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Abstract: Type 2 diabetes mellitus has a deadly toll on human health. Therefore, more
attention needs to be paid for the creation of biomarker to indicate the newly diagnostic
type 2 diabetes and effective therapy. It well known that adipose tissue of mammals can
store energy and secrete such hormones. Therefore, obesity is associated with
hyperinsulinemia and insulin resistance. Recently, newly identified glucogenic hormone
named “asprosin” has been developed in white adipose tissue, encoded by the gene
Fibrillin 1 (Fbnl). Fbnl is a 230-kb gene with 65 coding exons. These exons encode a
2,871-amino-acid long proprotein called proFibrillin which is proteolytically cleaved near
its C-terminus by the enzyme furin convertase to give Fbnl, a member of the fibrillin
family, in addition the 140-amino-acid long protein hormone asprosin. It has a metabolic
role during fasting condition as it induces liver to secrete glucose for maintaining
homeostasis as well as centrally stimulates appetite. It was reported that plasma asprosin
concentrations increased in human/mice with type 2 diabetes compared with controls.
However, it was significantly reduced in patients with neonatal progeriod syndrome who
had characteristic features of low appetite and extreme leanness. This syndrome is due
to the truncated mutation in Fbnl. Although the great biological role of asprosin in vivo, it
still limited in research, particularly in the therapy of type 2 diabetes. This study aimed to
provide an overview of asprosin and its possibility to be used as a novel biomarker of type
2 diabetes and obesity.
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discovered as a novel hormone found in white

Introduction adipose tissue (WAT) of mammals (11-15). It
It was recorded that the prevalence of IS named asprosin, a Greek word for white
diabetes is expected to rise to 10.5% after ~asSPros”. It is well known that WAT is the

twenty years (1). It is well known that adipose  Original source of plasma asprosin (11). It is
tissue can store energy and secrete bioactive Secreted from WAT after fasting (12,15,16) for

adipokines (2-8). So, obesity is associated to Maintaining thermal energy standards among
hyperinsulinemia and insulin resistance (9,10).  daily meals (13). In addition it has recently been
Several adipokines as adiponectin, resistin, and Known as a glucogenic hormone that regulates
leptin are involved in the inflammation glucose homeostasis (11). Moreover, asprosin

progress, homeostasis of glucose, and insulin N2 @ genetic background as encoded by
sensitivity (2,3). Recently, asprosin has been Fibrillinl gene (Fbn1l), the precursor of a newly
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described glucogenic hormone (16-19). After
analysis of Fbnl mRNA expression, the
previous researchers confirmed the highest
expression levels in WAT of humans and/or
mice, suggesting the important function of
Fbnl in adipogenesis (11,17). Therefore,
asprosin is considered as a highly sensitive
biomarker of type 2 diabetes mellitus (T2DM)
and obesity (11,13,15).

Role of adipose tissue in glucose
homeostasis

Adipose tissues can centrally control energy
homeostasis. The secretion of adipokines can
modulate storage of energy and essential for
dissipation. New adipokines sourced from
WAT, brown adipose tissue (BAT) and beige
adipocytes have been detected (11). Detection
of the sensitive receptors for adipokines is
highly important for confirming hypothesis of
the fat-derived signaling pathways that
associated with energy homeostasis.

WAT represents nearly 27% of human body
weight, is a key tool of endocrine system.
Therefore, leptin therapy for patients with
common lipodystrophy who regularly progress
chronic hepatic steatosis, insulin resistance and
DM has been permitted by Food and Drug
Administration, 2014 (20). Even though
generalized lipodystrophy is regularly linked to
insulin ~ resistance. ~ Moreover, neonatal
progeriod syndrome (NPS)-patients developed
unknown symptoms of partial lipodystrophy as
they kept insulin sensitive and euglycaemic. In
2016, the team discovered mutations in
distinguished gene that encodes proFbn, named
Fbnl, in NPS-patients. This genetic mutation
was related to the asprosin levels and the C-
terminal cleavage product of proFbn2 (11).

Asprosin is not only secreted by WAT but
also secreted by other tissues (11). For instance,
mammals also have BAT which can dissipate
the energy in the form of heat in order to get rid
of hyperthermia and obesity. BAT has a smaller
mass compared to WAT inside the body of
human (e.g., ~60 g of BAT in the adulthood
period of human) (21). It could be contributed
as an additional endocrine organ to whole-body
homeostasis. On the contrary, it was recorded
that secretory molecules from BAT, named

‘batokines’ commonly include fibroblast grow-
th factor 21 (FGF21), vascular endothelial
growth factor A (VEGFA), neuregulin 4
(NRG4), and bone morphogenetic protein 8B
(BMP8B). Altogether, is confirming the
physiological importance of BAT in
endocrinology (22).

It was also noticed that “beige adipocytes™ is
the inducible form of thermo-genic adipocytes
in adult humans (23). The differentiation of this
kind of adipocytes can be stimulated by
exposure to cold, sever exercise, bariatric
surgery or cancer cachexia; moreover, the
biological importance of these adipocytes was
to modulate the energy of whole-body and
glucose homeostasis (24). We therefore might
understand that batokines can partially mediate
the metabolic improvements as well as obtained
by increasing beige fat mass.

Moreover, by 2016 the researchers suppo-
rted the aforementioned hypothesis. They
obtained beige adipocytes from the capillaries
of subcutaneous WAT of human. Then, mice
with diet-induced obesity were implanted with
adipocytes (25). They showed that implantation
of mice with beige adipocytes of human was a
reason of lower levels of fasting blood glucose,
higher glucose tolerance and lower hepatic
steatosis, 50 days after implantation than
controls whose were implanted with matrigel as
a vehicle. The improved glucose tolerance after
implantation of beige adipocytes was positively
correlated with the upregulation of glucose
turnover rate and the secretion of adiponectin
from the transplanted human beige adipocytes.

The highest Fbnl mRNA expression level
was found in adipose tissue due to increasing
asprosin levels. Moreover, the genetic ablation
of adipose tissue in mice (Bscl2”~ mice) cause
a two-fold reduction in circulating asprosin in
comparable to wild-type mice (11). Furthe-
rmore, mature adipocytes in culture were able
to secrete asprosin. All these findings
concluded that the adipose tissue was the
original source of asprosin. It is an important
addition for the discovery of newly signaling
molecules from adipocytes which can modulate
energy homeostasis.

Definitely, detection of particular receptors
of asprosin might be a new gate in biochemical
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area of research to enable us identifying their
target tissues/cells and to understand the
mechanisms of action of asprosin. Therefore,
adipose tissues can centrally control energy
homeostasis due to secretion of adipokines.
Meanwhile, it modulates energy storage and
has the responsibility for dissipation.

Chemical structure of asprosin

Asprosin  consists of 140-amino-acids
protein (11,15,16). It is considered long C-
terminal cleavage product of proFbn via the
activation of the protease furin (26,27).
Moreover, mature Fbn1 acts as the extracellular
matrix component. Meanwhile, asprosin is
encoded by the two exons (65-, 66-encoded
amino acids) of Fbnl. For instance, the exon 65
encodes 11-amino acids, whereas exon 66
encodes 129-amino acids. Together, those two
exons showed an ideal model of higher
vertebrate evolutionary maintenance score
compared with the other proFbns coding
sequence. In 2016, the researchers did their
extensive efforts and created an asprosin-
specific monoclonal antibody (mAb) and
confirmed its sensitivity using Fbnl in wild-

type and null cells (11). Combination of
immunoblotting of human plasma and the mAb
indicated that a single protein ran on sodium
dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) at 30 kDa, whereas
bacterially produced recombinant asprosin (r-
asprosin) ran at 17 kDa, (Figure 1) (11).
Asprosin is anticipated to have three N-
glycosylation sites as post-translational protein
modifications. However, that was limited in
bacteria. This clearly explained the molecular
weight difference between mammalian and
bacteria-produced asprosin. Therefore, the
expressed asprosin from mammalian cells can
form a protein which was secreted into the
media and therefore ran on SDS-PAGE at 30
kDa (same molecular weight) (19). After the
SDS-PAGE analysis, the researchers detected
asprosin in human serum/plasma, cell lysates,
media of mouse embryonic fibroblasts, and
cell/tissue lysates of cultured adipocytes in
WAT of mice. We suggest that the structural
complexity of asprosin is a challenge for
researchers to continue their experiments and
therefore makes it limited in research.

Plasma Asprosin

Figure 1. Asprosin immunoblotting on six individual human plasma samples (lanes 1-7), whereas
bacterially produced recombinant asprosin was used as a positive control (lane 8), and the molecular weight
marker (lane 1). As referenced by Romere et al. (11)
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Figure 2: Schematic cartoon shows the modulation of plasma glucose homeostasis and insulin sensitivity
through adipokines. The figure is drawn by the authors of this manuscript. CAMP: cyclic adenosine

monophosphate receptor and PKA: protein kinase A

Mechanism of action of asprosin

Asprosin binds to the hepatocyte surface to
initiate hepatocyte glucose release into the
bloodstream (11,18) by crossing the blood brain
barrier to activate orexigenic agouti-related
neuropeptides (AgRP* neuron) via a cyclic
adenosine monophosphate (CAMP)-dependent
pathway (16,28). This mechanism inhibits
releasing of anorexigenic proopiomelanocortin
(POMC)-positive neurons in a gamma-
aminobutyric acid (GABA)-dependent manner
in order to stimulate appetite and to store
adiposity (14). Asprosin initiates the functional
role of the liver during fasting time and is
critical for normal neural function among daily
meals. Therefore, there is a systematic
coordination among the fasting condition,
appetite stimulation and hepatic glucose release
via asprosin, through distinct mechanisms in
both liver and hypothalamus (11). For better
understanding, see our schematic cartoon in
Figure 2.

Metabolic effect of asprosin

It was reported that levels of asprosin
increased in the blood under fasting “a base line
of glucose condition” in healthy humans and/or
rodents while decreased by feeding “a high
glucose condition” (11,15,16,29). Hence
insulin resistance is a direct cause of T2DM,
asprosin occurs with excess adiposity because
WAT can modulate glucose metabolism and
maintain  energy homeostasis, regardless
enhancing or impairing insulin action (2,4). Our
schematic cartoon in Figure (3) showed the
direct effect of asprosin on liver glucose level
and the indirect effect on insulin release. In
addition, it seems likely that obesity is
dramatically associated to a constellation of
T2DM and metabolic syndromes (30-32).
Therefore, asprosin has a great role in glucose
metabolism as well it has a negative feedback-
loop by suppressing circulating asprosin
(11,14).
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Figure 3: Schematic cartoon shows the role of asprosin in control hepatic glucose release to indirectly
influence the insulin release. The figure is drawn by the authors of this manuscript

To evaluate circulating asprosin concen-
trations in daily basis, mice were kept at 12hr
light/12hr dark program for one week to
provide the optimum environmental condition,
and further were put in a continuous darkness.
Plasma was then isolated from these mice in 4hr
intervals and then subjected to asprosin
enzyme-linked immunosorbent assay (ELISA)
analysis. The researchers at that time noticed
that circulating asprosin showed circadian
oscillation with a sharp decrease in levels
equivalent with feeding time (11). In the
contrary, fasting overnight in humans, mice and
rats led to increase plasma asprosin. In the same
study, they found a direct influence of asprosin
on liver glucose while a slight influence on
insulin compensatory mechanism. Moreover,
inflammations are conveyed to contribute to the
pathogenesis of DM (11,33). For instance,
previous study indicated that asprosin
stimulated liver glucose release by using CAMP
as a second messenger, which was also included
in the inflammatory responses (34-36). Fbnl
exhibited a 70% down regulation in plasma
asprosin in mgR hypomorphic mice. Thus pro-
inflammatory cytokines were altered and

contributed to the formation of inflammatory
diseases, like aortic aneurysms (37). It was
wondering whether circulating asprosin contro-
Iled glucose metabolism through inflammation.
The high sensitivity C-reactive protein (hsCRP)
levels dramatically increased among normal
glucose regulation (NGR), impaired glucose
regulation (IGR), and newly identified T2DM
(nT2DM) groups and reached statistical
significance in nT2DM-patients (14). However,
a single dose of r-asprosin was administrated to
mice giving a significant upregulation in blood
glucose levels by stimulating hepatic glucose
release (11). Therefore, they wondered whether
the changed asprosin might be a real cause of
glucose dysregulation, because the asprosin
was an adipokine secreted by the adipose tissue.
Moreover, T2DM is usually linked to the
malfunction of adipose tissue which may then
lead to wunsuitable adipokine secretion.
Although the researchers at that time did their
great efforts, they had some limitations. First,
they cannot consider the alteration of asprosin
as a real cause of T2DM. Second, the influence
of population characteristics and environmental
factors on the secretory platform of adipokines
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gave a negative impact to be applied on other
populations. Third, not the all parameters
correlated to the plasma asprosin levels were
analyzed in their study. Finally, the circulating
concentration of asprosin may also be
associated with its catabolism, which was not
evaluated in their study. Therefore, we suggest
that future studies are required to assure
correlation of asprosin and its potential
mechanism, the insulin resistance and p-cell
function for more clarification.

Relationship between asprosin and fasting
glucose and triacylglycerol

High level of adiposity indicates a
dysfunction of adipokines and considered as an
evidence of metabolic diseases (5,6). It was
reported that there was a positive correlations
between circulating asprosin and adiposity-
related parameters in T2DM-patients, including
body mass index (BMI), waist circumference
(WC), and waist-hip ratio (WHR) (15). This
means increasing asprosin concentrations,
BMI, WC, and WHR would be increased
accordingly. However, several stepwise
regression analysis represented that these
adiposity indexes had no relation to asprosin
concentrations. It was represented that the
change of serum adiponectin levels and
chemerin concentrations in T2DM was clearly
independent of obesity (38). Moreover, it was
found that the adipokine level inside the tissue
is probably imbalanced to the amount entered
the bloodstream (39). Therefore, it was reported
that circulating asprosin had a potential
influence on lipids metabolism.

Asprosin concentrations were positively
correlated  with  triacylglycerol  (TAG)
regardless in healthy or in T2DM groups.
Likewise, a study reported that a dyslipidemia
was a common status in patients with high
releasing of hepatic glucose in the insulin-
resistant liver (40,41). Considering the liver as
the major target organ of asprosin and therefore
insulin resistance can direct us to the evidence
of dyslipidemia. Therefore, asprosin was
associated to the pathogenesis of lipids
disorder. However, it was reported that the
crude glucose area under the curve (AUC) of
the rate of change (ROC) curve indicated that

asprosin was not the only parameter for
analyzing T2DM of different age and sex (15).
To avoid the limitations of previous studies, the
accuracy of asprosin for T2DM diagnosis
should be done in a large-scale analysis of
prospective cohort study in vitro as well as in
vivo. Also it should include a comparison
among NGR, IGR, nT2DM and pre-diabetes-
patients, in addition to underlay the relationship
between serum asprosin and the physi-
opathologic mechanism of T2DM to be more
elucidated. =~ Meanwhile, serum  asprosin
concentrations were not sexually dimorphic in
contrast to other adipokines like leptin and
adiponectin (42,43). It well indicated that
asprosin concentrations might not be influenced
by male/female sex hormone. Altogether, is
confirming the biological role of plasma
asprosin in the improvement of T2DM. In
addition, serum asprosin was positively linked
to adiposity-dependent parameters in T2DM-
patients.

Deficiency and increase of asprosin levels
in the bloodstream

Asprosin  was  detected into the
plasma/serum of humans, mice and rats. It is
significantly reduced in NPS-patients due to the
truncated mutation in Fbnl gene (i.e., loss of
the C-terminal cleavage product of proFbn),
giving a critical role of asprosin (11,44).
Despite NPS-patients had inslulin sensitivity,
they had lipodystrophy with a low appetite and
extreme leanness. This case was identical by
mice having similar mutations and was
completely rescued by asprosin compared with
controls (11). It was reported that plasma
asprosin concentration is decreased in [NPS-
patients of genetic depletion, homozygous
MgR mice of genetic depletion and
immunologic sequestration in mice] while
increased in [adenovirus-mediated overex-
pression, injection of r-asprosin and nT2DM].
By this, there was a correlated change in
circulating glucose and insulin (11,15). In mice,
plasma asprosin stimulated circadian oscill-
ation which rises during overnight fasting and
are impaired with the beginning of feeding time
(11). In the same study, subjecting mice to
streptozotocin therapy ablated pancreatic p-
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cells as well as impaired circulating asprosin
compared with controls.

A standard curve had been established using
r-asprosin to estimate plasma as well as media
levels. A high specificity of the asprosin
sandwich ELISA had been displayed using
media from wild-type mice and Fbn1™ cells.
Asprosin was found in plasma of humans, mice
and rats at regular nanomolar levels (11).
Surprisingly, in the same study, NPS-patients
showed a superior down regulation in plasma
asprosin  concentrations than those of
heterozygous genotype (either wild-type mice
as control subjects or patients that had
heterozygous truncations of proFbn linked N-
terminal) to undertake mMRNA nonsense-
mediated decay. Therefore, the mutation of
proFbn NPS-patients cells has a negative
reflection on asprosin release from the wild-
type mice allele. Then the overexpression of the
truncated mutation of proFbn in wild-type mice
cells was examined. They found that there was
an interference with the capability of those cells
to release asprosin to the media in to the
overexpression of other protein, like green
fluorescent protein (GFP).

Therefore, circulating asprosin was clearly
reduced in NPS-patient due to the truncated
mutation in Fbnl.

To detect plasma asprosin concentration in
T2DM-patients and controls, fasting overnight
of 11 control subjects and 23 T2DM-patients
was done and then examined 2-hs meal
tolerance test in the early morning (12). The
meal included 460 Kcal (e.g., 56.5g of
carbohydrates, 18 g of protein and 18 g of fat).
Collection of blood had been done prior and 2-
hrs consequently after eating meals. To detect
the level of plasma asprosin in T2DM-patient,
glycosylated hemoglobin (HbAlc), fasting
plasma glucose (FPG) and other biomarkers.
The result in that study indicated that fasting
asprosin concentrations in controls were
significantly lower than those in T2DM-
patients (p<0.05). Moreover, in T2DM-
patients, postprandial had significant reduction
of asprosin levels with a negative correlation to
fasting insulin levels (p<0.05). However,
asprosin levels and other parameters including
FPG showed no significance. Therefore, we

concluded that plasma asprosin concentrations
increased in human/mice of type 2 diabetes
compared with controls.

Liver is the confirmatory main target of
asprosin to increase circulating glucose

After applying cell autonomous glucose and
examining insulin tolerance tests, mice had
been treated with a single dose of r-asprosin.
The mice clearly indicated a slight alteration of
glucose uptake as a positive feedback of insulin
in peripheral organs, like fat or muscle (11).
However, it indicated a great alteration of
glucose levels for re-implicating the liver.
Performing the hyperinsulinemic-euglycemic
clamp confirmed that the liver was the major
location of asprosin function. This test uniquely
represented that plasma asprosin levels were
elevated which led to increase hepatic glucose
release. However, peripheral organs had no
ability to upregulate glucose as a feedback
response to insulin. Then the researchers
exposed the mouse hepatocytes to high
concentrations of r-asprosin or GFP for 2hr. As
their results, the media from cells exposed to
asprosin showed an increase in glucose levels
in a dose-dependent manner, suggesting a
potential influence of asprosin on hepatocytes.
In conclusion, liver was found to be the main
and direct target of asprosin to increase plasma
glucose.

Labeled r-asprosin with iodine-125 (1125)
was prepared, and then intravenously injected
in mice, consequently after a single-photon
emission computerized tomography (SPECT)
scans in order to detect the sites of
accumulation. A typical amount of free 1125 or
1125-asprosin was used as a control. That
amount was boiled for 5 min in order to
stimulate the wastage of the asprosin tertiary
structure. After analysis, data represented that
1125-asprosin trafficked initially to the liver. In
addition the tertiary structure of asprosin was
necessary for the liver function (11). By this,
liver trafficking, gamma counting of blood and
viscera demonstrated that plasma r-asprosin
levels were down regulated in parallel to the
upregulation of liver glucose levels. To test
plasma half-life after subcutaneous injection,
scientists of the same study above followed the
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protocol of a sandwich ELISA-analysis point-
ing the N-terminal histidine (His)-tag to the r-
asprosin protein at the following time interval,
15, 30, 60, and 120 min. After the data analysis,
plasma His-tagged asprosin indicated a half-life
of maximally 20 min and a peak level of 50 nM
for 20 min after injection in case of infusion of
1125-asprosin. Moreover, to test the specific
binding of asprosin to hepatocytes, mouse
hepatocytes were incubated with the excess
amount of asprosin-biotin conjugates, and then
washed with PBS to finally examine the relative
level of biotin at the hepatocyte surface.
Asprosin connected to the hepatocyte surface in
a dose-responsive manner. Repeating the same
protocol in the presence of a 100-fold excess
unconjugated asprosin ended the effect,
indicating a kind of competition and high
sensitivity for potential receptor-binding sites.
Altogether, is confirming the quick response of
asprosin receptors with a high affinity, to bind
the hepatocyte surface.

As a result, bacterially produced r-asprosin
held the metabolic activity which exhibited by
the endogenous produced counterpart. Mean-
while, the alteration of plasma asprosin was
enough to raise blood glucose and insulin
concentrations. Mice were observed to deny
eating along the experiment. It is well known
that this single asprosin dose resulted in an
immediate signal in plasma glucose levels.
However, the real cause was compensatory
hyperinsulinemia at the 15 min, which
normalized the plasma glucose concentrations
by 60 min after injection. Likewise, this
hypothesis was found in mice which were
exposed to an overnight fasting although the
level of the consequential plasma glucose curve
was dramatically decreased. It was probably
due to fasting-induced reduction of glucogenic
substrates. Therefore, liver was the main target
organ of asprosin because of its primary role to
store glucose (e.g., glycogen) and quickly
upregulated into the bloodstream during
fasting. Interestingly, asprosin gave no
influence on plasma concentrations of catabolic
hormones (e.g., glucagon, catecholamines and
glucocorticoids) in order to stimulate liver
glucose release.

Asprosin upegulates CAMP and activates
protein kinase A in the liver

It was reported that mice exposing to a single
dose of 30-mg r-asprosin for 20 min — 50 nM
peak level, upregulated the cAMP and activated
protein kinase A (PKA) in the liver (11), as
illustrated in a schematic Figure 2. Similarly,
that was done after incubation of mouse
hepatocytes with r-asprosin for 10 min.
Moreover, hepatocyte PKA activity was
upregulated due to the binding of r-asprosin, as
what they had noticed the same story in liver
glucose  production. Interestingly, the
physiological role of asprosin on either
hepatocyte glucose release or PKA activation
was ended by suramin, a general heterotrimeric
G protein inhibitor. Moreover, asprosin-
mediated hepatocyte glucose release might be
ended using cAMPS-Rp which acts as a
competitive antagonist of cAMP binding to
PKA. Glucagon and catecholamines also
engaged to the identical intracellular signaling
axis, thus the researchers in the same study
wondered what is the reason for inhibition of
the glucagon receptor as well as the B-
adrenergic receptor on the stimulation of
hepatocyte glucose release through asprosin?.
They understood that the corresponding inh-
ibitors clearly ended the influences of glucagon
as well as epinephrine. However, they had no
evidence of the ability of asprosin to stop
hepatocyte glucose release. It comes by the fact
that asprosin used such cell-surface receptor
system which is distinctly different from those
used by glucagon and/or catecholamines. Due
to insulin induces a reduction in intracellular
CAMP through stimulation of the Gai pathway,
the same researchers examined whether insulin
might interfere with asprosin effect on
hepatocyte PKA activity and glucose release.
The researchers reached to the answer through
an increase in intracellular cAMP. In
conclusion, it was confirmed that asprosin
upregulates hepatocyte glucose release by
binding the G protein-cCAMP-PKA axis in vitro
as well as in vivo. Moreover, it was noticed that
insulin suppressed asprosin-mediated hepato-
cyte PKA activation and led to glucose release.
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The immunological role of asprosin in
metabolic-syndrome-associated
hyperinsulinism

It was reported that circulating asprosin
concentrations were altered in controls with
insulin resistance (11). Likewise, alterations
were shown in two mouse models of insulin
resistance (either fed diet-induced obesity or
with obese gene (OB) mutation). Interestingly,
a single dose of an intraperitoneal injection of
asprosin as a specific mAb was enough to
reduce circulating asprosin concentrations. The
effect started 3 and 6hr post injection, with a
back recovery within 24 hr. Both ad-libitum-fed
(following 2hr fasting for making a
synchronization program) of mouse insulin
resistance represented a sharp reduction in
circulating insulin along with euglycemia).
That was immediately with decreasing
circulating asprosin. To examine the influence
of loss of asprosin on liver glucose release
regardless the possible insulin compensatory
mechanism, mouse hepatocytes was treated
with the asprosin-specific Ab before the
incubation with asprosin. As anticipated, the
asprosin-specific Ab ended asprosin-mediated
liver glucose release, whereas a nonspecific
control Ab had no influence. To confirm
immunologic sequestration as a legitimate
dysfunction, Fbnl was examined in homoz-
ygous MgR mice (which had 20% of the wild-
type Fbnl) (45). However, MgR mice had a
70% downregulation in circulating asprosin. It
displayed a two-fold deficit in plasma insulin
upon 2-hrs  fasting, whereas keeping
euglycemia (as the findings observed with
immunologic sequestration of asprosin in ad-
libitum-fed mice). However, upon a full-day
fasting time, a physiologic situation was limited
insulin release from mice. Moreover, MgR
mice demonstrated fasting hypoglycemia,
indicating that insulin’s buffering mechanism
requires to be blocked through a long fasting
duration to reveal the dowregulation in
circulating glucose stimulated by asprosin
dysfunction. Therefore, to confirm this theory,
the scientisits performed a hyperinsulinemic-
euglycemic clamp research study on MgR
mice. Those mice had been fasted for 18hr. It

was reported that a higher acute deficit in liver
glucose release in MgR than wild-type mice
(11). This result was similar to clamp results
indicating an upregulate in hepatic glucose
production upon the efficiency of asprosin. As
anticipated, clamp study could not demonstrate
a change in whole-body glucose disposal,
indicating that, the influence of asprosin on
glucose homeostasis was poor to be served as
hepatic glucose release stimulation. Therefore,
a single subcutaneous injection of asprosin after
overnight fasted MgR mice was enough to
totally reduce the insulin. Moreover, the insulin
reduction displayed in MgR mice is due to a
reduction in circulating asprosin not due to the
expression levels of functional Fbnl protein.
However, any alteration of circulating insulin
concentrations is indirectly reflected on the
change in hepatic glucose production.

The ability of asprosin to release key
phenotypes of FonINPS/* mice

To entirely release the hypophagia pheno-
type of FbnlNPS/* mice, a single subcu-
taneous dose of r-asprosin was injected. It
indicated that NPS-linked hypophagia is due to
a lower circulating asprosin and not due to
genetic mutation of Fbnl (16). In the same
study, a single intracerebroventricular (ICV)
injection of r-asprosin in Fbn1NPS/* mice
mainly had the ability to restore the firing level
of AgRP* neurons. Moreover, it mainly
restored the resting membrane potential to the
AgRP™ neurons of recombinant GFP (rGFP)-
injected wild-type mice. To confirm, the
mouse-NPS-linked down regulated in AgRP*
neuron membrane potential as well as firing
regularly were fully released by a simple
incubation of the hypothalamic slices with r-
asprosin but not with rGFP. In conclusion, we
thought that NPS-linked hypophagia and
depressed AgRP™ neuron activities are related
to a reduction in asprosin. The asprosin
concentration in the blood is essential to keep
regular appetite feeling and AgRP* neuron
function.
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Crossing asprosin via blood-brain barrier
of human/mice and initiating the appetite

To evaluate asprosin levels in rat,
cerebrospinal fluid (CSF) was prepared,
followed by asprosin-specific sandwich ELISA
analysis (16). Asprosin was found in CSF at
concentrations up to four-to five-folds which
then decreased below that was previously
reported (11). Likewise, asprosin concentration
in the CSF was upregulated by overnight
fasting. To evaluate whether circulating
asprosin might cross the blood brain barrier and
enter the CSF, rats were intravenously injected
with r-asprosin. This r-asprosin had N-terminal
His-tag and examined for the evidence of the
His-tag in the CSF using ELISA technique.
Thus one hour post-intravenously injection, a
strong signal for the His-tag in the CSF which
was fitted by six-folds upregulated in asprosin
of CSF. Then, to determine whether asprosin
stimulates appetite, a single dose of bacterially/
mammalian-expressed r-asprosin or rGFP was
subcutaneously injected to wild-type mice.
Asprosin-injected mice revealed a higher food
intake than GFP-injected mice over the next-
day hours regardless r-asprosin preparation was
used. Importantly, mamme-alian-produced asp-
rosin was twice the molecular weight of
bacterially — produced asprosin, and as
anticipated previously (11). This alteration was
mainly because of the glycosylation of the
mammalian-produced protein. The plasma half-
life of the mammalian-produced asprosin was
up to 145 min (in comparison to 20 min for the
bacterially produced asprosin), with a 60-ug
subcutaneous dose producing a peak plasma
levels of 40 nM. Remarkably, there was a
hidden phase of a few hours after injection of
asprosin and prior to the orexigenic influence
was noticed, which distinguished the influences
of asprosin from those of more acute-acting
orexigenic  subjects like ghrelin  (46).
Dependable on the observation of the influence
of subcutaneous injection of asprosin, an
orexigenic influence has been found on
asprosin after entering it to the CSF through
ICV-injection. To realize the chronic responses,
wild-type mice were treated with subcutaneous
doses of r-asprosin for 10-days interval.

Moreover, the result suggested a hyperphagia,
and no significance in energy, triacylglycerol
content in feces, or body weight. A slightly
downregulated in lean mass was observed as a
result of the stress of daily injections. A
significant upregulation in adiposity was also
observed, which confirmed an orientation of the
energy homeostasis equation in approval of
increased energy intake. After using
adenovirus-mediated hepatic human Fbnl, it
was noticed its overexpression which caused by
two-fold upregulation in plasma asprosin (11).
Furthermore, it showed the same hyperphagic
response and increasing in body weight.
However, there were no significant values in
energy expenditure or in lean mass.
Surprisingly, there was a high level in adiposity
once the mice were fed normally, and this
influence was clearly abundant when subjecting
the mice to a high-fat diet. Therefore, plasma
asprosin can enter into the CSF through blood
brain barrier to initiate appetite.

It was reported that NPS-patients of
congenital lipodystrophy can affect the face and
extremities (11). A novel heterozygous 3’
mutations in the gene encoding Fbnl in those
patients had been identified after whole-exome
sequencing. By which, expression of a
truncated proFbn protein had been detected as
well as loss of the proFbn carboxy-terminal
cleavage products. Moreover, in another study,
a virtual phenocopy of NPS with hypophagia
was the real cause of the presence of a
heterozygous Fbn1-NPS mutation in mice and
further low adipose mass and body weight were
identifed (16). Furthermore, the concentration
of orexigenic agouti-related neuropeptides
(AgRP™* neuron) activity was decreased in mice
(28). It was reported that circulating asprosin
concentration was significantly higher in IGR
and nT2DM-patients compared with those in
NGR human, especially in IGR group (14).
Meanwhile, in the same study plasma asprosin
levels were significantly correlated with
parameters of glucose metabolism, obesity,
lipid profiles, insulin resistance, and f-cell
function, (Table 1). However, in the same
study, the trends in the alteration of first phase
of glucose stimulated asprosin secretion were
greatest differences of insulin secretion among
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three groups. Meanwhile, researchers revealed
that the plasma asprosin levels in IGR group
were the highest one among all (11). That
confirmed the presence of a strong protein
biomarker which will predict prediabetes. For
more understanding, previous study demon-
strated that the plasma asprosin was
pathologically elevated in human as well as in
both diet-and genetic-induced animals of
insulin resistance. Consistently, other resea-
rchers found a strong positive relationship
between plasma asprosin concentrations and
insulin resistance. Therefore, the asprosin-
related glucose dysregulation might be targeted
to the role of asporsin in insulin resistance. In
addition, pancreatic p-cell malfunction was

considered as another important pathway in the
development of T2DM (47,48). Moreover,
several adipokines have been reported to
interact with the function, proliferation, death
and failure of g-cell (49). However, the pattern
of first-phase glucose-stimulated asprosin
secretion was not correspondent with insulin
secretion. By which, the glucose regulation role
of asprosin might be independent of its impact
on the first-phase insulin secretion. Therefore,
the plasma asprosin might also contribute to f-
cell malfunction and cause the glucose
intolerance. In conclusion, plasma asprosin
levels are increased in nT2DM, suggesting the
critical roles of adipokines in the pathogenesis
of T2DM.

Table 1: General clinical and laboratory parameters in people of NGR, IGR and nT2DM according to Wang

etal. (14)
No. Parameter NGR IGR nT2DM

1 Sex (M/F) 52 (17/35) 40 (15/25) 51 (27/24)

2 Age (year) 54.73 £11.90 54.00 £9.62 53.73 £10.06
3 BMI (kg/m?) 22.76 +3.61 23.86 +3.08 2473 £3.55b
4 Wec (cm) 81.08 £9.05 88.18 + 6.48P 87.71 +£9.36"
5 WHR 0.86 + 0.06 0.87 +0.07 0.90 + 0.06b
6 SBP (mmHg) 120.98 + 14.04 125.03 + 12.76 126.75 + 13.712
7 DBP (mmHg) 75.42 +9.36 75.75£9.14 79.10 + 11.512
8 FPG (mmol/1) 5.19+0.34 6.68 £0.25° 8.27 + 1.92M
9 2hPG (mmol/l) 4.70 £ 0.60 6.90+1.17° 11.79 + 3.50bd
10 HbA1c (%/mmol/mol) 5.55+0.32/37 6.01 £0.41/42 7.78 £ 1.89/62b
11 FINS (mu/) 5.92+£3.59 7.18 £3.79 8.25 +4.14b
12  HOMA-IR 1.38 +0.88 2.14+1.16° 3.02 + 1.64bd
13  HOMA-B 71.03 +41.79 44.83 + 22.80P 38.92 +£22.97P
14  AUC 498.95 + 481.04 165.86 = 109.59° 100.96 + 113.99°
15 AIR 62.89 + 61.81 17.17 £ 11.69° 10.93 + 13.07°
16  GDI 1.61 +0.45 1.30 £0.31° 0.97 + 0.26b¢
17  TC (mmol/l) 4.41 +0.98 473 £1.02 479 +1.08
18  TAG (mmol/l) 1.20 £ 0.50 1.98 + 1.40P 1.90 + 1.06P
19  HDL-C (mmol/I) 1.52+0.52 1.32£0.31° 1.27+0.31P
20  LDL-C (mmol/l) 2.45+0.95 2.84 +0.76 2.83 +1.00°
21 hsCRP (mg/l) 1.37+3.36 0.94+0.78 2.31+1.01%
22 Asprosin (ng/ml) 16.22 £9.27 82.40 + 91.06° 73.25 £ 91.69°

2hPG: 2 h postchallenge plasma glucose; AUC: area under the curve of the first-phase (0—10 min) insulin secretion;
AIR: acute insulin response; BMI: body mass index; DBP: diastolic blood pressure; FINS: fasting serum insulin;
FPG: fasting plasma glucose; GDI: glucose disposition index; HDL-C: high-density lipoprotein cholesterol;
HOMA-IR: homeostasis model assessment for insulin resistance; HOMA-£: homeostasis model assessment for
beta-cell function; hsCRP: hypersensitive C-reactive protein, IGR: impaired glucose regulation; LDL-C, low-
density lipoprotein cholesterol; NGR: normal glucose regulation; nT2DM: newly diagnosed type 2 diabetes; SBP:
systolic blood pressure; TC: total cholesterol; TAG: triacylglycerol; Wc: waist circumference and WHR: waist hip
ratio. Data are reported in (14), means + SD. P < 0.05 in comparable to NGT; °P<0.01 in comparable to NGT; °P
< 0.05 in comparable to pre-DM; 9P<0.01 in comparable to pre-DM.
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Trials to use asprosin for treatment of T2DM

The circulating asprosin might be a predictor
of early diagnosis in DM. Moreover, it has a
good possibility to be used as a potential
therapeutic target for pre-diabetes and T2DM.
However, few trials have been done to discuss
in this regard. For instance, to make a
replenishment of circulating asprosin in vivo, a
single subcutaneous injection was totally
rescued hypophagia in Fbn1-NPS/* mice. That
demonstrated the binding of NPS-associated
hypophagia to the reduction of circulating
asprosin (11). Moreover, it was mentioned that
a single subcutaneous dose of r-asprosin
induced an immediate curve in plasma glucose
concentration of fasted mice that was resulted
in a compensatory hyperinsulinemia mecha-
nism to normalize blood glucose concentrations
within 60 min. Therefore, balancing of asprosin
in the plasma with a mAb reduced appetite and
body weight in obese mice in order to
normalizing the plasma glucose level (16).
Remarkably, circulating glucose and insulin
were increased within 30 min after a single
injection of r-asprosin to wild-type mice (18).
Moreover, asprosin can cross the blood—brain
barrier after intravenous injection to activate the
hypothalamic feeding circuitry and initiate
appetite stimulation. In a long term, this therapy
will maintain adiposity (16). On the other hand,
neutralizing specific mAb against asprosin or
genetic deletion of Fbnl can block asprosin
action through reduced circulating concent-
rations of insulin and hepatic glucose produc-
tion in vivo. It is important to say that asprosin
is a fasting-induced adipokine which controls
liver glucose release and insulin sensitivity
(11,18). As shown in Table 1, plasma asprosin
levels were significantly correlated with several
parameters of glucose and lipid metabolic
disorders like glucose metabolism, obesity,
lipid profiles, insulin resistance, and pg-cell
function, etc (14). By which, it was reported
that plasma asprosin level was positively
correlated with waist circumference, FPG,
TAG, 2hrs-post-challenge plasma glucose
(2hPG), and homeostasis mechanism leaded to
insulin resistance. However, it was significantly
negatively correlated with homeostasis model

to evaluate the fS-cell function, AIR, AUC (0-
10 min) insulin secretion, and glucose
disposition index (GDI), (P<0.05, each). It was
mentioned that fasting serum asprosin levels in
control humans were significantly lower than
those who had T2DM, (P < 0.05). Moreover, in
T2DM-patients,  reduction of  asprosin
concentrations after eating meals showed a
significant negative correlation with fasting
insulin concentrations, (P<0.05). However,
there was no significant correlation between
asprosin levels and other parameters like FPG
(49). In other report, plasma asprosin levels
were abundantly increased, (P<0.001) in the
T2DM-adult tertiles compared to controls (15),
and concluded that fasting glucose and TAG
were greatly associated with plasma asprosin in
T2DM. On the other side, the remaining
asprosin levels among obese of the both sex
(19.9£36.7 and 7.1+£7.5, male and female
respectively) were relatively the same
comparable to non-obese (9.249.5 and
12.4£10.4). These similarities of asprosin
levels resulted from individuals’ experiences of
sever exercise with the high inter-individual
distributions. However, the low intra-individual
spreading provided to obese as well as lean
subjects (13). Altogether, confirmed the
biological importance of asprosin in vivo, and
its possibility in vitro to treat T2DM.

Conclusion

Eventually and after extensive effort done by
scientists, asprosin is newly identified hormone
would contribute greatly to the improvement of
health. Asprosin found in white adipose tissue
in mammals. It is positively correlated with
T2DM and obesity due to the direct stimulation
of hepatic glucose and appetite. However, it is
negatively correlated with NPS-patients due to
a genetic mutation of Fbnl. Our approach
provides an overview of asprosin and its
possibility to be used as a biomarker for early
diagnosis of T2DM. Based on the recent view
of literatures, asprosin antibody is a safe and
efficient therapy of T2DM in a very short onset.
Therefore, it is important to recommend
physicians, chemists and also DM-patients to
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use antibody of asprosin as a novel and effe-
ctive therapy of T2DM.
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