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Abstract
Neuropeptides are involved in various brain activities being able to control a wide spectrum of higher mental functions. 
The purpose of this concise structural investigation was to detect the possible immunoreactivity of the novel multifunc-
tional neuropeptide nesfatin-1 within the human bed nucleus of the stria terminalis (BNST). The BNST is involved in the 
mechanism of fear learning, integration of stress and reward circuits, and pathogenesis of addiction. Nesfatin-1-expressing 
neurons were identified for the first time in several regions of the BNST using both immunohistochemical and fluorescent 
methods. This may implicate a potential contribution of this neuropeptide to the BNST-related mechanisms of stress/reward 
responses in the human brain.
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Introduction

The bed nucleus of the stria terminalis (BNST), a part of 
the so-called “extended amygdala”, is a minor gray mat-
ter aggregation located in the medial basal forebrain of 
vertebrate species. Accumulating evidence prove that this 
intriguing structure plays a crucial role in the integration of 
stress and reward signaling, generation of anxiety responses, 
and regulation of fear learning (Harris et al. 2018; Pelrine 
et al. 2016; Rodriguez-Sierra et al. 2016). This maybe highly 

involved in the neuromechanism of addiction and feeding 
behavior (Ch’ng et al. 2018; Avery et al. 2016; Pleil et al. 
2016). The potential role of BNST-related circuits in the 
origin of some psychopathic traits has also been postulated 
(Schiltz et al. 2007). Both the human and animal BNST 
are functionally connected with limbic structures, thalamic 
nuclei, and basal ganglia, while newly reported connections 
with temporal and paracingulate cortex are exclusive to 
the human brain (Avery et al. 2014). The human BNST, a 
relatively small (average volume ~ 180–190 mm3) droplet-
shaped neural association is located in the central forebrain 
and subdivided along a medial–lateral axis consisting of four 
areas: medial (BNSTM), central (BNSTC), lateral (BNSTL), 
and ventral (BNSTV) (Theiss et al. 2017). Interestingly, the 
BNSTC represents a distinct sexual dimorphism, being 
larger in men than in women (Swaab 2007; Chung et al. 
2002). The detailed neuropeptide profile of BNST has been 
previously reviewed (Kash et al. 2015). The BNSTM has a 
dense noradrenergic innervation (high β-hydroxylase immu-
noreactivity), the BNSTC contains an abundant population 
of somatostatin (SOM) neurons, whereas the more hetero-
genic BNSTL is characterized by SOM, cholecystokinin 
(CCK), NPY, and neurotensin expression (Walter et al. 1991; 
Martin et al. 1991). On the other hand, oxytocin signaling 
in the rat BNST seems to be involved in the mechanism of 
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social recognition in rats and microinjections of oxytocin 
into these structures enhanced social memory in male, but 
not female animals (Dumais et al. 2016).

Nesfatin-1 is a recently discovered NEFA/nucleobindin-2 
(NUCB2)-derived multifunctional neuropeptide (Schalla 
and Stengel 2018; Pałasz et al. 2012). Nesfatin-1 is known 
as a potent anorexigenic factor, inducing satiety, and inhibit-
ing food and water intake (Wernecke et al. 2014; Stengel and 
Tache 2013). Intriguingly, a number of recent studies dem-
onstrate that nesfatin-1 plays an important role in other auto-
nomic and mental functions such as sleep–wake regulation 
(Vas et al. 2013; Jego et al. 2012), anxiety or stress-related 
responses (Pałasz et al. 2018; Emmerzaal and Kozicz 2013; 
Merali et al. 2008), and may also be involved in the patho-
genesis of some psychiatric disorders (Weibert et al. 2018; 
Xu et al. 2018; Shimizu and Mori 2013; Gunay et al. 2012; 
Ari et al. 2011). The rat hypothalamus, arcuate, paraven-
tricular, and supraoptic nuclei as well as in dorsomedial and 
lateral hypothalamus are characterized by distinct expression 
of nesfatin-1. In addition, perikarya of the piriform, insu-
lar and cingulate cortex, amygdala, BNST, lateral septum 
and zona incerta also demonstrate nesfatin-1 immunoreac-
tivity (Goebel-Stengel and Wang 2013; Stengel and Tache 
2010). Nesfatin-1 neurons were also identified in cerebellum 
(Purkyne cells) and numerous brainstem structures including 
solitary tract, raphe nuclei, gigantocellular reticular nucleus, 
lateral parabrachial nucleus, nucleus ambiguous, and central 
gray (nucleus O). Despite the accumulating animal studies 
on nesfatin-1 its presence and action are so far understudied 
in the human brain structures. The aim of the current his-
tological study was to detect the presumptive existence of 
nesfatin-1-expressing neurons in the human BNST. A num-
ber of psychiatric disorders may potentially be connected 
with impaired neuropeptide-dependent regulation in BNST, 
hence this morphological study offers potential mechanistic 
understanding of neuropsychiatric disease.

Materials and methods

Studies were carried out on human brain tissue specimens 
with no neuropathological findings obtained within the Con-
scious Body Donation Program conducted by the Depart-
ment of Anatomy at the Medical University of Silesia in 
Katowice. The brains were postmortem perfused and fixed 
with buffered solution 4% formaldehyde (pH 7.2–7.4) over 
a period of at least 3 months. The tissue samples containing 
BNST were precisely excised from two forebrain specimens 
according to Mai, Majtanik and Paxinos Atlas of the Human 
Brain (2015), dehydrated, embedded in paraffin, and finally 
sectioned on a microtome (Leica Microsystems, Germany) 
at 10-µm-thick serial slices (Fig. 1). The inferior BNST 
boundary was identified in the coronal plane by the superior 

side of the anterior commissure, superior was delineated 
by the most ventral edge of the caudate nucleus and lateral 
ventricle. Column of the fornix and internal capsule formed 
medial and lateral borderlines, respectively. The sections 
were deparaffinized with xylene and rehydrated to the 50% 
ethanol by successive changing of an alcohol gradient.

After rehydration, and subsequent antigen retrieval with 
citrate buffer (pH 4.0) solution (vector laboratories), sections 
were rinsed three times for 5 min in 0.05 M TBS-saline (pH 
7.6) and placed in the 0.1% buffered Triton X-100 (Sigma) 
to improve the antibodies penetration and reaction quality by 
reducing surface tension of aqueous solutions during immu-
nohistochemistry. They were blocked with 10% goat serum 
and incubated overnight at 4 °C with a mouse monoclonal 
antibody (I) against rat nesfatin-1 (1:1000, Enzo Life Sci-
ences, IF) or rabbit anti-rat nesfatin-1 antibody II (1:5000 
Phoenix Pharmaceuticals, IHC-P/IF). We decided to apply 
two antibodies both mono- and polyclonal comparatively 
to improve the immunostaining reliability. Cross-reactivity 
of the antibody II with the human cells was reported previ-
ously (Ramanjaneya et al. 2010). Sections were addition-
ally treated with TrueBlack® Lipofuscin Autofluorescence 
Quencher (Biotium, Hayward, CA, USA) to minimize 
unwanted intense lipofuscin signal. After incubation with 
primary antibodies, brain sections were kept in darkness 
with appropriate secondary antibodies: goat anti-mouse 
and goat anti-rabbit labeled with TRITC or FITC (1:200, 
Abcam), respectively, and mounted on slides with DAPI-
containing medium. Neurosecretory cells of the hypotha-
lamic supraoptic nuclei (SON) with a distinct intensity of the 
fluorescent signal (a proven high level nesfatin-1 expression) 
represent an internal positive control. Alternatively, primary 
antibody I was followed by biotinylated rabbit anti-goat sec-
ondary antibody, and then an avidin-biotin-horseradish per-
oxidase complex (Vectastain ABC kit, Vector Labs). Finally, 
3,3′-diaminobenzidine (DAB) was used to visualize the reac-
tion. All sections were mounted on glass slides, dehydrated, 
and coverslipped. For basic neurostructural evaluation rep-
resentative sections were stained with Nissl method in 1% 
of water solution of Cresyl violet for 60 min. After rinsing 
and differentiation by acetic acid and mounting with DPX, 
sections were preserved with cover glasses. All images were 
captured on a Nikon Coolpix fluorescent optic systems and 
processed using Image ProPlus software (Media Cybernet-
ics, USA). Despite the much extended process of tissue fixa-
tion, the general neuronal morphology was sufficient to per-
form immunohistochemical analysis. The BNST cyto- and 
chemoarchitecture was analyzed and immunopositive cells 
were counted using ImageJ 1.43u software. The anatomical 
coordinates and structure of BNST were defined according 
to Mai human brain atlas (Mai et al. 2015). Positive cells 
were divided per area of the analyzed BNST subdivision; 
medial (BSTM), ventral (BSTV) and lateral (BSTL) to 
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Fig. 1   Overview of the analyzed coronal serial sections of the human 
brain pericommissural area at the level of BNST (red). Sections G 
and H contain the hypothalamic supraoptic nucleus (SON, yellow); 
anterior commissure, ac; lateral ventricle, lv; hypothalamus, hyp; 
third ventricle, 3v. Nissl staining. Scale bar: 5 mm. Immunofluores-
cence for nesfatin-1 in the human BNST. Cell bodies of the BNSTM 

(a–c) and BNSTC (d–f) subnuclei (TRITC). Neuropeptide immuno-
positive somata and fibers in the BNSTC (FITC, g). Magnocellular 
perikarya of the hypothalamic supraoptic nuclei (SON, h, i) with a 
distinct intensity of the fluorescent signal (a proven high level nes-
fatin-1 expression) represent an internal positive control. Scale bars: 
200 µm and 100 µm (i, inset)
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Fig. 2   Immunohistochemical reaction for nesfatin-1 in the human 
BNST. General microstructure and cell diversity of the central 
(BNST, c, a) and ventral (BNSTV, b, d) subdivision; Nissl staining. 
Neuropeptide immunopositive perikarya in the respective regions 
(A1, A2, white arrows); DAB reaction. A selection of neurones from 
the picture B1 under higher magnification (B2, B3). Immunopositive 
fibers in the BNSTC (fluorescence, FITC, c), numerous cell bodies 

contain deposits of lipofuscin with a strong yellow autofluorescence 
(inset, blue arrows). Mean number of nesfatin-1 immunopositive cells 
per standardized frame (0.2 mm2) located at the intersections of dot-
ted lines (a preliminary analysis). Values for two BNST subnuclei 
taken from selected brain sections (see Fig.  1). Scale bars: 200  µm 
(A, A1, B, B1, D), 100 µm (B2), 50 µm (B3)
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obtain the density of immune-positive cells per standard-
ized area (0.2 mm2). Data are presented as a mean ± standard 
error of the mean (SEM).

Results and discussion

We have demonstrated for the first time nesfatin-1 immu-
noreactive neurons in the human BNST which suggests 
that this novel neuropeptide may be involved in functions 
realized by this brain region. Numerous nesfatin-1-positive 
neurons are present in the human BNST and their assemblies 
show different patterns of distribution in selected BNST sub-
nuclei. Highest density of medium-sized (20–30 µm), nes-
fatin-1-immunoreactive cells were observed in the BNSTM 
sections; mean number per standardized frame area was 
200 ± 12%. In the BNSTC, a smaller proportion of multi-
form neuropeptide immunopositive cells was found depend-
ing on the section plane starting of more rostral orientation 
(97 ± 16.4%, 40 ± 2% and 75 ± 10%, respectively, Figs. 1, 
2). Of note, the relatively large (40–50 µm), oval-shaped 
perikarya of the ventral BNSTC exhibits high nesfatin-1 
immunoreactivity (Fig. 2; b1–b3). The chemoarchitecture 
of nesfatin-1 neurons in the BNST seems to be similar to the 
distribution of NPY (Adrian et al. 1983), PACAP (Palkovitz 
et al. 1995), and dynorphin-A neurons (Poulin et al. 2009).

At present, there is no consensus in the role of nes-
fatin-1 to the function of human brain neuronal pathways. 
One can merely suppose that its role in the BNST may be 
potentially analogous to that revealed in the rodent brain. 
For instance, acute restrain stress is one of the main factors 
activating nesfatinergic neurons in the rat hypothalamus 
and selected brainstem structures, e.g., Edinger–Westphal, 
locus coeruleus, and solitary tract nuclei (Stengel et al. 
2010a; Goebel et al. 2009). Intracerebroventricular injec-
tion of nesfatin-1-elevated blood pressure (Yosten and 
Samson 2009), whereas extended intraperitoneal admin-
istration of nesfatin-1 also facilitated anxiety in male rats 
(Ge et al. 2015). Furthermore, animals exposed to acute, 
but not chronic stress show an increase in both the mRNA 
expression of NUCB2/nesfatin-1, and corticotropin-
releasing factor (CRF) within the hypothalamus (Xu et al. 
2015). This may be especially important, given the distinct 
population of stress-related CRF neurons, including some 
oxytocin-regulated cells, is located within rat and human 
lateral BNST (Janecek and Dabrowska 2018; Silberman 
et al. 2013; Morin et al. 1999). Intriguingly, nesfatin-1/
NUCB2 mRNA expression in the human Edinger–West-
phal nuclei was significantly increased in suicidal victims 
(with no diagnosed psychiatric disorders) among males, 
whereas among females, this content was lower, com-
pared to controls (Bloem et al. 2012). The possible role 
of nesfatin-1 signaling in the pathogenesis of sex-related 

depressive-like and anxiety behavior in the context of 
BNST function should be, therefore, taken into account. 
Given the small number of brain samples available for this 
study, it is imperative that further studies expand these 
findings to complement our initial report.

Our results demonstrate for the first time the presence 
of nesfatin-1 in the human limbic structures which could 
implicate a potential contribution of this factor to the central 
mechanisms of stress/reward responses. Currently, a role for 
nesfatin-1 in human BNST physiology remains speculative, 
but undoubtedly further studies on this novel regulatory fac-
tor, e.g., its coexpression with other important BNST neu-
ropeptides such as CRF, NPY, somatostatin and analysis of 
potential functional relationship between these regulatory 
factors, strongly merit attention. Moreover, the 3-D visuali-
zation of several novel multifunctional neuropeptides (nes-
fatin-1, phoenixin, spexin) spatial distribution in the human 
BNST, amygdaloid complex, other limbic structures includ-
ing several basal ganglia and hypothalamus should be of 
primary focus.

Acknowledgements  This work was supported by the Medical Uni-
versity of Silesia statute grant for Department of Histology no: 
KNW-1-171/N/8/I.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Adrian TE, Allen JM, Bloom SR, Ghatei MA, Rossor MN, Roberts 
GW, Crow TJ, Tatemoto K, Polak JM (1983) Neuropeptide Y 
distribution in human brain. Nature 306(5943):584–586

Ari M, Ozturk OH, Bez Y, Oktar S, Erduran D (2011) High plasma 
nesfatin-1 level in patients with major depressive disorder. Prog 
Neuropsychopharmacol Biol Psychiatry 35(2):497–500

Avery SN, Clauss JA, Winder DG, Woodward N, Heckers S, Blackford 
JU (2014) BNST neurocircuitry in humans. Neuroimage 91:311–
323. https​://doi.org/10.1016/j.neuro​image​.2014.01.017

Avery SN, Clauss JA, Blackford JU (2016) The human BNST: func-
tional role in anxiety and addiction. Neuropsychopharmacology 
41(1):126–141. https​://doi.org/10.1038/npp.2015.185

Bloem B, Xu L, Morava E, Faludi G, Palkovits M, Roubos EW, Kozicz 
T (2012) Sex-specific differences in the dynamics of cocaine- and 
amphetamine-regulated transcript and nesfatin-1 expressions in 
the midbrain of depressed suicide victims vs. controls. Neurop-
harmacology 62(1):297–303

Ch’ng S, Fu J, Brown RM, McDougall SJ, Lawrence AJ (2018) The 
intersection of stress and reward: BNST modulation of aversive 
and appetitive states. Prog Neuropsychopharmacol Biol Psychiatry 
87(Pt A):108–125. https​://doi.org/10.1016/j.pnpbp​.2018.01.005

Chung W, De Vries G, Swaab D (2002) Sexual differentiation of the 
bed nucleus of the stria terminalis in humans may extend into 
adulthood. J Neurosci 22(3):1027–1033

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.neuroimage.2014.01.017
https://doi.org/10.1038/npp.2015.185
https://doi.org/10.1016/j.pnpbp.2018.01.005


354	 A. Pałasz et al.

1 3

Dumais KM, Alonso AG, Immormino MA, Bredewold R, VeenemaAH 
(2016) Involvement of the oxytocin system in the bed nucleus of 
the stria terminalis in the sex-specific regulation of social recogni-
tion. Psychoneuroendocrinology 64:79–88

Emmerzaal TL, Kozicz T (2013) Nesfatin-1; implication in stress 
and stress-associated anxiety and depression. Curr Pharm Des 
19(39):6941–6948

Ge JF, Xu YY, Qin G, Pan XY, Cheng JQ, Chen FH (2015) Nesfatin-1, 
a potent anorexic agent, decreases exploration and induces anx-
iety-like behavior in rats without altering learning or memory. 
Brain Res 1629:171–181

Goebel M, Stengel A, Wang L, Lambrecht NW, Tache Y (2009) Nes-
fatin-1 immunoreactivity in rat brain and spinal cord autonomic 
nuclei. Neurosci Lett 452(3):241–246

Goebel-Stengel M, Wang L (2013) Central and peripheral expres-
sion and distribution of NUCB2/nesfatin-1. Curr Pharm Des 
19(39):6935–6940

Gunay H, Tutuncu R, Aydin S, Dag E, Abasli D (2012) Decreased 
plasma nesfatin-1 levels in patients with generalized anxiety dis-
order. Psychoneuroendocrinology 37(12):1949–1953

Harris NA, Isaac AT, Günther A, Merkel K, Melchior J, Xu M, 
Eguakun E, Perez R, Nabit BP, Flavin S, Gilsbach R, Shonesy B, 
Hein L, Abel T, Baumann A, Matthews R, Centanni SW, Winder 
DG (2018) Dorsal BNSTα2A-adrenergic receptors produce HCN-
dependent excitatory actions that initiate anxiogenic behaviors. 
J Neurosci 38(42):8922–8942. https​://doi.org/10.1523/JNEUR​
OSCI.0963-18.2018

Janeček M, Dabrowska J (2018) Oxytocin facilitates adaptive fear and 
attenuates anxiety responses in animal models and human studies-
potential interaction with the corticotropin-releasing factor (CRF) 
system in the bed nucleus of the stria terminalis (BNST). Cell 
Tissue Res doi. https​://doi.org/10.1007/s0044​1-018-2889-8

Jego S, Salvert D, Renouard L, Mori M, Goutagny R, Luppi PH, Fort 
P (2012) Tuberal hypothalamic neurons secreting the satiety mol-
ecule nesfatin-1 are critically involved in paradoxical (REM) sleep 
homeostasis. PLoS One 7:e52525

Kash TL, Pleil KE, Marcinkiewcz CA, Lowery-Gionta EG, Crowley 
N, Mazzone C, Sugam J, Hardaway JA, McElligott ZA (2015) 
Neuropeptide regulation of signaling and behavior in the BNST. 
Mol Cells 38(1):1–13

Mai J, Majtanik G, Paxinos C (2015) Atlas of the human brain, Fourth 
ed., Academic Press, New York

Martin LJ, Powers RE, Dellovade TL, Price DL (1991) The bed 
nucleus-amygdala continuum in human and monkey. J Comp 
Neurol 309(4):445–485

Merali Z, Cayer C, Kent P, Anisman H (2008) Nesfatin-1 increases 
anxiety- and fear-related behaviors in the rat. Psychopharmacol-
ogy 201(1):115–123

Morin SM, Ling N, Liu XJ, Kahl SD, Gehlert DR (1999) Differential 
distribution of urocortin- and corticotropin-releasing factor-like 
immunoreactivities in the rat brain. Neuroscience 92(1):281–291

Pałasz A, Krzystanek M, Worthington J, Czajkowska B, Kostro K, 
Wiaderkiewicz R, Bajor G (2012) Nesfatin-1, a unique regulatory 
neuropeptide of the brain. Neuropeptides 46(3):105–112

Pałasz A, Janas-Kozik M, Borrow A, Arias-Carrión O, Worthington JJ 
(2018) The potential role of the novel hypothalamic neuropeptides 
nesfatin-1, phoenixin, spexin and kisspeptin in the pathogenesis 
of anxiety and anorexia nervosa. Neurochem Int 113:120–136

Palkovits M, Somogyvári-Vigh A, Arimura A (1995) Concentrations 
of pituitary adenylate cyclase activating polypeptide (PACAP) in 
human brain nuclei. Brain Res 699(1):116–120

Pelrine E, Pasik SD, Bayat L, Goldschmiedt D, Bauer EP (2016) 
5-HT2C receptors in the BNST are necessary for the enhance-
ment of fear learning by selective serotonin reuptake inhibitors. 
Neurobiol Learn Mem 136:189–195

Pleil KE, Helms CM, Sobus JR, Daunais JB, Grant KA, Kash 
TL (2016) Effects of chronic alcohol consumption on neu-
ronal function in the non-human primate BNST. Addict Biol 
21(6):1151–1167

Poulin JF, Arbour D, Laforest S, Drolet G (2009) Neuroanatomical 
characterization of endogenous opioids in the bed nucleus of the 
stria terminalis. Prog NeuropsychopharmacolBiol Psychiatry 
33(8):1356–1365

Ramanjaneya M, Chen J, Brown JE, Tripathi G, Hallschmid M, Patel S, 
Kern W, Hillhouse EW, Lehnert H, Tan BK, Randeva HS (2010) 
Identification of nesfatin-1 in human and murine adipose tissue: 
a novel depot-specific adipokine with increased levels in obesity. 
Endocrinology 151(7):3169–3180

Rodríguez-Sierra OE, Goswami S, Turesson HK, Pare D (2016) 
Altered responsiveness of BNST and amygdala neurons in trauma-
induced anxiety. Transl Psychiatry 6:e857

Schalla MA, Stengel A (2018) Current understanding of the role of nes-
fatin-1. J Endocr Soc 2(10):1188–1206. https​://doi.org/10.1210/
js.2018-00246​

Schiltz K, Witzel J, Northoff G, Zierhut K, Gubka U, Fellman H, Kauf-
mann J, Tempelmann C, Wiebking C, Bogerts B (2007) Brain 
pathology in pedophilic offenders: evidence of volume reduction 
in the right amygdala and related diencephalic structures. Arch 
Gen Psychiatry 64:737–746

Shimizu H, Mori M (2013) Nesfatin-1: its role in the diagnosis and 
treatment of obesity and some psychiatric disorders. Methods Mol 
Biol 963:327–338

Silberman Y, Matthews RT, Winder DG (2013) A corticotrophin 
releasing factor pathway for ethanol regulation of the ventral teg-
mental area in the bed nucleus of the stria terminalis. J Neurosci 
33(3):950–960

Stengel A, Tache Y (2010) Nesfatin-1—role as possible new potent 
regulator of food intake. Regul Pept 163:18–23

Stengel A, Tache Y (2013) Role of NUCB2/Nesfatin-1 in the hypo-
thalamic control of energy homeostasis. Horm Metab Res 
45:975–979

Stengel A, Goebel M, Wang L, Taché Y (2010a) Abdominal surgery 
activates nesfatin-1 immunoreactive brain nuclei in rats. Peptides 
31(2):263–270

Swaab D (2007) Sexual differentiation of the brain and behavior. Best 
Pract Res Clin Endocrinol Metab 21(3):431–444

Theiss JD, Ridgewell C, McHugo M, Heckers S, Blackford JU (2017) 
Manual segmentation of the human bed nucleus of the stria ter-
minalis using 3T MRI. Neuroimage 146:288–292

Vas S, Adori C, Konczol K, Katai Z, Pap D, Papp RS, Bagdy G, Palko-
vits M, Toth ZE (2013) Nesfatin-1/NUCB2 as a potential new 
element of sleep regulation in rats. PLoS One 8:e59809

Walter A, Mai JK, Lanta L, GörcsT (1991) Differential distribution 
of immunohistochemical markers in the bednucleus of the stria 
terminalis in the human brain. J Chem Neuroanat 4(4):281–289

Weibert E, Hofmann T, Stengel A (2018) Role of nesfatin-1 in anxiety, 
depression and the response to stress. Psychoneuroendocrinology 
100:58–66. https​://doi.org/10.1016/j.psyne​uen.2018.09.037

Wernecke K, Lamprecht I, Jöhren O, Lehnert H, Schulz C (2014) Nes-
fatin-1 increases energy expenditure and reduces food intake in 
rats. Obesity (Silver Spring) 22(7):1662–1668

Xu YY, Ge JF, Qin G, Peng YN, Zhang CF, Liu XRLiang LC, Wang 
ZZ, Chen FH, Li J (2015) Acute, but not chronic, stress increased 
the plasma concentration and hypothalamic mRNA expression of 
NUCB2/nesfatin-1 in rats. Neuropeptides 54:47–53

Xu YY, Ge JF, Liang J, Cao Y, Shan F, Liu Y, Yan CY, Xia QR (2018) 
Nesfatin-1 and cortisol: potential novel diagnostic biomarkers 
in moderate and severe depressive disorder. Psychol Res Behav 
Manag 11:495–502. https​://doi.org/10.2147/PRBM.S1831​26

Yosten GL, Samson WK (2009) Nesfatin-1 exerts cardiovascu-
lar actions in brain: possible interaction with the central 

https://doi.org/10.1523/JNEUROSCI.0963-18.2018
https://doi.org/10.1523/JNEUROSCI.0963-18.2018
https://doi.org/10.1007/s00441-018-2889-8
https://doi.org/10.1210/js.2018-00246
https://doi.org/10.1210/js.2018-00246
https://doi.org/10.1016/j.psyneuen.2018.09.037
https://doi.org/10.2147/PRBM.S183126


355The first identification of nesfatin-1-expressing neurons in the human bed nucleus of the stria…

1 3

melanocortin system. Am J Physiol Regul Integr Comp Physiol 
297(2):R330–R336

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	The first identification of nesfatin-1-expressing neurons in the human bed nucleus of the stria terminalis
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Acknowledgements 
	References


