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Introduction

Adrenergic signaling is activated in response to perceived stress, a complex process
consisting of environmental and psychosocial factors that initiate a cascade of information-
processing events in both the peripheral and central nervous system. Acutely, stress prepares
a person to endure and ultimately survive a threat. However, under states of chronic stress,
exposures to social stressors can have negative health implications if unrelenting and
overwhelming. Until recently, stress was known to increase the risk of cardiac disease,
infection and death [1]. Now, there is growing recognition of the role of chronic
neuroendocrine stimulation in altering various cellular processes, such as adhesion of tumor
cells to the extracellular matrix, dysregulated immune surveillance, cancer cell migration
and invasion, angiogenesis, and cell survival, all of which are critical to cancer pathogenesis

[2].

Reproduction is a vital process for the survival of the species and an important mechanism
of natural selection. Chronic stress leads to a state of disrupted homeostasis, under which
reproductive function may be impaired due to the central and peripheral actions of stress
hormones. This imbalance has been linked to various reproductive dysfunctions ranging
from mild disruption of menstrual cycles and polycystic ovary syndrome, all of which have
been associated with an increased risk of gynecological malignancies such as ovarian and
uterine cancers [3-9]. The profound effect of stress on human reproductive/endocrine
physiology and the putative link to cancer has led scientists to examine the molecular
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connections between the neuro-endocrine response and the development of gynecological
cancers.

In this article, we review the evidence linking the neuroendocrine stress response to
disruptions in reproductive physiology, and ultimately to the potential development and
progression of gynecologic malignancies with an emphasis on adrenergic signaling.

A-Neuroendocrine effects on the female reproductive system

In response to environmental stress, the hypothalamus activates the hypothalamic-pituitary-
adrenal (HPA) axis by secreting corticotropin-releasing factor (CRF) and arginine
vasopressin. These signals in turn trigger the release of pituitary peptides produced by
differential cleavage of pro-opiomelanocortin (POMC), most notably adrenocorticotrophic
hormone (ACTH), enkephalins, and endorphins. ACTH then induces downstream release of
glucocorticoids (GCs) from the adrenal cortex. The activation of the sympathetic nervous
system (SNS) by CRF is mediated by direct innervation of the locus coeruleus in the
brainstem, which leads to widespread release of norepinephrine (NE) throughout the brain
and peripheral tissues. Activation of the SNS also stimulates the release of CRF by
hypothalamic paraventricular nuclei. Thus, the stress-response system functions as a
positive, bidirectional feedback loop: activation of one component of the system stimulates
the other components at multiple levels [6, 10] . Centrally acting hypothalamic neuropeptide
corticotropin-releasing hormone (CRH) inhibits hypothalamic gonadotropin-releasing
hormone (GnRH) secretion, which in turn affects pituitary luteinizing hormone (LH) and
follicular stimulating hormone (FSH) release and conversely inhibits gonadal estrogen (E)
and progesterone (P) secretion. Systemically, CRH and associated receptors have been
identified in most female reproductive tissues, including the ovary and uterus where they are
involved in reproductive function [10]. In addition, glucocorticoids secreted from the
adrenal cortex in response to HPA activation also suppress the gonadal axis via receptors in
the female reproductive system [11]. (Figure 1) Chronic stress also activates the SNS which
in turn directly innervates human ovaries to release dopamine and NE, both of which have
been found to affect ovarian function [12]. Catecholaminergic receptors are expressed in
both endovascular and endocrine cells responsible for ovarian follicular development [14,
15]. Thecal and granulosa cells also exhibit a- and f-adrenergic receptors which regulate
cyclic AMP and steroid production [13, 14].

In summary, aside from promotion of cancer via disruption of the hypothalamic-pituitary-
gonadal axis, chronic stress and its ensuing adrenergic response may lead to changes at the
gonadal cellular level that can affect cancer development and progression.

B- Neuroendocrine signaling pathway and cellular function

The main adrenergic receptors involved in the stress response are the alpha (a—ADR) and
beta (B-ADR) adrenergic receptors [15]. In regards to tumor biology and the adrenergic
system, the data predominantly implicates the f—ADRs, a family of G-protein coupled
receptors, which upon binding with ligands, activate a number of cAMP-dependent and
independent phosphorylation signaling cascades. The main p-adrenergic receptors have been
characterized according to their physiological functions. f;-ADRs have chronotropic effects
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(affecting heart rate and thereby increasing cardiac output), release renin, and increase
lipolysis. Bo-ADRs cause dilation of blood vessels and bronchioles, stimulate insulin release,
and increase lipolysis, glycogenolysis, and gluconeogenesis. f3-ADRs are involved in
lipolysis and mediate vascular relaxation but are activated by higher concentrations of
catecholamines[16]. f-adrenergic signaling can affect a broad range of cancer-related
molecular pathways via both direct (e.g. regulation of B-receptor—bearing tumor cells) and
indirect (e.g. regulation of other B-receptor—bearing cells present in the tumor
microenvironment cells, such as epithelial cells, vascular myocytes, pericytes, adipocytes,
fibroblasts, and most lymphoid and myeloid immune cells) mechanisms.

A primary signaling cascade activated by the B-ADRs is the adenylyl cyclase/cAMP/protein
kinase A (PKA) pathway [17]. PKA regulates a wide variety of cellular processes ranging
from metabolism to cell-specific processes such as differentiation, morphology, motility,
secretion, neurotransmission, and gene transcription. PKA induces phosphorylation of
multiple transcription factors, including members of the cAMP response element binding
protein/activating transcription factor (CREB/ATF) family. PKA can also cross-regulate
activity of the pro-inflammatory nuclear factor kappa light chain enhancer of activated B
cells (NF-xB) family and signal transducer and activator of transcription (STAT) family of
transcription factors, and the growth-promoting Ets transcription factors, providing multiple
signaling pathways for functional genomic regulation by catecholamines [18]. This signaling
pathway can be inhibited by the neurotransmitter y-aminobutyric acid (GABA) via the
inhibitory G-protein coupled GABA receptor [18].

A second downstream signaling pathway activated by adrenergic signaling is the cAMP
target, exchange protein activated by adenylyl cyclase, EPAC (also known as Rap guanine-
nucleotide-exchange factor 3 (RAPGEF3)). EPAC was shown to control a number of
cellular processes that were previously attributed to PKA, and overlap exists between the
two pathways [19]. EPAC activates the Ras-like guanine triphosphatase Rap1A, which in
turn stimulates downstream effectors B-Raf, MAP/extracellular signal-regulated kinase 1/ 2
(ERK) [20, 21]. In addition to the well-known effects of the MAPK pathway on cell growth
and proliferation, EPAC signaling accounts for many cAMP-induced effects on cell
morphology, motility, and secretion.

Neuroendocrine signaling can alter the immune system function. Certain cancers are firmly
linked to a weakened immune system, especially virally-mediated cancers. Growth and
progression of virally initiated tumors may be seen during times of high stress. Dysregulated
cortisol and catecholamine release following chronic stress alters immune function.
Described stress induced changes in the immune system include depressed natural killer
(NK) cell cytotoxicity, reduced lymphocyte proliferation, secretion of pro-inflammatory
cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a), and altered
T-cell responses to antigen presentation ultimately lead to decreased immune surveillance
[1] [22- 26].

Adrenergic signaling also plays a pivotal role in angiogenesis. The induction of angiogenesis
is also an important mechanism by which tumors promote their own continued growth and
metastasis [27, 28]. Angiogenesis is important during certain specialized reproductive organ
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functions including endometrial proliferation and embryo implantation. Activation of PKA
by adrenergic receptors leads to triggering of endothelial NO synthase (eNOS) and of nitric
oxide which causes vasodilation. Further, activation of f-ADRSs results in the synthesis of
proangiogenic factors, including vascular endothelial growth factor (VEGF), basic fibroblast
growth factor (bFGF), and matrix metalloproteinases (MMP-2 and MMP-9) which activate
pro-angiogenic cascades (ERK/MAPK) [27] and play pivotal roles in tumor angiogenesis,
migration, and invasive potential [29].

C-Adrenergic signaling and ovarian cancer

Preclinical

Ovarian cancer is the second most common gynecologic malignancy and the most common
cause of gynecologic cancer death in the United States [4]. The majority of ovarian
malignancies (95 percent) are derived from epithelial cells; the remainder arises from other
ovarian cell types (germ cell tumors, sex cord-stromal tumors). High grade serous epithelial
ovarian carcinoma (EOC), fallopian tube, and primary peritoneal carcinomas are considered
a single clinical entity due to their shared clinical behavior and treatment. There is
accumulating evidence of a common pathogenesis for these carcinomas [30]. We will use
the term EOC to refer this group of malignancies in the discussion that follows. The
majority of women with EOC have advanced disease (Stages Il1 or V) at the time of
diagnosis leading to overall 5 year survival rates of 30- 45%. Recent identification of
biobehavioral factors contributing to tumor growth and disease progression provides new
targets for therapy design.

There has been extensive pre-clinical data firmly linking activation of adrenergic signaling
to the growth and progression of ovarian cancer. Most of the data involves animal models
whereby rodents exposed to chronic stress had a significant increase in implanted tumors
[10, 20].

In 2003, Lutgendorf and colleagues found that NE and isoproterenol (an adrenergic agonist)
significantly enhanced VEGF production, which plays a critical role in angiogenesis [28].
These effects were blocked by the non-specific beta-antagonist propranolol, supporting a
role for beta-adrenergic receptors in these in vitro effects. Reverse transcriptase-PCR studies
demonstrated constitutive expression of adrenergic receptors in the cell lines studied [30].

NE and epinephrine (E) were later found to increase the in vitro invasive potential of ovarian
cancer cells an effect that was completely blocked by propranolol. NE also increased tumor
cell expression of MMP-2/MMP-9, and pharmacologic blockade of MMPs abrogated the
effects of NE on tumor cell invasive potential [31]. In an orthotopic mouse model, chronic
behavioral stress resulted in higher levels of tissue catecholamines, greater tumor burden and
a more infiltrative pattern of ovarian cancer. These effects were mediated primarily through
o-ADR activation of PKA signaling pathway. Tumors in stressed animals showed increased
vascularization and enhanced expression of VEGF, MMP-2 and MMP-9, and these effects
could be abrogated by propranolol [17]. MMP-2/MMP-9 are important in the steps of
ovarian cancer invasion and metastasis by mediating degradation of the extracellular matrix
(ECM).
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STAT factors are involved in inhibition of apoptosis, cell cycle dysregulation, induction of
angiogenesis, and evasion of the immune response which are all key pathways in cancer
pathogenesis [32]. Exposure of ovarian cancer cell lines to NE and E increases levels of
phosphorylated STAT3 in a dose-dependent fashion. Activation of STAT3 can also be
inhibited by propranolol. These effects were completely blocked by STAT3-targeting
siRNA. In mice, treatment with liposome-incorporated siRNA directed against STAT3
significantly reduced isoproterenol-stimulated tumor growth [33].

Ovarian cancer cells exposed to NE exhibit lower levels of anoikis, a process by which cells
enter apoptosis when separated from ECM and neighboring cells, leading to tumor cell
survival. In an orthotopic mouse model of human ovarian cancer, restraint stress and the
associated increases in NE/E protected cancer cells from anoikis and promoted their growth
by activating focal adhesion kinase (FAK) which is a non-receptor tyrosine kinase that
mediates physical attachment of cells to their ECM [34].

Interestingly, dopamine, an inhibitory catecholamine, blocks the effects of chronic stress on
tumor growth both in vitro and in vivo. Mice subjected to stress by daily restraint had
significantly increased tumor growth in both immunodeficient (SKOV3ipl and HeyA8) and
immunocompetent (ID8) ovarian cancer models. This increased growth was completely
blocked with dopamine replacement. Dopamine treatment also blocked the stress-induced
increase in angiogenesis as exhibited by decreased mean vessel density counts in these
tumor samples. Dopamine significantly inhibited cell viability and stimulated apoptosis in
vitro. Moreover, dopamine reduced cyclic AMP levels and inhibited NE and VEGF-induced
Src kinase activation [35].

Translational/clinical

Motivated by previous indications that adrenergic signaling can promote tumor growth,
investigators sought to determine whether similar dynamics occur in primary human ovarian
cancer. Building on their preclinical knowledge, Lutgendorf and colleagues analyzed
intratumoral NE levels from 68 patients with ovarian carcinoma by comparing patients with
high depressive symptoms and low social support prior to surgery to patients with low levels
of depressive symptoms. Higher tumor NE levels correlated with advanced stage (p=0.006)
and higher grade (p=0.001) tumors. Patients with a perceived lack of social support also had
significantly higher tumor NE (p=0.012). A similar trend was seen in human ascites NE
levels (p=0.075) [36]. A study examining distress in ovarian cancer patients found that
tumor samples from depressed patients with low social support showed significant
elevations in MMP-9 in tumor-associated macrophages. Others have shown ovarian cancer
patients with higher social support have lower tumor levels of MMP-9 and VEGF and lower
serum and ascites VEGF [37, 38].

DNA microarray analyses of ovarian cancer samples identified 266 human transcripts that
were differentially expressed in tumors from patients with elevated biobehavioral risk
factors (high depressive symptoms and low social support) relative to grade- and stage-
matched tumors from low-risk patients. Promoter-based bioinformatic analyses indicated
increased activity of several beta-adrenergically-linked transcription control pathways (e.g.
CREB/ATF, NF-kappaB/Rel, STAT, and Ets family transcription factors). Consistent with
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increased beta-adrenergic signaling, high biobehavioral stress correlates with increased
intra-tumor concentrations of norepinephrine, but no difference in plasma norepinephrine.
These data suggest that genome-wide transcriptional profiles are significantly altered in
tumors from patients with adverse behavioral risk profiles, and they identify beta-adrenergic
signal transduction as a likely mediator of those effects [18].

A prospective study examining how social support relates to long-term survival among
consecutive patients with ovarian cancer showed that social attachment is associated with a
survival advantage for patients with ovarian cancer. Patients were prospectively recruited
during a pre-surgical clinic visit and completed surveys before surgery. One hundred sixty-
eight patients with histologically confirmed epithelial ovarian cancer were observed from
the date of surgery until death or December 2010. After adjusting for disease stage, grade,
histology, residual disease and age, greater social attachment was associated with a lower
likelihood of death (hazard ratio 0.87; p = .018). The median survival time for patients with
low social attachment 3.35, in contrast, by study completion, 59% of patients with high
social attachment were still alive after 4.70 years. This study highlights the importance of
support activities during adjuvant therapy and how social support may act as stress buffer
which leads to decreased adrenergic effects on the tumor[39].

Epidemiologic

The epidemiologic data specifically assessing the relationship between gynecological
malignancies and adrenergic signaling has been sparse compared to the pre-clinical data
available. Until recently, the data was limited to a case-control study conducted in eastern
Massachusetts and New Hampshire. A total of 563 women with ovarian cancer diagnosed
between 1992 and 1997 were interviewed and compared to 523 controls. The use of several
psychotropic medications including amphetamines was assessed. Self-reported use of
psychotropic medication for 6 months or longer was associated with a statistically
significant increase in risk of invasive ovarian cancer. The association was largely confined
to use of medications that act on the adrenergic response to inhibit the reuptake of dopamine
and NE (OR, 2.9; Cl, 1.3-6.4) [40].

Recently, data linking adrenergic blockade to cancer progression, led to two studies
assessing the association between beta-blockers intake and EOC recurrence. A retrospective
review of patients with EOC treated at a single institution with cytoreductive surgery
followed by platinum-based chemotherapy, found that patients on beta-blocker had a 50%
reduced chance of cancer death compared to non-users (p=0.03) [41]. A larger multi-
institutional retrospective cohort of 1,425 patients with EOC found an improved survival for
patients on beta-blockers compared to non-users and will be presented at the Society of
Gynecologic Oncology 2013 Annual Meeting. Currently, a prospective clinical trial is
underway to evaluate the use of beta-blockers peri-operatively and during chemotherapy for
EOC patients [42].

D. Adrenergic signaling in cervix cancer

The primary cause of cervical cancer is infection with certain types of human papilloma
virus (HPV) [43]. Worldwide, cervical cancer is the second most common cause of cancer
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deaths in women [44]. Virally mediated cancer may be promoted through p-ADR mediated
immune suppression and other pathways [24-26]. Psychoneuroimmunological effects in
patients with early cervical cancer cell transformation as demonstrated by the regression and
disappearance of HPV are mediated via a cell-mediated immune response involving T
helper type 1 (TH1) cells, NK cells, and interleukin (IL)-10 [45, 46]. In the setting of
inadequate immunity and elevated psychological stress, HPV infection is more likely to
persist [46-50]. Studies of other virally mediated cancers support the importance of p-ADRs
in cancer progression. Importantly, oral squamous cell carcinoma (potentially HPV-related)
cells express high levels of B,-ADR, and its expression is significantly correlated with
lymph node metastasis and advanced tumor stages [51, 52].

Cigarette smoking may contribute to HPV infection, and HPV infection has been noted to
persist in smokers [53]. Persistence of infection has been associated with presence of serum
cotinine concentrations although the actual mechanism is unclear [53, 54]. However,
researchers have noted that nicotine promotes gastric, pancreatic, lung, esophageal, and
colon tumor and melanoma growth and angiogenesis via f-ADR activation with subsequent
stimulation of cyclooxygenase-2, prostaglandin E,, and VEGF [55-60]. The mechanistic
links between adrenergic stimulation and cervical cancer require additional work.

Translational/Clinical

Cervical cancer patients are of particular interest regarding the impact of the stress response
given the evidence that women diagnosed with cervical cancer may develop greater
disruption of quality of life (QOL) than patients with other types of cancer [61]. Further,
multiple investigators have suggested an association between stress and dysplasia and that
psychoneuroimmunological mechanisms play a role in human papillomavirus (HPV)-
mediated cervical neoplasia, the initiation point for development of invasive cancer [46-48].
For example, Pereira showed that in HI\VV-positive women, increased life stress correlated
with progression and persistence of HPV-mediated cervical neoplasia [46]. Further in a
small study, cervical dysplasia patients had significant differences in cortisol levels
compared with healthy controls [48].

As mentioned previously, in an animal model increased ovarian tumor vascularization and
enhanced expression of VEGF and MMP-2 and -9 in tumor cells of stressed animals could
be abrogated by the 3-adrenergic antagonist propranolol [17]. Supporting a relationship
between B-ADR stimulation and cervical cancer neoplasia, VEGF expression and
microvessel density counts have been documented to progressively increase during the
transition from normal cervical epithelium to squamous cell carcinoma [62-67] .
Polymorphisms of VEGF genes may correlate with survival of early-stage cervical cancer
by modulating angiogenesis as measured according to microvessel density [68].
Additionally, the HPV-18 E6 oncoprotein is known to induce VEGF transcription in a p53-
dependent manner [69].

Decreasing the expression of VEGF in tumor cells by reducing the stress response may be
an interesting method of cervical cancer therapy since microvessel density is associated with
positive lymph node status, poor prognosis, and increased risk of recurrence in women with
cervical cancer [64-67]. Five-year survival rates for cervical tumors with high and low
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microvessel densities are 50% and 65%, respectively [67]. Finally, serum VEGF levels are
significantly elevated in cervical cancer patients with large and/or high-grade tumors or
those who smoke [55, 70].

To date, much targeted therapy for recurrent cervical cancer has focused on the use of
angiogenesis inhibitors. In heavily pre-treated cervical patients, these trials have
demonstrated clinically significant response rates of 10-34%, with stable disease rates of
23-33% and limited response durations. However, agents used in these trials, such as
bevacizumab, are expensive and until significant improvement in progression-free survival
(PFS) and overall survival (OS) is demonstrated, their use will be relatively restricted to
clinical trials [71, 72]. Research is clearly needed for development of effective treatment of
this preventable cancer.

Interleukins, stress, and cervical cancer development

IL-10 is an immunosuppressive mediator of stress-induced immunosuppression. IL-10 is
extremely important for the initial transformation of cervical dysplasia to premalignant
lesions. Investigators have shown that IL-10 expression is directly proportional to the
development of HPV-induced cervical cancer [73]. In mouse models, stress-induced
increases in IL-10 expression can be prevented by treatment with nadolol, a 1/2 blocker as
well as a benzodiazepine, an anxiolytic [45]. In a study of a behavioral (telephone-mediated)
intervention targeting cervical cancer survivors, improvement in QOL was seen in the
intervention cohort and importantly correlated with an inverse association between
modulation of QOL and serum levels of IL-10 [74].

Chronic stress is associated with increased IL-6, IL-8 and IL-10 [75-77]. Although relatively
little data on IL-6 and cervical cancer are available, interestingly the stress hormones
(norepinephrine and cortisol) can increase IL-6 mMRNA production in oral squamous cell
carcinoma cells, and this effect is blocked by treatment with propranolol. In a study of
patients with cervical dysplasia, IL-6 and IL-8 concentrations in cervicovaginal washings
were progressively higher in non-affected patients, cervical carcinoma in situ (non-invasive
dysplasia) patients, and cervical cancer patients respectively [45]. IL-8 has a key role in
regulation of angiogenesis, chemotaxis, and enhancement of growth in a variety of tumors.
IL-8 contributes to the migration of tumor cells toward blood vessels and provides
proliferative and anti-apoptotic signals to tumor cells and is produced by tumor cells and
macrophages [78, 79]. IL-8 overexpression is associated with advanced disease stage, high
tumor grade, and decreased OS in cervical cancer patients [80]. Furthermore, IL-8 is thought
to have an effect on tumor growth owing to expression of an angiogenic factor supplied by
macrophages within and around cervical tumors. IL-8 expression has correlated with
microvessel counts in cervical cancer patients, and microvessel density correlates with
radioresistance and decreased OS [80, 81]. Poorly oxygenated cervical tumors have
increased microvessel densities, and this has correlated with decreased survival duration
[81].

Due to the younger age of cervical cancer patients, it may be difficult to detect beta-blocker
effects in an epidemiologic study. However, we have recently completed initial
immunohistochemistry work documenting increased f1-ADR expression and f2-ADR
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expression in a cohort of tissue from cervical cancer patients. f2-ADR was significantly
related to survival (p = 0.038) (SGO submission 2013).

Psychological interventions aimed at stress reduction may help cancer patients through a
variety of mechanisms, including reducing the severity of side effects of cancer and its
treatment, as well as anxiety and distress. More recently, these interventions have been
linked with improved immune function which may result in “improved OS durations” [46,
74, 82]. Based on our preliminary observations, we plan to initiate a clinical trial evaluating
the effect of B-adrenergic blockade using propranolol and stress reduction to treat advanced
incurable cervical patients. This trial will include translational end-points as well as QOL
assessments. We believe that targeting the effects of psychological and physiologic stress
with pharmacologic, psychological interventions, or both may be extremely effective in this
world-wide killer of women.

E- Adrenergic signaling and endometrial cancer

Endometrial cancer is the most common gynecologic malignancy in the United States, and
each year the number of patients diagnosed with endometrial cancer increases due to the
obesity epidemic fully underway in the Western world and starting even in developing
Eastern nations. Risk factors for developing endometrial cancer partially stemming from
obesity related insulin resistance include irregular menstrual cycles and polycystic ovarian
syndrome [5]. For over a decade, numerous studies and meta-analysis have shown that
polycystic ovary syndrome has been linked to the development of endometrial cancers [5,
83]. PCOS patients have been shown to have increased HPA-axis mediators such as ACTH
and cortisol as well as IL-6 which are known to affect the tumor environment in other
cancers [84, 85].

Preclinical/translational

To date, there is limited information about the importance of adrenergic receptors in
endometrial cancer. Hypothetically, B-ADRs may play a more specialized role in
development of uterine cancer. In contrast to the other gynecologic cancers where the -
ADR is important, the limited data on beta adrenergic receptors is focused on the f3, ADR
since it is one of the genes important in obesity and insulin resistance [86]. However, this
area will require further investigation to understand the full scope of such effects.

The endometrial metabolic syndrome is characterized by abdominal obesity, impaired
insulin sensitivity, hypertension, dyslipidemia, hyperglycemia, and a systemic pro-
inflammatory state [87, 88]. In an in vivo model, chronic stress combined with a high-fat/
high sugar diet led to increase of the sympathetic neurotransmitter, neuropeptide Y (NPY)
accelerating diet-induced obesity and insulin resistance are both key risk factors for
endometrial cancer [89]. The neuropeptide Y5 receptor has been cloned in the endometrial
cancer cell line HEC-1b, but no further investigations have occurred [90]. In summary, the
role of adrenergic pathways in endometrial cancer is yet to be elucidated.
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F-Future directions

Collectively, there is strong and growing evidence to suggest the importance of adrenergic
pathways in gynecologic malignancies especially in ovarian cancer. Despite the significant
progress seen in the past decade linking biobehavioral factors and tumor progression,
additional research is required to completely understand how stress hormones affect cancer
initiation, growth and metastatic cascades. Such research efforts may lead to the
development of new behavioral and pharmacological alternatives for the treatment of cancer
patients especially in the context of individualized medicine.
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Figure 1. Potential effects of chronic stress on the reproductive system
Chronic stress increases corticotropin-releasing factor (CRF) which in turn activates the

hypothalamic-pituitary-adrenal (HPA) axis, sympathetic nervous system (SNS), and
suppresses the hypothalamic-pituitary-gonadal (HPG) axis through decreases in
gonadotropin-releasing hormone (GnRH). These changes lead to decreases in pituitary
luteinizing hormone (LH) and follicular stimulating hormone (FSH) and conversely inhibit
ovarian estrogen (ES) and progesterone (P) secretion. Ultimately chronic activation of the
stress pathways, lead to potential disruptions in reproductive organ function. Epinephrine
(E); Glucocorticoids (GC); Norepinephrine (NE); Polycystic Ovary syndrome (PCOS).
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