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Abstract The insulin-like growth factors (IGFs) have been implicated in the growth regulation of human breast
cancer, Since the I1GFs are associated with specific binding proteins (IGFBPs) which may modulate receptor/ligand
interactions, production of IGFBPs by breast cancer cells could alter their IGF-dependent growth. This study examined
the expression of IGFBPs 4, 5, and 6 in eight breast cancer cell lines (BCCLs) using ribonuclease (RNase) protection
assays. IGFBP-4 mRNA was detected in all BCCLs studied. IGFBP-5 expression was higher in estrogen receptor (ER)
positive cells, while IGFBP-6 mRNA was detected in only two ER negative BCCLs. We also found that E, treatment
enhanced the expression of IGFBPs 2, 4, and 5 in T47-D cells. We next studied IGFBP mRNA expression in 40 primary
breast tumors. All tumors expressed mRNA for IGFBPs 2—6 but none expressed IGFBP-1 message. IGFBP-3 expression
was higher in ER negative tumors, while that of IGFBP-4 and -5 was higher in ER positive specimens. These differences
were statistically significant (P < .05). Ligand blot analysis of tumor extracts confirmed the presence of IGFBPs in breast
cancer tissues. Thus, differential IGFBP expression in ER positive and negative tumors suggests an important role for this

protein in breast cancer biology.  © 1993 Wiley-Liss, Inc.
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Polypeptide growth factors are important me-
diators of normal and neoplastic cell growth in
vitro. The observation that several human tu-
mors express high affinity receptors for specific
growth factors has led to the assumption that
these peptides operate in an autocrine or para-
crine fashion [Aaronson, 1991]. Therefore, it
has been proposed that growth factor-mediated
cell proliferation may account, at least in part,
for the unregulated growth of human cancer.

The insulin-like growth factors (IGFs) are
mitogenic polypeptides that have been impli-
cated in the autocrine and paracrine growth of
human breast cancer [Yee et al., 1989a; Osborne
et al., 1989; Cullen et al., 1992]. In contrast to
other peptide hormones, the IGF's are associated
with high affinity binding proteins in all extracel-
lular fluids [Baxter and Martin, 1989]. To date,
six distinct IGF binding proteins (IGFBPs) have
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been cloned and structurally characterized [Shi-
masaki and Ling, 1991]. A great interest in
elucidating the physiologic functions of the
IGFBPs has been stimulated by the observation
that some of these proteins can modulate IGF
action in different experimental systems. For
example, IGFBPs can both potentiate and in-
hibit IGF-mediated DNA synthesis in cultured
fibroblasts [De Mellow and Baxter, 1988; Blum
et al., 1989; Liu et al., 1991] and can interfere
with IGF effects in transformed cells [Ritvos et
al., 1988; Campbell and Novak, 1991; Culouscou
and Shoyab, 1991]. Thus, interactions between
IGFBPs, ligands, and receptors suggest a com-
plex mechanism for the regulation of IGF-
stimulated cell proliferation.

We and others have shown that IGFBP pro-
duction by human breast cancer cell lines is
heterogeneous and that their pattern of expres-
sion is related to the cell’s estrogen receptor
(ER) status [Yee et al., 1989b, 1991; Clemmons
et al., 1990; Figueroa and Yee, 1992). For exam-
ple, our previous study showed that IGFBP-1
was secreted by only two ER negative cell lines



IGFBPs and Breast Cancer 197

(MDA-MB-231 and Hs578T), while IGFBPs 2
and 3 were predominantly expressed by ER pos-
itive and ER negative cells, respectively. The
differential expression of IGFBPs by breast can-
cer cells and its relation to ER status suggest the
possibility that some of these binding proteins
may be under hormonal regulation. Further-
more, since the IGFs are mitogenic for breast
cancer cells, alterations in IGFBP synthesis by
breast tumors could influence malignant growth
by modulating the actions of locally produced
IGFs. In support of this view, we have shown
that at least one IGFBP (IGFBP-1) can neutral-
ize IGF-I dependent growth in the ER positive
breast cancer cell line MCF-7 [McGuire et al.,
1992].

Based on the potential biological importance
of these binding proteins and the observation
that several unidentified IGFBPs are secreted
by BCCLs in culture, we examined the expres-
sion of all the known IGFBPs in several breast
cancer cell lines and human breast cancer tis-
sues. In this study we have characterized mRNA
expression of IGFBPs 4, 5, and 6 in cultured
breast cancer cells and showed that estradiol
(Ey) is capable of regulating the expression of
certain IGFBPs in the ER positive cell line
T47-D. We also demonstrated that IGFBPs are
produced by human breast cancer tissues and
that a correlation exists between the level of
mRNA expression of certain IGFBPs and tumor
ER status.

MATERIALS AND METHODS
Materials

All chemicals were purchased from Sigma (St.
Louis, MO) unless otherwise specified. All elec-
trophoresis equipment was obtained from Bio-
rad (Richmond, CA). [32P] UTP and [32P] CTP
were purchased from Dupont/New England
Nuclear Corp. (Boston, MA). Radiolabelled
IGF-I and molecular weight protein standards
were obtained from Amersham (Arlington
Heights, IL). Protein concentration assay was
purchased from Pierce (Rockford, IL). Centri-
con-3 microconcentrators were obtained from
Amicon (Danvers, MA). Restriction enzymes and
RNA polymerases were purchased from Pro-
mega (Madison, WI). Improved Minimal Essen-
tial Medium (IMEM) and fetal calf serum (FCS)
were obtained from GIBCO/BRL (Bethesda MD)
and from Innovar (Gaithersberg, MD), respec-
tively. Radiographic film and Quanta II intensi-
fying screens were purchased from Kodak (Roch-

ester, NY). Antibodies to IGFBP-2 and -3 were
purchased from UBI, Inc. (Lake Placid, NY).

Cell Lines and Breast Cancer Tissues

MCF-7, ZR75-B, Hs758T, and CAMA I were
originally obtained as previously described [Yee
et al., 1991]. All other cell lines were obtained
from the American Type Culture Collection
(Rockville, MD). Breast cancer cell lines were
maintained in IMEM plus insulin and 10% FCS
in a humidified 5% CO, atmosphere. OVCAR-3
was maintained in RPMI 1640 plus 10% FCS.
Breast cancer tissues were obtained from the
San Antonio Tumor Bank, a large repository of
tumor specimens from throughout the country,
and stored at —70°C until used. Estrogen recep-
tor content was routinely measured in these
specimens.

cDNA Probes

pG4BP-25 and pSP73BP-53, containing
IGFBPs 1 and 3 ¢cDNAs, were kindly provided by
Dr. D.R. Powell (Baylor College of Medicine,
Houston, TX). pHBP-2, pHBP-4, pHBP-5, and
pHBP-6 were a gift from Dr. S. Shimasaki (Whit-
tier Institute for Diabetes and Endocrinology,
La dJolla, CA). 36B4 was a gift from Dr. P.
Chambon (INSERM, Strasbourg, France). The
cRNA probes used to detect IGFBP mRNA were
transcribed from different portions of each
cDNA,; probes for IGFBP-1 and IGFBP-3 have
previously been described [Yee et al., 1991].
Other ¢cDNAs used for templates were a 382bp
Styl-EcoRV IGFBP-2 fragment [Binkert et al.,
1989], a 505bp EcoRI-HindIIl IGFBP-4 frag-
ment [Shimasaki et al., 1990], a 317 bp Sacll-
Sacl IGFBP-5 fragment [Shimasaki et al.,
1991a], and a 267bp PstI-PstI IGFBP-6 [Shima-
sakiet al., 1991b].

RNA Extraction and Ribonuclease (RNase)
Protection Assay

Total RNA was isolated from cell lines and
tumor specimens using phenol-chloroform ex-
traction [Chomezynski and Sacchi, 1987]. RNA
concentration was determined spectrophotomet-
rically and its integrity examined by agarose gel
electrophoresis. The human IGFBP probes were
used to synthesize radiolabelled antisense RNA
probes using a transcription kit (Promega). The
probe sizes are noted above. Radiolabelled 36B4
RNA probe was transcribed from a 200 bp PstlI-
Pstl 36B4 ¢cDNA. The expression of this ubiqui-
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tous, non-estrogen-regulated gene was used as a
RNA loading control [Bassett et al., 1990]. For
each determination 20 pg of total RNA was
used, and RNase protection assays were per-
formed as previously described [Yee et al., 1988].
Samples were then centrifuged and pellets resus-
pended in 5 pl of 80% formamide buffer, dena-
tured at 85°C for 5 min, and electrophoretically
fractionated in a 6% polyacrylamide/8 M urea
gel. Size markers (New England Biolabs) were
end-labelled with [32P] CTP. After electrophore-
sis, the gel was dried, and exposed to X-ray film
in the presence of an intensifying screen for
12-96 h.

Estradiol (E;) Treatment of T47-D Cells

Cells were plated in 100 cm? dishes and incu-
bated with IMEM plus insulin and 10% FCS and
growth to subconfluence. They were then washed
3 times with phosphate buffered saline (PBS)
and placed in phenol-free IMEM plus 5% double
charcoal stripped calf serum (CSS). After an
additional 24 h, cells were washed with PBS and
placed in serum-free media (IMEM plus 292
mg/l glutamine, 20 mM 4-(2-hydroxylethyl)-1-
piperazineethanesulfonic acid buffer, 2 mg/1 fi-
bronectin, 2 mg/l transferrin, and trace ele-
ments) with or without 1 nM estradiol for 24 h.
Cells were washed again with ice-cold PBS and
harvested directly in guanidinium thiocyanate
for RNA extraction as described above.

Western Ligand (WLB) and Immunoblot Analysis

MCF-7 cells and 30 mg of breast tumor pow-
der were homogenized in 300 ul of 5% SDS,
boiled for 5 min, and centrifuged at 25,000g for
3 min. The supernatant was removed and total
protein concentration determined using a copper-
bicinchoninic acid kit (Pierce). Then 200 pg of
total breast tumor protein was mixed with an
equal volume of sample buffer (.1 M Tris HCI,
pH 6.8, 4% SDS, .2% bromophenol blue, and
20% glycerol) and separated by electrophoresis
on a 12% SDS-PAGE gel along with pre-stained
molecular weight standards (Amersham, Arling-
ton Heights, IL). Proteins were then transferred
to nitrocellulose and hybridized with radiola-
belled IGF-I as previously described [Hossen-
lopp et al., 1986]. The blot was exposed to X-ray
film for 2 weeks at —70°C. Conditioned media
(CM) from OVCAR-3 cells was obtained under
conditions identical to those described for E,
treatment of breast cancer cell lines (BCCLs)
except that estrogens were not used. CM was

concentrated twentyfold using Centricon filters
with a 10,000 molecular weight cut-off (Amicon)
and 30 pl aliquots were analyzed using the WLB
technique described above. The blot was ex-
posed to X-ray film for 24 h at —70°C.

Some conditioned media samples were also
measured by Western immunoblot after ligand
blotting. Membranes were blocked in a Tris
buffered saline-Tween 20 solution (.15 M NaCl,
.01 M Tris HCL, pH 7.4, .05% Tween 20).
IGFBP-2 and -3 antibodies were diluted accord-
ing to the instructions of the manufacturer and
detected using an electrochemiluminescent kit
(Amersham).

Statistical Analysis

Protected fragments were quantified by di-
rectly measuring the radioactivity in each band
using a radioanalytical isotope scanner (Ambis,
San Diego, CA). Net counts were divided by
36B4 values and reported as a corrected net
count. This correction was performed to account
for loading differences and to compare results
between groups. Differences between group
means were analyzed using Wilcoxon 2-Sample
Test. P values < .05 were considered signifi-
cant.

RESULTS
Expression of IGFBPs 4, 5, and 6 in BCCLs

We utilized RNase protection assays to exam-
ine the expression of IGFBP-4, -5, and -6 in
several human BCCLs. All the cell lines studied
expressed significant levels of IGFBP-4 mRNA
irrespective of their ER status (Fig. 1A and data
not shown). IGFBP-5 mRNA expression, al-
though heterogeneous, was higher among ER
positive cell lines (MCF-7, T47D, and ZR75-B).
However, its association with ER status is not
clear since at least two ER negative cell lines
(Hs578T, MDA-MB-468) expressed significant
IGFBP-5 mRNA levels (Fig. 1B). IGFBP-6 ex-
pression was more restricted than that of
IGFBP-4 and -5, with low levels detected only in
the ER negative cell lines MDA-MB-231 and
Hs578-T (Fig. 1C). These results confirmed the
heterogeneous expression of IGFBPs by human
BCCLs. Table I summarizes the expression pat-
tern of all IGFBPs in the BCCLs studied.

E; Regulation of IGFBP Expression in T47-D Cells

It is well established that estrogens can be
mitogenic for certain breast cancer cells in cul-
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Fig. 1. RNase protection assays showing expression of (A) IGFBP-4, (B) IGFBP-5, and (C) IGFBP-6 in
BCClLs. Each lane contains 20 pg of total RNA. Lanes labelled probe contain undigested riboprobe. Arrows
show protected mRNA fragments. MCF-7, T47-D, and ZR75-B are estrogen receptor (ER) positive cell
lines, while CAMA 1, MDA-MB-468, MDA-MB-436, MDA-MB-231, BT-549, Hs578-T, and SKB-3 are ER
negative. tRNA was used as a negative control.
TABLE 1. IGFBP Expression in Human Breast Cancer Cell Lines*
Cell line BP-1 BP-2 BP-3 BP-4 BP-5 BP-6 ER
MCF-7 - ++ + + ++ - +
ZR75B - + + + + - +
T47D - ++ - ++ ++ - +
SKBR3 - - - + + - =
MDA-MB-231 + - ++ + - +
MDA-MB-468 - + N/A + ++ -
MDA-MB-436 - + - + - N/A
Hs578T + - ++ + - + -
CAMA1 - + + + + - -

*Expression of IGFBPs 1, 2, and 3 was determined in earlier studies [Yee et al., 1989b, 1991). mRNA expression was graded as
absent (—), detectable (+), and high (++). ER represents estrogen receptor status and N/A means the information was not

available.

ture. Moreover, E, has been shown to stimulate
the autocrine production of IGF-II in T47-D
cells, suggesting its proliferative effects are in
part mediated by growth factor actions [Yee et
al., 1988]. Since certain IGFBP species are capa-
ble of modulating IGF actions in different exper-

imental systems, it is possible that some E,
effects on breast cancer proliferation may be
related to its regulation of IGFBP production.
With this in mind, we examined the ability of E,
to affect IGFBP expression in T47-D cells. Total
RNA was extracted after cells were exposed to
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Fig. 2. Effects of E; on the expression of IGFBPs 2, 4, and 5 in T47-D cells. RNase protection assay
showing expression of IGFBPs 2 and 4 (A) and IGFBP-5 (B) in control and E,-treated T47-D cells. Cells were
treated with E, for 24 h and 20 ug of total RNA were hybridized per lane. The protected fragments migrate
below their respective probes (arrows). Expression of 36B4 was measured in the same specimen and used

as a loading control (see Materials and Methods).

E, for 24 h and RNase protection assays per-
formed to document alterations in IGFBP mRNA
expression. We found that estrogen treatment of
T47-D resulted in cell proliferation (data not
shown) and enhanced expression of IGFBP-2,
-4, and -5 (Fig. 2). These results, together with
our previous work demonstrating E, regulation
of these same IGFBPs in MCF-7 cells [McGuire
et al., 1992], indicate that certain IGFBP species
are under hormonal control in BCCLs.

IGFBP mRNA Expression in Human Breast
Cancer Tissues

To see whether the relationship between ER
status and IGFBP expression was also main-
tained in vivo, we examined the expression of all
known IGFBPs in 40 breast cancer specimens.
IGFBP mRNA levels were directly quantified by
scanning the gel with a sensitive radioanalytical
system. We found that none of the specimens
expressed IGFBP-1 mRNA (Fig. 3 and data not
shown). All tumor samples expressed specific
mRNA transcripts for IGFBPs 2—6 although the
level of expression varied significantly between
specimens (Figs. 3, 4). IGFBP-5 was highly ex-
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Fig. 3. Expression of IGFBPs 1 and 3 RNA in human breast
cancer tissues. RNase protection assay showing the expression
of IGFBPs 1 and 3 in human liver, MDA-MB-231, and ER
positive and ER negative human breast tumors. Arrows show
the migration position of RNA protected fragments.

pressed by most tumors, while IGFBPs 3 and 6
were expressed at low levels in the specimens
studied. Figure 5 depicts the relative expression
of the different IGFBPs in breast cancer tissues
after correction for total RNA expression (see
Materials and Methods).

Since E; can regulate IGFBP expression in
BCCLs in vitro, we looked for differences in
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Fig. 4. IGFBP expression in human breast cancer tissues.
RNase protection assays showing expression of (A) IGFBPs 2
and 4, (B) IGFBP-5, and (C) IGFBP-6 in ER positive and ER
negative breast cancer tissues. In each lane 20pug of total RNA
was used. Bands representing protected fragments migrate
below their respective probes (arrows). Bands migrating paral-
lel (A, B) to riboprobe represent undigested probe.

IGFBP mRNA expression between ER positive
(> 10 femtomoles/mg protein) and ER negative
(<10 femtomoles/mg protein) breast tumors.
Our results showed that IGFBP-3 transcripts
were more abundant in ER negative tumors,
while mRNA levels of IGFBPs 4 and 5 were
higher in ER positive specimens. Differences in
IGFBP-3 and -4 mRNA levels between ER posi-
tive and negative tumors were highly significant
(P < .01) while that of IGFBP-5 was of border-
line significance (P < .048) (Fig. 6). On the other
hand, expression of IGFBP-2 and -6 was not
significantly different between ER positive and
negative specimens (Fig. 6).
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Fig. 5. Relative expression of IGFBPs in breast cancer tissues.
Radioactivity of IGFBP protected fragments was quantified and
corrected for total RNA using 36B4 as a control (see Materials
and Methods). Results were expressed as the mean net counts
obtained for each IGFBP in a group of 40 tumor specimens.
Error bars represent standard error of the mean.
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Fig. 6. Differences in IGFBP expression between ER positive
and ER negative breast cancer tissues. This box plot graph
represents IGFBP expression in 40 breast tumors specimens (20
ER positive and 20 ER negative). The dotted line represents the
sample median and the box contains 50% of the values. The
notches show the 95% confidence interval. The complete range
of values are contained within the whiskers, although some
outlying values are represented by a dot. Solid squares mark the
position of ER positive tumors; open squares are ER negative.
Asterisks show significant differences between ER positive and
ER negative tumor IGFBP expression (P < .05).

WLB and Immunoblot of Tumor Extracts

We examined 20 tumors using WLB and found
detectable bands of 48, 44, 34, 28, and 24 kDa in
the tumor extracts examined (Fig. 7). The 34
kDa band is compatible with IGFBP-2. Figure
8A (lanes 1-4) shows that this binding protein
species is detected by a specific IGFBP-2 anti-
sera in cancer cell conditioned media. The dou-
blet at 48 and 44 kDa detected on ligand blotting
is compatible with IGFBP-3 expression (Fig. 8B,
lanes 1,2). The smaller band at 30 kDa detected
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Fig. 7. Western ligand blot of breast tumor extracts. Ligand blot analysis of (A) ER positive and (B) ER
negative tumor extracts. Migration position of IGFBPs are marked based on reported values and
immunoblot studies (see text). Conditioned media (CM) from the ovarian cancer cell line OVCAR-3 and
MCF-7 cell pellets (CP) were used as positive controls. Excess cold IGF-I eliminated binding of radiola-

belled IGF-1 {(data not shown).

by this antisera corresponds to an N-terminal
fragment of IGFBP-3. This fragment does not
bind IGF-I and is not likely to be detected by
ligand blotting [Zapf et al., 1990]. These find-
ings are compatible with previous work using
specific antisera against IGFBP-2 and -3 in BCCL
CM [Clemmons et al.,, 1990; De Leon et al.,
1990].

The only abundant binding protein species
mRNA expressed in common between MCF-7
and MDA-MB-231 was IGFBP-4 (Table I). Since
both cells express a 24 kDa protein in their CM,
these data suggest this is indeed IGFBP-4 [Yee
et al., 1991]. Other investigators have also iden-
tified the 24 kDa protein as IGFBP-4 [Camacho-
Hubner et al., 1992]. The 28 kDA band most
likely represents IGFBP-5 since it is found only
in the CM of cells that express IGFBP-5 mRNA
(MCF-7); MDA-MB-231 cells do not express
IGFBP-5 mRNA and do not secrete a 28 kDa
binding protein species. Therefore, based on
these observations, the 28 kDa band most likely
represents IGFBP-5.

IGFBP-1, which migrates between IGFBPs 4
and 5, was not detected in any of the specimens
studied. IGFBP-6 does not bind IGF-I with high

affinity [Bach et al., 1992; Zapf et al., 1990] and
its production by tumors could not be evaluated
using IGF-1 WLB.

Thus, protein species compatible with
IGFBP-2, -3, -4, and -5 can be detected in ex-
tracts from breast cancer cells. We are currently
examining a larger group of tumors to deter-
mine if the relationships between ER and
IGFBP expression can also be detected by ligand
blotting.

DISCUSSION

Several lines of evidence suggest the IGFs are
important in the autocrine and paracrine growth
regulation of breast cancer cells. In contrast to
other polypeptide growth factors, regulation of
cell proliferation by the IGF system may depend
on interactions between ligands, receptors, and
high affinity IGFBPs. Although six distinct
IGFBPs have been described, their exact physio-
logic role is not well understood. However, sev-
eral studies have demonstrated that some IGFBP
species can inhibit or facilitate IGF action de-
pending on the experimental conditions em-
ployed. For example, IGFBP-3 has been shown
to potentiate IGF-I-induced DNA synthesis in
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Fig. 8. Comparison between ligand blotting and immunoblot-
ting for IGFBP-2 and -3. A: Conditioned media from MCF-7
(lanes 1,3) and OVCAR-3 (lanes 2, 4) were examined by ligand
blotting (lanes 1,2). The blot was then used for IGFBP-2 immu-
noblotting showing the species migrating at 34 kDa is likely to
be IGFBP-2. An electrochemiluminescent detection system was
utilized; exposure in lanes 3 and 4 was 30 seconds. B: OVCAR-3
conditioned media was examined in ligand blotting (lane 1)
followed by immunoblotting (lane 2) with an IGFBP-3 antibody.
The IGFBP doublet species migrating at 48 and 44kDa is likely
to be IGFBP-3; the species at 30 kDa is a truncated form of
IGFBP-3 (see text).

human fibroblasts [De Mellow and Baxter, 1988;
Blum et al., 19891 while IGFBP-1 inhibited
IGF-I-mediated thymidine incorporation in
chick embryo fibroblasts [Liu et al., 1991].

We have previously shown that human BCCLs
express IGFBP-1, -2, and -3. In the present
study we have characterized the expression of
IGFBP-4, -5, and -6 in several human BCCLs.
Our results, and those of other investigators
[Clemmons et al., 1990; De Leon et al., 1990;
Sheikh et al., 1992], indicate that the pattern of
IGFBP expression in BCCLs is heterogeneous
and in part related to ER status. Additionally,
we have shown that E, treatment increased the
expression of IGFBP-2, -4, and -5 in the ER
positive BCCL T47-D. The fact that similar re-
sults were previously obtained using MCF-7 cells
[McGuire et al., 1992] confirm the association
between ER and IGFBP expression in vitro.

To determine if our in vitro observations were
relevant to breast cancer in vivo, we examined
the expression of all the known IGFBPs in 40
primary breast tumors. mRNA levels for IGFBPs
2—6 were detected in all the tumors examined,
while IGFBP-1 message was not found in any of
the specimens. We observed variations in the
relative expression of IGFBPs among the speci-
mens analyzed and, more importantly, found
that mRNA levels of IGFBP-3, -4, and -5 corre-
lated with tumor ER status. Two groups have
recently examined IGFBP expression in human
breast cancer tissues. Using in situ hybridiza-

tion in 20 breast tumors, Shao et al. [1992]
reported higher expression of IGFBP-3 mRNA
in ER negative specimens. Although some over-
lap existed between ER positive and negative
tumors, the difference between groups was sta-
tistically significant. More recently, Pekonen et
al. [1992] used WLB to study 47 breast tumors
and found that IGFBP-3 protein levels were
higher in ER negative specimens. At least four
different IGFBPs were identified in tumor ex-
tracts. As in our study, the authors could not
detect IGFBP-1 using ligand blotting although
very low levels of this binding protein (<1 ng/
ml) could be detected using a sensitive immuno-
radiometric assay. This level of IGFBP-1 could
arise from blood contained within the extracted
tumor specimens. We agree with Pekonen et al.
[1992] that little or no expression of IGFBP-1 is
seen in breast cancer; thus it seems unlikely
that IGFBP-1 has a significant physiologic func-
tion in the regulation of tumor cell growth.

Pekonen et al. [1992] also demonstrated
IGFBP mRNA expression in five tumors using
reverse transcription polymerase chain reac-
tion. Unfortunately, no attempt was made to
correlate mRNA levels with ER status. In this
study we have independently confirmed the pres-
ence of at least four distinct IGFBPs in breast
cancer tissues as well as the relationship be-
tween ER negativity and IGFBP-3 expression in
vivo. Furthermore, our results are the first to
demonstrate a correlation between IGFBP-4 and
-5 mRNA levels and ER positivity in human
breast tumors.

The observation that expression of IGFBP-4
and -5 is induced by estrogen in vitro and is also
higher in ER positive tumors points to an associ-
ation between ER functionality and binding pro-
tein expression in vivo. Thus, local endocrine
factors may play an important regulatory role in
the expression of certain IGFBPs by breast tu-
mors. Since it has been proposed that estrogen’s
mitogenic actions are mediated through stimula-
tion of growth factor synthesis by breast cancer
cells [Dickson and Lippman, 1987; Yee et al,,
1988; Osborne et al., 1989; Stewart et al., 1990],
it is tempting to speculate that estrogenic regu-
lation of IGFBP production may result in aug-
mented cell proliferation by modulating cellular
responsiveness to locally produced IGFs. Fur-
ther study is needed to define the precise func-
tions of each IGFBP species and their impor-
tance in estrogen and IGF-dependent breast
cancer growth. Alternatively, if expression of
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certain IGFBPs serves as a marker for ER func-
tion, it is possible that IGFBP expression may
convey prognostic information as is the case
with other estrogen-regulated genes (progester-
one receptor, cathepsin D, pS2) [McGuire and
Clark, 1992]. We are currently examining this
hypothesis by examining IGFBP expression in a
larger tumor population.
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