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Abstract
The phoenixin (PNX) peptide is linked to the control of reproduction, food intake, stress, and inflammation. However, little is known about 
what regulates its gene and protein expression, information that is critical to understand the physiological role of PNX. In this review, we sum-
marize what is known about the transcriptional control of Pnx and its receptor Gpr173. A main function of PNX is as a positive regulator of the 
hypothalamic-pituitary-gonadal axis, but there is a lack of research on its control by reproductive hormones and peptides. PNX is also associated 
with food intake, and its expression is linked to feeding status, fatty acids, and glucose. It is influenced by environmental and hormonal-induced 
stress. The regulation of Pnx in most contexts remains an enigma, in part due to conflicting and negative results. An extensive analysis of the 
response of the Pnx gene to factors related to reproduction, metabolism, stress, and inflammation is required. Analysis of the Pnx promoter 
and epigenetic regulation must be considered to understand how this level of control contributes to its pleiotropic effects. PNX is now linked 
to a broad range of functions, but more research on its gene regulation is required to understand its place in overall physiology and therapeutic 
potential.
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In the 8 years since its identification, the peptide phoenixin 
(PNX) has been linked to numerous physiological processes 
and possible therapeutic applications [1-5]. PNX was dis-
covered by Yosten et  al using a bioinformatics algorithm 
based on data from the Human Genome Project that searched 
for conserved, secreted peptides [6]. PNX was detected most 
highly in the rat hypothalamus but was also present in the 
heart, spleen, thymus, and pancreas among several other tis-
sues. Within the hypothalamus, PNX immunostaining iden-
tified its presence across several nuclei including the arcuate 
nucleus (ARC), paraventricular nucleus (PVN), supraoptic 
nucleus, and median eminence. PNX is cleaved from the 
C-terminal of small integral membrane protein 20 (SMIM20), 
a protein involved in cellular respiration through its role in 
assembly of mitochondrial cytochrome c oxidase [7]. PNX is 
predominantly produced in 2 amidated isoforms: a 14 amino 
acid peptide (PNX-14) and an N-terminal extended 20 amino 
acid peptide (PNX-20). PNX-14 is identical in humans, ro-
dents, and pigs, whereas PNX-20 differs by 1 amino acid 
in pigs. Although the distribution patterns of PNX isoform 
expression have not been entirely delineated, studies to date 
suggest that the isoforms show a slightly different tissue 
expression pattern; for example, PNX-20 is more highly 
expressed in the hypothalamus, yet PNX-14 and PNX-20 ap-
pear thus far to be functionally similar [6,8,9].

This first paper on PNX demonstrated its clear link with re-
production, as intracerebroventricular (ICV) small interfering 
RNA–mediated knockdown of the peptide in female rats 

extended the estrous cycle by 2.3  days. A  study from our 
laboratory demonstrated that PNX stimulated Gnrh and 
Kisspeptin (Kiss1) gene expression in hypothalamic neurons 
[10]. Thus, evidence indicates that PNX is a positive regu-
lator of the hypothalamic-pituitary-gonadal (HPG) axis. At 
the level of the pituitary, PNX potentiated gonadotropin-
releasing hormone (GnRH) activity and stimulated lutein-
izing hormone secretion. Subsequent studies indicated that 
PNX injection could impact a wide array of physiologic pro-
cesses, including feeding patterns, inflammation, memory, 
anxiety, and water balance [11].

Three years after the first paper was published on PNX, a pu-
tative receptor for PNX was identified. Three possible receptor 
candidates were identified for PNX using a deductive ligand-
receptor matching strategy and the orphan receptor G protein-
coupled receptor 173 (GPR173) was found to mediate the effects 
of PNX on Gnrh and Kiss1 gene expression in hypothalamic 
neurons [10,12]. Small interfering RNA knockdown of Gpr173 
approximately doubled the estrous cycle length to over 8 days 
[12]. Of note, GPR173 levels following knockdown were signifi-
cantly lower in the hypothalamic ARC but not in the pituitary, 
mediobasal hypothalamus, or anteroventral periventricular nu-
cleus, signifying that a broader knockdown in these other key 
reproductive centers of the brain may exacerbate the delay to the 
estrous cycle. GPR173 was also expressed in several other hypo-
thalamic nuclei, including the PVN, ventromedial nucleus, and 
medial preoptic area. Additionally, it was broadly expressed in 
peripheral tissues, including the heart, pancreas, and ovary.
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Significant progress has been made since the initial PNX 
identification whereby this neuropeptide is now implicated 
with multiple physiological processes. These functions are 
extensively described in recent reviews [1-5]. Still, there re-
mains many questions; especially important is what controls 
PNX expression, and when is it induced to carry out its many 
pleiotropic functions? It is without a doubt critical to under-
stand the physiological purpose of PNX, but without under-
standing how its transcription, translation, and secretion are 
regulated, we cannot fully appreciate the physiological role 
of the PNX peptide. From this point forward, for clarity, we 
will refer to the PNX host gene as Pnx, instead of Smim20, 
although it is clear that the Pnx transcript originates from the 
Smim20 gene. To date, there are only a handful of studies on 
the regulation of Pnx, some with negative or contradictory 
results. Herein, we summarize the information available on 
Pnx gene regulation by nutrients, reproductive status, stress, 
and inflammation, and we propose future avenues of investi-
gation (Fig. 1).

Energy Homeostasis
In addition to reproductive control, PNX functions in the 
control of food intake and energy homeostasis. Energy 
homeostasis is, in part, centrally controlled by hypothalamic 
neurons that govern appetite and energy expenditure through 
secretion of neuropeptides [13]. For example, neuropeptide Y 
(NPY) is an orexigenic peptide, and alpha-melanocyte stimu-
lating hormone is an anorexigenic peptide. These neuropep-
tides are secreted from the ARC and signal to second order 
neurons in the PVN, resulting in changes in food intake and 
energy expenditure. Given that PNX is expressed in hypo-
thalamic nuclei associated with energy homeostasis, including 
the ARC and PVN, it is not unexpected that it appears to 
control food intake. PNX ICV injection in rats, but not 
intraperitoneal (IP) injection, caused an increase in food in-
take in the light phase at multiple doses and a reduction in 
food intake in the dark phase only at the highest dose used 
[14]. The rats had reduced satiety and satiation as measured 
by shorter intermeal intervals and larger meal sizes and dur-
ation. It is not clear whether the reduction in food intake in the 
dark phase represents a compensatory mechanism, as it only 
occurred at 1 dose, or an overall phase shift in the timing of 
food intake, which could be established with a further study 
assessing 24-hour food intake at more frequent time points. 
Another study corroborated the finding that PNX ICV injec-
tion during the light phase into rats increased food intake and 
additionally showed that it increased locomotor activity and 
drinking 2 hours following injection [15]. PNX also activated 
numerous brain regions associated with food intake including 
the supraoptic nucleus, PVN, and nucleus of the solitary tract 
(NTS), among several other brain regions, demonstrating that 
its receptors and activity are widespread through the brain. 
Recently it was shown that not only does PNX impact en-
ergy homeostasis from the brain, it can also act on gut cells. 
In MGN3-1 stomach endocrine cells, PNX increased ghrelin, 
while in STC-1 enteroendocrine cells, PNX suppressed chole-
cystokinin but had no effect on glucagon-like peptide-1, gas-
tric inhibitory polypeptide, and peptide YY [16].

Emerging data demonstrate that PNX expression and se-
cretion are controlled by metabolic cues. Preliminary evi-
dence shows that PNX was correlated with body mass index 
in humans with mild cognitive impairment and in women 

with polycystic ovarian syndrome [17]. Moreover, postpran-
dial circulating levels of PNX were elevated in chow-fed 
rats, indicating food consumption triggers a relatively rapid 
response for PNX secretion into the bloodstream [18]. This 
might suggest either an anorexigenic role for PNX, in contrast 
with the observed increase in food intake following ICV in-
jection, or it could represent a separate metabolic peripheral 
function for PNX. This second option is more likely given 
that IP injection of PNX did not alter food intake. The post-
prandial increase in PNX is disrupted in metabolic disease, as 
it was blunted in high-fat diet (HFD)-fed rats, suggesting that 
elevated levels of fats interfere with normal PNX function, 
perhaps contributing to the pathogenesis of obesity [18].

Comparative studies in nonmammalian species are nor-
mally quite useful to shed light on evolutionary conserved 
functions, although in the case of PNX this leads to further 
questions. In zebrafish, Pnx gene expression was reduced in 
multiple tissues following 7 days of fasting, including in the 
brain, and PNX IP injection reduced food intake, leading the 
authors to conclude that PNX is anorexigenic [19]. Further 
support for an anorexigenic role of PNX was that it is a posi-
tive regulator of glycolysis [19]. In the spotted scat, Pnx gene 
expression was increased in the hypothalamus after 2 and 
7 days of fasting and decreased after refeeding, suggesting it 
could be orexigenic [9]. This contradictory evidence suggests 
that PNX may have either anorexigenic or orexigenic effects 
in different species or that its function may be context specific 
and depend on the concentration or timing of PNX injection.

In vivo studies are critical to understand PNX regulation 
in a whole-body context, but an in vitro approach allows for 
delineating the effects of individual compounds on Pnx ex-
pression and secretion. We previously treated characterized 
hypothalamic neuronal cell lines with metabolism-related nu-
trients and hormones to determine the direct regulation of the 
Pnx gene. The saturated free fatty acid palmitate, monoun-
saturated oleate, and polyunsaturated docosahexaenoic acid 
increased Pnx gene expression in immortalized hypothalamic 
neuronal cell lines, albeit by a significant, but relatively modest 
degree [20]. Palmitate also reduced the expression of Gpr173 
messenger RNA (mRNA) in the same neuronal cell line [21]. 
A response to elevated fat levels in the hypothalamus may be 
related to changes in circulating levels of PNX observed with 
obesity. We also questioned whether the adipocyte-derived 
leptin would alter Pnx expression, as leptin signaling in the 
hypothalamus is essential for energy homeostasis puberty and 
fertility. However, leptin had no effect on Pnx mRNA levels 
[20]. Unpublished results from our laboratory indicate that 
insulin also had no effect on Pnx mRNA levels in immor-
talized hypothalamic neurons. The absence of regulation by 
these key hormones was puzzling. Either Pnx gene expression 
truly operates independently of these hormonal systems, or 
this response is specific to individual hypothalamic neurons. 
Protein levels and/or secretion should also be assessed in these 
conditions, since protein levels occasionally change without 
alterations in gene expression. Nutrients appear to regulate 
PNX secretion in the periphery as well. In pancreatic islets, 
exposure to high glucose increased PNX secretion, consistent 
with the theory that PNX could be anorexigenic [22]. PNX 
was detected in both alpha and beta cells and could stimulate 
insulin secretion from rat islets [22]. As an interesting aside, 
PNX was also able to induce INS-1E cell proliferation, a re-
markable feat that needs to be assessed in vivo, as there exist 
few known inducers of beta cell proliferation. Collectively, 
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these studies demonstrate that PNX is associated with weight 
and can be regulated by fats and glucose.

Given that PNX has several links to feeding, it would 
be interesting to study whether other metabolism-related 
hormones and nutrients could regulate its expression. For 
example, PNX expression could be controlled by hypothal-
amic feeding neuropeptides, such as NPY, orexin, or alpha-
melanocyte stimulating hormone. It is possible that these 
peptides co-localize with PNX in the hypothalamus and could 
regulate PNX in an autocrine or paracrine manner, but that 
has not yet been established. Another factor that might af-
fect Pnx expression in the hypothalamus is glucose, given that 
PNX is regulated by glucose in the pancreas. Glucose sensing 
is a defined function of the hypothalamus that coordinates 
whole-body energy homeostasis. A  subset of hypothalamic 
neurons is glucose responsive, possessing glucose transporters 
and processing enzymes, including glucokinase [23]. If glu-
cose were able to regulate PNX expression or secretion, it 
would point to an additional layer of complexity for PNX 
in energy homeostasis. Studies with HFD-fed mice, in which 
PNX expression is measured in multiple tissues, are necessary 
to firmly establish its apparent link to obesity. Further studies 
into PNX regulation in the pancreas, intestine, and stomach 
are also important to understand its role in the periphery.

Reproductive System
Given the key role for PNX in the HPG axis, it would be 
expected that the Pnx gene or protein are regulated by repro-
ductive peptides and hormones. Yet, there are comparatively 
few studies on this aspect of Pnx regulation. A study from our 

laboratory examined immortalized hypothalamic neurons ex-
pressing Pnx that were treated with 17β-estradiol (E2), and 
found no change in Pnx mRNA levels over a 48-hour time 
course [20]. This result was unexpected given that this hypo-
thalamic cell line expresses the nuclear estrogen receptors α 
and β and the membrane-bound estrogen receptor G protein-
coupled estrogen receptor 1, and E2 alters Npy expression 
in this same cell model. We speculate that Pnx gene expres-
sion may be regulated indirectly by E2 through intermediate 
neurons. Although the hypothalamus expresses PNX and 
GPR173 at high levels, they are also localized to the ovary 
where their expression changes with follicle development, and 
this system appears to govern oocyte maturation. Pnx and 
Gpr173 expression increased throughout follicle development 
with the highest levels in the antral follicle and corpus luteum 
[24]. Treatment with PNX caused an increase in E2 secre-
tion and mature oocytes from ovarian tissue slices. PNX also 
induced markers of oocyte maturation, including Fshr, Lhr, 
and Kitl in HGrC1 granulosa cells in a GPR173-dependent 
manner [24]. Reproductive disorders appear to impact levels 
of PNX and its receptor. Circulating levels of PNX-14 were 
elevated in a letrozole-induced rat model of polycystic ovary 
syndrome [25]. Pnx gene expression was elevated in the 
ovary and periovarian adipose tissue of rats with polycystic  
ovary syndrome, and the protein was significantly elevated in 
the ovary. In contrast, Gpr173 mRNA was reduced in adipose 
tissue, and the protein was altered in the ovary and adipose. 
More research is necessary to assess reproductive system con-
trol of PNX. For example, the hypothalamic PNX response 
should be tested against reproductive hormones, testosterone 
and progesterone, or other key reproductive peptides GnRH 

Figure 1. Summary of the multidimensional effects of phoenixin with regards to metabolic, environmental, and physiological functions. Note that for 
certain results the horizontal arrows represent correlation and not necessarily causation.
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and Kiss. Circulating levels of PNX could also be measured 
in individuals with subfertility or infertility to determine 
whether PNX contributes to these conditions.

Stress and Anxiety
Multiple studies have suggested that PNX is involved in the 
physiological response to diverse types of stress. PNX is ex-
pressed in NTS neurons [6], which are tightly linked to stress 
circuits due to their connectivity to forebrain regions impli-
cated in the hypothalamic-pituitary-adrenal (HPA) axis [26]. 
Corticosterone (CORT) is the primary adrenal steroid pro-
duced in the HPA axis in laboratory rodents; hence, its admin-
istration can serve as a chronic stress model [27]. In coronal 
slices of the NTS from male Sprague-Dawley rats, bath-applied 
PNX depolarized and increased the firing frequency in popula-
tions of NTS neurons [28]. Intriguingly, these effects were di-
minished in the presence of environmental and endocrine stress. 
As measured by patch-clamp recordings, disturbances arising 
from animal facility construction markedly decreased neuronal 
responsiveness to PNX, which was restored after animal re-
location to a construction-free building. In parallel, 2 weeks of 
CORT-infused drinking water, mimicking elevated circulating 
CORT upon exposure to environmental stress, resulted in a 
comparable loss of PNX responsiveness [28]. Both observations 
present evidence that stress can modulate neuronal sensitivity to 
PNX, potentially through GPR173 desensitization or internal-
ization. Future studies should aim to determine the localization 
of GPR173, including whether it is localized in NTS neurons.

Central PNX protein levels also increase in response to re-
straint stress, which involves both physical and psychological 
stress in immobilized animals [29]. Specifically, 30 minutes of 
restraint stress significantly increased PNX protein expression 
in the rat dorsal motor nucleus of vagal nerve, raphe pallidus, 
and medial NTS. In these nuclei, PNX levels were positively 
correlated with c-Fos, a marker of neuronal activity [30]. 
Aside from changes in central PNX levels, the same group 
later reported peripheral changes as well. Restraint stress in-
creased peripheral cortisol at 30, 60, 120, and 240 minutes 
while decreasing peripheral PNX at 15 minutes, although the 
PNX change was relatively small (0.8-fold, P < 0.05) [31]. 
While no correlation was identified between alterations in cir-
culating PNX and cortisol levels in this study, these findings 
align with a previous study that found plasma PNX levels 
to be lower in patients with anorexia nervosa [32], a type of 
metabolic stress frequently associated with hypercortisolemia 
[33]. Therefore, along with evidence from the CORT experi-
ments, the potential interplay between the HPA axis and PNX 
should be considered.

Stress signaling through glucocorticoids has modulating 
effects throughout the HPG axis [34] and central nervous 
system [35]. Given established roles of PNX in reproduction 
[10], metabolism [4], sensory [36], and more, it is probable 
that stress regulates both central and peripheral origins of 
PNX. However, it remains to be determined whether PNX 
levels are correlated with components of the HPA axis. It is 
also worthwhile to experimentally investigate whether PNX-
expressing cells express glucocorticoid receptors or whether 
glucocorticoids act indirectly through other pathways. 
Furthermore, studies to date have only shown correlations 
and not causative links, so it is difficult to distinguish whether 
PNX is a downstream mediator of the cellular and systemic 

impacts of stress or rather activated to counterbalance those 
effects given its anxiolytic properties.

Stress can induce anxiety alongside neurogenic factors, and 
PNX dose-dependently produces anxiolytic effects, as demon-
strated through anxiety-assessing behavioral tests. Following 
PNX-14 ICV administration into the lateral ventricles and 
anterior hypothalamic area, respectively, male mice spent 
more time in the open arms during the elevated plus maze test 
and in the center during the open field maze test as early as 15 
minutes post injection. Both behaviors indicate reduced anx-
iety [37]. Notably, cetrorelix, a GnRH antagonist, uniquely 
blocked these effects, implicating the GnRH system as a ne-
cessary modulator of PNX-14 [38]. In obese men who are at 
risk for comorbid anxiety, PNX circulation levels showed a 
weak negative association with anxiety scores as measured by 
Generalized Anxiety Disorder-7 (r = −0.259) [39]. No asso-
ciation between PNX and perceived stress or depressiveness 
was found however, so more evidence is needed to elucidate 
the influence of PNX on stress, and vice versa. For instance, it 
would be interesting to examine whether central PNX is ac-
tivated by corticotropin-releasing factor and whether anxiety 
symptoms are in turn alleviated by endogenous PNX produc-
tion. In conclusion, stress may both regulate and be regulated 
by PNX, and further investigation of this relationship may 
prove advantageous for understanding the pathogenesis and 
treatment of stress-related disorders.

Inflammation
Aside from psychological and physiological stress, converging 
evidence corroborates the protective effects of PNX in oxida-
tive stress and inflammatory pathways. In mouse astrocytes, 
PNX-14 mitigated bacterial endotoxin lipopolysaccharide-
activated endoplasmic reticulum stress and the NLR family 
pyrin domain containing-3 inflammasome response and in-
hibited proinflammatory cytokines interleukin 1β and inter-
leukin 18 through GPR173 [40]. The same suppressive effects 
of PNX (both PNX-14 and PNX-20) on the high mobility 
group box-1, toll-like receptor 4, myeloid differentiation 
factor 88, nuclear factor kappa B (NF-κB) signaling pathway, 
and reactive oxygen species-induced cytotoxicity extend to 
human dental pulp cells [41] and more. For instance, PNX 
ameliorates oxygen-glucose deprivation with reoxygenation 
injury in human bEnd0.3 brain endothelial cells through 
Kruppel-like factor-2–mediated occludin transcription [42] 
and in murine BV2 microglia through increased activation of 
sirtuin-1 [43] and the antioxidant glutathione [44].

Neuroinflammation and its accompanying cytokines, neuro-
transmitters, and other signaling molecules communicate 
through microglia, neurons, and astrocytes to intermodulate 
cellular expression of necessary proteins [45]. Neuropeptides 
whose mRNA and protein expression are known to be 
changed by inflammatory stimuli include agouti-related pep-
tide [46], NPY [47], and nesfatin-1 [48], all of which relate 
to PNX both in anatomical distribution and function [49]. 
Therefore, by induction of the above cerebroprotective ef-
fects of PNX, its expression could be regulated by the context 
of inflammation to help restore physiological function. Our 
group previously tested this possibility. Immortalized hypo-
thalamic neurons were exposed to lipopolysaccharide, which 
induces inflammation, for up to 24 hours and noticed no 
change in Pnx gene expression [20]. It is possible that other 
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inflammatory markers, such as tumor necrosis factor alpha, 
would influence Pnx expression in the brain or other tissues.

Beyond the central nervous system, the anti-inflammatory 
effects of PNX confer protection to organ systems subjected 
to ischemia followed by reperfusion. It is cardioprotective 
by activating reperfusion injury salvage kinase and survivor-
activating factor enhancement cascades, thus inhibiting 
apoptosis [18], and hepatoprotective in mice with HFD-
induced nonalcoholic fatty liver disease [50]. In athero-
sclerosis, GPR173 expression is reduced in human aortic 
endothelial cells upon exposure to oxidized low-density 
lipoprotein, thereby implying a role for PNX in disease 
onset. Moreover, PNX-20 agonism can improve disease pro-
gression by preventing the attachment of THP-1 monocytes 
to human aortic endothelial cells and attenuating the NF-κB 
pathway [51].

Taken together, the beneficial and widespread actions of 
PNX in injury and inflammation imply that inflammatory 
markers likely contribute to the control of peptide synthesis, 
release, degradation, and tissue availability. Transcriptomics, 
proteomic, and functional studies could thus effectively estab-
lish the spatial and temporal changes in PNX and shed light 
on its relationship with inflammatory processes. Considering 
the brief history of PNX and consequent lack of published 
data, ample ground exists for more research to unravel the 
intricacies of its regulatory processes and corresponding clin-
ical implications.

Promoter and Epigenetic Regulation
Two unexplored aspects of Pnx gene expression are analysis 
of its promoter region and consideration of epigenetic regu-
lators, such as microRNAs (miRNAs). A  preliminary ana-
lysis of the mouse Pnx gene 5’ upstream regulatory region 
using Genomatix revealed that there are numerous predicted 
response elements for transcription factors related to repro-
duction and inflammation (Fig. 2). These predicted sites will 
certainly need to be experimentally validated using chro-
matin immunoprecipitation, but they allow for speculation 
into what else might regulate Pnx mRNA levels. For example, 
there are NF-κB and cRel binding sites, and although lipo-
polysaccharide did not change Pnx gene expression in a hypo-
thalamic cell model, it is possible other inflammatory factors 
might. There are also glucocorticoid response elements that 
suggest stress hormones could regulate Pnx transcription, 
as well as predicted sites for C/EBP, OCT1, and the CREB 
family. Oddly, when we treated a hypothalamic neuronal cell 
line to activate pathways upstream of these transcription fac-
tors, including cyclic AMP, protein kinase C and nitric oxide 

pathways, Pnx gene expression was unchanged; thus, the 
regulators of Pnx expression are still undefined [20]. When 
considering the regulation of Pnx, we must also consider that 
it is cleaved from SMIM20, a membrane protein linked to 
mitochondrial function, but there is even less published about 
Smim20 regulation than Pnx. Nonetheless, a detailed study 
of the Pnx gene promoter could yield promising information 
on its regulation.

miRNAs posttranscriptionally regulate genes, and whether 
some regulate PNX remains to be determined. A  simple in 
silico analysis on TargetScan 8.0 shows that only 2 miRNAs 
are predicted to have conserved binding sites in the 3’ un-
translated region of the mouse Pnx transcript, and over 1000 
miRNAs have poorly conserved sites. On another prediction 
program, miRDB, 34 miRNAs are predicted to bind Pnx. All 
of these putative miRNAs should be experimentally validated 
for their direct binding to the Pnx 3’ untranslated region. 
miRNAs are critical for fertility as loss of global miRNA ex-
pression in granulosa cells and the uterus cause infertility [52]. 
Specific miRNAs have crucial roles in fertility; for example, 
miR-30 controls puberty onset through targeting Mkrn3 [53]. 
Similar types of miRNA-Pnx pairings will likely be identified.

Conclusion
In summary, PNX is a dynamic peptide whose regulation is an 
ongoing mystery. The most evidence on Pnx gene regulation 
is with regards to energy homeostasis, where PNX appears to 
be regulated by nutritional status and, in particular, free fatty 
acids. PNX also appears to be anxiolytic and anti-inflamma-
tory, although whether these processes directly regulate the 
PNX and GPR173 system requires further examination. PNX 
is crucial for reproductive function through stimulation of the 
hypothalamus, pituitary, and ovaries, but there is little known 
about its regulation by reproductive hormones and peptides. 
So, the question remains, what can control PNX expression? 
The answer is key to delineating the physiological roles of 
PNX, define its dysregulation in pathophysiological states, 
and establish potential therapeutic uses for PNX.
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