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ABSTRACT

Chronic kidney disease (CKD) has been shown to impair the metabolism of a number of minerals, resulting
in bone damage, vascular wall calcifications, functional disorders, and significant mortality.

Renal osteodystrophy in this disease is characterized by histological bone abnormalities and altered rate
of bone transformation (increased in fibrous osteitis or decreased in adynamic bone disease), patholog-
ical mineralization (osteomalacia), and bone loss. Secondary hyperparathyroidism (SHPT) is associated
with fibrosis osteitis, early build-up of phosphorus (responsible for excess production of fibroblast growth
factor-23 (FGF-23) by the bone tissue), decreased production of calcitriol by the kidneys and hypocalce-
mia. Other bone debilitating factors include acidosis, chronic inflammation, food deficiency, and iatrogen-
ic complications.

It has been proven that with the progression of CKD and the reduction of glomerular filtration, the activity
of FGF-23 is increased, which leads to inhibition of alpha-1 hydroxylase and to decreased levels of 1,25
dihydroxyvitamin D.

FGF-23 comes predominantly from the bones, while a-Klotho - from the kidneys, and together they play
different important roles to maintain mineral metabolism. CKD is associated with significant increases in
FGF-23 concentrations and inhibition of a-Klotho.

Hyperphosphatemia, which correlates with endothelial dysfunction and elevated FGF-23, with an untimely
treatment, results in pruritus, bone pain, anemia, cardiovascular complications, disability, and reduced
survival rate.

The association between protein-related uremic toxins and FGF-23 is a challenge motivating the study of
bone biomarkers. Scr Sci Med. 2018;50(1):36-40
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Our study proves that the levels of a-Klotho and
FGF-23 are decreased in the parathyroid glands of
patients with chronic kidney disease (CKD).

Low serum a-Klotho levels are most common-
ly associated with endothelial dysfunction in patients
with CKD (1). Alpha - Klotho urine levels are more
sensitive biomarkers than serum a-Klotho levels in
patients with CKD.

Small molecule metabolites play an important
role in biological systems and are attractive biomark-
ers for the understanding of CKD (2).

According to D. Yonova and P. Dukova (3), for
the monitoring of bone transformation in patients
with uremia, specific and sensitive serum biochemi-
cal markers are required. The ideal marker should be
unique to the bone and reflect the overall skeletal ac-
tivity. Some of them - osteocalcin, bone-specific al-
kaline phosphatase, and procolagen-I-propeptide are
indicators of osteoblast activation, and others - the
dioxinpyridinoline, hydroxyproline and tartrate acid
phosphatase - to activate osteoclasts.

The hyperphosphatemia that is demonstrated
[it is subclinical to glomerular filtration rate (GFR)
<30 ml/min] is a leading cause of secondary hyper-
parathyroidism. Phosphorus induces parathyroid
hormone (PTH) secretion by three mechanisms: di-
rect stimulation of the parathyroid glands; induction
of hypocalcemia (precipitation of calcium, such as
CaHPO4 and decreased calcium release from bone);
and increased activity of FGF-23 (this leads to inhibi-
tion of alpha-1 hydroxylase and lowering the levels of
1,25 dihydroxyvitamin D) (4).

There is a gradual increase in bone resorption
associated with reduced bone formation -impaired
bone mineralization. Bone expression of sclerostin
and parathyroid hormone receptor 1 increases in the
early stages, and that of FGF-23 and phosphorylated
B-catenin in the late stages of CKD (20). Sclerostin
and FGF-23 are with different immunohistochemi-
cal localization, indicating that they are produced by
various osteocytes. There is a positive correlation be-
tween serum concentrations and bone expression of
FGE-23 (5).

H. Fujii and N. Joki (6) assume that other spe-
cific factors play an etiopathogenetic role and high-
light FGF-23, which is independently associated with
remodeling in the heart. The slow development of

vascular calcifications and remodeling in the heart is
characteristic of cardiac pathology due to CKD with
impaired bone mineral metabolism. There is also the
arterial calcification of acute heart disease, most of-
ten causing cardiac infarctin, angina pectoris, and
peripheral vascular disease. Studies have shown that
serum levels of FGF-23 and its a-Klotho co-receptor
expression in parathyroid tissue are significantly in-
creased by reducing renal function. The association
between protein-related uremic toxins and FGF-23 is
a challenge motivating the study of bone biomarkers.

MATERIAL AND METHODS

Two groups of patients were studied: with high
iPTH (55 patients - 22 men and 33 women, mean age
58.9), and with a normal value of iPTH (51 patients
of which: 19 men and 32 women with long-term he-
modialysis treatment 2-7 years, at the same age, hav-
ing HD three times a week for 4 hours), for both
groups the levels of FGF- 23 and a-Klotho in serum
are defined.

For the study of a-Klotho levels, the DuoSet
ELISA Human Klotho Kit was used, and for the lev-
el of FGF-23 - multimatrix ELISA for quantifica-
tion of human FGF-23 (C-terminal) in human se-
rum by sandwich ELISA. The results were obtained
by measuring the optical density of the resulting so-
lutions, based on which mathematical formulas draw
standard curves showing the corresponding serum
concentrations.

For statistical analysis of the data a specialized
package was used - StatSoft Inc., USA, STATISTI-
CA Manual (Data analysis software system), Version
10.0, 2010.

For significance level, p=0.05 was selected. This
is the probability of committing a first-order error,
namely, to reject the null hypothesis when it is true.

For the purposes of this study, the following sta-
tistical methods were applied:

1. Descriptive statistical analysis - the frequency
distribution of the examined signs is presented
in tabular form, broken down by study groups,
averages and standard deviations, 95% confi-
dence intervals of change of the mean values.

2. Student’s t-test (t-criterion) for two independent
samples - to detect a statistically significant dif-
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ference in the mean values of a factor in two pa-
tient groups.

3. Student's t-test (t-criterion) for two paired sam-
ples - to detect a statistically significant differ-
ence in the mean values of a factor before and
after treatment.

RESULTS AND DISCUSSION

According to M. Kuro-O and O. W. Moe (7),
FGF endocrine factors and Klotho genetic families
are complex systems of common origin with the en-
doskeleton. FGF-23 is predominantly derived from
bones, and a-Klotho from the kidneys, and together
they play different important roles to maintain min-
eral metabolism.

One unique feature of FGF-23 is the need for
Klotho as an imperative co-receptor. The FGF-23
and Klotho system is an endocrine axis necessary to
maintain phosphorus homeostasis.

J. Donate-Correa et al. (8) systematize modern
knowledge about the basic system of regulation of
phosphorous homeostasis - FGF-23 and Klotho, and
its involvement in the pathogenesis of various dis-
eases. The possibilities of measurements of these two
markers are highlighted in the assessment of the pro-
gression of chronic kidney disease, acute renal fail-
ure, secondary hyperparathyroidism, vascular dys-
function, atherosclerosis, and cardiovascular mor-
bidity and mortality.

It is assumed that there is a possible mecha-
nism by which the extremely high concentrations of
FGF-23 are involved in the destruction of endothelial
thrombomodulin. This is a potential cardiovascular
risk factor in patients with CKD, especially those on
HD treatment (9).

The levels of FGF-23 and the protein-bound
biomarker a-Klotho showed a significant increase in
patients with high PTH on HD, more pronounced in
females than in the control group (Fig. 1 and 2). For
patients on HD, the level of FGF-23 may increase by
thousands compared to healthy subjects (10).

The comparison between the two groups is pre-
sented on the next figures:

FGF-23 itself performs by activating FGF
receptors in a way, dependent on Klotho. Reducing
Klotho levels in serum and urine, followed by
elevations in serum concentrations of FGF-23 in the
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Fig. 1. Serum levels of FGF-23 - pmol/L measured in pa-
tients on HD
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Fig. 2. Serum levels of FGF-23 in HD patients with nor-
mal and high PTH

early stages of CKD, serves as a prognostic marker
for the risk of cardiovascular disease and death.

In addition, Klotho's lack is a pathogenetic fac-
tor in the progression of CKD and cardiovascular
disease. FGF-23 may also contribute to the develop-
ment of cardiovascular disease. Prevention of Klotho
reduction, re-activation of its endogenous produc-
tion, or the addition of exogenous Klotho, reduces re-
nal fibrosis, slows the progression of CKD, improves
mineral metabolism, reduces cardiomyopathy, and
vascular calcification in the disease (11).

With the progression of CKD, a decrease in the
serum concentration of calcium, and an increase in
phosphorus, alkaline phosphatase, fibroblast growth
factor-23 (FGF-23), parathyroid hormone have been
established (12). It has been determined that due to
treatment with calcimimetics or the administration
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of low calcium dialysate, arrhythmias can occur with
the appearance of prolonged QT interval (13). Vascu-
lar calcification - a leading mechanism for increased
mortality, can induce endothelial dysfunction that
directly stimulates vascular smooth muscle cells un-
dergoing phenotypic changes. Hyperphosphatemia
correlates with endothelial dysfunction and elevated
FGF-23 (14).

Box & Whisker Plot
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Fig. 3. Histogram of frequency distribution of the concen-
trations of PTH - high and normal

Studies have established a relationship between
Klotho urinary levels and renal function in patients
with CKD, which predict the development of renal
disease in these patients. a-Klotho protects renal tu-
bulointerstitial fibrosis induced by uretheral obstruc-
tion and urethra by the activity of multiple signaling
receptors. Reduction of a-Klotho and FGF with re-
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Fig. 4. Histogram of frequency distribution of the
concentrations in group 1 and group 2 measured in pmol /1

ceptor 1c - expression in parathyroid tissue is associ-
ated with secondary hyperparathyroidism. The ex-
pression of a-Klotho and FGF receptor 1c in parathy-
roid tissue, produced by parathyroidectomy in pa-
tients with CKD have been studied (15).

Reduced Klotho expression due to renal im-
pairment, including CKD, may increase the circulat-
ing level of FGF-23 and trigger disturbances of bone
mineral metabolism in CKD (16).

CONCLUSION

Patients on dialysis treatment with high PTH
values show significantly higher levels of FGF-23 in
serum, especially in females, compared to patients in
the control group.

Increased serum concentrations of FGF-23 at
the pre-dialysis stage of CKD are a valuable prognos-
tic marker for the risk of cardiovascular disease and
mortality.

Secondary hyperparathyroidism is associated
with osteitis fibrosa, early build-up of phosphorus
(responsible for overgrowth of FGF-23 from bone tis-
sue), decreased production of calcitriol from the kid-
neys and hypocalcemia (17). Other bone damaging
factors include acidosis, chronic inflammation, food
deficiency, and iatrogenic complications.

To treat hyperphosphatemia, it is recommend-
ed to administer calcium-free medications because
they lead to cardiovascular calcifications, although
they decrease the level of P. It is advisable to avoid
oral administration of P-connecting binders con-
taining calcium. Diet, prolonged and quality dialy-
sis, talks and dialogues with patients and their rela-
tives for the acceptance of selective and non-selective
vitamin D receptor analogues is the key to successful
treatment! Adequate therapeutic approach is needed
to treat multiple CKD components in patients with
bone mineral disorders. The research of modern bio-
markers - FGF-23 and a-Klotho - is important for the
qualitative and timely assessment of bone changes in
patients with CKD.
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