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Diabetes and bone: an unexpected but intense

relationship
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s a title of this editorial indicates,
we have described the association
between diabetes mellitus (DM)
and osteoporosis as unexpected but
intense. However, perhaps we
should first say "still controversial for
some." Today the proportion and intensity with
which the disorders described in the quantity and
quality of bone. In addition, alterations in meta-
bolism are still under discussion. mineral, are
associated with both type 1 diabetes (DMt1l) and
type 2 (DMt2), and influence an increase in the
rate of fractures'.
We know that diabetes juvenile onset may be
associated with a reduction in the peak of bone
mineral density (BMD), with the consequences
that this entails for fractures at older ages. In
addition, a greater than expected BMD has been
described in DMt2, unlike DMtl, in which a
reduction in BMD has been reported, especially
associated with the appearance of chronic com-
plications. In the current model, T2DM implies
greater involvement of bone quality compared to
reduced BMD, which would play a secondary
role. In fact, there have been proposals to incre-
ase fracture risk estimates based on BMD (by
multiplying them by up to 2)?, due to the low
predictive value of the former. Likewise, functio-
nal hypoparathyroidism has been described in
people with DM, in addition to disorders secon-
dary to the appearance of nephropathy or other
chronic complications.
Finally, we cannot ignore the increased risk of
falls secondary to neuropathy, visual disturbances,
cerebrovascular disease or hypoglycemia itself,
which cause many of the most classic treatments
for diabetes, such as sulfonylureas and other
secretagogues or insulin'.
In addition, people with diabetes suffer an unex-
pectedly high number of fractures in the appendi-
cular skeleton (arms, ankles, legs...), so a role for
neuropathy, and even microangiopathy localized
in these areas, has been suggested.
In this issue, Martinez-Laguna et al.’ seek to deter-
mine if there are differences in the use of drugs bet-

ween people with T2DM and without diabetes
using the powerful database of Primary Care in
Catalonia (Information System for the Development
of Research in Primary Care, SIDIAP). When selec-
ting subjects with DMt2 older than 50 years and
matching them with two similar non-diabetic
groups, the analysis of their clinical characteristics
and treatments yielded very interesting data.

First, a fracture rate was corroborated —prevalence
actually- much higher than expected —in fact,
almost excessively high: 1.3% vs 0.3% in subjects
without DM—, but what is even more troubling,
even with this enormous prevalence of fractures
(which we must assume as osteoporotic in the
main), is that the use of, for example, bisphospho-
nates was 30% lower in people with diabetes,
which is unacceptable.

The multivariate analysis encouraged to clear the
role of confusing variables, confirmed that the dia-
betic sufferer had a lower probability of being tre-
ated for osteoporosis.

Therefore, in addition to welcoming this new inte-
resting research by the group led by Daniel Prieto
Alhambra, we also remember that there are upda-
ted recommendations for assessing osteoporosis
secondary to endocrine diseases?, and even speci-
fic recommendations on anti-diabetic treatments
and their impact on fracture risk’, promoted by the
Working Group on Osteoporosis and Metabolic
Bone Diseases of the Spanish Society of
Endocrinology. We again recommend this work to
all those concerned with treatment of osteoporo-
sis and diabetes, a pair of conditions with a much
more intense relationship than expected.

Bibliography

1. Napoli N, Chandran M, Pierroz DD, Abrahamsen B,
Schwartz AV, Ferrari SL. Mechanisms of diabetes melli-
tus- induced bone fragility. Nat Rev Endocrinol.
2017;13(4):208-19.

2. Reyes-Garcia R, Garcia-Martin A, Varsavsky M, Rozas-
Moreno P, Cortés-Berdonces M, Luque-Fernandez I, et
al. Actualizacion de las recomendaciones para la eva-
luacion y tratamiento de la osteoporosis asociada a



@ EDITORIAL / Rev Osteoporos Metab Miner. 2017;9(4):105-106

enfermedades endocrinas y nutricionales. Grupo de
Trabajo de Osteoporosis y Metabolismo Mineral de la
SEEN. Endocrinol Nutr. 2015;62(5):e47-e56.

Martinez-Laguna D, Reyes C, Carbonell-Abella C,
Losada Grande E, Soldevila Madorell B, Mauricio D, et
al. Uso de farmacos para la osteoporosis en pacientes
con diabetes mellitus tipo 2: estudio de cohortes de

base poblacional. Rev Osteoporos Metab Miner.
2017;9(4):107-13.

Rozas-Moreno P, Reyes-Garcia R, Jédar-Gimeno E,
Varsavsky M, Luque-Fernidndez I, Cortés-Berdonces M,
et al. Recommendations on the effect of antidiabetic
drugs in bone. Endocrinol Diabetes Nutr. 2017;64
(Suppl 1):1-6.



ORIGINALS / Rev Osteoporos Metab Miner. 2017;9(4):107-113 @

Martinez-Laguna D'**, Reyes G, Carbonell-Abella C'**, Losada Grande E‘, Soldevila Madorell B*, Mauricio D*¢, Diez-Pérez A*,
Nogués X**", Prieto-Alhambra D***

1 Atencidn Primaria Barcelona Ciutat - Instituto Catalan de la Salud - Barcelona (Espaia)

2 Grupo de Investigacion en Enfermedades Prevalentes del Aparato Locomotor en Atencion Primaria (GREMPAL) - Instituto Universitario de Investigacin en
Atencion Primaria (IDIAP) Jordi Gol - Universidad Autdnoma de Barcelona - Barcelona (Espafia)

3 Area de Fragiidad y Envejecimiento Saludable del Centro de Investigacidn Biomédica en Red (CIBERFES) - Instituto de Salud Carlos 11l (ISCII) - Madrid (Espafia)
4 Unidad de Endocrinologia - Hospital Can Misses - Ihiza (Espafia)

5 Senvicio de Endocrinologia y Nutricion - Hospital Universitario Germans Trias i Pujol - Badalona (Espafia)

6 Area de Diabetes y Enfermedades Metabdlicas Asociadas del Centro de Investigacidn Biomédica en Red (CIBERDEM) - Instituto de Salud Carlos Ill (ISCIII)
Madrid (Espafia)

T Departamento Medicina Interna - Instituto de Investigaciones Médicas del Hospital del Mar (IMIM) - Universidad Auténoma de Barcelona - Barcelona (Espaiia)
8 Departamento de Ortopedia, Reumatologia y Ciencias Musculoesqueléticas de Nuffield (NDORMS) - Unidad de Investigacion Biomédica Musculoesquelética
del Instituto Nacional para la Investigacion en Salud (NIHR) - Universidad de Oxford (Reino Unido)

Use of drugs for osteoporosis treatment

in patients with type 2 diabetes mellitus:
population-based cohort study

DOI: http://dx.doi.org/10.4321/S1889-836X2017000400002

Correspondence: Daniel Prieto-Alhambra - Musculoskeletal Pharmaco and Device Epidemiology, Botnar Research
Centre - Nuffield Orthopaedics Centre - Windmill Road - Oxford OX3 7LD (United Kingdom)
e-mail: Daniel.prietoalhambra@ndorms.ox.ac.uk

Date of receipt: 20/03/2017
Date of acceptance:  21/05/2017

Work awarded with a Clinical Research Fellowship FEIOMM 2014.

Summary

Objective: Ascertain whether there are differences in the prevalence of osteoporosis drugs in patients with
type 2 diabetes (DM2) and non-diabetic patients.

Material and methods: Retrospective cohort study with data from the Information System for the
Development of Primary Care Research (SIDIAP), which contains anonymous clinical information from
more than 5 million patients in Catalonia. All 50-year-old patients diagnosed with DM2, who were mat-
ched with two subjects without diabetes, were selected. Information on descriptive variables, prevalent
fractures and the use of osteoporosis drugs grouped in bisphosphonates (BF), calcium and vitamin D sup-
plements (CaD), and any osteoporosis drug (OD) were collected. Through logistic regression, the associa-
tion between the presence of DM2 and the use of OD was calculated, adjusting for confounding variables.
Results: A total of 166,106 patients with DM2 and 332,212 non-diabetics. The DM2 group presented a hig-
her prevalence of fracture than did diabetics (1.3% vs 0.3%). The use of BF in patients with DM2 was
6.6%, compared to 9.3% in non-diabetics (p<0.001). Of CaD, 9.7% vs 12.3% (p<0.001) and OD, 7.6% vs
10.7% (p<0.001). After adjusting for variable confounders, the patients with DM2 presented a lower pro-
bability of being treated with BF (OR=0.67, 95% CI: 0.64-0.68), with CaD (OR=0.71, 95% CI: 0.70-0.73) or
with OD (OR=0.66, 95% CI: 0.64-0.67) than non-diabetics.

Conclusions: Despite having a higher prevalence of fractures in patients with DM2, they have more than
30% chance of not having received an OD than non-diabetic patients. This may be attributed to an unde-
restimation of risk in these patients..

Key words: osteoporosis, bisphosphonates, type 2 diabetes mellitus, epidemiology, general population studies.



Introduction

Osteoporosis is a disease of bone metabolism cha-
racterized by increased bone fragility and fracture
propensity. In postmenopausal women, these fractu-
res have been associated with a decrease in bone
mineral density (BMD)'. However, this correlation
with low BMD does not occur in all situations;
Patients with type 2 diabetes mellitus (DM2) present
an increased risk of fractures, especially femoral frac-
tures*, despite presenting higher BMD values com-
pared to the non-diabetic population that fracture>®.

Different mechanisms have been postulated
through which the risk of fracture in the diabetic
population could be increased. These include some
complications associated with DM2 (hypoglycemia,
neuropathy, nephropathy and diabetic retino-
pathy)™ and also associated with an increased risk
of falls and, consequently, fractures. Also, some
antidiabetic drugs, such as sulfonylureas, glitazones
and insulin, have been associated with an increased
risk of fractures™. An increased risk of fractures
has also recently been reported in patients treated
with a sodium 2-glucose co-transporter inhibitor
type 2 (iSGLT-2), canagliflozin. This has not been
observed so far with other iSGLT-2%". Another pos-
sible explanation would be the effect of deposition
of advanced glycosylation products on bone colla-
gen that may decrease bone strength' ',

Different osteoporosis drugs (OD) are availa-
ble for the prevention of osteoporotic fractures.
These have been analyzed in a multitude of clini-
cal trials, varying their effect depending on the
drug, the population studied and the location of
the fracture. However, there is little information on
these drugs in normal clinical practice, especially
in diabetic patients"*.

If patients with T2DM have a higher BMD than
non-diabetics and an increased risk of bills, it
seems logical to think that the assessment of the
real risk of fractures in these patients is underesti-
mated and, consequently, under-treated. Our
objective was to determine if there were differen-
ces in the prevalence of osteoporosis drugs among
patients with DM2 and non-diabetic patients.

Material and methods

Study design:

Population-based retrospective cohort study with
data from the Information System for the
Development of Primary Care Research (SIDIAP)
(www.sidiap.org). The SIDIAP contains the socio-
demographic information, clinical records of primary
care physicians working at the Catalan Institute of
Health (ICS), the main provider of health services in
Catalonia, as well as analytical results and pharmacy
billing data. It has information of more than 5 million
patients (approximately 80% of the Catalan popula-
tion). The representativeness of SIDIAP over the
general population of Catalonia has been previously
demonstrated®. Previous studies carried out with
SIDIAP in patients with DM2 observed a prevalence
of the disease similar to studies done in other parts
of Spain*®. Various studies are also available that
analyze new predictors of fragility fracture*.

@ ORIGINALS / Rev Osteoporos Metab Miner. 2017;9(4):107-113

Participants:

There were selected all the subjects of 50 or more
years of age by diagnosis of DM2 prevalent or
incident between 2006 and 2013, using codes
CIE10 (E11.0, E11.1, E11.2, E11.3, E11.4, E11.5,
E11.6, E11.7, E11.8 and E11.9). For every person
with DM2, two nondiabetic subjects were selected
of the same sex, age (+ 2 years) and from the
same health center. Those subjects with no diag-
nosed DM2 or type 1 were considered non diabe-
tic and not to receive any anti-diabetic medication
before being included.

Study variables:

Data on age, sex and some clinical variables were
collected: body mass index (BMI), smoking (smo-
ker, non-smoker and former smoker) and alcohol
consumption (measured by units consumed per
week and classified as: low-risk consumption,
when consumption in men is less than 17 units or
in women to 11, moderate consumption, when in
men is between 17 and 28 units or in women bet-
ween 11 and 17, and consumption of risk when in
men is Higher than 28 units or in women at 17, as
defined in the Program of Preventive Activities and
Health Promotion)*. The presence of ischemic
heart disease (stable angina, unstable angina or
myocardial infarction) and cerebrovascular disease
(cerebral infarction or transient ischemic attack)
were evaluated at the time of inclusion, using CIE10
codes. Prevalent fractures were also collected (from
any location except face or skull, and fingers or
toes). The use of drugs for osteoporosis was grou-
ped into three categories: 1) bisphosphonates (BF),
2) supplements calcium and vitamin D (CaD), and
3) any osteoporosis drug (OD). The Anatomical
Therapeutic Chemical Classification (ATC) codes
were used for this purpose.

Statistical analysis:

The characteristics of the studied population are
described by uni-variate descriptive analysis, cal-
culating the mean and standard deviation for the
continuous variables, and the absolute frequency
and percentage for the categorical variables. Chi
square test was used to compare the prevalence of
cardiovascular disease and fractures in both
groups. The association between the presence of
DM2 and the use of OD was calculated through
logistic regression; Was adjusted for the following
confounding factors, defined a priori according to
available literature and biological plausibility: age,
sex, BMI, smoking, alcohol consumption, ische-
mic heart disease (ICH) or previous cerebrovascu-
lar disease (CVD) and previous fractures. All sta-
tistical tests were performed with a 95% confiden-
ce interval (CD and assuming a bilateral contrast.
The statistical package Stata SE version 12.0 for
Mac was used for all analyzes.

Ethical considerations:

SIDIAP provided wholly observational data for
this study. The SIDIAP data are totally anonymous
and identified by an internal code created at the
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moment of data inclusion, so it is impossible to
identify the subjects included. Approval was obtai-
ned from the local Clinical Research Ethics
Committee (CEIC IDIAP Jordi Gol), code P15/150.

Results

We identified 166,106 patients diagnosed with
DM2 prevalent or incident between 2006 and
2013, and were matched with 332,212 non-diabe-
tic patients. The baseline characteristics of both
cohorts are shown in Table 1. Subjects with DM2
had a higher prevalence of THD and CVD than
non-diabetics. They also had a higher prevalence
of previous fractures, in general and by specific
locations (Table 2).

Patients with DM2 presented a lower propor-
tion of drug use for osteoporosis, both BF and any
OD and also for CaD, statistically significant
(p<0.001 in all three situations) compared to non-
diabetic patients (Figure 1).

When analyzing the likelihood of receiving a
drug for osteoporosis in subjects with T2DM, com-
pared to non-diabetic subjects, the unadjusted
odds ratios were 0.67 (95% CI: 0.65-0.68) for BF,
from 0.74 (95% CI: 0.72-0.75) for CaD, and 0.66
(95% CI: 0.65-0.68) for any OD.

After adjusting for age, sex, BMI, smoking,
alcohol consumption, previous IC or CVD and
previous fractures, subjects with DM2 were less
likely to be treated with BF (OR=0.67; 95% CI:
0.64-0.68), with CaD (OR=0.71, 95% CI: 0.70-0.73)
or with any OD (OR=0.66, 95% CI: 0.64-0, 67) than
non-diabetics.

Discussion

Patients with DM2, despite having a higher preva-
lence of previous fractures, had more than a 30%
probability of not receiving a drug for osteoporo-
sis, compared to non-diabetic subjects. As in pre-
vious studies, we observed a higher proportion of
fractures in patients with T2DM compared to non-
diabetic patients, especially at the femur level,
where the prevalence was multiplied by four.
These data coincide with two recent meta-analy-
zes where 30% more risk of femur fracture is des-
cribed in patients with DM23%,

Paradoxically, even with a higher prevalence
of previous fractures, patients with DM2 are less
likely to be treated with a bisphosphonate, cal-
cium and vitamin D supplements, or with any
osteoporosis drug. One possible explanation for
these events could be an underestimation of the
risk of fracture in these subjects. Although we do
not have data in our BMD cohort, previous studies
comparing patients with T2DM with non-diabetic
patients observed that the former had a higher
BMD?. Therefore, if the fracture risk assessment is
performed exclusively by BMD values, patients
with DM2 would be undervalued. Another possi-
bility would be the assessment of fracture risk
through the use of tools that allow the calculation
of the absolute risk of fracture.

In our area, the most commonly used tool is
FRAX®, which does not consider DM2 a risk factor.

Different studies®*?* support the idea of not using
FRAX® in patients with DM2, since at the same
absolute risk value calculated by FRAX® patients
with DM2 present a greater real risk of fractures
than non-diabetic patients®. In an analysis of the
Manitoba cohort, it was observed that patients
with DM2 had a higher proportion of observed
fractures than expected, both main and femoral
fractures, a fact that did not occur in non-diabetic
subjects®*. A third plausible explanation would be
that patients with DM2 receive more drugs than
non-diabetics, and this could condition the clini-
cian when prescribing a drug for osteoporosis.
Although we do not have the number of drugs
that our patients received on average, other stu-
dies carried out on patients with DM2 from the
SIDIAP database” describe medication costing
almost double compared to non-diabetic patients
and, consequently, a greater number of drugs.

As expected, the DM2 patients in our cohort
had a higher prevalence of THD and CVD than
nondiabetic patients, almost double. Some authors
suggest that there is a relationship between car-
diovascular disease and bone metabolism. A case-
control study in subjects with metabolic syndrome
observed that patients with a coronary event in
the last six months had a higher prevalence of ver-
tebral fracture and of any location compared to
subjects who had not had a coronary event®.

One of the limitations of our study is that the
data come from the computerized medical history
and, unlike the classic cohort studies, there is no
case-by-case validation of each fracture. Previous
studies have validated SIDIAP data compared to
classic cohort studies and hospital discharge data-
bases, with a moderate sensitivity (close to 70%)
and high specificity (>95%)*. In addition, the ICD-
10 coding does not distinguish between trauma
fractures and fragility fractures. A recent validation
of a sample of more than 300 fractures recorded
in patients >50 years of age on the basis of SIDIAP
found that more than 90% of femur fractures,
more than 87% of vertebral fractures and more
than 80% of fractures The main ones were due to
fragility (not related to trauma)®, which gives gre-
ater validity to our data. Another possible limita-
tion is that the data in relation to the prescription
are collected from the billing data to Pharmacy, in
such a way that there may be a stated prescription
not withdrawn at the pharmacy and, therefore, not
considered. But this fact would occur in both
cases in both DM2 and non-diabetic patients.

In contrast, this study has important strengths
such as the high number of individuals included,
which allows for the detection of statistically signi-
ficant differences that in other cohort studies with a
smaller sample size would not have been detected.

We consider necessary the search for tools that
provide a better estimate of the risk of fractures in
patients with DM2. One possibility could be to
incorporate DM2 as a risk factor in FRAX® or to
have a specific tool for patients with DM2 that
takes into account both classic and DM2 risk fac-
tors. Another option would be the incorporation
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Table 1. Baseline characteristics in paired T2D and non-diabetic patients

q Patients with DM2 Non-diabetic patients
Variable (n=166,106) (n=332,212) Value of p

Gender @; n (%) 79,249 (47.7) 158,498 (47.7) 1
Age; mean + SD 65,4 + 11.4 63,8 + 11.8 <0.001
BMI (kg/m?; n (%) <0.001

<24.99 17,076 (10.3) 55,088 (16.6)

25-29.99 60,404 (36.4) 112,913 (34.0)

>30 75,923 (45.7) 79,220 (23.8)

Losses 12,703 (7.6) 84,991 (25.6)
Smoking; n (%) <0.001

Non smoker 78,593 (47.3) 142,888 (43.0)

Smoker 23,821 (14.4) 42,736 (12.9)

Former smoker 16,835 (10.1) 26,137 (7.9)

Losses 45,857 (28.2) 120,451 (36.2)
Consumption of alcohol; n (%) <0.001

Teetotaler 100,203 (60.3) 164,381 (49.5)

Low risk 42,167 (25.4) 81,081 (24.4)

Harmful consumption 5,257 (3.2) 8,924 (2.7)

Losses 18,479 (11.1) 77,826 (23.4)
CVD previous; n (%) 9,762 (5.9) 10,039 (3.0) <0.001
IHD previous; n (%) 16,416 (9.9) 13,678 (4.1) <0.001

Q: women; SD: standard deviation; BMI: body mass index; CVD: cerebrovascular disease; IHD: ischemic

heart disease.

Table 2. Prevalence of fractures in patients with T2DM and non-diabetic pairs

A Patients with DM2 Non-diabetic patients
Localization (n=166,106) (n=332,212) Value of p
Any localization n (%) 4,012 (2.49) 1,732 (0.5) <0.001
Main fracture* n (%) 2,215 (1.3) 1,055 (0.3) <0.001
Femur n (%) 609 (0.4) 382 (0.1 <0.001

* Fracture of hip, wrist, forearm, humerus or vertebral.

of new techniques, such as micro-indentation,
which allow the assessment of fracture risk inde-
pendently of BMD*",

Conclusions

Patients with DM2 are about 30% more likely to
not receive bisphosphonate, calcium and vitamin
D supplements or any osteoporosis drug than
non-diabetic patients. We believe that this lower
probability of being treated is due to an underes-
timation of the real risk of fracture in patients with

T2DM, which justifies the need for a specific tool
for the estimation of fracture risk in these patients.
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Summary

Introduction: Hyperphosphataemia aggravates both parathyroid hyperplasia and PTH secretion in patients
with chronic kidney disease (CKD). Hyperplasia is associated with decreases in calcium receptor expression
(CaSR), vitamin D (VDR) and a-Klotho, inducing resistance of the parathyroid gland to respond both to treat-
ment and to increases in FGF23. This study examined the possible epigenetic contributions of raised phos-
phorus to aggravate secondary hyperparathyroidism (SHPT) in patients with (CRD).

Material and methods: The degree of methylation was compared by pyrosequencing of bisulfite in CpG-
rich sequences of the promoters in the CaSR, VDR, PTH and a-Klotho genes in parathyroid gland DNA
from uremic rats fed a normal and high phosphorus diet.

Results: The diet rich in phosphorus increased PTH expression and caused a marked reduction in the
degree of methylation in the promoter of the PTH gene. In contrast, the promoter regions of the CaSR,
VDR and a-Klotho genes did not show significant differences in the percentage of methylation between
the two groups of rats. Thus, it was not the determining mechanism for the decrease of the expression
of these genes observed in the SHPT.

Conclusions: The epigenetic alterations induced by the phosphorus rich diet in SHPT, particularly the PTH
gene hypomethylation, could contribute to the increases that occur in the synthesis and secretion of this
hormone. The identification of the mechanisms involved would allow better treatments for SHPT to be
designed in the early stages of CKD.

Key words: DNA methylation, PTH, chronic kidney disease, parathyroid glands, hiperphosphataemia.
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Introduction

Secondary hyperparathyroidism (SHPT) is a com-
mon complication of chronic renal disease (CRD)
characterized by hyperplasia of the parathyroid
glands and increases in the synthesis and secretion
of parathyroid hormone (PTH). Raised serum
levels PTH cause alterations in bone remodeling
and phospho-calcium homeostasis that increase
both fracture propensity and vascular calcification,
a process that aggravates the morbidity and mor-
tality of patients with renal problems'.

In the course of CRD, the most important sti-
muli for the development of SHPT are decreases
in circulating levels of calcium, nutritional vitamin
D and its hormonal form, calcitriol, as well as rai-
sed serum phosphorus, when levels are below the
upper limit of the normal range?.

It is noteworthy that the degree of parathyroid
hyperplasia in CRD is also associated with a pro-
portional decrease in the parathyroid expression
of calcium and vitamin D receptors (CaSR and
VDR)’. These reductions diminish the gland’s abi-
lity to suppress both cell proliferation and PTH
secretion rates in response to changes in circula-
ting levels of calcium and vitamin D induced by
treatment to correct hypocalcemia or Vitamin D
deficiency. An additional aggravating factor to
parathyroid dysfunction of CRD is the early decre-
ase of the anti-aging molecule, a-Klotho, in the
membrane of parathyroid cells’. This reduction
leads to an ineffective suppression of PTH synthe-
sis and secretion by the phosphaturic FGF23 hor-
mone, since a-Klotho acts as a co-receptor bound
for cellular signals of the FGF23 complex with its
specific receptor FGFR**.

We now know that, in addition to the defects
in the transcriptional control of the PTH, CaSR and
a-Klotho gene due to calcitriol deficiency, or to
decreased levels of its receptor, VDR, in the
parathyroid gland hyperplastic,* epigenetic modi-
fications such as hypermethylation of the CaSR,
VDR or a-Klotho genes in their promoter regions
may also contribute to renal parathyroid dysfunc-
tion. Interest in the epigenetics of SHPT in CRD
arose from the evidence of the critical role of
hypermethylation of tumor suppressor genes in
processes of exacerbated cell proliferation™, as
occurs in nodular SHPT. This form of SHPT is
similar in its development to a benign endocrine
tumor, with a very serious adverse impact in the
progression of SHPT, renal and vascular damage,
as well as in the survival of the renal patient who
develops resistance to treatment’'.

In contrast, evidence shows the significant
impact of mild increases in a-Klotho gene methy-
lation induced by aging in the brain and by ure-
mic toxins in the kidney, both in a-Klotho expres-
sion in the cell membrane and in its anti-oxidant
and anti-inflammatory functions which have not
been studied in the parathyroid gland'2.

Another important epigenetic modification for
controlling SHPT is the global hypomethylation of
the PTH gene, demonstrated exclusively in the
parathyroid tissue'. Although the degree of global

hypomethylation of the PTH gene is similar in
glands with normal function and hyperfunctioning
glands® this finding suggests that a differential
methylation process of this gene in its promoter
regions may contribute to the severity of SHPT.

As phosphorus retention by the diseased kid-
ney is the major risk factor for directly exacerba-
ting the degree of parathyroid hyperplasia, stabili-
zing the messenger RNA of PTH, secretion of PTH
into the circulation, and increasing FGF23 in the
CRD, by non-transcriptional mechanisms, this
study aimed to assess the possible contribution of
epigenetic alterations induced by elevations in
serum phosphorus to the severity of parathyroid
dysfunction in a murine model of CRD. To do this,
we compared the degree of methylation of the
promoters of the CaSR, VDR, Klotho and PTH
genes in uremic rats fed diets with normal or high
phosphorus content and their association with the
severity of SHPT.

Material and methods

Experimental Study

For the study, 4-month-old male Wistar rats from
the University of Oviedo animal lab were subjec-
ted to a nephrectomy (NX) of 7/8 consisting of the
elimination of three quarters of the left kidney and
total resection of the right kidney.

Immediately after nephrectomy, a group of
uremic animals continued with the maintenance
diet for rodents with normal (N) content in phos-
phorus (P) (0.6%, NX-NP group), while the other
group of nephrectomized animals received a diet
with high (E) phosphorus content (0.9%; NX-EP
group) for 20 weeks.

At the time of sacrifice, carried out under CO,
anesthesia and by exsanguination, serum was
collected to determine general markers of CRD
grade and alterations in bone and mineral metabo-
lism and also parathyroid glands in each experi-
mental group (14 glands of 7 rats per group) sto-
red at -80°C until use.

Analysis of methylation of the promoters of the
genes under study by bisulfite pyrosequencing

To extract genomic material from the rat parathy-
roid glands, the phenol-chloroform method was
used. The DNA extracted from the parathyroid
glands was treated with sodium bisulfite following
EZ DNA Methylation-Gold™ Kit D5005” instruc-
tions (Zymo Research, Orange, USA). A specific
polymerase chain reaction (PCR) was then perfor-
med with biotinylated primers followed by the
pyro-sequencing protocol (PyroMark QUIAGEN®
Q24), which consists of denaturing the double
strands of the PCR products to obtain single
chains, one of them labeled with biotin. The bio-
tinylated strand was used as a template to bind the
sequencing primer. The methylation pattern of the
promoter region of the PTH, VDR, CaSR and
Klotho genes between the initiation of transcrip-
tion to the 5' end was analyzed with Pyromark
2.0.6 software using the pairs of primers indicated
in table 1.



Statistic analysis
For the analysis of the results the statistical pro-
gram SPSS 17.0 was used. For the quantitative
variables analyzed we used Student's t. Statistically
significant differences were considered when
values of p<0.05.

Results

Biochemical data

Biochemical data from both experimental groups
are presented in table 2. As expected, animals fed
the high phosphorus diet (NX-EP) presented a gre-
ater impairment of renal function measured as
serum urea and creatinine, regarding the values of
these parameters in the group of uremic rats fed
with the diet with normal phosphorus content
(NX-NP).

Although no significant differences were found
in serum calcium levels between the two experi-
mental groups, the combination of lower renal
function and high dietary phosphorus led to mar-
ked increases in circulating levels of phosphorus
and FGF23 on the order of 2 and 3 times higher
than the values of these parameters in uremic ani-
mals fed with normal phosphorus. Consequently,
the degree of SHPT was also higher in uremic ani-
mals with high phosphorus in the diet, showing
40-fold higher serum levels of PTH.

Methylation of the promoter regions of the genes
under study

Figure 1 shows the percentages of methylation of
the CpG sites in the parathyroid DNA included in
the promoter regions of the CaSR, VDR and Klotho
genes. The low percentage of methylation, less
than 5% in both experimental groups, prevents any
comparison of possible differential epigenetic alte-
rations attributable to the high phosphorus in the
diet compared to a normal phosphorus intake.

Table 1. Pair of primers used in mutilation studies
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In contrast to these genes that decrease with
SHPT progression, Figure 2 shows that in the two
CpGs of the study area of the PTH gene promoter,
in the parathyroid glands of normal-phosphorus-
fed uremic rats there was a percentage of methyla-
ted parathyroid DNA greater than 40%. More
importantly, for the same baseline grade of renal
damage and duration of uremia (20 weeks), eleva-
ted phosphorus in the diet was associated with a
significant 80% decrease in methylation of that
region of the PTH promoter. This decrease is in
line with increases in PTH levels in the serum of
these animals 40 times higher than serum PTH in
animals with the same basal grade of uremia fed a
diet with normal phosphorus.

Discussion

This study is the first to show a possible epigene-
tic association between CRD hyperphosphatemia
and SHPT severity: hypomethylation of the PTH
gene. In addition, our results corroborate the fin-
dings of other researchers that decreases in
parathyroid content of CaSR and VDR cannot be
attributed to an epigenetic process of silencing by
hypermethylation of these genes, both critical for
effective treatment of SHPT. Our findings also
question the contribution of a-Klotho promoter
hypermethylation in membrane o-Klotho declines
that occur with SHPT progression.

In general, CpG island hypermethylation in
promoter regions results in silencing the transcrip-
tion of genes. Our results indicate a degree of
methylation of less than 5% in CaSR and VDR, both
of which regulate normal parathyroid function and
the development of resistance to treatment. In
addition, high dietary phosphorus, which led to
significant increases in both the degree of renal
damage and the SHPT of these nephrectomized
animals, did not induce significant changes in the

Primer Sequence MRg¢ Size CpG
Klotho F1 TGGAAAGTTTAGAATGGGAGAAAG

Klotho R1 CCCTTTACCTTCCAAAAACTAAT 51.3 121 pb 5
Klotho SQ GGGAAAGTAGGTGTTTTATT

CaR FW1 AGTTTGGGAATGGTTATAGTT

CaR RV1 CTCCCTAAATCTCTCAAATCAACCTTTA 52.7 169 pb 8
CaR SQ1 TAGGTGGTTTGGGGG

PTH RW1 GGATTTTGAGTTTTGGGTTAGTTTGAT

PTH RV1 ACCTAAATTTCATATACAAACCTTTTACT 52.9 360 pb 2
PTH SQ1 ATTTGAAATTTTAGAGGAGTG

VDR FW1 AGGAATGTTAGGTAGGAGAGA

VDR RV1 CCTTAAAAACCCTACCTTATAAAAAACTCT 52.6 344 pb 6
VDR SQ1 GATATTATTAAAGATTGT

MTg: PCR annealing temperature; F1: direct primer; R1: reverse primer; SQ: sequencing primer.
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degree of methylation of CaSR or VDR, as also
demonstrated by other investigators in murine
models®. These did not measure the degree of
global methylation of these two genes in human
parathyroid glands from normal subjects or with
variable grade of SHPT and primary, in which the
contribution of hyperphosphatemia was not the
main objective of the epigenetic analysis'®".

Regarding the degree of methylation of the anti-
aging gene ®-Klotho, its methylation degree was
also less than 10%, and no significant differences
were observed in the methylation percentage of
the CpGs induced by high phosphorus in the diet,
at least in the area of the promoter studied in the
parathyroid glands from both experimental groups
of uremic rats. These findings are not surprising,
since in cells of the distal renal tubule, which is
where the Klotho gene is expressed predominantly
in a normal kidney, there seems to be a mecha-
nism that actively protects the a-Klotho promoter
from the methylation of CpGs sequences®. In other
tissues, with low expression of a-Klotho, as in
brain, breast, stomach, colon, skeletal muscle or
skin, there also appears to be a similar mechanism
of protection of a-Klotho levels preventing their
methylation. It is also important to note that seve-
ral authors have observed that a low degree of
methylation appears to be sufficient to cause signi-
ficant differences in the degree of gene expression.
In fact, King et al. have shown in the brain of aged
monkeys that a small 0.4% increase in CpG island
methylation led to 20% declines in gene expres-
sion, corroborating that the degree of methylation
of CpGs sequences may be involved in downward
regulation of the Klotho gene associated with
aging®.

Other authors have also reported small diffe-
rences (from 1 to 4.5%) in the degree of renal
methylation in nephrectomized mice®, similar to
the parathyroid methylation values obtained in this
study (2-5%). However, high dietary phosphorus
did not lead to significant increases in the degree
of methylation of this gene in parathyroid tissue.

Undoubtedly, the most important finding of this
study has been the identification, for the first time,
of an association between hyperphosphatemia and
a decrease in methylation of the PTH promoter in
the 350 nucleotide sequence preceding the start of
transcription. Although studies of almost two deca-
des ago, using techniques that preceded the deve-
lopment of pyrosequencing, demonstrated a global
hypomethylation of the PTH gene exclusive of
parathyroid tissue, but without significant differen-
ces between glands with normal or hyperfunctio-
ning glands, the result of this study adds a possi-
ble epigenetic modification to the known post-
transcriptional mechanisms induced by high phos-
phorus to markedly increase the synthesis and
secretion of PTH, such as the stabilization of mes-
senger RNA of PTH or the induction of secretory
pathways®?. It is important to note that the signi-
ficant hypomethylation of PTH gene induced by
high phosphorus in the diet could contribute in
part to the marked elevations in serum PTH levels

in this murine model of advanced experimental
renal disease. However, we can not rule out with
these results that, in fact, the normal or low phos-
phorus of the diet is the cause of the greater
methylation of the PTH gene during the 20 weeks
of uremia studied in this paper. In fact, phospho-
rus restriction in the diet does not affect the intra-
glandular content of PTH, but the capacity of the
parathyroid cell for secretion into the circulation®.

An important limitation of this study is that the
impact of the methylation of these two CpGs on
the transcription of the PTH gene has not been
considered. Therefore, we can only postulate a
potential mechanism to be analyzed in greater
depth in the future to identify a cause-effect rela-
tionship between hypomethylation development
of the PTH gene and its molecular control mecha-
nisms, which would allow the incorporation of
new therapeutic strategies for SHPT control in
CRD.

In conclusion, these findings suggest that the
development of epigenetic alterations such as the
significant hypomethylation of the PTH gene, in
advanced stages of parathyroid gland dysfunction
in experimental renal disease, could contribute to
the increase of both synthesis and secretion of
PTH. The design of studies to obtain conclusive
evidence of the impact that hypomethylation has
on the synthesis of PTH and that lead to the iden-
tification of the molecular mechanisms responsible
for this epigenetic modification induced by the
high phosphorus in the diet is the first step for
designing innovative therapeutic strategies for the
effective treatment of SHPT from early stages of
CRD.
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Table 2. General biochemical markers and mineral metabolism

Urea Creatinine Ca P PTH FGF23
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (pg/mL) (pg/mL)
NX-NP 104 + 32 1.0+03 11.7 £ 1.1 58 £1.2 44 + 23 378 £ 103
NX-EP 201 + 51 21+04 10.5 + 1.1 128 £ 1.9 1,762 £ 493 | 1,029 + 101
P value 0.001 0.001 0.066 0.001 0.001 0.001

Figure 1. Degree of methylation of the CpGs sites preceding the initiation of promoter transcription of the A)
CaSR (-172 to -3) genes; B) VDR (-533 to -189) and C) a-Klotho (-217 to -90) in parathyroid glands from neph-
rectomized (NX) rats fed a diet with normal phosphorus content PN (NX-PN) or high (NX-PE) for 20 weeks.
At the bottom of each gene, the analyzed area of the promoter and the number of CpG sites present in the

fragment are plotted
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Summary

Introduction: To assess serum levels of 25-hydroxyvitamin D-25 (OH) D-hormones with influence on
bone metabolism (parathormone -PTH- and insulin-like growth factor IGF)-D, bone remodeling markers
(BRM) (carboxy-terminal telopeptide of collagen type I-f-CTX- and amino-peptide pro-peptide of proco-
llagen type I -PINP), bone mineral density (BMD), microstructure and biomechanics of the femoral neck,
in patients with osteoporotic hip fracture (OH) versus arthritic patients (OA).

Material and methods: A cross-sectional observational study of 29 OH and 14 OA, age =50 years. We
quantified hormonal serum levels and BRM (immunoassay), hip BMD (DXA), microstructure (micro-CT)
and biomechanics (uniaxial compression tests, IGFA system). Analysis (SPSS 20.0.)

Results: OH patients had lower levels of 25(OH)D (p=0.02) and hip BMD (p<0.05), and higher PTH
(p=0.029) and B-CTX (p=0.04). Levels of 25(OH)D correlated positively with IGF-I (p=0.04) and negati-
vely with B-CTX (p=0.003). The PTH values were correlated negatively with hip BMD (p=0.0005) and
positively with trabecular thickness (TbTh) (p=0.006). Patients with 25(OH)D <20 ng/mL presented hig-
her levels of B-CTX (p=0.006), lower IGF-I (p=0.007) and TbTh (p=0.04).

Conclusions: Vitamin D levels are low in the elderly population, especially in patients with osteoporotic
hip fracture. These patients also presented raised levels of PTH and BRM and descended from BMD.
Patients whose 25(OH)D levels are below 20 ng/mL present higher bone remodeling, with lower levels
of IGF-I and alterations of the bone structure (TbTh) that may be linked to a greater risk of fractures.

Key words: vitamin D, osteoporosis, hip fracture, bone mineral density, microstructure and biomechanics.



Introduction

Hip fracture is one of the main and most dreaded
complications of osteoporotic disease. Among the
risk factors that favor this type of fracture include
a greater tendency to fall and a decrease in bone
strength. Bone mineral density (BMD), the rate of
bone remodeling, geometry, microstructure and
bone tissue mineralization are fundamental pro-
perties associated with bone resistance'.

Vitamin D is known to be essential, among
other factors, in the maintenance of musculoskele-
tal health. Proper levels of 25-hydroxivitamin D
(25(OH)D) are needed to maintain the homeosta-
sis of calcium metabolism and an insufficiency of
these leads to a lower intestinal absorption of cal-
cium, decreased levels of serum calcium, increa-
sed secretion of PTH, excessive rate of bone
remodeling and, therefore, a lower amount and
bone quality®. Furthermore, levels below 30 ng/mL
have been found to be associated with significant
defects of bone mineralization and increase in the
osteoid substance®. All of these disorders produce
a decrease in bone strength and, thus, a greater
risk of fracture. As for the muscle, several studies
have shown the positive relationship between
25(OH)D levels and muscle strength, especially in
the lower extremities in the elderly®>. Other rese-
arch indicates muscular weakness and pain, as
characteristic symptoms of Vitamin D-deficient
syndromes®, as well as increased muscle strength
and balance and reduced risk of falls following the
administration of adequate vitamin D supple-
ments™. Two meta-analyzes evaluating contro-
lled, double-blind and randomized studies conclu-
de the beneficial effect of vitamin D supplementa-
tion, with a 19% reduction in falls, an 18% risk of
hip fracture and 20% of the risk of any type of
non-vertebral fracture"'?. These same studies
pointed out that anti-fall and antifracture efficiency
of 25(0OH) D is achieved when their levels are
above 24 and 30 ng/mL, respectively.

In the adult population, a high frequency of
inadequate levels of vitamin D has been reported,
below a variable threshold that ranges between
20-40 ng/mL of 25(OH)D, according to the diffe-
rent authors, in several studies carried out in mul-
tiple communities in Europe and the United
States'*". In Spain, this has also been observed in
the elderly population with different characteris-
tics in different regions, with values below 15
ng/mL being described in 68% of 77-year-olds
living at home, compared to 100% of those insti-
tutionalized in Andalusia®®, a somewhat lower fre-
quency in Cantabria”, and even lower levels (4.6
ng/mL as mean values) in patients with hip fractu-
re in Madrid®.

These data reveal, on the one hand, the impor-
tance of vitamin D on muscle health and skeletal
integrity and, on the other hand, the frequency of
insufficient levels of the hormone among the adult
population in general. However, the impact of
serum vitamin D levels on the microstructural and
biomechanical characteristics of bone tissue in
patients with hip fracture has not been reported to
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date. Therefore, the main objective of our study is
to ascertain if vitamin D levels influence the
microarchitecture and biomechanical properties of
the bone tissue. Secondly, we also analyze the
association of these levels with biochemical mar-
kers of bone remodeling and with hormones that
influence bone formation and resorption (para-
thormone -PTH-, and insulin-like growth factor -
IGF-I-, respectively) parameters, all of which con-
tribute to bone quality and, therefore, the risk of
osteoporotic fracture.

Material and methods

1. Patients

A cross-sectional observational study of 43
patients aged 50-93 years who underwent hip
arthroplasty. The first group consisted of 29 (6
male and 23 female) patients with nontraumatic
hip fracture (OP), considered as idiopathic (invo-
lutive) osteoporosis. The second, as a comparati-
ve group, consisted of 14 patients (6 men and 8
women) with osteoarthritis (OA) and values of
bone mass, at the hip level, T-score >(-2.5), with
no personal history of fracture Osteoporosis or
disease with influence on bone metabolism.
Normal renal function was required.

All  patients were recruited from the
Traumatology and Orthopedics Service during the
period from June 2014 to June 2015. Blood samples
for biochemical determinations were collected in
pairs with cases and controls in order to avoid sea-
sonal bias in results. The protocol was reviewed
and approved by the Center's Ethics Committee and
all patients gave their informed consent.

The following data were collected: age,
weight, body mass index (BMID), toxic habits (alco-
hol intake and smoking), semi-quantitative cal-
cium intake (1 glass of milk=200 mg/day, 1 milk
derivative=200 mg/day, 1 serving of cheese=200
mg/day), first-degree family history with osteopo-
rotic fracture, treatment with vitamin D supple-
ments and/or antiresorptive drugs. Bone mass was
evaluated in the contralateral hip in the period
between 15-30 days after surgery.

Bone samples were collected from the extrac-
ted femoral head for microstructural analysis and
study of bone biomechanical properties after com-
pression test.

2. Biochemical parameters
To carry out the biochemical determinations,
blood samples were taken from the patients, fas-
ting, in the first 48 hours after surgery. The follo-
wing parameters, related to bone metabolism,
were analyzed: calcium corrected for protein
levels, phosphorus, reabsorption bone remodeling
markers (carboxyl-terminal telopeptide of type I
or B-CTX collagen) and formation (amino terminal
propeptide of procollagen type I or PINP, para-
thormone (PTH), 25-hydroxyvitamin D (25 (OH)
D) and insulin-like growth factor (IGF-D.

Serum levels of corrected calcium and phos-
phorus were assessed using the DAX-96 autoa-
nalyzer. The levels of B-CTX and PINP were analy-
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zed by immunoassay (electro-chemiluminescen-
ce), with the autoanalyzer COBAS e 601 (Roche,
Spain), with coefficients of variation (CV) being
interassayed <7.6% and <4.2%, respectively. Serum
PTH was measured by immunoassay (electro-che-
miluminescence), with autoantibody ADVIA
Centaur (Siemens, Germany), with the CV interas-
say <5.8%. Serum 25(OH)D was analyzed by
direct competitive immunoassay (electro-chemilu-
minescence), with the autoanalyzer LIAISON
(DiaSorin, Italy), with the interassay CV <5.5%.
Finally, serum IGF-I was quantified by immunoas-
say (electro-chemiluminescence), with the autoa-
nalyzer IMMULITE (Siemens, Germany), with CV
interassay being <3.9%.

3. Bone mass evaluation

Bone mineral density of hip and contralateral femo-
ral neck was quantified using dual X-ray densito-
metry (DXA), with a Hologic-Densitometer (Hologic
Inc.). The CV in vivo was 1% (total BMD).

4. Microstructural and biomechanical study of
bone tissue

The analysis of the microstructure and the biome-
chanical properties has been made from the bone
samples taken at the time of the surgical interven-
tion for the prosthesis collation. From each femo-
ral head, a trabecular bone cylinder from the pri-
mary compression region has been extracted with
the longitudinal axis of the cylinder aligned with
the main trabecular direction (MTD) (Figure 1).

Microstructural analysis of the biopsies has
been carried out using computerized microtomo-
graphy (micro-CT) using Bruker SkyScan 1172.
The scanning of the sample was carried out at a
resolution of 11 m, taking 2 images for each step
of sample rotation (0.40°/pass, 180° total rotation).
The images obtained have been reconstructed
using the modified Feldkamp algorithm and later
used for the quantitative and qualitative analysis of
the trabecular bone microstructure.

The quantitative variables were: bone volume
fraction (BV/TV), trabecular thickness (Tb.Th), tra-
becular number (Tb.N), trabecular separation
(Tb.Sp), degree of anisotropy (DA), which is a
measurement of the symmetry of the object, or the
presence/absence of structures aligned in a given
direction, model structure index (MSD), indicating
the relative prevalence of trabeculae in the form of
plates or in the form of tube-cylinder and connec-
tivity (trabecular pattern factor, Th.Pf), which is an
index of inverse connectivity, so that the higher
the value the less connected the trabeculae are.

To assess biomechanical properties, uniaxial
compression tests were carried out using the IGFA
(image-guided failure analysis), applying a maxi-
mum force of 200 N, without reaching the elastic
resistance limit of the sample. The variables that
were quantified to describe the mechanical beha-
vior of the bone tissue were the maximum stress
(0), or maximum internal resistance of the object
to a force acting on it. The maximum deformation
(e), which represents the changes in the dimen-

sions of the object subjected to the action of force,
from which microfractures occur and Young’s
modulus, or elastic modulus, which represents the
slope of the elastic region.

5. Statistical analysis

The IBM SPSS statistical package version 20.0
(USA) was used. For the statistical analysis of the
results of quantitative variables, we carried out
comparisons of Student's t-means for independent
samples. We did univariate linear analysis (ANCO-
VA) to take into account possible confounding fac-
tors such as age and BMI. Pearson's correlation
test was used to assess the association between
variables. To study the qualitative variables, we
have analyzed contingency tables, %2 In all cases,
a level of p <0.05 was required to consider signi-
ficant differences.

Results

The characteristics of the patients studied in each
of the groups are shown in table 1. As expected,
patients with hip fracture had a significantly hig-
her age, 81+8 vs 6819 years, p=0.001, a lower BMI
28.2+5.8 vs 31.9+4.4, p=0.043 and lower hip mass
values (p<0.05 for all locations). Since the group
of patients with fracture and osteoarthrosis were
different in terms of age and BMI, the parameters
analyzed were adjusted for these variables. In
terms of habits, family history of first-degree oste-
oporosis, treatment with antiresorptive drugs and
supplementation with vitamin D and calcium were
similar in both groups.

1. Serum wvalues of parameters related to bone
metabolism

The biochemical parameters of the patients studied
are shown in table 2. Serum levels of 25(OH)D
were significantly lower in patients with fracture
than in the group of patients with osteoarthritis
(10.9£6.9 vs 18.1+£10.7 ng/mL, p=0.02). The values
of PTH (60+41.1 vs 38.2+17.3 pg/mL, p=0.029) and
the bone resorption marker B-CTX (0.61+0.26 vs
0.360.19 ng/mL, p=0.04) were significantly higher
in the first group. Levels of corrected serum cal-
cium, phosphorus, bone formation marker PINP
and IGF-I were comparable in both groups. After
adjustment for age and BMI, we verified that the
differences that we found for 25(OH)D and B-CTX
remained significant. The adjusted values for
25(0H)D were 10.7+(95% CI 6.6-14.7) ng/mL for
the hip fracture group and 19.6295% CI, 7-25.5)
ng/mL, for that of arthrosic patients, (p=0.027). The
levels of B-CTX adjusted for the same variables
were 0.63£(95% CI 0.51-0.7) ng/mL, in the group of
patients with hip fracture and 0.30£95% 0.1-0.5)
ng/ml in the arthrosis group (p=0.012).

Levels of 25(OH)D showed a significant and
positive correlation with serum IGF-I (r=0.338, p =
0.044) and negative with B-CTX levels (r=-0.483,
p=0.003). PTH levels were significantly negatively
correlated with BMD-hip (r=-0.617, p=0.005) and
positively with trabeculae separation (r=0.530,
p=0.000).
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Figure 1. Localization of the trabecular bone cylinder extraction for the analysis of the microstructure and

biomechanical properties

MTD = main trabecular direction

MTD

=~ 8 mm

2. Bone tissue microstructure and biomechanics
Microstructural indices indicate lower bone quality
in the group of patients with hip fracture than the
arthrosic group. In figure 2, we show the result of
scanned images of two patients, each belonging to
a study group.

Although no parameter presented a statistically
significant difference, we verified that the values
of percentage of bone volume, as well as the
thickness and number of trabeculae were lower in
patients with fracture, whereas the separation bet-
ween them was greater (Table 3).

The trabecular pattern index (inverse index of
connectivity) presented higher values in the group
of fractured patients. The structure index of the
model, which implies a relative prevalence of tra-
beculae in the form of tube-cylinder compared to
those of plate form, was higher in the group of
patients with hip fracture, indicating a greater
number of trabeculae in the form of a tube-cylin-
der, less resistant in these patients.

Biomechanics studies showed that Young's
modulus values, maximal strain and maximum
deformation, after applying compression tests,
were lower in patients with hip fracture than in
patients with osteoarthritis, although these diffe-
rences were not significant (Table 3).

3. BMD and bone structure results in patients with
insufficient levels of 25(OH)D (<20 ng/mlL)

Serum levels of 25(OH)D in the studied population
have shown very low values, in the range of 4.0-41.6
ng/mL when dividing patients into two groups, con-
sidering that these levels were less than or equal to
20 ng/mL or higher, we found the following results:

the two populations were similar in age, weight,
BMI, bone mass values and biomechanical characte-
ristics of bone tissue. However, those with levels
below 20 ng/mL had higher serum B-CTX values
(0.58+0.25 vs 0.30+0.15 ng/mL, p=0.000), lower IGF-
I (49.8+27.0 vs 83.5+35.6 ng/mL, p=0.007) and the
bone structure showed a smaller trabecular width
(0.34£0.17 vs 0.50+£0.1 mm, p=0.04) (Figure 3).

Discussion

This study allowed us to compare serum levels of
vitamin D in patients with and without osteoporo-
tic hip fracture and the association of these levels
with markers of bone remodeling, hormones regu-
lating bone metabolism, BMD, microstructural
indexes and biomechanical properties of the
femoral neck in these patients.

We found that patients with osteoporotic hip
fracture had significantly lower serum 25(OH)D
levels than non-fractured patients. In addition, we
noted a high prevalence in elderly people with
deficient levels (<20 ng / mL), especially in the OP
group, in line with what was observed by other
authors™® despite having approximately 3,000
hours of sunshine per year in our environment. As
is known, insufficient levels of vitamin D are asso-
ciated with an increased risk of falls and osteopo-
rotic fractures' 2. In our study, we also verified
that patients with osteoporotic hip fracture also
present higher serum levels of B-CTX and PTH,
together with lower BMD values in all hip-measu-
red locations, compared to patients without fractu-
re. In addition, we demonstrated a significant
negative correlation between 25(OH)D and -CTX
levels, as well as between PTH and BMD levels.



Table 1. Characteristics of the study population. Values expressed as mean + SD
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OA (n=14) OP (n=29) P
Age (years) 68+9 818 p=0.0001
Weight (kg) 77.8+17.9 68.7£13.5 n.s
BMI (kg/m?» 31.92+4.41 28.2245.8 p=0.043
BMD neck (g/cm?) 0.733+0.15 0.577+0.09 p=0.008
BMD hip (g/cm?) 0.905+0.14 0.774+0.12 p=0.029
T-score neck -1.3+1.1 -2.5+0.8 p=0.008
T-score hip 0.7+0.8 -1.5£0.9 p=0.034
Smoking 14.3% 11.5% n.s
Family history in 1* degree of osteoporosis 23.1% 30.8% n.s
Vitamin D treatment 23.1% 10.5% n.s
Intake of calcium (mg/day) 770.4+444.8 725.1+£252.6 n.s

n.s.: not significant.

Table 2. Serum values of biochemical parameters of the study population. Values expressed as mean + SD

OA (n=14) OP (n=29) P
25(0OH)D (ng/mL) 18.1£10.7 10.946.9 p=0.02
PTH (pg/mL) 38.2+17.3 60+41.1 p=0.029
PINP (ng/mL) 55.8+37.6 57.6+38.0 n.s.
B-CTX (ng/mL) 0.36+0.19 0.61£0.26 p=0.04
Phosphorus (mg/dL) 3.1+0.5 3.1+0.8 n.s.
Corrected calcium (mg/dL) 9.5£0.6 9.4+0.4 n.s.
IGF-I (ng/mL) 66.3+36.6 51.7429.0 n.s.

n.s.: not significant.

Figure 2. Reconstruction of scanned images of patient
biopsies with osteoarthritis (A) and hip fracture (B)

Taken together, these data once again
explain that low levels of 25(OH)D are asso-
ciated with high levels of PTH, that inducing
a greater bone turnover would explain the
higher values of bone remodeling markers.
The imbalance in the levels of these parame-
ters causes trabecular deterioration that could
lead to increased risk of fracture. A high rate
of bone remodeling increases the number of
resorption cavities. These cavities act as
"areas of stress accumulation", foci of weak-
ness that may increase the risk of microfrac-
tures and macrofractures”. Excessive resorp-
tion may also lead to perforation of the trabe-
culae and permanent loss of connectivity. All
these alterations described at the microstruc-
tural level of the trabecular bone make it less
resistant to the load and, therefore, with an
increased risk of fracture®. In our study, all
individuals with non-traumatic hip fracture
and with osteoarthritis, except one in the lat-
ter group, had levels of 25(OH)D <40 ng/mL.
Some authors report that men with radiologi-




cal osteoarthritis of the hip have lower levels of
25(OH)D and a prevalence of deficiency higher
than the control population®. It is generally
known that up to this level of 40 ng/mL an inver-
se relationship between vitamin D and PTH'" is
described. Although a low calcium intake may
also be responsible for increasing PTH levels, in
our case we found that calcium intake was low
but similar in both study groups (<800 mg/day).
Although this is a factor to be taken into account,
we know that insufficient levels of vitamin D lead
to elevated levels of PTH, despite adequate cal-
cium intake, and conversely, sufficient levels of
vitamin D maintain normal levels of PTH despite
calcium intake <800 mg/day*.

Although patients with hip fracture presented
lower BMD values than patients with osteoarthri-
tis at all hip-measured locations, we did not find
an association between these values and serum
levels of 25(OH)D, as reported by other authors®.
However, we would like to point out that when all
patients studied according to their 25(OH)D levels
were <20 ng/mL or higher, the group of patients
with lower levels also had lower levels of hip
BMD, of 0.06 gHA/cm? These data may not be
important at the individual level, but in terms of
population level, taking into account each decrea-
se of 1 standard deviation (SD), the risk of hip
fracture increases by an average of 2.6 times*?,
This would imply that, with the lowest bone mass
found, the risk of fracture may be increased up to
1.5 times.

Many experts, based on broad population stu-
dies, have jointly pointed out that minimum levels
of 25(OH)D of at least 20-30 are desirable to main-
tain overall health integrity, and bone in particu-
lar, Ng/mL (50-75 nM)*?®. The negative effect of
insufficient levels of vitamin D on bone has been
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assessed by surrogate factors such as PTH, BMD,
and markers of bone remodeling. It has also been
directly analyzed through its association with bone
properties involved in bone strength and, therefo-
re, the risk of fractures. In this sense, it has been
verified by histo-morphometric studies of iliac
crest that vitamin D insufficiency is associated
with mineralization defects, showing higher levels
of surface and volume of osteoid, and concluding
that hormone levels higher than 30 Ng/mL to pre-
vent pathological accumulation of osteoid®. One of
the fundamental aspects of our study is the assess-
ment of microarchitecture and biomechanical pro-
perties of the femoral neck of patients with and
without osteoporotic hip fracture. Although the
differences in the different parameters were not
significant in any of the cases, as has been poin-
ted out by other authors*?*', we found that patients
with hip fracture presented a percentage of bone
volume (BV/TV), a number of trabeculae (Tb.N)
and a width of these (Tb.th) 16%, 15% and 13%
lower, respectively, than those of patients with
osteoarthritis. In addition, the trabeculae were less
connected and predominant than those presented
as cylinder-tube in the fractured group, which is
related to a lower bone resistance®. Along with
this, biomechanical parameters also showed
results between 10-14% lower in patients with hip
fracture. We would like to highlight, as the most
important point of this study, that it analyzes for
the first time the serum levels of vitamin D,
directly related to the microstructural properties of
bone tissue in people with hip fracture. When
comparing hormone levels among patients, we
found that levels below 20 ng/mL were associated
with a significant reduction in trabecular width, in
addition to higher levels of B-CTX, indicating a
greater activity of bone resorption, together with

Table 3. Microstructure and biomechanical bone properties of the study group. Values expressed as mean + SD

OA (n=14) OP (n=29)
BV/TV (%) 36.2+12.1 30.5+£12.9
Tb.th (mm) 0.39+0.2 0.34+0.2
Tb.Sp (mm) 1.02+0.6 1.04+0.5
Tb.N (mm-1) 0.98+0.9 0.83+0.7
Tb.Pf (mm-1) -0.08+4.2 2.81+5.0
SMI 0.44+1.3 1.07+0.8
AD 2.96£0.67 3.43+0.98
Modulo de Young (Mpa) 460276 397+173
o (Mpa) 9.1+4.9 8.243.6
€ 0.045+0.04 0.039+0.02

BV/TV: bone volume fraction; Tb.th: trabecular thickness; Tb.Sp: trabecular separation; Th.N: number of tra-
beculae; Tb.Pf: trabecular connectivity; SMI: structural model index; AD: degree of anisotropy; o: maximum

voltage; €: maximum deformation.
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lower levels of IGF-1. Vitamin D status reportedly
contributes to the determination of serum IGF-I
levels®. In turn, IGF-I has been shown to stimula-
te renal 1 -hydroxylase activity, contributing to
phospho-calcium metabolism, in addition to bene-
fitting bone mass*, associated with its reduction to
a decrease in bone formation that contributes to
bone loss in senile osteoporosis®.

Our study has several limitations, especially in
terms of sample size, which is relatively small.
Furthermore, the dispersion of results of structural
and mechanical parameters could be remedied, at
least in part, with larger studies.

Overall, given the results obtained, we may
conclude that the elderly population has a defi-
cient vitamin D status, that these levels are even
lower among patients with osteoporotic hip frac-
ture and that serum concentrations below 20
ng/mL of the hormone can, directly or indirectly
through PTH and IGF-1, condition an alteration in
bone remodeling (B-CTX elevation) and BMD,
with a consequent repercussion at the microstruc-
tural level (Tb.Th, among others) that lead to it
being a low resistance bone where fractures easily
occur.

Conclusions

These results indicate that patients with hip fractu-
re have lower levels of 25(OH)D than patients
with osteoarthritis, and that these induce raised
PTH and increased bone resorption (with conse-
quent increase in B-CTX levels) leading to decrea-
sed bone mass, decreased quality and increased
risk of fracture. These alterations are more pro-
nounced in patients with serum levels of 25(OH)D
<20 ng/mlL, in which there is also a decrease in
IGF-T and trabecular width at the structural level of
the femoral neck trabecular bone.
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Summary

Introduction: Calcitriol, essential for maintaining calcium and phosphorus homeostasis in the body, may
damage the vascular system in high doses, increasing the risk of calcification.

Objective: To assess the differential expression of proteins in vascular smooth muscle cells subjected to a
supra-physiological dose of calcitriol.

Material and methods: Rat vascular smooth muscle cells (VSMC-R) were cultured in the presence of 107 M
calcitriol for 10 days. The change of muscle to bone phenotype was assessed by alkaline phosphatase
activity, immunocytochemistry, quantitative polymerase chain reaction in time (QPCR) and Western blot
analysis. By means of two-dimensional electrophoresis and mass spectrometry was evaluated for the diffe-
rential protein pattern in presence and absence of 107 M calcitriol.

Results: Exposure to a high dose of calcitriol decreased elastin gene expression and the protein and gene
expression of a-actin protein, increased gene expression of osteocalcin and Runx2 and expression of
osteoprotegerin protein. At the proteomic level, 10 differentially expressed proteins were identified, high-
lighting the increase in mitochondrial superoxide dismutase, cytoskeleton proteins, vesicle formation and
inflammasome. On the contrary, there were 4 proteins that diminished expression, highlighting some of
muscular type.

Conclusions: In a model of vascular smooth muscle cells submitted to a supra-physiological dose of cal-
citriol an increased expression of cytoskeleton proteins was observed. These proteins form matrix vesi-
cles and participate in clearance of free radicals and in the inflammatory response. The loss of muscle
phenotype was represented by decreased expression of typically muscle proteins.

Key words: vascular calcification, calcitriol, proteomics.
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Introduction

Vascular calcification (VC) is a prevalent alteration
in aging, which has been linked to an increase in
vessel stiffness and an increased risk of cardiovas-
cular death'. In the general population, progres-
sion and VC rate have been associated with an
increased risk of fractures and osteoporosis?, pre-
ceding vascular alterations to bone alterations
observed later®. Different epidemiological studies
have shown the relationship between alterations
in bone metabolism, VC and increased mortality*.

The mechanism by which VC occurs is com-
plex. Initially, it was thought to be a passive pro-
cess consisting of a simple precipitation of calcium
and phosphorus in an appropriate microenviron-
ment’. However, it is now known that, in addition
to this passive process, there are active mecha-
nisms that run along with the former. During these
active processes, vascular smooth muscle cells
(VSMO), due to certain calcification promoters,
suffer a greater degree of apoptosis, form vesicles
and finally change their phenotype of smooth
muscle cells to osteoblast-like cells, inducing
matrix formation and also attracting local factors
that determine the mineralization process'.

Vitamin D, which exerts its main physiological
effect on calcium and phosphorus homeostasis,
has traditionally been used to treat and prevent
rickets and osteomalacia®. It is hydroxylated in the
kidney by the action of 25-hydroxyvitamin D-la
hydroxylase giving rise to calcitriol, which is the
most active physiological metabolite of this hor-
mone’. For years, high-dose calcitriol has been
known to induce increased calcification in VSMC?,
alkaline phosphatase activity and reduced regula-
tion of parathyroid hormone-related peptide
(PTHrP)’. Further studies have confirmed the cal-
cification promoting effect of calcitriol by increa-
sing calcium deposition in the aorta of the rat
model with normal renal function and by increa-
sing Messenger RNA levels (mRNA) of bone pro-
teins: Runt-related transcription factor 2 (Runx2),
osteocalcin, osteoprotegerin (OPG), activator
receptor for nuclear factor xpp (RANKL) and bone
morphogenetic protein 4 (BMP4) in the aorta of
nephrectomized rats'2.

Therefore, this study aimed to evaluate the dif-
ferential expression of proteins produced with the
calcifying effect of supra-physiological doses of
calcitriol in an in vitro model of VSMC.

Material and methods
Induction of calcitriol vascular calcification
The rat aorta vascular smooth muscle cell line, SMAC-
R (primary culture DPK-SMAC-R; Pharmakine), was
cultured at 37°C in a humid atmosphere with 5%
CO, in Dulbecco's Modified Eagle Medium
(DMEM, Lonza) with 10% fetal bovine serum (FBS,
HyClone® Thermo Scientific), 100 IU/mL penici-
llin, 100 pg/mL streptomycin and 2 mM glutamine
(Biochrom AG).

Upon reaching the necessary confluence
(approximately 60%), the cells were cultured with
DMEM F-12 culture medium supplemented with

0.1% bovine serum albumin (BSA) in the absence
or presence of calcitriol (107 M, Sigma- Aldrich)
for ten days, changing the culture with fresh
medium every 48 hours. All experiments were
carried out in triplicate and each condition in each
experiment was done in triplicate.

Determination of alkaline phosphatase activity
VSMCs cultured in 24-well plates with or without
107 M calcitriol for 10 days were collected, and
alkaline phosphatase activity was quantified by
measuring the amount of hydrolyzed para-nitro-
phenol phosphate following the instructions of the
kit used for its determination (BioAssay Systems).

Immunocytochemistry

To evaluate the vascular phenotype loss, the immu-
nocytochemistry of o-actin was carried out. In
order to do so, the VSMCs were grown on a speci-
fic plastic support (Thermanox) and then exposed
to 107 M calcitriol for 10 days. The mouse monoclo-
nal antibody against o-actin (CP-47, Calbiochem)
and the Dako Real™ EnVision™ Detection System,
Peroxidase/DAB+, Rabbit/Mouse (Dako) were used
for this purpose.

Analysis of gene expression

For the analysis of gene expression by quantitati-
ve real-time PCR (qPCR) RNA was previously
extracted from the cells using Tri Reagent
(Ambion) following a standard protocol. From 2
pg of total RNA, the cDNA was obtained using the
High Capacity ¢cDNA Reverse Transcription kit
(Applied Biosystems) following the manufacturer's
instructions. To quantify the relative genetic
expression, a thermocycler model Stratagene
Mx3005P QPCR System (Agilent Technologies)
and Tagman® reagents (Tagman® Universal PCR
Master Mix, Applied Biosystems) were used. We
used the Applied Biosystems assays corresponding
to the following genes: a-actin (Rn01759928_g1),
elastin (Rn01499782_m1), osteocalcin (Rn01455285_g1)
and Runx2 (Rn01512296_m1). The results were
normalized against 18S endogenous control
(Eukaryotic 18S rRNA endogenous control rea-
gent, Applied Biosystems). The interpretation of
the data was performed using the threshold cycle
comparison method (AACD®.

Protein study

Two-dimensional protein electrotrophrosis:

For the study of differential protein expression by
two-dimensional electrophoresis, VSMC was cultu-
red for 10 days in the absence or presence of 107
M calcitriol. Total protein extraction was perfor-
med by homogenizing the cells in a lysis buffer
composed of 7 M urea, 2 M thiourea and 2%
CHAPS. Proteins were purified and desalted using
the Ready Prep Clean-up kit (Bio-Rad) and quan-
tified by the Bradford assay'.

The isoelectric focusing (separation of the pro-
teins according to their isoelectric point) or first
dimension was carried out in triplicate with 150 pg
of proteins of each condition in strips of 24 cm



dehydrated polyacrylamide with a non-linear pH
range 3-10 (IPG-Strips, GE Healthcare). At 24
hours prior to isoelectric focusing, the strips were
rehydrated with DeStreak Rehydration Solution
and 0.5% ampholytes (both from GE Healthcare).
The isoelectric focusing was performed on Ettan
IPGphor3 (GE Healthcare), and the strips were
then washed with equilibration buffer (6 M urea,
75 mM Tris-HCL, 30% glycerol and 2% SDS) with
two 15-minute washes, First with dithiothreitol
(DTT) 1% and the second with 2.5% iodoacetami-
de, for reduction-alkylation of proteins.

The second dimension was performed by SDS-
PAGE on 12% polyacrylamide gels in a multiple
cuvette (GE Healthcare). After the electrophoresis,
the gels were stained with 0.1% silver nitrate and
digitized with a calibrated densitometer GS-800,
analyzing the different intensity of the spots using
the PDQuest software, both of Bio-Rad.

Analysis of differential protein expression by mass
spectrometry:

Differentially expressed spots in the two culture
conditions (absence or presence of calcitriol) were
cut from the gel, sliced and washed out in incuba-
tion for 10 minutes with 30 mM potassium ferroc-
yanide and 100 mM sodium thiosulfate, and dehy-
drated in acetonitrile. Finally, they were digested
with 13 ng/pL trypsin in 10 mM ammonium bicar-
bonate/10% acetonitrile for 24 hours at 37°C.
Peptides obtained from trypsin digestion were
identified by liquid chromatography (nanoHPLC,
Applied Biosystems) and ion trap mass spectro-
metry (Q-TRAP, Applied Biosystems) (LC-MS/MS).
Mass spectra of differentially expressed proteins
were identified using the UniProtKB/Swissprot
database (www.uniprot.org) and the Mascot
search engine.

Protein analysis by Western blot:
Western blot analysis was used to confirm the
results obtained in two-dimensional electrophore-
sis. To this end, the total proteins were extracted
from the cultures in RIPA lysis buffer and quanti-
fied by the Bradford standard method (Bio-Rad).
The different protein extracts (30 pg) were
electrophoresed on polyacrylamide gels under
denaturing conditions (SDS-PAGE)®”. The proteins
were transferred to a PVDF (Hybond™ P, GE
Healthcare) membrane which was incubated with
the corresponding primary antibody at the appro-
priate dilution: against OPG (sc-8468, Santa Cruz
Biotechnology, 1:1,000); against oa-actin (CP-47,
Calbiochem, 1:1,000 dilution) and against GAPDH
(scycealdehyde-3-phosphate dehydrogenase)
(sc25778, Santa Cruz Biotechnology, 1:5,000).
Peroxidase-linked secondary antibodies were spe-
cific for each primary antibody (sc-2023, Santa
Cruz Biotechnology; and 401215, Calbiochem).
Finally, the detection was carried out by the ECL
Western Blotting Detection kit (Amersham
Biosciences). The development was carried out
using the Chemidoc XRS+ kit (Bio-Rad). The
determination of the intensity of the bands obtai-
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ned in the Western blot was performed with the
Image Lab software (Bio-Rad).

Statistic analysis

Statistical analysis was carried out using SPSS soft-
ware for Windows 17.0 (SPSS Inc) and significant
differences were considered with p less than 0.05.
Results were expressed as mean * standard devia-
tion. Differences in alkaline phosphatase activity
and gene and protein expression between the dif-
ferent culture conditions were assessed using
Student's t test after checking the normality of the
variables. In the case of the identification of pro-
teins with the Mascot search program, the assump-
tion of the variables’ normality has hindered asses-
sing the normality or not of the identified proteins.

Results

Changes in the phenotypic level to the osteoblast-
like cell were analyzed in the VSMC after being
maintained in culture in the presence or absence
of 107 M calcitriol for 10 days. A significant incre-
ase in alkaline phosphatase activity was observed
twice in cells exposed to calcitriol (Figure 1A). In
addition, a decrease in o-actin in cells exposed to
calcitriol was observed by immunocytochemistry,
confirming the loss of muscle phenotype with cal-
citriol at high doses (Figure 1B).

The gPCR study of muscle and bone genes
showed that exposure to a high dose of calcitriol
significantly decreased a-actin gene expression by
35%, whereas for elastin suppression was almost
total (99%) (Figures 2A and 2B). In the case of
typically osseous genes, exposure to calcitriol sig-
nificantly increased (13 fold) the gene expression
of osteocalcin, this increase being smaller, but also
significant, in the case of Runx2 (2.5 fold) (Figures
2C and 2D).

In order to compare the spectrum of differen-
tially expressed proteins by VSMC exposure to 107
M calcitriol for 10 days (107 M CTR group) with
respect to VSMC in the absence of calcitriol (con-
trol group), proteomic analysis was carried out.
There were 334 spots located on each of the 6 gels
stained with silver nitrate (3 Control and 3 CIR 107
M), of which 22 presented significant differences
in expression (p <0.05). Of these, Mascot 10 spots
were identified by the search engine that are
shown in figure 3.

Of the 10 proteins that were identified (Figure
3 and Table 1), we should highlight the increase
in expression in 6 of them, among which is the
mitochondrial superoxide dismutase, a marker of
oxidative stress, which experienced a greater
increase. The other proteins that increased its
expression were cytoskeletal or related proteins
(glial fibrillary acid and threonine/serine kinase
type Ste20), proteins involved in vessel formation
(dynamins), membrane proteins (ceramide glucos-
yltransferase) and proteins of the inflammasome
(pyrins). In contrast, we identified 4 proteins that
after their exposure to calcitriol decreased their
expression, with the highest decrease in cytoplas-
mic actin 2. The other muscle marker whose
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expression was also diminished was a-actin of
aortic smooth muscle. The other two proteins
whose expressions were diminished were prolyl-
4-hydroxylase, involved in the maturation of colla-
gen fibers, and inactive dipeptidyl peptidase 10
(DPP10), which is part of potassium channels.

To confirm the results obtained by proteomics
the protein expression of a-actin, muscle protein,
and OPG of bone strain was analyzed by Western
blot analysis. Western blot analysis showed that
exposure to calcitriol induced a decrease in o-
actin protein expression and an increase in OPG
(Figure 4).

Discussion
Research into CV has aroused increasing interest
due to its association with cardiovascular morbi-
dity and mortality’. The effect of vitamin D as a
promoter of CV deserves particular attention, since
high doses of calcitriol have been associated expe-
rimentally with an increase in CV*". Therefore, the
differential expression profile of VSMC proteins
subjected to a supra-physiological dose of calci-
triol has been analyzed in vitro, finding for the
first-time proteins that had not been identified in
this process of calcification mediated by calcitriol.
In the present study and according to previous
studies®™®, an increase in alkaline phosphatase acti-
vity and a decrease in a-actin protein were obser-
ved in cells exposed to calcitriol. This effect can
be explained by the increased expression of the
transcription factor Runx2, which plays a decisive
role in the phenotypic change associated with
CV™. An increase in the transcription of the osteo-
calcin bone gene in response to calcitriol and an
increase in the protein expression of OPG, both

typically bone, have also been observed®. In fact,
administration of high doses of calcitriol, similar to
those used in our study’?, has been associated
with CV in both nephrectomized rats and in rats
with normal renal function'®?. In contrast, low
doses of calcitriol and its analogs do not induce
CV, and may even have a protective effect on its
development®%.

Parallel to the increase in the expression of
bone factors, not only the decrease in o-actin pro-
tein levels, but also a decrease in the gene expres-
sion of both a-actin and elastin, both muscle mar-
kers, have been observed. Since VCAMs show
high plasticity*, VC promoters can induce a decre-
ase in the expression of muscle genes and lead to
a differentiation into the bone phenotype, accom-
panied by an increase in factors that promote cal-
cification®.

After mass spectrometric analysis of the protein
extracts obtained, 10 proteins were identified.
Depending on where they exert their function, the
identified proteins were classified as: cytoskeleton
proteins, involved in the formation of vesicles,
membrane proteins, extracellular matrix proteins,
inflammatory proteins and proteins related to oxi-
dative stress. The identified proteins were mostly
distributed in the cytoplasm, but also in other
intracellular organelles such as the endoplasmic
reticulum (ER), Golgi apparatus and mitochondria.

Of the differentially expressed proteins identi-
fied by LC-MS/MS, six showed increased expres-
sion after treatment with calcitriol compared to the
control. The one with the greatest overexpression
was superoxide dismutase or mitochondrial SOD,
which is an oxide-reductase and one of the most
important antioxidant enzymes. Such increase

Figure 1. A) Alkaline phosphatase activity (ALP), measured as nmol of p-nitrophenol phosphate/pg protein
hydrolyzed per minute, in VCMV exposed to calcitriol for 10 days. B) Immunocytochemistry of a-actin in VSMC
in absence (control) or presence of 107 M calcitriol (107 M CTR) for 10 days. The red circle is depicted at hig-
her magnification on the right to see the difference in staining. * P<0.05 with respect to the control
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could represent a compensatory mechanism to
counteract the damage induced by the increase of
reactive oxygen species in the calcification pro-
cess™®,

Another protein that is observed to be increased
in the VCMVs exposed to calcitriol is the glial fibri-
llary acidic protein, one of the fibrous proteins that
form the intermediate filaments of the intracellular
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cytoskeleton®. This protein is found in certain cells
closely related to filaments of vimentin, desmin and
periferin, which are involved in the structure and
function of the cytoskeleton. There are no data lin-
king the glial fibrillary acidic protein with the CV,
but its increase could also represent a compensa-
tory mechanism to avoid the disorganization of the
cytoskeleton that occurs in the CV process.

Figure 2. Relative levels of mRNA of A) a-actin, B) elastin, C) osteocalcin and D) Runx2 in VSMC in absence
(control) or presence of 107 M calcitriol (107 M CTR) for 10 days. *P<0.05 vs control
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Figure 3. Two-dimensional gels of VSMC protein extracts cultured in absence (control) or presence of 107 M
calcitriol (107 M CTR) for 10 days. Those proteins expressed differentially with respect to the control cells are
indicated: in red those that show increase and in green those that descend
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Table 1. List of proteins identified by the Mascot searcher differentially expressed in VSMC cultured in absence
(control) or presence of 107 M calcitriol (107 M CTR) for 10 days

Exchange
Name of the protein N° acc. pe;\tI;des Control 1%’51;4 cr'?g/ Vall’ue

Control
1: Mitochondrial superoxide dismutase [Mn] P07895 2 5.5+5.8 15.5+4.2 2.82 0.027
2: Glial fibrillary acidic protein Q9UFDO 2 5.1+2.2 13.2+0.8 2.59 0.006
3: Protein type dinamine 000429 2 6.9+3.5 16.246.5 2.35 0.024
4: Serine/threonine kinase type Ste20 QI9H2G2 2 23.4+9.3 | 54.3%9.4 2.32 0.008
5: Ceramide glycosyltransferase Q16739 3 7.6+1.1 14.9+6.6 1.96 0.029
6: Pyridine 015553 1 2.8+4.2 4.5+7.3 1.61 0.041
7: a-actin aortic smooth muscle P62738 1 14.1+1.4 6.2+2.1 0.44 0.004
8: a1 subunit of prolyl-4-hydroxylase P54001 2 23.248.1 9.2+2.7 0.39 0.041
9: Dipeptidyl peptidase 10 inactive Q8N608 2 33.7+8.1 12.9+8.8 0.38 0.019
10: Cytoplasmic actin 2 P63259 8 763+33 208£11 0.27 0.004

The accession numbers of Swissprot (N° acc.) And the number of peptides identified by mass spectrometry (N°
peptides) are shown. The average intensity of the spots + standard deviation of the 3 control gels, the 3 gels
CTR 107 M and the exchange between them (CTR/Control) is represented. P calculated by Student t for inde-

pendent variables.

In the present study, we also obser-
ved an increase in dynamin, which is a

GTPase responsible for endocytosis in 10 days

Figure 4. Overexpression of osteoprotegerin (OPG) and decrease
of a-actin by Western blot in VSMC exposed to 107 M calcitriol for

eukaryotic cells. Dynamins are mainly
involved in the excision of newly for-
med vesicles from the membrane of a
cell compartment. This fact could invol-
ve them in a common phenomenon
and inducer of CV as is the appearance
of matrix vesicles, which are formed
from cells where mineralization origina-
tes or are the result of the process of
cellular apoptosis (apoptotic bodies)*.
In fact, Kashiwakura et al. have obser-
ved that dynamin is capable of at least
partially regulating apoptosis induced
by oxidized low-density lipoproteins by
regulating its endocytosis®’. A recent
article has implicated them as a media-
tor of oxidative stress in cardiomyocy-
tes, helping to slow the production of
reactive oxygen species and apoptosis®.

Another group of proteins that
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’P

”
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42 kDa
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increased their expression in VSMC by
their exposure to calcitriol was the
Ste20 threonine/serine kinase. These
enzymes are involved in the orientation and orga-
nization of spindle microtubules during mitosis®.
It is known that this protein is a transcriptional
regulator of the poloid kinase Plkl in smooth
muscle*. A recent study has observed an increase
in the expression of this protein in aortas of

elderly individuals, suggesting that it promotes the
instability of microtubules and actin filaments®.
Glucosylceramide transferase (GIcT-1) also
increased its protein expression. This protein is
integrated in the metabolism of sphingolipids,
intervening in the transfer of a molecule of gluco-
se for the glycosylation of ceramide (acylsphingo-



sine), giving rise to glycolipid compounds called
cerebrosides and which are important compo-
nents of the cell membrane of muscle tissue.
Although there are no data in the literature that
relate these enzymes to the vascular calcification
process, there is a classic work that finds the accu-
mulation of glycosphingolipids in patients who
died with atherosclerotic plaque, which could sug-
gest a pathogenic mechanism of vascular tissue
alteration®.

It is possible to emphasize the increase of a
protein called pyrin that forms part of the inflam-
masome. This is a set of cytosolic multi-proteins
that allows the activation of proinflammatory cas-
pases which transform the precursor of interleu-
kin-1p (pro-IL-1 B) to the active form (IL-1 B), lea-
ding to a powerful inflammatory response?.
Recently, Wen et al. have described that, for the
calcification of VSMC, the inflammatory response
is required®.

Likewise, in agreement with previous publis-
hed works carried out in in vitro models of endo-
thelial dysfunction and proteomics®, our results
showed a decrease in the expression of structural
proteins and a deregulation of the cytoskeletal
proteins in the VCLCs exposed to calcitriol at
supraphysiological doses. Aortic smooth muscle
actin and cytoplasmic actin 2 are proteins that play
a key role in cell architecture and motility. This
could be interpreted as a loss of the VSMC muscle
phenotype as a consequence of exposure to high
concentrations of calcitriol.

CV is a regulated pathological process that
resembles osteogenesis. When the VSMC of the
mean are exposed to a calcifying stimulus, they
maintain their ability to differentiate into osteo-
blast or chondrocyte cells, expressing different
bone proteins, producing matrix vesicles and
components of the extracellular matrix with pro-
pensity for mineralization®.

In our experiments, in addition to components
of the extracellular matrix, a decrease in proteins
of the rough endoplasmic reticulum (RER) invol-
ved in collagen maturation was detected. Prolyl-4-
hydroxylase is an enzyme that participates in post-
translational hydroxylation of proline proline and
whose decrease inhibits the formation of the triple
helix. Although there is no data of this enzyme on
CV, the absence of prolyl-3-hydroxylase with
which it shares the hydroxylation mechanism of
proline in the collagen results in hypermineraliza-
tion of the bone matrix™.

Finally, a protein that has shown a decrease is
inactive dipeptidyl peptidase 10 (DPP10). This
protein, which is an important neuronal compo-
nent of the potassium channels, can act as a cha-
perone interacting with other important signaling
molecules, such as hsp90 and associated proteins,
and can modulate apoptosis®. Therefore, the
decrease observed in our study in cells exposed to
calcitriol could be a consequence of the change in
the observed cellular phenotype.

The results of this in vitro experimental study
have the limitations of not being directly applica-
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ble to humans, but should warn of the effect that
high doses of calcitriol, used as a treatment of
secondary hyperparathyroidism in chronic kidney
disease, may have on the vascular calcification.
Although in the normal population the kidney
would be able to eliminate excess calcitriol,
mostly derived from treatment with 25-hydroxyvi-
tamin D and its renal and extra-renal conversion
to calcitriol, when deterioration of renal function
is aggravated by aging should alert clinicians to
follow a very strict control, to avoid harmful
effects that could have a high calcitriol, increasing
hypercalcemia and hyper-phosphoremia and its
subsequent deposition in vascular tissue.

Identification of protein spots is limited by the
quantity and quality (low concentration of salts,
nucleic acids, lipids, etc.) of the protein extract
obtained, which depends directly on the efficiency
of the extraction method®. In our work, in addi-
tion to the proteins described above identified
with a high reliability, according to the score
obtained in the different databases of protein
identification, other proteins were also identified
with a low score that could be explained conside-
ring different reasons*. On the one hand, the con-
centration of some molecules may be much lower
than others in the cut spots. On the other hand,
some proteins may have undergone post-transla-
tional modifications or proteolysis, which may
alter the availability of the peptides for identifica-
tion. Finally, it should be taken into account that
the characterization of the protein profile of the
cells has been carried out in a calcification model
that lasted up to 10 days. It is possible that, in
models where calcification is established in
periods of up to 3 weeks, the levels of some pro-
teins could be higher and greater differences
observed.

Therefore, and as a summary, we can affirm
that we have objectified a decrease in vascular
phenotype and an increase of bone in VSMC sub-
jected to a supra-physiological dose of calcitriol.
These phenotypic changes give rise to a differen-
tial protein profile, with increased expression of
proteins involved in free radical scavenging and
forming part of the cytoskeleton as a possible
compensatory mechanism to the calcification pro-
cess. It was also observed an increase in proteins
involved in the formation of matrix vesicles, as
well as in an increase in the inflammatory respon-
se, both processes inherent to vascular calcifica-
tion. The loss of muscle phenotype was represen-
ted by declines in the expression of typically mus-
cle proteins. These results should be ratified in
animal models with a view to their clinical utility
in the prevention of vascular calcifications in the
general population.
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Summary

Introduction: Oxidative stress has been implicated in the development and progression of vascular cal-
cification (VC). However, this causal association remains a matter of controversy.

Objective: To analyze in an experimental model of chronic renal failure (CRF), the effect of oxidative stress
on the development and progression of the VC, assessing the implication of microRNA-377 (miR-377).
Material and methods: Two groups of Wistar rats with CRF were studied. Group 1 received normal diet
in phosphorus (CRF+NP). Group 2 received a high phosphorus (CRF+HP) diet. A group of Sham rats was
included. After 20 weeks, the rats were sacrificed.

Results: Serum phosphorus and parathormone did not increase in the CRF+HP group compared to
CRF+NP, but fibroblast growth factor 23 (FGF23) levels significantly increased. In the CRF+NP group, aor-
tic calcium content increased three-fold over the Sham group, a 17-fold increase in the CRF+HP group,
where the bone mineral density in the proximal tibia decreased significantly. In the CRF+NP group, the
expression of miR-377 decreased by 65%, with no additional effect detected of the diet with high phos-
phorus content. In the CRF+NP group, the protein expression of mitochondrial superoxide dismutase 2
(SOD-2) increased 3-fold, and in the CRF+HP group it increased up to 6-fold.

Conclusions: CRF, with or without high phosphorus dietary content, triggered the descent of miR-377.
Excess phosphorus increased SOD-2 as a compensatory mechanism to curb oxidative stress and vascular
damage. Controlling phosphorus content in the diet when the renal impairment function is compromised
will reduce the vascular damage produced due oxidative stress, among other factors.

Key words: vascular calcification, miR-377, SOD-2, oxidative stress, BMD.



Introduction

Vascular calcification (VC) is one of the most com-
mon disorders in aging, but especially in patients
with chronic kidney disease (CKD). The increase
of reactive oxygen species (ROS) in response to
overloads in phosphorus (P) which occurs during
VC contributes to the phenotypic dedifferentiation
of vascular smooth muscle cells (VSMC) from a
properly muscular (contractile) phenotype to an
osteoblastic phenotype™. In particular, hydrogen
peroxide is considered one of the most common
ROS, capable of inducing the expression of the
osteoblastic transcription factor Cbfal/RUNX2 and
inducing calcification®®.

MicroRNAs (miRs) are small, non-coding single
stranded RNAs (~22 nucleotides) that mediate the
posttranscriptional silencing of genes by binding
through complementarity of bases to the 3 'UTR
region of the target mRNAs. The miRs are involved
in crucial biological processes, including cell pro-
liferation, differentiation and tissue development’®.
Recent studies have shown that several miRs are
important regulators of VSMC differentiation into
cells resembling osteoblasts and, therefore, vascu-
lar calcification”'2.

The miR-377 appears as an important aging
regulator by regulating, among others, superoxide
dismutase 2 enzyme (SOD-2)"*". SOD is the bod-
y's main antioxidant, which catalyzes the conver-
sion of superoxide radicals to hydrogen peroxide.
SOD-2 corresponds to the mitochondrial form of
the enzyme. Several articles have considered the
role of oxidative stress as an inducer of VC, so in
the present study we propose to analyze the pos-
sible role of miR-377 as regulator of aortic minera-
lization in an in vivo model.

Material and methods

Model of vascular calcification

Our research protocol was approved by Oviedo
University’s Ethics Committee for Animal
Experimentation. The study was carried out using
male Wistar rats (n=10) at 4 months of age (350-
400 g) who underwent chronic renal failure (CRF)
(7/8) in a single surgical procedure, after isoflura-
ne inhalation anesthesia. Complete nephrectomy
of the right kidney and then subtotal left kidney
nephrectomy were carried out by lateral incision
and in the upper area. With this procedure, appro-
ximately one-quarter of the renal mass is conser-
ved. CRF rats were divided into two groups: one,
NP, fed a standard rodent diet with a normal P
content (0.6%) and 0.6% calcium (Ca), and a pro-
tein content of 20 % (Panlab, Barcelona, Spain);
The other, HP group, was fed a diet high in P
(0.9%), 0.6% Ca, and a protein content of 20%
(Panlab, Barcelona, Spain). The study lasted 20
weeks in order to induce vascular calcifications. A
Sham group (n=5) was also included and followed
up to week 20. Twenty-four hours before slaugh-
ter, the rats were housed in metabolic cages to
obtain urine samples in each case receiving the
same diet and water ad libitum. They were sacri-
ficed using CO, anesthesia, and serum samples
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were taken for analysis. The descending abdomi-
nal aorta was removed to the iliac bifurcation from
each rat and divided into three portions: the first
fragment closest to the aortic arch to determine
the Ca content, the second fragment was used for
RNA extraction and proteins, and the third frag-
ment was included in paraffin for future studies.

Two tibias were removed at the time of sacrifi-
ce. The left was preserved in alcohol to measure
bone mineral density (BMD). The remaining tibia
was frozen at -80°C.

Biochemical markers

Serum Ca, P and creatinine and urine creatinine
levels were measured using a Hitachi 717 multi-
channel automatic  analyzer (Boehringer
Mannheim, Berlin, Germany). Serum parathormo-
ne (PTH) was measured by ELISA (Immutopics,
San Juan Capristano, USA) following the manufac-
turer's protocols. Fibroblast growth factor 23
(FGF23) was determined by an ELISA kit (Kainos
Laboratories, Japan).

Bone densitometry

BMD was measured in the tibia at three levels:
proximal octave, seventh/eighth distal and total
tibia, with a Hologic QDR-1000 dual-energy digi-
tal radiological densitometer (Hologic, Bedford,
USA) equipped with a specific program for small
animals.

Analysis of aortic calcification

Abdominal aortic calcification of the rats was
analyzed for total Ca content. To determine this, a
fragment of the abdominal aorta (closest to the
aortic arch) was homogenized with an Ultra-
Turrax (OmniHT) in 0.6 N HCL. After stirring at 4°C
for 24 hours the samples were centrifuged. Ca
content was determined in the supernatant by the
o-cresolphthalein complexone method (Sigma-
Aldrich, St. Louis, USA), and the cell pellet was
resuspended in lysis buffer (125 mM Tris and 2%
SDS, PH 6.8) for protein extraction and quantifica-
tion by the Lowry assay (Bio-Rad, Hercules, USA).
The Ca content was normalized by expressing as
pg Ca per mg of protein.

Study of gene expression

RNA extraction was carried out by the guanidi-
nium-phenol-chloroform thiocyanate method. The
DNA copy (cDNA) was synthesized using the
TagMan MicroRNA Reverse Transcription Kit
(Applied Biosystems, Foster City, USA). Gene
expression of miR-377 was analyzed by real-time
PCR (gPCR) in the Stratagene Mx3005P QPCR
System (Agilent Technologies, Santa Clara, USA).
An assay on-demand designed by Applied
Biosystems employing specific oligos and fluores-
cent TagMan probes was used for the PCR. For
quantification and normalization, nuclear RNA U6
expression was used.

Western Blot
After transfer, the membranes were incubated for
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12 hours with anti-SOD-2 (1:1000, Cell Signaling
Technology, Danvers, USA) and anti-GAPDH
(1:5000, Santa Cruz Biotechnology, Dallas, USA.).
Binding of the secondary antibody was detected
with the Western Blot detection kit ECL Advance
(Amersham Bioscience, Buckinghamshire, UK)
and the VersaDoc 4000 imaging system (Bio-Rad).

Statistic analysis

The SPSS 17.0 program was used for the statistical
analysis of the results. In the case of variables with
normal distribution, the comparison of the treat-
ment groups was carried out using the analysis of
variance (ANOVA) with the Bonferroni test. In the
case of variables with non-normal distribution, the
Kruskal-Wallis test was used.

Results

Nephrectomy decreased creatinine clearance, an
effect that did not worsen in animals fed the high
P diet (Table 1). There was a discrete but not sig-
nificant increase in serum P in the nephrectomized
animals, which became more noticeable in those
who received the high P diet. However, small
increases in serum P were associated with more
significant increases in serum levels of FGF23.
Serum FGF23 levels increased twice with nephrec-
tomy, while serum P increased by less than 50%.
Similarly, in animals that received the diet high in
P (CRF+HP), FGF23 levels increased twice as
much as those in the normal diet (CRF+NP), with
an increase in serum P less than 25%.

Nephrectomy had no effect on BMD changes
in tibia, although CRF+HP in BMD in proximal
tibia decreased significantly with respect to the
CRF+NP group and the Sham group (Table 1.

In the CRF+NP group, Ca content in the aorta
was increased 3-fold with respect to the Sham
group. The increase with respect to the Sham
group was increased up to 17 times in the
CRF+HP group. The miR-377 expression decrea-
sed by 65% with nephrectomy, with no additional
effect observed with the high-P diet. In fact, crea-
tinine clearance was the biochemical parameter
that was most strongly associated with the expres-
sion of this miR (R=0.83, p=0.001). In contrast,
serum P was not associated with miR-377 expres-
sion (r=-0.302; p=0.34).

Protein expression of SOD-2 was clearly incre-
ased with nephrectomy (more than 3-fold), an
effect that became more marked in nephrectomi-
zed animals with the high-P diet (more than 6-
fold).

Discussion
In this study, a decrease in aortic expression of
miR-377 with nephrectomy was observed in para-
llel with the increase in SOD-2 protein expression
as a possible compensatory mechanism to elimi-
nate superoxide free radicals produced as a con-
sequence of oxidative stress generated by neph-
rectomy.

To date, several hundred miRs have been iden-
tified in the human genome by proposing that at

least 50% of the genes coding for proteins are
regulated by miRs™".

The increase in the protein expression of SOD-
2, as a possible compensatory effect to curb oxi-
dative stress and cellular apoptosis in the mito-
chondria*", has been observed in our group’s
other in vitro studies exposing VSMC to calcifying
media. In fact, in a recent article we observed
using two-dimensional gel-free proteomics techni-
ques that, in the presence of a calcifying stimulus
with high doses of calcitriol, the expression of this
protein increases 3 fold with respect to the cells
cultured with a control medium®. Another in vitro
study in VSMC subjected to a calcification stimulus
by excess Ca and P shows an increase in the pro-
tein expression of SOD-2 by Western blot®.

However, unlike what we have reported in our
work, most studies in the literature show SOD-2
decreases in the presence of increased oxidative
stress. In fact, in a recent study in rats with CRF, it
has been found that the administration of a high P
diet supplemented with calcitriol induces a decre-
ase in the protein expression of SOD-2 at the aor-
tic level”. Other studies in other tissue models
(renal podocytes and mesangial cells) have found
that, in the case of stimuli inducing oxidative
stress, there is a decrease in SOD-2 with increases
in miR-377*. These increases have also been
implicated with the increase of cellular senescen-
Cel4,21.

SOD-2 is also referred to as mitochondrial
superoxide dismutase or manganese superoxide
dismutase (MnSOD). It is responsible for the
reduction of ROS toxic to mitochondria.

The fact that in our case an increase in SOD-2
is observed, in the cell’s attempt to defend itself
against oxidative stress, accompanied by a decre-
ase in miR-377 expression, may be attributed to
different experimental conditions from the rest of
the studies, as well as the time frame of renal
damage, which in our case is always very long
term. What does concur with all published reports
is the opposite effect between miR-377 and SOD-
2142021 That is, increases in SOD-2 lead to decrea-
ses in miR-377 expression and vice versa, so the
possible usefulness of miR-377 as a biomarker of
oxidative stress and vascular damage may be infe-
rred.

Despite using a high P diet, serum P levels
were very similar in the nephrectomized animal
groups with normal or high P diet. One possible
explanation is that 7/8 nephrectomy has not been
aggressive enough so a lower grade of nephrec-
tomy may be 5/6 or less. This would indicate
maintaining a residual renal function that would
avoid aggravating the renal damage caused by P%.
However, FGF23 notably increases with nephrec-
tomy and also in animals that received the high-P
diet. FGF23 is known to be the first biochemical
parameter to rise after CRF*. FGF23 begins to
increase in the plasma of patients with CRD from
very early situations, and continues to increase
steadily as glomerular filtration declines*. During
the early stages of CRD, an overload of P would
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Table 1. Biochemical and bone metabolism markers in the different treatment groups. BMD values in the three

tibial segments analyzed in the different treatment groups

Sham (n=5) CRF+NP (n=5) CRF+HP (n=5)
Creatinine clearance (mL/min) 29+29 0.8 £ 0.3 1.0 £ 0.5
Calcium (mg/dL) 103 £ 0.1 11.6 + 0.4 10.8 + 0.6
Phosphorus (mg/dL) 41+0.3 59 +0.8 7.3 £4.0
PTH (pg/mL) 3 (1-7) 83 (37-96) 95 (52-610)
FGF23 (pg/mL) 272 £ 140 589 + 198 1013 + 40
Proximal tibia BMD (mg/cm?®) 325 + 12 327 £ 21 273 + 26™
Distal tibia BMD (mg/cm?) 256 + 15 255+ 9 234 + 11
Total tibia BMD (mg/cm?) 270 £ 12 269 + 12 243 + 15

*p<0.05 relative to the Sham group; "p<0.05 relative to the CRF+NP group.

Figure 1. Ca content in aortas of 7/8 nephrectomy rats
fed a diet with normal P content (0.6%) (CRD+NP) and
high P content (0.9%) (CRD+HP), sacrificed at 20 weeks.
Data represent the mean + standard deviation. *p<0.05
relative to the Sham group; "p<0.05 relative to the
CRD+NP group
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Figure 2. Relative levels of miR-377 in aortas of 7/8 nephrec-
tomy rats fed a diet with normal content in P (0.6%) (CRF+NP)
and high P content (0.9%) (CRD+HP), sacrificed at 20 weeks.
Data represent the mean + standard deviation. *p<0.05 relative
to the Sham group
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stimulate the synthesis of FGF23 at the oste-
ocyte level, and would act on the remaining
nephrons by increasing the fractional excre-
tion of phosphate to maintain normal phos-
phatemia®. In fact, in our case, increases of
less than 25% in serum P were accompanied
by much higher FGF23 wvariations as a
mechanism to compensate for the increase in
P in order to curb their excess.

The fact that kidney dysfunction obtained
by nephrectomy was lower than initially pre-
dicted is reflected in the BMD results in the
tibia. There were no differences in BMD bet-
ween Sham animals and nephrectomized ani-
mals, despite the time course of CRD (20
weeks)*. In the nephrectomized animals that
received the high P diet, there was a decrea-
se in BMD in proximal tibia compared to the
nephrectomized animals with normal diet in
P and in the Sham group. However, other
studies in our group, with the same follow-
up time, show a more negative effect on cor-
tical bone (BMD in distal tibia) than on the
trabecular (BMD in proximal tibia) when the
diet administered is rich in P¥. This effect is
accompanied by severe secondary hyperpa-
rathyroidism that mainly affects the cortical
bone, a result that we did not observe in the
present study.

Despite the lower degree of renal
dysfunction observed, we detected a rela-
tionship between the VC increase and the
decrease in BMD, as previously described by
our group®. The group of animals with CRF
and high P diet showed a clear increase in
calcium content in the aorta, which was
accompanied by the higher losses of BMD in
the proximal tibia.

From the results of this study, nephrec-
tomy, independent of serum P levels, is capa-
ble of modifying miR-377 expression. The
high P content in the diet induced increased



protein expression of SOD-2, probably as a
protective mechanism to avoid further vascu-
lar damage due to oxidative stress. These
results alert us to the desirability of maintai-
ning serum levels of P when renal deteriora-
tion is accentuated thus avoiding progressive
vascular damage. The use of miR-377 as a bio-
marker of vascular damage due to oxidative
stress requires mechanistic studies, but opens
a possible preventive and therapeutic route to
the development and progression of vascular
lesions in CRD.
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Summary

Skeletal involvement in patients with non-Hodgkin's lymphoma (NHL) is not uncommon. It tends to be
a late manifestation and usually occurs secondary to lymphomas in advanced stage, with high tumor bur-
den. However, only in a few cases has skeletal involvement been attributed to a primary bone lympho-
ma and constitutes, therefore, the form of presentation of this disease. We describe the case of a patient
with primary B-cell lymphoma of the bone that appeared with vertebral lesions and secondary spinal
compression.

Key words: non-Hodgkins lymphoma B, primary bone lymphoma, spinal cord compression.



Introduction

Skeletal involvement in non-Hodgkin's lympho-
mas (NHL) is not uncommon, although when this
occurs it generally presents secondary to advan-
ced lymphomas with high tumor burden. Primary
bone lymphoma (PBL) accounts for about 1-5% of
malignant bone tumors and accounts for only 5%
of extra-nodal lymphomas and less than 1% of
lymphomas in general'?. Lesions, which may be
single or multiple, are preferentially located in
long bones, especially in the femur and, more
rarely, in the pelvis and vertebrae®.

Recently, we have studied a patient who pre-
sented vertebral lesions and spinal compression
secondary to B-cell NHL. As this type of lympho-
ma presentation has rarely been reported in the
literature™, we felt this merited publication.

Clinical Case Report

A 67-year-old male smoker with a history of caro-
tid atheromatosis, who was admitted hospital after
reporting weakness in the lower limbs. Two years
before, he had suffered a lacunar cerebral infarc-
tion in a left radiated crown, which progressed
without clinical sequalae. For the past year, he
complained of mechanical-type pain in the lower
back, radiating to his right side, which increased
in intensity over the last week. This condition
became resistant to analgesics and made it difficult
for him to sleep. Three days before being admit-
ted to hospital, he reported weakness and pares-
thesias in lower limbs, as well as difficulty initia-
ting urination. For three months, he had also
reported asthenia, anorexia, and unquantified
weight loss. Upon examination, we found parapa-
resis of proximal predominance, with hyporeflexia
and hypoesthesia, with sensorial level in T8. No
adenopathies or visceromegalias were palpable,
with the rest of the physical examination unremar-
kable. Among the analytical data was a slight leu-
kocytosis (11,900/ul) with 77% segmented and
11% lymphocytes. Hemoglobin and platelets were
normal, as was the routine biochemical study,
including levels of calcium, albumin, phosphate
and LDH. No abnormalities were observed in
serum electrophoretic study and tumor markers
(including B2-microglobulin) were normal. The
study of the peripheral blood morphology was
also normal.

A dorso-lumbar spine nuclear magnetic reso-
nance (MRD (Figure 1A) showed a loss of height
of T8, which was occupied by a mass that exten-
ded to soft paravertebral tissues, especially
towards the posterior vertebral and inward ele-
ments of the spinal canal, forming an epidural
infiltration cuff that reached cranially until T7 and
caudally until T10. All of this conditioned a seg-
mental stenosis of the spinal canal, with deformity
of the anterior contour of the medullary cord.
Patches were also observed in T7 and T9, compa-
tible with involvement of both vertebral bodies.
Full-body computed tomography (CT) showed no
mass or nodule suggesting malignancy or signifi-
cant lymphadenopathy.
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Positron emission tomography (PET/CT) sho-
wed the existence of an intense uptake suggestive
of malignancy in the left T8 pedicle with destruc-
tion, as well as a slight hypermetabolism in verte-
bral bodies T7, T9 and T11 (Figure 1B). There
were no other pathological outbreaks of uptake in
other areas of the organism.

A CT-guided percutaneous biopsy of T8-
dependent paravertebral mass was carried out. Its
histological and immuno-histochemical study sho-
wed diffuse large B-cell lymphoma (Figure 2). No
MYC, BCL2 and BCL6 rearrangements were detec-
ted. No infiltration or dysplasia data was observed
in the bone marrow biopsy. The immunophenoty-
pic study was normal.

Initially, the possibility of surgical decompres-
sion was considered, but this was ruled out after
histological study. R-CHOP Chemotherapy and
radiotherapy were commenced. However, the
patient died after the first cycle due to septic
shock attributed to Staphylococcus Aureus, secon-
dary to infection of a grade III ulcer.

Discussion

Primary bone lymphoma (PBL), defined as the
presence of one or more bone lesions with no evi-
dence of nodal or ganglionic involvement, is
uncommon. According to some studies, it repre-
sents only 0.9-5% of malignant bone tumors'?, less
than 1% of lymphomas, and about 5% of lympho-
mas with extra-ganglionic involvement®.
However, it should be taken into account that the
definition of PBL is controversial. Most studies
have included only patients with stage I and II,
Ann Arbor staging system. In others, however,
patients with stage IV disease (bone marrow invol-
vement) have also been included. In addition,
with improved staging procedures, especially with
the combined use of computed tomography, MRI,
and more recently, positron emission tomography
(PET), the proportion of patients with systemic
diagnosis (Stage IV, Ann Arbor staging) has incre-
ased. It usually occurs between the sixth and
seventh decade of life and is more common in
males than in females (3:2 ratio)’. It can manifest
as a pathological fracture, especially in long
bones, such as the femur. However, in cases
where the spine is affected, the most frequent cli-
nical presentation is lower back pain, which may
be accompanied by neurological manifestations
secondary to spinal compression, as occurred in
our patient™. Unlike other types of lymphomas,
PBL is not usually accompanied by affectation of
the general condition, B-symptoms, or alterations
in peripheral blood. In most cases, histopathologi-
cal examination demonstrates the existence of dif-
fuse B-lymphoma of large cells®”.

Bone lesions from lymphoma may take diffe-
rent patterns. The increase in density in a vertebral
body ("ivory vertebra") is probably the most cha-
racteristic blast lesion, although it is also possible
to see more or less diffuse osteo-sclerotic areas,
which are sometimes associated with osteolytic
phenomena®. However, destructive images that
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Figure 1. MRI dorsum-lumbar column showing a T8-dependent right paravertebral mass extending from
T7 to T10 (A). PET/CT scan showing the presence of a hyper-captive lesion in the left pedicle of T7, with
slight hyper-metabolism in T8, T10 and T12 vertebral bodies and absence of pathological uptake to other
levels (B)

Figure 2. HE paravertebral mass (40x) in which a large-cell monomorphic, centroblastic-type lymphocyte with
isolated eosinophilic nucleoli and nuclear indentations (B-lymphoma) is observed. Immuno-histochemical
study (40x) in which CD20 and BCL2 were observed, with negativity for CD3, CD10, BCL6, MUM1 and ¢-MYC.

may be multifocal or isolated are more frequent.
They predominate in the pelvis, the vertebrae and
the long bones, arriving in these cases to break the
cortex, infiltrating the adjacent soft tissues!'.

Treatment of PBLs is based on immuno-che-
motherapy and radiotherapy, with surgery limited
to obtaining samples for diagnosis and stabiliza-
tion and fixation of possible fractures'®.

When there is vertebral and spinal involve-
ment, as in our patient, surgical resection may be
necessary, especially when the diagnosis is uncer-
tain, but if preoperative biopsy confirms the pre-
sence of NHL, radiotherapy and/or chemotherapy
alone can solve spinal compression and surgical
intervention is not necessary>*!+1,

The therapeutic response and prognosis are
usually better in PBL than in lymphomas with secon-
dary bone involvement, especially in the young,

with little extensive lesions. This reinforces the
importance of early diagnosis of these tumors'*.
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