa

tients (Table 1). Moreover, there was a closer correlation between
cath-D and M6P/IGFII-R RNA levels in ER+ (n = 25; r = 0.71;
P = 1 x IO'4) than in ER- breast cancer (n = 11; r = 0.58; P =
5.6 X 10~3) suggesting that the estradiol-induced down-regulation of

the M6P/IGFII receptor, described in ER-positive cell lines (5), was

low or absent in vivo.
The M6P/IGFII-R RNA levels of tumors from 8 postmenopausal

patients who had received tamoxifen therapy (30 mg/day) for 3 weeks
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Fig. 2. M6P/IGF1I-R RNA and cath-D RNA levels Â¡nbenign and malignant breast

tumors. Quantitative RNA in situ hybridization was performed on serial frozen sections as
described Â¡n"Materials and Methods." Hybridization levels of autoradiographed sections
were evaluated by semiautomatic counting of silver grains with the "Starwise Grains"

program (IMSTAR) as described (18). P values were obtained using the Wilcoxon-Mann

Whitney nonparametric test for small populations. Numbers in parentheses, number of
patients Â¡neach group. (O) and (A), levels of M6P/1GFII-R and cath-D RNAs in MCF7
R and MDA-MB23I breast cancer cell lines, respectively.
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Fig. 3. Correlation between M6P/IGFII-R and cath-D RNA levels or cytosolic cath-D
protein in breast cancer. Semiquantitative RNA in situ hybridization was performed on
serial sections, as in Fig. 2. Cytosolic cath-D was assayed by immunoenzymatic assay in

a different part of the tumor as described (13). r. coefficient of correlation.
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MDA-MB-231 MCF7

M6P-R CATH-D

Fig. 4. Brighi field and corresponding dark field photographs of M6P/IGF1I-R and calh-D RNA in MDA-MB 231 and MCF7-R breast cancer cell lines detected by in situ
hybridization. Cancer cell lines were grown in the presence of 10% fetal calf serum, as described (I4, 15). Levels of RNA of both genes were detected on frozen sections of cancer
cell lines pellets. Bar, 10 jim.

prior to surgery were not higher than those of untreated tumors, in
contrast to the pro-cath-D increase observed in same conditions (21).

DISCUSSION

Although cath-D gene expression was much higher than that of the
M6P/IGF1I-R since the autoradiographic exposure was 4- to 5-fold
shorter for cath-D than for the M6P/IGFII-R, we found in vivo a

positive correlation between RNA expression of these two genes. This
contrasts with the in vitro situation in breast cancer cell lines (5),
where an inverse correlation between these 2 parameters was noted.
The reason for this discrepancy is unknown. It could be due to dif
ferent cell species analyzed in vivo. Although expression of both genes
is clearly higher in tumor cells than in fibroblasts, participation of
isolated macrophages (22) invading the tumor area cannot be excluded
with this technique. However, the number of macrophages estimated
by immunostaining with the CD68 antibody4 was generally much

lower than that of cancer cells in the tumor area analyzed and could
not account for the amount of RNA expressed. A more likely expla
nation is that the mechanism of M6P/IGF1I-R regulation in cancer

cells is not the same in isolated cultured epithelial cells and in the
whole tissue. While hormonal regulation of cath-D gene expression by

estrogens (or Tamoxifen) is also observed in vivo (20), estrogen reg
ulation of M6P/IGFII-R previously in vitro (5) seems to involve other

endocrine or paracrine factors in vivo.
Coexpression of RNAs coding for cath-D and its receptor implies

that the corresponding proteins may also be coexpressed in the same

region. The correlation between cath-D and its receptor, which facil
itates pro-enzyme routing to acidic compartments where it matures
(1,2, 23), is in agreement with the better maturation of pro-cath-D in
vivo than in cell lines. In fact only 2 to 6% of pro-cath-D is detected

in tumor cytosol (24), while a higher proportion (up to 50%) of
pro-enzyme is secreted by cultured cell lines. From a practical point
of view, the correlation between M6P/IGFII-R RNA level and lymph

node invasion suggests that this receptor could also be considered as
a marker of poor prognosis to complement the cath-D assay. However,
clinical follow-up and further investigations would be required before
determining whether M6P/IGFII-R level is an additional prognostic

factor.
This study supports separate observations5 showing that the cath-D

gene is overexpressed in epithelial breast cancer cells and not in
stremai cells. Cath-D therefore differs from stromclysin 3 (25) or

urokinase plasminogen activator (26) which are often overexpressed
in fibroblasts adjacent to the tumor. Using semiquantitative in situ
hybridization, we found a correlation between M6P/IGFII-R RNA and
cath-D RNA levels. However, we have no data on M6P/IGFII-R

protein or its binding sites, which are required for biological activity.
To our knowledge, this is the first evidence that M6P/IGFII receptor
RNA level is higher in breast cancer cells than in noncancerous cells.
A similar increase has also been described in thyroid cancer (27), in
regenerating liver (28), and in early steps of development (29). There
fore, this receptor level is particularly increased during, and possibly
required for, tissue growth and/or remodeling. Its increased expression
in association with that of cath-D might thus give a selective advan-

4 P. Roger, unpublished data. 5 Escot el ai., manuscript in preparation.
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tage to cancer cells overexpressing these two genes. As previously
shown with the urokinase plasminogen activator receptor (30), which
facilitates activation of urokinase at the cell membrane level, the
M6P/IGFI1 receptor might also, intracellularly or extracellularly, fa
cilitate cathepsin activities in the metastatic process.

Further studies are required to specify the biological and clinical
significance of M6P/IGFII-R in breast and other cancers and its pos

sible influence in modulating maturation of lysosomal enzymes and
their putative ability to facilitate metastasis.
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