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Plasma insulin-like growth factor binding protein-3
proteolysis is increased in primary breast cancer 

SI Helle1, S Geisler 1, T Aas2, T Paulsen 2, JMP Holly 3 and PE Lønning 1

1Department of Oncology and 2Surgery, Haukeland University Hospital, N-5021 Bergen, Norway; 3Division of Surgery, Bristol Royal Infirmary, Bristol BS2 8HW,
UK

Summary Fasting blood samples were obtained before definitive surgery or biopsy in 128 patients referred to the department of surgery 
with suspected or manifest breast cancer. Insulin-like growth factor (IGF)-I, IGF-II and free IGF-I were measured by radioimmuno-
assay/immunoradiometric assay, while IGFBP-3 proteolysis was evaluated by Western immunoblot. 12 patients had ductal carcinoma in situ benign
conditions, while staging revealed metastatic disease in 15 of 16 patients with invasive cancers. IGFBP-3 proteolysis above the normal range was
recorded in 19 patients with invasive cancers, but in none of the patients suffering from DCIS/benign conditions. Increased IGFBP-3 proteolysis was
most frequently recorded in patients harbouring large tumours and metastatic disease (Stage I: 0/19, 0%; Stage II: 3/45, 7%, Stage III: 9/37, 24%,
and Stage IV: 7/15, 47%). IGFBP-3 proteolysis was significantly higher in Stage III (P=0.01) and IV (P< 0.001)  patients compared to the other
stage groups (P = 0.001). IGF-I and IGF-II correlated negatively to IGFBP-3 proteolysis and age. Plasma levels of IGF-I and -II were significantly
lower in patients with elevated IGFBP-3 proteolysis compared to those within the normal range. Our findings reveal alterations in the IGF-system
among a substantial number of patients with large primary breast cancers. © 2001 Cancer Research Campaign http://www.bjcancer.com
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Insulin-like growth factors (IGF)-I and -II are potent mitogens 
breast cancer cell lines and may prevent apoptosis (Karey
Sirbasku, 1988; Resnicoff et al, 1995). The type I IGF-recep
(IGF-IR), which mediates these signals, is found to be expres
in most human breast cancers (Peyrat et al, 1988), and its ex
sion is enhanced by oestrogens in ER+ breast cancer cell 
(Wiseman et al, 1993; Huynh et al, 1996). 

Several studies have suggested a role for the IGFs in b
cancer growth and tumour development. High plasma levels
total IGF-I have been associated with an elevated risk for br
cancer in premenopausal women (Hankinson et al, 1998) and
for prostate cancer in males (Chan et al, 1998). Other investiga
have reported alterations in the IGF-system in breast ca
patients including elevated levels of total IGF-I, reduced levels
IGF-binding protein-3 and an elevated IGF-I/IGFBP-3 ra
compared to healthy individuals (Peyrat et al, 1993; Bruning e
1995). Recently, increased expression of the type I IGF recept
the tumour has been related to local relapse following radiothe
in breast cancer patients (Turner et al, 1997). 

Most plasma IGF-I and -II are bound in a ternary comp
consisting of IGFBP-3 and an acid-labile subunit (ALS). Due to
long half-life (Guler et al, 1989), this complex is thought to act
a depot of IGF-I and -II in plasma (Jones and Clemmons, 19
Proteases having IGFBP-3 as substrate may increase the bio
able fraction of IGF-I by decreasing the binding affinity of IGFB
3 for the growth factors (Blat et al, 1994), resulting in a drop
plasma total IGF-I levels (Cotterill et al, 1996). 
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An increased IGFBP-3 protease activity has been describe
certain pathological conditions like diabetes (Bereket et al, 199
severe illness (Davies et al, 1991), but also in patients suffe
from advanced malignancies, including breast cancer (Frost e
1996). If this also occurs for patients with early breast cance
could make total IGF-I an unreliable predictor of bioavailab
IGF-I in these patients. Previous findings from our group have a
indicated IGFBP-3 proteolysis to correlate to tumour burden
metastatic breast cancer (Helle et al, 1996). An elevated prot
activity might have a detrimental positive feedback effect 
tumour growth by facilitating the release of IGF-I to the tissu
(Blat et al, 1994). 

The main purpose of this study was: 

(1) To determine whether plasma IGFBP-3 proteolysis was
elevated in patients with primary breast cancer. 

(2) If so, to test the hypothesis that an elevated IGFBP-3 prote
ysis might correlate to tumour burden. 

(3) To evaluate the possible influence of IGFBP-3 proteolysis o
plasma levels of free IGF-I. 

PATIENTS AND METHODS 

Patients 

A total of 128 women referred to the breast unit at the Departm
of Surgery, Haukeland University Hospital due to suspected
manifest breast cancer were enrolled in the study. 

Age, stage distribution, and treatment of the patients are sh
in Table 1. As blood samples were obtained before definit
histological diagnosis and staging were performed, 12 patie
turned out to have a benign condition or ductal carcinoma in 
while 15 patients had metastatic disease at primary diagno
None of the stage IV patients had any history of breast can
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Table 1 Age and stage distribution of the patients included in the study. n = number of patients in each group. Age is given as its median value (with range).
DCIS; ductal carcinoma in situ 

Stage (AJCC/ UICC) n Age (years, median with range) Subgroups Treatment 

Benign 8 46.5 (35–59) Excision 
Stage 0 (DCIS) 4 67.5 (46–76) Excision 
Stage I 19 69 (46–86) Lumpectomya / mastectomy 
Stage II 45 66 (39–88) IIA (n = 19) Lumpectomya/mastectomy 
(T2N1)

2 IIB (n = 26) Lumpectomy/mastectomy + adjuvant therapy  
Primary chemotherapy + surgery (T3N0)a b

Stage III 37 64.5 (55–73) IIA (n = 21) Primary chemotherapy + surgerya b

IIB (n = 16) Primary chemotherapy + surgerya b

Stage IV 15 63 (55–73) Chemotherapy or endocrine treatment depending
on oestrogen receptor (ER) status, age, and
disease severity 

aPatients treated with lumpectomy, patients with more than 4 lymph nodes with tumour infiltration, patients with T3 tumour, and all stage III patients received
postoperative radiation therapy. bPatients with ER positive tumours received adjuvant treatment with tamoxifen, age < 55 years received chemotherapy.
before referral. Noteworthy, the stage distribution in our stu
does not reflect the stage distribution of breast cancer in 
Norwegian population in general, as the Department of Surge
a referral unit having patients with locally advanced disease
particular referred from other clinics. While none of the patie
had any uncontrolled metabolic or other serious disease at the
of study inclusion, 7 patients suffered from different diseases 
could possibly have an influence on the IGF-system. Th
included rheumatoid arthritis (2 patients), ulcerative colitis 
patient) or type II diabetes (4 patients). 

Each patient gave her informed consent before inclusion. 
protocol was approved by the Regional Ethical Committee. 

Blood sampling 

All patients had fasting blood samples obtained between 07.30
08.30 am at the day of biopsy or definitive operation. Patients w
locally advanced disease (T3–4) or T2N2 had samples collected
before start of chemotherapy. Samples were collected
heparinized vials. Centrifugation was performed within 
minutes and plasma stored at –20°C until analysis. 

Control group 

As a control group we prospectively collected plasma sam
from 114 normal postmenopausal women attending a mamm
raphy screening program. Women with a history of diabetes
endocrine disease were excluded. Median age was 66 years (
55–72). We also obtained fasting plasma samples from 39 he
premenopausal women from the hospital staff with median ag
years (range 23–43). The normal ranges of the IGF-parameter
based on the 95% confidence intervals of the individual obse
tions. 

Assays 

Plasma levels of IGF-I and IGF-II were measured by R
following acid-acetone extraction (Frost et al, 1996). Intra- a
inter-assay coefficients of variations in our lab were 3.5% a
6.2% for IGF-I and 5.5% and 12.9% for IGF-II, respectively. Fr
IGF-I was measured by an immunoradiometric assay kit purcha
from Diagnostic System Laboratories (Webster, TX) according
© 2001 Cancer Research Campaign
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the manufacturers instructions. Intra-assay coefficient of variat
in our control plasma pool from postmenopausal women was 13

IGFBP-3 proteolysis was measured indirectly by Weste
immunoblots as IGFBP-3 fragmentation (Frost et al, 1996). Th
was defined as the ratio of the major IGFBP-3 fragment (30 kD
to total IGFBP-3 evaluated by densitometric scanning 
immunoblots for IGFBP-3. The smaller occasional IGFBP
fragments of 20 and 16 kDa were not taken into account wh
calculating IGFBP-3 proteolysis. Intra- and inter-assay coef
cients of variations in our control plasma pool were 4.6% a
15.5% respectively. 

Statistics 

Values of the different IGF-parameters measured in normal p
and postmenopausal women were tested separately for their dis
ution with use of Quartile-Quartile (Q-Q) plots (Johnson an
Wichern, 1982). All parameters were found to be best fitted to a 
normal distribution with the exception of the IGFBP-3 proteolysi
which was best described by a normal distribution. Thus, param
ters obtained in the different groups of patients are given as th
geometric mean value with 95% confidence intervals of the me
with the exception of IGFBP-3 proteolysis where the arithme
mean values are given. Thus, the normal range (95% confide
interval) of the individual observations for the plasma IGFBP
proteolysis was defined as a ratio of fragmented to total IGFBP
of 0.26–0.52 for premenopausal women and 0.22–0.58 for po
menopausal women. Patients having values above the nor
range (0.52 for premenopausal and 0.58 for postmenopau
women) were considered to have an elevated plasma IGFB
proteolysis. The Chi-square test including Yates correction 
small numbers was used to compare the frequency of eleva
IGFBP-3 fragmentation among patients with invasive breast ca
nomas (stage I–IV). IGF values obtained from patients w
increased IGFBP-3 fragmentation and those obtained fr
patients with normal protease activity were compared with use
the Mann-Whitney Rank-Sum Test. Correlations between differe
parameters were tested for using the SYSTAT program on
Macintosh computer. Univariate analyses were done using 
Pearson correlation coefficient, while multivariate regression w
performed using a general linear model following appropria
testing for co-linearity based on eigenvalues. 
British Journal of Cancer (2001) 85(1), 74–77
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Table 2 Pretreatment values of IGF parameters according to stage. Values are given (with the exception of IGFBP-3 proteolysis) as geometric mean with 95%
confidence intervals 

Benign/DCIS Stage I Stage II Stage III Stage IV 

IGF-I (nmol l–1) 14.7 (11.2–19.5) 10.7 (8.3–13.9) 11.2 (9.9–12.6) 13.6 (11.9–15.6) 11.0 (7.7–15.9) 
free IGF-I (nmol l–1) 0.42 (0.31–0.56) 0.36 (0.28–0.47) 0.29 (0.23–0.35) 0.39 (0.31–0.48) 0.35 (0.23–0.52) 
Ratio free IGF-I / total IGF-I (%) 2.8 (2.2–3.7) 2.7 (2.1–3.4) 2.5 (2.1–3.1) 1.7 (1.4–2.2) 1.7 (0.9–3.1) 
IGF-II (nmol l–1) 67.8 (56.4–86.5) 65.5 (54.9–78.1) 61.2 (56.8–65.9) 66.0 (59.4–73.2) 64.6 (51.3–81.3) 
IGFBP-3 proteolysisa 0.38 (0.33–0.42) 0.36 (0.33–0.39) 0.42 (0.38–0.46) 0.47 (0.41–0.53) 0.63 (0.50–0.77) 

aGiven as the ratio of fragmented to total IGFBP-3. 
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Figure 1 The percentage of patients according to stage with elevated
IGFBP-3 proteolysis (above the 95% confidence interval of the individual
observations in our normal population of healthy premenopausal and
postmenopausal women)
RESULTS 

IGFBP-3 proteolysis in stage I–IV breast cancer and
patients with DCIS/benign breast pathology 

Mean values of different IGFP parameters according to st
are given in Table 2. 19 out of 116 (16%) patients suffering fro
breast cancer but 0 of 12 patients with DCIS/benign conditio
expressed elevated IGFBP-3 proteolysis. Increased IGFB
proteolysis was recorded among 0/19 (0%) of patients in Stag
3/45 (7%) in Stage II, 9/37 (24%) in stage III, and 7/15 (47%)
stage IV. The difference between all the stages were statistic
significant (P < 0.001) also when comparing stage I, II and III (P =
0.01). The fraction of patients with increased IGFBP-3 proteoly
increased with increasing tumour stage (Figure 1). Patie
expressing increased IGFBP-3 proteolysis had lower levels
British Journal of Cancer (2001) 85(1), 74–77

Table 3 Univariate correlations (Pearson R-values) be
characteristics of interest 

IGFBP-3 proteolysis 

Stage 0.408a

Age 0.354a

Tumour grade 0.148 
Oestrogen receptor status –0.115 
Weight –0.056 
IGFBP-3 proteolysis – 

aP < 0.001; b P < 0.01; cP < 0.05. 
age 
m
ns
P-3
e I,

 in
ally

sis
nts
 of

IGF-I (P < 0.001), IGF-II (P < 0.001) but no difference were
observed regarding free IGF-I compared to those with ‘norm
IGFBP-3 proteolysis. Excluding the 7 patients suffering fro
conditions which possibly could influence IGFBP-3 proteolys
(rheumatoid arthritis: n = 2, type II diabetes; n = 4, or ulcerative
colitis; n = 1) had no influence on the statistical results. 

Correlations between different IGF-parameters and
demographic variables before treatment: univariate
analysis 

Table 3 shows univariate correlations between selected IGF-p
meters and demographic variables in all patients. A strong pos
correlation (P < 0.001) was observed between tumour stage 
patient age on the one side and IGFBP-3 proteolysis. Total IG
levels correlated negatively both to age and IGFBP-3 proteol
(P < 0.001), while the ratio of free to total IGF-I correlated po
tively (P < 0.01) to the same parameters. A significant correlat
(P < 0.001) was also observed between the levels of total and
plasma IGF-I. IGF-II correlated negatively to IGFBP-3 proteoly
(P < 0.001) and age (P < 0.05), but neither IGF-II nor free IGF-
correlated to tumour stage. 

Multivariate analysis 

IGFBP-3 proteolysis was positively correlated to age and tum
stage in multivariate analysis (P < 0.01), while total IGF-I levels
correlated negatively to age and IGFBP-3 proteolysis (P < 0.01 for
both). IGF-II correlated negatively to IGFBP-3 proteolys
(P < 0.01 for both). No significant correlation between free IGF
and any of the parameters was seen. Demographic and tum
related parameters like weight, body mass index or oestro
receptor status did not correlate to any of the IGF-parameters.

DISCUSSION 

In previous studies we found IGFBP-3 fragmentation to 
increased in a significant number of patients with metastatic br
© 2001 Cancer Research Campaign

tween IGF-parameters and tumour and demographic

IGF-I IGF-II free IGF-I /total IGF-I 

0.022 0.016 – 0.13 
– 0.367a – 0.181c 0.283b

– 0.015 0.028 0.055 
– 0.033 0.023 – 0.004 

0.107 0.094 – 0.086 
– 0.357a – 0.349a 0.303a
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cancer (Frost et al, 1996) and also to increase or decrease in re
to changes in tumour burden in these patients expressing elev
protease activity (Frost et al, 1996; Helle et al, 1996). The ma
aim of this study was to evaluate whether IGFBP-3 proteoly
also may be elevated in patients suffering from primary bre
cancers with no evidence of metastasis and, if so, to evalua
potential correlation between tumour burden and IGFBP-3 prot
lysis. In addition, we wanted to evaluate the effect of eleva
IGFBP-3 proteolysis on free IGF-I levels, which has not be
determined in cancer patients previously. 

In this study, we found elevated plasma IGFBP-3 proteolysis
12 out of 101 patients (12%) with primary breast cancer with
detectable metastases. The finding of an increasing numbe
patients with elevated IGFBP-3 proteolysis among patients w
larger tumours supports our hypothesis that tumour burden m
influence IGFBP-3 proteolysis, and that this relationship a
holds in patients without overt metastatic disease. 47% of 
patients with metastatic disease at time of diagnoses had elev
IGFBP-3 proteolysis. In a previous study 73% of patients w
metastatic breast cancer had increased IGFBP-3 protease ac
in a protease assay (using recombinant IGFBP-3) compare
normal sera (Frost et al, 1996). However, many of the patient
that study had a larger tumour burden and receiving second or 
line therapy, which may explain a larger number with increas
IGFBP-3 proteolysis. 

The impact of alterations in IGFBP-3 proteolysis on the dispo
tion of IGF-I and IGF-II is difficult to interpret. We observed 
decrease in both IGF-I and -II but no difference in free IGF-I leve
Based on these data, it is difficult to assess the effect of elev
IGFBP-3 proteolysis on IGF-bioavailability. However, if a
elevated IGFBP-3 proteolysis reflects an increased enzyme act
in the tissue it is tempting to speculate that the net effect is
elevated delivery of IGF-I to the tumour cells. If IGFBP-3 proteo
ysis acts as a growth accelerator, this could potentially explain w
some tumours achieve a stage of accelerated growth during
process and also why a heavy tumour burden has been assoc
with a poor response to therapy (Swenerton et al, 1979). Fur
studies are warranted evaluating the prognostic (and poss
predictive) value of IGFBP-3 proteolysis in breast cancer patien

Other investigators have previously reported increased t
IGF-I levels and an increased IGF-I/IGFBP-3 ratio 
premenopausal women with breast cancer (Bruning et al, 19
High total IGF-I level has recently been found to be associa
with an increased risk for development of breast cancer
premenopausal women (Hankinson et al, 1998). While total IG
may be a valid parameter for bioavailable IGF-I in healthy indiv
uals, our study indicates that analysis of total IGF-I levels sho
be interpreted with caution in patients with manifest breast can
or other serious illnesses causing increased IGFBP-3 proteolys

We conclude that a certain number of patients with prima
breast cancer express elevated protease activity for IGFBP-3,
that this elevation correlates to tumour burden. The patient gr
with increased IGFBP-3 proteolysis has lower levels of IGF-I a
-II but no difference in free IGF-I levels compared to the gro
with normal IGFBP-3 proteolysis. 
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