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Introduction: Sirtuinl (SIRT1) acts as an anti-aging protein due to anti-apoptotic, anti-
oxidative and anti-inflammatory effect and is implicated in several diseases including
diabetes or cardiovascular problems. SIRT1 renal overexpression indicates oxidative stress.
Similarly, oKlotho was primarily exposed as anti-aging factor. It is primary produced in
kidney. It’s deficiency is associated with progression of chronic kidney disease and heart
disorders.

Purpose: The aim of the study was to assess the serum concentration of sirtuinl and
oKlotho in hemodialysis (HD) patients compared to healthy volunteers in regard to age,
blood pressure control, residual kidney function (RKF), diabetes, cardiovascular disease,
dialysis vintage and type of dialyzer.

Patients and Methods: The serum level of SIRT1 and oKlotho was evaluated using
ELISA tests in 103 HD patients, median age 67 years and in 21 volunteers. Blood pressure,
RRF, echocardiography and dialysis parameters were assessed. HD group was divided
according to the presence/absence of RKF.

Results: The serum SIRT1 level was higher (28.4 vs 2.71ng/mL, p<0.0001) and aKlotho
was lower (433.9 vs 756.6pg/mL, p<0.0001) in HD then in control group. aKlotho was lower
in those without RKF (387.2 vs 486.2pg/mL, p=0.028). SIRT1 positively correlated with
hemodialysis vintage. aKlotho negatively correlated with left ventricular posterior wall
thickness. There was no significant relationship between SIRT1 and aKlotho level and age,
blood pressure control, type of dialyzer, Kt/V and diabetes. Multivariate analysis revealed
association of SIRT1 with ejection fraction (B —0.72; p=0.32).

Conclusion: Elevated SIRT1 and lower aKlotho concentration are associated with impaired
kidney function. The decrease in levels of aKlotho may also indicate heart hypertrophy in
hemodialysis patients. The role of anti-aging proteins, particularly SIRT1 as biomarkers/
predictors of oxidative stress, inflammation and cardiovascular diseases need further
examination.
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Plain Language Summary

For decades people have tried to slowdown aging processes and extend their lifespan. Sirtuinl
and aKlotho are considered anti-aging factors. SIRT1 is implicated in several diseases including
diabetes or cardiovascular problems. Klotho is primarily produced in kidney. Its deficiency is
associated with progression of kidney and heart disease. As renal patients are in a state resem-
bling accelerated aging, we designed this study to assess the serum concentration of sirtuinl and
aKlotho in hemodialysis patients comparing to healthy volunteers in regard to age, blood
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pressure control, residual kidney function, diabetes, cardiovascular
disease, dialysis vintage and type of dialyzer. Results revealed
higher serum SIRT1 and lower aKlotho level in hemodialysis
group comparing to the control one. aKlotho was also lower in
those without residual kidney function. We concluded that elevated
SIRT1 and lower oKlotho concentration are associated with
impaired kidney function. Decreased level of aKlotho may also be
a marker of heart hypertrophy in hemodialysis patients.

Introduction

Sirtuins (SIRT — silent information regulator) are a group
of NAD+ - dependent histone deacetylases which has an
impact on many different biological processes by promot-
ing chromatin silencing and transcriptional repression.'~
Thus they are involved in the cellular energy metabolism,
biogenesis of mitochondria, response on stress, apoptosis,
inflammatory reaction and fibrosis. The family of sirtuins
contains seven isoforms: SIRT1 - SIRT7.2 Sirtuinl, which
is also called the longevity gene, is mostly studied one.*

Klotho is a transmembrane protein that shares sequence
homology with family I B-glycosidases.®’ There is merely
one mammalian aKlotho gene that encodes three isoforms
of Klotho protein, namely the transmembrane, a shed solu-
ble and a truncated soluble form generated by alternative
Klotho mRNA splicing.®*

For decades people have tried to slow down aging
processes and extend their lifespan. Sirtuinl and aKlotho
are considered anti-aging factors."® SIRT1 due to an anti-
apoptotic, anti-oxidative and anti-inflammatory effect is
involved in the pathogenesis of several diseases such as
diabetes or cardiovascular disorders. It improves glucose
tolerance, reduces hyperinsulinemia and enhances systemic
insulin sensitivity.">'® By far, SIRTI is an important
nephroprotective factor, especially in the diabetic kidney
disease.'"'? Its renal overexpression is an answer to oxida-
tive stress. Klotho is mainly produced in the kidneys.® Its
deficiency is associated with the progression of chronic
kidney disease and heart disease. Low levels of Klotho in
patients with chronic kidney disease can also promote ves-
sel calcification and salt-dependent hypertension.''*
Animal studies indicate a nephroprotective role of Klotho
probably by influence on the activity of renin-angiotensin-
aldosterone system.'”

As renal patients are in a state resembling accelerated
aging, we designed this study to assess the serum concentra-
tion of sirtuinl and aKlotho in hemodialysis (HD) patients
comparing it to healthy volunteers and to analyze the effect
of age, blood pressure control (BP), residual kidney function

(RKF), diabetes, cardiovascular disease, dialysis vintage and
type of dialyzer on both SIRT1 and aKlotho levels.

Patients and Methods

Participants

In this cross-sectional study, we included 103 hemodialysis
(HD) patients (median age of 67-51% male). The median
hemodialysis vintage was 36 months. All patients were
informed about the aim of the study and gave their written
informed consent, according to the Declaration of Helsinki.
The study was approved by the Medical University Ethic
Committee. The clinical trial registration number is:
R-1-002/455/2016.

Methods

Blood pressure (BP) was measured before and after hemo-
dialysis session in the sitting position using automatic man-
ometer. The arithmetic average of three measurements taken
on different days was used in the analysis. Well-controlled
blood pressure level was defined according to Kidney
Disease Outcomes Quality Initiative guidelines'® as lower
then 140/90 mmHg before HD session and lower than 130/80
mmHg after it. Body weight gain was calculated according to
the dry weight and the weight measured before the HD
session (the arithmetic average from three hemodialysis ses-
sions). Residual kidney function was based on a 24 hr urine
collection. The presence of RKF was defined as a 24 hr urine
output above 100 mL. Echocardiography was performed in
the day between two dialysis according to current
guidelines,'” Data on hypotensive drugs used in and indivi-
dual patient and the type of dialyzer (low flux or high flux)
was collected from individual prescription cards. Samples for
the estimation of serum SIRT1 and aKlotho concentration
were taken once before the HD session in the mid-week
dialysis session (when also BP and weight were assessed).
Enzyme-linked immunosorbent assay (ELISA) with the use
of a monoclonal antibody specific to sirtuinl - Cloud-Clone
Corp., Houston, Texas, USA and aKlotho -Human soluble
a-Klotho-IBL (Immuno-Biological Laboratories Co.), Japan
was applied. This study was conducted with the use of
equipment purchased by Medical University of Bialystok
as part of the RPOWP 2007-2013 funding, Priority I, Axis
1.1, contract No. UDA- RPPD.01.01.00-20-001/15-00 dated
26.06.2015. To obtain normal ranges for sirtuinl and
aKlotho in these ELISA assays, 21 healthy volunteers were
studied. The study cohort was divided into two groups
according to presence/absence of residual renal function.
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Analysis

Statistica 10.0 StatSoft Poland was used for statistical analysis.
Continuous data are reported as median and interquartile range
(IQR). The Shapiro-Wilk test was used to determine the
normal distribution and #-Student test or U Mann—Whitney
test for comparison of the two groups depending on meeting
the assumptions. Associations between sirtuinl and variables
of interest were evaluated with Spearman correlation. A two-
tailed p level value below 0.05 was considered significant.
Multivariate analysis was performed to determine significant
factors associated with SIRT1.

Results

Studied Population

The basal characteristic of the studied groups, divided accord-
ing to the presence/absence of residual renal function, is pre-
sented in Table 1. Dialysis vintage was significantly longer in
patients without residual renal function (64.5 [36.0-114.3] vs
27.3 [12.0-48.0] months, p=0.0003. There were no significant
differences in blood pressure control and type of dialyzer
between two groups — with and without RKF.

Healthy Volunteers

Twenty-one persons in median age of 58 (48% male), with
no history of chronic disease, including hypertension,
other cardiovascular disease, chronic kidney disease, dia-
betes mellitus. Median BP — 110/70 mmHg, median crea-
tinine level 0.8 mg/dl.

Concentration of Anti-Aging Proteins and

Their Associations with Other Variables

Serum SIRT1 level was higher (28.4 [13.5-42.8] vs 2.71
[1.9-5.0] ng/mL, p<0.0001) (Figure 1) and aKlotho was
lower (433.9 [362-580] vs 756.6 [632.7-931] pg/mL,

p<0.0001) in HD group comparing to the control one
(Table 2). No differences were found in SIRT1 levels in
patients with diuresis >100 mL and <100 mL per day (24.9
[11.6-39.3] vs 30.3 [14.6-46.7] ng/mL, p>0.05). aKlotho
was declined in those without RKF (387.2 [314.7-596.1] vs
486.2 [400.8-592.6] pg/mL, p=0.028) (Table 3). There was
a positive correlation between SIRT1 and hemodialysis vin-
tage (R 0.24; p=0.03) (Figure 2). We also found a negative
correlation between aKlotho concentration and left ventricu-
lar posterior wall thickness (R=—0.31; p=0.021) (Figure 3).
There was no significant relationship between SIRT1 or
aKlotho level and age, blood pressure control, type of dialy-
zer, Kt/V, diabetes presence. Multivariate analysis revealed
association of SIRT1 with ejection fraction (B —0.72;
p=0.32).

Discussion

Sirtuinl and Klotho are known as anti-aging proteins due
to protective effects against age-related diseases.'®'®
Study of Zhong et al'® on healthy subjects revealed sig-
nificantly lower SIRT1 level after 65 years of age. The
same finding was made regarding Klotho level by Xiao
et al*® - they reported lower serum Klotho concentration
with each age group in humans after 40, in a screened
population with age range from 0 to 91 years. Among
many risk factors leading to the development of renal
insufficiency, aging is an independent and strong predictor
for progressive of chronic kidney disease. Hypertension
and cardiovascular disease is also diagnosed more often in
elderly population.'?

The mechanism of Klotho action is better known when
compared to sirtuinl. The main spot of Klotho activity is
kidney and in the physiological state presumably the most
important one.® This idea is warranted by the study made on

Table | The Clinical Characteristics of Studied Groups (Divided According to the Presence of Residual Renal Function)

Whole Group Presence of Residual Renal Absence of Residual Renal P
N=103 Function Function
N=51 N=52

Age (years) 67 (56-77) 67.0 (57.0-76.0) 64.0 (52.0-77.0) p>0.05
Hemodialysis vintage (months) 36 (14.9-68.1) 27.3 (12.0-48.0) 645 (36.0-114.3) 0.0003
BP before HD (mmHg) 138/74 (124/65-152/82) 137/73 (121/66—-152/81) 141/74 (125/62-153/83) p>0.05
BP after HD (mmHg) 132/68 (110/61-145/80) 126/68 (110/60-136/77) 139/68 (104/60—149/80) p>0.05
Hypertension N=69 (67%) N=34 (66.7%) N=35 (67.3%) p>0.05
Low flux dialyser N=90 (87.4%) N=46 (90.2%) N=44 (84.6%) p>0.05
High flux dialyser N=13 (12.6%) N=6 (11.7%) N=7 (13.5%) p>0.05

Notes: Baseline characteristic of studied population. Data are presented as median and interquartile range (IQR) for continuous variables or number of cases and

percentage.

Abbreviations: BP, blood pressure; HD, hemodialysis.
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Figure | Serum sirtuinl in the study and control group.

mice with a kidney-specific ablation of Klotho which demon-
strated the phenotype of global Klotho knockout mice.?' The
serum soluble Klotho was declined about 80% in those
kidney-specific Klotho knockout mice so the authors con-
cluded that under physiological conditions the great amount
of soluble Klotho detected in blood came from kidneys.*"**

The pathogenetic role of Klotho in the development of

Table 2 Anti-Aging Proteins Concentration in the Study Group
Comparing to Control Group

Protein Study Group Control Group p
(N=103) (N=21)

Sirtuinl (ng/mL) 28.4 (13.5-42.8) 2.71 (1.9-5.0) <0.0001

aKlotho (pg/mL) | 433.9 (362-580) 756.6 (632.7-939.1) <0.0001

Note: Data are presented as median and interquartile range (IQR) for continuous
variables.

025%-75%

Control group T Min-Max

hypertension and cardiovascular disease by the influence on
salt sensitivity and renin-angiotensin system is also well
documented.'*'** Gao et al'> found that serum Klotho
concentration was approximately 45% lower in patients
with arterial stiffness and primary hypertension compared
to healthy persons. Moreover, Klotho deficiency caused
down-regulation of SIRT1 expression and activity in aorta
and then contributed to arterial stiffening and hypertension.
The authors revealed significant rise in pulse wave velocity
and blood pressure in Klotho-haplodeficient (KL+/—) mice."
Then Kakareko et al** found reduced soluble Klotho levels
after nephrectomy in patients with remaining renal function
before surgery. Our study confirms the above findings and
shows lower serum aKlotho concentrations in patients with
end-stage kidney disease on maintenance hemodialysis com-
pared to healthy volunteers. What is even more interesting, it

Table 3 Anti-Aging Proteins Concentration in the Studied Groups (Divided According to the Presence/Absence

of Residual Renal Function)

Protein Whole Group Presence of Residual Renal Absence of Residual Renal P
N=103 Function Function
N=51 N=52
Sirtuin| (ng/mL) 28.4 (13.542.8) 24.9 (11.6-39.3) 30.3 (14.646.7) >0.05
aKlotho (pg/mL) 433.90 (362.9-580.4) | 486.2 (400.8-592.6) 387.2 (314.7-5%6.1) 0.028

Note: Data are presented as median and interquartile range (IQR) for continuous variables.
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Figure 3 Relationship between oKlotho and left ventricular posterior wall
thickness.

was lower in subjects without preserved kidney function. We
also observed a reverse correlation between aKlotho and left
ventricle posterior wall thickness. It confirms the finding of
Marcais et al*> They, in the prospective 2 years
ARNOGENE study of a cohort of 769 hemodialysis patients
without specific cardiac interventions, demonstrated that
higher aKlotho level was associated with a better 2-year
cardiovascular protection.

The mechanism of action of sirtuinl is still unknown
and it remains in the interest of many researchers. Due to
a wide expression and impact on the action of various
proteins and gene transcription it may affect kidney func-
tion in many different ways. Genetic studies revealed
relationship between SIRT1 gene polymorphisms and dia-
betic kidney disease'''> as well as association with car-
otid atherosclerosis in the SAPHIR cohort (The Salzburg

Atherosclerosis Prevention Program in subjects at High
Individual Risk),?® which involved 1770 healthy unrelated
white persons aged 39—67. Studies on Japanese hemodia-
lysis patients also proved a significant association between
SIRT1 polymorphisms, rs7069102 and rs2273773 and
abnormal cholesterol metabolism and coronary artery
calcification.?® The crucial action of SIRT1 is its benefi-
cial effect on oxidative stress, inflammation and apoptosis,
the processes which are also involved in kidney
injury.'®?” SIRT1 overexpression in renal inner medullary
mesenchymal cells is associated with renal oxidative
stress.”® Chuang et al*® in animal models of SIRTI
knock down mice revealed increased albumin urine excre-
tion and mitochondrial dysfunction in diabetics environ-
ment. It suggests that SIRT1 plays a pivotal role in
homeostatic maintenance of podocyte in the stress/injury

1°° observed

of mitochondria. Going further, Hasegawa et a
that downregulation of SIRT1 and upregulation of the
tight junction protein Claudin-1 by SIRT1-mediated epi-
genetic setting in podocytes led to enhancement of urinary
albumin excretion in diabetes. Otherwise, increased
SIRT1 expression saved podocytes against apoptosis trig-
gered by the end products of glycation. SIRT1 may also
mitigate the inflammatory response in diabetic kidneys.
Kitada et al’' observed that Wistar diabetic rats had
reduced renal sirtuinl expression, increased albuminuria,
declined creatinine clearance rate, and significantly ele-
vated amount of acetylated NF-kB p65 and factors of
inflammation compared to Wistar nondiabetic rats.
Administration of SIRT1 agonists considerably reduced
the amount of albumin excretion in urine. One of the
natural agonists of SIRT1 is resveratrol, the polyphenol
detected in red wine and pomegranates which has been
found to activate SIRT1 and extend the lifespan.®” It was
detected in animal models that pretreatment with resvera-
trol reduced the rate of acute kidney injury in rats after
glycerol administration.®> Resveratrol also has vasopro-
tective properties via SIRT1 dependent pathways.** It
was demonstrated by Wicinski et al*® that 4-week oral
resveratrol treatment in rat models increased the serum
levels of SIRTland significantly reduced reactivity of
resistant arteries partially independently of phosphodies-
terase. An interesting study was conducted by Qi et al.*
They observed an association between the protective
effect of intravenous vitamin C administration on hemor-
rhagic shock-related kidney injury and SIRT1 pathway.
Most of th available researches regarding sirtuinl studied

its expression or serum activity, moreover majority of
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them are based on animal models. In our study, we
assessed the serum SIRT1 concentration in humans-
patients with end-stage kidney disease on maintenance
hemodialysis. We found it was significantly higher when
compared to healthy volunteers. We also report an inter-
esting positive correlation of serum SIRT1 level and
hemodialysis vintage and the association of sirtuinl with
ejection fraction. To our knowledge, there is no previous
research concerning serum SIRT1 level in hemodialysis
subjects. Moreover, we assessed the serum SIRT1 together
with aKlotho concentration, which makes the study more
valuable. In turn Olivares et al’’ checked urinary SIRTI
values together with the expression of SIRT1 measured by
quantitative PCR and immunoblot and clinical measures
of lupus activity, including renal biopsy in a cohort of
40 patients with systemic lupus erythematosus (SLE).
Then the authors compared all of studied parameters in
patients with active lupus nephritis (LN), in remission and
healthy controls. SIRT1 protein concentration was consid-
erably augmented in all SLE patients when compared to
healthy controls and it was 4.0-fold higher in those with
the active LN compared to control group, 3.3-fold when
compared to SLE patients without LN and 2.3-fold com-
pared to patients with remission of LN. Interestingly they
observed a strong correlation between SIRT1 mRNA and
SIRT1 level in SLE which was even higher in patients
with LN. The authors concluded that SIRT1 may be
a valuable marker of renal injury. Recently an interesting
research was published regarding serum SIRT1 concentra-
tion in 125 patients newly diagnosed with hypertension
comparing to 40 healthy control subjects.®® The study
population was also divided into two groups according
to the presence/absence of left ventricular hypertrophy
(LVH). Serum SIRT1 level was found to be significantly
higher in patients with LVH compared to those without
LVH and to healthy subjects; multivariate logistic regres-
sion analysis revealed that increased serum SIRT1 con-
centration independently predicted LVH in patients with
hypertension. Another recent human study on SIRT1 con-
centration was reported by Kiziltung et al.>* They assessed
temporal changes of serum sirtuinl in 40 patients with
acute myocardial infarction (AMI) compared to subjects
with normal coronary arteries and found no differences
between AMI patients and the latter group. In our popula-
tion of patients with end-stage kidney disease on main-
tenance hemodialysis no differences in sirtuinl levels
between patients with LVH or other known cardiovascular
disease and without was found. This can be explained by

the fact that most of hemodialyzed patients suffer from
some kind of cardiovascular abnormality.

In conclusion, elevated SIRT1 and lower aKlotho con-
centration is associated with impaired kidney function.
Decreased oKlotho level may also be a sign of heart
hypertrophy in maintenance dialysis patients. The role of
anti-aging proteins, particularly SIRT1 as biomarkers/pre-
dictors of oxidative stress, inflammation and cardiovascu-
lar disease needs further examination.
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