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Abstract

Background: Asprosin is a novel fasting-induced, glucogen-
ic, and orexigenic protein hormone that is discovered with
the help of genetic studies in patients with neonatal
progeroid syndrome. Asprosin is encoded by the penulti-
mate 2 exons (65 and 66) of the fibrillin 1 (FBN1) gene. Profi-
brillin 1 is the unprocessed protein product of FBNT and un-
dergoes a proteolytic cleavage by furin enzyme to produce
mature fibrillin 1 and asprosin. The main organ responsible
for the asprosin production seems to be white adipose tis-
sue. Summary: Asprosin promotes hepatic glucose release
in the liver and appetite stimulation in the hypothalamus
through activation of the cAMP signaling circuitry through
interacting with its G protein-coupled receptor, called
OR4M1. Increasing mass of evidence suggests that asprosin
is involved in the development and progression of various
clinical conditions including diabetes, obesity, cardiomyop-
athy, cancer, and polycystic ovarian syndrome. It regulates
various cellular and physiological processes such as appetite
stimulation, glucose release, insulin secretion, apoptotic cell
death, and inflammatory response. In this review, we discuss

the current literature on asprosin and try to shed light on the
yetundiscovered functions of asprosin. Key Message: Aspro-
sin is a key regulatory factor for preserving the homeostasis
of energy metabolism. ©2022 5. Karger AG, Basel

Introduction

Asprosin is a fasting-responsive orexigenic protein
hormone which enhances hepatic glucose release in the
liver and hypothalamic appetite stimulation through the
G protein-coupled receptor-dependent cAMP signaling
pathway [Duerrschmid et al., 2017]. Asprosin, which is a
C-terminal cleavage product of profibrillin, was first
identified by Romere et al. [2016] in patients diagnosed
with neonatal progeroid syndrome that harbor similar 3’
truncating mutations in the fibrillin 1 (FBNI) gene as
characterized by Sanger and whole-exome sequencing
analysis. As presented in Figure 1, asprosin is mainly pro-
duced by white adipose tissue and circulates in nanomo-
lar levels in the blood. It is taken up by the liver where it
stimulates the G protein-cAMP-PKA axis, leading to
quick release of glucose into the circulation [Romere et
al., 2016].
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Fig. 1. Asprosin responds to low glucose concentration and is se-
creted mainly from white adipose tissues in response to fasting
conditions. Once secreted into the bloodstream, asprosin travels
to the liver where it activates production and release of glucose into
the circulation by interacting with its receptor OR4M1 (human

Asprosin promotes gluconeogenesis and maintains
glucose homeostasis via its G protein-coupled receptor,
olfactory receptor family 4 subfamily M member 1
(OR4M1) [Lietal., 2019]. OR4M1 is the human ortholog
of olfactory receptor 734 (OLFR734) in mice. Olfr734
knockout mice were associated with the blunted response
to asprosin and reduced glucose production in response
to both high-fat diet and fasting [Li et al., 2019]. Upon
binding to its receptor OLFR734, asprosin activates the
cAMP signaling pathway to enhance hepatic glucose re-
lease and maintains glucose homeostasis during fasting
and in obesity [Li et al., 2019]. Olfactory receptor family
of proteins are mainly involved in detection of chemical
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ortholog of OLFR734) and activates the G protein-cAMP-PKA
signaling circuitry. Asprosin can also exit the circulation and cross
the blood-brain barrier to regulate appetite stimulation through
inducing orexigenic AgRP neurons and suppressing anorexigenic
POMC neurons (not shown in figure).

stimuli that contribute to olfactory perception. However,
whether OLFR734 responds to odorant molecules and
how these molecules and asprosin regulate olfactory per-
ception and food intake as well as energy homeostasis still
remains mysterious.

The concentration of asprosin in the circulation in-
creases with hunger and decreases acutely with refeeding,
showing circadian rhythm in coordination with nutri-
tional status [Romere etal., 2016]. Humans and mice with
insulin resistance have pathologically high plasma aspro-
sin levels [Romere et al., 2016]. The loss of function of
asprosin by immunological or genetic approaches has a
strong glucose- and insulin-lowering effect due to de-
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Fig. 2. The gene responsible for asprosin production is fibrillin 1
(FBN1), which is located in chromosome 15q21.1. This gene en-
codes a member of the fibrillin family of proteins. The encoded
preproprotein, called profibrillin-1 (2,871 amino acids), under-
goes proteolytic cleavage to generate 2 separate proteins — the ex-

creased hepatic glucose release, strongly indicating that
asprosin is pathologically related with the insulin resis-
tance of human and mouse [Romere et al., 2016]. Reduc-
tion of asprosin prevents hyperinsulinization due to met-
abolic syndrome [Mishra et al., 2021]. Moreover, periph-
eral intravenous administration of asprosin was shown to
cross the blood-brain barrier, where it directly triggers
orexigenic AgRP+ neurons in a cAMP-dependent man-
ner for the activation of the hypothalamic feeding circuit-
ry and stimulation of appetite [Duerrschmid et al., 2017].

Genetics

Asprosin is a C-terminal cleavage product of fibrillin 1,
which is encoded by the FBNI gene located at the 15q21.1
chromosomal region (Fig. 2) [Romere et al., 2016]. FBN1
is composed of 66 exons, and the last 2 exons (65 and 66)
were identified to be responsible for asprosin production
[Romere et al., 2016]. Fibrillin 1 is synthesized as a pre-
proprotein which undergoes proteolytic cleavage for the

Asprosin in Health and Disease

tracellular matrix component fibrillin 1 and the protein hormone
asprosin. The FBN1I gene consists of 66 exons and the penultimate
2 exons (exons 65 and 66) of FBN1 are responsible for the aspro-
sin production. Asprosin is 140 amino acids in length and approx-
imately 30 kDa in molecular weight.

generation of 2 separate proteins - a structural extracel-
lular matrix glycoprotein, fibrillin 1, and a secreted pro-
tein hormone, asprosin [Romere et al., 2016]. The unpro-
cessed fibrillin 1 preprotein is 2,871 amino acids in length
[Romere et al., 2016]. Proteolytical cleavage of this pre-
protein from its C-terminal end by the activity of protease
furin yields 2,704-amino-acid-long mature fibrillin 1 pro-
tein and 140-amino-acid-long asprosin [Romere et al.,
2016]. Compared to its recombinantly expressed bacte-
rial counterpart which has a molecular weight of approx-
imately 17 kDa, human asprosin runs at ~30 kDa in SDS-
PAGE, indicating that asprosin undergoes post-transla-
tional modifications (predicted to have 3 N-linked
glycosylation sites) [Romere et al., 2016]. Immunoblot-
ting of recombinantly expressed asprosin protein in
mammalian cells revealed an approximately 30-kDa pro-
tein which likely clarifies the difference in molecular
weight between mammalian and recombinant bacterial
asprosin [Romere et al., 2016]. Mutations in the FBNI
gene are significantly associated with the neonatal
progeroid syndrome (NPS) [Graul-Neumann et al., 2010;
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Goldblatt et al., 2011; Horn and Robinson, 2011; Take-
nouchi et al., 2013; Jacquinet et al., 2014; Romere et al.,
2016], Marfan syndrome [Robinson et al., 2002], MASS
phenotype, marfanoid habitus, and familial ectopia lentis
[Brautbar et al., 2010]. 3’ truncating mutations in FBN1I
were linked to the genetic ablation of asprosin in patients
with NPS [Romere et al., 2016]. Patients with NPS are
generally characterized by partial lipodystrophy and
progeroid appearance, and display extreme leanness and
hypophagia thatis associated with deficient plasma aspro-
sin levels [O'Neill et al., 2007]. Seven patients with this
syndrome have been reported and all have 3’ truncating
mutations in the FBNI gene, and these mutations have
been shown to accumulate in the penultimate exon of
FBNI and were predicted to escape nonsense-mediated
decay, which eventually leads to the production of a trun-
cated, mutant profibrillin protein [Romere et al., 2016].
Expression of FBNI mRNA was shown to be ubiquitous
across all human tissues and most prominent in adipose
tissue throughout the body [Romere et al., 2016]. In line
with these findings, the murine ortholog of FBNI was
shown to be expressed at high levels in white adipose tis-
sue [Romere et al., 2016]. Genetic ablation of adipose tis-
sue using Bscl2”~ mice (BSCL2 deficiency leads to 60-
70% reduction in adipose tissue and is associated with
Berardinelli-Seip congenital lipodystrophy) has proved
adipose tissue as the main source of asprosin production
[Romere et al., 2016].

Asprosin in Clinical Conditions Associated with
Impaired Glucose Levels

Itis not hard to predict that asprosin is involved in dis-
eases associated with impaired glucose levels. Accumulat-
ing evidence suggests that serum asprosin concentrations
are significantly enhanced in patients with type II diabe-
tes (T2DM). In a study comprising 84 individuals with
T2DM, serum asprosin concentrations were shown to be
highly elevated in patients with T2DM compared to
healthy control subjects, and high serum asprosin levels
were identified to be important risk factors for T2DM
pathogenesis [Zhang L et al., 2019]. In another study, in-
dividuals with impaired glucose levels and newly diag-
nosed T2DM patients were also shown to have increased
plasma asprosin levels compared to subjects with normal
glucose regulation, and plasma asprosin levels were re-
ported to be positively correlated with the hemoglobin
Alc (HbAlc), fasting blood glucose (FBG), and triglycer-
ide levels and insulin resistance [Wang et al., 2018]. Con-
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sistently, Li et al. [2018] reported that plasma asprosin
levels were significantly elevated in female patients with
T2DM in contrast to healthy subjects and were positively
associated with HbAlc, FBG, and insulin resistance.
Zhang X et al. [2020] reported that circadian oscillation
was disrupted in T2DM patients with elevated serum
asprosin levels. Patients with normal glucose tolerance
showed reduced postprandial asprosin levels compared
to those with T2DM. Asprosin levels were negatively cor-
related with the blood glucose and C-peptide levels in
subjects with normal glucose tolerance, but not in T2DM
patients [Zhang X et al., 2020], suggesting that loss of
asprosin response might be the main reason for fluctuat-
ing glucose levels in T2DM patients. T2DM patients with
and without diabetic kidney disease were reported to have
markedly higher circulating asprosin concentrations as
compared to healthy individuals with normal glucose tol-
erance, and asprosin concentrations were positively cor-
related with the albumin-to-creatinine ratio but negative-
ly correlated with the estimated glomerular filtration rate
in T2DM patients [Zhang H et al., 2020]. These findings
further supported the notion that asprosin might be re-
sponsible for the augmentation of the kidney damage in
these patients. As a further supporting evidence, Naiemi-
an et al. [2020] reported increased serum asprosin con-
centrations in T2DM patients compared to healthy sub-
jects. Notably, asprosin was shown to be well correlated
with FBG and body mass index (BMI) of healthy indi-
viduals and with HbA1c, FBG, BMI, quantitative insulin
check index, homeostatic model assessment of insulin re-
sistance (HOMA-IR), total cholesterol/high-density lipo-
protein cholesterol (TC/HDL-C) ratio, and triacylglyc-
erol in patients with T2DM. Similarly, Gozel and Kilinc
[2021] reported that T2DM patients have higher levels of
asprosin compared to healthy subjects, and the circulat-
ing levels of asprosin were reduced following 3 months of
metformin treatment in T2DM patients. Salivary aspro-
sin concentrations were also shown to be high in these
T2DM patients. Moreover, Groener et al. [2019] demon-
strated that levels of plasma asprosin were not associated
with the hypoglycemia unawareness and insulin resis-
tance of type 1 diabetes mellitus patients.

Furthermore, greater levels of serum asprosin have
been linked to albuminuria and renal function in T2DM
patients. Serum asprosin levels of T2DM patients with
microalbuminuria (albumin/creatinine ratio >30 to <300
mg/g) and macroalbuminuria (albumin/creatinine ratio
>300 mg/g) were shown to be significantly higher than in
T2DM patients with normoalbuminuria (albumin/cre-
atinine ratio <30 mg/g), suggesting that asprosin might
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play a key role in the onset and progression of diabetic
nephropathy [Deng et al., 2020]. Consistently, another
study also confirmed that serum asprosin levels were pos-
itively correlated with the albumin-to-creatinine ratio
and diabetic nephropathy progression in patients with
T2DM [Wang et al., 2021].

Higher levels of asprosin were also reported in patients
with metabolic syndrome. Hong et al. [2021] reported
that patients with metabolic syndrome had higher serum
asprosin levels, and there was a strong positive associa-
tion between higher asprosin levels and BMI, waist cir-
cumference, fasting and 2-h fasting plasma glucose, fast-
ing insulin, triglycerides, monocyte chemoattractant pro-
tein-1, interleukin-6, and HOMA-IR index. Monoclonal
antibodies targeting asprosin reduced blood glucose lev-
els and were associated with the loss of appetite and body
weight in mouse models of metabolic syndrome [Mishra
et al., 2021]. In contrast to these observations, Kocaman
and Kuloglu [2020] revealed in a streptozotocin-induced
diabetes model that serum asprosin levels in diabetic rats
were markedly lower than in the control group.

Pregnant women (at 18-20 weeks of gestation) with
gestational diabetes mellitus were shown to have in-
creased circulating and umbilical plasma asprosin levels,
indicating that altered levels of asprosin are responsible
for the fluctuating glucose levels of the mother, which
eventually severely affects the growing fetus [Zhong et al.,
2020]. Also, high levels of asprosin were well correlated
with the increased glucose concentration in hyperglyce-
mic menopausal women and well correlated with the risk
factors of metabolic syndrome [Wiecek et al., 2019]. Also,
asprosin levels were shown to be reduced with the whole-
body cryotherapy in parallel to glucose levels in these pa-
tients [Wiecek et al., 2019].

Elevated levels of asprosin were also correlated with
the insulin resistance of women with polycystic ovary
syndrome (PCOS) compared to age- and BMI-matched
healthy individuals and were associated with the BMI and
free androgen index of these patients [Alan et al., 2019].
Similarly, plasma asprosin levels were shown to be in-
creased in patients with PCOS but lower than in patients
with T2DM, and a significant positive correlation was
identified between high asprosin levels and FBG, insulin
resistance, HbA1lc, APOB, APOE, and LDL-c and testos-
terone levels [Li et al., 2018]. Likewise, Deniz et al. [2021]
also reported increased asprosin levels in PCOS patients.
In contrast to these observations, serum asprosin levels of
PCOS patients were shown to be similar to those of con-
trol subjects in a different study population [Chang et al.,
2019].

Asprosin in Health and Disease

Besides, elevated circulating serum asprosin levels
were also implicated in the insulin resistance of non-al-
coholic fatty liver disease patients and can be a novel
promising biomarker for the differential diagnosis of
non-alcoholic fatty liver disease [Ke et al., 2020].

Lastly, serum asprosin levels were reported to be dra-
matically reduced following coffee consumption in
healthy individuals. Also, rapidly metabolizing individu-
als presented a higher reduction in blood asprosin con-
centrations compared to slow/intermediate metabolizers
following caffeine consumption [Gkouskou et al., 2022].

Asprosin, Appetite, Obesity, and Exercise

Obesity and obesity-related complications are highly
prevalent worldwide. Thus, adipokines like asprosin
have gained special attention for the treatment of obesity
and related health manifestations. Asprosin was identi-
fied to be an orexigenic hormone that stimulates appetite
and promotes adiposity. Circulating asprosin was shown
to cross the blood-brain barrier and lead to direct stimu-
lation of orexigenic AgRP+ neurons and suppression of
anorexigenic proopiomelanocortin-positive neurons
[Duerrschmid et al., 2017].

Asprosin levels were shown to be significantly higher
in obese patients (BMI >35 kg/m?) compared to non-
obese individuals. Significant reduction of asprosin was
observed following 6 months of post-bariatric surgery
[Wang CY et al,, 2019]. Asprosin was shown to be posi-
tively correlated with the BMI of individuals and corre-
lated with the severity of obesity [Ugur and Aydin, 2019].
Serum asprosin concentrations were also shown to be el-
evated and associated with the insulin resistance in obese
children compared to control subjects [Wang M et al.,
2019]. Likewise, in another population, serum asprosin
concentrations of obese children were also shown to be
higher than those of normal-weight children [Siinnet¢i
Silistre and Hatipogl, 2020]. In a monosodium gluta-
mate-induced mouse model of obesity, asprosin levels
were significantly lowered by cannabinoid receptor 1
(CBIR) inhibition [Ma et al., 2018]. At the molecular lev-
el, mRNA expression levels of asprosin were shown to be
significantly elevated in retroperitoneal and subcutane-
ous adipose tissues of high-fat diet rats [Yang et al., 2020].
Unlike these observations, Long et al. [2019] reported
that circulating asprosin concentrations were lower in
children with obesity than in non-obese children. Addi-
tionally, patients with anorexia nervosa had higher plas-
ma asprosin levels compared to control subjects [Hu et
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al., 2021]. Lastly, Liu et al. [2021] reported that serum
asprosin levels were markedly higher in obese children,
especially those with non-alcoholic fatty liver disease, and
positively correlated with FBG, BMI, levels of tumor ne-
crosis factor-alpha and alanine aminotransferase.

Moreover, emerging observations indicate that exer-
cise has significant beneficial effects on asprosin levels.
Higher levels of asprosin were shown to be dramatically
reduced in obese patients after aerobic exercise [Ceylan
et al., 2020]. Also, acute anaerobic exercise was shown to
increase asprosin levels in women [Wiecek et al., 2018].
In a streptozotocin-induced T1DM rat model, aerobic ex-
ercise training was shown to significantly lower asprosin
levels [Ko et al., 2019]. These findings further suggested
that exercise might have a great impact on the regulation
of serum asprosin levels.

Cardiovascular Problems Associated with Asprosin
Deregulation

Asprosin was also implicated in the formation of car-
diovascular problems. Acaraetal. [2018] identified aspro-
sin as a reliable biomarker to predict the degree of coro-
nary pathology in patients with unstable angina pectoris.
Asprosin was also identified as a promising prognostic
biomarker for dilated cardiomyopathy patients. Lower
asprosin levels in these patients were shown to be associ-
ated with poor prognosis, and higher asprosin levels pro-
tected against hypoxia-induced cell death and improved
mitochondrial respiration in cardiomyoblasts [Wen et
al., 2020]. In addition, higher serum asprosin levels were
also reported in patients with coronary artery disease
(CAD) and were associated with the enhanced risk of de-
veloping CAD [Moradi et al., 2021].

Possible Role of Asprosin in Cancer and Cellular
Apoptosis

Sustained and uncontrolled proliferation of cancer
cells involves not only deregulation of proliferative sig-
naling but also reprogramming of cellular energy metab-
olism, a phenomenon known as Warburg effect [War-
burg et al,, 1927]. Cancer cells reprogram their energy
metabolism to a state called “aerobic glycolysis” in which
they largely limit their energy metabolism to glycolysis
even in the presence of oxygen [Hanahan and Weinberg,
2011]. Although limited, emerging evidence indicates
that asprosin is deregulated in several types of human
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cancers. Asprosin was identified to be a promising pre-
dictive marker for the early diagnosis of pancreatic cancer
[Nam etal., 2021]. Using immunohistochemical analysis,
Kocaman and Artas [2020] detected higher asprosin im-
munoreactivity in patients with malignant mesothelioma
compared to reactive mesothelial hyperplasia. Also, can-
cer patients with anorexia were reported to have signifi-
cantly lower fasting plasma asprosin concentrations.
However, no significant difference was identified be-
tween cancer patients and non-cancer patients [Du et al.,
2021]. In ovarian cancer, asprosin was found to be differ-
entially expressed across all different histological sub-
types [Kerslake et al., 2021]. Moreover, apoptosis is a nat-
ural defense system against neoplastic growth [Hanahan
and Weinberg, 2011]. Accumulating evidence suggests
that asprosin is involved in the modulation of the cellular
apoptotic machinery. Particularly, asprosin was shown to
interfere with the apoptosis of mesenchymal stromal cells
via modulating the ERK1/2-SOD2 pathway [Zhang Z et
al., 2019]. Consistent with these observations, increased
asprosin levels reduced apoptotic death of cardiac micro-
vascular endothelial cells [Chen et al., 2019]. Taken to-
gether, asprosin seems to have great impact in carcino-
genesis, but limited literature on asprosin in cancer and
apoptosis makes it difficult to comment more about the
role of asprosin in cancer and apoptotic cell death, and
more comprehensive studies are needed in the future.

Asprosin and Inflammatory Response

Asprosin was shown to be associated with the inflam-
mation of pancreatic -cells. Palmitate treatment of hu-
man primary islets containing B-cells and mouse insuli-
noma MING6 cells increased the asprosin levels and nucle-
ar factor-kappa B phosphorylation and the release of TNF
and MCP-1 pro-inflammatory cytokines. Glucose-stim-
ulated insulin secretion and cell viability was also shown
to be impaired in these cells. Genetic ablation of asprosin
with RNA interference reversed these effects. In contrast,
recombinant asprosin treatment of human primary islets
and MING6 cells enhanced inflammatory response, apo-
ptosis, and cellular dysfunction through upregulating
toll-like receptor 4 (TLR4) and c-Jun N-terminal kinase
(JNK) [Lee et al., 2019]. These observations strongly in-
dicate that palmitate-induced asprosin expression from
B-cells leads to P-cell dysfunction and inflammation
through modulating TLR4/JNK signaling pathway, and
targeting asprosin in T2DM patients might protect
against 3-cell dysfunction. Further evidence has support-
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ed these findings. Jung et al. [2019] reported that aspro-
sin impairs insulin secretion through inducing the phos-
phorylation of protein kinase C-§ (PKCJ), inositol-re-
quiring enzyme 1 (IRE-1), and eukaryotic initiation fac-
tor 2 (elF2a), and CHOP expression and inflammatory
markers (phosphorylation of IkB and nuclear translocat-
ed nuclear factor-kf, and interleukin-6 expression). Col-
lectively, these observations suggest that increased ex-
pression of asprosin might have great impact on the de-
velopment of insulin sensitivity by activating
inflammatory response.

Asprosin in Fertility

Asprosin was shown to enhance progressive motility
of sperm and improves male fertility through binding its
target receptor, OLFR734, and activating cAMP signaling
circuitry to promote hepatic glucose secretion [Wei et al.,
2019]. Asprosin treatment improved sperm progressive
motility in old mice, suggesting asprosin as a potential
treatment option to enhance male fertility [Wei et al,
2019]. Intracerebroventricular infusion of asprosin was
shown to enhance GnRH mRNA and protein expression
levels in the hypothalamus and serum FSH, LH, testoster-
one hormone levels and associate with the increased
sperm density and progressive motility in rats [Keskin et
al., 2021]. In addition, asprosin was also implicated in the
regulation of ovarian follicular function by inducing LH-
induced theca cell (TC) androstenedione production and
suppressing IGF1-induced TC proliferation [Maylem et
al., 2021]. Shortly, these observations indicate that precise
regulation of asprosin is essential for the preservation of
human reproductive health.
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