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Background: Sirtuin 1 is involved in the pathogenesis of age-related diseases.

Purpose: The aim of the study was to assess the clinical and diagnostic value of serum
sirtuin 1 concentration in patients with CKD.

Patients and Methods: The serum sirtuin 1 level was evaluated using ELISA kit in 100
CKD patients stratified for five stages and in a control group of 24 healthy volunteers.
Results: Serum sirtuin 1 concentration was higher in the CKD group compared with the
control group (p<0.05). Sirtuin 1 correlated with conventional CKD biomarkers and eGFR
equations, intact parathyroid hormone (iPTH) and age (all p<0.05). Statins, AT, receptor
antagonists and P-blockers use were associated with decreased sirtuin concentration
(p<0.05). Sirtuin 1 was able to distinguish CKD from control group with high sensitivity
and specificity (93% and 87%, respectively; AUC=0.954). Surprisingly, after adjustment
only iPTH concentration was an independent predictor of sirtuin 1 level.

Conclusion: The association between sirtuin 1, eGFR equations and iPTH indicates its
possible usefulness as a kidney function marker. In terms of iPTH being the only indepen-
dent predictor of circulating sirtuin 1 it can be considered as an indirect cardiovascular risk
biomarker regardless of renal function and provide additional information for patient man-
agement. Alternatively, sirtuin 1 is recognized as protective against vascular disease, and we
demonstrated a positive correlation with iPTH, which may be related to accumulation of
(7-84)-PTH having opposite biological effects to full-length PTH. Further studies are needed
to explore the interplay between sirtuin 1, PTH and CKD-related vascular calcification as
well as to assess its prognostic value in observational studies.
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Introduction

Chronic kidney disease (CKD) is defined as gradual loss of function of particular
nephrons resulting in renal failure. The disease is characterized by accelerated
vascular disease, which is the leading cause of death in this population." As the
trend toward aging of the worldwide population is likely to continue, CKD is
expected to become a major global health problem. Moreover, CKD is recognized
as a novel substantial risk factor for cardiovascular disease and total risk in renal
patients is greater than the one attributable to comorbidities.” One of the possible
explanations is excessive medial arterial calcification specific to renal impairment.
Positive phosphate balance in the course of CKD may promote vascular calcifica-
tion (VC) by depletion of sirtuin 1 expression and, in consequence, may lead to
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severe cardiovascular complications.> Early diagnosis,
patients’ awareness of the disease, appropriate nephropro-
tection and lifestyle modification are essential to halt the
progression of CKD and thus reduce risk for cardiovascu-
lar events.

Sirtuin 1 (SIRT1) is the most widely studied member
of a group of enzymes with NAD'- dependent deacetylase
activity, detecting intracellular energy state and regulating
gene expression by chromatin silencing and transcriptional
repression.” Tt is implicated in mitochondrial biogenesis,
inflammation, cellular stress response and apoptosis,
which constitute a common denominator of chronic dis-
eases and aging. Nephroprotective and cardioprotective
effects of sirtuin 1 were determined on animal and cellular
models.’> " It was found to diminish renal fibrosis, main-
tain podocytes’ function, augment autophagocytosis and
angiogenesis, regulate blood pressure through the renin-
angiotensin-aldosterone system and stimulate nitric oxide
synthesis.

However, to our best knowledge, only few studies have
investigated the serum sirtuin 1 concentration in humans
with kidney and heart disease. Doulamis et al. noted that
lower sirtuin 1 concentration was associated with diabetes
mellitus and a history of myocardial infarction in patients
with advanced coronary disease.'? Regarding CKD, there
are two papers reporting decreased sirtuin 1 levels in
patients with diabetic kidney disease compared with
healthy subjects.'*'* In contrast, findings from the recent
work by Zbroch et al. revealed elevated sirtuin 1 concen-
tration in hemodialysis patients and positive correlation
between the concentration and duration of dialysis.'”

The aim of the study was to assess the serum concentra-
tion of sirtuin 1 in conservatively treated patients with CKD
stratified for five stages comparing with healthy volunteers.
We also studied possible relationships between sirtuin 1,
demographic data, numerous clinical measurements as well
as co-existing diseases, including cardiovascular and dia-
betes, treatment and survival outcomes.

Patients and Methods
Study Design and Participants

We conducted a cross-sectional single-center study invol-
ving 100 inpatients suffering from chronic kidney disease
and a control group of 24 healthy volunteers. The main
criterion for inclusion was stable CKD according to the
KDIGO (Kidney Disease Improving Global Outcome)
definition. The exclusion criteria were: acute kidney

injury, exacerbation of CKD, renal replacement therapy
(i.e. hemodialysis, peritoneal dialysis, kidney transplanta-
tion), persons under the age of 18.

All patients gave written informed consent. Clinical data
were anonymized prior to transfer to the research database.
The study was approved by the Medical University Ethic
Committee (approval number R-1-002/455/2016) and was in
accordance with the principles of the Helsinki Declaration.

Methods

Clinical data were collected from past medical history, phy-
sical examination and laboratory tests routinely performed in
the hospital laboratory. The data included age, sex, body
mass index (BMI), stage and etiology of chronic kidney
disease, mean blood pressure, antihypertensive therapy, sta-
tin use, history of cardiac infarction and ischemic heart dis-
ease, heart failure, diabetes, hyperlipidemia, complete blood
count, calcium-phosphate metabolism, cholesterol level and
proteinuria. Laboratory tests were performed using standard
methods in the hospital laboratory.

Obtained fasting blood samples were centrifuged at
1300 xg for 15 min and stored at —80 °C until
analysis. The non-routine laboratory tests were performed
using commercially available immunoenzymatic (ELISA -
Enzyme-Linked Immunosorbent Assay) test kits. The tests
were performed following the assay instructions. The absor-
bance was measured by a microplate reader (MULTISCAN
GO, Thermo Fisher Scientific, Finland). The concentrations
were calculated based on the standard curves. The serum
concentration of sirtuin 1 was assessed using kits from
EIAab Science Co., Wuhan, China, with limit of detection
32 pg/mL, and intra- and interassay precision of 4.3% and
7.2%, respectively. The reference range for sirtuin 1 was
78-5000 pg/mL. Human soluble a-Klotho was measured
using kits from IBL (Immuno-Biological Laboratories Co.,
Japan) with the limit of detection 6.15 pg/mL and intra- and
interassay precision of 3.5% and 11.4%. The reference range
for a-Klotho 93.75-6000  pg/mL.
C concentrations in serum were assessed using kits from

was Cystatin
BioVendor, Brno, Czech Republic. The reference range for
cystatin C was 200—10,000 ng/mL, with the limit of detection
0.25 ng/mL and intra- and interassay precision of 3.5% and
10.4%. All tests were performed by the same person in
standardized laboratory settings. 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.
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Statistical Analysis

The data were analyzed using Statistica 13.3 computer
software (StatSoft, Poland). The significance was set at
a 95% confidence limit. The Shapiro—Wilk test was used
to evaluate normal distribution. Continuous variables
were presented as mean and standard deviation, when
normal distribution or median and interquartile range,
when non-Gaussian and categorical variables as percen-
tage. The comparison between studied and control
groups was performed by the use of Mann—Whitney
U test. We used Kruskal-Wallis non-parametric test to
compare sirtuin-1 serum concentration between particu-
lar stages of CKD. The association between sirtuin 1 and
clinical data was determined by Spearman correlation
test. Multivariable conditional logistic regression was
used to assess association between examined protein
and each of significantly correlated cofounders. The
overall survival of subjects after 24-months follow-up
stratified for terciles of sirtuin 1 concentration was mea-
sured by chi-squared test. Receiver operating character-
istic (ROC) and precision-recall curves analysis were
performed to assess the utility of serum sirtuin 1 for
diagnosing CKD.

Results
Studied Population

Clinical and biochemical characteristics of patients and
controls are presented in Tables 1 and 2. The study
included 100 patients (49 men and 51 women) with
mean age of 69 (23-91) and compared them with 24 age-
matched and sex-matched healthy volunteers with no his-
tory of chronic kidney disease, diabetes, cardiovascular
disease and medication use. The creatinine and cystatin
C level in all controls was within the normal range.

Table 2 Basal Clinical and Biochemical Characteristics of the
Studied Group

Variables N=100
Kidney function-related indicators

eGFR MDRD (mL/min) 29 (19-43.5)

Calcium (mmol/L) 2.23 (2.1 —2.31)

Phosphate (mmol/L) 1.22 (1.03-1.5)

iPTH (pg/mL) 146.5 (88.1-243.6)

25-hydroxy-vitamin D (ng/mL) 14.7 (10.2-21.3)

alpha-klotho (pg/mL) 663.2 (556.2-892.3)

Cardiovascular indicators

Total Cholesterol (mg/dL) 169 (148-210)
Triglycerides (mg/dL) 139 (86-184)
mSBP (mmHg) 1385 + 18.6
mDBP (mmHg) 75+ 12
Hypertension 89 (48%)
DM and IGT 46
Hyperlipidemia 36
IHD 32
Heart failure 39
Drug therapy N
ACE inhibitors 39
AT | receptor antagonists 17
B-blockers 73
Calcium channels blockers 63
Statins 42
Metformin 7

Notes: Values given are mean * SD for continuous variables with normal distribu-
tion, median and interquartile range for non-Gaussian continuous variables or
number of cases. *Well controlled blood pressure <140/90 mmHg.
Abbreviations: mSBP, mean systolic blood pressure; mDBP, mean diastolic blood
pressure; DM, diabetes mellitus; iTPH, intact parathyroid hormone; IGT, impaired
glucose tolerance; IHD, ischemic heart disease; ACE, angiotensin converting
enzyme; AT |, angiotensin Il receptor type .

In the patients group the most prevalent comorbidities
were hypertension, followed by diabetes mellitus and heart
failure; 54% of hypertensive patients had well controlled

Table | Basal Characteristics of Patients Group and Controls Group

Variables Patients (N=100) Controls (N=24) P value
Age (years) 69 £ I5 45 9 NS
Sex (M/F) 49/51 /13 NS
Body Mass Index (kg/m?) 288 £ 5.9 26.6 £ 4.5 NS
Creatinine (mg/dL) 2.08 (1.5-3.1) 1.07 (0.65-1.26) <0.05
eGFR MDRD (mL/min) 29 (19-43.5) 124 (108.3-134.8) <0.05
Cystatin C (mg/L) 2.9 (2.24.1) 0.7 (0.58-0.78) <0.05
eGFR CKD-EPl.ysc (mL/min) 18.5 (12-28.5) 117 (106.5-127.5) <0.05
a-klotho (pg/mL) 663.2 (556.2-892.3) 718.3 (556.3-958.8) NS

Note: Values given are mean * SD for continuous variables with normal distribution, median and interquartile range for non-Gaussian continuous variables or number of

cases.
Abbreviations: NS, non-significant; M/F, male/female ratio.

Clinical Interventions in Aging 2021:16

submit your manuscript

527

Dove


http://www.dovepress.com
http://www.dovepress.com

Bielach-Bazyluk et al

Dove

blood pressure (<140/90 mmHg). The most widely used
drugs were B-blockers, calcium channel blockers and statins.

Sirtuin | Concentrations in Studied
Groups

Serum sirtuin 1 concentration was significantly higher (2.23
[1.57-3.24] vs 0.44 [0.19-0.64] ng/mL, p<0.0001) in the
studied group compared with the control group (Figure 1).
The levels of sirtuin 1, cystatin C, mineral and bone
disorder-related parameters stratified by CKD stage are
reported in Table 3. Sirtuin 1 concentration was moderately
(R=0.54) and cystatin C was strongly (R=0.84) associated
with CKD stage, while a-klotho correlation did not reach
statistical significance (p=0.09). From the group of measure-
ments related to mineral and bone disorder, only iPTH and
phosphate level correlated significantly with the advance-
ment of the disease (R=0.62, p<0.001, R=0.4 p<0.001,
respectively). As illustrated in Figure 2, a considerable
increase in the median sirtuin 1 concentration between
stage 1 CKD and control group was noted. Further gradual
increase across CKD stages was accompanied by greater
range of concentrations in particular subgroups. Differences
between particular CKD stages were significant (p<0.001).

Sirtuin | Correlation Analyses and
Multiple Regression Analysis

Square root transformation of sirtuin 1 concentration was
made to compare normal distribution. Then, the association
between the concentration and examined biochemical mea-
surements, demographic and clinical data was performed
(Table 4). We found sirtuin 1 significantly correlated with
conventional CKD biomarkers and eGFR equations, with the
strongest association with CKD-EPl.ygain ¢ formula
(R=0.61, p<0.001). There was a positive correlation with
PTH level (R=0.39, p<0.001) and age (R=0.27, p=0.002),
see Figure 3.

Statins, AT; receptor antagonists and [-blockers use
was associated with decreased sirtuin concentration
(p<0.001, p=0.02 and p=0.04, respectively). There was
no significant correlation between sirtuin 1 and o-klotho,
BMLI, blood lipids, proteinuria and blood pressure. Sirtuin
1 concentration was not related to sex and comorbidities.

CKD-EPI ygatin ¢ filtration rate and cofounders signifi-
cantly correlated with sirtuin 1 were included to a model
of multiple regression analysis (Table 5). Other kidney
function parameters associated with sirtuin 1 (creatine,
cystatin C) were excluded due to multicollinearity. After
adjustment only PTH concentration (beta = 0.3, p = 0.009)

Me = 2.23 [1.57 - 3.24 ] vs. 0.44 [0.19 - 0.64] ng/mL,

p<0.0001
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Figure | The comparison of serum sirtuin | concentration between studied and control group.
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Table 3 Sirtuin I, Cystatin C and Mineral Bone Metabolism-Related Measurements According to the Stage of Chronic Kidney Disease

Variables Stage of Chronic Kidney Disease
142 (n=12) 3a (n=12) 3b (n=22) 4 (n=36) 5 (n=18) R P

Sirtuin | (ng/mL) 1.767 1.18-2.00 2.294 1.92-2.95 2.252 1.39-2.75 2.325 1.59-3.38 3.046 1.46-4.94 0.54 | <0.001
Cystatin C(mg/L) 1.78 1.3—-1.99 2.27 1.90 —2.91 2.46 2.06 —3.03 3.51 2.78-4.28 4.75 3.34 -5.28 0.84 | <0.001
a-Klotho (ng/mL) 0.856 0.601—-1.195 | 0.649 0.598-0.869 | 0.676 0.61-0.894 | 0.63 0.539-0.741 | 0.634 0.501-0.927 | 0.15 0.09
iPTH (pg/mL) 67.2 55.6-107.2 80.8 73.9-156 139.0 71.2-162.8 | 146.1 96.5-219.4 404.3282-505.5 0.62 | <0.001
Calcium (mmol/L) 2.15 1.95-2.25 2.12 1.99-2.37 2.28 2.13-2.32 2.22 2.13-2.32 2.22 1.93-2.28 0.02 0.87
Phosphate (mmol/L) 1.02 0.99-1.18 1.15 1.01-1.26 1.15 1.02-1.35 1.17 1.03—1.41 1.57 1.39-1.88 0.4 | <0.001
25(OH)D (ng/mL) 13.1 4.5 -20.2 13.0 6.8-16.2 13.1 10.2-21.2 15.6 11.1-20.7 20.1 13.9-26.7 0.24 | <0.05

Notes: Data are reported as median and interquartile range. Statistical analysis was performed with Spearman correlation coefficients. Bold values denote statistical

significance at the p < 0.05 level.
Abbreviation: 25(OH)D, 25-hydroxy vitamin D.

was an independent predictor of sirtuin 1 level. The equa-
tion explained 52% of the variation of serum sirtuin 1
concentration in the CKD group (F = 6.74, p<001).

Association with CKD Etiology

Sirtuin 1 concentration was not related to the etiology of
CKD. In contrast, cystatin C level was statistically higher
in patients with diabetic kidney disease compared with
hypertensive nephropathy. At the same time, median crea-
tinine concentration between both etiologic groups was
comparable (2.21 vs 2.40 mg/dL).

The Discriminative and Prognostic Value
of Sirtuin | in CKD Population

The ROC and precision recall curves were constructed to
measure the usefulness of sirtuin 1 level as a potential
biomarker of CKD (Figure 4). The analysis demonstrated
that sirtuin 1 is able to distinguish CKD from the control
group (cut-off: 0.96 ng/mL) with high sensitivity and
specificity (93% and 87%, respectively; AUC=0.954,
95% CI 0.919-0.989).

No relationship was found between terciles of sirtuin 1
concentration and death outcomes.

6
; 1
4
-
E 3 Lo
g Kruskal Wallis ANOVA
s Chi square = 31.44
5 df=6
=, p<0.001
1
0
-1 * Median
Control 1 2 3a 3b 4 5 [] 25 - 75% (IQ range)
KDIGO 1 1.51Qrange

Figure 2 Serum sirtuin | concentration according to KDIGO stage.
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Table 4 The Relationship Between Serum Sirtuin | and Studied
Parameters

Clinical and Laboratory Sirtuin |
Parameters

R P value
Age 0.27 0.002
Gender (vs male) - 0.57
Body mass index (kg/mz) —0.15 0.16
Kidney function-related indicators
Creatinine (mg/mL) 0.2 0.04
Cystatin C (mg/L) 0.54 <0.001
CKD-EPI Cystatin C (mL/min) 0.61 <0.001
a-Klotho (pg/mL) —0.02 0.82
Calcium (mmol/L) 0.06 0.53
Phosphate (mmol/L) 0.09 0.39
iPTH (pg/mL) 0.39 <0.001
25-hydroxy-vitamin D (ng/mL) 0.00 0.97
Proteinuria 0.12 0.22
Cardiovascular indicators
Glucose (mg/dL) —0.02 0.81
Total cholesterol (mg/dL) 0.18 0.09
Triglycerides (mg/dL) 0.11 0.3
Uric acid (mg/dL) 0.08 0.45
mSBP (mmHg) 0.03 0.79
mDBP (mmHg) 0.14 0.17
Hypertension - 0.54
DM and IGT - 0.09
Hyperlipidemia - 0.18
IHD - 0.09
Heart failure - 0.44
Second-line treatment
ACE inhibitors - 0.73
AT receptor antagonists - 0.04
B-blockers - 0.02
Calcium channels blockers - 0.35
Diuretics - 0.37
Statins - <0.001
Metformin - 0.41

Notes: Pearson correlation coefficient for continuous variables and U-Mann—
Whitney test for dummy variables. Bold values denote statistical significance at
the p < 0.05 level.

Abbreviations: iPTH, intact parathyroid hormone; mSBP, mean systolic blood
pressure; mDBP, mean diastolic blood pressure; DM, diabetes mellitus; IGT,
impaired glucose tolerance; IHD, ischemic heart disease; ACE, angiotensin convert-
ing enzyme; AT, angiotensin Il receptor type |.

Discussion
High global burden of chronic kidney disease and related
accelerated development of cardiovascular disease resulting

in decline in life expectancy puts an emphasis on early
detection and identification of new targets for more specific
therapies. Sirtuin 1 may convey the impression of being
anovel target related to kidney function. A number of studies
addressed its protective role in systemic metabolism, cardio-
metabolic and age-related diseases as well as its relevance in
vascular dysfunction. However, the majority of available
literature’s data derive from molecular and cellular models.
We aimed to verify if clinical findings could be translated
into practical patient care using easily accessible serum
samples for the measurement of sirtuin 1 concentration.

To our best knowledge, it is the first study assessing
the serum sirtuin 1 concentration in humans with respect
to association with different stages of chronic kidney
disease, its etiology and clinical measurements. As has
been previously reported, the expression of SIRTI in
tissue kidney specimens correlates with renal impair-
ment and strategies up-regulating SIRT1 expression are
able to mitigate kidney injury.”'®'” It could be hypothe-
sized, that serum sirtuin 1 concentration would be an
equivalent for tissue levels and would decrease corre-
spondingly with eGFR decline. Based on the available
literature we found two studies investigating serum sir-
tuin 1 in diabetic kidney disease and one in maintenance
dialysis patients.'> !> Regarding diabetic kidney disease
the authors of both studies showed significantly lower
sirtuin 1 concentration in patients compared with
healthy controls.'*"'* However, findings on the relation-
ship between the sirtuin concentration and the degree of
albuminuria revealed discrepancies. This conflicting data
may be partially explained by distinctive characteristics
of enrolled patients, which included only those with
eGFR above 60 mL/min in the latter study.'® On the
contrary, substantially elevated sirtuin 1 concentration
was found in patients with end-stage renal disease
undergoing hemodialysis.'> These findings support the
notion that sirtuin 1 may be influenced to greater extent
by diabetes-related factors if only mild or moderate
renal impairment is present. In line with this idea, in
our study, we demonstrated raised serum sirtuin concen-
tration in patients with CKD compared with healthy
subjects. We observed a gradual increase of the concen-
tration in a stage-dependent manner and its negative
correlation with eGFR equation. The elevated sirtuin 1
concentration in CKD patients could be explained by its
accumulation due to decreased filtration rate or its
increased secretion from kidney cells as a result of
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Figure 3 The relationship between sirtuin | and eGFR CKD-EPI based on cystatin C concentration, iPTH level and age.

nephrons’ apoptosis. However, this cannot explain the
greater range of concentration in particular stages

detected in our study. Interestingly, after adjustment for

other cofounders including age, iPTH level, B-blockers
and statin use, iPTH was the only independent determi-

nant of sirtuin 1 concentration in our population.
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Table 5 Regression Models Related to Sirtuin | Concentration

Independent Variables Model | R=0.52; P<0.001
B SE t P
Age -0.22 0.12 -1.9 0.06
iPTH 0.3 0.11 2.7 0.009
Ln of CKD-EPI Cystatin C —0.18 0.12 -1.5 0.15
AT -blockers -0.03 0.1 -0.3 0.8
B-blockers —0.08 0.1 -0.8 0.42
Statins —0.2 0.1 —2.0 0.05
Notes: Sirtuin | presented as square root of the concentration. Model | — multiple

regression of sirtuin | and significant variables in bivariate analysis. Bold values
denote statistical significance at the p < 0.05 level.

Abbreviations: iPTH, intact parathyroid hormone; In, natural logarithm; ATI,
angiotensin Il receptor type |I.

The influence of PTH on the cardiovascular system has
gained much importance in the past years. PTH has
a detrimental influence on cardiac function and vasculature
and it is associated with left ventricular hypertrophy,
hypertension and arrhythmias.'®?° Moreover, individuals
with higher plasma PTH are at risk of cardiovascular

mortality,*!

even if PTH remains within laboratory refer-
ence range.”” Although prior research generally confirms
that PTH concentrations become apparent when eGFR
declines below 60mL/min only a few studies have exam-
ined PTH in subjects with normal kidney function.”® For
example, in a cross-sectional study on individuals without
CKD with the mean eGFR=105 mL/min based on CKD-
EPl¢,.cys, the authors demonstrated that PTH concentra-
tion began to rise much earlier when eGFR drops below
126 mL/min.** From this standpoint, sirtuin 1 similarly to
PTH can be considered as a cardiovascular risk biomarker
regardless of renal function and provide additional infor-
mation for patient management.

Disturbances of mineral and bone metabolism related
to CKD are widely considered as the major cause of
extraskeletal calcification, including vascular calcification
(VC). Previous studies on young dialysis-dependent
patients, lacking classical cardiovascular risk factors,
brought clear evidence of VC contribution in increased
cardiovascular risk.”>*® Despite ample data regarding
association of PTH with VC and poor cardiac outcomes,
its role as an independent contributor to vascular smooth
muscle cells’ (VSMCs) phenotypic change remains uncer-
tain. A reason for conflicting results may be due to diffi-
with their
methodologies applied in individual studies. It is of parti-

culties interpretation due to distinctive
cular importance in the context of variable response to

intermittent and continuous PTH exposure.”’” What is

more, in the circulation, there are different fragments of
PTH encompassing full-length (1-84)-PTH, middle-PTH,
amino- and carboxyl-terminal PTH, some of which
remains biologically inactive. The classical actions of
PTH on bones and kidney accounts for 1-84 fragment
and could be antagonized by (7-84)-PTH.*® It should be
stressed that routinely used second generation assay
(iPTH) detects both (1-84)-PTH and (7-84)-PTH.*
According to previous data, (7-84)-PTH accumulates pro-
gressively in the circulation along with eGFR decline,
therefore it may overestimate secondary hyperparathyroid-
ism. Hence, iPTH assay may not sufficiently reflect PTH-
related VC and cardiovascular risk.

The question arises whether distinctive response to PTH
in VSMC:s could also be expected. Several former studies on
PTH-induced VSMC:s transition indicated that (1-34)-PTH
may inhibit medial artery calcification.’'~* More recent
reports have demonstrated independent regulation of arterial
medial calcification by PTH and hyperphosphatemia.>*** As
an illustration, Neves et al. noted that continuous PTH over-
stimulation triggers VC regardless of serum calcium and
phosphate concentration in rodents.>® Similar findings were
recently obtained from a rodent model,** in which (1-34)-
PTH augmented VC by binding to its principal receptor
PTHIR, without regard to phosphate and a-klotho level. To
sum up, low level of sirtuin 1 is associated with exacerbated
VC and full-length PTH seems to act as an independent
promoter of VC via PTHIR signaling. However, in our
study on renal patients prone to VC, increased iPTH concen-
trations were correlated with high levels of sirtuin 1.
Furthermore, the extent of detected sirtuin levels continued
to grow with advancing CKD stage, which rather
follows PTH variability than reflects eGFR decline. It should
be underlined that we used a second generation PTH assay,
so we can suspect that (7-84)-PTH might have accounted for
even up to 50% of detected PTH.** In other words, we can
assume the growth in sirtuin 1 concentration corresponded
with the rise in (7-84)-PTH. On the basis of previous findings
confirming antagonistic effects of (7-84) and full-length
PTH, we can hypothesize that (7-84)-PTH may be able to
attenuate the process of calcification, speculatively via sir-
tuins. The main argument in favor of such a possibility is that
(7-84)-PTH in contrast to full-length PTH predominantly
operates through a C-terminal PTH receptor and may involve
another downstream pathway.>* Nevertheless, we must
acknowledge inability to determine a cause-cffect relation-
ship, which renders our conclusions of limited value.
Whether sirtuin 1 expression in VSMCs is regulated
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Figure 4 Receiver operating characteristic (ROC) curve of serum sirtuin | between CKD and control group.

independently by (7-84)-PTH needs further explanatory
research. Even though, the proportion of PTH fragments
definitely could not be translated into VC risk burden. One
should bear in mind that in renal patients high serum calci-
fication propensity derives from alteration in the whole
mineral metabolism. For instance, it is more pronounced in
maintenance dialysis patients owing to the use of calcium-
containing phosphate binders.*

The positive correlation between sirtuin 1 and age, demon-
strated in our study, is consistent with a report presented by
Kilic et al.,>® who noted significantly higher serum sirtuin 1
levels in older people compared with both children and adults.
However, the study did not assess kidney function, hence a lack

of relation after adjustment for kidney function cannot be ruled
out. The authors also suggested that raised protein level of
SIRT1 parallel to decreased protein activity in older people
serves as a compensatory mechanism to declined NAD" levels
associated with aging and accumulation of oxygen reactive
species.®®>? Thus, sirtuin 1 level may better reflect biological
than chronological age, which is supported by the disappear-
ance of the correlation after adjustment in our study. We also
demonstrated that sirtuin 1 concentration was significantly
lower in patients treated with several drugs. In line with our
findings, a study conducted on patients with coronary artery
disease showed initially increased sirtuin 1 expression, reduced
after statin therapy implementation.*’ In contrast, Yamag et al.
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reported an increase in circulating sirtuin 1 expression after
initiation of statin therapy in patients after myocardial
infarction.*! To our knowledge, only one paper investigated
the impact of AT,-receptor blockers on sirtuin 1 levels.** The
study was performed on middle-aged, healthy men, who
started the treatment with valsartan or the combination of
valsartan and fluvastatin. One month after commencement of
the therapy serum sirtuin 1 concentration increased in both
subgroups compared with baseline. Regarding the effect of 8-
blockers use on sirtuin 1 levels in humans the data are lacking,
hence we refer to preclinical studies. Metoprolol, similarly to
valsartan, was found to activate in vitro SIRT1/AMPK path-
way and subsequently ameliorate arterial remodeling.*>**

With regard to sirtuin 1 concentration, our results did not
reveal any association with left over clinical measurements, the
etiology of CKD, concomitant diseases and survival probabil-
ity during follow-up. In our study, sirtuin 1 was able to dis-
criminate with high sensitivity and specificity between CKD
and control group.

The limitations of our study include a relatively small
number of patients, enrolled exclusively in the Nephrology
Department, which resulted in predominance of subjects with
average and severely impaired kidney function, who may not
be representative of kidney disease in the general population.
The causality of demonstrated associations cannot be deter-
mined due to the cross-sectional nature of the study. Since this
study primarily was designed to investigate circulating sirtuin
1 in relation to kidney function, we were not able to assess its
association to VC. Given the complexity of sirtuin 1 biology its
level may be influenced by genetic variation and various
individual factors, including coexisting conditions and use of
drugs, therefore studies on more homogenous cohorts are
needed.

Conclusions

In summary, our findings showed substantially elevated sirtuin
1 concentration in CKD patients versus control group.
Association between sirtuin, eGFR equations and abnormal
mineral metabolism indicates a possible usefulness of sirtuin 1
as a kidney function or indirectly cardiovascular marker.
Accumulation of sirtuin 1 may be related to impaired kidney
function, however in terms of iPTH being the only independent
predictor of circulating sirtuin 1 it can be considered similarly
to PTH as a cardiovascular risk biomarker regardless of renal
function and provide additional information for patient man-
agement. Despite the limitations it makes interesting points in
the discussion about sirtuin 1 and CKD-related VC and alter-
native explanations of our results should be considered. To

a great extent, sirtuin 1 is recognized as protective against
vascular disease, and in our study on patients prone to VC
we showed a positive correlation between sirtuin 1 and iPTH,
which may be related to accumulation of (7-84)-PTH having
opposite biological effects to full-length PTH. However,
further studies are needed for expanding the knowledge on
circulating sirtuin 1 in regard to VC and its predictive value for
related cardiovascular risk and mortality.
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