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Abstract .
Objective. We evaluated the acute effects of low-dose oral estradiol and sequental progesterone on the insulin-like growth

factor (IGF)/growth hormone (GH) axis, IGF-binding proteins (IGFBPS) 1 and 3, and plasma levels of sex hormone-binding
globulin (SHBG) in postmenopausal subjects.

Study design. Thirty healthy normal-weight women (mean age: 54.2 + 5.7 years) spontaneously postmenopausal for at feast
6 months were enrolled. None had used hormone replacement therapy (HRT). Appropriate investigations excluded renal,
glucose, lipid and coagulation abnormalities. Breast X-ray and endometrial ultrasound examinations excluded organic
pathologies. They received oral cyclical HRT for 1 vear, based on the administration of oral estradiol (1 mg/day) for 28
consecutive days plus progesterone (200 mg/day) from day 15 to day 28; out of the whole group, 15 subjects received
progesterone orally (group A), while in 15 progesterone was administered transvaginally (group B). On the day before
weatment (1°0), on day 14 (T'14) and on day 28 (T28) of the first ¢ycle, plasma levels of estradiol, progesterone, SHBG, GH,

IGF-T and -II, IGFBP-1 and -3, insulin and C-peptide were assayed in all patients. The same parameters were evaluated at
T14 and T28 during the 12th month of reatment.

Results. At 'T14, we observed significant increases in the levels of estradiol {(from 20 4 16 to 115 + 71 pg/ml, p < 0.001),
SHBG (from 132 =+ 42 to 182 + 55 nmol/l, p < 0.001) and IGFBP-1 (from 92 + 57 to 127 + 87 ng/ml, p < 0.004), while
the level of IGF-I decreased (from 197 + 138 to 129 + 85 ng/ml, p < 0.003). At T28, progesterone levels were significantly
higher in the women receiving it orally than transvaginally (8.2 £+ 6.1 vs. 3.7 + 3.2 ng/ml, p < 0.025). However, while oral
progesterone did not affect the estrogen-induced variations, transvaginal progesterone abrogated the increase in the levels of
IGFBP-1. The levels of IGF-II, IGFBP-3, GH, glucose, C-peptide and insulin did not change at any time. At 1 year, the
values maintained the same trends. The estrogen-induced variations of SHBG were correlated directly with those of estradiol
(r=0.48) and inversely with those of IGF-I (r= - 0.424).

Conclusions. Low-dose oral estradiol reduces plasma levels of IGF-I and increases IGFBP-1 and SHBG concentranons,
while GH is unchanged. These effects, significant and immediate, lead us to hypothesize a direct action of estradiol on

hepatocytes.

Keywords: Hormone replacement therapy, estradiol, progesterone, insulin-like growth factors I and 11, insulin-like growth
Jactor binding proteins 1 and 3, growth hormone, sex hormone-binding globulin

Introduction the IGE/growth hormone (GH) axis [2] would l?e

expected to lead to an age-dependent decrease [3] in
The insulin-like growth factors (IGF-I and -II) and the IGFs; however, some investigators have observed
their binding proteins (IGFBPs) are peptides that lower IGF-I levels in the premenopause than in the

affect and mediate hormonal actions at target tissues early postmenopause, probably because of the relative
by endocrine, paracrine and autocrine pathways {1]. hyperestrogenism typical of the late fertile age [4]).

Levels of IGFs have been shown to vary during meno- IGF-I is a peptide, structurally similar to pro-
pause. An age-related decline in the functionality of insulin, that modulates most of the effects of GH,
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particularly at bone and muscle sites. In the breast,
IGF-I has a mitogenic and anti-apoptotic effect [5,6]
and interacts synergistically with estrogens in the
induction of cell proliferation, in both normal and
neoplastic cell lines [7-9]. In several studies circulat-
ing IGF-I levels have been shown to be positively
correlated with either an increased mammographic
density [10] or an increased risk of breast cancer,
particularly in premenopausal patients [11-14]. Quite
recently, studies have suggested a positive correlation
between circulating levels of IGF-I and the risk of
breast cancer in postmenopausal women undergoing
hormone replacement therapy (HRT) [15] and in
women in the upper tertile of body mass index [16].
Therefore, IGF-I levels could be a risk factor in
women who are currently exposed to estrogens,
both of endogenous and of exogenous origin. More-
over, higher circulating levels of IGF-I, as well as
of its binding protein 3 [17], have been found to
be associated with a higher incidence of colorectal
cancer [18]. -

The metabolic functions of IGF-II are not so
closely correlated to GH action [16,19]; moreover,
the role of IGF-II in regulating cell growth seems to
be limited to the early stages of life and appears less
important in postnatal life {20].

The effects of IGFs are modulated by their binding
proteins, among which IGFBP-1 and IGFBP-3 seem
to play a pivotal role. The levels of these proteins
remain stable during menopause. The most important
circulating reservoir for IGFs is IGFBP-3 in its ternary
form comprising the acid-labile subunit; its concen-
tration is much higher than that of the others; it is very
stable and is almost completely saturated with IGFs,
for which its affinity is the highest observed [21]. On
the contrary, the other binding proteins are largely
unsaturated and have a lower affinity for IGFs; they
might serve to mop up free IGFs as they dissociate
from IGFBP-3 and eventually influence their final
destination in tissues [22]. The actual bioavailability
of IGFs to specific tissues, however, seems dependent
on. the action of site-specific IGFBP proteases, which
lower the levels of IGFBPs, and on the depho-
sphorylation of IGFBP-1 to phosphoforms which
bind IGF-I with a lower affinity; both these mechan-
isms would modulate the levels of free IGFs, and
mainly IGF-I, available for receptor interaction [23].

The claims that HRT leads to an increased
incidence of breast tumors, the possibility that IGF-1
levels are correlated to risk factors for breast cancer in
both premenopausal pauents/postmenopausal wo-
men undergoing HRT and obese subjects [5-16],
and the abundance of papers showing that HRT can
modify plasma IGF-I levels [24-32] prompted us to
design the present study. Our purpose was to
investigate whether the administration of low-dose
oral 17B-estradiol sequentially combined with oral or
transvaginal progesterone affects the levels of IGFs

and whether this effect appears early, during the first
cycle of HRT administration.

Materials and methods
Study population

Thirty postmenopausal women were enrolled in
this study to be treated with low-dose estradiol and
sequential  micronized progesterone, a hormone
devoid of any androgen effect [31,32]). The main
demographic and clinical characteristics of the study
population are shown in Table 1. All patients had
been postmenopausal for at least 6 months, as
confirmed by plasma level of follicle-stimulating
hormone 30 mU/ml and of estradiol <30 pg/ml.
None out of them had previously used HRT.
Tnformed consent was obtained from all patients
according to the indications of the Padova University
Ethical Committee.

Before each patient entered the study, we invest-
gated her lipid profile, hepatic and renal function,
and coagulation parameters, and performed an oral
glucose tolerance test, to exclude metabolic abnorm-
alities. Breast X-ray and transvaginal ultrasound
(antero-posterior evaluation) examinations excluded
any suspected breast lesion and endometrial abnorm-
alities (thickness >4 mm). If some abnormality was
found, the patient was not considered suitable for the
study.

Study design

Fifteen patients (group A) started a sequential treat-
ment with 17f-estradiol (Estrofem®; Novo Nordisk
A/S, Novo Allé, Bagsvaerd, Denmark) given orally at
the daily dose of 1 mg for 28 consecutive days plus

Table I. Characteristics of the patients according to progesterone
administration route.

Oral Transvaginal ~ p Value
Age (years) 54.6 + 5.7 53.8 £ 5.7 NS
Duration of 6.0+£58 5.6 4.4 NS

menopause (years)

BMI (kg/m®) 237434 249+43 NS
SBP (mmHg) 146 319 133+ 23 NS
DBP (mmHg) 86+8 86+ 9 NS
Glucose {mg/dl) 84,5+ 9.7 85.1 +12.4 NS
TC (mg/dl) 221 4 41 2314 31 NS
HDL-C (mg/dl) 69 £ 197 68 + 14 NS
LDL~C (mg/dl) 135 4+ 39 143 431 NS
TG (mg/dl) 83 4138 . 83435 NS

BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; TC, total cholesterol; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TG, triglycerides; NS, not significant; results are
expressed as mean + standard deviation and analyzed using the
Wilcoxon non-parametric test; no differences were evident
between the two groups. )




52 B, Mozzanegg et al.

micronized progesterone added in the last 14 days
of each cycle at the oral daily dose of 200 mg
(Prometrium® cpr 100 mg every 12 h; Rottapharm
SpA, Milan, Italy). The remaining 15 (group B)
started the same 17 f-estradiol treatment, while pro-
gesterone was administered transvaginally (Esolut®
vaginal suppository 200 mg; Angelini, Roma, Traly)
from day 14 to day 28. On the day before beginning
HRT (T0), on the 14th day (T14) (i.e. the last day of
estradiol only administration) and on the 28th day
(T'28), a blood sample was drawn from the cubital
vein, after an overnight fast, for determination of
study parameters. After centrifugadon (15 min at
2500 rev/min), plasma was divided into small ali-
quots and stored at —80°C until the assays, which
were performed when all patients had completed the
study. The same kits were used for all three samples
from each patient in the first treatment cycle.

Biochemical determimations

We performed our assays using kits from Diagnostic
Systems Laboratories (Webster, TX, USA). A radio-
immunocassay was used for 17f-estradiol (Ultra) and
immunoradiometric assays for progesterone, insulin
and C-peptide; IGF-I and IGF-II (Fast); IGFBP-1,
IGFBP-3, SHBG and GH.

The intra- and inter-assay coefficient of variation
for each parameter is respectively as follows. 17f-
Estradiol (pg/ml): 7.6 and 8.0; progesterone (ng/ml):
4.8 and 9.2; insulin (uIU/ml): 4.6 and 9.6; C-peptide
(ng/ml): 3.5 and 10.6; IGF-1 (ng/ml): 3.9 and 4.2;
IGF-II (ng/ml): 4.7 and 4.5; IGFBP-1 (ng/ml): 2.7
and 3.6; IGFBP-3 (ng/mb): 3.9 and 0.6; GH (ng/ml):
5.4 and 8.8; SHBG (nmol/ml): 3.4 and 8.7. The
cross-reactivity of the insulin assay was 6.2% for
C-peptide and 32.7% for pro-insulin; the cross-
reactivity of the C-peptide assay was <0.2% for
insulin and <12.8% for pro-insulin.

Statistical analyses

We compared characteristics between our two
groups of patients using the Wilcoxon non-
parametric test for two independent samples. Statis-
tical analysis of results was carried out using the
non-parametric permutation test for paired data [33-
36]. For each parameter, we compared - separately
for each group of patients — first the change from TO
to T28 with that frorn TO to ‘T'14; and then the values
at TO and T'14. The latter were evaluated also in the
whole group of 30 patents, as in the first 14 days
they were administered the same estradiol treatment
and can be considered a homogeneous group. The
calculations were performed using Matlab 7.0
routines (MathWorks Inc., Natick, MA, USA). The
correlations between our parameters at each time and
between their variations after the treatments were

evaluated using Pearson’s exact permutation test for
correlation [33-36].

Results

The plasma levels of our parameters at T0, T14 and
T28 during the first month of treatment are reported
in Tables II and III. For each one, we compared -
separately for: each group of patients — first the
change from TO to T28 with that from TO to T14;
and then the values at TO and T14. At the end of
progesterone administration (T28) its levels were
significantly higher in the women who received it
orally (8.4 4+ 6.1 vs. 3.7 + 3.2 ng/ml, p < 0.025); the
effects of estradiol were maintained in both groups
with the exception of IGFBP-1 levels, which re-
turned to their basal values in the patients treated
transvaginally.

In the first 14 days all of the patients received oral
17 8-estradiol and thus they constitute a truly homo-
geneous group. A comparison of each parameter
between TO and T14 is given in Table IV. The
increases in the levels of estradiol and SHBG were
highly significant; as were the increase in IGFBP-1
and the decrease in IGF-I levels.

Insulin was correlated directly with body mass
index, both in basal conditions (p == 0.0038) and after
estradiol administration (p=0.0043). The correla-
tion remained significant after oral progesterone
administradon (p=0.0003). As expected, the varia-
tions in SHBG levels from TO to T'14 were correlated
directly with those of estradiol (p=0.015) (Figure 1).
In addition, they were correlated inversely with those
of IGF-1 (p=0.03) (Figure 2). No correlation was
found between the levels of insulin and either IGF-I
or IGF-II, or between the levels of C-peptide and
either IGF-I or IGF-II, at any time of our study.

Twenty-three patients were still continuing the
treatment at 1 year: 13 from group A and 10 from
group B. We grouped them together and compared
parameter values at TO and T14 in the first month
with those from T'14 in the 12th month of treatment.
The data, which are shown in Table V, confirmed
that the estrogen effect observed in the first cycle was
still present after 1 year.

Discussion

HRT administered during menopause has been
reported to modify plasma IGF-I levels, likely through
a direct action. on hepatocytes. In particular, oral
conjugated equine estrogens (CEE) [24-32,37] and -
selective estrogen receptor modulators [38-40] lower
IGF-1 levels, while oral androgens and androgen-
derived progestins increase its levels [32,37]. Also,
hypoestrogenic condidons like those induced in
premenopausal patients by the oral administration of
anastrozole [41] (an aromatase inhibitor) or by the
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Tabie II. Plasma levels of parameters for group A (oral 17f-estradiol plus sequential oral progesterone) (= 15) on the day before treatrment

(T0}, on day 14 (T14) and on day 28 (T28) of the first cycle.

TO Ti4 T28 p Value
Tnsulin (uIU/ml) 5.08 + 2.43 4.73 + 1.64 4.95 + 1.47 NS
C-peptide (ng/ml) 1.45 + 0.29 1.38 = 0,32 1.46 + 0.38 NS
IGF-I {ng/mi) 174 + 90 125 + 77 112 4+ 55 0.028*
IGF-I (ng/ml) 154 + 14 147 + 30 152 + 20 NS
IGFBP-1 (ng/ml) 105 + 64 135+ 96 145 + 89 NS
IGFBP-3 (ng/ml) 3740 + 486 3703 + 750 3515 + 541 NS
SHBG (nmol1) 141 + 40 191 + 52 200 + 49 0.001*
GH (ng/ml) 0.63 + 0.63 0.63 + 0.78 0.66 + 0.72 N$
Estradiol {pg/ml) 19 + 14 114 + 82 86 + 43 0.002*
Progesterone (ng/ml) 24+1.1 1.9+ 0.9 8.4+ 6.1 0.003"

IGF, insulin-like growth factor; IGFBP, insulin-like growth factor-binding protein; SHBG, sex hormone-binding globulin; GH, growth
hormone; NS, not significant; results are expressed as mean + standard deviation and analyzed using the non-parametric permutation test
for paired data; *significantly different, T14 vs. T0; Tsignificantly different, change from TO to T28 vs. change from T0 to T14.

.

Table III. Plasma levels of parameters for group B (oral 17f-estradiol plus sequential transvaginal progesterone) {(# = 15} on the day before
treatment (T0), on day 14 (T14) and on day 28 (T28) of the first cycle. S

TO Tl4 T28 p Value
Insulin (uIU/ml) 6.15 £ 2.57 594227 5.80 + 2.56 NS
C-peptide (ng/mi) 2.04+1.15 1.56 + 0.40 1.86 £+ 0.59 NS
IGF-I (ng/ml) 217 £ 172 132 + 94 151 £ 114 0.008*, 0.028°
IGE-II (ng/ml) 162 4 21 136 + 24 170 4+ 18, NS
IGFBP-1 (ng/ml) 80 + 50 121 4 80 85+ 44 0.021*
IGFBP-3 {(ng/ml) 3878 4 913 3586 + 802 3624 4 616 0.047*
SHBG (nmol) 124 + 44 181 4+ 54 o 183 + 57 0.0001*
GH (ng/ml) 0.62 + 0.81 0.82 + 0.85 1.22 4113 NS
Estradiol (pg/ml) 21,05+ 18 116 4 62 79 + 47 . 0.0001%*, 0.0267
Progesterone (ng/ml) 1.5+ 0.6 1.5+ 09 37432 0.05"

IGF, insulin-like growth factor; IGFBP, insulin-like growth factor-binding protein; SHBG, sex hormone-binding globulin; GH, growth
hormone; NS, not significant; results are expressed as mean + standard deviation and analyzed using the non-parametric permutation test
for paired dara; *significantly different, T14 vs. TO; Tsignificantly different, change from TO to T28 vs. change from T0 o T14.

Table IV, Plasma levels of parameters, on the day before treatment
(T0) and on day 14 (T14) of treatment, for the 30 study patents
considered together in the first two weeks of treatment with oral
17-estradiol. :

TO T14 p Value
Insulin (uIU/ml) 551 +254 5024 1.01 NS
C-peptide (ng/ml) 1.73 £ 0.59 - 1.48 + 0.38 NS
IGF-I (ng/ml) 197 + 138 129 + 85 0.001
IGE-TI (ng/ml) 158 + 18 152 + 27 NS
IGFBP-1 (ng/mi) 92 + 57 127 + 87 0.004
IGFBP-3 (ng/ml) 38124728 3642 + 764 NS
SHBG (nmol/l) 132 + 42 182 + 55 0.0001
GH (ng/mi) 0.6 % 0.7 0.7+ 0.8 NS
Estradiol (pg/ml) 20 + 16 115 4+ 71 0.0001

IGF, insulin-like growth factor; IGFBP, insulin-like growth factor-

binding . protein; SHRBG, . sex . hormone-binding globulin;. GH, .

growth hormone;. NS, not significant; results are expressed as
mean + standard deviation and analyzed using the non-parametric
permutation test for paired data.

administration of gonadotropin-releasing hormone
analogs [42] lead to an increase in IGF-I levels.
Transdermal administration of sex steroids can

modify IGF-I levels significantly only when the
administered dose is sufficient 1o ensure high estro-
gen levels at the hepatocyte [43].

The progestins more simnilar to natural progester-
one seem to have no effect on IGF-I synthesis even
when administered orally [27].

In the present smdy we administered orally a low
estrogen dose, according to the general suggestions
in the literature, and evaluated its effects in the first
month and after 1 year of trearment. In order to
obtain a hormone replacement as close to physiol-
ogy as possible, we prescribed 17f-estradiol sequen-
tially combined with progesterone. While estradiol
was given orally to all 30 of our patients, proges-
terone was administered orally to only 15 of them,
while it-was given transvaginally to the others: Oral -
estradiol has a half-life of abour 20 h- and -gains
steady levels in plasma after 4-5 days [44] when
administered in a single daily dose. The half-life of
oral progesterone is about 9 h, which led us to
divide the daily dose into two administrations.
Vaginal progesterone was administered in a single
dose as suggested.
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As reported above, the effects of oral estrogens on
the levels of IGF-], its binding proteins and SHRG
are well known [24~32,37]. In a previous study [45]
we pointed out that oral CEE decreased IGF-I and
increased SHBG plasma levels after 6 months of
sequential treatment, while no effect was observed
after transdermal estrogens.
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Figure 1. The correlaton between sex hormone-binding globulin
(SHBG) and estradiol. Among the 30 patients, variations in the
levels of SHBG and eswadiol from TO (the day before treatment}
to T14 (day 14 of treatment) were determined during the first cycle
and the correlation evaluated using Pearson’s exact permutation
test for correlaton.
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Figure 2. The correlation between sex hormone-binding globulin
(SHBG) and insulin-fike growth factor-I (IGF-I). Among the 30
patients, variations in the levels of SHBG and IGF-I frorm TO (the
day before treatment) to T14 (day 14 of treamment) were detet-
mined during the first ¢cycle and the correlation evaluated using
Pearson’s exact permutation test for correlation,

In the present study we confirmed that even low-
dose oral estradiol is able to reduce the levels of IGF-
I and increase those of SHBG when associated with
sequential natural progesterone for 1 year. However,
we also demonstrated that these effects are extremely
precocious and occur véry soon after starting the
treatment. Moreover, GH levels were unaffected at
any time, which confirms that the variations are
independent of it and are likely due to the action of
estrogens on the hepatocyte.

In fact, oral 17 8-estradiol, at the daily dose of 1 mg
for 14 days, led to a significant increase in its levels in
plasma during the first cycle of treatment, as well as
increases in plasma levels of SHBG and IGFBP-1
but a significant reduction in plasma levels of IGF-I.
The circulating levels of SHBG were correlated
directly with those of estradiol, and inversely with
those of IGF-L

At the end of progesterone administration, its
levels were higher in women treated orally. Most of
the effects induced by estradiol were maintained in
both groups: only the levels of IGFBP-1 returned to
their basal values in the group treated transvaginally.

Considered together, our findings suggest that the
liver, when over-stimulated by estrogens, in some
way downregulates expression of some of the main
agents that modulate or mediate estrogen effects at
target tissues. Progesterone, on the other hand,
seems devoid of any hepatc effect, mainly when
administered orally.

Data in the literature seem to indicate that the liver
responds in opposite ways to estrogen under- and
over-stimulation. In fact, when exposed to the bolus
of portal estrogens, the liver could reduce the
synthesis of IGEs and increase the level of estro-
gen-binding proteins. This mechanism has been
demonstrated in rats, in which high hepatic doses
of estrogens are reported to inhibit the hepatic
synthesis of IGF-I mRNA [46], exactly the opposite
of what happens in the uterus [47]. This reinforces
the hypothesis that estrogens directly suppress the
hepatocyte synthesis of IGF-I during their first

Table V. Plastna levels of parameters, on the day before commencing treatunent (10), day 14 of the first treatment cycle (T14, Ist month)
and day 14 of the final treatment cycle (T14, 12th month), for the 23 patients continuing treatment at 1 year.

TO T14, st month T14, 12th month P Value
Insulin GdU/ml) 5.51 + 2.54 5.02 + 1.91 5.33+1.98 NS
C-peptide (ng/ml) 1.73 + 0.59 1.48 + 0.38 1.63 + 0.90 ‘ NS
IGF-1 (ng/ml) 197 + 138 129 + 85 131+ 71 NS
IGF-II (ng/ml) 158 418 152 + 27 162 + 11 NS
IGFBP-1 (ng/ml)- 92 +'57 © 1274 87 119+ 74 " NS
IGFBP-3 (ng/ml) 3812 + 728 3642 & 764 3709 £+ 513 NS
SHEG (amol/l) 132 + 42 182 4 55 188 4 35 NS
GH (ng/ml) 0.6+ 0.7 0.7+ 0.8 08 + 0.9 NS
Estradiol (pg/ml) 20 + 16 115 4 71 99 + 34 NS

IGF, insulin-like growth factor; IGFBP, insulin-like growth factor-binding protein; SHBG, sex hormone-binding globulin; GH, growth
hormone; NS, not significant; results are expressed as mean + standard deviaton and analyzed using the non-parametric permutation test

for paired data.
s
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passage across the hepatic-portal system. In our
study the oral estradiol decreased the levels of IGF-I
and increased those of IGFBP-1, while the levels of
IGFBP-3 remained unchanged. These results are
consistent with the hypothesis of a prevalent estradiol
action on the hepatocytes: in fact, both IGFE-I
and IGFBP-1 are synthesized by the liver paren-
chymal cells, while the prevalent site of synthesis for
IGFBP-3 seems to be the Kupffer cells [48].

The hepatic estrogen effect seems 1o be dose-
dependent and may be linked to an inhibition of GH
signaling at the cellular level [49]. However, the
biochemical or molecular mechanisms of estradiol
action are far from being clarified: in fact, to date, no
estrogen response elements have been detected near
the IGF-I gene, either in humans or mice [47], and
estrogen receptors might function as secondary
transcription factors, interacting with other DNA-
bound transcriptional activators. _

The increase in the levels of SHBG appears
‘inversely correlated to IGF-I variations; in a human
hepatoma cell line, insulin — which is structurally and
functionally similar to IGF-I ~ has been shown to
directly inhibit the production of SHBG [50,51].
Their inverse correlaton seems then guite reliable.

Qur results can be of interest in the debate
concerning HRT and breast cancer. In fact, the
reduction in IGF-I levels and the increase in SHBG
levels in our patients might suggest some Impact on
the risk of this disease.

Breast cancer cells express IGF-I receptors and
IGF-I is also synthesized by the stromal tissue
supporting the tumor [52]; addidonally, it seems
that the cells expressing IGF-I receptors are the
same ones that express estrogen receptors. On the
basis of these findings, a downregulation in circulat-
ing bioavailable IGF-I, such as appears after oral
estradiol, might hardly be considered a negative
event. As well, the increase in SHBG levels should
decrease the share of free estrogens and androgens.
These changes are the same as observed after
tamoxifen, the drug administered to breast cancer
patients in order to prevent tumor relapse or the
onset of a primitive tumor in the contralateral breast
[38): as does estradiol in our smdy, the use of
tamoxifen [40] increased the levels of IGFBP-1,
which proved able to induce apoptosis in human
breast cancer cell lines, even independently from
IGF-I [53]. :

Concerning IGFBP-3 and IGF-II, we observed no
variations-in. their levels during the treatment.

“The effects we observed immediately after the
oral administration of low-dose 17f-estradiol were
not modified by sequential progesterone adminis-
tered orally, Moreover, progesterone administered by
the vaginal route did not modify estradiol-induced
variations in the levels of SHBG and IGF-I. We
did expect this result, as only androgen-derived
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progestogens seem able to abrogate estradiol-induced
responses [32] and progesterone is devoid of any
androgenic activity [31]. In particular, any modula-
tion of progestogens on the synthesis of growth regu-
lating factors and SHBG by the hepatocytes would be
mediated by androgen receptors, while progesterone
receptors seem to be absent in these cells [54].

On the other hand, these considerations make it
difficuit to understand why the levels of IGFBP-1
returned to their basal values after progesterone
administration by the transvaginal route, which leads
to lower circulating levels of the hormone and likely
to still higher metabolic neutrality. We have no hypo-
theses to explain this fact.

The use of low-dose oral estradiol and natural
progesterone might be suggested for long-term HRT
schedules, with the purpose of minimizing the risk
of breast cancer which is supposed to accompany

HRT. In fact, at least from a speculative point of view,

our data do not support the hypothesis that their
administration should increase breast cancer risk.

In our study, the levels of progesterone obtained by
the oral route were significantly higher than those
gained transvaginally; this can be explained by the
possible transport of the hormone from the vagina
directly to the uterus [55], partally by-passing the
systemic circulation. However, the uterine effects of
progesterone were similar in both groups, at least in
terms of the occurrence of menstrual-like bleeding,
In 12/15 (transvaginal) versus 11/15 (oral) patients a
light menstrual flow occurred at the end of the first
cycle; in the following months it persisted in most of
these patients, and transvaginal ultrasounds per-
formed in the pseudo-luteal phase of the 12th cycle
never evidenced an endometrial thickness exceeding
4 mm.

Conclusions

Qur data confirm that oral estradiol significantly
reduces the plasma levels of IGF-I and increases
IGFBP-1 and SHBG concentrations. These effects
appear at once, during the first cycle, even with the
low estradiol dose of 1 mg daily. The lack of effects
on GH levels leads us to hypothesize a direct action
of estradiol on the hepatic synthesis of IGF-I and
IGFBP-1.

References

1, Rutanen EM. Insulin-like growth factors in  endometrial
function. Gynecel Endocrinol 1998;12:399-406.

2. Le Roith D. Insulin-tike growth factors. N Engl ] Med
1977;336:633-640.

3. Nasu M, Sugimoto T, Chihara M, Hiraumi M, Kurimoto F,
Chihara K. Effect of natural menopause on serum levels of
IGF-] and IGF-binding proteins: relationship with bone
mineral density and lipid metabolism in perimenopausal
women. Eur J Endocrinol 1997;136:608—616.




56

4.

10.

11.

12,

13.

i4.

15.

is.

17.

18.

19,

20.

B. Mozzanega et al,

Cano A, Castelo-Branco C, Tarin JI. Effect of menopause and
different combined estradiol-progestin regimens on basal and
growth hormone-releasing hormone-stimulated serum growth
hormone, insulin-like growth factor-I, insulin-like growth
factor binding protein (IGFBP)-1 and IGFBP-3 levels. Fertit
Steril 1999;71:261-267.

. Dunn 8E, Hardman RA, Kary FW, Barrett JC. Insulin-like

growth factor I (IGF-I) aiters drug sensitivity of HBL 100
human breast cancer cells by inhibitior of apoptosis induced
by diverse anticancer drugs. Cancer Res 1997;57:2687—2693.

. Gooch JL, Van Den Berg CL, Yee D. Insulin-like growth

factor I (IGF-I) rescues breast cancer cells from chemother-
apy-induced cell death and anti-apoptotic effects. Breast
Cancer Res Treat 1999;56:1~10.

. Stewart AJ, Johnson MD, May FE, Westley BR. Role of

insulin-like growth factor-I and the type 1 insulin-like growth
factor receptor in the estrogen-stimulated proliferation of human
breast cancer cells. ] Biol Chem 1990;265:21172-21178.

. Thorsen T, Lahooti H, Rasmussen M, Askvaag A. Oestradiol

treatment increases the sensitivity of MCF-7 cells for the
growth stimulatory effect of IGF-I, J Steroid Biochem Mol
Biol 1992;41:537-540.

. Huynh H, Yang X, Pollak M. Estradiol and anti-estrogens

regulate a growth inhibitory insulin-like growth factor binding
protein-3 autocritie loop in human breast cancer cells. J Bioi
Chem 1996;271:1016-1021,

Byme C, Colditz GA, Willer WC, Speizer FE, Pollak M,
Hankinson SE. Plasma insulin-like growth factor AGEH-1,
IGF-binding protein-3 and mammographic density. Cancer
Res 2000;60:3744-3748.

Hankinson SE, Willetr WC, Colditz GA, Hunter D].
Circulating concentrations of insulin-like growth factor-I and
risk of breast cancer. Lancet 1998;35 1:1393-1396,

Bohlke K, Cramer DW, Trichopoulos I}, Mantzoros CS.
Insulin-like ‘growth factor-I in relation to premenopausal
ductal carcinoma in situ of the breast. Epidemiology
1998;9:570-573,

Toniolo P, Bruning PF, Akhmedkhanov A, Bonfrer JM,
Koenig KL, Lukanova A, Shore RE, Zeleniuch-Jacquotte A.
Serum insulin-like growth factor-I and breast cancer. Int J
Cancer 2000;88:828-832.

Agurs-Colling T, Adams-Campbell LL, Kim KS, Cullen KI.
Insulin-like growth factor-I and breast cancer risk in post-
menopausal African-American Women. Cancer Detect Prev
2000;24:199-206.

Kaaks R, Lundin E, Rinaldi S, Manjer J, Biessy C,
Soderberg S, Lenner P, Janzon L, Riboli E, Berglund G,
et al. Prospective study of IGF-], IGF-binding proteins, and
breast cancer risk, in northern and southern Sweden. Cancer
Causes Control 2002;13:307-316. '

Yu H, Jin F, Shu XO, Li BD, Dai Q, Cheng JR, Berkei Hj,
Zheng W. Insulin-like growih factors and cancer risk in
Chinese women. Cancer Epidemiol Biomarkers Prev 2002;11:
705-712,

Kaaks R, Toniolo P, Akhmedkhanov A, Lukanova A,
Biessy C, Dechaud H, Rinaldi 8, Zeleniuch-Jacquotte A,
Shore RE, Riboli E. Serum C-pepdde, serum insulin-like
growth factor (IGF)-I, IGF-binding proteins and colorectal
cancer risk in women. ] Natl Cancer Inst 2000;92:1592~1600.
Manousos O, Souglakos I, Bosetti C, Tzonou A,
Chaezidakis V, Trichopoulos D, Adami HO, Mantzoros C,

IGF-I and IGF-M in relation to colorectal cancer, Int J Cancer

1999;83:15-17.

Yu H, Rohan T. Role of the insulin-like growth facror famity
in cancer development and progression. J Nad Cancer Inst
2000;92:1472-1489,

Stewart CE, Rothwein P. Growth, differentiation and survival:
multiple physiological functions for insulin-like growth factors.
Physiol Rev 1996;76:1005-1026,

21.

22.

28.

24.

25.

26.

27.

28.

29,

30.

31.

32.

33,

34.

35.

36.

. 3T

38,

39.

Murphy LJ. Insulin-like growth factor binding proteins:
functional diversity or redundancy? J Mol Endocrinol 1998;
21:97-107. :

Mohan 8. Insulin-like growth factor (IGF)-binding proteins in
serum ~ do they have additional roles besides modulating the
endocrine IGF actions? J Clin Endocrinol Metab 1996;81:
3817-3820.

Westwood M,’ Gibson JM, Williams ACG, Clayton PE,
Hamberg O, Flyvbjerg A, White A. Hormonal regulaton of
circulating insuﬁn—like growth factor-binding protein-1 phos-
phorylaton status. ] Clin Endocrinol Metab  1995;80:
3520-3527.

Bellantoni MF, Vittone J, Campfield AT. Effects of oral versus
transdermal estrogen on the growth hormonefinsulin-like
growth factor-] axis in younger and older postmenopausal
women: a clinical research center study. J Chlin Endocrinel
Metab 1996;81:2848-2853. :

Campagnoli C, Biglia N, Sismondi P. Differential effects of
oral conjugared estrogens and transdermal estradiol on insulin-
like growth facror-T, growth hormone and sex hormone binding
globulin serum levels. Gynecol Endoctinol 1993;7:251-258.
Heile SI, Omsjo IH, Botta L. Effects of oral and transdermal
oestrogen replacement therapy on plasma levels of insulin-like
growth factors and IGF binding proteins-1 and -3: a cross-
over study. Chn Endocrinol (Oxf) 1996;45:727-732.
Dawson-Hughes B, Stern D. Regulation of growth hormone
and somatomedin-C sectetion in menopausal women: effect
of physiological estrogen replacement, J Clin Endecrinol
Metab 1986;63:424-432. .
Campagnoli C, Biglia N, Peris C, Sismondi P. Potential
impact on breast cancer risk of circulating insulin-like growth
factor-I modifications induced by oral HRT in menopause.

Gynecol Endocrinol 1995;9;67-74.

Campagnoli C, Biglia N, Cantamessa C. Effect of progestins
on IGF I serum level in éstrogen-treated postmenopausal
women. Zentralbl Gynakol 1997;119:7-11.

Weissberger AJ, Ho KKY. Contrasting effects of oral and
transdermal routes of estrogen replacernent therapy on 24-
hour growth hormone (GH) secretion, insulin-like growth
factor-I, and GH-binding protein in postmenopausal womer.
J Clin Endocrino! Metab 1991;72:374-381.

Schindler AE, Campagnoli C, Druckmann R, Huber J,
Pasqualini JR, Schweppe KW, Thijssen JH. Classification
and pharmacology of progestins. Maruritas 2003;46(Suppl 1):
87-816.

Heald A, Selby PL, White A, Gibson JM. Progestin abrogates
estrogen-induced changes in the insulin-like growth factor
axis. Am J Obstet Gynecol 2000;183:593-600.

Ludbrook J, Dudley H. Why permutation tests are superior to
t and F tests in biomedical research. Am Statistician
1598;52:127-132.

Celant G, Pesarin F, Salmaso L. Some comparisons between
4@ parametric and a nonparamewic solution for tests with
repeated measures, Metron 20060;58:65-79.

Corain L, Salmaso L. Multivariate and multistrata nonpara-
metric tests: the nonparametric combinaton, method. J Mod
Appl Stat Meth 2004;3D:443-461,

Salmaso L, Solari A. Multiple aspect testing for case-control
designs, Metrica 2005;62:331-340.

Campagnoli C, Biglia N, Lanza M. Androgenic progestins
oppose the decrease of insulin-like growth factor I serum level
induced by conjugated oestrogens in postmenopausal women,
Preliminary report. Maturitas 1994;19:25-31.

Fomander T, Wilking N, Oestrogenic effects of adjuvant
tamoxifen in postmenopausal breast cancer. Eur J Cancer
1993;20A:497-500. .

Huynh HT, Tetenes E. Ir vivo inhibition of insulin-like
growth factor-1 gene expression by tamoxifen, Cancer Res
1993;53:1727-1730.




40.

41.

42.

43.

44.

45,

46.

47.

13

Lonning PE, Hall K. Influence of tamoxifen on plasma levels
of insulin-like growth factor-1 and insulin-iike growth factor
binding protein-1 in breast cancer patients. Cancer Res
1992;52:4719-4723.

Ferrari L, Martinetti A, Zilembo N, Pozzi P, Buzzoni R,
La Torre I, Gattinoni L, Catena L, Vitali M, Celio L, et al.
Short-term effects of anastrozole treatment on insulin-like
growth factor system in postmenopausal advanced breast
cancer patdents. | Steroid Biochem Mol Biol 2002;80:
411418,

Poiraudean S, Roux C, De Ceuninck F, Tsagris L,
Borderie D, Cherruau B, Dumontier MF, Corvol M.
Circulating insulin-like growth factor system changes in
women with acute estrogen deficiency induced by GnRH
agonist. Osteoporos Int 1977;7:463—470.

Friend KE, Hartman MI, Pezzoli SS. Both oral and
transdetmal estrogen increase growth hormone release in
posunenopausal women — a clinical research center study.
J Clin Endocrinol Metab 1996;81:2250-2256.

Price TM, Blauer KL, Hansen M. Single-dose pharmacoki-
netics of sublingual versus oral administration of micronized
178 estradiol. Obster Gynecol 1997;89:340-345.

Marchesoni D, Mozzanega B, Vesnaver S, Dal Pozzo M,
Doné E, Schiavo A, Andrisani A, Ambrosini A. Hormone
replacement therapy in menopause: variations in insulin-like
growth factor-I and sex hormone binding globulin serum
levels. Int J Gynecol Obstet 2000;12:104-109.

Murphy L], Friesen HG. Differental effects of estrogen and
growth hormone on uterine and hepatic insulin-like growth
factor-I gene expression in the ovariectomized hypophysecto-
mized rat. Endocrinology 1988;122:325-332.

Moyano P, Rotwein P, Mini review: estrogen action in the
uterus and insulin-like growth factor:l. Growth Horm IGF
Res 2004;14:431-435.

43.

49,

50.

51.

52.

33.

54.

53,

Effects of oral estradiol and sequential progesterone on IGFs and IGFBPs 57

Arany E, Afford 8, Swain AJ, Winwood PJ, Arthur MJP,
Hilt DJ, Differential cellular synthesis of insulin-like growth
factor binding protein-1 (IGFBP-1) and IGFBP-3 within
human liver. T Clin Endocrinol Metab 1994;79:1871-1876.
Meinhardt U], Ho KKY. Modulation of growth hormone
action by ‘sex steroids. Clin Endocrinol (Oxf) 2006;65:
413-422,

Toscano V, Balducci R, Bianchi P, Guglielmi R,
Mangiantini A, Sciarra F. Steroidal and nonsteroidal factors
in plasma sex hormone binding globulin regulation. J Steroid
Biochem Mol Biol 1992;43:431--437.

Plymate SR, Matej LA, Jones RE, Friedl KE, Inhibition of sex
hormene binding globulin production in the human hepatoma
(Hep G2) cell line by insulin and prolactin. J Clin Endocrinol
Mertab 1987;67:460-464. )

Peyrat JP, Bonneterre J. Insulin-like growth factor-I receptors
(AGF I-R) and IGF-I in human breast tumors. J Stercid
Blochem Mol Biol 1990;37:823-827.

Perks CM, Newcomb PW, Norman NR, Holly JMP. Effect
of insufin-like growth factor binding protein-1 on integrin
signalling and the induction of apoptosis in human breast
cancer. | Mol Endocrinol 1699;22:141-150.

Nugent AG, Leung KC, Sullivan D, Reutens AT, Ho KK.
Modulation by progestogens of the effects of oestrogen on
hepatic endocrine function in postmenopausal women. Clin
Endocrinol {Oxf) 2003;59:600-698.

Cicinelli E, de Ziegler D, Bulletd €, Mameo MG,
Schonauer LM, Galantino P. Direct transport of progesterone
from vagina to uterus. Obstet Gynecol 2000;95:403—406.,

v




