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Abstract: Diabetes mellitus (DM) is a worldwide health threat affecting millions of people,
which is associated with different micro- and macro-vascular complications. Type 2 diabetes
mellitus (T2DM) is one of the different types of DM caused by insulin resistance and/or
reduced secretion of insulin from the pancreas. A validated novel biomarker is required to
enhance the accuracy of disease prediction, provide novel insights into pathophysiology and
contribute to future prevention of T2DM. Various newer diagnostic methods have been
developed by targeting endogenous proteins among which Adipsin is one of the promising
target. Therefore, this review discusses Adipsin as a potential biomarker and its implication
in T2DM. Adipsin is one of the adipokines secreted by adipose tissues which is involved in
maintaining adipose tissue homeostasis and increasing insulin secretion in response to
glucose. According to different experimental and clinical studies, plasma Adipsin concentra-
tions are low in animals and patients with DM which support its use as a biomarker in
combination to the other diagnostic modalities for DM. Additionally, the existence of
Adipsin could be important in improving hyperglycemia by preserving B-cell mass through
improving B-cell survival and maintaining their transcriptional identity.
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Introduction

Diabetes mellitus is one of the most common metabolic disorders characterized by
hyperglycemia.' It occurs due to absolute or partial lack of insulin and/or insulin
resistance.” Diabetes mellitus is a common public health threat affecting millions of
people in the world of all ages, gender, race and ethnic groups.® The burden of DM
is increasing throughout the world, and around 80% of diabetes deaths occur mainly
in low and middle-income countries.* Based on the pathogenesis of hyperglycemia,
most patients with DM are either Type 1 (insulin dependent) or Type 2 (non-insulin
dependent).” Among which, T2DM has been most commonly reported (90-95% of
cases).’

According to World Health Organization (WHO) report in 2019, DM affects
around 422 million adults in the world.? In 2013, DM was the seventh leading cause
of death (causing 74.9 thousand deaths) and it is the eighth leading cause of
disability (causing 1.85 million years living with disability).” It is also estimated
that diabetes will affect 642 million in 2040.® Even though the prevalence of DM
diagnosed patients is high, nearly half of them are unaware of their disease.’ On the
other hand, according to the International Diabetes Federation, T2DM contributes
for the sufferings of about 415 million people in the world; and it is becoming
increasing in its prevalence.'’
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The pathologic hallmarks of T2DM are mainly
abnormal insulin secretion and increased insulin resis-
tance. There is also a decrease in the functional pan-
creatic PB-cell mass over time upon the progression of
the disease condition.'" T2DM is associated mainly with
obesity, which results in impaired insulin mediated glu-
cose uptake due to intracellular impairment of insulin
signaling. There is also a significant reduction in gluca-
gon-like peptide-1 secretion, which is secreted after
food ingestion and increases insulin secretion, in
patients with T2DM.'?

If left untreated, DM is associated with devastating short-
term (diabetic ketoacidosis and hyperosmolar hyperglycemic
state) and long-term (retinopathy, nephropathy, neuropathy
and lower limp amputation) complications.>'*'* Moreover,
different cardiovascular and endocrine abnormalities are
associated with DM, which can affect the quality of life of
patients.®'3

The diagnosis of DM has been varied from time to
time. However, recurrent or persistent hyperglycemia is
used to characterize DM. Different diagnostic parameters
were used to assess patients with DM including, fasting
plasma glucose (FPG), oral glucose tolerance test (OGTT)
and Hemoglobin Alc (HgAlc).'®!” However, these diag-
nostic tools are associated with reduced sensitivity and/or
specificity to detect diabetes in its early stage.'® To over-
come such problems different newer diagnostic methods
were developed by targeting endogenous proteins such as
Leptin, TNF-alpha, C-reactive protein (CRP),"’ Netrin,?
Thioredoxin-interacting protein (TXNIP).> But, these
novel methods have been also associated with increased
cost.”! Hence, the present review is used to assess the role

of Adipsin as a novel diagnostic parameter and its impli-

cation in T2DM.

Overview of Adipsin

Adipose tissue is no longer regarded as a passive site for
energy accumulation in the form of triacylglycerols.
Nevertheless, it is also a vital endocrine gland that secretes
many bioactive molecules.’>** Adipokines (or adipocyto-
kines) can be defined as a group of more than 600 bioactive
molecules made from adipose tissue that acts as paracrine and
endocrine hormones.”** Adipokines are involved in main-
taining varieties of processes such as, appetite and satiety,
energy expenditure activity, endothelial function, blood pres-
sure, hemostasis, adipogenesis, insulin sensitivity, energy
metabolism in insulin-sensitive tissues, fat distribution and
insulin secretion in pancreatic B-cells.>>2’ Adipsin, also
termed as complement factor D, is one of the adipokines
which was the first described adipokine.”® Adipsin is
a member of the serine protease family with a 28-kilo Dalton
protein found in 3T3 adipocytes.”” Adipsin maintain adipose
tissue homeostasis and increases insulin secretion in response
to glucose. Additionally, it catalyzes C3a (an active form of
component 3, C3) production by controlling the alternative
complement pathway causing an increase in insulin secretion
from the pancreas.>*!

Adipsin is important in the formation of the C5-C9
membrane attack complex and in the generation of various
signaling molecules, comprising the anaphylatoxins, com-
plement 3a (C3a) and C5a.>” In the synthesis, these signal-
ing molecules, first complement factor B is cleaved by
Adipsin and these catalyze the formation of C3 convertase
and it leads to the hydrolysis cascade that produces different
complement fragments including C3a, C3b, C5a and C5b.**
It was reported that familial C3 deficiency is associated with
obesity and metabolic diseases, and C3a levels are risk
factors for DM.?* The overall effect of Adipsin on insulin
secretion is summarized in Figure 1.
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Figure | Effect of adipsin on insulin secretion.
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Table | Serum Levels of Adipsin in Type 2 Diabetes Mellitus

Study Method and Intervention Treatment Outcome Reference

Design

Clinical Study 37 patients with known T2DM (21 males and 16 females) | Plasma Adipsin levels were lowered and inversely related 34
and 43 controls (28 males and |5 females) were taken; and | with fasting glucose levels in T2DM patients.
serum Adipsin was measured using human Adipsin/factor
D ELISA kit with a minimum detectable dose of 4 pg/mL
made by RayBiotech, Inc, and glucose level was measured.

Case—Control | Serum Adipsin was measured by using Enzyme- Linked Serum concentrations of Adipsin were reduced in the 35

Study Immune-sorbent Assay (ELISA Kit) in 43 patients with patients with T2DM compared to the control group.

T2DM and 41 healthy subjects. Adipsin levels were also inversely related with fasting
glucose levels.

Clinical Study Serum Adipsin levels were measured in 240 subjects with [ Plasma Adipsin levels were higher in subjects with normal | 36
no history of diabetes and 80 patients with known T2DM | glucose tolerance or pre-diabetes compared with subjects
on diet control or metformin monotherapy. with newly diagnosed diabetes or with known T2DM on

diet control or metformin monotherapy.

Clinical Study Serum Adipsin was evaluated in 56 patients with newly Serum concentrations of Adipsin were lower in patients 29
diagnosed T2DM, 36 patients with impaired glucose with T2DM and IGT compared to control group. Adipsin
tolerance (IGT) and 45 individuals with normal glucose was negatively correlated with waist-to-hip ratio, free fatty
tolerance. Pancreatic B-cell function was evaluated using acid, fasting plasma glucose, 2-h postprandial plasma
intravenous glucose tolerance tests. Additionally, serum glucose, glycated hemoglobin, homeostasis model
levels of interleukin- 1B and high sensitivity C reactive assessment of insulin resistance, interleukin- I and high-
protein were determined. sensitivity C-reactive protein. It was positively correlated

with homeostasis model assessment of B-cell function
(HOMA-B), high-density lipoprotein cholesterol, the area
under the curve of the first phase insulin secretion and
acute insulin response.

Clinical Study A comprehensive clinical and Laboratory examination was | The expression level of the CFD gene, which encodes 37
performed on 262 subjects (100 men and 162 women). Adipsin, was significantly increased in mesenteric adipose
Out of these, |55 of them had abdominal obesity, and 63 of | tissue and subcutaneous adipose tissue in patients with
them had DM. Then, tissue-specific expression of CFD abdominal obesity. The increased Adipsin production in
genes encoding Adipsin were determined. adipose tissue in all patients with abdominal obesity and in

obese non-diabetic patients can be regarded as

a compensatory response aimed at normalization of lipid
metabolism. Thus, disturbance of reciprocal relationships
of Adipsin in obesity is associated with the development of
insulin resistance.

Clinical Study Plasma levels of Adipsin were determined in individuals with | There was diminished circulating levels of Adipsin in PTB— | 38
44 pulmonary tuberculosis with diabetes mellitus (PTB— DM or LTB-DM individuals. Additionally, Adipsin exhibit
DM) or 44 latent tuberculosis with diabetes mellitus (LTB— | a negative correlation with HbAIC levels and random
DM) and were compared with 44 pulmonary tuberculosis blood glucose levels.

(PTBO or 44 latent tuberculosis (LTB) without DM.

Cohort Study Serum Adipsin levels were determined in a total of 197 There was a decrease in serum Adipsin levels in diabetic 30
individuals containing of obese men (n = 65) and women (n | patients with B-cell failure.
= 130) who underwent open abdominal surgery for
elective cholecystectomy, sleeve gastrectomy, and Roux-en
-Y bypass surgery. Individuals were categorized in to those
withT2DM (n = 90) or normal glucose tolerance (n = 97)
based on oral glucose tolerance test. Serum Adipsin was
measured by an ELISA.

(Continued)
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Table | (Continued).

Study Method and Intervention Treatment Outcome Reference

Design

Experimental Wistar albino rats were divided into three groups Circulating concentrations of Adipsin were significantly 39

Study containing 7 rats per group: control group receiving food reduced in diabetic rats. There was a negative correlation
and water, diabetic group taking metformin 200 mg/kg/day, | between plasma Adipsin levels and insulin resistance.
and diabetic control group taking food and water. All
treatments were given for 6 weeks. Then, circulating levels
of plasma Adipsin were measured by using specific ELISA
kits, and insulin resistance was evaluated.

Cross- Serum levels of Adipsin were evaluated in a total of 125 Patients with diabetes had significantly higher levels of 40

Sectional T2DM patients, including 82 subjects with obesity. 30 Adipsin compared to the control group.

Study healthy individuals, matched by sex and age, were
considered as control. Concentrations of Adipsin in fasting
serum were determined using multiplex analysis.

Risk-Score Plasma concentrations of Adipsin was using commercially Higher levels of Adipsin were observed in subjects with 41

Approach available ELISA kits determined in a total of 130 individuals | T2DM.
with T2DM and 161 individuals without T2DM.

Cohort Study | A total of 6886 individuals were studied who were Higher levels of Adipsin were associated with lower fasting | 31
attending Offspring Exam 8 and Third Generation Exam 2 | glucose levels and with a trend toward improved insulin
examinations. Plasma Adipsin was assayed using a modified | resistance.

ELISA sandwich approach. Fasting glucose and insulin
concentrations were assayed using fasting plasma Linco
insulin (Offspring) and a Linco human insulin ELISA kit
(Third Generation). Insulin resistance was determined
using the homeostatic model assessment for insulin
resistance (HOMA-IR).

Observational | 363 obese and 365 non-obese individuals were evaluated Higher Adipsin level, BMI, fasting plasma insulin, 42

Study for Adipsin, body mass index, fasting plasma glucose, fasting [ homeostasis model assessment index was observed in
plasma insulin, homeostasis model assessment index. obese subjects.

Abbreviations: T2DM, type 2 diabetes mellitus; ELISA, enzyme-linked immune-sorbent assay; DM, diabetes mellitus; PTB-DM, pulmonary tuberculosis with diabetes
mellitus; LTB—-DM, latent tuberculosis with diabetes mellitus; IGT, impaired glucose tolerance; HbA|C, hemoglobin Al C; CFD, complement factor D; HOMA-B, homeostasis
model assessment of B-cell function; HOMA-IR, homeostatic model assessment for insulin resistance.

Preclinical and Clinical Studies on
the Serum Levels of Adipsin in Type
2 Diabetes Mellitus

Circulating Adipsin levels are negatively correlated with
T2DM. Various experimental and clinical studies showed
that plasma concentrations of Adipsin is decreased in
humans and animals with DM compared to the normal
control group as indicated in the table below (Table 1).

Implications of Adipsin in Type 2
Diabetes Mellitus

Type 2 diabetes mellitus is characterized by an increase in
blood glucose level caused by pancreatic B-cell failure
and/or insulin resistance.*> Adipsin is reported to maintain

B-cell function, which is important to boost insulin
secretion.” According to a study by Gémez-Banoy et al*',
restoration of Adipsin in diabetic mice did not merely
improve hyperglycemia, rather it also preserves B-cell
mass by improving fB-cell survival and maintaining f-cell
transcriptional identity. Additionally, increased Adipsin
level is associated with lower risk of diabetes in humans.’'

Patients with newly diagnosed diabetes and known
T2DM show a decreased levels of Adipsin; and there is an
independent negative association between Adipsin and
HOMA-IR. It was concluded that the negative association
might be due to the expression of inflammatory cytokines
like IL-17 in T2DM.?® The plasma concentrations of
Adipsin were reduced in T2DM patients with impaired
glucose tolerance; which is associated with the first-phase
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insulin secretion of pancreatic B-cells and glucose metabo-
lism. This was evidenced by the positive correlation
between serum Adipsin and HOMA-B.%

complicated with T2DM,
a disturbance in the relationship between Adipsin and

In obesity there is
leptin. An increase in Adipsin production in obesity can
be regarded as a compensatory response for normalizing
the parameters of the lipid and carbohydrate metabolism.>’

Unlike other insulin secretagogues, various preclinical
studies showed that Adipsin replenishment in diabetic
mice reduces hyperglycemia, and raises insulin levels
while maintaining B-cells by stopping dedifferentiation
and death. In recent times, Adipsin has been found capable
of promoting insulin secretion and stabilizing plasma glu-
cose levels. In addition, diabetic mice treated with Adipsin
showed significant reductions in fasting plasma glucose
and increased glucose clearance, while fasting and glu-
cose-induced insulin levels were also improved.?’-*
Adipsin could also stimulate glucose transport for trigly-
ceride accumulation in adipose tissue and inhibits lipoly-
sis. It is justified that free fatty acids could exacerbate
pancreatic p-cell failure and insulin resistance.®’

On the other hand, the negative correlation between
Adipsin and insulin resistance in diabetic rats implies that
Adipsin might increase insulin sensitivity and reduce glucose
intolerance in T2DM.® As explained by Lo et al, the possible
mechanism by which Adipsin increases insulin secretion is via
generating C3a. C3a acts on islets of the pancreas by augment-
ing its receptor (C3aR1) and inhibiting ATP sensitive K"
channel, thus, increasing intracellular Ca*" concentrations.*”

Klimontov et al*°

reported that the serum concentrations
of Adipsin were increased in patients with T2DM by which
they did not confirm the inverse relationship of Adipsin with
T2DM. The possible reasons for these inconsistencies could
be that the authors used small sample size of patients, a large
number of patients receiving insulin therapy, and unable to
differentiate subcutaneous and visceral fat depots as stated in

their paper as a limitation of their study.

Conclusion and Future Perspective

Though there are different diagnostic and management
modalities for DM, it is becoming a public health threat
causing different micro and macro-complications in the
world. To prevent these complications and to reduce mor-
tality associated with DM, searching new promising diag-
nostic and therapeutic options are important. Adipsin,
secreted by the adipocytes, has a crucial role in maintain-
ing adipose tissue homeostasis and increases insulin

secretion in response to glucose. It has the potential to
become an early novel biomarker in patients with T2DM.

Various clinical and animal studies showed that there is
a reduction in the plasma concentrations of Adipsin in ani-
mals/humans with DM. Additionally, Adipsin has varieties of
effects in the pancreas including preserving B-cell mass by
improving B-cell survival and maintaining B-cell transcrip-
tional identity, and promoting insulin secretion from the -
cells of the pancreas. It also stimulates glucose transport for
triglyceride accumulation in adipose tissue and inhibits
lipolysis.

Further detailed animal and human studies will be
required to confirm Adipsin as a novel biomarker for
T2DM. Additionally, further investigations are in need to
decide the mechanism by which Adipsin increases insulin
secretion from [-cells of the pancreas. Adipsin has
a biological function in in vivo studies and could be
considered as a therapeutic option in the future.

Abbreviations

ADA, American Diabetes Association; CFD, complement
factor D; CRP, C-reactive Protein; DM, diabetes mellitus;
ELISA, enzyme linked immune-sorbent assay; FPG, fast
plasma glucose; HgA1C, hemoglobin A1C; HOMA-IR,
IGT,
impaired glucose tolerance; LTB, latent tuberculosis; OGTT,

homeostasis model assessment—insulin resistance;
Oral Glucose Tolerance Test; PLB, pulmonary tuberculosis;
T2DM, type 2 diabetes mellitus; TNF, tumor necrosis factor;
TXNIP, thioredoxin interacting protein; WHO, World Health

Organization.
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