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Plasma Insulin-like Growth Factor-1 (IGF-1)
Concentrations in Human Breast Cancer

J.P. Peyrat, J. Bonneterre, B. Hecquet, P. Vennin, M.M. Louchez, C. Fournier,
J. Lefebvre and A. Demaille

Insulin-like growth factor-1 (IGF-1) is capable of stimulating breast cancer cell growth in vitro and the presence
of IGF-1 receptors has been demonstrated in primary breast cancers. We determined plasma IGF-1 in a primary
breast cancer population and in a control population. Radioimmunoassays were performed either directly on
plasma, IGF-1 (NE), or after an acid—ethanol extraction of the plasma, IGF-1 (E). We demonstrated an inverse
correlation between age and IGF-1: for this reason, only results obtained in females of the same age range (> 35
years) were compared. Median concentrations of IGF-1 were significantly higher in primary breast cancers
[IGF-1 (E) = 152 ng/ml, IGF-1 (NE) = 26 ng/ml, n = 44] than in controls [IGF-1 (E) = 115 ng/mi, IGF-1
(NE) = 20 ng/ml, n = 92]. To our knowledge such a growth factor increase has never been described in breast
cancer. We conclude that IGF-1 could be an important factor involved in the development of breast cancer and

that treatment reducing IGF-1 levels could be beneficial for patients.
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INTRODUCTION

INSULIN-LIKE growth factor-1 (IGF-1), which is also termed
somatomedin-C, is a polypeptide (76 amino acids) involved in
the growth of many cell types [1]. The plasma concentration of
IGF-1 primarily reflects growth hormone (GH) activity [3]
and a highly significant correlation between IGF-1 levels and
integrated daily GH secretion has been found [4]. Other factors
are known to affect the IGF-1 plasma concentration: nutritional
status, sex, oestrogen and age [3, 5]. IGF-1 decreases in acute
starvation, is low in chronic malnutrition and is restored by
nutritional repletion [6, 7]. It is slightly higher in females than
in males, but the effect of oestradiol is variable with plasma
IGF-1, decreased in some conditions and increased in others
[3]. Finally, a dramatic plasma IGF-1 decline is observed with
age (3, 4].

IGF-1 stimulates the growth of human breast cancer cell lines
[8-12]. The first step of IGF-1 action is its binding to membrane
receptors. IGF-1 receptors have been characterised by saturation
or competitive binding and cross-linking techniques in cultured
breast cancer cell lines [8, 9, 13-15] and in breast cancer biopsies
[16]. Moreover, we and others have demonstrated the presence
of IGF-1 receptors in most operable breast cancers [16-19];
histo-autoradiographic studies have allowed the localisation of
IGF-1 receptors on ductal epithelia of human primary breast
cancers [20]. In our experience, IGF-1 receptor concentrations
were much higher in breast cancer than in benign breast disease
[21] and the presence of IGF-1 receptors in breast cancers was
associated with a better prognosis [22]. These results suggest
that IGF-1 could be an important factor involved in the growth
of breast cancer. The in vivo pathway of IGF-1 action is not
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precisely known. It appears that IGF-1 would not act via the
autocrine pathway: immunoreactive IGF-1 had been found in
the medium conditioned by breast cancer cell lines [10, 23, 24],
but the demonstration of the absence of IGF-1 mRNA in these
cells [25] evidenced that this immunoreactive IGF-1 either
represents an IGF-1-related protein or an IGF-1 binding protein
[26, 27]. However, IGF-1-like activity and IGF-1 mRNA has
been found in human breast cancer biopsies, suggesting a
possible paracrine role in these tumours [17, 25]. IGF-1 from
endocrine sources may also act on breast cancers: we have shown
that, in explant culture, IGF-1 can diffuse freely from the
external medium to the breast cancer tissue [28].

It is thus of interest to determine IGF-1 circulating levels in
breast cancer patients. In the present work we detected IGF-1
plasma concentrations in such patients and, as age is an
important parameter of IGF-1 variation, compared it to IGF-1
in a control population of the same age.

PATIENTS AND METHODS

Subjects

Included in this study was an unselected sequence of female
breast cancer patients undergoing surgery for locoregional dis-
ease in the Centre Oscar Lambret. None of them underwent
cancer treatment before surgery. Blood samples were collected
at 9 a.m. the day before surgery in tubes containing ethylene-
diaminetetraacetic acid (EDTA). The plasma was separated by
centrifugation, frozen, and stored at —20°C until assayed. For
control samples, plasma was collected by the CRTS (Centre
Regional de Transfusion Sanguine, Lille, France) from the
Centre Oscar Lambret employees, and, for older controls (> 65
years), on healthy women at an old people’s home (Barbieux
Medical Center, Roubaix, France). All the control plasma was
obtained from 9 a.m. to 11 a.m.

IGF-1 assay

The antiserum (UBK487) used for the radioimmunoassay
(RIA) was a gift from Drs Underwood and Van Wyk [29]; it
was distributed by the Hormone Distribution Program of the
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National Institute for Diabetes, Digestive and Kidney Diseases
(NIDDK-USA) through the National Hormone and Pituitary
Program. As specified by the NIDDK [29], the antiserum was
used in 2 final dilution of 1/18 000 and has 0.5% crossreactivity
with IGF-2, it crossreacts minimally with insulin at 10~¢ mol/l.
The IGF-1 for standards was purchased from Amersham (ref.
ARN 4010), 1 ng of this recombinant DNA-derived ThR-59
analogue of IGF-1 is equivalent to 0.0067 unit. This product
was labelled with '?°T using a low chloramin T concentration
method (10 7.4 MBq/pg) [15].

For IGF-1 plasma determination we used the two RIA pro-
cedures suggested by the NIDDK. In both procedures, the
final incubation volume was 0.5 ml and the buffer used was
phosphate/Tween pH 7.5 containing protamine (grade I) SO,
200 mg/l, sodium phosphate (monobasic) 40 mmol/l, Na azide
0.02%, EDTA 0.01 and Tween 20 0.05%. The first assay of
IGF-1 (NE), was the non-equilibrium RIA of furnaletto [29]
allowing non-extracted plasma and standard to incubate for 72 h
at 4°C with the antibody before ['Z*I]IGF-1 addition. The
second, IGF-1 (E), was that proposed by Daughaday ez al. [30}
which, thanks to an acid—ethanol-extracted serum, decreases
artifacts induced by quantitative and qualitative variations in
the IGF-1-binding protein complex. For the plasma extraction
we added 0.8 ml of a mixture of 87.5% ethanol and 12.5% 2N
hydrochloric acid (vol/vol) into 0.2 ml plasma with thorough
mixing in glass tubes. After 30 min (at room temperature) the
tubes were centrifuged at 2000 g for 30 min at 4°C. Supernatant
(0.5 ml) was removed and transferred to a fresh glass tube, and
0.2 ml 0.855 mmol/l Tris base was added and mixed to neutralise
the acid—ethanol extract of plasma. Standards and unknowns
were incubated for 1 h at 4°C with antibody before the addition
of labelled IGF-1. In the two procedures, an overnight incu-
bation with ['2*I]JIGF-1 was achieved, and the antibody-bound
['#*1)IGF-1 was precipitated using goat anti-rabbit gammaglobu-
lin as carrier. The assay was performed in duplicate in polypropy-
lene tubes [31]. Each IGF-1 concentration was checked by a
second determination. The sensitivity of the assay was 10 ng/ml
(B/Bo = 90%). The intra-assay coefficient of variation was 6%;
the interassay coefficient of variation was 12%.

Statistical methods

As the distribution of IGF-1 plasma concentration values
could not be established as normal, non-parametric tests were
used. The population localisation was indicated by median
value, the population dispersion by lowest and highest values.
Correlations between parameters were evaluated using the
Spearman-rank correlation, and putative differences between
populations were tested using the Mann-Whitney analysis.
Nevertheless the corresponding parametric tests, that are gener-
ally used in such studies, were also noted as indication. Graphic
representations of the studied populations were performed using
the box-plot method [32]. In this representation the box rep-
resents the middle 50% of the data. The line inside the box is
the median. The upper and lower bars estimate the upper and
lower quartiles. Single points are considered as outliers.

RESULTS

IGF-1 in the control population

Table 1 shows the statistical characteristics of the control
population. IGF-1 (E) and IGF-1 (NE) are quite different. The
ratio of the median concentrations of IGF-1 (NE) on IGF-1 (E)
was 0.15. Moreover, a high correlation was found between IGF-
1 (E) and IGF-1 (NE) by both Spearman coefficient (r, = 0.67;
P < 107*) and regression analysis (r = 0.748; P < 107%).
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Table 1. Characteristics of the control population (n: number of
values; S.D.: standard deviation)

n Median Range Average S.D.
Age 134 455 20-80 47.8 17.2
IGF-1 (E) 134 142 9.5-356 147 70.4
IGF-1 (NE) 134 23 2-64.8 23.2 12.3
IGF-1 (NEYIGF-1(E) 134 0.15 0.03-0.92 0.17 0.095

A significant negative correlation could be observed between
IGF-1(E)and age (r, = —0.66;r = —0.66; P < 10~*)(Fig. 1a)
and between IGF-1(NE) and age (r, = —0.6; r = 0.6;
P < 107*) (Fig. 1b). Conversely no correlation could be
observed between age and IGF-1 (NEYIGF-1 (E) ratio.

IGF-1 in the breast cancer patient population

Table 2 shows the statistical characteristics of the breast
cancer population. The ratio of the median concentration of
IGF-1 (NE) on IGF-1 (E) was 0.18. A correlation was found
between IGF-1 (E) and IGF-1 (NE) (r, = 0.53; P = 0.0003). A
significant inverse correlation between age and IGF-1 (E) was
observed (r, = —0.41; P = 0.0054) (Fig. 2a), but there was
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Fig. 1. Linear regression between plasma IGF-1 concentration and

age in the adult control population. The dependent variable is IGF-1

and the independent variable is the age. (a) IGF-1 (E) = —2.69

age+ 275; r = —0.66; n = 133. (b) IGF-1 (NE) = 0.43 age + 43.7;
r= —0.60; n = 133,
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Table 2. Characteristics of the breast cancer population
n Median Range Average S.D.
Age 47 61 31-86 57.7 12.6
IGF-1(E) 46 152 52-300 155.6 61.1
IGF-1(NE) 47 26 6.2-57 28.6 11.3
IGF-1(NEYIGF-1(E) 46 0.18 0.07-0.5 0.2 0.08

no correlation between age and IGF-1 (NE) (Fig. 2b). No
correlation was found between age and IGF-1 (NEYIGF-1 (E)
ratio.

Obesity of the patients was appreciated using two parameters:
the difference (d) between measured and ideal {height —100
— [(height — 150)/4]} patient weight, the Quarterlet index
(i = weight/(height)?). In the population the d median value
was 9.6 kg (corresponding to a weight excess), d ranged from
—12 to 65 kg. There was no correlation between d and IGF-1
concentrations or between 7 and IGF-1 concentrations.

Comparison between control and breast cancer population

The comparison between IGF-1 concentrations in the two
populations demonstrates that IGF-1 was higher in breast cancer
than in controls (P < 10~2), but Tables 1 and 2 indicate also

a)
300—( :
2501 . .
T 200F ’
S~
[-1:} . . R ‘e
£ 1sof . T T
E . R . .. N . '0
O 100} . :
Bt
S0
0 | 1 i ! | | |
20 30 40 50 60 70 80 90
Age (year)
60—(b)
501 )
T 40f : —
S~ . .
= .
= . .
<~ 30+ .
i . . -
9 20+ -
10f ' ’
0 | | { 1 i ! }

Age (year)

Fig. 2. Linear regression between plasma IGF-1 concentration and

age in the breast cancer population. (a) IGF-1 (E) = —1.66 age +

251; r = —0.35; n = 45; P = 0.018. (b) IGF-1 (NE) = —0.17 age +
38; r= —0.19; 2 = 45; P = 0.20.

that the median age in the control population was significantly
lower than the median age in the breast cancer population
(Mann-Whitney analysis and t-test: P < 0.0005). This differ-
ence was due to a large number of controls (42 values) under 35
years. When only women older than 35 years were considered
in both populations, Mann-Whitney analysis and :-test show
that no difference in age distribution could be observed. Thus
comparison of IGF-1 levels could be performed in these subpop-
ulations. Results are detailed Table 3. The box-plots of the
results are shown on Fig. 3. After the age corrections IGF-1
was still higher in breast cancer patients than in controls,
considering either IGF-1 (E) or IGF-1 (NE). There was no
difference in IGF-1 (NEYIGF-1 (E) ratios between the two
populations.

Above 50 years of age the difference between IGF-1 in controls
(n = 58) and breast cancer patients was very high; the ratio
IGF-1 (NE)YIGF-1 (E) was higher in the breast cancer population
than in controls. The difference in the population aged from 35
to 50 years was of borderline significance for IGF-I (NE) as well
as for IGF-1 (E) and there was no difference in the IGF-1
(NEYIGF-1 (E) ratio (Table 4).

DISCUSSION

We demonstrated that IGF-1 plasma concentration was
increased in a population of human breast cancers when com-
pared with IGF-1 plasma concentration in a control population.

Two assays for plasma IGF-1 measurement were used and
both led to significant increases, higher difference being
observed with IGF-1 (NE) (P < 10~*) than with IGF-1 (E)
(P = 0.003). As determined by RIA for IGF-1-binding protein
the acid-ethanol extraction removes 90% of binding proteins
from serum and allows the detection of almost all the total serum
IGF-1 [30] (conversely, in ovine fetal and adult plasma, the
acid-ethanol extraction cannot be used reliably [33], suggesting
species differences in the nature of IGF-binding proteins and in
their ability to survive to acid—ethanol treatment). We confirmed
that assays on unextracted serum detected only a part of the
serum IGF-1 (E) on account of binding protein interferences.
The two assays of IGF-1 were justified by the fact that, in
absence of RIA available for each binding protein, the IGF-1
(NEYIGF-1 (E) ratio is an estimator of binding proteins: the
ratio is, for example, higher in patients with hypopituitarism,
by reason of lower concentrations of binding proteins in sera
[30]. Then, owing to this ratio, we would expect to detect
variation in heterogenous binding proteins present in the plasma,
which could be produced by breast cancer cells [26, 27]. We
found ratios of 1/5 to 1/6, these results were in agreement with
those found by Daughaday et al. [30] in controls. In our study
the IGF-1 (NEYIGF-1 (E) ratio in breast cancer was not different
from the ratio in controls, suggesting that in plasma breast
cancer there was no, or low if any, variation in IGF-1 binding
proteins, compared to control.

We noted an IGF-1 decline with age in the control population
and this is consistent with other studies [3, 4, 34]). In the
breast cancer population, a significant inverse correlation was
demonstrated only between age and IGF-1 (E); the absence of
correlation between IGF-1 (NE) and age could be due to a more
marked perturbation of IGF-1 (NE) than IGF-1 (E) in breast
cancer. Elevated IGF-1 was noted when comparing the breast
cancer population and the whole control population. In order to
avoid any bias due to the negative correlaton between IGF-1
and age, we compared populations where age distributions were
similar (> 35 years). As the controls were younger than the
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Table 3. Characteristics of the control and the breast cancer populations older than 35 years

n Median Range Average S.D. MW I-test

Age

Control 92 55.5 36-80 56.6 13.1

Cancer 45 6l 37-86 588 117 NS NS
IGF-1 (E)

Control 92 115 10-322 1205 55 _ e

Cancer 44 152 52-300 155.6 62.4 P =000 P=10
IGF-1 (NE)

Control 92 20.2 2-46 20 10.3 s _ 1nes

Cancer s 26 6.2-57 286 11 P<107 P=10
IGF-1 (NE)/IGF-1 (E)

Control 92 0.17 0.03-0.91 0.18 0.11 NS NS

Cancer 44 0.18 0.09-0.5 0.20 0.08

MW = Mann-Whitney analysis; NS = not significant.

breast cancer patients, the age selection led to a decrease in the
average IGF-1 value in the control population. Hence it was
logical that the plasma IGF-1 concentration difference between
breast cancer and control populations was higher in populations
older than 35 years than before age selection.

The IGF-1 decrease with age was continuous without any
break at the time of menopause (50 years). This finding is in
agreement with results demonstrating the absence of a dramatic

effect of oestradiol on IGF-1 [3]. Menopausal women with
breast cancer more frequently have oestrogen-(IGF-1) receptor-
positive tumours [16] however, and for this reason we compared
IGF-1 plasma levels in breast cancer and control groups after 50
years of age (in our patient population, mean age at menopause
was 50 years), and between 35 and 50 years of age. We found
that the IGF-1 increase was greater in patients over 50 than in
those between 35 and 50. Unfortunately, we could not study
the direct relation between plasma IGF-1 concentrations and
tumour IGF-1 receptors, as we did not assay tumour IGF-1

400 () receptors in this population. But we can hypothesise that the
patients with elevated plasma IGF-1 concentrations may have
the lowest IGF-1 receptor levels because of increased IGF-1

3001 receptor down regulation and would also have the worse prog-

= nosis [22].
E A reduced circulating IGF-1 concentration has previously
£ 200} been described in primary human lung cancer [35] that could
= be explained on the basis of impaired nutritional status [6, 7].
) In our breast cancer population, obesity was more common than
~ 100}
Table 4. Characteristics of the control population and the breast
cancer population berween 35 and 50 years and older
0 1 |
Control Breast cancer 35 years < age < 50 years Age > 50 years
60 (b) n Median MW n  Median Mw
50 Age
— Control 34 43 58 64.6
E 40 Cancer 12 43.75 NS 33 65 NS
S~
=4 20 IGF-1(E)
= B Control 34 148 _ 58 104 _
oo Cancer 12 168 T=00 3 gy P=E002
O 20+
IGF-I(NE)
Control 34 26 _ 58 16 s
to Cancer 12 31 T =006 33 5 P<I0
0 ' I IGF-1 (NEY
Control Breast cancer IGF-1 (E)
) . N Control 34  0.18 58 013 , _
Fig. 3. Comparison of IGF-1 plasma concentrations in breast cancer Cancer 12 0.16 NS 33 0.18 P = 0.045

and in control after 35 years. (a) IGF-1 (E), (b) IGF-1 (NE). Differ-
ences are highly significant whatever the statistical test used (cf.
Table 3).

For symbols see footnote to Table 3.
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malnutrition, this observation is in agreement with the results
of Colleti et al. [36] and is consistent with studies suggesting
that excessive intake of dietary fat or calories may predispose to
development of breast cancer [37]. In the present study we did
not find any correlation between IGF-1 and obesity, moreover,
a negative correlation between these two parameters has pre-
viously been described [35-38]. It is reasonable to conclude that
obesity is not the factor responsible for the IGF-1 increase in
breast cancer.

The major hormone implicated in the control of IGF-1
secretion is growth hormone (GH) [3], and the observed IGF-1
increase could be the consequence of GH increase. This hypoth-
esis is supported by the results of Emerman ez al. [39] who have
shown that serum GH concentration, detected by RIA, was
elevated in 40% (n = 42) of breast cancer patients compared to
controls. Elevated plasma lactogenic hormones (human GH plus
prolactin) have also been described in women at risk for familial
breast cancer [40].

Considering the known in zitro effect of IGF-1 on breast
cancer cells and the presence of IGF-1 receptors in most breast
cancers, these results suggest than an increase in plasma IGF-1
could be involved in breast cancer. These results emphasise
the interest of research into IGF-1 lowering drugs that could
potentially be used in the treatment of breast cancer [41]: it is
interesting to note that tamoxifen has recently been shown [36,
42] to induce a reduction in circulating IGF-1 levels.

1. Moses AC, Pilistine S]. Insulin-like growth factors. In: Boyton AL
and Lefferts HL, eds. Control of Animal Cell Proliferation. New
York, Academic Press, 1985, 1, 91-120.

2. Zapf], Schmid C, Froesch E. Biological and immunological proper-
ties of insulin-like growth factor I and II. Clin Endocrinol Metab
1984, 13, 3-30.

3. Clemmons DR, Van Wyk JJ. Factors controlling blood concen-
tration of somatomedin-C. Clin Endocrinol Metab 1984,13, 113-143.

4, Vermeulen A. Nyctohemeral growth hormone profiles in young
and aged men: correlation with somatomedin-C levels. 7 Clin
Endocrinol Metab 1987, 64, 884-888.

5. Daughaday WH, Rotwein P. Insulin-like growth factors I and II.
Peptide, messenger ribonucleic acid and gene structures and tissue
concentrations. Endocrine Rev 1989, 10, 68-91.

6. Clemmons DR, Underwood LE, Dickerson RN, et al. Use of
plasma somatomedin-C/insulin-like growth factor 1 measurements
to monitor the response to nutritional repletion in malnourished
patients. Am J Clin Nutr 1985, 41, 191-198.

7. Unterman TG, Vasquez RM, Slas AJ, Martyn PA, Phillips LS.
Nutrition and somatomedin. XIII. Usefulness of somatomedin-C
in nutritional assessment. Am ¥ Med 1985, 78, 229-234.

8. Furnaletto RW, Di Carlo JN. Somatomedin C receptors and growth
effects in human breast cells maintained in long-term tissue culture.
Cancer Res 1984, 44, 2122-2128.

9. Myal Y, Shiu RPC, Bhaumick B, Bala M. Receptor binding and
growth promoting activity of insulin-like growth factor in human
breast cancer cells (T47-D) in culture. Cancer Res 1984, 44,
5486-5490.

10. Huff KK, Kaufman D, Gabbay KH, Spencer EM, Lippman ME,
Dickson RB. Human breast cancer cells secrete an insulin-like
growth factor I related polypeptide. Cancer Res 1986, 46,
4613-4619.

11. Dickson RB, Lippman ME. Estrogenic regulation of growth and
polypeptide growth factor secretion in human breast carcinoma.
Endocrine Rev 1987, 8, 29-43.

12. Karey KP, Sirbasku DA. Differential responsiveness of human
breast cancer cell lines MCF-7 and T47-D to growth factors and
17-B estradiol. Cancer Res 1988, 48, 4083—4092.

13. Pollak MN, Polychronakos, C, Yousefi S, Richard M. Characteriz-
ation of insulin-like growth factor I (IGF-1) receptors of human
breast cancer cells. Biochem Biophys Res Commun 1988, 154,
326-331.

14. De Leon DD, Bakker B, Wilson DM, Hintz RL, Rosenfeld

15.

16.

17.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

J.P. Peyrat et al.

RG. Demonstration of insulin-like growth factor (IGF-1 and -2)
receptors and binding protein in human breast cancer cell lines.
Biochem Biophys Res Commun 1988, 152, 398-405.

Peyrat J-Ph, Bonneterre J, Dusanter-Fourt I, Leroy-Martin B,
Dijane J, Demaille A. Characterization of insulin-like growth factor
1 receptors (IGF-1-R) in human breast cancer cell lines. Bull Cancer
1989, 76, 311-319.

Peyrat J-Ph, Bonneterre ], Beuscart R, Dijiane ], Demaille A.
Insulin-like growth factor 1 receptor (IGF-1-R) in human breast
cancer. Relation to estradiol and progesterone receptors. Cancer
Res 1988, 48, 6429-6433.

Foekens JA, Portengen H, Janssen M, Klijn JGM. Insulin-like
growth factor-1 receptors and insulin-like growth factor-1 activity
in human primary breast cancer. Cancer 1989, 63, 2139-2147.

. Pekonen F, Partanen S, Mikinen T, Rutanen EM. Receptors for

epidermal growth factor and insulin-like growth factor I and their
relation to steroid receptors in human breast cancer. Cancer Res
1988, 48, 1343-1347.

Foekens JA, Portengen H, Van Putten WL]J, et al. Prognostic value
of receptors for insulin-like growth factor 1, somatostatin and
epidermal growth factor in hurnan breast cancer. Cancer Res 1989,
49, 7002-7009.

Jammes H, Peyrat J-Ph, Ban E, et al. Insulin-like growth factor 1
receptors in human breast tumors: localization and quantification
by histo-autoradiographic analysis. Br ¥ Cancer 1992, 66, 248-253.
Peyrat J-Ph, Bonneterre J, Laurent JC, et al. Presence and character-
isation of insulin-like growth factor 1 receptors in benign breast
diseases. Eur ¥ Cancer Clin Oncol 1988, 24, 1425-1431.

Bonneterre J, Peyrat JP, Beuscart R, Demaille A. Prognostic
significance of insulin-like growth factor 1 receptors (IGF1-R) in
human breast cancer. Cancer Res 1990, 50, 6931-6935.

Baxter RC, Maitland JE, Raisur RL, Reddel R, Sutherland RL.
High molecular weight somatomedin-C (IGF-1) from T47-D human
mammary carcinoma cells: immunoreactivity and bioactivity. In:
Spencer EM, ed. Insulin-like Growth F actors—Somatomedins. Berlin,
Walter de Gruyter, 1983, 615-678.

Minuto F, Delmonte P, Barreca A, Nicolin A, Giordano G. Partial
Characterization of somatomedin-C like immunoreactivity secreted
by breast cancer cells in vitro. Mol Cell Endocrinol 1987, 54, 179-184.
Yee D, Palk S, Lebovic GS, et al. Analysis of insulin-like growth
factor I gene expression in malignancy: evidence for a paracrine
role in human breast cancer. Mol Endocrinol 1989, 3, 509-517.

De Leon DD, Wilson DM, Bakker B, Lamsoni G, Hintz RL,
Rosenfeld RG. Characterization of insulin-like growth factor bind-
ing proteins from human breast cancer cells. Mol Endocrinol 1989,
3, 567-574.

Yee D, Favoni RE, Lupu R, e al. The insulin-like growth factor
binding protein BP-25 is expressed by human breast cancer cells.
Biochem Biophys Res Commun 1989, 158, 38-44.

Hecquet B, Peyrat J-Ph. Diffusion of insulin-like growth factor in
human breast cancer explants. Cancer Lett 1990, 54, 29-36.
Furnaletto RW, Underwood LE, Van Wyk JJ, D’Ercole AJ.
Estimation of somatomedin C levels in normals and patients with
pituitary disease by radioimmunoassay. J Clin Invest 1977, 60,
648-657.

Daughaday WH, Mariz IK, Blethen SL. Inhibition of access of
bound somatomedin to membrane receptor and immunobinding
sites: a comparison of radioreceptor and radioimmunoassay of
somatomedin on native and acid-ethanol extracted serum. ¥ Clin
Endocrinol Metab 1980, 51, 781-788.

Chatelain PG, Van Wyk JJ, Copeland KC, Blethen SL, Underwood
LE. Effect of in vitro action of serum proteases on exposure to acid
and measurable immunoreactive somatomedin-C in serum. ¥ Clin
Endocrinol Metab 1983, 122, 376-383.

Williamson DF, Parker RA, Kendrick JS. The Box plot: a simple
visual method to interpret data. Ann Intern Med 1989, 110, 916-921.
Mesiano S, Young IR, Browne CA, Thorburn GD. Failure of
acid—ethanol treatment to prevent interference by binding proteins
in radioligand assays for the insulin-like growth factors. ¥ Endocrinol
1988, 119, 453—460.

Tan K, Baxter RC. Serum insulin-like growth factor 1 levels in
adult diabetic patients: the effect of age. ¥ Clin Endocrinol Metab
1986, 63, 651-655.

Minuto F, Del Monte P, Barreca A. Evidence for an increased
somatomnedin-C/insulin-like growth factor I content in primary
human lung tumors. Cancer Res 1986, 46, 985-988.

Colleti RB, Roberts JD, Devlin JT, Copeland KC. Effect of



IGF-1 Plasma Concentration in Breast Cancer

tamoxifen on plasma insulin-like growth factor I in patients with
breast cancer. Cancer Res 1989, 49, 1882-1884.

37. Committee on Diet, Nutrition and Cancer. Assembly of Life
Sciences, National Research Council. Diet, Nutrition, and Cancer.
Washington, DC: National Academy Press, 1982, 91.

38. Colletti RB, Copeland KC, Devlin JT, Roberts JD, McAuliffe TL.
Effect of obesity on plasma insulin-like growth factor-I in cancer
patients. IntJ Obes 1991, 15, 523-527.

39. Emerman JT, Leahy M, Gout PW, Bruchovsky N. Elevated growth
hormone levels in sera from breast cancer patients. Horm Metab
Res 1985,17,421-424.

40. Love RR and Rose DP. Elevated bioactive prolactin in women at
risk for familial breast cancer. Eur ¥ Cancer Clin Oncol 1985, 21,
1553-1554.

41. Vennin Ph, Peyrat J-Ph, Bonneterre J, Louchez MM, Harris AG,

497

Demaille A. Effect of the long-acting somatostatin analogue SMS
201-995 (Sandostatin) in advanced breast cancer. Anticancer Res
1989, 9, 153-156.

42. Pollak MN, Costantino J, Polychronakos C, et al. Effect of tamox-
ifen on serum insulin-like growth factor I levels of stage I breast
cancer patients. § Nat Cancer Inst 1990, 82, 1693-1697.

Acknowledgements—The authors thank Pr Huart and his colleagues
from the Centre Regional de Transfusion Sanguine (Lille-France) and
Dr Bukowski from the Barbieux Medical Center (Roubaix, France) for
blood collection of control patients, and John Hall for reading the
English. Supported by grants from the Fédération Nationale des Centres
de Lutte contre le Cancer (Ligue Nationale Contre le Cancer funds,
Paris, France), and the Association pour la Recherche sur le Cancer,
Villejuif, France.

0964-1947/93 $6.00 + 0.00

EurY Cancer, Vol. 294, No. 4, pp. 497-500, 1993.

Printed in Great Britain Pergamon Press Lid

Oestrogenic Effects of Adjuvant Tamoxifen in
Postmenopausal Breast Cancer

Tommy Fornander, Lars E. Rutqvist, Nils Wilking, Kjell Carlstrom
and Bo von Schoultz

Oestrogenic influence of the non-steroidal anti-oestrogen tamoxifen may have consequences for the morbidity
pattern among women on long-term adjuvant treatment. Subclinical oestrogenic effects of adjuvant tamoxifen on
the tissue level was studied among 16 postmenopausal women in three different organ systems: the pituitary, the
liver and bone. After 3 months of adjuvant tamoxifen prolactin levels decreased 66% (P<0.001) in comparison
with pretreatment levels. There was an 80% increase in basal growth hormone after 3 months of treatment in
comparison with pretreatment levels, which did not reach statistical significance (P = 0.07). Sex hormone binding
globulin levels increased 39% (P<0.01) and IGF-1 (somatomedin C) levels decreased 20% (P<0.05). The levels
of bone GLA protein (BGP; osteocalcin), a marker of bone osteoblastic activity, decreased 28% (P<0.01). In 13
of the patients bone mineral density (BMD) was measured before treatment and after 1 year. No significant
change in BMD was observed. The results thus suggest a clear oestrogenic effect of tamoxifen on the pituitary,

liver and bone in postmenopausal women.
Eur ¥ Cancer, Vol. 29A, No. 4, pp. 497-500, 1993.

INTRODUCTION
TAMOXIFEN is widely used as an adjunct to surgery in the
treatment of primary breast cancer. There are few acute side-
effects and the substance is generally well tolerated [1-4]. The
effect in human breast cancer is thought to be predominantly
anti-oestrogenic through a blockade of oestrogen receptors (ER)
in the cancer cells [5, 6]. Other mechanisms have been suggested
to explain effects observed in tumours with a low ER content
[7]. Although the anti-oestrogenic action of tamoxifen is well
established in breast cancer, effects in other human tissues are
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not fully known. Tamoxifen is one of several triphenylethylene
substances all of which are partial oestrogenic agonists/antagon-
ists. The oestrogenic and anti-oestrogen effects of tamoxifen
have been shown to be both species- and organ-specific. In the
uterus of immature and ovariectomized mice, tamoxifen acts as
a pure oestrogen agonist during short-term treatment, but in
the immature rat uterus the substance is a partial oestrogenic
agonist/antagonist (8-11]. In the chick, tamoxifen is a pure
antagonist of oestrogen-stimulated growth of the oviduct [12].
This task seems to be even more complicated considering also
the duration of treatment, e.g. long-term tamoxifen therapy to
mice has been reported to produce anti-oestrogenic actions [13].
Itis obviously not possible to extrapolate results from one system
to another and firm conclusions about tamoxifen effects on
different tissues in man cannot be drawn from animal results.
Although data on tamoxifen effects on several biochemical
markers have been published, the information is incomplete and
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