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Abstract

Chronic kidney disease-mineral bone disorders (CKD-MBD) are associated with increased risk of fracture. Studies report
about 3% of fractures in CKD patients, and these occur earlier than in the general population, namely 16 and 13 years earlier
for men and women, respectively. Better understanding of the pathophysiology of fractures would probably contribute to new
therapeutic approaches. This study aimed to evaluate report of long bone fractures from a bone biopsies bank from patients on
hemodialysis and compare clinical and biochemical characteristics, as well as the results of the histomorphometric analysis
of trabecular and cortical bone of these patients with a control group (without fractures), paired for age, gender, and time on
hemodialysis. Bone proteins (SOST, DMP1 and MEPE) were evaluated by immunohistochemistry. Seventeen patients with
fracture and controls were studied. Fracture prevalence was 0.82/1000 patients/year. Serum phosphorus levels were signifi-
cantly lower in the fracture group. Histomorphometric analysis revealed that all the patients had high turnover disease, and
the fracture group had smaller volume and trabecular thickness, greater osteoid surface, smaller eroded surface, smaller
mineralizing surface, formation rate and longer mineralization lag time when compared to controls; the DMP1 expression in
the cortical bone was smaller and the SOST in the trabecular bone was higher in fractured patients. As conclusion, we found
low prevalence of fractures. Both groups had high turnover disease, but the fractured ones presented more impaired bone
microarchitecture, as well as lower formation and greater mineralization defect. Bone proteins expression correlated with
parameters involved in bone remodeling.
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Introduction functions, such as protection of organs, locomotion, mineral

reserve of calcium and phosphorus, defense against acidosis,

The bone structure, which distinguishes vertebrates from
other animals, has developed over thousands of years,
becoming what we know as the skeleton, a specialized
form of connective tissue. The skeleton performs several
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among others [1]. Some diseases are capable of damaging
the well-orchestrated functioning of bone tissue, making it
less resilient and responsive to external aggressions; one
of which is kidney disease [2]. This pathology is becoming
increasingly common in the population due to aging and the
high prevalence of hypertension and/or diabetes mellitus.

The incidence of non-traumatic fracture, whether in
patients with chronic kidney disease (CKD) or not, has been
increasing significantly in the world [3, 4].

Alterations in mineral metabolism, microarchitecture and
reduction of bone mass appear early and gradually during
loss of renal function, so that when patients initiate dialysis,
about 50% of them refer to a history of fracture [2].

Data from the Third National Health Examination Sur-
vey (NHANES) indicate that the risk of hip fracture is
twice as high in patients with glomerular filtration rate
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(GFR) of less than 60 mL/min when compared to those
with GFR > 60 mL/min [2].

In patients on dialysis, the incidence of hip fracture is
17.4 times higher than in the general population [5]. It is
noteworthy that in these patients the mortality rate is 64%
in 1 year, compared to the rate of 15-20% in the general
population. In addition, the fracture occurs at an earlier
age than that of the general population, 16 and 13 years
for men and women, respectively [2].

Understanding the mechanisms that increase bone fra-
gility in patients with CKD would help improve preven-
tion and consequently the treatment of these patients.

Bone histomorphometry has proven to be an excellent
tool for understanding turnover, bone mineralization and
volume changes [6]. The same can be said about immuno-
histochemistry in undecalcified bone tissue by evaluating
the expression of in situ proteins [7].

Until now, no study has associated these two tech-
niques to evaluate the bone biopsy characteristics of
patients with CKD and fracture. The objective of this
study was to compare the clinical, biochemical and histo-
morphometric characteristics of the trabecular and cor-
tical bone of patients with chronic kidney disease and
fracture with that of patients without fractures, paired for
age, sex, and time on hemodialysis, as well as compare
the expression of proteins involved in the formation (scle-
rostin—SOST) and bone mineralization (Dentin matrix
acid phospho protein 1—DMP1, and matrix extracellular
phosphoglycoprotein—MEPE) of these patients.

Materials and methods
Patients

Retrospective study using a Brazilian biopsy bank from
Laboratério de Fisiopatologia Renal (LIM 16)—Facul-
dade de Medicina—Universidade de Sao Paulo (FMUSP)
from 2004 to 2015. The inclusion criteria was hemodi-
alysis patients with history of femur or humerus frac-
ture, as well as controls paired for sex, age and time on
hemodialysis. The exclusion criteria included aluminum
intoxication (more than 20% of trabecular recovered
by aluminum), bad biopsy quality, absence of clini-
cal information, previous kidney transplantation, and
parathyroidectomy.

We also analysed the medications used in the treatment
of CKD-MBD at the time of bone biopsy in both groups
of patients.

The local ethics committee had previously approved
the study under number n°® 13445.
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Biochemical parameters

Total calcium, phosphorus, alkaline phosphatase (AP)
and parathormone (PTH) data was collected from request
biopsy form.

Bone biopsy and histomorphometry

All patients were submitted to a transiliac bone biopsy
using a 7-mm Bordier trephine after a course of double-
labeling tetracycline (20 mg/kg/day) for 3 days, separated
by an interval of 10 days. The biopsy was performed
2-5 days after the last dose of antibiotics. The vast major-
ity of biopsies were performed in the first month after
fractures.

The specimens were fixed in 70% ethanol, dehydrated,
and embedded in methylmethacrylate. Undecalcified
5-um-thick sections were cut using a Polycut S equipped
with a tungsten carbide knife (Leica, Heidelberg, Ger-
many), and some sections were stained with 0.1% toluidine
blue, pH 6.4, and unstained 10-um slices were obtained
for analysis of dynamic parameters under a microscope
with ultraviolet light. All histomorphometric analyses
were performed using a semiautomatic image analyzer
and Osteomeasure software (Osteometrics, Inc., Atlanta,
GA, USA) [8]. The static and dynamic parameters were
reported using the nomenclature recommended by the
American Society for Bone and Mineral Research [9].

The following histomorphometric parameters were
measured: bone volume (BV/TV, %); trabecular separation
(Tb.Sp, um); trabecular thickness (Tb.Th, um); osteoid
volume (OV/BV, %); osteoid surface (OS/BS, %); osteoid
thickness (O.Th, um); osteoblast surface (Ob.S/BS, %);
eroded surface (ES/BS, %); osteoclast surface (Oc.S/BS,
%); fibrosis volume (Fb.V, %); bone formation rate (BFR/
BS, um®/um?/day); mineralization lag time (MIt, days);
mineral apposition rate (MAR, pum/day); and mineralizing
surface (MS/BS, %). We analyzed cortical bone param-
eters: thickness and porosity. Cortical porosity (Ct.Po, %)
was defined as the percentage of the cortical porosity area
by the cortical area, and cortical thickness (Ct.Th, um).

The reference ranges used for static parameters were
obtained from our normal laboratory controls [10],
whereas the ranges for the dynamic parameters were the
same as those described according to Rehman et al. study
[11].

The bone histology was categorized according to the
newly proposed turnover/mineralization/volume (TMV)
system [12]. TMV classification was based on the fol-
lowing parameters: bone turnover (T), defined by BFR/
BS (normal values for males and females from decades:
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31-40, 41-50, 51-60 and 61-70) [11]; bone mineralization
(M), defined by MlIt (normal values for males and females
from the decades: 31-40, 41-50, 51-60 and 61-70) [11];
and bone volume (V), defined by BV/TV (normal values
for males: 24.0 + 6.1%; for females: 21.8 + 7.2) [10].
High turnover defined as BFR/BS values > 1 SD above the
normal range, and low turnover as BFR/BS values > 1 SD
below the normal range. Abnormal mineralization defined
as Mlt > 50 days. High bone volume defined as BV/TV
values > 1 SD above the normal range, and low bone vol-
ume when BV/TV > 1 SD below the normal range.

Bone protein expression by immunohistochemistry

Bone immunohistochemistry (IHC) was performed as pre-
viously described [7]. In brief the following steps were
performed:

(1) Removal of methacrylate (MMA) with xylene/chlo-
roform followed by rehydratation with graded alcohol solu-
tions; (2) partially decalcified in 1% acetic acid; (3) blocking
of endogenous peroxidase with 3% hydrogen peroxide in
methanol; (4) blocking of nonspecific proteins with Dako-
Cytomation Protein Block X0909 (Dako, CA, USA); (5)
incubation with primary antibody overnight at 4 °C (mouse
monoclonal anti-human sclerostin; R&D System; dilution
1:100; goat IgG anti-human MEPE; R&D System; dilution
1:200 and rabbit polyclonal anti-human DMP1; TAKARA,;
dilution 1:200; (6) incubation with Biotinylated Link fol-
lowed by streptavidin-HRP conjugate (Universal Dako
LSAB Dako K 0690); (7) followed by another incubation
with AEC (3-Amino-9-ethylcarbazole) substrate chromog-
enic (Sigma-Aldrich, Saint Louis, MO, USA); (8) and then
counterstained with Mayer’s hematoxylin (Merck KGaA,
Darmstadt, Germany); and (9) optical microscopy analysis.
Negative controls were performed for each bone section by
omitting the primary antibody. Bone sclerostin expression
was quantified by counting the positively stained osteocytes
in relation to the analyzed bone area. MEPE and DMP1
expression were quantified using the Image-Pro Plus 7.0
program. In the trabecular bone, 25 fields were evaluated.
In cortical area, the analysis was performed in the complete
area. MEPE and DMP1 values were expressed as percentage
(positive area/total area X 100).

Statistical analysis

Continuous parametric variables are expressed as the
mean =+ standard deviation, and nonparametric variables
are expressed as median and 25th—75th percentiles. For the
univariate analysis, we used the Mann—Whitney and ¢ Stu-
dent tests. For correlation tests, the Spearman test was used.

Statistical analyses were conducted using Statistica
software Version 8.0 (Tibco Software Inc., Palo Alto, CA,

USA), and all tests were performed with a two-sided 0.05
level of significance.

Results

We evaluated 1888 bone biopsies from the database of the
Laboratério de Fisiopatologia Renal (LIM 16)—Faculdade
de Medicina—Universidade de Sdo Paulo (FMUSP). In
these, 115 fractures were reported, we excluded 59 because
they presented aluminum intoxication. Of these patients,
76.3% had high bone turnover and 23.7% low bone turno-
ver. We also excluded 31 patients with fractures found in
bones other than those of the study. Of these, 14 patients
had vertebral fractures (71.4% with high and 28.6% with low
bone turnover), nine had rib fractures (77.8% with high and
22.2% with low bone turnover), four had clavicle fractures
(75% with high and 25% with low bone turnover), one had
calcaneal fracture (high bone turnover), one had scapular
fracture (high bone turnover), one had metatarsal fracture
(high bone turnover) and one had fracture of the wrist (high
bone turnover). Three biopsies were from transplant patients.
In nine cases, clinical and/or laboratory data were incom-
plete, and 15 cases were excluded because of poor quality
of fragment. Some patients had more than one criteria of
exclusion. Thus, we selected 17 patients with low impact
fractures: 14 with femoral and three with humerus fractures.

Regarding the demographic characteristics of the patients
(Table 1), we found a predominance of women (9/52.94%),
younger than 60 years (12/70.59%), with less than 10 years
on hemodialysis (10/58.83%).

Among those with fracture (group 1), hypertension
(8/47.05%) was the main cause of renal disease, followed by
glomerulonephritis (4/23.52%). In the group without frac-
ture (group 2), glomerulonephritis (5/29.41%) and unknown
(5/29.41%) were predominated.

In group 1, we found 7 (41.17%) patients with low bone
volume (BV/TV < 17.9% for men and BV/TV < 14.6% for
women) and in group 2 only one patient (5.88%).

Regarding the biochemical laboratory data (Table 1), we
found statistical difference regarding the values of phos-
phorus; being higher in group 2 (6.8 + 1.34 vs. 5.4 + 1.85;
p = 0.02). Concerning to total calcium, alkaline phosphatase
and parathormone serum evaluation, they were similar
between the groups.

Histomorphometric analysis results performed on the
bone biopsies (Table 1), group 1 had a lower bone volume
(20.8 £ 9.5 vs. 27.3 + 8.3; p = 0.04), and trabecular thick-
ness (105.9 + 29.31 vs. 125.3 + 25.4; p = 0.04) greater
osteoid surface (60.3 + 17.6 vs. 44.6 + 19.9; p = 0.02),
and mineralization lag time [229 (102.2-1381) vs. 57.3
(33.2-97); p = 0.0002], smaller mineralizing surface
(4.8 £2.7vs.9.4 +5.3; p=0.01), bone formation rate
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Table 1 Comparison between

Fracture (n = 17) Non-fracture (n = 17) p
fracture and non-fracture groups
General characteristics
Age < 60 years, n (%) 12 (70%) 12 (70%) *
Female, n (%) 9 (52.94%) 9 (52.94%) *
Dialysis length < 10 years, n (%) 10 (60%) 10 (60%) *
Laboratory characteristics
iCa (mg/dL) 92+1.0 94+ 1.5 0.72
P (mg/dL) 55+1.8 6.8+1.3 0.02
tAP (UI/L) 326 +297.7 366.5 + 346.6 0.72
iPTH (pg/mL) 1441.8 +1182.8 1284.3 +737.8 0.64
Medications in use®
Sevelamer 7 (41.2%) 10 (58.9%) 0.49
CaCO;, 5(29.4%) 2 (11.8%) 0.40
Active vitamin D analogues 7 (41.2%) 4(23.5%) 0.46
Cholecalciferol 2 (11.8%) 0 0.49
Histomorphometry
BV/TV (%) 20.8 +9.5 273 +83 0.04
Tb.Sp (um) 378.2 (255.9-680.6) 386.1 (260.7-520.3) 0.33
Tb.N (/mm) 20+09 23 +0098 0.42
Tb.Th (um) 105.9 +£29.3 1253 +25.4 0.04
OV/BV (%) 13.4 (3.7-28.0) 8.6 (4.0-16.3) 0.31
OS/BS (%) 60.3 +17.6 44.6 +19.9 0.02
O.th (um) 12.8 +6.2 127 +£53 0.95
BFR/BS (um*/um?/day) 0.04 + 0.04 0.1 +0.09 0.005
MiIt (days) 229.0 (102.2-1381.0) 57.3 (33.2-97.0) 0.0002
MAR (um/day) 1.0+0.3 1.1 +04 0.32
MS/BS (%) 4.8 +2.7 94 +53 0.01
Oc.S/BS (%) 25+21 38+2.7 0.13
ES/BS (%) 8.6+45 150+5.3 0.0005
Ct.Th (um) 381.4 + 183 486.8 + 211.7 0.16
Ct.Po% 10.5 +4.8 9.5+39 0.53

Values are mean + SD or median (25th, 75th percentiles)

BV/TV bone volume, Tb.Sp trabecular separation, 7b.N trabecular number, 7b.Th trabecular thickness, OV/
BV osteoid volume, OS/BS osteoblast surface, O.Th osteoid thickness, BFR/BS bone formation rate, MIt
mineralization lag time, MAR mineralization apposition rate, MS/BS mineralizing surface, Oc.S/BS osteo-
clast surface, ES/BS eroded surface, Ct.Th cortical thickness, Ct.Po cortical porosity

*NS-paired for sex, age and time on hemodialysis

2For treatment of CKD-MBD

(0.04 £ 0.04 vs. 0.1 £ 0.09; p = 0.005), and eroded surface
(8.6 £ 4.5 vs. 15 + 5.3; p = 0.0005).

We did not find differences between the two groups
regarding the histomorphometric analysis of the cortical
bone (Table 1).

Regarding bone protein expression (Table 2), we found
lower expression of DMP1 in the cortical bone in group
1[1.3 (0.7-2.0) vs. 2.9 (1.5-7.8); p = 0.02] (Fig. 1c), as
well as higher SOST expression in trabecular bone [5.2
(1.6-8.9) vs. 1.0 (0.5-3.9)] (Fig. 1d). The expression of
the other proteins analyzed did not present statistical dif-
ference between the groups.
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Most patients with fracture (60%) were on HD treatment

for less than 10 years.

We evaluated the correlations between the results of the
biochemical analysis (Ca, P, AP and PTH) and histomorpho-
metric parameters. We observed that the phosphorus pre-
sented a direct correlation with eroded surface (r = 0.52;
p = 0.001) and indirect correlation with mineralization
lag time (r = — 0.35; p = 0.04). AP correlated positively
with bone volume (r = 0.38; p = 0.02), bone formation rate
(r=0.36; p = 0.03), eroded surface (r = 0.56; p = 0.0007),
osteoclast surface (r = 0.59; p = 0.0003), osteoblast surface
(r=0.47; p =0.005), fibrosis volume (r = 0.45; p = 0.012)
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Table 2 Comparison among. Fracture (n = 17) Non-fracture (n = 17) )4
DMP1, MEPE e SOST protein
exPresslion on °0r;ica1.and o DMPI cortical (%) 1.3 (0.7-2.0) 2.9(1.5-7.8) 0.02
trabecular bone of patients wit DMPI trabecular (%) 1.8 (1.3-5.9) 3.5(23-72) 0.09
and without fracture
MEPE cortical (%) 3.4 (2.4-3.6) 2.5(1.8-5.2) 0.66
MEPE trabecular (%) 34+22 4.6 +3.7 0.28
SOST cortical (n/mm?) 8.9 (3.045.3) 12.6 (5.0-19.0) 1.0
SOST trabecular (n/mm?) 5.2 (1.6-8.9) 1.0 (0.5-3.9) 0.035

Values are mean + SD or median (25th, 75th percentiles)

DMP] dentin matrix acidic phosphoprotein 1, MEPE matrix extracellular phosphoglycoprotein, SOST scle-
rostin

Fig. 1 Representative microscopic features of osteocytes protein
expression (DMP1 and SOST) by immunohistochemistry. a DMP1
negative control in cortical bone; b SOST negative control in trabecu-
lar bone; ¢ DMP1 expression in fractured patient’s cortical bone; d

SOST expression in fractured patient’s trabecular bone; e DMP1
expression in no fractured patient’s cortical bone; f SOST expression
in no fractured patient’s trabecular bone (magnification x200; scale
bar = 50 pm)
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and PTH level (r = 0.62; p = 0.0001). PTH presented a
direct correlation with bone volume (r = 0.61; p = 0.0001),
osteoid thickness (r = 0.47; p = 0.005), mineral apposition
rate (r = 0.42; p = 0.02), bone formation rate (r = 0.42;
p = 0.013), osteoclast surface (r = 0.64; p = 0.0001), osteo-
blast surface (r = 0.66; p = 0.0002) and fibrosis volume
(r = 0.58; p = 0.0001). This was correlated inversely with
the cortical thickness (r = 0.62; p = 0.0001).

We also evaluated the correlations between the expres-
sion of bone proteins (DMP1, MEPE and SOST) and histo-
morphometric analysis results. We observed that SOST
expressed in trabecular bone was inversely correlated with
trabecular thickness (r = — 0.38; p = 0.008) and eroded
surface (r = — 0.48; p = 0.006). SOST expression in corti-
cal bone was inversely correlated with trabecular thickness
(r = — 0.46; p = 0.015), mineralizing surface (r = — 0.41;
0.04), and bone formation rate (r = — 0.48; p = 0.01). The
expression of MEPE in the trabecular bone was positively
correlated with osteoid volume (r = 0.42; p = 0.016), osteoid
thickness (r = 0.35; p = 0.04), osteoclast surface (r = 0.44,
p = 0.01) and with alkaline phosphatase levels (r = 0.40;
p = 0.02); while its expression in cortical bone correlated
positively only with osteoid thickness (r = 0.46; p = 0.018).

Discussion

In this study, we reviewed 1888 reports of bone biopsies
of CKD patients on hemodialysis for less than 10 years,
we found 6% of patients with fractures, higher than that
described in the DOPPS study [13]. We analyzed only
patients with low impact bone fractures (femur and humerus)
and excluded those with fractures in other places, with alu-
minum intoxication, renal transplantation, previous par-
athyroidectomy, and those with bone biopsy fragment with
technical problems or missing data. After the exclusion, the
percentage was reduced to 0.9%. The patients included were
predominantly young (less than 60 years old), with time on
dialysis of less than 10 years, and histomorphometric analy-
sis of the biopsies revealed that they had high turnover dis-
ease with significant impairment of microarchitecture and
mineralization.

The DOPPS study [13], which in its three stages studied
36,337 patients on hemodialysis in 12 countries, showed
that 3% of patients had fractures during the follow-up of
1.6 years, 491 of femurs and 643 of other sites. In this study
the incidence of any type of fracture ranged from 12/1000
patient years in Japan to 45/1000 patient years in Belgium.
Specifically the femur fracture ranged from 3/1000 patients
year in Japan to 20/1000 in Sweden. Our results, 0.82/1000
patient years, for this type of fracture, differ from those
described in DOPPS, but we evaluated a smaller number of
patients in a longer follow-up time.
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Our results do not reflect the prevalence of fractures in
patients on hemodialysis in Brazil. We performed a retro-
spective study with information obtained from biopsy refer-
ral reports; we did not analyze vertebral fractures, which
although they are the most frequent, are often not diag-
nosed because they present few symptoms [14]. Among
the excluded cases, we also found a predominance of high
bone turnover (76.1%), which may reflect a characteristic of
the dialysis population in our environment where control of
hyperparathyroidism leaves much to be desired [15].

The prevalence of CKD is increasing worldwide, as is
osteoporosis. These increases are due, in part, to the greater
aging of the population. Fractures occurring in the different
stages of renal disease are due both to the different forms
of renal osteodystrophy and the presence of osteoporosis, a
difficult-to-diagnose coexistence.

A recent review [14] report that, in the general popula-
tion, osteoporosis is increasingly underdiagnosed and under-
treated, which is due to the reduction, for economic reasons,
of routine bone densitometry, non-appreciation and non-
treatment of asymptomatic vertebral fractures what would
prevent new fractures, and the fear of complications related
to the osteoporosis treatment, especially with bisphospho-
nates, that can lead to jaw necrosis and atypical fractures.
If these facts occur in the general population what about
patients with CKD and osteoporosis? Only recently, KDIGO
[16] has suggested bone densitometry to be used to assess
fracture risk. According to Miller [17], patients with CKD
stage 1-3 the diagnosis and treatment of osteoporosis may
follow the same guidelines given to patients with osteopo-
rosis without CKD. In patients with CKD stage 4 and 5,
however, bone biopsy would be necessary. It is noteworthy
that there are practically no studies on the effect of drugs
in the osteoporosis treatment of CKD patients on stage 4,
5 and 5D.

Among the patients with fracture we found 51% occurred
with aluminum intoxication (59/115). Classically, aluminum
intoxication was accompanied by osteomalacia. However,
our results showed that aluminum was detected in all his-
tological types and predominantly in high turnover disease
(osteitis fibrosa and mixed bone disease) suggesting that the
metal did not necessarily interfere with bone mineralization.
It is noteworthy that, in most cases, the presence of the metal
in mineralization front was not as massive as observed in the
biopsies of patients with osteomalacia. The main sources of
aluminum intoxication continue to be the excessive concen-
tration of the metal in dialysate and the use of aluminum-
based phosphate binders. In the biopsy reports, all dialysis
centers had reverse osmosis for water treatment and the most
commonly used phosphate binder was sevelamer, followed
by calcium salts, at least at the time of bone biopsy. Since
a large number of patients had been on dialysis for a long
time, it was not possible to correctly identify the source of
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contamination. In a recent review Chappard et al. [18] sug-
gests other sources of aluminum, such as biomaterials used
in heart valves, bone implants and orthopedic prothesis, alu-
minum fluorosilicate bone cements, parenteral nutrition, and
food additives. We do not have data to evaluate these other
sources of contamination in the studied patients.

The results of the histomorphometric analysis revealed
that both groups (fractured patients and controls) had high
turnover bone disease. What distinguished the two groups
was that those with fracture presented greater impairment
of microarchitecture and bone mineralization. But in both
groups the bone lesions are very serious.

Mineralization is also compromised as the newly formed
bone is quickly removed without allowing time for the min-
eralization to complete properly. Increased osteoid matrix
and less rigid bone trabeculae diminish the hardness of the
bone tissue facilitating the fracture [19, 20].

Chronic PTH elevation decreases cortical thickness and
increases bone trabeculae, but, as we have already men-
tioned, this increase occurs because of the increased osteoid
matrix. We did not find differences in cortical thickness and
cortical porosity when comparing patients with and with-
out fractures, but in four patients with fractures, we did not
analyze the cortical bone because of the difficulty in ade-
quately separating them from the trabecular bone. However,
we found an inverse correlation between PTH levels and
cortical thickness when the patients were analyzed together,
which suggests that excessive PTH contributed to decrease
its thickness. Since the cortical bone is responsible for about
80% of the bone mass [21], reduction of its thickness may
cause reduction of resistance in this region, increasing the
risk of fracture.

When analyzing the correlations between biochemical
analysis results and histomorphometric parameters includ-
ing all the patients, we observed that they reflect the high
bone turnover that would be expected, since we did not have
patients with low bone turnover. The inverse association
between serum phosphorus levels and the mineralization
lag time, although weak, is interesting, as it suggests that in
the face of an increased bone turnover, a lower concentration
of phosphorus probably contributes to mineralization not
being done correctly.

Serum levels of calcium and phosphorus, ion constituents
of hydroxyapatite, as well as the various hormones involved
in the regulation of these ions (FGF-23, calcitriol, PTH) are
essential for bone mineralization to occur properly. All are
profoundly affected by CKD making it difficult to evaluate,
in isolation, the role of each one in bone mineralization. We
did not find a significant difference in the use of phospho-
rus binders between the groups. Unfortunately, we do not
have information about the nutritional status of the patients
that could contribute to the differences between the levels
of phosphorus between the two groups. It has recently been

demonstrated that daily dialysis patients develop hypophos-
phatemia and osteomalacia [22], confirming the importance
of adequate levels of phosphorus so that mineralization is
done correctly.

Studies have evaluated the results of histomorphometric
analysis with the expression of osteocytes proteins in order
to better elucidate the biology of bone tissue, its participa-
tion in bone turnover, and types of renal osteodystrophy [8,
23].

Pereira et al. [23], studying bone biopsies of children
and adolescents with CKD, showed increased expression of
FGF-23 and DMP1 in the early stages of the disease, in addi-
tion to an inverse association between them and bone miner-
alization, while MEPE expression was inversely associated
with bone volume. Graciolli et al. [8], however, analyzing a
larger number of patients, also at different stages of CKD,
compared the results of the histomorphometric analysis with
biochemical markers of bone mineral metabolism disorders,
markers of bone specific proteins, as well as their expression
in bone tissue. The results showed that with the progression
of the disease there is increased bone resorption, decreased
bone formation rate and worsening of bone mineralization,
besides the already known sequence of events on bone min-
eral metabolism disorders. Serum levels of FGF-23 corre-
lated with its expression in bone tissue. Increased expression
of SOST and parathormone receptor 1 occur in the early
stages, whereas FGF-23 and phosphorylated B catenin occur
in the later stages. This important study showed that osteo-
cyte dysfunction is early in CKD and the understanding of
it will contribute to clarify the pathophysiology, improve the
diagnosis and probably the treatment of the bone complica-
tions of these patients.

Our results also showed interesting associations between
the expression of proteins produced by osteocytes and bone
turnover. When we compared the expression of DMP1
in patients with and without fractures, we detected lower
expression in the cortical bone and also in the trabecu-
lar bone, being close to the significance in this compart-
ment. This protein, among other functions, acts on miner-
alization by regulating the formation of type I collagen and
hydroxyapatite crystals [24] suggesting that its decrease may
have contributed to weakening the two compartments, facili-
tating fracture. We also observed increased expression of
SOST in trabecular bone of fractured patients. This protein
acts by inhibiting bone formation by inhibiting the Wnt path-
way [25]; which is corroborated by the lower bone formation
rate, lower bone volume and trabecular thickness observed
in these patients.

Regarding the MEPE expression, our results showed a
positive association with the osteoid matrix (volume and
thickness), which would favor a delay in mineralization,
which has already been demonstrated in a study performed
in vivo and in vitro by Addison et al. [26].
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These results contrast with the findings of Pereira et al.
[23], where MEPE was inversely associated with structural
parameters (bone volume and trabecular thickness). It is
noteworthy that these authors studied children and did not
show the isolated results of patients with high and low bone
turnover. Our patients, besides being adults, all had high
bone turnover, which can modify the expression of the pro-
teins studied.

Our study presents several limitations among them being
a retrospective study, therefore with limited information and
cannot be extrapolated to the general dialysis population.
Exclusion criteria allowed only a small number of biopsies
to be analyzed and all of them with high turnover bone dis-
ease, which prevents these findings from being generalized
to patients with fracture and low bone turnover. The lack
of information about bone mineral density is also one of
the limitations of the study. The patients data was obtained
from a biopsy database between the years 2004 and 2015 in
which there are no reports of bone densitometry. Recently,
KDIGO [16] started to recommend densitometry in patients
with stage V CKD. Future studies with densitometry and
bone biopsies will be important to evaluate the role of these
tests as both predictors of fracture and guidance in the treat-
ment of patients with CKD.

However, our study is probably the first to describe the
histomorphometric alterations of bone biopsies in patients
with CKD and fracture, as well as to “enter’” the bone tissue
to analyze the proteins expressed by osteocytes and their
associations with bone turnover.

The osteocytes functions begin to be better understood,
and the proteins expressed by these cells constitute a large
puzzle that begins to be deciphered.
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