
Citation: Lisowska, K.A.; Storoniak,
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Abstract: It has been hypothesized that α-Klotho deficiency might contribute to chronic inflammation
in patients with end-stage renal disease (ESRD), especially those on hemodialysis (HD). Serum Klotho
levels by some authors are considered a potential predictor of cerebrovascular events. Therefore, we
analyzed serum levels of α-Klotho with ELISA and inflammation-related cytokines in HD patients.
Sixty-seven HD patients and 19 healthy people were recruited between November 2017 and June 2021.
A Cytometric Bead Array (CBA) was used to determine the level of different cytokines: IL-12p70,
TNF, IL-10, IL-6, IL-1β, and IL-8. A human Klotho ELISA kit was used to determine the level of
α-Klotho in the plasma samples of HD patients. There was no difference in serum levels of α-Klotho
between HD patients and healthy people. Patients had increased serum IL-6 and IL-8. Significant
positive correlations existed between the concentration of α-Klotho and the serum concentrations of
IL-12p70, IL-10, and IL-1β. However, in a multivariable linear regression analysis, only patients’ age
was associated independently with α-Klotho level. Serum α-Klotho was not associated with higher
mortality risk in HD patients. While these results draw attention to potential relationships between
α-Klotho proteins and inflammatory markers in HD patients, our cross-sectional study could not
confirm the pathogenic link between α-Klotho, inflammation, and cardiovascular mortality.

Keywords: α-Klotho; cytokines; hemodialysis; cardiovascular events; mortality

1. Introduction

The KLOTHO gene encoding the protein of the same name, discovered at the end of the
20th century, is one of the genes affecting animal and human life span [1]. Its knock-out mu-
tations in mice induced osteoporosis, vascular calcification, muscle atrophy, hypoglycemia,
and hyperphosphatemia and promoted reduced activity, and hearing impairment, gen-
erally leading to accelerated aging [2]. Many of the animal studies were later partially
confirmed in humans. One of the best-known functions of Klotho, which belongs to the
β-glucuronidase family, is its role in regulating calcium and phosphate metabolism, among
others, by regulating pathways dependent on fibroblast growth factor 23 (FGF23) [3]. The
kidneys are one of the organs in which Klotho expression is highest [4].

We know about three Klotho isoforms, of which α-Klotho is best known. It exists
either in a form associated with the cell membrane or a secretory form (sKlotho). Secretive
Klotho may arise as a result of the extracellular part being excised from the cell membrane
or alternative splicing [5]. One of the essential functions of α-Klotho (both membrane
and secretory) is the role of the FGF23 cofactor in increasing renal phosphate secretion [6].
sKlotho, with circulation, also goes to various tissues, inhibiting insulin-like growth factor
(IGF) dependent pathways [7].

Chronic kidney disease (CKD) is associated with the loss of active nephrons in the
renal parenchyma and inevitably leads to end-stage renal disease (ESRD), requiring renal
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replacement therapy. In addition, the course of the disease is complicated by cardiovascular
disease, anemia, malnutrition, acid-base, and calcium-phosphate disorders. Furthermore,
the loss of active renal parenchyma leads to hypocalcemia, hyperphosphataemia, and renal
osteodystrophy, which are associated with a gradual decrease in serum sKlotho, as shown
in a study by Kim et al. [8]. According to the authors, among CKD patients with low
α-Klotho concentrations (below the median value of 280 pg/mL), a doubling of creatinine
levels within a couple of months of observation occurs in a higher percentage than in the
patients with concentrations above 280 pg/mL. α-Klotho concentration also positively
correlates with the estimated glomerular filtration rate (eGFR) and calcium level [8].

In hemodialysis (HD) patients, α-Klotho levels are also associated with cardiovascu-
lar morbidity and mortality [9,10]. Otani-Takei et al. [10] showed that HD patients with
low Klotho serum concentrations (<309 pg/mL) are more likely to die from cardiovascu-
lar causes. Meanwhile, HD patients with high concentrations of sKlotho have reduced
occurrence of outcomes combining cardiovascular events and cardiovascular death [11].
Therefore, serum Klotho level by some authors is considered a potential predictor of
cerebrovascular disease in HD patients.

ESRD patients, especially those on hemodialysis, are characterized by increased ox-
idative stress and inflammation, which seem to be central components of the uraemic
phenotype. Chronic inflammation has been linked with cardiovascular mortality [12]
and protein-energy wasting (PEW) in HD patients [13]. Inflammatory markers, especially
interleukin (IL)-6, are also strong predictors of poor outcomes in ESRD patients [14]. The
pathophysiology of chronic inflammation in CKD is a consequence of multiple factors, in-
cluding the type of dialysis membrane, uraemic toxins, oxidative stress, cellular senescence,
gut dysbiosis, hypoxia, and fluid and sodium overload [15]. It has been hypothesized that
α-Klotho deficiency might contribute to increased oxidative stress and inflammation in
ESRD patients. Low concentrations of α-Klotho are associated with inflammation in exper-
imental kidney disease models [16]. Human studies show that in patients on peritoneal
dialysis (PD), high concentrations of Klotho (above the median value of 329 pg/mL) are
correlated with lower IL-6 levels [17]. In HD patients, the problem of the relationship be-
tween α-Klotho and inflammation is still poorly understood. Therefore, this work aimed to
analyze correlations between the serum concentration of α-Klotho and cytokines associated
with inflammation (IL12p70, TNF, IL-10, IL-6, IL-1β, IL-8) in HD patients. In the present
study, we also investigated the predictive significance of serum levels of α-Klotho and
inflammation-related cytokines in terms of survival and cardiovascular events.

2. Material and Methods
2.1. Patients

HD patients were recruited between November 2017 and June 2021. The study group
comprised 67 HD patients (Table 1). Nineteen healthy people were also recruited. The
Independent Bioethics Committee for Scientific Research at the Medical University of
Gdańsk approved the study. We performed all the experiments following the relevant
guidelines and regulations. All participants were informed about the purpose of the tests
and gave written informed consent. A nephrologist thoroughly reviewed each patient’s
medical chart, and data were extracted on the primary cause of CKD, prescribed medi-
cations, presence of cardiovascular disease (CVD), and other comorbid conditions, such
as diabetes mellitus (DM). Laboratory data included serum concentrations of creatinine,
parathormone (PTH), calcium (Ca), and phosphorus (Pi). eGFR was calculated using the
CKD-EPI equation according to the KDIGO guidelines.
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Table 1. Comparison of basic clinical parameters and serum concentrations of HD patients and
healthy people.

Healthy People (n = 19) HD Patients (n = 67) p Value

Age (years) 70 (37, 87) 69 (36, 89) 0.613
HD time (months) n.a. 28 (0.5, 169) n.a.
Creatinine (mg/dL) n.a. 6.3 (2.71, 10.38) n.a.
eGFR (min/mL/1.73 m2) n.a. 7 (4, 22) n.a.
Kt/V n.a. 1.5 (0.74, 2.37) n.a.
PTH (pg/mL) n.a. 356 (44.5, 4276) n.a.
Ca (mg/dL) n.a. 8.7 (6.5, 10.8) n.a.
Pi (mg/dL) n.a. 5.5 (2.4, 10.5) n.a.
IL-12p70 (pg/mL) 2.7 (1.05, 12.74) 2.45 (0, 108.95) 0.737
TNF (pg/mL) 2.59 (0.84, 5.22) 2.5 (0, 127.65) 0.568
IL-10 (pg/mL) 2.65 (0.72, 6.15) 2.8 (1.4, 21.88) 0.104
IL-6 (pg/mL) 4.08 (2.23, 22.57) 10.3 (3.45, 805.45) <0.001
IL-1β (pg/mL) 1.83 (0, 3.33) 1.75 (0, 18.24) 0.844
IL-8 (pg/mL) 13.56 (9.59, 911.66) 38.8 (10.4, 5000) 0.001
α-Klotho (pg/mL) 8.74 (1.33, 60.82) 6.96 (0.45, 127.1) 0.451

Data are presented as median with minimum and maximum. The results in bold are statistically significant,
Mann-Whitney U test, p < 0.05. eGFR—estimated glomerular filtration rate, PTH—parathormone, Ca—calcium,
Pi—phosphorus, n.a.—not applicable.

All HD patients had an estimated glomerular filtration rate (eGFR) below 15 min/mL/
1.73 m2 and underwent four-hour hemodialysis sessions three times a week using low-flux
NIPRO PES 150DL, 170DL, 210DL, or high-flux ELISIO 15H and 17H dialyzers. In addition,
patients had regular dialysis adequacy assessment by measuring urea clearance using
the equation Kt/V (K—urea clearance, t—time on dialysis, V—volume of distribution).
Healthy people underwent a routine health examination, had no history of medical disease,
and were not taking regular medication.

In 13 patients, the primary cause of chronic kidney disease was glomerulonephritis
(GN), in 25—diabetic nephropathy (DN), in 13—ischemic nephropathy (IN), in
4—hypertensive nephropathy (HN), in 6—adult polycystic kidney disease (ADPKD). In
two patients, the primary cause of CKD was unknown. Two patients had obstructive
nephropathy, and two had granulomatosis with polyangiitis (GPA). None of the patients
suffered from active infection, inflammation, malnutrition, malignancy, or blood loss during
the study. They did not receive steroids or immunosuppressive agents.

Blood samples were collected from each patient before the HD session into gel-
separator serum tubes to collect serum to assess concentrations of cytokines and α-Klotho.
We stored serum samples at −80 ◦C as recommended by other authors [18,19].

2.2. Cytokine Measurement in Plasma Samples

BD™ Cytometric Bead Array (CBA) Human Inflammatory Cytokines Kit (Becton,
Dickinson and Company, Franklin Lakes, NJ, USA) was used according to the manufac-
turer’s protocol to determine the level of different cytokines, i.e., IL-12p70, TNF, IL-10,
IL-6, IL-1β, and IL-8, in the plasma samples of HD patients. The detection range for all
measured cytokines was between 20 and 5000 pg/mL. We performed quantitative cytomet-
ric fluorescence analysis with the FACScan cytometer (Becton, Dickinson and Company,
Franklin Lakes, NJ, USA). Cytokine concentrations were analyzed with the use of BD™
CBA software (Becton, Dickinson and Company, Franklin Lakes, NJ, USA).

2.3. Detection of α-Klotho Alpha in Plasma Samples

Human KL(Klotho) ELISA Kit (Wuhan Fine Biotech Co., Wuhan, China) was used
according to the manufacturer’s protocol to determine the level of α-Klotho in the plasma
samples of HD patients. The effective measurement range of this assay was between 7.8
and 500 pg/mL. The density of the yellow color was proportional to the target amount
of sample captured in the 96-well plate, and the O.D. absorbance was read at 450 nm
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absorbance in Epoch™ Microplate Spectrophotometer (Agilent Technologies, Inc., Santa
Clara, CA, USA).

2.4. Outcome Measurements

The primary outcomes included all-cause mortality, cardiovascular mortality, or a
combined outcome that included cardiovascular death or non-fatal cardiovascular events,
defined as myocardial infarction (MI), stroke, major arterial/venous thrombotic episode,
coronary revascularization, atrial fibrillation (AF), or decompensated heart failure (HF).
Cardiovascular death was defined as death from any cardiovascular event. Cardiovascular
events and cause of death were assessed by the attending physicians, who were unaware
of serum α-Klotho. Censoring was performed either on the date of the first occurrence
of each studied endpoint or on 30 June 2022. The patient’s usual medications, including
antihypertensive agents, erythropoiesis-stimulating agents (ESAs), or alfacalcidol, were
continued during the observation period.

2.5. Analysis and Statistics

The concentration of α-Klotho was calculated with GraphPad Prism 9 (GraphPad
Software Inc., San Diego, CA, USA). GraphPad Prism 9 was also used to perform statistical
analyses. The Kolmogorov-Smirnov and Lilliefors tests were used for testing normality.
Significance tests were chosen according to data distribution with a significance level of
p < 0.05. Comparisons between the two groups were assessed with the nonparametric
Mann-Whitney U test for continuous variables. Correlations between continuous variables
were done using the Spearman Rank Correlation test. Cox regression models were used to
analyze the relationships between the primary outcomes and the serum levels of α-Klotho
and cytokines in HD patients. Data are expressed as medians with minimum and maximum
results, percentages, or hazard ratios with 95% confidence intervals (95% CI).

3. Results
3.1. Baseline Demographic, Clinical, and Laboratory Findings

The clinical information about 67 HD patients, including serum concentrations of
creatinine, PTH, Ca, Pi, levels of cytokines IL-12p70, TNF, IL-10, IL-6, IL-1β, IL-8, and
α-Klotho are shown as mean and median values in Table 1. Fifty-eight patients (87%)
patients were diagnosed with chronic heart failure (CHF). Sixty-three (94%) patients were
suffering from hypertension. In addition, 36 (55%) patients were diagnosed with DM. In
25 patients, DN was a primary cause of CKD. 36 (54%) of patients received alfacalcidol
0.25 µg daily.

There was no significant difference in the serum concentration of α-Klotho between
healthy people and HD patients. However, HD patients had higher IL-6 and IL-8 concen-
trations than healthy people (Table 1).

The primary cause of CKD or the type of DM did not influence the serum concentration
of α-Klotho (data not shown).

3.2. Factors Associated with α-Klotho Levels

Bivariate correlation analyses revealed that there was a significant negative correlation
between the concentration of serum α-Klotho and patients’ age (r = −0.268, p = 0.028)
and the serum concentration of PTH (r = −0.290, p = 0.017) (Table 2). No correlation has
been found between α-Klotho and Ca or Pi. The serum concentration of α-Klotho was
positively correlated with serum IL-12p70 (r = 0.250, p = 0.041), IL-10 (r = 0.333, p = 0.006),
and IL-1β (r = 0.436, p < 0.001). A multiple linear regression analysis was conducted to
identify further factors independently associated with Klotho. Age, PTH, IL-12p70, and
IL-10, which were significantly correlated with α-Klotho in bivariate correlation analyses,
were used for the analysis. Only age was associated independently with patients’ Klotho
levels (Table 3).
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Table 2. Correlations between serum concentrations of α-Klotho, patients’ clinical parameters, and
serum cytokines.

Age HD
Time Cr eGFR Kt/V PTH Ca Pi IL-12 TNF IL-10 IL-6 IL-1 IL-8 α-KL

Age 1.000 −0.186 −0.358 0.192 −0.194 −0.253 0.106 −0.330 −0.138 −0.076 −0.178 0.047 −0.048 0.053 −0.268
HD time 1.000 0.178 −0.286 0.415 0.449 0.036 −0.106 −0.003 0.042 0.045 0.028 −0.004 −0.278 −0.004
Cr 1.000 −0.668 0.294 0.143 −0.223 0.408 −0.122 −0.064 −0.119 −0.004 −0.080 0.189 −0.108
eGFR 1.000 −0.353 −0.327 0.108 −0.415 0.125 −0.053 0.094 0.121 −0.069 −0.184 0.075
Kt/V 1.000 0.228 −0.007 0.064 0.014 0.083 −0.088 −0.125 −0.050 −0.020 −0.138
PTH 1.000 −0.146 0.242 −0.017 0.165 −0.073 0.024 −0.026 0.081 −0.290
Ca 1.000 −0.217 0.113 0.018 −0.038 −0.162 0.140 −0.143 0.117
Pi 1.000 0.026 0.207 0.034 0.074 0.158 0.186 −0.025
IL-12 1.000 0.384 0.424 0.235 0.421 −0.028 0.250
TNF 1.000 0.286 0.134 0.179 −0.018 −0.191
IL-10 1.000 0.386 0.546 −0.022 0.333
IL-6 1.000 0.195 0.364 0.090
IL-1 1.000 −0.110 0.436
IL-8 1.000 −0.123
α-KL 1.000

The results in bold are statistically significant, bivariate Spearman Rank Correlation test, p < 0.05. Cr—creatinine,
α-KL—α-Klotho.

Table 3. Multivariable linear regression analyses for α-Klotho.

Variable Estimate Standard Error 95% CI p Value

Age −0.551 0.271 −1.09 to −0.00817 0.047
PTH −0.00779 0.00491 −0.0176 to 0.00202 0.118
IL-12 −0.0647 0.167 −0.399 to 0.270 0.700
IL-10 −0.545 0.997 −2.54 to 1.45 0.587
IL-1 1.71 1.15 −0.601 to 4.01 0.144

The results in bold are statistically significant (p < 0.05). CI—confidence interval.

As for other relationships between inflammatory markers and clinical parameters,
the concentration of IL-8 was negatively correlated with HD time (r = −0.278, p = 0.023)
(Table 2). Creatinine, PTH, and Pi levels were negatively correlated with patients’ age.
Other correlations are shown in Table 2.

3.3. Factors Associated with Cardiovascular Events and Mortality

Fourteen patients died within the median follow-up period of 7 months. Nine patients
died because of cardiovascular events. Three patients developed an infection and died be-
cause of sepsis. Two patients died because of unknown reasons and died out of the hospital.
The Cox regression analyses revealed several factors associated with cardiovascular events,
cardiovascular mortality, and all-cause mortality (Table 4). Serum creatinine levels were
predictive for cardiovascular events (HR 0.726, 95% CI 0.575–0.902, p = 0.005), cardiovascu-
lar mortality (HR 0.517, 95% CI 0.313–0.807, p = 0.006), and all-cause mortality (HR 0.577,
95% CI 0.392–0.816, p = 0.003). eGFR was predictive for cardiovascular death (HR 1.25, 95%
CI 1.07–1.46, p = 0.003) and all-cause mortality (HR 1.20, 95% CI 1.05–1.36, p = 0.003). DN
was predictive for cardiovascular events (HR 2.73, 95% CI 1.31–6.11, p = 0.009).
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Table 4. Cox regression analyses of cardiovascular events, cardiovascular mortality, and all-cause
mortality.

Cardiovascular Events Cardiovascular Mortality All-Cause Mortality

Hazard Ratio
(95% CI) p Value Hazard Ratio

(95% CI) p Value Hazard Ratio
(95% CI) p Value

Sex [male] 0.685
(0.335–1.44) 0.305 1.73

(0.407–11.7) 0.500 1.00
(0.339–3.30) 0.999

Age (years) 1.03 (1.00–1.07) 0.038 1.02
(0.971–1.09) 0.396 1.04

(0.990–1.00) 0.144

HD time (months) 1.00
(0.994–1.01) 0.610 1.00

(0.983–1.01) 0.901 0.99
(0.984–1.01) 0.909

Creatinine (mg/dL) 0.726
(0.575–0.902) 0.005 0.517

(0.313–0.807) 0.006 0.577
(0.392–0.816) 0.003

eGFR (min/mL/1.73 m2)
1.04

(0.912–1.16) 0.568 1.25 (1.07–1.46) 0.003 1.20 (1.05–1.36) 0.004

Kt/V 0.560
(0.162–1.92) 0.356 0.888

(0.097–8.21) 0.916 0.629
(0.105–3.72) 0.610

PTH (pg/mL) 1.00 (1.00–1.00) 0.347 1.00
(0.999–1.00) 0.463 1.00

(0.999–1.00) 0.711

Ca (mg/dL) 1.27
(0.752–2.23) 0.389 2.24

(0.814–6.00) 0.119 1.62
(0.731–3.56) 0.240

Pi (mg/dL) 0.899
(0.715–1.13) 0.357 0.848

(0.544–1.29) 0.452 0.741
(0.512–1.05) 0.101

IL-12p70 (pg/mL) 0.987
(0.959–1.00) 0.230 0.994

(0.944–1.02) 0.712 0.989
(0.936–1.01) 0.512

TNF (pg/mL) 0.968
(0.882–1.00) 0.303 0.948

(0.699–1.01) 0.566 0.918
(0.680–1.01) 0.415

IL-10 (pg/mL) 1.01
(0.909–1.08) 0.882 1.04

(0.860–1.16) 0.579 1.01
(0.835–1.12) 0.915

IL-6 (pg/mL) 0.997
(0.985–1.00) 0.388 0.999

(0.978–1.00) 0.723 0.999
(0.982–1.00) 0.681

IL-1β (pg/mL) 0.976
(0.855–1.08) 0.677 0.956

(0.699–1.14) 0.708 0.884
(0.646–1.07) 0.339

IL-8 (pg/mL) 0.999
(0.995–1.00) 0.281 0.999

(0.995–1.00) 0.573 0.999
(0.996–1.00) 0.505

α-Klotho (pg/mL) 0.997
(0.983–1.01) 0.664 0.996

(0.964–1.02) 0.759 0.991
(0.960–1.01) 0.438

Diabetes [yes] 2.73 (1.31–6.11) 0.009 3.86
(0.900–26.7) 0.100 2.45

(0.802–9.10) 0.138

The results in bold are statistically significant (p < 0.05).

4. Discussion

The history of Klotho is associated with discovering the relationship between its
expression and aging in mice [1]. Among the three isoforms, the most important is α-
Klotho, which occurs in the kidney in high concentrations. It is produced mainly in the
distal nephron tubules and is associated with calcium-phosphate metabolism [3]. Over
the years, many publications have emerged showing significant correlations between
the concentration of α-Klotho in the blood of CKD patients and the progression of the
disease [8] and cardiovascular complications, especially in HD patients [9,10]. Meanwhile,
the relationship between α-Klotho and inflammatory markers in HD patients is still unclear.
Therefore, our study compared serum levels of selected cytokines and α-Klotho between
HD patients and healthy people of similar age.

Some studies show that HD patients have high serum IL-1, IL-6, IL-8, and TNF-α [20],
produced mainly by mononuclear cells [21]. According to some authors, IL-6, in particular,
is recognized as a strong predictor of poor outcomes in ESRD patients [14]. In our study,
HD patients had higher IL-6 and IL-8 concentrations than healthy people but not IL-1β or
TNF-α. In addition, there was no difference between patients and control in serum levels of
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α-Klotho. Until recently, studies showed a significant positive correlation between soluble
α-Klotho and eGFR in patients with CKD [8,22]. According to some authors, α-Klotho
expression is also decreased in other tissues, including parathyroid glands [23] or vascular
smooth muscles [24]. However, not all authors agree on whether α-Klotho’s serum levels
in HD patients reflect its tissue deficiencies. For example, Seiler et al. [25] analyzed plasma
levels of Klotho in a large cohort of patients in CKD stages 2–4 and found no decline as
the disease progressed. The authors saw no correlation between Klotho levels and eGFR
or parameters associated with calcium-phosphate metabolism. Yildirim et al. [26] have
demonstrated that HD and PD patients have higher serum α-Klotho than healthy people.
In a recent study by Gamrot et al. [27], mean serum α-Klotho was higher in children with
CKD on dialysis than in conservatively treated children. Drüeke et al. [28] suggested
that there might be a difference in Klotho levels between patients supplemented with
vitamin D and those not receiving vitamin D. In our study, approximately half of the
patients were supplemented with alfacalcidol. However, it did not influence α-Klotho
serum concentrations. As in the study by Seiler et al. [25], the α-Klotho level was negatively
correlated with HD patients’ age, which was confirmed by multiple linear regression
analysis. The correlation matrix showed no relationships between serum α-Klotho and any
variables associated with CKD, including creatinine, eGFR, or calcium and phosphorus
concentrations, except for PTH. Similar results were reported by Wei et al. [11], who also
saw no correlation between serum Klotho and Ca, Pi, or PTH in HD patients despite a
much larger study group. Buiten et al. [29] demonstrated a correlation between sKlotho
only with PTH in HD patients.

Seiler et al. [25] stressed in their study that a reliable measurement of circulating
Klotho has become available only recently, with more sensitive and specific ELISA tests.
Therefore, we must consider that changes in the serum levels of α-Klotho in HD patients
are not necessarily directly related to disease progression. It is also possible that in HD
patients, the eGFR is already too low and the calcium-phosphate balance too disturbed to
demonstrate any relationship with Klotho levels. Since there is no relationship between
serum α-Klotho and calcium-phosphate balance, we can assume that the clinical impact of
soluble Klotho might not be the same as tissue Klotho.

In the latest studies, soluble α-Klotho has been shown to be significantly associated
with well-recognized inflammatory biomarkers, e.g., uric acid (UA) [30,31], C-reactive
protein (CRP), white blood cell (WBC) count, and mean platelet volume (MPV) [31]. In
PD patients, high concentrations of Klotho (above the median value of 329 pg/mL) were
associated with lower IL-6 levels [17]. In children with CKD, no correlation was observed
between serum α-Klotho or TNF-α concentration and any measured anthropometric and
laboratory parameters [27]. In our study, α-Klotho also positively correlated with IL-12p70,
IL-10, and IL-1β but not with TNF or IL-6. Downregulation of renal α-Klotho expression
has been shown to increase kidney inflammation [16] and induce renal fibrosis [32] in
animal models. In mice that suffered unilateral renal ischemia and reperfusion injury (IRI),
recombinant Klotho prevented an increase in serum IL-6, IL-1β, and TNF-α levels [33].
These processes are related to the role of Klotho in reducing the production of reactive
oxygen species (ROS) and reactive nitrogen species (RNS) [34], suppressed TNF-induced
NF-kappaB activation [35], and upregulated anti-inflammatory IL-10 [34]. Thus, the anti-
inflammatory role of α-Klotho could explain a positive correlation with anti-inflammatory
IL-10 in our study group. However, till now, such an association was only confirmed in
patients with established cardiovascular disease (CVD), whose low Klotho concentrations
accompanied low IL-10 levels [36].

However, what is surprising is the positive correlation between α-Klotho and IL-1β
and IL-12p70, which have a pro-inflammatory effect. IL-12 is a pro-inflammatory cytokine
that induces the production of interferon-γ (IFN-γ) by T helper 1 (Th1) cells associated
with cell-mediated immunity. Studies showed that HD patients exhibit an increased per-
centage of Th1 cells compared with healthy controls, and their monocytes produce high
levels of IL-12 [37]. IL-1β, also known as leukocytic pyrogen, is an essential mediator of
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the inflammatory response associated with acute symptoms such as fever and hypoten-
sion in HD patients [38]. Both cytokines are associated with attenuated inflammatory
responses in ESRD, aggravated by high uremic toxins and repeated contact with the dialy-
sis membrane [20]. Therefore, their positive correlation with α-Klotho draws attention to
its potential, not yet described, role in promoting inflammation. The relationship between
IL-10 and IL-1β levels is most likely the result of monocytes and macrophages responding
to high levels of pro-inflammatory cytokines. In particular, macrophages produce IL-10 in
a negative feedback loop to reduce uncontrolled inflammatory cytokine production during,
for example, infection [39]. By binding with its receptor on cells of innate immunity, IL-10
inhibits the release of pro-inflammatory cytokines and decreases antigen presentation and
phagocytosis. Therefore, it would be expected that the higher IL-10 level would accompany
high IL-1 levels. In our study, those two variables were correlated.

Several articles have reported a significant association between serum Klotho and
mortality in HD patients [9–11,40]. In our study, serum α-Klotho levels did not influence
cardiovascular events or all-cause mortality in HD patients. In physiologic conditions,
healthy kidneys maintain soluble Klotho levels [41]. However, as mentioned earlier, other
organs may participate in maintaining soluble α-Klotho in ESRD, and high α-Klotho
expression has been found in the parathyroid gland [23] and vascular smooth muscles [24].
In animals, high tissue α-Klotho has also been reported in the choroid plexus [42], while
in humans it has been detected in cerebrospinal fluid [43]. While there is one KLOTHO
gene, three isoforms of α-Klotho exist, the transmembrane form, a shed soluble form, and
a truncated soluble form produced by alternative splicing. Its soluble form results from
direct secretion by the cell of truncated form or from cleavage of the extracellular domain
of the full-length protein [5]. The different tissue locations of α-Klotho and the different
mechanisms of soluble Klotho production bring into question the relationship between
protein expression in the kidney and its amount in the blood in CKD patients [11,25–27].
The lack of relationship between serum α-Klotho and fatal or non-fatal cardiovascular
events could be explained by several factors. First, CVD starts to develop in the early
stages of CKD. Second, many factors are associated with CVD progress, including smoking,
obesity, diabetes, or hypertension. Third, serum α-Klotho simply may have no independent
influence on CVD development in HD patients. Several authors have obtained similar
results. For example, Buiten et al. [29] reported that serum sKlotho in patients in CKD
stage 5D was not independently associated with cardiovascular disease. Moreover, HD
patients with a low sKlotho level (<460 pg/mL) did show coronary artery disease (CAD)
and left ventricular (LV) dysfunction more frequently. Seiler et al. [25] also demonstrated
that sKlotho did not predict any cardiovascular outcomes, including death.

At present, we do not know what the “normal” serum level of α-Klotho is. Presently,
there is no standardized assay to measure circulating Klotho in humans. It is also possible
that the distinction and characterization of the soluble forms of α-Klotho may be necessary
to fully unveil the role of Klotho in CKD. Many authors have used median splits to
demonstrate its clinical relevance in CKD or CVD. However, the problem with median
splits is that when a continuous variable is categorized, every value above the median, for
example, is considered equal. Hence, it is not surprising that the results from different
centers regarding the relationship between serum Klotho levels and clinical parameters in
dialysis patients do not coincide.

The risk of CVD in CKD patients is far greater than in the general population, with
CVD mortality in HD patients 10 to 20 times higher than in the general population [44].
However, the usefulness of creatinine or eGFR for predicting cardiovascular outcomes in
CKD patients is still controversial. In our study, serum creatinine levels, eGFR, and diabetes
were predictive of cardiovascular events and death. According to the latest meta-analysis
by Matsushita et al. [45], creatinine-based eGFR and albuminuria independently improved
the prognosis of incident cardiovascular outcomes. Another option is to measure GFR
using other filtration markers, such as cystatin C (eGFRcys). Recently, Lees et al. [46]
demonstrated that eGFRcys is more strongly associated with CVD and mortality than
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creatinine-based measurement. Therefore, eGFR should be considered for cardiovascular
prediction, especially when it is already assessed for clinical purposes. The latest studies
also show that diabetes is associated with a risk for CV events in HD [47], which is in line
with our results.

To sum up, there was no difference in serum levels of α-Klotho between HD patients
and healthy people, though, HD patients had increased serum IL-6 and IL-8. Significant
positive correlations existed between the concentration of α-Klotho and the serum concen-
tration of IL-12p70, IL-10, and IL-1β. However, in a multivariable linear regression analysis,
only patients’ age was associated independently with α-Klotho level. Serum α-Klotho was
not associated with higher mortality risk in HD patients.

In summary, these associations, which we demonstrated in our study, draw attention to
the potential relationship between α-Klotho levels, the inflammation status, and mortality
of HD patients. Based on the present state of knowledge, serum α-Klotho measurement
does not appear to be helpful in patients with ESRD to predict mortality. However, our
cross-sectional study has several limitations, including the relatively small size of the
study, the Polish origin of the dialysis population, and a small number of deaths during
the observation period. Therefore, these results may not be generalized. Consequently,
further studies are necessary to clarify the relationship between α-Klotho, inflammation,
and mortality in hemodialysis patients. In addition, the development of a standardized
assay is essential to measure circulating α-Klotho and to demonstrate its clinical relevance.
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K.A.L. and A.D.-Ś. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the statutory funds of the Medical University of Gdańsk
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27. Gamrot, Z.; Adamczyk, P.; Świętochowska, E.; Roszkowska-Bjanid, D.; Gamrot, J.; Szczepanska, M. Tumour necrosis factor
alpha (TNFα) and alpha-Klotho (αKL) in children and adolescents with chronic kidney disease (CKD). Endokrynol. Pol. 2021, 72,
625–633. [CrossRef]

28. Drüeke, T.B.; Massy, Z.A. Circulating Klotho levels: Clinical relevance and relationship with tissue Klotho expression. Kidney Int.
2013, 83, 13–15. [CrossRef]

29. Buiten, M.S.; De Bie, M.K.; Krijger, A.B.-D.; Van Dam, B.; Dekker, F.; Jukema, J.W.; Rabelink, T.J.; Rotmans, J.I. Soluble Klotho
is not independently associated with cardiovascular disease in a population of dialysis patients. BMC Nephrol. 2014, 15, 197.
[CrossRef]

http://doi.org/10.1074/jbc.M509039200
http://doi.org/10.1053/j.ajkd.2013.01.024
http://doi.org/10.1210/jc.2017-00104
http://doi.org/10.1155/2015/406269
http://doi.org/10.1186/s12882-019-1232-2
http://doi.org/10.1046/j.1523-1755.2002.00600.x
http://doi.org/10.1159/000479256
http://doi.org/10.2215/CJN.10441015
http://doi.org/10.1093/ndt/gfy175
http://doi.org/10.2337/db10-1262
http://doi.org/10.3747/pdi.2013.00150
http://doi.org/10.1186/s12967-017-1154-3
http://doi.org/10.1038/ki.1995.70
http://www.ncbi.nlm.nih.gov/pubmed/7723241
http://doi.org/10.1155/2018/9481475
http://www.ncbi.nlm.nih.gov/pubmed/30159331
http://doi.org/10.1038/ki.2009.414
http://www.ncbi.nlm.nih.gov/pubmed/19890272
http://doi.org/10.1161/CIRCULATIONAHA.111.053405
http://www.ncbi.nlm.nih.gov/pubmed/22492635
http://doi.org/10.1038/ki.2012.288
http://doi.org/10.1590/1806-9282.20210056
http://doi.org/10.5603/EP.a2021.0082
http://doi.org/10.1038/ki.2012.370
http://doi.org/10.1186/1471-2369-15-197


J. Clin. Med. 2022, 11, 6518 11 of 11

30. Lee, H.-J.; Choi, J.-Y.; Lee, J.; Kim, D.; Min, J.-Y.; Min, K.-B. Association between serum uric acid and α-klotho protein levels in the
middle-aged population. Aging 2022, 14, 2537–2547. [CrossRef]

31. Wu, S.-E.; Chen, W.-L. Soluble klotho as an effective biomarker to characterize inflammatory states. Ann. Med. 2022, 54, 1520–1529.
[CrossRef]

32. Sugiura, H.; Yoshida, T.; Shiohira, S.; Kohei, J.; Mitobe, M.; Kurosu, H.; Kuro-O, M.; Nitta, K.; Tsuchiya, K. Reduced Klotho
expression level in kidney aggravates renal interstitial fibrosis. Am. J. Physiol. Renal Physiol. 2012, 302, F1252–F1264. [CrossRef]

33. Junho, C.V.C.; González-Lafuente, L.; Neres-Santos, R.S.; Navarro-García, J.A.; Rodríguez-Sánchez, E.; Ruiz-Hurtado, G.;
Carneiro-Ramos, M.S. Klotho relieves inflammation and exerts a cardioprotective effect during renal ischemia/reperfusion-
induced cardiorenal syndrome. Biomed. Pharmacother. 2022, 153, 113515. [CrossRef]

34. Mytych, J.; Romerowicz-Misielak, M.; Koziorowski, M. Klotho protects human monocytes from LPS-induced immune impairment
associated with immunosenescent-like phenotype. Mol. Cell. Endocrinol. 2018, 470, 1–13. [CrossRef]

35. Maekawa, Y.; Ishikawa, K.; Yasuda, O.; Oguro, R.; Hanasaki, H.; Kida, I.; Takemura, Y.; Ohishi, M.; Katsuya, T.; Rakugi, H. Klotho
suppresses TNF-alpha-induced expression of adhesion molecules in the endothelium and attenuates NF-kappaB activation.
Endocrine 2009, 35, 341–346. [CrossRef]

36. Martín-Núñez, E.; Donate-Correa, J.; Ferri, C.; López-Castillo, Á.; Delgado-Molinos, A.; Hernández-Carballo, C.; Pérez-Delgado,
N.; Rodríguez-Ramos, S.; Cerro-López, P.; Tagua, V.G.; et al. Association between serum levels of Klotho and inflammatory
cytokines in cardiovascular disease: A case-control study. Aging 2020, 12, 1952–1964. [CrossRef]

37. Sester, U.; Sester, M.; Hauk, M.; Kaul, H.; Köhler, H.; Girndt, M. T-cell activation follows Th1 rather than Th2 pattern in
haemodialysis patients. Nephrol. Dial. Transplant. 2000, 15, 1217–1223. [CrossRef]

38. Yu, J.; Chen, X.; Li, Y.; Wang, Y.; Cao, X.; Liu, Z.; Shen, B.; Zou, J.; Ding, X. Pro-inflammatory cytokines as potential predictors for
intradialytic hypotension. Ren. Fail. 2021, 43, 198–205. [CrossRef]

39. Iyer, S.S.; Cheng, G. Role of interleukin 10 transcriptional regulation in inflammation and autoimmune disease. Crit. Rev. Immunol.
2012, 32, 23–63. [CrossRef]

40. Memmos, E.; Sarafidis, P.; Pateinakis, P.; Tsiantoulas, A.; Faitatzidou, D.; Giamalis, P.; Vasilikos, V.; Papagianni, A. Soluble Klotho
is associated with mortality and cardiovascular events in hemodialysis. BMC Nephrol. 2019, 20, 217. [CrossRef]

41. Lindberg, K.; Amin, R.; Moe, O.W.; Hu, M.-C.; Erben, R.G.; Wernerson, A.; Lanske, B.; Olauson, H.; Larsson, T.E. The kidney is
the principal organ mediating klotho effects. J. Am. Soc. Nephrol. 2014, 25, 2169–2175. [CrossRef] [PubMed]

42. German, D.C.; Khobahy, I.; Pastor, J.; Kuro-O, M.; Liu, X. Nuclear localization of Klotho in brain: An anti-aging protein. Neurobiol.
Aging. 2012, 33, 1483.e25–1483.e30. [CrossRef] [PubMed]

43. Semba, R.D.; Moghekar, A.R.; Hu, J.; Sun, K.; Turner, R.; Ferrucci, L.; O’Brien, R. Klotho in the cerebrospinal fluid of adults with
and without Alzheimer’s disease. Neurosci. Lett. 2014, 558, 37–40. [CrossRef] [PubMed]

44. Foley, R.N.; Parfrey, P.S.; Sarnak, M.J. Clinical epidemiology of cardiovascular disease in chronic renal disease. Am. J. Kidney Dis.
1998, 32, S112–S119. [CrossRef]

45. Matsushita, K.; Coresh, J.; Sang, Y.; Chalmers, J.; Fox, C.; Guallar, E.; Jafar, T.; Jassal, S.K.; Landman, G.W.D.; Muntner, P.; et al.
Estimated glomerular filtration rate and albuminuria for prediction of cardiovascular outcomes: A collaborative meta-analysis of
individual participant data. Lancet Diabetes Endocrinol. 2015, 3, 514–525. [CrossRef]

46. Lees, J.S.; Welsh, C.E.; Celis-Morales, C.A.; Mackay, D.; Lewsey, J.; Gray, S.R.; Lyall, D.M.; Cleland, J.G.; Gill, J.M.R.; Jhund, P.S.;
et al. Glomerular filtration rate by differing measures, albuminuria and prediction of cardiovascular disease, mortality and
end-stage kidney disease. Nat. Med. 2019, 25, 1753–1760. [CrossRef]

47. De Lima, J.J.G.; Gowdak, L.H.W.; David-Neto, E.; Bortolotto, L.A. Diabetes, Cardiovascular Disease, and Cardiovascular Risk in
Patients with Chronic Kidney Disease. High Blood Press. Cardiovasc. Prev. 2021, 28, 159–165. [CrossRef]

http://doi.org/10.18632/aging.203987
http://doi.org/10.1080/07853890.2022.2077428
http://doi.org/10.1152/ajprenal.00294.2011
http://doi.org/10.1016/j.biopha.2022.113515
http://doi.org/10.1016/j.mce.2017.05.003
http://doi.org/10.1007/s12020-009-9181-3
http://doi.org/10.18632/aging.102734
http://doi.org/10.1093/ndt/15.8.1217
http://doi.org/10.1080/0886022X.2021.1871921
http://doi.org/10.1615/CritRevImmunol.v32.i1.30
http://doi.org/10.1186/s12882-019-1391-1
http://doi.org/10.1681/ASN.2013111209
http://www.ncbi.nlm.nih.gov/pubmed/24854271
http://doi.org/10.1016/j.neurobiolaging.2011.12.018
http://www.ncbi.nlm.nih.gov/pubmed/22245317
http://doi.org/10.1016/j.neulet.2013.10.058
http://www.ncbi.nlm.nih.gov/pubmed/24211693
http://doi.org/10.1053/ajkd.1998.v32.pm9820470
http://doi.org/10.1016/S2213-8587(15)00040-6
http://doi.org/10.1038/s41591-019-0627-8
http://doi.org/10.1007/s40292-021-00434-0

	Introduction 
	Material and Methods 
	Patients 
	Cytokine Measurement in Plasma Samples 
	Detection of -Klotho Alpha in Plasma Samples 
	Outcome Measurements 
	Analysis and Statistics 

	Results 
	Baseline Demographic, Clinical, and Laboratory Findings 
	Factors Associated with -Klotho Levels 
	Factors Associated with Cardiovascular Events and Mortality 

	Discussion 
	References

