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ARTICLEINFO ABSTRACT

Artifle Type: Fetuin-A (a2Heremans-Schmid glycoprotein) is a glycoprotein which is synthesized in the liver
Review and secreted into the bloodstream. It belongs to a large group of binding proteins mediating

the transport and availability of a wide variety of cargo substances in the bloodstream. The
Article History:

aim of this study is to summarize the available results of studies on the association of fetuin-A
with chronic kidney disease and end-stage renal disease, type 2 diabetes, non-alcoholic fatty
liver, and yield the end results. The databases including PubMed, Google Scholar, Scopus,
and Science-Direct were searched with the purpose of finding the related studies. The articles
were assessed in terms of repeatability of title, type of study, population, study variables and
the quality of reporting. Finally, 37 articles, which were published between the years 2002
and 2018, were selected to be overviewed completely. The studies showed that fetuin-A can
function as a protective inhibitor of vascular calcification in patients with chronic kidney
disease and end-stage renal disease, and is reduced during acute inflammation. The deficiency
of this protein is associated with an increase in the morbidity and mortality of patients with
cardiovascular diseases. Fetuin-A can be useful as a vascular disease marker in patients
with type 2 diabetes. In fact, it is an independent predictor of type 2 diabetes due to its high
concentration in insulin resistance. Fetuin-A is a good indicator of liver cells function and
its level will be increased in non-alcoholic fatty liver disease. Fetuin-A, as a multi-functional
protein, performs many tasks. However, studies in this area are very limited and based on its
multiple and complex functions, further studies are recommended.
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Fetuin-A can function as a protective inhibitor of vascular calcification in patients with chronic kidney disease and end-stage
renal disease, and is reduced during acute inflammation.
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Introduction glycoprotein, weighting of 64 kDA that is synthesized in

Fetuin-A is one of the blood proteins which is synthesized
in the liver and secreted into the bloodstream. Bovine
fetuin-A was first described in 1944 as the large plasma
proteins in the fetal bovine serum. Bovine serum has
been found to contain more fetuin than albumin, while
adult serum contains more albumin than fetuin. This
protein was described in humans in 1960 and known
as “a2Heremans-Schmid glycoprotein” (AHSG) (1-3).
This name is due to the fraction of alpha 2 globulin of
serum proteins in cellulose acetate electrophoresis. In
fact, fetuin is a part of a large group of binding proteins
mediating the transport and availability of a wide variety
of cargo substances in the bloodstream (2). Fetuin-A is a

the liver by hepatocytes (1).

Fetuin-A gene exists on chromosomes 3q27 in the human.
Fetuin-A is a member of plasma proteins with cystatin-
like domains. The domain of cystatin-1 in fetuin-A has
a strong negative charge that has a very high tendency to
bind with calcium ion (2).

Materials and Methods

For this review, we used a variety of sources including
PubMed, Google Scholar, Scopus, Science-Direct and
directory of open access journals (DOA]J). The search
was conducted by using combinations of the following
keywords and or their equivalents; fetuin-A, chronic
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kidney disease, end-stage renal disease and type 2 diabetes.

Structure of fetuin-A

Fetuin-A belongs to a class of inhibitors of cysteine
proteases, in which they are responsible for bone
resorption. The structure consists of one sugar and
one protein moiety. Its sugar moiety is composed of
two N-glycans and three O-glycans in which its three
carbohydrates units are bound to the peptide chain via
threonine and serine (4).

Biosynthesis of fetuin-A

Fetuin-A is a highly expressed liver-derived plasma protein
for proteolytic processing, glycosylation, phosphorylation
(threonine and serine) which is required for interaction
with insulin receptor and the sulfation after translation.
Fetuin is processed from a single chain precursor to the
mature circulating two-chain form (2).

Biological role of fetuin-A

Fetuin-A is a multi-functional protein that performs
many tasks. Numerous studies have been conducted
in this regard. Its function in the human body was
evaluated by the technology of transgenic mice. In other
words, feeding the fetuin-A gene inactivated mice with
a mineral-rich diet leads to extensive calcification in the
lungs, heart and kidneys. In fact, the fetuin-A deficiency
increases the tendency to calcification throughout the
body in rats (5,6). Therefore, fetuin-A is a protective
inhibitor of calcification. In other words, fetuin-A is a
liver glycoprotein and a potential inhibitor of systemic
calcification in the bloodstream, which it will be decreased
during acute inflammation (7).

Fetuin-A has a strong tendency to bind to calcium
phosphate. Thus it serves as a phosphate-buffered saline
(8). Fetuin-A accelerates the addition of exogenous fatty
acids to triglycerides. Hence it has a common function
with fatty-acid-binding proteins. Similarly, fetuin-A
reversibly binds to hydrophobic ligands (including long-
chain saturated and unsaturated fatty acids and other
lipids). Fetuin-A, due to its complicated glycosylation
pattern, is used for lectin and glycoprotein researches (2).
The anti-inflammatory effects of fetuin-A have been
determined in numerous articles. It has been shown
that fetuin-A is accompanying with a reduction in
inflammatory response and an enhance in life expectancy.
It has also been said that the strong expression of fetuin-A,
in fetus is associated with the mother’s bearing of the fetus.
Fetuin-A is considered as one of the negative acute-phase
proteins (9). There is a strong correlation between the low
serum fetuin-A levels and CRP inflammatory markers.
There are a lot of findings showed that fetuin-A may
have a protective role in vascular calcification in dialysis
patients (9,10). In fact, the deficiency of this protein is
accompanying with an intensification in the morbidity
and mortality of patients with cardiovascular disease and

arterial stiffness in these patients, which accounts for the
most popular cause of morbidity and mortality (11-13).
Fetuin-A also accounts for about 25% of the non-collagen
protein in bone tissue, which have a high tendency to bind
with mature apatite. Fetuin-A is an inhibitor of apatite
formation from saturated mineral solvents. It mediates
the transport of minerals in extracellular space and blood
circulation, too (12,13). Several studies have reported its
high concentration in metabolic syndrome, which may
be considered as a risk factor for this syndrome (13).
Regarding the effect of this protein on insulin receptor,
fetuin-A inhibits the tyrosine-kinase function of this
receptor then inhibits auto-phosphorylation which finally
cause a prevention in its activity.

It has been reported that fetuin-A causes insulin
resistance in muscle of adipose tissue. While, in these
tissues, its serum concentration is directly associated with
insulin resistance due to insulin tyrosine kinase receptor
inhibitory impact of fetuin-A.

Fetuin-A can be useful as a vascular disease marker in
patients with type 2 diabetes. In fact, it is an independent
predictor of type 2 diabetes due to its high concentration
in insulin resistance. It is worth saying that a variety of
proteins, such as fetuin-A and adiponectin regulate the
insulin sensitivity. Additionally, the association of fetuin-A
with atherosclerosis has been mentioned in many cases
due to vascular calcification relating to the deficiency of
this substance.

Assessment of fetuin-A

As mentioned, serum fetuin-A concentration is a
good indicator of liver cells function. A variety of
methods including PCR, immunohistochemistry,
immunofluorescence and ELISA have been used to search
for fetuin-A in bloodstream or different cells (10,14-16).

Methods

The databases including PubMed, Google Scholar, Scopus,
Science-Direct and directory of open access journals
(DOAJ) were searched with the purpose of finding the
related studies. Articles from the years 2002 and 2018
were selected and have cross-sectional, case-control, and
cohort design. They were then assessed in terms of the
title, and the quality of content. Finally, 37articles were
selected.

Results

The relationship of fetuin-A with chronic kidney disease
and end-stage renal disease

The proportion of end-stage renal disease (ESRD)
patients is estimated to be around 3730 000 worldwide
at the end of 2016. A total of 2648000 patients are
undergoing hemodialysis as the most common treatment.
This disease, due to the average annual growth rate of
almost 6-5% in comparison with population growth,
is considered as one of the most important health
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problems in all the countries. Cardiovascular disease
and stroke are also the leading causes of death in ESRD
patients undergoing dialysis (17,18). In the past decade,
attentions have focused on the primary cause of death
in patients with chronic kidney disease and ESRD (19).
Patients undergoing hemodialysis, simultaneously
suffer from various complications of dialysis. In dialysis
patients, cardiovascular disease and bone diseases are
very common and these diseases gradually decrease
the quality of life and will increase the morbidity and
mortality rate in ESRD (20). The abnormal metabolism
of minerals, due to impaired renal function, increases the
loss of minerals from the bones and this causes deposition
of minerals in arteries (21). The vascular calcification
involves arterial stiffness. This condition is associated
with a decrease of cardiac function. Typically, phosphate
metabolism is regulated by an interaction between kidney,
bone and the intestine. This balance is disturbed in renal
patients. Calcification is stimulated by disturbances in
biochemical factors such as calcium and phosphate,
hyperparathyroidism and increased inflammation, while,
inhibitors of tissue calcification like fetuin-A improves
the vascular consistency (22). In a study conducted by
Pertosa et al, 174 ESRD patients undergoing hemodialysis.
Around 60 patients (34.5%) had cardiovascular disease,
20 patients (11.4%) had diabetes mellitus, 12 patients (7%)
had nephrosclerosis, 17 patients (9.7%) had polycystic
kidney while 55 patients had unknown diseases. Serum
fetuin-A concentration was measured in the group of
cardiovascular disease. The results showed a significant
reduction in the level of fetuin-A in, cardiovascular disease
compared to the control group. The reduction of fetuin-A
was accompanying with an increase in the prevalence of
cardiovascular and cerebrovascular diseases (23). A cross-
sectional study conducted by Ketteler et al on 312 patients
with CKD over a period of 32 months. The amount
of fetuin-A was measured during this time. The low
concentration of AHSG was correlated with an increase
in the morbidity and mortality caused by inflammation
in cardiovascular cells (24). Likewise, a study directed by
Smith et al in Melbourne which included 200 participants
with CKD, detected vascular calcification is common in
patients with chronic renal failure and is considered as a
risk factor for this disease. The findings of the study by
Altunts et al are important. The study was carried out on
152 individuals with chronic kidney disease who were
undergoing regular hemodialysis. Around 61 healthy
participants were subjected as the control group. The level
of fetuin-A in hemodialysis patients was significantly
lower than the control group (25).

The relationship between fetuin-A and type 2 diabetes

Diabetes is well known as the most common chronic
disease worldwide. Based on the average growth rate
of diabetes worldwide, the World Health Organization
(WHO) described diabetes as an underlying epidemic and

Fetuin-A in kidney disease

all the countries of the world have been called to face this
epidemic since 1993.

According to the WHO, the number of people with diabetes
in the year 2000 was about 171 million, which would
increase up to 366 million in 2030 if appropriate strategies
for prevention and treatment were not applied. In the
United States, diabetes is now affecting more than 12.3%
of the 20 years old and older population. Identifying new
factors in the pathophysiology of diabetes can increase our
understanding of the mechanisms which are responsible
for individuals’ changes relating to the susceptibility of
diabetes and provide useful prevention strategies. One of
these factors can be fetuin-A (26,27). About the effect of
this protein on the insulin receptor (27,28), it has been
said that fetuin-A inhibits the tyrosine-kinase function
of this receptor and inhibits auto-phosphorylation which
these cause a prevention in its activity (Figures 1 and 2).
A cohort study was carried out in a multinational
study by Aroner et al, in 2017 on African- Americans,
Hispanic-Americans, Chinese- Americans and Caucasian-
Americans aged between 45 and 84 years old. Among 1957
participants, 455 of them were diabetic. The levels of fat in
the liver and fetuin-A were measured. The concentration

Insulin Receptor
Insulin Receptor Substrate-1protein ‘ﬁi as Iiéu

Fetuin-A

Autophosphorylation

Phosphatidylinositol 3-Kinase

Figure 1. Fetuin-A inhibits the tyrosine-kinase function of insulin
receptor and this causes a prevention in its activity.
Abbreviations: Renin—angiotensin system (RAS); Phosphatidylinositol
4,5-bisphosphate (PIP2); phosphatidylinositol (3,4,5)-trisphosphate
(PIP3); Protein kinase B (PKB); a serine/threonine-specific protein
kinase (AKT); Pyruvate dehydrogenase lipoamide kinase isozyme
1(PDK-1); Mitogen-activated protein kinase (MAPK); Extracellular
regulated kinases (ERK1/2); Glycogen synthase kinase 3 (GSK-3);
Glucose transporter type 4 (GLUT-4).

http://www.jnephropharmacology.com

Journal of Nephropharmacology, Volume 8, Number 2, July 2019 3


http://www.jnephropharmacology.com

Akbari M et al

Decreased Fetuin-A level in blood

Vascular calcificati
/

Increased Fetuin-A level

// Type-2 Diabetes

P

/ Insulin Resistant

Hyperglycemia

{ $ |

Free fatty acid production increases \

riction ‘ \
v

Decreased eNOS
Decreased prostacyclin
function

N

Figure 2. The association of fetuin-A with type 2 diabetes,
vascular calcification and atherosclerosis.

of fetuin-A was higher in women with an increase in fat in
the liver. The level of fetuin-A, in men after the evaluation
for body mass index, smoking, alcohol consumption, and
income level was higher when regarding as the risk factor
for diabetes (28). Preventive studies were conducted in
Europe that were designed for 27548 people. In 2008,
Stefan et al, randomly selected 25000 people that 2164
of them were at the beginning phases of diabetes. About
849 diabetic patients were selected during the 7-year
follow-up. Around 703 of them participated and were
studied. The results showed that an increase in fetuin-A
is significantly associated with the risk of diabetes (29). In
a study conducted by Jung et al in 2013, 172 individuals
with type 2 diabetes participated. About 119 of them were
male. The mean age was 52-year-old. They measured
insulin resistance, fetuin-A and TNF-a. Fetuin-A level
was 162%525 ug/mL. There was a positive correlation
between an increase in fetuin-A levels with serum levels
of adiponectin and TNF-a (30). A study was conducted
by Wang et al to detect the relationship between fetuin-A
and cardiac valvular calcification. A total of 238 diabetic
patients in the present study participated in order to
detect vascular calcification by biochemical analysis.
The results showed that the levels of fetuin-A and CRP
will be increased in diabetes (31). A variety of proteins,
such as fetuin-A and adiponectin regulate the insulin
sensitivity. In addition, the association of fetuin-A with
atherosclerosis is due to vascular calcification relating to
the deficiency of this substance.

Conclusion

According to studies, and the results of the studies,
fetuin-A is a glycoprotein in the liver and a potent
inhibitor of vascular calcification in the blood circulation
in patients with chronic renal failure and end-stage kidney
failure (1-25). It is also known as a vascular disease marker
in patients with type 2 diabetes (26-31). It is increased
during insulin resistance and non-alcoholic fatty liver, as
well (32-37) (Figure 3).

Fetuin-A -

Lumen O Lumen

Arterial vessel with
Normal VSMC

Arterial vessel with
Calcified VSMC

Figure 3. Fetuin-A multi-functions and its relationship with
inflammation factors.

It should be pointed out that fetuin-A is still a matter of
great interest as an unknown protein and many studies are
conducting because of its multiple and complex functions.
However, further studies are recommended.
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