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Abstract

Objective. To study associations between serum soluble Klotho level and vascular calcification in
patients with chronic kidney disease (CKD) 1-5 stages. Design and methods. We examined 70 patients
with different stages of CKD, including 41 patients with chronic glomerulonephritis, among them 10 with
systemic diseases, 22 with tubulo-interstitial nephritis (bacterial, gout and drug-induced) and 7 with
hypertensive nephrosclerosis. All 70 patients with 1-5 stages of CRD underwent clinical examination
and blood tests for serum Klotho levels by enzyme-linked immunosorbent assay. Vascular stiffness was
assessed in 57 patients by applanation tonometry method (SphygmoCor, AtCor Medical, Australia).
Results. Serum Klotho levels differed depending on the stage of CKD. When patients with different stages
of CKD were compared, a reverse correlation between serum Klotho level and serum phosphorus level
and intact parathormone was found in CKD progression. There is a correlation between serum Klotho
level and an increase in left ventricular posterior wall thickness in patients with CKD and hypertension
(n =49). Also reduction in serum Klotho level is associated with a greater frequency of calcifications in
heart and major arteries, increased vascular stiffness and reduced blood flow in the tibial arteries (ankle-
brachial index). Conclusions. Thus, circulating Klotho plays an important role in mineral metabolism in
CKD and demonstrates pleiotropic effects that might modify cardiovascular risk through the impact
on vascular calcification and cardiovascular remodeling.

Key words: chronic kidney disease, hypertension, circulating Klotho protein, ectopic calcification,
cardiovascular remodeling
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Pesrome

Heanb ncciieoBaHNsA — KOMITIEKCHOE H3yUSHHE B3aHMOCBSI3H CHIBOPOTOYHOTO YpoBHst Oerka Klotho
C KaIbIU(UKAIICH CepAIa ¥ COCYI0B Y OOMBHBIX XpoHMUYeCKor Oore3Hbto ouek (XBIT) 1-5D cramauii.
Marepuaasl u Metoabl. MccinenoBano 70 manmeHnToB ¢ pazHbiMu ctaausimu XbBII, Brirouarommmu
41 ciy4aii xporndeckoro riiomepyiionedputa (XI'H), B Tom uncie 10 mpu CHCTEMHBIX 3a00JICBAHHSX,
22 GONBHBIX TyOyJOMHTEPCTUIIMATHLHBIM HEDPUTOM (OaKTEpUATBHOMN, TOJAarpUIECKOM, JIEKapCTBEHHON
STHOJIOTHH) ¥ 7 TIAIIMEHTOB C TUIIEPTEH3UBHBIM Hepockiiepo3oM. Hapsiny ¢ 0OmeKTMHIYeCKIMHA UC-
cieoBaHusAME y Beex 00mbHBIX ¢ 1-5D cragusimu XBIT u3yden ceiBopoTounsiii yposeHs Klotho (nm-
myHOopepmenTHBIH MeTon ELISA ¢ Habopom anTtu-Klotho monmkimonansHeIx anTUTeN). Y 57 OONBHBIX
Ha MOMEHT B3SITHSI TIPOO KPOBU MPOBOAMIN aHAIN3 PUTHIHOCTH cocynoB («SphygmoCor», «AtCor
Medicaly», ABctpanus). Pesyabrarbl. CeiBopoTounas kontneHTpanms Klotho pasnmuuanace cpeay u3ydeH-
HBIX OOJBHBIX B 3aBUCUMOCTH OT ctaauu XbII. [Ipu cpaBHeHNH OONBHBIX ¢ pa3HbIMU cTagusiMu XbI1
0Ka3aJI0Ch, YTO CHIDKEHHE KOHIICHTPALIUH B CBIBOPOTKE KpoBU 00ibHBIX Klotho mpu nporpeccupoBanmnn
XBIT npoucxoauino B 0OpaTHON KOPPETSLIMOHHOM 3aBUCUMOCTH OT COACPIKAHUSI B CHIBOPOTKE KPOBHU
Heopranndeckoro hocdopa 1 HHTAKTHOTO naparropMona. Y 6omsHbIX XBII ¢ aprepuanbHoii rumepreH-
3uelt (n = 49) BeIsBICHA CBA3b MEXTy CHIDKeHHEM ypoBHs Klotho B ChIBOpOTKE KPOBH U yBEIMYEHUEM
TOJIIMHBI 33/THE CTEHKH JIEBOTO KETy/I0UKa. Y ITHX ke OONBHBIX CHIKeHHas koHueHTparms Klotho
B CBIBOPOTKE KPOBH ObIJIa aCCOLMMPOBAHA C OOJBIICH YaCTOTON BBISBICHUS KAJIBIIU(HKATOB B CEPALEC
Y MarucTpaJIbHbIX apTepUsiX, YBEIMUEHUEM PUTHIHOCTH COCYJIOB U CHMKEHHEM KPOBOTOKA B apTEPUSIX
roJIEHU (JI0ABDKEUHO-IIJIeueBOM nHAeKe). BeiBoabl. TakuM 00pa3om, MOMUMO y4acTHsl B MUHEPATIbHOM
obomene, npu XBIT mupkynmupyromas ¢popma 6enka Klotho MoxkeT nMeTh 3HaYCHNE B pa3BUTUH KapIHO-
BACKYJISIPHBIX OCJIOKHEHUH — apTepHaIbHON KalbIM(DUKAIIINH, PEMOACITUPOBAHHS CEPALA i COCYHOB.

KuroueBblie ci1oBa: xpoHuueckas 001€3Hb IOYEK, apTepHaibHasi THIEPTEH3Us, IUPKYJIUPYOIIas
dopma Genka Klotho, skronudeckas kaabIudUKaIs, PEMOJISITHPOBAHNAE CePIa U COCYIOB

Jlna yumuposanus: Munosanos I0.C., Munosanosa JLIO., Cabnuna M.M., Maprxuna M.M., Kproxosa /[.B. L{upxyrupyio-
was popma benxa Klotho — Hoswitl uneubumop cocyoucmou Kaibyu@urayuu npu xpoHuueckou bonesnu novek. Apmepuanvhas
eunepmenzus. 2014,20(6):531-537.
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Introduction

In recent decades, the role of cardiovascular
disease (CVD) in the development of chronic
kidney disease (CKD) has been widely recognized,
which is due to the general aging of the population,
increasing incidence of diabetes mellitus, hyperten-
sion and atherosclerosis [1].

On the other hand, epidemiological studies
showed that CKD as an independent predictor of
development and progression of cardiovascular
complications [1-3].

Thus, the search of the factors inhibiting the
progression of the CVD, including the cases in
CKD, is highly relevant. The recent evidence
shows that the circulating form of Klotho protein
suppresses oxidative processes through the FoxO
activation and increased expression of superoxide
dismutase, as well as influences the processes
of endothelial integration and function in CKD
[4-5].

Recent experimental studies have confirmed
that the circulating Klotho protein can act as a hu-
moral factor with a protective cardiovascular effect
[6-8]. Over-expression of Klotho provides with
both renal and cardiovascular protection [8].

Increased production of Klotho prevents
atherosclerosis occurrence and slows aging in
experimental animals [9]. Moreover, clinical stud-
ies confirmed a protective role of Klotho in the
pathogenesis of cardiorenal interactions in CKD
[10-12].

The aim of our study was a comprehensive as-
sessment of the relationship between serum level of
Klotho protein and cardiac and vascular calcifica-
tion in patients with CKD stages 1-5D.

Design and methods

Patients

We enrolled 70 patients with different stages
of CKD, including 41 patients with chronic glom-
erulonephritis (CGN), including 10 cases with
systemic diseases (systemic lupus erythematosus,
systemic vasculitis), 22 — with tubulointerstitial
nephritis (bacterial, gout, medication-related)
and 7 subjects with hypertensive nephrosclerosis
(30 males and 40 females). The mean age at base-
line was 50,0 + 14,9 years (from 20 to 84 years).

CKD stages were determined by NKF K/DOKI
criteria (2002), while the glomerular filtration rate
(GFR) was calculated according to the equation
CKD-EPI (2009) (Table).

At baseline, 21 (30%) out of 70 included
patients had normal blood pressure (BP) level
(110/70-140/80 mm Hg), 49 (70 %) subjects had
hypertension (HTN) of different severity. For BP
control antihypertensive agents were prescribed
alone or in combination therapy depending on the
severity of hypertension, including angiotensin-
converting enzyme (ACE) inhibitors, calcium
channel blockers, beta-blockers, diuretics.

Among 49 hypertensive patients, BP was
controlled within the target level 130/80—
140/80 mmHg in 27 (55.1%) subjects, the re-
maining 22 (44.9%) patients regularly received
antihypertensive drugs, and at baseline they still
had elevated BP (150/90-165/100 mm Hg).

In 22 (31.4%) patients with persistent hypercal-
cemia and elevated levels of intact parathyroid hor-
mone (iPTH) iPTH paricalcitol was prescribed.

Patients with systemic diseases were in-
cluded in case of absent activity manifestations

THE DISTRIBUTION OF PATIENTS BY STAGE OF CHRONIC KIDNEY DISEASE e
The stage of chronic The range of estimated Number of patients,
Kidney disease ﬂomerulan: ﬁltrat10121 rate Mean n (%)
(ml/min/1.73 m?)
1 92-100 96.2 11 (15.7%)
2 60-85 76.6 12 (17.1%)
3 30-55 393 25 (35.7%)
4 15-27 21.8 11 (15.7%)
5 10-14 9.7 5(7.1%)
5D 5-9 6.7 6 (8.6%)
Total - - 70 (100 %)
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(hypocomplementemia, high levels of antibodies to
double-stranded deoxyribonucleic acid and anticy-
toplasmic antibodies — p-ANCA and c-ANCA).

Methods

Serum level of Klotho was assessed in all
70 patients with CKD stages 1-5D using immuno-
assay analysis ELISA and a set of anti-Klotho poly-
clonal antibodies (company “Millipore”, USA). It
was conducted according to a standard protocol in
the diagnostic laboratory “LiTEH (Laboratory
of intellectual and technical chemistry)”. Blood
was sampled in the vacuum centrifuge tubes, and
then it was centrifuged at a speed of 2500 rev/min
for 15-20 minutes, the serum was frozen and stored
at —28 °C.

The examination included a detailed history,
analysis of symptoms in order to clarify the etiol-
ogy of CKD, CVD, duration of hypertension, the
rate of CKD progression, residual renal function
before hemodialysis (HD) was started. All patients
underwent clinical blood and urine tests. Biochemi-
cal tests were performed with the use of biochemi-
cal analyzer “Technicon” (USA) and biochemical
laboratory device “Spectrum” (Abbot, USA).

BP was measured by Korotkoftf method in all
patients. Hypertensive patients also underwent
heart ultrasound (“ACUSON 128 HR10”, USA) in
accordance with a standard protocol [13, 14].

Figure 1. Serum Klotho levels in patients
with different stages of chronic kidney disease
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Moreover, arterial stiffness was assessed in
57 patients using the device “SphygmoCor” (Aus-
tralia) that is based on the measurement of the pulse
wave by a sensor installed at the site of radial and
femoral arteries. To assess the degree of peripher-
al vascular calcification ankle-brachial index (Engl.
ABI — ankle-brachial index) was evaluated in the
same patient sample by the equation: ABI = ankle
MAP/brachial MAP (lower reference value is 0.9,
upper — 1.42).

Statistical analysis

Statistical analysis was performed using SPSS
10 for Windows, STATISTICA 10.0, and MS Excel.
We used nonparametric tests: Mann-Whitney test—
to compare two groups, and Kruskal-Wallis test —
for multiple comparisons. Correlations were assessed
by Spearman rank correlation coefficient (r).

In case of normal distribution, the data are pre-
sented as M = m (where M is an arithmetic mean,
m — standard deviation). In case of non-normally
distributed variables, results are presented as
median and interquartile scope. The results were
considered statistically significant at the level of
p <0.05.

Results
Serum Klotho levels differ between the groups
of patients with different CKD stages. The high-

Figure 2. Relation between serum Klotho level
and estimated glomerular filtration rate
(ml/min/1.73 m?)
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In patients with chronic kidney disease stage 5D reduction in
serum Klotho level inversely correlated with the duration
of hemodialysis treatment (r =—0.760, p < 0.05).
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Figure 3. The change in the serum levels of inorganic Iphosphorous (A)
and the intact parathyroid hormone (B) at different stages of chronic kidney disease
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est concentrations were observed in patients with
stage 1 CKD, and they decreased in individuals
with more severe CKD with the lowest levels re-
corded in patients with stage 5 CKD (Fig. 1). There
was a direct correlation between eGFR and Klotho
concentration (r = 0.92, p <0.05) (Fig. 2).

The levels of inorganic phosphorus signifi-
cantly differed in patients with early stages of CKD
(CKD 1, CKD 2) and in those with severe CKD
(CKD 5-5D) (Fig. 3A). iPTH concentrations also
differed significantly in patients with CKD 1 and
those with CKD stages 3—5 (p <0.05). There were
no differences in iPTH levels in patients with
more advanced (higher than stage 3) CKD stages
(Fig. 3B).

Thus, we suggest that serum level of Klotho
protein is an early marker of CKD progression,
the changes in its serum levels are evident al-
ready at CKD stage 3 and further worsen with the
CKD progression. The reduction in Klotho level
precedes the increase in serum concentrations of
phosphorus and iPTH and correlates with GFR
decline in CKD patients.

Reduction in Klotho level was less profound in
patients with CKD stages 3B-4, who were treated
with paricalcitol, compared to patients treated
with alfacalcidol, as adjusted for the degree of

renal failure. It should be noted that the treatment
groups did not differ by the degree of serum iPTH
reduction, which suggests a protective, possibly
stimulating effect of paricalcitol on Klotho pro-
duction (Fig. 4).

In normotensive patients with normal thickness
of the posterior left ventricular wall (up to 0.9 cm,
n = 14), Klotho level was greater than in patients
with an initial left ventricular hypertrophy (thick-
ness of the posterior left ventricular wall > 1.0 cm,
n=>5;p<0.05) (Fig. 5).

In hypertensive patients, Klotho level nega-
tively correlated with the thickness of the posterior
left ventricular wall (r = —0.594, p < 0.05), with
pulse wave velocity (r = —0.537, p < 0.05), and
maximal systolic BP (r = —0.603, p < 0.05), and
positively correlated with left ventricular ejection
fraction (r = 0.68, p < 0.05).

The reduced serum Klotho level was associated
with greater frequency of cardiac and vascular
calcification (r=—0.584, p <0.01), increased arte-
rial stiffness (r = —0.454, p < 0.05), and reduced
blood flow in the arteries of the lower limbs (ankle-
brachial index) (r =—-0.380, p < 0.05).

Moreover, patients with CKD stage 3B-4
who had a target BP level and were treated by
ACE inhibitors showed higher Klotho levels
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Figure 4. Serum Klotho levels in patients with
chronic kidney disease with hyperproduction of
intact I)arathyroid hormone and treated with
paricalcitol (n = 10) and alfacalcidol (n = 12)
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(r=10.509, p <0.01) and less pronounced myo-
cardial remodeling.

Discussion

Our results confirm the role of Klotho as an
early marker of CKD progression. They also prove
that the change in Klotho levels occur at the third
stage of CKD and worsen with progression of renal
failure [15, 16]. The reduction in Klotho level pre-
cedes an increase in serum concentrations of phos-
phorus and parathyroid hormone as the decline in
eGFR progresses in patients with CKD. Reduced
expression of the transmembrane form of Klotho in
the kidneys in CKD patients correlates with the
drop in eGFR, and reaches 5 % of normal levels in
patients receiving dialysis treatment. We found a
strong inverse relationship between the decrease in
serum Klotho level and high cardiovascular risk in
patients with CKD.

In our patients with CKD and hypertension
Klotho deficiency correlated with higher BP
levels, cardiac and vascular calcification, and
an increase in arterial stiffness. On the other
hand, experimental studies showed a significant
reduction in angiotensin II level and proteinuria in
hypertensive mice with CGN when expression
of Klotho is increased [2—4]. In transgenic mice
with CKD increased expression of Klotho was
associated with normal phosphaturia, better kid-
ney function and significantly lower calcification
compared to wild-type mice with CKD and reduced
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Figure 5. Median serum levels of Klotho protein
in patients with normal thickness of the posterior
left ventricular wall and in patients with early
left ventricular hypertrophy
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production of Klotho [5]. Thus a beneficial effect
of Klotho on vascular calcification was greater
than its effect on renal function and phosphaturia
that could be related to its direct influence on
the vessels. There data showing the complex role
of ADAM17/TGF-o/EGFR in the restructuring
of the parathyroid glands and reducing Klotho
expression in the kidneys, induced by activation
of the renin-angiotensin system (RAS) and cal-
citriol deficiency [6, 7]. These data suggest the
role of the effective RAS blockade and correction
of D-hormone deficiency for the prevention and
treatment of CVD in patients with CKD. In our
study, higher rates of Klotho and less pronounced
myocardial remodeling were observed in patients
who achieved target BP and who were treated by
ACE inhibitors.

Transgenic mice with CKD and high Klotho
production demonstrated significantly lower de-
gree of vascular calcification as compared to the
wild-type mice with CKD and reduced Klotho pro-
duction [15]. Favorable effect of Klotho on vascu-
lar calcification was greater than its effect on renal
function and phosphaturia that is associated with
the direct influence of Klotho on the vessels.

Klotho was shown to bind the receptor of
transforming growth factor beta type 2 (Engl.
TGF-B — transforming growth factor beta) and in-
hibit its downstream signals to slow interstitial
fibrosis [2].
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Conclusions

Thus, in addition to role of circulating Klotho in
mineral metabolism in CKD, its pleiotropic effects
are now recognized and its role in the development
of CVD (through its impact on cardiac and vascu-
lar calcification). We can hypothesize that serum
Klotho level can be used as an early diagnostic
marker for increased cardiac and renal risk. Further
research is required for better understanding of
the impact of ACE inhibitors, paricalcitol and other
nephroprotective drugs on Klotho metabolism in
patients with CKD and the possible medication-
stimulated Klotho production. We assume that the
elimination of Klotho deficiency is a promising
cardio- and nephroprotective strategy in patients
with CKD.
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