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Abstract. Aims: Renal osteodystrophy
occurs in the early stages of chronic kidney
disease (CKD) and progresses during loss
of kidney function. Fibroblast growth fac-
tor (FGF)-23 and sclerostin, both produced
by osteocytes, are increased in blood of pa-
tients with CKD. The aim of this study was
to analyze the impact of decline in kidney
function on FGF-23 and sclerostin protein
expression in bone and to study their rela-
tionship with their serum levels and bone
histomorphometry. Materials and methods:
108 patients aged 25 — 81 years (mean + SD:
56 + 13 years) underwent anterior iliac crest
biopsies after double-tetracycline labeling.
Eleven patients were CKD-2, 16 were CKD-3,
9 were CKD-4 — 5, and 64 CKD-5D. Patients
were on hemodialysis for 49 + 117 months.
18 age-matched patients without CKD were
included as controls. Immunostaining was
performed on undecalcified bone sections
to quantify FGF-23 and sclerostin expres-
sion. Bone sections were also evaluated by
histomorphometry for bone turnover, min-
eralization, and volume. Results: FGF-23 ex-
pression in bone correlated positively with
CKD stages (p < 0.001) increasing from 5.3-
to 7.1-fold starting at CKD-2. No difference
in FGF-23 expression was seen between tra-
becular and cortical bone. Sclerostin expres-
sion in bone correlated positively with CKD
stages (p < 0.001) with an increase from 3.8-
to 5.1-fold starting at CKD-2. This increase
was progressive and significantly greater in
cortical than cancellous bone. FGF-23 and
sclerostin in blood and bone were strongly

associated with bone turnover parameters.
Expression of FGF-23 in cortical bone cor-
related positively with activation frequency
(Ac.f) and bone formation rate (BFR/BS)
(p < 0.05), while sclerostin correlated nega-
tively with Ac.f, BFR/BS, and osteoblast and
osteoclast numbers (p < 0.05). FGF-23 tra-
becular and cortical expressions correlated
positively with cortical thickness (p < 0.001).
Sclerostin bone expression correlated nega-
tively with parameters of trabecular thick-
ness and osteoid surface (p < 0.05). Conclu-
sion: These data show a progressive increase
in FGF-23 and sclerostin in blood and bone
associated with decrease in kidney function.
The observed relationships between bone
turnover and sclerostin or FGF-23 should be
considered when treatment modalities are
developed for management of turnover ab-
normalities in CKD patients.

Introduction

The chronic kidney disease mineral and
bone disorder (CKD-MBD) and its bone man-
ifestation renal osteodystrophy is seen in vir-
tually all patients requiring replacement of
kidney function by dialysis. Renal osteodys-
trophy is characterized by abnormalities in
bone turnover, mineralization, and volume
[1, 2]. Increased blood levels of fibroblast
growth factor (FGF)-23 are found early dur-

Received January 19, 2023; accepted in revised form February 14, 2023

DOI 10.5414/CN111111, PMID: 36970967,

e-pub: March 27, 2023

Correspondence to: Hartmut H. Malluche, MD, University of Kentucky, Division of Nephrology, Bone and Mineral
Metabolism, 800 Rose Street, Room MN 564, Lexington, KY 40503, USA, hhmall@uky.edu



Lima F, Monier-Faugere M-C,
Mawad H, David V,
Malluche HH.

FGF-23 and sclerostin in
serum and bone of CKD
patients.

Clin Nephrol. 2023; 99:
209-218.

DOI 10.5414/CN111111

Lima, Monier-Faugere, Mawad, et al.

210

ing the development of CKD-MBD and are
considered a compensatory mechanism to
avoid hyperphosphatemia and resultant hy-
perparathyroidism and turnover abnormali-
ties [3, 4, 5]. There is also evidence that very
high FGF-23 blood concentrations are asso-
ciated with less mineralization abnormali-
ties [6, 7]. Increased FGF-23 blood levels are
also associated with significant progression
of loss of kidney function [8] and increased
mortality independent of serum phospho-
rus levels [9]. High FGF-23 blood levels have
been found to be correlated positively with
dialysis vintage and parathyroid hormone
(PTH) [6] and were found to be associated
with cardiovascular disease in hemodialysis
patients [10, 11].

Sclerostin concentrations in blood have
also been found to be increased in early
stages of CKD [12, 13, 14]. Sclerostin is ex-
pressed in osteocytes and is an inhibitor of
osteoblast activity resulting in lower bone
formation, uncoupling between osteoblasts
and osteoclasts, and lower bone volume
[15]. Reduction of kidney function in scleros-
tin knockout mice results in development of
renal osteodystrophy-typical bone abnor-
malities without a negative effect on bone
mass [16]. Serum sclerostin was also found
to be an independent predictor of mortality
in dialysis patients [17].

There is limited information on bone
protein expression of FGF-23 and sclerostin.
The aims of this study were to evaluate: 1)
bone expression of FGF-23 and sclerostin;
and 2) their relationships with histologically
determined bone turnover parameters and
serum levels in patients with various de-
grees of CKD.

Materials and methods

Patients

Consecutive patients with varying severi-
ty of renal failure enrolled in the Bone Regis-
try at the Bone Diagnostic and Research Lab-
oratory of the University of Kentucky were
screened for participation in the study. The
study was reviewed and approved by the
Institutional Review Board at the University
of Kentucky and was conducted according
to the Declaration of Helsinki. All patients
signed informed consent. Age-matched

adult subjects with no known kidney disease
were included as controls.

Inclusion criteria were: patients aged
> 18 years, reduced kidney function docu-
mented by estimated glomerular filtration
rate (eGFR) levels < 90 mL/min, no or steady
dose of vitamin D or vitamin D analogs for
> 6 months. Exclusion criteria were previ-
ous renal transplantation or parathyroidec-
tomy, use of calcimimetics, and medications
known to affect bone metabolism such as
glucocorticoids (except vitamin D), and life-
threatening comorbid conditions such as
HIV, malignancy, active infectious disease,
cardiac and hepatic abnormalities. All pa-
tients underwent anterior iliac crest bone bi-
opsies after tetracycline double labeling for
mineralized bone histology and histomor-
phometry. Patients were given oral declo-
mycin 300 mg twice daily for 2 days followed
by a 10-day tetracycline-free interval and
another course of tetracycline hydrochloride
at 250 mg twice daily for 4 days. lliac crest
bone biopsies were performed after an ad-
ditional 4 days without tetracycline admin-
istration.

Serum biochemistry

Blood was drawn at the time of biopsy
for determinations of serum levels of cal-
cium, phosphorus, bone-specific alkaline
phosphatase (BSAP), tartrate-resistant acid
phosphatase 5b (TRAP5b), intact PTH, FGF-
23, and sclerostin. Serum calcium and phos-
phorus levels were measured by automated
techniques. Intact PTH was measured by a
radioimmunometric assay (Scantibodies,
Santee, CA, USA), normal range: 14 — 66
pg/mL; intra-assay coefficient of variation:
< 5%. BSAP and TRAP5b were measured us-
ing an ELISA kit (Quidel, San Diego, CA, USA).
Serum intact FGF-23 levels were measured
using a two-site ELISA kit (Kainos Labora-
tories, Tokyo, Japan). The two specific mu-
rine monoclonal antibodies employed bind
to full-length FGF-23, without inclusion
of C-terminal fragments (normal range:
18 — 108 pg/mL). The kit has a sensitivity
with minimum detection limit of 3 pg/mL
and a quantification range from 3 to 800 pg/
mL. Each sample was assayed in duplicate.
When concentrations exceeded 800 pg/
mL, the measurement was repeated using
a 1/10 dilution. The intra- and inter-assay
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coefficients of variation were 4.7 and 6.4%,
respectively. Serum sclerostin levels were
measured using a sclerostin ELISA kit (Bio-
medica, Vienna, Austria). The kit has a mini-
mum detection limit of 72.7 pg/mL. Each
sample was assayed in duplicate. Samples
with sclerostin measurements above upper
limit of detection of the assay (5,400 pg/mL)
were repeated using a 1/2 dilution. The in-
tra- and inter-assay coefficients of variation
were 8.1 and 5.5%, respectively.

Mineralized bone histology
and bone histomorphometry

Bone samples were 0.3 cm in diameter
and at least 3 cm in length. They were fixed
in ethanol at room temperature, dehydrat-
ed, and embedded in methyl methacrylate
as described previously [18]. Sections were
stained with the modified Masson-Goldner
trichrome stain [19], the aurin tricarboxylic
acid stain [20], and solochrome azurine stain
[21]. Unstained sections were prepared for
phase-contrast and fluorescence light mi-
croscopy. Bone histomorphometry for static
and dynamic parameters of bone structure,
formation, and resorption was done at a
magnification x 200 using the modified Os-
teoMetrics system (OsteoMetrics Inc, Deca-
tur, GA, USA). All measured histomorpho-
metric parameters are in compliance with
the recommendations of the nomenclature
committee of the American Society of Bone
and Mineral Research [22, 23]. Renal osteo-
dystrophy was assessed by evaluation of
its components “turnover, mineralization,
and volume” (TMV) [1, 2]. Bone turnover
was assessed by activation frequency (Ac.f.)
(normal 0.49 — 0.72/year) and bone forma-
tion rate/bone surface (BFR/BS) (normal
1.81 — 3.80 mm?3/cm?/year). Low bone turn-
over (LBT) was defined by Ac.f < 0.49/year
and BFR/BS < 1.81 mm?3/cm?/year and high
bone turnover (HBT) by Ac.f > 0.72/year and
BFR/BS > 3.80 mm?3/cm?/year. Mineraliza-
tion was assessed by osteoid thickness and
mineralization lag time. Osteomalacia was
defined as osteoid thickness > 20 um com-
bined with mineralization lag time > 100
days or osteoid maturation time > 40 days
[1, 24]. Bone volume was assessed by can-
cellous bone volume/tissue volume and by
trabecular and cortical thickness.

Immunohistochemistry
for FGF-23 and sclerostin

Immunohistochemical expression of
FGF-23 and sclerostin in bone was deter-
mined using the established method by
Pereira et al. [7]. Peroxidase activity in tis-
sue sections was blocked by a hydrogen
peroxide solution after removal of plastic.
Antigen retrieval was performed with ace-
tic acid. For blocking endogenous biotin, a
biotin blocking kit (Vector Laboratories, Bur-
lingame, CA, USA) was used. Bone sections
were incubated overnight at 4 °C with affin-
ity purified polyclonal goat anti-human FGF-
23(225-244) (dilution: 1 : 500, Immutop-
ics Intl, San Clemente, CA, USA) or affinity
rabbit polyclonal anti-human sclerostin (aa
12-42, N terminal) (dilution 1 : 200, Abcam,
Cambridge, MA, USA). Bone sections were
incubated with biotinylated horse anti-goat
or anti-rabbit secondary antibody (Vector
Laboratories) followed by ABComplex/HRP
complex incubation (ABC-kit, Vector Labora-
tories), and developed using AEC kit (Vector
Laboratories). A minimum area of 10 optical
fields at a magnification of x 20 of trabec-
ular or cortical bone was assessed in each
section by a single examiner blinded to his-
tomorphometric results. Percent positivity
was determined by dividing number of tra-
becular or cortical osteocytes with positive
staining by the total number of osteocytes.

Statistical analyses

Results are given as mean  standard de-
viation (SD) or median and 25" — 75" inter-
quartiles when values were not normally dis-
tributed. Categorical variables are expressed
as percentages. Comparisons of continuous
variables were done using Mann-Whitney U
test. Spearman rank test was used to assess
correlations. All statistical analyses were
performed using SPSS version 23 (SPSS, Inc,
Chicago, IL). p £ 0.05 was considered statisti-
cally significant.

Results

108 patients aged 25 — 81 years (mean
+ SD: 56 * 13 years) were enrolled. They
underwent anterior iliac crest bone biop-
sies after double-tetracycline labeling. De-
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Table 1. Demographics and clinical and biochemical characteristics in patients with CKD stages 2 — 5D.
Demographic and clinical Control CKD-2 CKD-3 CKD-4/5 CKD-5D p-values
parameters
No. of subjects 18 11 16 9 64
Age 55+12 63+ 10 65+ 14 56+ 15 53+13 N.S.
Gender (F, %) 100% 73% 75% 78% 59%
Race (Caucasian, %) 100% 100% 100% 100% 75%
Race (Black, %) 0 0 0 0 22%
Dialysis vintage, median 66 (48 —95)
(month)
High turnover (%) 22% 9% 25% 22% 44%
Patients with diabetes 0 0 13% 44% 27%
mellitus (%)
Tx with active 1,25D 11% 27% 6% 33% 40%
Tx with phosphate 0 0 6% 11% 97%
binders (%)
Sevelamer and 0 0 0 0 48%
lanthanum (%)
Calcium containing (%) 0 0 3% 11% 62%
Calcium (mg/dL) 9.6+0.4 9.5+0.5 9.2+0.3 8.8+1.7 9.1+1.0 N.S.
Phosphorus (mg/dL) 3.6+0.6° 3.9+0.7° 3.6+0.5° 4.2+0.6® 54+1.6° <0.001
BSAP (U/L) 27 [22-32]* 24 [16-31]* 26 [20-29]* 23 [16-26]° 38 [27 - 109]° 0.002
TRAPSb (U/L) 3.7 [2.6-4.5]® 3.8[2.9-4.7]* 2.8[2.1-3.8]° 2.3[2.0-4.6]* 5.0[3.6—-8.0]° <0.001
FGF-23 (pg/mL) 57 [35—-76]° 67 [33 - 78] 76 [62 —89]° 230[122-288]* | 3,398 [458-11,799]° | <0.001
Sclerostin (pg/mL) 744 [579-900]* |981[834—1,776]** | 1,181 [961—1,249]° | 1,205 [985—1,621]° | 2,854 [1,187 —3,727]° | <0.001
1,25D (ng/mL) 58 [29 - 88]* 47 [25-57)° 40 [30 - 40]* 42 [18-42]* 4[3.5-5.2]° <0.001
Total PTH (pg/mL) 33 [21-50]° 37 [26-42]* 52 [31- 77 152 [100 — 183]b¢ 231 [68 — 645]° <0.001

Tx = treatment; BSAP = bone-specific alkaline phosphatase; TRAPSb = tartrate-resistant acid phosphatase 5b; 1,25D = 1,25-dihydroxyvitamin D;
total PTH = total parathyroid hormone; FGF-23 = fibroblast growth factor-23. Results are given as mean + SD, median [25%" — 75 percentiles] or
number of patients and percent (%) of total number of patients. p-value represents tests of significance from one-way ANOVA or Kruskal-Wallis.
Mean or median values with different letters are significantly different, p < 0.05.
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mographics and clinical and biochemical
characteristics are shown in Table 1. There
were 11 patients with CKD stage 2, 16 pa-
tients with CKD stage 3, 9 patients with CKD
stages 4 and 5, and 64 patients with CKD-5D.
Patients were on hemodialysis for 49 + 117
months. 18 adult subjects without known
kidney disease were included as controls.

Serum levels and bone expression
of FGF-23 and sclerostin

FGF-23 serum levels were significantly
higher in patients starting at CKD-4/5 com-
pared to lower CKD stages and to controls
(Figure 1A). In patients on dialysis, FGF-23
serum levels were significantly higher in pa-
tients with high bone turnover compared to
low turnover (Figure 2A). Sclerostin serum
levels were significantly higher starting at
CKD-3 compared to CKD-2 and controls. In

CKD-5D, there was a pronounced increase
in FGF-23 and sclerostin compared to low-
er CKD stages (Table 1). This increase was
significantly higher in FGF-23 compared to
sclerostin (14.7% and 2.5%, respectively).
Also, in CKD-5D patients, sclerostin serum
levels were higher in patients with low bone
turnover than with high bone turnover (Fig-
ure 2B).

In bone, FGF-23 was expressed exclu-
sively in osteocytes. It correlated positively
with CKD stages (p = 0.55, p < 0.001) in-
creasing from 5.3- to 7.1-fold in patients
starting at CKD-2 compared to those with
non-CKD. In patients with CKD-5D, FGF-23
expression was increased 18-fold. No dif-
ference in FGF-23 expression was seen be-
tween trabecular and cortical osteocytes
among CKD stages (Figures 3A, 5A). FGF-23
was significantly higher in CKD-5D patients
with high versus low turnover. The increase
in concentration of blood levels of FGF-23
(up to 3,400 mg/mL) was 50-fold in CKD-5D
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Figure 1. Serum levels of FGF-23 (A) and sclerostin (B) in controls and CKD stages 2 — 5D patients. Open circles

represent the outliers. Median values with different letters are significantly different, p < 0.05.
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compared to CKD stage 2 levels, while the
increase in bone osteocytes expressing FGF-
23 was 18-fold.

Sclerostin was also expressed exclusively
in osteocytes. It correlated positively with
CKD stages (p = 0.63, p < 0.001) with an in-
crease from 3.8- to 5.1-fold starting at CKD-2
compared to those with non-CKD. This in-
crease was progressive and significantly
greater in cortical than in cancellous bone
(Figure 3B). In CKD-5D, its expression was
significantly higher in low versus high bone
turnover (Figures 4B, 5B).

Correlations between FGF-23 and
sclerostin bone expression and
serum biochemical parameters

Expressions of FGF-23 in cortical bone
correlated positively with all measured se-
rum parameters except serum calcium (Ta-
ble 2). In trabecular bone, FGF-23 expression
correlated only with serum levels of phos-
phorus and FGF-23 (Table 2). Serum FGF-23
correlated positively with serum phospho-
rus, BSAP, intact PTH, and sclerostin (from
p 0.40 to 0.70) (Table 2). Higher trabecular
and cortical expression of FGF-23 was as-
sociated with lower expression of sclerostin
in osteocytes but it was not significant (data
not shown).

Expression of sclerostin in osteocytes of
trabecular and cortical bone showed nega-
tive correlations with BSAP, intact PTH, and
FGF-23 (p —0.37 to —0.52) (Table 2) but not

with serum calcium and phosphorus, while
sclerostin serum levels correlated with se-
rum phosphorus, FGF-23, and intact PTH
(p 0.38, 0.42 and —0.51, respectively).

Correlation between expression of
FGF-23 and sclerostin in cortical
and trabecular bone and bone
histomorphometric parameters

Expressions of FGF-23 and sclerostin in
cortical and trabecular bone were strongly
associated with parameters of bone turn-
over with positive correlations for FGF-23
and negative correlations for sclerostin.
The highest correlation was found between
sclerostin and osteoblast surface. Of note,
there were no correlations between expres-
sion of FGF-23 and cellular bone parameters
in trabecular bone.

There was a negative correlation be-
tween expression of FGF-23 and mineral-
ization lag time in cortical and trabecular
bone; and a negative correlation between
sclerostin expression in cortical and trabecu-
lar bone with osteoid thickness. Similarly,
serum levels of FGF-23 and sclerostin corre-
lated with mineralization lag time and oste-
oid thickness, respectively.

FGF-23 expression was positively cor-
related with trabecular thickness and nega-
tively with cortical thickness. Expression of
sclerostin in cortical bone showed weak re-
lationships with bone volume and trabecu-
lar thickness.
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Spearman’s p correlations between serum levels and bone expression of FGF-23 and sclerostin with serum biochemical characteristics

Parameters | Serum FGF-23 | % Trab FGF-23 +Ocy | % Cort FGF-23 +Ocy | Serum sclerostin | % Trab sclerostin +Ocy | % Cort sclerostin +Ocy
Calcium 0.10 -0.06 0.02 -0.03 0.10 0.09
Phosphorus 0.70** 0.40** 0.49** 0.38** -0.15 -0.30*

BSAP 0.40** 0.09 0.35%* -0.01 —0.43** —0.52**

Intact PTH 0.59** 0.21 0.41** -0.15 -0.40** —0.52**
FGF-23 0.49** 0.58** 0.42** —0.37** -0.50*
Sclerostin 0.42** 0.13 0.10 0.68** 0.66**

% Trab FGF-23 +Ocy = % of osteocytes positives for FGF-23 staining in trabecular bone; % Cort FGF-23 +Ocy = % of osteocytes positives for FGF-23
staining in cortical bone; % Trab sclerostin +Ocy = % of osteocytes positives for sclerostin staining in trabecular bone; % Cort sclerostin +Ocy = %
of osteocytes positives for sclerostin staining in cortical bone. *p > 0.05, **p > 0.01.
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Discussion

The obtained results confirm prior obser-
vations of increased blood levels of FGF-23
and sclerostin in patients with renal insuffi-
ciency [25, 26, 27, 28]. We also confirm prior
observations of increased serum FGF-23 lev-
els in patients with high-turnover renal os-
teodystrophy and better bone mineralization
with very high FGF-23 levels [6, 29]. We now
show expression of FGF-23 and sclerostin in
osteocytes and their distribution between
cortical and trabecular bone. Elevated serum
levels of FGF-23 and sclerostin are seen along
with higher bone expressions in renal insuf-
ficiency. This suggests that the source for the

increased blood levels is at least in part bone.
However, the concentration of blood levels of
FGF-23 is 50-fold higher in CKD-5D compared
to stage CKD-2 levels, while the increase in ex-
pression of osteocytes from CKD-2 to CKD-5D
is only 18-fold. This shows that osseous pro-
duction of FGF-23 only partially explains the
dramatic increase in FGF-23 circulating levels,
and strongly suggests an increase in extra-
skeletal FGF-23 synthesis and/or osteocytic
secretion as previously shown [30]. Increase
of sclerostin in blood and bone from CKD-2 to
CKD-5D is 3.5- and 4.9-fold and appears more
parallel confirming the prevailing knowledge
that sclerostin is expressed almost exclusively
in bone [31].
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Table 3. Spearman’s p correlations between serum levels and bone expression of FGF-23 and sclerostin with histomorphometric parameters in
CKD-5D.
Parameters Serum FGF-23 | % Trab FGF-23 +Ocy | % Cort FGF-23 +Ocy | Serum sclerostin | % Trab Sclerostin % Cort Sclerostin
+Ocy +Ocy
Turnover
Ac.f 0.55%* 0.45** 0.60** -0.56** —0.69** —0.66**
BFR/BS (mm?3/cm?/y) 0.50** 0.35* 0.56** -0.50** —0.57** —0.63**
0Ob.S/BS (%) 0.38** 0.18 0.40** —-0.62** —0.68** —0.70**
0c.S/BS (%) 0.32° 0.15 0.35° —-0.42** —0.58** —0.58**
Mineralization
O.Th (mm) 0.10 0.03 0.23 —-0.53** —0.64** —0.65%*
Mit (d) —0.60** —0.43** -0.49** 0.04 0.02 0.08
Volume
BV/TV (%) 0.26 0.16 0.40** -0.32* -0.13 -0.29°
Th.Th (um) 0.36* 0.44** 0.41%* -0.22 —0.28 -0.37*
Ct.Th (um) —0.55%* —0.53** —0.55%* 0.24 0.39* 0.33

% Trab FGF-23 +Ocy = % of osteocytes positives for FGF-23 staining in trabecular bone; % Cort FGF-23 +Ocy = % of osteocytes positives for FGF-23
staining in cortical bone; % Trab sclerostin +Ocy = % of osteocytes positives for sclerostin staining in trabecular bone; % Cort sclerostin +Ocy = %
of osteocytes positives for sclerostin staining in cortical bone. Ac.f = activation frequency; BFR/BS = bone formation rate / bone surface; Ob.S/BS
= osteoblast surface / bone surface; Oc.S/BS = osteoclast surface / bone surface; O.Th = osteoid thickness; MIt = mineralization lag time; BV/TV =
bone volume / tissue volume; Th.Th = trabecular thickness; Ct.Th = cortical thickness. *p > 0.05, **p > 0.01.
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Both sclerostin and FGF-23 are ex-
pressed in cortical and trabecular bone, with
stronger expression of sclerostin in cortical
than trabecular bone, while we did not find
a difference in FGF-23 expression between
trabecular and cortical osteocytes. FGF-23
expression in cortical bone correlated bet-
ter than cancellous bone FGF-23 with bone
turnover parameters such as activation fre-
guency, bone formation rate, and osteoblast
and osteoclast surface. This finding suggests
a stronger role of cortical compared to tra-
becular bone in turnover activity. Sclerostin
expression in osteocytes in cortical and tra-
becular bone was strongly and inversely as-
sociated with all dynamic and cellular turn-
over parameters and with osteoid thickness,
whereby sclerostin expression was higher
in low bone turnover. The relationship be-
tween bone turnover and sclerostin levels
was stronger than the relationship between
eGFR and sclerostin levels. This is in agree-
ment with prior observations that sclerostin
levels in CKD patients are mainly increased
in association with abnormal bone turnover
and not with reduction of eGFR [32].

The observed differences in sclerostin
and FGF-23 expression in high versus low
turnover might have to be taken into con-
sideration when treatment modalities are
designed for correction of bone turnover in
CKD patients.

Higher FGF-23 expression in cortical and
trabecular bone was associated with higher
trabecular thickness and volume but lower
cortical thickness. Higher sclerostin expres-
sion in trabecular bone was found with
higher cortical thickness, but higher scleros-
tin expression in cortical bone was associ-
ated with lower trabecular bone volume
and lower trabecular bone thickness. The
observed associations between these bone
volume parameters and FGF-23 and scleros-
tin in bone and serum should be considered
when suppression of FGF-23 and sclerostin
production are treatment goals.

The strength of this study is the availabil-
ity of bone tissue for analysis of bone and
serum levels of FGF-23 and sclerostin in 108
CKD patients. The limitation is its cross-sec-
tional design, which does not allow to estab-
lish causal relationships.

Conclusion

In conclusion, the results confirm that
with decrease of kidney function we have
anincrease in FGF-23 and sclerostin in blood
and in bone. There are differences in the site
of bone expression and in the relationship
between increases in bone and blood with
much higher increases in FGF-23 compared
to sclerostin. The increase in sclerostin ap-
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pears to correlate with bone turnover while
FGF-23 increases are closely related to de-
creased kidney function with a dramatic in-
crease in CKD-5D.

The observed differences in sclerostin
and FGF-23 expression in high versus low
turnover and differences in bone volume
should be considered when treatment mo-
dalities are developed for management of
high and low bone turnover abnormalities in
CKD patients. Additional controlled studies
with prospective design are needed.
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