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Abstract

AIM: To investigate risk factors for low bone mineral
density (BMD) in celiac disease (CD) patients, focusing on
circulating autoantibodies against osteoprotegerin (OPG).

METHODS: Seventy asymptomatic CD adult patients
on gluten-free diet (GFD) and harbouring persistent
negative CD-related serology were recruited. Con-
ventional risk factors for osteoporosis (e.g., age, sex,
menopausal status, history of fractures, smoke, and
body mass index) were checked and BMD was assessed
by dual energy X ray absorptiometry. Serum calcium
and parathyroid hormone (PTH) levels were evalu-
ated. Thirty-eight patients underwent repeat duodenal
biopsy. Serum samples from a selected sub-group of
30 patients, who were also typed for human leukocyte
antigen (HLA) DQ2 and DQ8 haplotype, were incubated

(4 9

Boishidengs  WIG | www.wjgnet.com

with homodimeric recombinant human OPG and tested
by western blotting with an anti-OPG antibody after im-
munoprecipitation.

RESULTS: Despite persistent negative CD-related se-
rology and strict adherence to GFD, 49 out of the 70
(74%) patients displayed low BMD. Among these pa-
tients, 13 (24%) showed osteoporosis and 36 (76%)
osteopenia. With the exception of age, conventional
risk factors for osteoporosis did not differ between
patients with normal and low BMD. Circulating serum
calcium and PTH levels were normal in all patients.
Duodenal mucosa healing was found in 31 (82%) out
of 38 patients who underwent repeat duodenal biopsy
with 20 (64%) still displaying low BMD. The remaining
7 patients had an incomplete normalization of duodenal
mucosa with 6 (84%) showing low BMD. No evidence
of circulating antibodies against OPG was found in the
serum of 30 celiac patients who were tested for, inde-
pendent of BMD, duodenal histology, and HLA status.

CONCLUSION: If any, the role of circulating autoan-
tibodies against OPG in the pathogenesis of bone de-
rangement in patients with CD is not a major one.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Celiac disease (CD) is a permanent gluten intolerance
in genetically predisposed individuals who display an
inflammatory process in the small intestinal mucosa with
villous atrophy, crypt hyperplasia, and increased number
of lymphocytes''.

Evidences indicate that a low bone mineral density
(BMD) is found in 20%-50% newly diagnosed patients
with CD., By means of dual energy X ray absorptiom-
etry (DEXA) it can be now rapidly and easily obtained
semi-quantitative values of BMD",

Osteoporosis is a quantitative and qualitative altera-
tion in the components of bone tissue, in which the pro-
cess of demineralization becomes intense and prolonged
and minerals ate used up more quickly than they can be
replaced resulting in bones fragility and increased risk of
fractures™, Individual’s gender, constitution and age as
well as variations in endocrine systems associated with
factors such as the menopause, and the presence of other
pathologies, can all interact with lifestyle factors, includ-
ing smoking, lack of exercise and low dietary calcium
intake, to determine the onset of osteoporosis'”.

Impaired absorption of calcium during CD is thought
to result principally from loss of villous in the proximal
intestine, where calcium is most actively absorbed, and
also from the unabsorbed fatty acids, which bind calcium
in the intestinal lumen and may reduce dietary vitamin
D absorption!”. Adherence to a strict gluten-free diet
(GFD) will reverse the histological changes in the intes-
tine and also the biochemical evidence of calcium mal-
absorptionlgj, resulting in normal BMD in these treated
patientsm. Nevertheless, there may be long-term impair-
ment of bone mineralization in some otherwise healthy
CD patients adhering to GFD", Furthermore, osteope-
nia has been found in treated CD patients who showed
improvement or even complete healing of intestinal
mucosa . These findings suggest that other mechanisms
of bone injury than calcium malabsorption ate probably
involved in patients with CcD™,

Mediators of inflammatory immune-mediated re-
sponses (e.g, cytokines), parathyroid hormone (PTH), es-
trogens, androgens, corticosteroids and vitamin D are all
acknowledged to affect BMD by modulating the receptor
activator of nuclear factor B/receptor activator of nucle-
ar factor B-ligand/osteoprotegerin [RANK/RANK-L/
osteoprotegerin (OPG)] system'"”. Furthermore, neutral-
izing auto-antibodies against OPG have been recently
shown in the sera of a few patients with CD, leading
to the hypothesis that blocking the inhibitory effect of
OPG on RANKIL may have a role in the development of
bone derangement in these patients' . Nevertheless, this
finding has not yet been confirmed by others, so the role
of auto-antibodies against OPG, if any, in the pathogen-
esis of reduced BMD in patients with CD remains to be
established.

This study aimed at investigating risk factors associ-
ated with low BMD in patients with CD, focusing on
circulating auto-antibodies against OPG.
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MATERIALS AND METHODS

Patients recruitment

Seventy consecutive outpatients with CD (13M, 57F; me-
dian age 40.5 years, range 20-68 years) who reported no
current symptoms, claimed to be adherent to a GFD for
at least 2 years and harboured persistent (at least 18 mo)
negative CD-related serology (anti-endomysium and
anti-transglutaminase IgA antibodies) were recruited.
Diagnosis of CD was performed on the basis of clinical
presentation, positive CD-related serology and suggestive
histological findings on duodenal biopsy“ﬂ. Dietary com-
pliance was assessed by periodic interview during follow-
up visits and classified as good according to Leffler ez al"’,
Data on height, weight, time since diagnosis, symptoms
beginning, age at menarche, cycle regularity, menopausal
status, drug use, calcium intake, life style, smoking, and
history of fracture were collected. Blood samples were
collected in the morning after a 12 h fast in order to mea-
sute serum calcium and parathormone levels. Thirty-eight
patients (8M, 30F; median age 41 years, range 20-60 years)
underwent repeat duodenal biopsy after a period of at
least 12 mo since GFD beginning.

A subgroup of 30 patients (8M, 22F; median age 44
years, range 21-60 years), who were typed for HLA-DQ2
and DQ8 haplotype, were selected in order to measure
antibodies against OPG.

Histology

At least four duodenal biopsies were collected during
upper gastrointestinal endoscopy. Intraepithelial lympho-
cytes have been identified using CD3 immunostaining
and a value < 25 lymphocytes/100 epithelial cells was
considered normal. Histological changes were classified
according to Marsh criteria (stage 0: Normal mucosa;
stage 1: Increased number of intra-epithelial lympho-
cytes; stage 2: Crypts proliferation; stage 3a-3b-3c: Re-
spectively mild, moderate and severe villous atrophy)''”.

Measurement of BMD

All patients underwent lumbar spine and femoral neck
BMD evaluation by means of DEXA. A T-score 1 to
2.5 and > 2.5 distinguished osteopenia and osteoporosis,
respectively.

Measurement of antibodies against osteoprotegerin

Non-fasting serum samples were obtained from the se-
lected subgroup of 30 CD patients. Measurement was per-
formed according to Riches ez a/'". Briefly, serum samples
were incubated at a 1:100, 1:50, and 1:25 dilution with 12.5
ng of homodimeric recombinant human OPG (R and D
Systems, Minneapolis, United States) and also with protein
G-coated agarose beads (Calbiochem, Darmstadt, Germa-
ny) that had been pre-incubated with 5% albumin to reduce
non-specific binding, After incubation for 1 h at 37 C, the
beads were washed five times with phosphate-buffered
saline, suspended in 30 pL. of reducing sample buffer, and
incubated at 90 ‘C for 5 min. After brief centrifugation,
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Table 1 Characteristics of the 70 treated celiac disease

patients with negative serology according to bone mineral
density as assessed by dual energy X ray absorptiometry

Table 2 Bone mineral density according to dual energy X
ray absorptiometry in celiac disease patients with and without
duodenal mucosa healing after gluten free diet

Variables Overall Normal BMD LowBMD P Duodenal Duodenal Total
(n = 70) n=21) (n = 49) mucosa healing mucosa lesions

Sex (M/F) 13/57 2/19 11/38 0.31 Low BMD 20 6 26

Age (yr) 405+105 31.0+9.7 43.0+9.7  0.00 Normal BMD 11 1 12

Time since diagnosis 2.8+0.6 25105 24+04 037 Total 31 7 38

BMI 222+14 225+1.3 220+14 040

Smoke 13 3 10 0.74 BMD: Bone mineral density.

Fracture 0 0 0 -

Menopausal status 6 0 6 0.17

BMD: Bone mineral density; BMI: Body mass index; M: Male; F: Female.

the supernatant was loaded onto a 12% polyacrylamide
gel, subjected to electrophotesis at 200 V for 60 min, trans-
ferred to membrane, and therefore probed with a mouse
monoclonal antibody against human OPG (Abcam, Cam-
bridge, United Kingdom). A peroxidase-conjugated donkey
anti-mouse antibody (Jackson, Suffolk, United Kingdom)
at a 1:5000 dilution was used for detection. Equal load-
ing was assessed by probing the blot with peroxidase-
conjugated goat anti-human antibody (Jackson) at a 1:5000
dilution. Immunolabeled bands were detected with the use
of a chemiluminescent substrate and a chemiluminescence
imager. A homodimeric recombinant human OPG (R and
D Systems) was used as positive control. A 55-kDa band
indicated the presence of antibodies against OPG.

The study was approved by the local research Ethical
Committee, and informed consent was obtained from all
participants.

Statistical analysis

Comparison of proportions was performed using y” test.
A multivariate analysis was performed using Multivariate
Analysis of Variance (MANOVA) to identify variables
associated with low BMD. Difference was considered
significant if the P value was < 0.05. Data were analyzed
using the Statistical Package for Social Services, Version
16.0 (SPSS Inc., IL, United States).

RESULTS

Forty-nine out of the 70 (74%) CD patients displayed low
BMD, with 13 (24%) accounting for osteoporosis and 36
(76%) for osteopenia (Table 1). Multiple logistic regression
analysis showed that age was the only one variable which
positively correlated with low BMD (Table 1). Serum cal-
cium and PTH levels were normal in all patients. A com-
plete healing of duodenal mucosa was found in 31 out of
38 (82%) patients who underwent repeat intestinal biop-
sies. In this specific subgroup, 20 (64%) patients showed
a low BMD compared to 6 out of 7 (86%) patients who
wete found to carry an incomplete duodenal mucosa heal-
ing (n =1 Martsh 1, » = 2 Marsh 2, » = 4 Marsh 3) (Table 2,
P=0.4).

No evidence of the 55-kDa band was found in serum
samples of the subgroup of 30 patients who were tested
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Table 3 Characteristics of the 30 celiac disease patients

who underwent measurement of serum antibodies against
osteoprotegerin

Variables Overall Normal BMD Low BMD
(n = 30) n = 6) (n = 24)

Sex (M/F) 8/22 1/5 7/17
Age (yr) 43.5 (21-60) 31.0 (21-54) 44.5 (32-60)
Time since 2.8 (1.0-3.5) 2.7 (1.8-3.2) 2.9 (1.0-3.5)
diagnosis (yr)
BMI (kg/m’) 223 (19.2-25.1) 21.8 (19.2-24.7) 22.4 (20.0-25.1)
Smoke 4 0 4
Fracture 0 0 0
Menopausal status 1 0 1
Duodenal mucosa histology (1 = 22)

Healing 17 5 12

Lesions 5 1 4
HLA status

DQ2 23 4 19

DQ8 7 2 5

BMD: Bone mineral density; BMI: Body mass index; HLA: Human
leukocyte antigen.

for, indicating no presence of auto-antibodies against
OPG (Figure 1). The characteristics of this subgroup of
CD patients, including HLA DQ2 and DQ8 status, are
shown in Table 3.

DISCUSSION

Currently, serology is employed to select individuals needing
to underwent intestinal biopsy for diagnosing CD as well as
to monitor adherence and response to GFD"*'”. However,
confirming a previous observation™, this study shows that,
despite a persistent negative serology, 18% of CD patients
with good adherence to GFD have an incomplete normal-
ization of intestinal mucosa (e.g, 82% negative predictive
value in detecting intestinal mucosal recovery).

A GFD normally gains mucosal damage in CD pa-
tients restoring calcium absorption, and this can support
an improvement in bone mineralization in one year"
Nevertheless, a GFD rarely normalizes BMD in adult
patients, so nutritional supplementation may be neces-
sary™*), Findings of this study show a higher prevalence
(74%) of bone demineralization in adulthood diagnosed
CD patients notwithstanding long-term strict adherence
to GFD and persistent negative CD-related serology.

No differences in acknowledged risk factors for os-
teoporosis have been found between patients with low
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Figure 1 No evidence of the 55-kDa band was found in serum samples of
the subgroup of 30 patients who were tested for, indicating no presence
of auto-antibodies against osteoprotegerin. A: Western blotting (representa-
tive serum samples from a series of 30 celiac disease patients) showing the
absence of antibodies against osteoprotegerin (OPG) after immunoprecipita-
tion. Positive control indicates a 55 kDa band (arrow, lane 2) as the presence
of antibodies against OPG. Negative control is shown in the lane 1; B: Western
blotting confirms the equal loading of the gel by means of the addition of stain-
ing for immunoglobulins. Molecular-weight markers are shown in lane M.

and normal BMD except for age, suggesting that CD is
a major one. Even though serum calcium levels may not
adequately reflect calcium absorption, no patient showed
low levels of serum calcium, and this was in accordance
with the finding that calcium absorption returns to not-
mal setting after one year GFD™. Furthermore, a sig-
nificant proportion of patients (64%) on GFD showed
low BMD, even if they displayed complete recovery of
duodenal lesions as assessed by Marsh classification™.
Nevertheless, recent observations suggested that normal
Marsh grade does not exclude villous atrophy when as-
sessed morphometrically™.

Despite the high frequency of low BMD, there is
still not a consensus about the timing for BMD evalu-
ation in CD patients”. A novel finding of this study is
that DEXA performed 92% negative predictive value in
detecting intestinal mucosa recovery. So, based on this
finding, the use of DEXA could be proposed for its ad-
ditive value in this specific issue (e.g.,, a non-pathological
DEXA has 92% probability to predict intestinal mucosa
recovery in CD patients on GFD).

Insight of the molecular mechanism regulating osteo-
clast formation and activation progressed a lot in the past
10 years, with the identification of the RANKL/RANK
signaling system as well as the discovering of OPG, a
protein that appeared to protect from excessive bone
reabsorption™”. Fiore ¢z a/” demonstrated that OPG/
RANKL ratio was significantly lower in CD patients
with normalization of duodenal histology than in healthy
controls and it positively correlated with low BMD. It has
been hypothesized that in some patients OPG is bound
to a plasma protein(s) and this could inactivate it”".

In this study, circulating antibodies against OPG were
not found in 30 CD patients. This contrasts with findings
of Riches ¢ a/'" who showed auto-antibodies against
OPG in a man with CD on GFD presenting with severe
osteoporosis and high bone turnover. As authors demon-
strated, these auto-antibodies had the potential to block
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the inhibitory effect of OPG on RANKL and this lead
to the hypothesis that they may play a role in the develop-
ment of bone derangement. In the same report, authors
detected these circulating auto-antibodies in three among
15 additional patients with CD and low BMD, while there
was no evidence of them in serum specimens from 10
healthy controls and 14 patients with autoimmune hy-
pothyroidism. If these CD patients were or were not on
GFD was not indicated by the authors and data on duo-
denal mucosa histology were not provided.

It is unlikely that discrepancy between Riches e /™"
and findings of this study relies on the selection of pa-
tients neither on the used methodology. Indeed, it seems
that the subgroup of 30 CD patients who were tested for
antibodies against OPG is representative enough with re-
spect to the variables that may affect the possible appeat-
ance of auto-antibodies (e.g.,, BMD, duodenal histology,
HLA). Furthermore, Riches ¢ o/ anti-OPG antibodies
measurement methodology has been strictly followed. A
positive control has been checked in order to validate the
procedure and several serum sample dilutions have been
tested in order to increase sensitivity. Nevertheless, that a
long-term GFD, as is the case of this study, may reduce
the production of circulating auto-antibodies against
OPG towards undetectable levels may be a possibility. At
this regard, the occurrence of a limited amount of muco-
sal antibodies could be taken into account. Furthermore,
genetic background affecting the immune system (e.g.,
auto-antibody development) may be another issue. In-
deed, HLA DQ2 heterodimer has been shown to be more
involved than HLA DQ8 heterodimer in complicated
CD™. While for HLA-DQ2 a single deamidation in a glu-
ten peptide is enough to produce a CD4+ T cell response,
for HLA-DQS8 it is necessary a deamidation at two posi-
tions in the gluten peptide, resulting in a more limited
generation of strong antigenic gluten peptides than HLA
DQ2 haplotypemj. Furthermore, the HLA-DQS8 peptidic
domain is more easily degraded limiting the availability for
antigen presentation[34]. With this in mind, in this study all
30 CD patients who were screened for antibodies against
OPG were also tested for HLA DQ2/DQ8 alleles. As
expectedpsj, a proportion of 77% and 23% for DQ2 and
DQ8 haplotype, respectively, was found, indicating an un-
selected sample at this regard. Anyway, although the role
of HLA molecules and the association to patticular geno-
types has been well established in CD pathogenesis, HLA
is estimated to contribute only for the 35% of the genetic
risk, suggesting that more genetic risk factors had to be
involved in CD susceptibility™.

In conclusion, the negative results of this study indi-
cate that auto-antibodies against OPG, if any, do not play
a major role in the pathogenesis of bone demineraliza-
tion in patients with CD, suggesting that other mecha-
nisms should be investigated.
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COMMENTS

Background

Evidences indicate that a low bone mineral density (BMD) is found in 20%-50%
newly diagnosed patients with celiac disease (CD). Adherence to a strict gluten-
free diet (GFD) will reverse the histological changes in the intestine and also
the biochemical evidence of calcium malabsorption, resulting in normal BMD
in these treated patients. Nevertheless, there may be long-term impairment of
bone mineralization in some otherwise healthy CD patients adhering to GFD.
Furthermore, osteopenia has been found in treated CD patients who showed
improvement or even complete healing of intestinal mucosa.

Research frontiers

Other mechanisms of bone injury than calcium malabsorption are probably
involved in patients with CD. Mediators of inflammatory immune-mediated re-
sponses (e.g., cytokines), parathyroid hormone (PTH), estrogens, androgens,
corticosteroids and vitamin D are all acknowledged to affect BMD by modulat-
ing the receptor activator of nuclear factor B/receptor activator of nuclear factor
B-ligand/osteoprotegerin [RANK/RANK-L/osteoprotegerin (OPG)] system. Re-
cently, circulating neutralizing autoantibodies against OPG have been shown in
CD patients with low BMD leading to the hypothesis that blocking the inhibitory
effect of OPG on RANKL may have a role in the development of bone derange-
ment in these patients.

Innovations and breakthroughs

This study aimed at investigating risk factors associated with low BMD in pa-
tients with CD, focusing on circulating auto-antibodies against OPG. Findings
confirm a high prevalence of low BMD in CD patients despite strict adherence
to GFD, persistent negative serology, and healing of duodenal lesions. Since
auto-antibodies against OPG have not been found in serum samples from a
subgroup of patients who were tested for, it can be argued that, if any, the role
of antibodies against OPG in the pathogenesis of reduced BMD in patients with
CD remains to be established.

Applications

The study further supports the importance of early diagnosis in order to avoid
bone complications in CD patients. Furthermore, it remarks that autoantibodies
against OPG do not play a major role in the pathogenesis of bone demineral-
ization in patients with CD, suggesting that other mechanisms of bone derange-
ment should be investigated.

Peer review

This is an interesting study showing antibodies to OPG are not present at least
systemically to explain persistent low bone density in coeliac subjects. Authors
guess there is a small possibility that mucosal antibodies could still be present
which should still be alluded to.
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