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ABSTRACT

It is a clinical evidence that breast cancer triple negative for
ER, PgR and HER-2, the so-called triple negative breast
cancer (TNBC), represents the most aggressive form of the
mammary tumors. In addition to the stimulatory role of
estrogens, EGF, IGF-1 and IGF-2 on breast cancer cell
proliferation, PRL has been proven to be another potential
important growth factor for breast cancer development either
in vitro, or in vivo, since the evidence of hyperprolactinaemia
has appeared to be associated with a poor prognosis and with
a lack of response to both chemotherapy and endocrine tumor
therapies in metastatic breast cancer women. The frequency
of hyperprolactinemia in metastatic breast cancer women with
tumors other than TNBC is less than 30%, while at present
there are no data about PRL behaviour in TNBC. This
preliminary study was performed to evaluate PRL secretion in
TNBC with locally limited or metastatic disease. The study
included 30 patients, 20 of whom showed distant organ
metastases. The control group consisted of 50 women with
mammary tumors other than TNBC, 26 of whom had distant
metastases. No significant difference in the percent of
hyperprolactinaemia and in PRL mean levels was seen
between non-metastatic TNBC and non-metastatic control
patients. On the contrary, both the percentage of
hyperprolactinaemia and PRL mean levels observed in
metastatic TNBC women were significantly higher than those
found in metastatic controls. In addition, both lymphocyte
count and lymphocyte-to-monocyte ratio mean values were
significantly lower in metastatic TNBC patients with high
PRL values than in those with normal PRL levels. The results
of this preliminary study, by showing a greater percentage of
enhanced PRL secretion, would suggest a possible
involvement of PRL, whose stimulatory role on mammary
tumor cell proliferation is well known, in TNBC progression
and dissemination, as confirmed by the evidence of a more
severe status of immunosuppression in metastatic TNBC with
hyperprolactinaemia.
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INTRODUCTION

The breast cancer represents the human neoplasm, whose prognosis may be better predicted on the
basis of well defined biological parameters reflecting the biological malignancy of tumor itself. In
particular, it has been established that the expression of estrogen receptor (ER) and progesterone
receptor (PgR) is associated with a better prognosis, whereas the positivity for epidermal growth
factor (EGF)-receptor-2 (HER-2) may predict a more aggressive malignancy. However, the most
aggressive behavior has been found in the presence of mammary tumors, which are negative for the
three main prognostic biomarkers of breast cancer, including ER, PgR and HER-2, the so-called
triple negative breast cancer (TNBC), because of its preferential early recurrence in visceral organs,
including brain, except for the apocrine variant, which is constantly triple negative, but with a better
prognosis (1,2). TNBC represents approximately 10-15% of all breast tumors. The more aggressive
behaviour of TNBC is also documented by the low efficacy of chemotherapy because of the rapid
occurrence of chemo-resistance (1,2). Most TNBC are consisting of basal-like cells rather than
luminal ductal cells, as well as the other most typical mammary tumors. Moreover, tumors that are
BCRA-1 deficient are most generally basal-like TNBC. Then, because of its lack of ER, PgR and
HER-2, the growth of TNBC would depend on the stimulation of receptors for growth factors other
than the most commonly investigated, including estrogens and EGF. In fact, the development of
both normal and cancer breast cells has appeared to depend on several other growth factors, in
particular, prolactin (PRL) (3), insulin-like growth factor (IGF)-1 and -IGF-2 (4), and EGF itself by
acting on another EGF receptor, the EGF-R1, also called HER-1 (1,2). IGF-1, IGF-2 and PRL, as
well as EGF, exert their activity by acting on their specific receptors. Therefore, it has to be
established which relation may exist among the various growth factors for breast cancer. One of the
most promising breast cancer growth factor is PRL itself (3), which has appeared to be involved in
promoting both onset and progression of mammary tumors. PRL acts on own specific cell surface
receptors. PRL receptor (PRL-R) is a transmembrane protein, that belongs to the cytokine receptor
superfamily, and at present, at least five isoforms of PRL-R have been identified, which differ only
in the length of their intracellular domain (5). PRL-R expression would occur in about 60% of
human breast cancers, but its prognostic significance is still controversial since either a better or a
poor prognosis have been reported in relation to the positivity for PRL-R in mammary tumors (5).
In contrast, most studies agree with the evidence of an over-expression of PRL-R in mammary
tumors with respect to the normal breast tissue (5). In any case, PRL would promote breast cancer

cell proliferation through several mechanisms (6-9), including the activation of Jak2/Stat 5, PI3K

Citation: Messina G et al. ljsrm.Human, 2018; Vol. 9 (3): 63-71.



www.ijsrm.humanjournals.com

and MAPK signaling pathways (5-7), and the stimulation of IGF-1R, IGF-2R and EGF-R
expressions (8, 9). Moreover, PRL may promote breast cancer growth by inducing the production of
a protein, the so-called PRL-induced protein (PIP), which has appeared to promote tumor cell
invasion and to enhance the proportion of TNBC (10). Finally, PRL may act as an angiogenic factor
in stimulating breast cancer growth (9). Because of the fundamental role of estrogens in the
pathogenesis of mammary tumors, the major question regards the relation between the expression of
PRL-R and that of ER (9), which exists in two different forms, ER-alpha and ER-beta. ER-alpha
expression has appeared to the higher in mammary tumors, whereas ER-beta expression is

predominant in the normal mammary tissue.

PRL-R expression has appeared to be positively correlated with the only ER expression, whereas no
correlation was seen with the other main prognostic factors for breast cancer, including PgR
expression, grade, tumor size and node involvement (5,6). In contrast, other authors have described
a higher PRL-R expression in most cases of ER-negative breast tumors (7). Therefore, at present, it
is still unknown whether PRL-R expression may constitute a new independent biological prognostic
variable for mammary tumors. However, despite the well demonstrated role of PRL in the
pathogenesis of mammary tumors, the clinical studies performed to investigate the importance of
the control of PRL secretion in the treatment of advanced breast cancer patients are still at the
beginning, and at present there are no data about PRL secretion in TNBC patients and the possible
involvement of PRL in the progression of TNBC. The majority of TNBC have been shown to
present a high expression of HER-1 (1,2) since an EGF-R1 overexpression has been found in about
55% of TNBC, but its role in TNBC growth is still unclear since controversial results have been
reported with EGF-R antagonists in the treatment of TNBC. In addition, TNBC tends to present
high intra-5-9).tumoral concentrations of vascular endothelial growth factor (VEGF) (1,2). Then, it
is probable that TNBC may be a heterogeneous group of tumors, with several subtypes
characterized by different molecular alterations. In particular, it could be possible to identify two
different TNBC subtypes in relation to PRL-R expression, with the evidence of a quadruple
negative breast cancer in the presence of lack of PRL-R expression and of TNBC only, but positive
for PRL-R. Finally, PRL has also been proven to exert immunomodulating effects on the anticancer
immunity, whose effects, however, are still controversial, since both immunostimulatory and

immunosuppressive effects have been reported (5, 9).
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From a clinical point of view, metastatic breast cancer women may present abnormally high blood
levels of PRL in about one third of cases (11,12). Therefore, because of the very high incidence of
breast cancer in the world, the metastatic breast cancer would constitute one of the main causes of
hyperprolactinaemia in humans. In contrast, despite its frequency, metastatic breast cancer-related
abnormally high PRL serum levels are generally not included within the common causes of
hyperprolactinaemia by the Endocrinologists, since their clinical studies are still limited to the
diseases of the endocrine glands, rather than to involve the endocrine alterations occurring in
pathologies other than those of the endocrine glands. Moreover, it has been demonstrated that the
evidence of elevated pre-treatment blood levels of PRL may predict not only a poor prognosis in
terms survival time, but also in terms of reduced response to chemotherapy and to endocrine
therapy, by preventing the apoptosis of breast cancer cells through a stimulation of bcl-2 expression,
with a following decrease in the cytotoxic and cytostatic potency of the different anticancer
treatments (11-12). The mechanisms responsible for metastatic breast cancer related-
hyperprolactinemia are still to be better investigated. Since PRL may be produced not only by the
pituitary gland, but also by some other normal cell lines, namely the breast tissue, and breast cancer
cells as an autocrine production (13), the high blood concentrations of PRL, which may occur with
breast cancer progression, could be the consequence of a possible alteration in the dopaminergic
control of PRL release, or be due to a direct autocrine production by breast cancer cells themselves.
This finding could explain the controversial results on the effects of a normalization of PRL blood
levels by a concomitant anti-prolactinaemic dopaminergic therapy on chemotherapy and endocrine
therapy efficacy in hyperprolactinaemic metastatic breast cancer patients, since either no effect (13),
or an enhanced efficacy of the various anticancer treatments (14) have been described. These
controversial results could simply depend on the fact that the dopaminergic agents may reduce the
only pituitary secretion of PRL, whereas they would have no effect on the autocrine tumor
production of PRL, whose activity could be blocked only by antagonists of PRL or its receptors
(14). Finally, no study has been performed to evaluate which relation may exist between PRL blood
levels and immune status of breast cancer patients, at least in part because of the excessive cost of
an adequate immune clinical investigation by measuring lymphocyte subsets and cytokine blood
concentrations. Recently, however, it has been shown that the simple lymphocyte-to-monocyte ratio
(LMR) may reflect the relation existing between the activation of the anticancer immunity, mainly
mediated by lymphocytes, and its macrophage- and regulatory T cells (T reg)-mediated

immunosuppression, and that the evidence of an abnormally low LMR value less than 2.1 is
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associated with a poor prognosis, a diminished response to the different treatments and a lower

survival time (15).

This preliminary study was performed to evaluate PRL blood levels in a group of TNBC with
locally limited or metastatic disease, by correlating its levels with the immune status of cancer

patients.
MATERIALS AND METHODS

The study included 30 consecutive TNBC women (median age: 48 years, range 28-73), 20 of whom
had a metastatic disease (visceral lesions: 14; non-visceral lesions: 6), while the remaining 10
patients had a locally limited disease. Dominant metastasis sites were, as follows: soft tissues: 4;
bone: 2; lung:3; liver:6; brain:5. The menopausal status was premenopausal in 9 and
postmenopausal in the other 21 women. Twelve patients were pretreated by chemotherapy, whereas
the remaining 18 patients received no previous chemotherapy. The eligibility criteria were, as
follows: histologically and immuno-histochemically proven TNBC, measurable lesions, no double
tumor, and no chronic therapy with drugs stimulating PRL secretion, including anti-dopaminergic
agents, opioids and neuroleptic drugs. Moreover, none drug was given from at least 24 hours prior
to study. The results were compared to those of a historical control group consisting of age-matched
50 patients, 24 of whom were non-metastatic patients, while the other 26 women had a metastatic
disease. Serum levels of PRL were measured in duplicate by an immunoradiometric (IRMA)
method on peripheral venous blood samples drawn at 8.00 A.M. after an overnight fast. Normal
values of PRL observed in our laboratory (95% confidence limits) were below 23 ng/ml. LMR
values observed in our laboratory were normal when they were greater than 2.1. Data were reported
as mean +/- SE. The results were statistically analyzed by the Student’s t-test and the chi-square

test, as appropriate.
RESULTS

High PRL serum levels were seen in 12/30 (40%) TNBC patients. The percentage of hyper-
prolactinaemia observed in non-metastatic breast cancer patients of the control group was not
statistically significantly different with respect to that found in those with non-metastatic TNBC
women (1/24 (4%) vs 1/10 (10%)). On the contrary, metastatic TNBC patients showed a percentage
of abnormally elevated PRL serum levels statistically significantly higher with respect to that seen
in metastatic breast cancer patients with tumors other than the TNBC ( 11/20 (55%) vs 6/26 (27%),
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P < 0.05). PRL mean serum levels observed in TNBC patients and in breast cancer controls are
shown in Table 1. In the non-metastatic group, no significant difference in PRL mean levels was
found between TNBC and breast cancer women. On the contrary, metastatic TNBC showed PRL
mean levels statistically significantly higher than those observed in metastatic breast cancer women
other than TNBC (P < 0.05). Moreover, within the TNBC group, metastatic patients showed PRL
mean levels statistically significantly higher than those found in non-metastatic patients (P < 0.001).
No statistically significant differences in PRL mean levels were seen between metastatic TNBC
patients with visceral lesions and those with non-visceral lesions. On the same way, significant
differences were seen neither between untreated and pre-treated patients by chemotherapy nor
between premenopausal and postmenopausal TNBC patients. LMR mean values and lymphocyte
mean count in relation to PRL levels are reported in Table 2. Lymphocyte mean number observed
in TNBC patients with normal PRL levels were significantly higher than that found in the normo-
prolactinaemic ones (P < 0.025). On the same way, within the metastatic TNBC group,
hyperprolactinaemic patients showed lymphocyte mean count significantly lower than those with
normal PRL levels ( P <0.01). In addition, an abnormally low LMR was seen in 3/20 (15%) TNBC
metastatic patients, and in none of those with locally limited tumor. TNBC patients with high PRL
levels showed a statistically significantly lower LMR mean values than the normo-prolactinaemic
ones P <0.025). Finally, within the metastatic group, LMR mean values observed in patients with
abnormally high PRL levels were significantly lower than in the non-prolactinemic metastatic ones
(P <0.01).
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Table 1. PRL mean serum levels in triple negative breast cancer (TNBC) and in mammary

tumors other than TNBC as a control group

SUBJECTS n PRL mean +/- SE

CONTROL BREAST CANCER 50

- Non-metastatic patients 24 11.2+/-1.6
- Metatstatic patients 26 186 +/-14*
TNBC PATIENTS 30

Disease extension

- Non-metastatic patients 10 105+/- 1.6
- Metastatic patients 20 33.3 +/- 6.6**
- Non-visceral lesions 6 35.6 +/- 6.8
- Visceral lesions 14 314 +/- 7.1

Menopausal status

- Premenopausal 9 19.8 +/- 5.3
- Postmenopausal 21 29.2 +/- 9.7
Therapies

- Previous chemotherapy 12 36.6 +/- 7.8

- No previous chemotherapy 18 20.1 +/- 3.9

* P < 0.05 vs non-metastatic controls

** P < (0.05 vs metastatic controls; P < 0.001 vs non-metastatic TNBC
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Table 2. Lymphocyte mean count and lymphocyte-to-monocyte ratio (LMR) mean values in

metastatic and in non-metastatic TNBC patients.

PATIENTS n Lymphocytes (n/mm3) LMR

X +/- SE X +/- SE
Metastatic patients 20 1,604 +/- 211 2.6 +/-0.3
-Normal PRL values 9 1,988 +/- 148* 3.2 +/- 0.2**
-High PRL levels 11 1,125 +/- 202 1.8 +/- 0.3
Non-metastatic patients 10 2,052 +/- 93 4.6 +/- 0.3***

*P < 0.05 vs metastatic patients with high PRL levels;**P < 0.01 vs metastatic patients with high

PRL levels; ***p < 0.01 vs metastatic patients with high PRL levels.
DISCUSSION

In agreement with previous results reported in the literature (12-17), the study confirms the possible
occurrence of an enhanced PRL production in the metastatic breast cancer. Moreover, the study
would suggest that the metastatic TNBC is associated with hyperprolactinemia in a percentage
superior to that occurring in metastatic breast tumors other than TNBC. Since PRL may be a growth
factor for breast cancer, the more aggressive behaviour of the TNBC could be due at least in part to
the enhanced endogenous PRL production, which may depend on a pituitary endocrine alteration
and/or a direct autocrine production by cancer cells themselves (13). Obviously, the potential
stimulatory role of PRL on breast cancer growth would require the expression of PRL-R. Therefore,
further studies will be required to identify a possible TNBC subtype, negative for ER, PgR, HER-2,
but positive for PRL-R. If successive studies will confirm the pro-tumoral role of PRL in TNBC
and most in general in mammary tumors, the control of PRL endogenous production and activity by
long-term dopaminergic agents, such cabergoline and bromocriptine (20, 21), and/or PRL and PRL-

R antagonists, could constitute a new hormonal strategy in the endocrine approach to cancer

Citation: Messina G et al. ljsrm.Human, 2018; Vol. 9 (3): 63-71.



www.ijsrm.humanjournals.com

therapy. At present, it is not possible to establish the prognostic significance of an enhanced PRL
secretion in TNBC, and further longitudinal studies will be required to establish whether the
enhanced PRL production may allow a different survival. However, according to these preliminary
results, the occurrence of hyper-prolactinaemia in metastatic TNBC seems to be associated with a
more severe status of immunosuppresion, as shown by the lower lymphocyte count and LMR in
hyperprolactinaemic TNBC, which have both seen to predict a worse prognosis and to be associated

with a reduced survival.
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