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Abstract

The hypothalamic neuroendocrine system has extensive and bidirectional interactions with immune system. In
parallel with the hypothalamic-pituitary-adrenal axis, the oxytocin-secreting system composed of hypothalamic
oxytocin neurons and their associated neural tissues has also emerged as a major part of the neuroendocrine center
that regulates immunologic activities of living organisms. This oxytocin neuron-immune network can synthesize and
release many cytokines and oxytocin while being the target of both oxytocin and cytokines by the mediation of
corresponding receptors. Pathogens and cytokines along with the humoral and neural activities induced by them
provide afferent input onto oxytocin neurons while oxytocin, cytokines and autonomic nervous systems convey
efferent signals from the oxytocin-secreting system to the immune system. Serving as an integrative organelle, the
oxytocin-secreting system coordinates all neural, humoral and immunologic signals to change immunologic activities
through releasing oxytocin into the brain and blood to minimize pathological injury and secure the functional stability
of our body. Oxytocin exerts these effects through strengthening surface barriers and maintaining immunologic
homeostasis involving both humoral immunity and cellular immunity. In this review, we revisit the novel concept: the
oxytocin-secreting system is the center structure in the oxytocin neuron-immune network.
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Introduction
The neuroendocrine system has close interactions with the immune

system. Their bidirectional communications emerged decades ago. On
the one hand, there is a flow of information from the activated
immune system to the hypothalamus. Antigenic stimulation changes
the electrical activity of the hypothalamus and major endocrine
responses; following thymectomy, hypothalamic cells degenerate
extensively, appearing losses of nuclei or shrunk markedly [1,2]. On
the other hand, the autonomic nervous system and neuroendocrine
outflow via the pituitary mediate brain modulation of immunologic
activities [3]. Thus, there is a neuroendocrine-immune network in the
living organisms. In this network, the hypothalamus is the higher
neuroendocrine center that regulates immunologic activities, and the
target of immunologic activities. The immune-regulating ability of the
hypothalamic center is represented by the hypothalamic-pituitary-
adrenal (HPA) axis, the hypothalamic-pituitary-thyroid axis and the
hypothalamic-pituitary-gonad axis [4]. These axes function mainly
through releasing adenohypophysial hormones and are likely decisive
in lymphoid cell homeostasis, self-tolerance, and pathology [4].
Recently, critical roles of hypothalamic oxytocin-secreting system in
immune regulation [5] also become clear following the pioneer insight
of Dr. Pittman [6]. In this review, we further clarify how the oxytocin-
secreting system could be a major part of the neuroendocrine center
that regulates immunologic activities.

The oxytocin neuron-immune network
The oxytocin-secreting system is mainly composed of magnocellular

oxytocin neurons in the supraoptic nucleus, paraventricular (PVN)
nuclei and several hypothalamic accessory nuclei [7], the posterior
pituitary harboring their axonal terminals, their associated glial cells
and presynaptic neurons that directly regulate oxytocin neuron
activities. The parvocellular paraventricular oxytocin neurons are
another branch of the oxytocin-secreting system and the major source
of brain and spinal cord oxytocin [8,9], which have close interactions
with the magnocellular oxytocin neurons [10]. In this system, oxytocin
neurons can sense changes in synaptic innervations [11], astrocytic
activity [12], blood-borne factors [13,14], and self-released chemicals
[15,16] as well as the levels of immune cytokines in the local neural
circuit [17]. Oxytocin neurons subsequently integrate these signals and
regulate immunologic activities by releasing oxytocin into the blood
and the brain [18]. Correspondingly, oxytocin receptors (OXTRs) are
extensively expressed in central and peripheral tissues [19] including
classical immune organs, tissues and cells, such as monocytes and
macrophages [20], thymic T-cells [21], and mesenchymal stromal cells
of adult bone marrow [22]. Thus, oxytocin can modulate activities of
both the innate and acquired immune systems while exerting broad
effects on the activity of central and peripheral tissues [23]. Conversely,
oxytocin neurons also express many cytokine receptors, such as
interleukin (IL)-6 [24] and receive modulation of immunologic
activities [2]. Thus, the oxytocin-secreting system and the immune
system form a functional unit in our body’s defense system.

In the oxytocin neuron-immune network, the oxytocin-secreting
system is considered as a major part of the neuroendocrine center
regulating immunologic activity [5], which possesses the following
features.
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The



oxytocin secretion [14]. This relationship allows positive feedback



of individual cells, tissues and organ systems, oxytocin can strengthen
the physical barriers and in turn enhance body’s defense ability.

Along with the physical barriers, oxytocin can also exert the
defensive functions by using chemical barriers through mobilization of
some anti-pathogenic chemicals. For instance, in the respiratory tract
epithelium of rats infected with Escherichia coli, oxytocin can activate
the protective functions of the epithelial secretory cells by supporting
their protein-synthetic and mucin-producing functions, and thus
stabilize the protective epithelial mechanisms [74]. By this way,
oxytocin helps to limit the number and activity of pathogens that exist
on the surface of the physical barriers.

On the other hand, injury can significantly increase oxytocin levels
in the brain as shown in rats with acutely induced pancreatitis [75] and
in the blood as seen in a chronic inflammatory/nociceptive stress
model [76]. Thus, in response to nociceptive stimuli, the oxytocin-
secreting system can reactively release more oxytocin into the brain
and the circulation, and thus strengthen the surface barriers by
maintaining the structural integrity of cells, tissues and body’s surface,
and by inhibiting bacteria.

Innate immune system: If a pathogen breaches the surface barriers
and gets into the body, the innate immune system can provide an
immediate response by releasing antibacterial molecules and
mobilizing immune cells. Different from the actions of other
immunologic modulators, the effect of oxytocin on the innate
immunity is at mobilizing the immune defense potential while
suppressing pathogenic injury due to over-reactions of the innate



In addition, oxytocin is also involved in anaphylaxis. Anaphylaxis is a

http://www.ncbi.nlm.nih.gov/pubmed/849642
http://www.ncbi.nlm.nih.gov/pubmed/849642
http://www.ncbi.nlm.nih.gov/pubmed/7152224
http://www.ncbi.nlm.nih.gov/pubmed/7152224
http://www.ncbi.nlm.nih.gov/pubmed/7152224
http://www.ncbi.nlm.nih.gov/pubmed/7152224
http://www.ncbi.nlm.nih.gov/pubmed/10883503
http://www.ncbi.nlm.nih.gov/pubmed/10883503
http://www.ncbi.nlm.nih.gov/pubmed/10883503
http://www.ncbi.nlm.nih.gov/pubmed/23964208
http://www.ncbi.nlm.nih.gov/pubmed/23964208
http://www.ncbi.nlm.nih.gov/pubmed/26616885
http://www.ncbi.nlm.nih.gov/pubmed/26616885
http://www.ncbi.nlm.nih.gov/pubmed/26616885
http://www.ncbi.nlm.nih.gov/pubmed/22092721
http://www.ncbi.nlm.nih.gov/pubmed/22092721
http://www.ncbi.nlm.nih.gov/pubmed/24592219
http://www.ncbi.nlm.nih.gov/pubmed/24592219
http://www.ncbi.nlm.nih.gov/pubmed/6145502
http://www.ncbi.nlm.nih.gov/pubmed/6145502
http://www.ncbi.nlm.nih.gov/pubmed/6145502
http://www.ncbi.nlm.nih.gov/pubmed/2301628
http://www.ncbi.nlm.nih.gov/pubmed/2301628
http://www.ncbi.nlm.nih.gov/pubmed/2301628
http://www.ncbi.nlm.nih.gov/pubmed/22325206
http://www.ncbi.nlm.nih.gov/pubmed/22325206
http://www.ncbi.nlm.nih.gov/pubmed/22325206
http://www.ncbi.nlm.nih.gov/pubmed/23701531
http://www.ncbi.nlm.nih.gov/pubmed/23701531
http://www.ncbi.nlm.nih.gov/pubmed/23701531
http://www.ncbi.nlm.nih.gov/pubmed/25219268
http://www.ncbi.nlm.nih.gov/pubmed/25219268
http://www.ncbi.nlm.nih.gov/pubmed/25219268
http://www.ncbi.nlm.nih.gov/pubmed/22340139
http://www.ncbi.nlm.nih.gov/pubmed/22340139
http://www.ncbi.nlm.nih.gov/pubmed/22340139
http://www.ncbi.nlm.nih.gov/pubmed/26528239
http://www.ncbi.nlm.nih.gov/pubmed/26528239
http://www.ncbi.nlm.nih.gov/pubmed/26528239
http://www.ncbi.nlm.nih.gov/pubmed/15254151
http://www.ncbi.nlm.nih.gov/pubmed/15254151
http://www.ncbi.nlm.nih.gov/pubmed/15254151
http://www.ncbi.nlm.nih.gov/pubmed/15254151
http://www.ncbi.nlm.nih.gov/pubmed/16322347
http://www.ncbi.nlm.nih.gov/pubmed/16322347
http://www.ncbi.nlm.nih.gov/pubmed/16322347
http://www.ncbi.nlm.nih.gov/pubmed/16322347
http://www.ncbi.nlm.nih.gov/pubmed/18752652
http://www.ncbi.nlm.nih.gov/pubmed/18752652
http://www.ncbi.nlm.nih.gov/pubmed/18752652
http://www.ncbi.nlm.nih.gov/pubmed/12097911
http://www.ncbi.nlm.nih.gov/pubmed/12097911
http://www.ncbi.nlm.nih.gov/pubmed/12097911
http://www.ncbi.nlm.nih.gov/pubmed/11274341
http://www.ncbi.nlm.nih.gov/pubmed/11274341
http://www.ncbi.nlm.nih.gov/pubmed/18940936
http://www.ncbi.nlm.nih.gov/pubmed/18940936
http://www.ncbi.nlm.nih.gov/pubmed/18940936
http://www.ncbi.nlm.nih.gov/pubmed/18940936
http://www.ncbi.nlm.nih.gov/pubmed/2158433
http://www.ncbi.nlm.nih.gov/pubmed/2158433
http://www.ncbi.nlm.nih.gov/pubmed/2158433
http://www.ncbi.nlm.nih.gov/pubmed/18583541
http://www.ncbi.nlm.nih.gov/pubmed/18583541
http://www.ncbi.nlm.nih.gov/pubmed/18583541
http://www.ncbi.nlm.nih.gov/pubmed/24967304
http://www.ncbi.nlm.nih.gov/pubmed/24967304
http://www.ncbi.nlm.nih.gov/pubmed/19490366
http://www.ncbi.nlm.nih.gov/pubmed/19490366
http://www.ncbi.nlm.nih.gov/pubmed/19490366
http://www.ncbi.nlm.nih.gov/pubmed/19490366
http://www.ncbi.nlm.nih.gov/pubmed/16584987
http://www.ncbi.nlm.nih.gov/pubmed/16584987
http://www.ncbi.nlm.nih.gov/pubmed/16584987
http://www.ncbi.nlm.nih.gov/pubmed/25209411
http://www.ncbi.nlm.nih.gov/pubmed/25209411
http://www.ncbi.nlm.nih.gov/pubmed/25261093
http://www.ncbi.nlm.nih.gov/pubmed/25261093
http://www.ncbi.nlm.nih.gov/pubmed/25261093
http://www.ncbi.nlm.nih.gov/pubmed/15249729
http://www.ncbi.nlm.nih.gov/pubmed/15249729
http://www.ncbi.nlm.nih.gov/pubmed/15249729


29. Campos-Rodriguez R, Quintanar-Stephano A, Jarillo-Luna RA, Oliver-
Aguillon G, Ventura-Juarez J, et al. (2006) Hypophysectomy and
neurointermediate pituitary lobectomy reduce serum immunoglobulin M
(IgM) and IgG and intestinal IgA responses to Salmonella enterica
serovar Typhimurium infection in rats. Infect Immun 74: 1883-1889.

30. Hansenne I (2005) Thymic transcription of neurohypophysial and
insulin-related genes: impact upon T-cell differentiation and self-
tolerance. J Neuroendocrinol 17: 321-327.

31. Kim SH, MacIntyre DA, Hanyaloglu AC, Blanks AM, Thornton S, et al.
(2016) The oxytocin receptor antagonist, Atosiban, activates pro-
inflammatory

http://www.ncbi.nlm.nih.gov/pubmed/16495563
http://www.ncbi.nlm.nih.gov/pubmed/16495563
http://www.ncbi.nlm.nih.gov/pubmed/16495563
http://www.ncbi.nlm.nih.gov/pubmed/16495563
http://www.ncbi.nlm.nih.gov/pubmed/16495563
http://www.ncbi.nlm.nih.gov/pubmed/15869568
http://www.ncbi.nlm.nih.gov/pubmed/15869568
http://www.ncbi.nlm.nih.gov/pubmed/15869568
http://www.ncbi.nlm.nih.gov/pubmed/26586210
http://www.ncbi.nlm.nih.gov/pubmed/26586210
http://www.ncbi.nlm.nih.gov/pubmed/26586210
http://www.ncbi.nlm.nih.gov/pubmed/26586210
http://www.ncbi.nlm.nih.gov/pubmed/18593851
http://www.ncbi.nlm.nih.gov/pubmed/18593851
http://www.ncbi.nlm.nih.gov/pubmed/18593851
http://www.ncbi.nlm.nih.gov/pubmed/18593851
http://www.ncbi.nlm.nih.gov/pubmed/11587772
http://www.ncbi.nlm.nih.gov/pubmed/11587772
http://www.ncbi.nlm.nih.gov/pubmed/9500146
http://www.ncbi.nlm.nih.gov/pubmed/9500146
http://www.ncbi.nlm.nih.gov/pubmed/9500146
http://www.ncbi.nlm.nih.gov/pubmed/16843070
http://www.ncbi.nlm.nih.gov/pubmed/16843070
http://www.ncbi.nlm.nih.gov/pubmed/16843070
http://www.ncbi.nlm.nih.gov/pubmed/10718919
http://www.ncbi.nlm.nih.gov/pubmed/10718919
http://www.ncbi.nlm.nih.gov/pubmed/10718919
http://www.ncbi.nlm.nih.gov/pubmed/10718919
http://www.ncbi.nlm.nih.gov/pubmed/25025656
http://www.ncbi.nlm.nih.gov/pubmed/25025656
http://www.ncbi.nlm.nih.gov/pubmed/25025656
http://www.ncbi.nlm.nih.gov/pubmed/14759590
http://www.ncbi.nlm.nih.gov/pubmed/14759590
http://www.ncbi.nlm.nih.gov/pubmed/14759590
http://www.ncbi.nlm.nih.gov/pubmed/14759590
http://www.ncbi.nlm.nih.gov/pubmed/21075199
http://www.ncbi.nlm.nih.gov/pubmed/21075199
http://www.ncbi.nlm.nih.gov/pubmed/21075199
http://www.ncbi.nlm.nih.gov/pubmed/18082968
http://www.ncbi.nlm.nih.gov/pubmed/18082968
http://www.ncbi.nlm.nih.gov/pubmed/18082968
http://www.ncbi.nlm.nih.gov/pubmed/18082968
http://www.ncbi.nlm.nih.gov/pubmed/17920243
http://www.ncbi.nlm.nih.gov/pubmed/17920243
http://www.ncbi.nlm.nih.gov/pubmed/17920243
http://www.ncbi.nlm.nih.gov/pubmed/17920243
http://www.ncbi.nlm.nih.gov/pubmed/12020869
http://www.ncbi.nlm.nih.gov/pubmed/12020869
http://www.ncbi.nlm.nih.gov/pubmed/12020869
http://www.ncbi.nlm.nih.gov/pubmed/16553786
http://www.ncbi.nlm.nih.gov/pubmed/16553786
http://www.ncbi.nlm.nih.gov/pubmed/16553786
http://www.ncbi.nlm.nih.gov/pubmed/24724595
http://www.ncbi.nlm.nih.gov/pubmed/24724595
http://www.ncbi.nlm.nih.gov/pubmed/18655897
http://www.ncbi.nlm.nih.gov/pubmed/18655897
http://www.ncbi.nlm.nih.gov/pubmed/23387883
http://www.ncbi.nlm.nih.gov/pubmed/23387883
http://www.ncbi.nlm.nih.gov/pubmed/16614380
http://www.ncbi.nlm.nih.gov/pubmed/16614380
http://www.ncbi.nlm.nih.gov/pubmed/16614380
http://www.ncbi.nlm.nih.gov/pubmed/16614380
http://www.ncbi.nlm.nih.gov/pubmed/16614380
http://www.ncbi.nlm.nih.gov/pubmed/9918223
http://www.ncbi.nlm.nih.gov/pubmed/9918223
http://www.ncbi.nlm.nih.gov/pubmed/9918223
http://www.ncbi.nlm.nih.gov/pubmed/15213363
http://www.ncbi.nlm.nih.gov/pubmed/15213363
http://www.ncbi.nlm.nih.gov/pubmed/21207221
http://www.ncbi.nlm.nih.gov/pubmed/21207221
http://www.ncbi.nlm.nih.gov/pubmed/21207221
http://www.ncbi.nlm.nih.gov/pubmed/21207221
http://www.ncbi.nlm.nih.gov/pubmed/21207221
http://www.ncbi.nlm.nih.gov/pubmed/9629252
http://www.ncbi.nlm.nih.gov/pubmed/9629252
http://www.ncbi.nlm.nih.gov/pubmed/9629252
http://www.ncbi.nlm.nih.gov/pubmed/17504438
http://www.ncbi.nlm.nih.gov/pubmed/17504438
http://www.ncbi.nlm.nih.gov/pubmed/17504438
http://www.ncbi.nlm.nih.gov/pubmed/17504438
http://www.ncbi.nlm.nih.gov/pubmed/15589039
http://www.ncbi.nlm.nih.gov/pubmed/15589039
http://www.ncbi.nlm.nih.gov/pubmed/15589039
http://www.ncbi.nlm.nih.gov/pubmed/8952004
http://www.ncbi.nlm.nih.gov/pubmed/8952004
http://www.ncbi.nlm.nih.gov/pubmed/8952004
http://www.ncbi.nlm.nih.gov/pubmed/8952004
http://www.ncbi.nlm.nih.gov/pubmed/1492361
http://www.ncbi.nlm.nih.gov/pubmed/1492361
http://www.ncbi.nlm.nih.gov/pubmed/1492361
http://www.ncbi.nlm.nih.gov/pubmed/15219775
http://www.ncbi.nlm.nih.gov/pubmed/15219775
http://www.ncbi.nlm.nih.gov/pubmed/15219775
http://www.ncbi.nlm.nih.gov/pubmed/11914117
http://www.ncbi.nlm.nih.gov/pubmed/11914117
http://www.ncbi.nlm.nih.gov/pubmed/11914117
http://www.ncbi.nlm.nih.gov/pubmed/24892749
http://www.ncbi.nlm.nih.gov/pubmed/24892749
http://www.ncbi.nlm.nih.gov/pubmed/24892749
http://www.ncbi.nlm.nih.gov/pubmed/14962074
http://www.ncbi.nlm.nih.gov/pubmed/14962074
http://www.ncbi.nlm.nih.gov/pubmed/14962074
http://www.ncbi.nlm.nih.gov/pubmed/16168966
http://www.ncbi.nlm.nih.gov/pubmed/16168966
http://www.ncbi.nlm.nih.gov/pubmed/16168966
http://www.ncbi.nlm.nih.gov/pubmed/16899582
http://www.ncbi.nlm.nih.gov/pubmed/16899582
http://www.ncbi.nlm.nih.gov/pubmed/16899582
http://www.ncbi.nlm.nih.gov/pubmed/16899582
http://www.ncbi.nlm.nih.gov/pubmed/11901622
http://www.ncbi.nlm.nih.gov/pubmed/11901622
http://www.ncbi.nlm.nih.gov/pubmed/11901622
http://www.ncbi.nlm.nih.gov/pubmed/11901622
http://www.ncbi.nlm.nih.gov/pubmed/21384587
http://www.ncbi.nlm.nih.gov/pubmed/21384587
http://www.ncbi.nlm.nih.gov/pubmed/21384587
http://www.ncbi.nlm.nih.gov/pubmed/21384587
http://www.ncbi.nlm.nih.gov/pubmed/14870468
http://www.ncbi.nlm.nih.gov/pubmed/14870468
http://www.ncbi.nlm.nih.gov/pubmed/14870468
http://www.ncbi.nlm.nih.gov/pubmed/14870468
http://www.ncbi.nlm.nih.gov/pubmed/17826914
http://www.ncbi.nlm.nih.gov/pubmed/17826914
http://www.ncbi.nlm.nih.gov/pubmed/17826914
http://www.ncbi.nlm.nih.gov/pubmed/19628229
http://www.ncbi.nlm.nih.gov/pubmed/19628229


67. Chen D, Zhao J, Wang H, An N, Zhou Y, et al. (2015) Oxytocin evokes a
pulsatile PGE2 release from ileum mucosa and is required for repair of
intestinal epithelium after injury. Sci Rep 5: 11731.

68. Tuqtepe H, Sener G, Biyikli NK, Yuksel M, Cetinel S, et al. (2007) The
protective effect of oxytocin on renal ischemia/reperfusion injury in rats.
Regul Pept 140: 101-108.

69. Dusunceli F, Iseri SO, Ercan F, Gedik N, Yegen C, et al. (2008) Oxytocin
alleviates hepatic ischemia-reperfusion injury in rats. Peptides 29:
1216-1222.

70. Erkanli K, Erkanli Senturk G, Aydin U, Arbak S, Ercan F, et al. (2013)
Oxytocin protects rat skeletal muscle against ischemia/reperfusion injury.
Ann Vasc Surg 27: 662-670.

71. Akdemir A, Erbas O, Gode F, Ergenoglu M, Yeniel O, et al. (2014)
Protective effect of oxytocin on ovarian ischemia-reperfusion injury in
rats. Peptides 55: 126-130.

72. Moghimian M, Faghihi M, Karimian SM, Imani A, Mobasheri MB (2014)
Upregulated Hsp27 expression in the cardioprotection induced by acute

http://www.ncbi.nlm.nih.gov/pubmed/26159321
http://www.ncbi.nlm.nih.gov/pubmed/26159321
http://www.ncbi.nlm.nih.gov/pubmed/26159321
http://www.ncbi.nlm.nih.gov/pubmed/17261335
http://www.ncbi.nlm.nih.gov/pubmed/17261335
http://www.ncbi.nlm.nih.gov/pubmed/17261335
http://www.ncbi.nlm.nih.gov/pubmed/18403049
http://www.ncbi.nlm.nih.gov/pubmed/18403049
http://www.ncbi.nlm.nih.gov/pubmed/18403049
http://www.ncbi.nlm.nih.gov/pubmed/23540672
http://www.ncbi.nlm.nih.gov/pubmed/23540672
http://www.ncbi.nlm.nih.gov/pubmed/23540672
http://www.ncbi.nlm.nih.gov/pubmed/24630974
http://www.ncbi.nlm.nih.gov/pubmed/24630974
http://www.ncbi.nlm.nih.gov/pubmed/24630974
http://www.ncbi.nlm.nih.gov/pubmed/25575521
http://www.ncbi.nlm.nih.gov/pubmed/25575521
http://www.ncbi.nlm.nih.gov/pubmed/25575521
http://www.ncbi.nlm.nih.gov/pubmed/25575521
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4607250/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4607250/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4607250/
http://www.ncbi.nlm.nih.gov/pubmed/19102251
http://www.ncbi.nlm.nih.gov/pubmed/19102251
http://www.ncbi.nlm.nih.gov/pubmed/19102251
http://www.ncbi.nlm.nih.gov/pubmed/26711566
http://www.ncbi.nlm.nih.gov/pubmed/26711566
http://www.ncbi.nlm.nih.gov/pubmed/26711566
http://www.ncbi.nlm.nih.gov/pubmed/19207829
http://www.ncbi.nlm.nih.gov/pubmed/19207829
http://www.ncbi.nlm.nih.gov/pubmed/19207829
http://www.ncbi.nlm.nih.gov/pubmed/19207829
http://www.ncbi.nlm.nih.gov/pubmed/20134190
http://www.ncbi.nlm.nih.gov/pubmed/20134190
http://www.ncbi.nlm.nih.gov/pubmed/20134190
http://www.ncbi.nlm.nih.gov/pubmed/23183119
http://www.ncbi.nlm.nih.gov/pubmed/23183119
http://www.ncbi.nlm.nih.gov/pubmed/23183119
http://www.ncbi.nlm.nih.gov/pubmed/20012748
http://www.ncbi.nlm.nih.gov/pubmed/20012748
http://www.ncbi.nlm.nih.gov/pubmed/20012748
http://www.ncbi.nlm.nih.gov/pubmed/25451977
http://www.ncbi.nlm.nih.gov/pubmed/25451977
http://www.ncbi.nlm.nih.gov/pubmed/25451977
http://www.ncbi.nlm.nih.gov/pubmed/16787287
http://www.ncbi.nlm.nih.gov/pubmed/16787287
http://www.ncbi.nlm.nih.gov/pubmed/16787287
http://www.ncbi.nlm.nih.gov/pubmed/16787287
http://www.ncbi.nlm.nih.gov/pubmed/11268399
http://www.ncbi.nlm.nih.gov/pubmed/11268399
http://www.ncbi.nlm.nih.gov/pubmed/11268399
http://www.ncbi.nlm.nih.gov/pubmed/24205344
http://www.ncbi.nlm.nih.gov/pubmed/24205344
http://www.ncbi.nlm.nih.gov/pubmed/24205344
http://www.ncbi.nlm.nih.gov/pubmed/21215526
http://www.ncbi.nlm.nih.gov/pubmed/21215526
http://www.ncbi.nlm.nih.gov/pubmed/21215526
http://www.ncbi.nlm.nih.gov/pubmed/8793897
http://www.ncbi.nlm.nih.gov/pubmed/8793897
http://www.ncbi.nlm.nih.gov/pubmed/8793897
http://www.ncbi.nlm.nih.gov/pubmed/8633034
http://www.ncbi.nlm.nih.gov/pubmed/8633034
http://www.ncbi.nlm.nih.gov/pubmed/8633034
http://www.ncbi.nlm.nih.gov/pubmed/8303778
http://www.ncbi.nlm.nih.gov/pubmed/8303778
http://www.ncbi.nlm.nih.gov/pubmed/8303778
http://www.ncbi.nlm.nih.gov/pubmed/23961990
http://www.ncbi.nlm.nih.gov/pubmed/23961990
http://www.ncbi.nlm.nih.gov/pubmed/23961990
http://www.ncbi.nlm.nih.gov/pubmed/15916978
http://www.ncbi.nlm.nih.gov/pubmed/15916978
http://www.ncbi.nlm.nih.gov/pubmed/15916978
http://www.ncbi.nlm.nih.gov/pubmed/17192574
http://www.ncbi.nlm.nih.gov/pubmed/17192574
http://www.ncbi.nlm.nih.gov/pubmed/17192574
http://www.ncbi.nlm.nih.gov/pubmed/3998122
http://www.ncbi.nlm.nih.gov/pubmed/3998122
http://www.ncbi.nlm.nih.gov/pubmed/3998122
http://www.ncbi.nlm.nih.gov/pubmed/3998122
http://www.ncbi.nlm.nih.gov/pubmed/10808046
http://www.ncbi.nlm.nih.gov/pubmed/10808046
http://www.ncbi.nlm.nih.gov/pubmed/10808046
http://www.ncbi.nlm.nih.gov/pubmed/20624160
http://www.ncbi.nlm.nih.gov/pubmed/20624160
http://www.ncbi.nlm.nih.gov/pubmed/20624160
http://www.ncbi.nlm.nih.gov/pubmed/21893931
http://www.ncbi.nlm.nih.gov/pubmed/21893931
http://www.ncbi.nlm.nih.gov/pubmed/21893931
http://www.ncbi.nlm.nih.gov/pubmed/8353709
http://www.ncbi.nlm.nih.gov/pubmed/8353709
http://www.ncbi.nlm.nih.gov/pubmed/8353709
http://www.ncbi.nlm.nih.gov/pubmed/18251245
http://www.ncbi.nlm.nih.gov/pubmed/18251245
http://www.ncbi.nlm.nih.gov/pubmed/18251245
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4014859/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4014859/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4014859/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4014859/

	Contents
	Center Role of the Oxytocin-Secreting System in Neuroendocrine-Immune Network Revisited
	Abstract
	Keywords:
	Introduction
	The oxytocin neuron-immune network
	Participation of the oxytocin-secreting system in layered immunologic defenses

	Functional Implications
	Closing Remarks
	Acknowledgement
	References


