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The effect of tamoxifen on IGF signaling pathway in the mouse ovary
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Abstract: Tamoxifen (TAM) is one of selective estrogen receptor modulators used in breast cancer treatment and prevention.
The objective of this study was to determine whether or not insulin-like growth factor-I (IGF-1) and its receptor (IGF-1R), has any role
in the effect mechanism of TAM on the ovary. Experimentally, animals were divided into three groups as control group (n= 20), low
dose TAM treatment group (0.5 mg/mouse/day, n= 20) and high dose TAM treatment group (1.5 mg/mouse/day, n= 20). TAM was
injected 0.5 and 1.5 mg/mouse/day for 5 days. Ovarian sections were used to examine the general structure by trichrome staining
method and to determine IGF-1 and IGF-1R expressions by immunohistochemical staining method. After the experiment, the presence
of atretic follicles and small cystic structures in the TAM-treated animals was determined. Also, antral follicles and the corpus luteum
were much less in the high dose TAM group than in the control. TAM did not change the expression of IGF-1 in granulosa cells, but
increased the expression of IGF-1R. In TAM groups, IGF-1 and IGF-1R expression were increased in oocytes of follicles and in
interstitial cells depending on TAM doses. However, while IGF-1 expression was unchanged in the corpus luteum, decreased in
treatment group. TAM generally stimulated IGF-1 and IGF-1R expression in a dose-dependent manner. The results suggest that IGF-
1 signaling pathway is involved in the mechanism of action of TAM on the ovary. We may assert that it may be useful to use IGF-1
signaling pathway regulators to adjust the effects of TAM on the ovary.
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Fare ovaryumunda tamoxifenin IGF-1 sinyal yolag iizerine etKisi

Ozet: Tamoksifen (TAM), meme kanseri tedavisinde ve dnlenmesinde kullanilan segici dstrojen reseptorii modiilatdrlerinden
biridir. Sunulan g¢aligmanin amaci, ovaryum {izerine TAM’1n etki mekanizmasinda, insiilin benzeri biiyiime faktorii-1 (IGF-1) ve
reseptoriiniin (IGF-1R) herhangi bir roliiniin olup olmadigini belirlemektir. Deney hayvanlari, kontrol grubu (n= 20), diisiik doz TAM
uygulanan grup (0.5 mg/fare/giin, n= 20) ve yiiksek doz TAM uygulanan grup (1.5 mg/fare/giin, n= 20) olmak iizere ii¢ gruba ayrildi.
TAM enjeksiyonu 0.5 ve 1.5 mg/fare/giin olmak tizere 5 giin boyunca uygulandi. Ovaryum Kesitlerine, genel yapiy1 incelemek igin
trikom boyama, IGF-1 ve IGF-1R’in ekspresyonlarini belirlemek i¢in immunohistokimyasal yontem uygulandi. Deney sonrasinda,
TAM uygulanan hayvanlarda atretik folikiiller ve kiigiik kistik yapilarin varligi belirlendi. Bununla beraber, yiiksek doz TAM
grubunda, antral folikiiller ve korpus luteum, kontrol grubuna goére daha azdi. Graniiloza hiicrelerinde TAM, IGF-1’in ekspresyonunu
degistirmezken, IGF-1R niin ekspresyonunu arttirdi. TAM, follikiillerin oositlerinde ve doza bagli olarak intersitisyel hiicrelerde IGF-
1 ve IGF-1R expresyonunu arttirdi. Bununla birlikte deney grubunun korpus luteumunda IGF-1 ekspresyonu degismezken, IGF-1R
ekpresyonu azaldi. Genel olarak TAM doza bagli, IGF-1 ve IGF-1R ekspresyonlarini uyardi. Bu sonuglar, ovaryum iizerine TAM’1n
etki mekanizmasma IGF-1 sinyal yolagmim dahil oldugunu goéstermektedir. Tamoksifen’in ovaryum {izerindeki etkilerinin
diizenlenmesinde, IGF-1 sinyal yolagi regiilatorlerinin kullanilmasinin yararl olabilecegini diisiinmekteyiz.

Anahtar sozciikler: Fare, IGF-1, IGF-1R, ovaryum, tamoxifen, iireme.

Introduction cell proliferation, cell differentiation, follicular

Tamoxifen (TAM) is a nonsteroidal triphenylethyl
compound belonging to the class of selective estrogen
receptor modulators (SERMs) that bind to estrogen
receptors (ERs) and exhibit estrogenic or antiestrogenic
effects depending on the target tissue (17, 24). At present,
TAM is one of the most widely used drugs in breast cancer
treatment (13). IGF-1 and IGF-1R are important factors in

development and ovulation (4, 5, 44). IGF-1/IGF-1R acts
as modulators of gonadotropins at the cellular level as well
as stimulating granulosa and theca cell proliferation and
differentiation (4). Also, IGFs is involved to the synthesis
of both estradiol and progesterone (16). The ovary is a
major site of hormone-regulated IGF-1 production in
mammalians (37). TAM can modulate the IGF-1/IGF-1R
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system in different tissues by making a direct regulatory
effect on IGF-1 secretion (26, 29). Furthermore, TAM has
been shown to have a radioprotective effect and to prevent
follicle loss, through increasing the local IGF-1 level (18).
Also, TAM administration increases gonadotropin
stimulation in ovarian follicles and causes hyperestrogenic
effect (31). On the other hand, TAM causes formation of
persistent follicular cysts in the premenopausal women (7,
22, 32) and increase of IGF-1 expression in interstitial
cells has been directly related to the polycystic ovary
syndrome (30). It was reported that TAM administration
in ovarian and ER positive breast cancer models prevents
breast cancer but was not effective on experimental
ovarian cancer (36).

Nevertheless, there was not a sufficient number of
studies on the role of IGFs in the mechanism of action on
ovaries of TAM. The aim of this study is to determine
whether or not IGFI signaling pathway has any a role in
the effect mechanism of TAM on the ovary.

Material and Methods

Experimental protocol of animals: Sixty mature (8
week old) female inbred BALB/C mice obtained from the
Experimental Animals Breeding and Research Center,
Uludag University, Turkey, were used throughout the
experiments. The experimental animals were examined
under controlled conditions with humidity of 60-70% and
12 hourlight / 12 hour dark cycle at a temperature of 20-
24° C with 5 experimental animals per cage. Feed and
water were provided ad libitum throughout the
experimental period. The experimental protocols were
approved by the Animal Care and Use Committee of the
Uludag University and were in accordance with the
National Institute of Health Guide for the Care and Use of
Laboratory Animals (2012- 09/04).

Mice were randomly divided into 3 groups. The first
treatment group (0.5 TAM group, n = 20) was injected
subcutaneously (s.c.) 0.5 mg/mouse/day with TAM
dissolved in 10% ethanol: 90% corn oil. The other
treatment group (1.5 TAM group, n = 20) was injected
(s.c.) 1.5 mg/mouse/day with dissolved TAM. Control
group mice (n = 20) were injected (s.c.) daily with only
10% ethanol: 90% corn oil (vehicle). The dissolved TAM
and vehicle were injected for 5 days in a total of 0.1 ml s.c.
to the animals (23). TAM was freshly prepared everyday
before injection. At the end of the treatment the animals
were euthanized under inhalation anesthesia and
abdomens were opened. The ovaries were fixed with 10%
neutral buffered formalin. The ovaries were used routine
histological procedures and embedded in paraffin and
blocked. Five um thick sections were obtained from the
paraffin blocks and cuts were taken to lysine slides. After
deparaffinization and rehydration, sections were stained

with immunohistochemistry for IGF-1 and IGF-1R
expression and with Crossman's modified trichrome stain
(8) for ovary morphology.

Reagents: Antibodies against IGF-1 (G-17) (sc-
1422) and IGF-1R (C-20) (sc-713) were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA). Secondary
antibody, ImMmPRESS anti goat 1g Peroksidaz (MP-7405)
and ImmPRESS anti rabbit Ig Peroksidaz (MP-7401) were
purchased from Vector laboratories. DAB (3-3
Diaminobenzidin) (Steady DAB/Plus (ab103723).

Immunohistochemical analysis: The standard
streptavidin biotin peroxidase complex technique was
applied. For antigen retrieval, the boiling step was
performed in a microwave oven of 750 W with sodium
citrate buffer (1 M, pH 6.1) for 3 x 5 minutes. After the
sections were washed with PBS, the sections blocked for
10 minutes for endogenous peroxidase activity. To reduce
nonspecific antibody binding, horse serum was applied to
sections for 20 min. After that sections were incubated
overnight 4°C with anti IGF-1 primary antibody diluted
1:150 and anti IGF-1R primary antibody diluted 1:100 as
recommended by manufacturer. Samples were then
washed three times with PBS and incubated with
ImmPRESS reagent for 30 min at room temperature. After
washing again with PBS for 3 to 5 minutes, the tissues
were washed with distilled water and incubated with 5
minutes DAB for imaging. Hematoxylin was used as
counterstaining. Sections were cleared with xylol and
covered with the entellan. Negative controls were
incubated with the antibody diluent without using the
primary antibody. The intensity and localization of IGF-1
and IGF-1R expressions were assessed by two
independent observers with scoring system: 0, no
immunoreaction; 1, weak immunoreaction; 2, moderate
immunosuppression; 3, strong immunoreaction (10).

Follicle classification: Primordial follicle (PO)
contains single-layered squamous pre-granulosa cells and
at maximum one cubic granulosa cell. Primary follicle
(PR) contains single-layer with two or more cubic
granulosa cells. Secondary follicle (S) contains two or
three-layer cubic granulosa cells. Pre-antral follicle (PA)
contains more than three layers of granulosa cells, and
antrum is not formed. Antral follicle (A) contains the
multi-layered granulosa cells and the antrum is formed.

Statistical analysis: Among the experimental and
control groups, IGF-1 and IGF-1R expressions were
investigated by using the non-parametric Kruskal Wallis
test. The Mann-Whitney U test was used to analyze
statistical significance between two groups. Symbols were
used for showing confidence level (P< 0.5, P< 0.001).
Statistical analysis of the study was performed using SPSS
23.0 (Statistical Package for Social Sciences).
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Results

Ovarian histology: In the both 0.5 and 1.5 TAM
groups, it was observed that the cortex and medulla
distinction on the ovary was distinctive and the interstitial
area was wide (Figure 1b, 1c). Especially antral follicles
were less in treatment groups than control group (Figure
1a, 1b, 1c). Furthermore, it was determined that the corpus
luteum was very few in the ovarium depending on doses
of TAM. In addition to, especially the presence of cystic
structures and atretic follicles were observed in the
medulla region of the experimental groups (Figure 1d).

IGF-1 expression: IGF-1 expression was observed
in oocyte cytoplasm of all follicles, granulosa and ten
cells, interstitial cells and corpus luteum (Figure 2).
Immunohistochemical IGF-1 scores in the ovarian of
groups are presented in Figure 3. In general, IGF-1
immunoreactions changed from weak to moderate in the
oocytes cytoplasma of the all follicle stages. Statistical
significance was determined in preantral follicle oocytes
of all groups (P<0.001; P<0.05) (Figure 3a). In granulosa

cells, IGF-1 expression was weak in all follicle stages of
all groups (Figure 2). No statistical significance was found
between groups (Figure 3b). IGF-1 expression in
interstitial cells increased after high dose TAM
administration (P< 0.001; P<0.05) (Figure 2b, 2c, 2d, 3c).
However, in theca cells were determined a weak
expression in the all groups (P> 0.05) (Figure 2c¢). IGF-1
expression in corpus luteum changed from weak to
moderate in the all groups (P> 0.05) (Figure 2b, 2c, 3c).
IGF-1R expression: IGF-1R expression was
detected in the oocytes and granulosa cells of all follicles
stages, intersititial cells, and corpus luteum (Figure 4a).
Immunohistochemical IGF-1R scores in the ovarian of
groups are presented in Figure 5. For oocytes cell staining,
the strongest immunoreactions were observed in the
treatment groups. IGF-1R immunreaction in the oocyte of
the all follicles except for primordial and secondary
follicles was significantly increased in the treatment
compared to control group (P< 0.05) (Figure 5a).

Figure 1. Ovarian histology in control and treatment groups. (a) Control group, (b) Low dose (0.5 TAM) treatment group, (c-d) High
dose (1.5 TAM) treatment group. Healthy follicles (arrow head), cystic structures (thick arrows), atretic follicles (thin arrows),

interstitial cells (star). Bar (a,b,c) 25 pm., (d) 50 pm.
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(d) High dose (1.5 TAM) treatment group. Oocyte (O), granulosa cell (G), corpus luteum (arrow heads ), interstitial cells (stars), theca
cells (arrow). Bar: (a) 25 pm., (b,c,d) 200 um.
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Figure 3. IGF-1 immunoreactivity in (a) oocytes, (b) granulosa cells, (c) interstitial cells, theca cells, and corpus luteum. Primordial

follicle (PO), Primary follicle ( PR), Secondary follicle (S), Pre-antral follicle (PA), Antral follicle (A). Different letters indicate
statistically significant between groups.
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Figure 4. IGF-1R expression in ovaries of control and treatment groups; (a-b) Control group, (c) Low dose (0.5 TAM) treatment group,

(d) High dose (1.5 TAM) treatment group. Oocyte (O), granulosa cell (G), corpus luteum (CL), interstitial cells (stars), theca cells
(arrows). Bar: (a) 50 pm., (b,c,d) 100 pm.
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Figure 5. IGF-1R immunoreactivity (a) oocytes, (b) granulosa cells, (c) interstitial cells, theca cells, and corpus luteum. Primordial
follicle (PO), Primary follicle ( PR), Secondary follicle (S), Pre-antral follicle (PA), Antral follicle (A). Different letters indicate
statistically significant between groups.
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IGF-1R expression was increased moderate to strong
depending on follicle development in granulosa cells.
Statistical significance was determined in granulosa cells
of primordial, secondary and antral follicles between
experimental and control groups (P< 0.001; P< 0.05)
(Figure 5b). The strongest immunoreactions were
observed in granulosa cells of the antral follicles of the low
dose treatment groups (P< 0.001) (Figure 5b). Due to there
are not enough antral follicles in the high dose TAM
groups, so it couldn’t be evaluated. IGF-1R expression in
both theca cells and interstitial cells was showed weak to
moderate reaction in all groups. IGF-1R expression in
intersititial cells was significantly increased in the high
dose treated group compared to the other groups (P< 0.05)
(Figure 4d, 5c¢). Expression of IGF-1R in corpus luteum
showed moderate to strong reaction. IGF-1R
immunoreactions in corpus luteum were significantly
decreased in the treatment group compared to the control
group (P< 0.05) (Figure 4b, 4c, 5¢). There are not observed
enough corpus luteum in the high dose TAM group, so it
couldn’t be evaluated.

Discussion and Conclusion

In the present study, we observed the presence of
small cystic structures in the interstitial area in the TAM
administered groups. However, cortex-medulla distinction
was not apparent in the control group and all follicles were
seen to be spread across the ovarian surface. Furthermore,
we found that the corpus luteum and antral follicles were
fewer in the TAM administered groups compared to the
control group. Also the atretic follicles were abundant in
treatment groups. In agreement with our study, Tsujioka
et al. (40) reported that TAM induces large atretic
follicles, increases interstitial space and decreases corpus
luteum in female mice. Similarly, Akduman et al. (1) also
found that after TAM administration, the numbers of
corpus luteum and antral follicles decreased significantly
compared to the control group and that the atretic follicles
increased significantly but the follicle reserve was not
affected. Also, Tucker et al. (41) reported that cystic
structures were increased in female mice treated with 5
and 50 mg / kg TAM.

We also examined the protein expression of IGF-1
and IGF-1R in ovarian sections in order to determine
whether the IGF signaling pathway could have a role in
TAM’s effect on the ovary. In the present study,
expression of IGF-1 was detected in the oocyte cytoplasm,
granulosa cells and theca cells of all follicles stages,
interstitial cells and corpus luteum in control group.
However, IGF- | immunoreactivity could not be assessed
in antral follicle and corpus luteum in the high-dose TAM
group, as these structures were not detected in this group,
consistent with other studies (1, 40). In our study, weak
IGF-1 immunoreactivity was observed in the granulosa

cells of all groups, as in other studies (3, 21, 42, 33). In
granulosa cells, IGF-1 expression decreased in the
preantral and antral follicle of low dose TAM group, but
no statistically significant were observed between the
groups. Similar to our study, Akkaya et al. (2) reported
that Metoxychloride, an endocrine disrupting pesticide,
also reduced the expression of IGF-1 in granulosa cells of
secondary follicles, preantral follicles and antral follicles.
Mahran et al (18) have documented the molecular
mechanisms of the radioprotective effect of TAM. When
injected sc with either corn oil or TAM starting 3 days
before irradiation and lasting 3 days after irradiation,
TAM has been shown to have a radioprotective effect and
to prevent follicle loss, due to its potentiation effect on
IGF-1/IGF-1R-mediated antioxidant and cytoprotection
(18). IGF-1 generally stimulates differentiation and
proliferation of granulosa cells. (19, 20, 29) and prevents
apoptosis and follicular atresia (12, 14). Therefore,
according to our study, we hypothesize that decreasing
IGF-1 in the granulosa cells may lead to atresia and
suppress the growth of these follicles. We found that IGF-
1 expression in intersititial cells was significantly
increased in the high dose group compared to the other
groups. Rzepczynska et al. (31) demonstrated that the
increase of IGF-1 expression in interstitial cells is directly
related to the polycystic ovary syndrome. We suggest that
the increased IGF-1 expression in interstitial cells and
presence of cystic structures in the experimental groups
may be related to the polycystic ovary syndrome. We
found no significant difference in IGF-1 expression in
theca cells and corpus luteum, suggesting that TAM does
not affect IGF-1 expression in these structures.

Also, expression of IGF- IR was detected in the
oocyte cytoplasm, granulosa cells and theca cells of all
follicles, interstitial cells and corpus luteum in control
group. In our study IGF-1R expressions in oocytes are
consistent with previous studies (44, 28). IGF-1R
expression was detected in the granulosa cells of human
and various animal species (15, 39, 44). We observed that
IGF-1R immunoreactivity varied from weak to strong
depending on follicle development in granulosa cells of all
groups. In the present study, the strongest IGF-1R
immunoreactions were observed in the antral follicles of
the low dose TAM groups. These data suggest that TAM
suppresses IGF-1 expression in the large follicles while
increasing IGF-1R expression. Similar to our study,
previous studies have reported an inverse correlation
between IGF-1 and IGF-1R levels (9, 11, 36, 43). Our
observations of IGF-1R expression are consistent with
previous studies of corpus luteum (25), theca cells (34)
and interstitial cells (44). The present study we observed
that TAM causes an increase in the expression of both
IGF-1 and IGF-1R in interstitial cells. Terada et al. (35)
reported that TAM directly affects the ovary by increasing
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the level of estradiol and showing estrogen agonist effect.
Given that interstitial cells play an active role in estrogen
synthesis (6), as reported by Terada et al. (35), we
speculate that TAM may have a stimulatory function on
estrogen synthesis by increasing IGF-1 and IGF-1R
expressions. In  the present study, IGF-1R
immunoreactions in corpus luteum were significantly
decreased in the treatment group compared to the control
group. This decrease may be due to the hyperestrogenic
effect of TAM.

As a result, we showed that TAM changes the IGF-1
and IGF-1R expressions in the ovary in a dose-dependent
manner. TAM may stimulate IGFs in ovarian follicles and
show an agonist effect on estrogen, leading to polycystic
ovary syndrome in mice. Therefore, use of IGF-1
signaling pathway regulators may be considered to
counteract the adverse effects of TAM on the ovary.
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