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Abstract

Despite great advances in medicine, the proper treatment of arterial hypertension (AH), diabetes mellitus (DM)
and chronic kidney disease (CKD) remains a major challenge. Untreated, undiagnosed AH or DM may lead
to the development of CKD and consequently to the occurrence of cardiovascular events. Adropin and irisin are
newly discovered proteins which may play a role in the development and progression of the chronic diseases
mentioned above. Endothelium dysfunction could be a bonding point. The following review paper focuses
on adropin and irisin concentrations and their correlations in AH, DM and CKD. Lower adropin concentrations
have been measured in patients with primary AH when compared to healthy volunteers. Irisin has reduced
blood pressure on nitric oxide (NO)-dependent pathways in experimental studies; a negative correlation
between irisin and blood pressure values has also been observed in preeclamptic women. Irisin also plays
arole in insulin sensitivity and metabolic disorders. Lower irisin levels have been observed in patients with
DM type 2 in comparison to a nondiabetic control group. It is also lower in the serum of pregnant women
with gestational DM. A negative correlation between irisin and estimated glomerular filtration rate (EGFR)
has also been noted. Adropin and irisin are newly described myokines measured in human plasmain healthy
and disease status. Their exact function has not been specified yet and requires further studies.
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The relationship between arterial hypertension (AH),
diabetes mellitus (DM) and cardiovascular as well as renal
events has been demonstrated in many available studies
and meta-analyses.!”3 Despite huge progress in medicine,
the number of patients with AH is still rising and a large
percentage of people remain undiagnosed for a long time.**
These facts demand further research to find the pathophysi-
ological pathways of these disorders in order to develop new
therapeutic possibilities. Adropin and irisin, newly character-
ized proteins, may be important elements in the pathophysi-
ological pathways of these disorders. They are both myokines
regulating energy homeostasis and metabolic processes.®”

Adropin was characterized for the first time in 2008
as a secreted peptide consisting of 76 amino acids. This
newly discovered peptide hormone is encoded by the ENHO
gene and is expressed in the liver, kidney, heart, small intes-
tine, body fluids, and central nervous system. Researchers
suggest that adropin has a role in endothelial dysfunction,
insulin resistance and energy homeostasis.® Recent data
confirms that this bioactive protein has an ability to take
part in cell-to-cell communication.’

Irisin, a membrane protein whose precursor is the fi-
bronectin type III domain containing protein 5 (FNDC5),
has been described as a hormone produced by myocytes.
Experimental studies have shown that its level is main-
tained by PPAR-y coactivator-1 (PGC1)-« in the circula-
tion. The irisin sequence has been measured with mass
spectrometry and a great resemblance has been found
between humans and mice.1%1!

In this review, we will focus on the possible role of irisin
and adropin in patients with chronic kidney disease (CKD),
DM and AH.

Adropin, irisin and hypertension

Hypertension is a risk factor for cardiovascular events.
Many patients with diagnosed AH have inadequate blood
pressure control. Insufficient or inadequate treatment can
contribute to the end-stage CKD.!2 Available population
studies suggest that a large percentage of the population
suffer from high blood pressure.!* Published experimental
studies indicate an association between serum adropin levels
and AH. Researchers have analyzed adropin levels in a group
of 40 obese hypertensive children and 15 healthy volunteers;
no correlation was found between adropin concentration and
high blood pressure, but interestingly, a significantly lower
concentration of adropin was measured in the obese chil-
dren."* Another study used adropin and endothelin-1 (ET-1)
enzyme-linked immunosorbent assay (ELISA) kits to show
an association between adropin and endothelin-1 concen-
trations in patients with essential AH. A significantly lower
adropin level was observed in participants with primary AH
when compared to the control group. The authors concluded
that adropin may be a predictor of primary AH. The study
also showed that the molecular weight of adropin is very
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low and that this hormone is easily filtered by the kidneys.
Consequently, the serum level of adropin is lower than its
concentration in urine, especially in hypertensive patients.!®

Adult patients with blood pressure values over
180/110 mm Hg had significantly lower serum levels
of adropin than the normotensive controls. However,
adropin levels cannot be used as a marker of target organ
damage (TOD) because of its similar levels in the groups
with and without TOD.!®

There are also studies confirming an association be-
tween irisin and blood pressure. Irisin mediates energy
homeostasis and it is produced by muscle cells, among oth-
ers. On the basis of these facts and the correlation between
metabolic disorders and AH, the association between low
serum irisin levels and arterial relaxation in hyperten-
sive and normotensive rats was analyzed. Irisin stimu-
lates the production of nitric oxide (NO) and endothelial
NO synthase (eNOS). Moreover, the vasorelaxing effect
was connected with activation of the 5-AMP-activated
protein kinase (AMPK) and blocking of protein kinase B
(Akt). Summarizing, the researchers observed that irisin
reduced blood pressure on the AMPK-Akt-eNOS-NO de-
pendent pathway and led to vasorelaxation in hypertensive
rats. This mechanism was dose-dependent. A higher level
of NO improved endothelial function.t”

Another study focused on correlations between irisin and
AH in pregnant and preeclamptic women. The researchers
used ELISA Kkits to analyze the level of irisin in the blood.
The study included 67 pregnant patients (31 healthy volun-
teers and 36 preeclamptic women). Interestingly, a negative
correlation between irisin and systolic and diastolic blood
pressure was observed in preeclamptic women. A negative
correlation between age and irisin levels in preeclamptic
women was also noticed.!® Two years before, the influence
of irisin on blood pressure was analyzed in an experimental
study by the same researchers. They showed that central ad-
ministration of this peptide hormone raised blood pressure,
while its peripheral administration caused a hypotensive
effect in both hypertensive and healthy rats.!® The exact
mechanisms regarding the different effects of irisin on blood
pressure are unknown. Weizhen et al. suggested that central
irisin administration raises blood pressure as a consequence
of increased cardiac output by activation of the hypothala-
mus. The hypothalamus influences blood pressure through
adrenergic sympathetic activity. Irisin regulates blood pres-
sure peripherally by influencing blood vessels, specifically
in endothelial and smooth muscle cells. It could be a mes-
senger connecting the brain and the cardiovascular system.?°

Adropin, irisin
and diabetes mellitus

Diabetes mellitus type 2 is a metabolic disorder char-
acterized by increased blood glucose, caused by a lack
of insulin and/or insulin resistance. Diabetes mellitus
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is a globally widespread health problem. Long-term hyper-
glycemia causes complications such as coronary artery dis-
ease, diabetic retinopathy and impaired renal function.?!
There are many experimental and clinical studies con-
cerning irisin concentrations in subjects with DM type 2.
It has been proven that irisin plays a role in insulin sensi-
tivity and metabolic disorders.!! Lower irisin levels have
been observed in patients with DM type 2 in comparison
to a nondiabetic control group.?? On the other hand, obese
nondiabetic patients had significantly higher levels of irisin
in comparison with thin nondiabetic participants. Irisin
was closely related to body mass index (BMI), homeostatic
model assessment of insulin resistance (HOMA-IR) and
fasting insulin.?® Chinese researchers found that serum
irisin was significantly lower in 104 patients with newly
diagnosed DM type 2 as opposed to the control subjects
(104 healthy volunteers).?2 A meta-analysis carried out
by Zhang et al. demonstrated significantly lower irisin
levels in patients with newly diagnosed DM.*

The same results were also observed in the maternal se-
rum levels of irisin in women with gestational DM.? Irisin
concentrations were significantly lower in the study group
in comparison to healthy pregnant women. Interestingly,
there was no statistically significant correlation between
circulating irisin levels in cord blood in the same study
and the control group of pregnant women.?

In addition, decreasing adropin expression was observed
in cord serum and also in maternal blood in women with
gestational DM.262?7 Increased levels of adropin seemed
to influence abnormal fetal growth in women with gesta-
tional DM, possibly through placentation dysfunctions. No
significant differences in adropin levels in pregnant women
with gestational DM type 1 or gestational DM type 2 were
noticed. Moreover, a positive correlation between adropin
and glycated hemoglobin (HbA1c) was observed.?

Not many studies have analyzed irisin and adropin con-
centrations in breast milk. Lower concentrations of these
hormones have been observed in patients with gestational
DM. Circulating irisin and adropin levels in breast milk
reflected their concentrations in plasma.?

Another research group measured irisin levels in pa-
tients with DM type 2 and suggested that plasma irisin
seems to be connected to metabolic factors in healthy
subjects but not in diabetic patients.>° Serum levels of iri-
sin in the control group were associated with total cho-
lesterol, triglycerides, age, diastolic blood pressure, and
fasting blood glucose. As in earlier studies, the authors
observed decreased irisin concentrations in patients with
DM type 2.%° The data presented reflected a reduced level
of irisin in patients with renal insufficiency and DM type 2.
Blood pressure and age have been shown to correlate
with irisin in patients with DM type 2 and normal renal
function.® A research team from China found that irisin
ameliorated disturbed endothelial function in patients
with DM type 2.32 They observed improvements in vas-
cular function after the administration of 0.5 mg/kg/day
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of irisin in mice suffering from DM type 2 over a period
of 2 weeks. The authors also showed protective effects
of irisin on the diabetic aortic endothelium. Some aorta
segments were exposed to irisin (1 pg/mL) ex vivo. In their
observations, irisin reduced the production of NO syn-
thase, the glycosylated subunit component of NADPH
oxidase (gp91phox) as well as peroxynitrite. Irisin may
have an inhibitory effect on PKC-beta/NADPH oxidase
and NF-kB/iNOS pathways.3? Lower irisin levels were
measured in patients with newly diagnosed DM type 2.
Interestingly, multivariate regression showed a positive as-
sociation between irisin concentrations and flow-mediated
dilation levels.?® The same authors, in an experimental
study, showed that excessive expression of FNDC5/irisin
ameliorated insulin sensitivity and decreased hyperglyce-
mia as well as hyperlipidemia.3*

A study published in 2017 presented a correlation be-
tween irisin and the AMP-activated protein kinase (AMPK)
pathway. Irisin improved glucose and lipid metabolism and
lowered the insulin resistance of hepatic cells.?> A Korean
research group carried out the first prospective study fo-
cused on serum irisin levels as a risk factor for the oc-
currence of incident DM.! The study included 3,500 pa-
tients. Incident DM was diagnosed in patients with a level
of fasting glucose =126 mg/dL, or on the basis of glycated
hemoglobin >6.5%, or in patients using medicines to lower
glucose levels during the study. Interestingly, the authors
suggested that circulating irisin can be used as a factor
to predict DM in a healthy population.!’ In a meta-anal-
ysis carried out in 2016, irisin levels correlated positively
with an insulin resistance index.3¢ In this meta-analysis,
17 studies were taken into consideration, involving a total
of 1,912 non-diabetic, non-pregnant adults. The authors
observed a stronger positive correlation between irisin lev-
els and insulin resistance subgroups of this meta-analysis
with fasting blood glucose 6.1 mmol/L in comparison
to patients with fasting blood glucose <6.1 mmol/L.?¢ This
correlation was statistically significant in Americans and
Asians but not in Europeans.36-38

Adropin concentrations in the serum and various or-
gans of rats with streptozotocin-induced DM were ana-
lyzed.?® The myokine levels were measured with ELISA
kit and determined on the basis of the mass of the tissues.
The concentration of adropin in liver, pancreas, kidney and
cerebellum tissues as well as in serum was higher in rats
with DM in comparison to the healthy rats.?* A group
of Turkish researchers published results pointing to a cor-
relation between adropin concentration and endothelium
dysfunction based on flow-mediated dilatation (FDM)
in volunteers with DM type 2. They observed lower se-
rum adropin levels in individuals with endothelial dys-
function in comparison to a control group. It is important
that serum adropin appeared as a marker of endothelial
dysfunction.?® It has been suggested that adropin may be
a potential predictor of coronary artery disease: adro-
pin concentrations in diabetic patients correlated with
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the advancement of coronary atherosclerosis.*! It has not
been confirmed if adropin has the same results in experi-
mental and clinical studies, nor if experimental studies
may be extrapolated to humans.

Irisin, adropin and kidney function

Chronic kidney disease, an increasingly widespread
health problem, is diagnosed on the basis of a reduced es-
timated glomerular filtration rate (eGFR) as well as albu-
minuria. Knowledge and understanding of CKD predictors
can prevent complications and protect against the devel-
opment of the terminal stage of renal failure. One risk
factor for CKD is obesity, which is currently considered
a worldwide epidemic problem.*?43

In patients with CKD, irisin was associated with fat mass,
BMI and eGFR. The lowest irisin levels were observed
in patients with the 5t stage of CKD.?!

Adult obese Chinese patients with higher concentra-
tions of irisin had considerably lower incidence of CKD
in comparison to obese subjects with reduced irisin levels.**
A correlation between irisin and eGFR was also observed:
The group of patients in the 5t stage of CKD had the low-
est level of this hormone. No link between circulating irisin
and microalbuminuria was confirmed.?® Another study
showed that serum irisin was decreased in the CKD group.
Furthermore, they found that in peritoneal dialyzed pa-
tients serum irisin levels were higher than in hemodialyzed
patients. On the one hand, the research group indicated
that glomerular filtration rate (eGFR) and plasma bicar-
bonate were identified as irisin concentration predictors,
but on the other hand, no association of this myokine and
body composition markers was observed.*> Another study
reported significantly lower plasma irisin concentrations
in hemodialysis patients when compared to healthy vol-
unteers; moreover, no association between irisin levels
after resistance exercise training (RETP) in hemodialysis
individuals was observed.*¢

Another study investigated whether irisin levels may be
taken as a risk factor of sarcopenia and carotid atheroscle-
rosis in peritoneal dialysis patients. Lower irisin levels were
observed in the peritoneal dialysis group when compared
to a control group, and thus the thesis was supported.*’

Lower high-density lipoprotein (HDL) cholesterol levels
are often linked to CKD. A correlation between lower irisin
levels and decreased HDL cholesterol in individuals with
CKD has also been observed.*84

There is not much data available reflecting adropin levels
in patients with CKD as a result of DM. A negative cor-
relation of this new peptide and the progression of renal
insufficiency (based on creatinine concentration, GFR and
blood urea nitrogen) has been confirmed.*® Adropin may
play an important anti-inflammatory function in DM pa-
tients by reducing the mRNA expression of interleukin 6
and TNF-a.%%%! Interestingly, a study published in 2016
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focusing on adropin-associated genes in hemodialysis
patients showed lower adropin concentrations in RXRA
homozygotes (rs749759 and rs10776909) as opposed
to an EHNO gene (rs2281997), where the adropin con-
centration was higher.>

Conclusions

Adropin and irisin are newly described myokines mea-
sured in human plasma in healthy and in diseased individu-
als. Their levels correlate with kidney function, the presence
of DM, AH, and lipid status, but the exact function of adro-
pin and irisin has not been specified yet. Further clinical
and experimental studies are needed to clarify their role.
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