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Abstract

Introduction. The receptor activator of nuclear factor-kB (RANK), ligand (RANK-L) and
osteoprotegerin (OPG) are implicated in the pathogenesis of acute Charcot neuroarthropathy
(CN).

Materials and Methods. This study aimed to investigate the expression of RANK-L and OPG in
peripheral blood mononuclear cells (PBMC) from patients with acute CN.

Results. We found that the expression of RANK-L was lower in patients with acute CN as
compared with diabetic control subjects and healthy control participants; whereas OPG
expression was not detected in patients and in both control groups. RANK-L expression at the
onset of disease was inversely correlated with the index of polyunsaturation (PUI), a bone marrow
MRS-derived measurable index that allows evaluation of disease activity in acute CN, and recovery
time. Finally, the expression of RANK-L increased at the time of healing compared with the values
found during the acute phase.

Conclusions. In conclusion, our preliminary data provide a first step in applying analysis of
RANK-L expression in peripheral blood cells to the diagnosis of acute CN. Based on our data we
also suggest that analysis of RANK-L expression could be a complementary tool that can be
employed to obtain quantitative parameters that may help clinicians to monitor disease activity in
patients with acute CN.
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Introduction

Charcot neuroarthropathy (CN) typically occurs
in the foot/ankle of diabetic patients with sensory
neuropathy and it is a common cause of morbidity in
this population. This disease can lead to a severe
amputation of feet: in such cases, osteomyelitis has
been described as trigger mechanisms of developing
CN, thus an effective antibiotic therapy could have a
positive role in the course of the disease. CN is early
characterised by acute inflammation that may cause

osteopenia, bone resorption and bone weakening
which subsequently may lead to chronic bone
alterations such as fractures, dislocations, instability
and gross deformities 3. Indeed, local inflammation
is associated with the release of proinflammatory
cytokines such as interleukin (IL)-lalpha and tumor
necrosis factor (TNF)-alpha, which are known
mediators of bone resorption via excess osteoclastic
activity 45. These cytokines lead to an increased
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expression of the receptor activator of nuclear
factor-kB (RANK) ligand (RANK-L). Its receptor
(RANK) is expressed in the membrane of
preosteoclasts. RANK-L stimulates the expression of
nuclear factor (NF)-kB that, in turn, induces the
maturation of precursor cells into mature osteoclasts.
At the same time, NF-kB induces the glycoprotein
osteoprotegerin (OPG), which acts as a decoy receptor
for RANK-L to avoid excess osteolysis. The role of this
pathway in acute CN pathogenesis is supported by
the fact that the same RANK/RANK-L/OPG system
is also involved in the process of medial arterial
calcification a feature that is strongly associated with
CN 67. Activated T- and B-cells are well-recognized
sources of RANK-L and OPG 89, and may contribute
to pathological bone resorption seen in chronic
inflammatory diseases such as rheumatoid arthritis
(RA), periodontitis and inflammatory bowel disease
1013 Acute CN is not associated with systemic
inflammation %, however, peripheral monocytes from
patients with acute CN may show pro-inflammatory
changes 15.

On the basis of these evidences, in this study the
expression of RANK-L and OPG was investigated in
peripheral blood mononuclear cells (PBMC) from
patients with acute CN and correlated with clinical
and radiological markers of disease activity. We
found that the expression of RANK-L was lower in
patients with acute CN as compared with diabetic
control subjects and healthy control participants;
whereas OPG expression was not detected in patients
and in both control groups. RANK-L expression at the
onset of disease was inversely correlated with the
index of polyunsaturation (PUI), a bone marrow
MRS-derived  measurable index that allows
evaluation of disease activity in acute CN 16, and
recovery time. Finally, the expression of RANK-L
increased at the time of healing compared with the
values found during the acute phase.

Materials and Methods

Patients recruitment

Nine diabetic patients with acute CN were
prospectively enrolled in the study. Acute CN was
defined based on the following clinical and MRI signs:
unexplained, relatively painless, increasing swelling
of a foot and ankle, skin temperature increase of at
least 2°C compared with the contralateral foot
(delta-T), clinical instability due to ligamentous
injury/occult trauma, presence of typical bone
marrow oedema on MRI. All patients were in stage 0,
according to Eichenholtz stage system and were free of
any structural bone or articular alteration, as
documented by computed tomographic evaluation,

active foot ulceration and/or signs of soft tissue
infection. All patients had unilateral foot involvement
as documented by MRI (no evidence of bone marrow
oedema), as well as clinical evaluation. All patients
displayed severe peripheral sensory polyneuropathy.
The presence of peripheral neuropathy was assessed
by the vibration perception threshold (VPT expressed
in Volts) and diabetic neuropathy index (DNI).
Peripheral neuropathy was defined by a VPT 225
Volts and/or a positive DNI score >2 points 7.
Following the diagnosis of acute CN, all patients
underwent foot offloading and immobilisation by
serial total contact casting with progression to
removable cast walkers. Recovery was defined by the
disappearance of bone marrow oedema as evidenced
demonstrated on MRI using T2-weighted short tau
inversion recovery (STIR) images. A group (n=9) of
diabetic ~ patients = with  peripheral  sensory
polyneuropathy, without clinical and radiological
evidence of the history of CN was also studied.
Healthy controls (n=9) with no evidence of diabetes
mellitus (according to self-reported absence of
antidiabetic medication), were also included. This
study was conducted according to the principles
expressed in the Declaration of Helsinki and
approved by our institutional review board. Informed
consent was obtained from all subjects before the
performance of the study.

RT-PCR

Total RNA was isolated in patients and controls
within 24h of meeting enrolment criteria using using
RNeasy Plus Mini Kit (Qiagen, Hombrechtikon,
Switzerland), inclusive of DNase-I digestion, and then
ethanol precipitated. Quantitation of isolated RNA
was performed by spectrophotometric determination
(Gene Quant II, Pharmacia, Uppsala, Sweden). Total
RNA was reverse-transcribed to cDNA using
Omniscript RT Kit (Qiagen): RNA (1microgram) was
added to one reaction tube containing 2microliters 10x
Buffer RT, 2microliters ANTP Mix (5mM each dNTP),
2microliters Oligo dT primer (10microM), 2microliters
Random  hexamers (100microM), Imicroliter
Qiagen-RNase inhibitor (10 units/microl), Imicroliter
Omniscript Reverse Transcriptase (4 units/microl),
variable amount of RNase-free water in a total
reaction volume of 20microliter. Incubation
conditions were 60 min at 37°C. Serial dilutions of
cDNA were amplified by PCR using AmpliTaq Gold
360 DNA Polymerase (Applied Biosystems): cDNA
was added to one reaction tube containing
S5microliters 10x AmplTaq Gold 360 Buffer,
5microliters 25mM Magnesium Chloride, 4microliters
dNTP Mix (2.5mM each dNTP), 1microliter of each
primer (25microM), 0.25microliters AmpliTaq Gold
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360 DNA Polymerase (5 units/microliter), PCR-grade
water in a total reaction volume of 50microliters. The
reaction was performed on GeneAmp PCR System
9700 (Applied Biosystems). Human primers specific
for mRNA from RANK-L and OPG genes were used
in PCR, beta-actin was the housekeeping gene
selected as internal standard. The primers used were:
RANK-L forward, 5-CAGATGGATCCTAATAGA
AT-3, RANK-L reverse, 5-ATGGGAACCAGA
TGGGATGTC-3', OPG forward, 5-ATGAACAA
GTTGCTGTGCTG-3’, OPG reverse, 5-GCAGAACT
CTATCTCAAGGTA-3, beta-actin forward, 5-CGTA
CCACTGGCATCGTGAT-3’, beta-actin  reverse,
5-GTGTTGGCGTACAGGTCTTTG-3". Thermal
profile to amplify DNA was: initial denaturation at
95°C for 10 min followed by a selected number of
cycles consisting of denaturation at 95°C for 1 min,
annealing (at temperature depending on T melting
temperature of each primer pair) for 30 sec, extension
at 72°C for 1 min, with a final extension at 72°C for 7
min. The annealing temperature was: 54°C for OPG,
46°C for RANKIL, 58°C for beta-actin. The number of
cycles was: 35 for RANK-L, 50 for OPG, 21 for
beta-actin. The length of the amplification product
was: 324 bp for RANK-L, 354 bp for OPG, 452 bp for
beta-actin. The absence of DNA contamination in the
RNA preparation was verified performing HLA-DQa
1 locus PCR amplification (forward primer GH26,
5-GTGCTGCAGGTGTAAACTTGTACCAG-3,
reverse primer GH27, 5-CACGGATCCGGTA
GCAGCGGTAGAGTTG-3’, annealing temperature
60°C, size of product 242 bp, or 239 bp from some
alleles). 10ml of the amplification product from each
PCR were separated on 1.8% agarose gel, stained with
ethidium bromide and visualized by UV irradiation.
Ethidium bromide bands were acquired by scanning
and quantified by image analysis with
Multi-Analyst/PC (PC software for Bio-Rad’s Image
Analysis Systems Version 1.1.)

MR Examinations

MRS and MRI were performed using a 3-T
scanner system (Achieva, Philips Medical Systems,
Best, the Netherlands). Presence or absence of bone
marrow oedema within different bones of the foot and
ankle was determined using T2-weighted short tau
inversion recovery (STIR) images acquired in the
coronal, axial and sagittal planes. Spectroscopic data
were obtained as previously described using a
single-voxel point-resolved spectroscopic sequence
(PRESS) as previously described 6. In brief, the PRESS
sequence was water suppressed using a selective
excitation pulse to crush the water signal. The voxel
(volume of interest, VOI) size was 1.3x1.3x1.3 cm3.
Fully automated frequency determination, power

optimization, and shimming phases were performed
in the VOI. To confirm the reproducibility of the
measurements, three sets of spectra acquisition were
repeated three times each in four 4 patients and six 6
control subjects. Data were analyzed with using the
jMRUI v4.0 software package 18. Metabolites to be
estimated were defined with a reference database of
known peaks 1. The acquired spectra were analyzed
with using the AMARES algorithm. The metabolite
ratio index of poly-unsaturation (PUI) was defined as
previously described 6.

Results

Clinical outcomes

The general clinical characteristics of the
different patient groups are presented in Table 1. The
mean age, male to female ratio were similar between
acute CN patients, and diabetic control subjects
(p>0.05 and p>0.05, respectively) or healthy control
participants (p>0.05 and p>0.05, respectively). Also,
the time since onset of diabetes and percentage of
Hbalc were not different between acute CN patients,
and diabetic control subjects (p>0.05 and p>0.05,
respectively). All diabetic patients were on insulin
therapy. The lesion site in acute CN patients was
hind-foot, n= 6; mid-foot, n= 3 and the mean healing
time on MRI was 8.14 + 3.7 months.

Table 1: General characteristics of study patients

Charcot Diabetes Healthy
controls

Age (years, mean * SD) 544 +45 6011+43 48.89+5.1
Sex (male:female) 3:6 4:5 5:4
Typel:type2 diabetes 6:3 5:4 na.
Time since onset of diabetes 18.34+11.3 22.7+125 na.
(years, mean * SD)
Hbalc (%, mean * SD) 74+31 81+£22 na.

Note. n.a.= not applicable

RANK-L and OPG expression in PBMC

Semi-quantitative RT-PCR was performed on
total RNA extracted from PBMC in acute CN patients,
diabetic control subjects and healthy control
participants. As shown in Figure 1, RANK-L
expression was detected in the totality of patients and
controls but was significantly lower in patients as
compared to controls, as demonstrated by
densitometric evaluation of the amplification
products from PCR. No significant differences in
RANK-L expression were documented between
diabetic control subjects and healthy control
participants. Abundant OPG expression was
evidenced in the control positive cell line U937 but, at
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variance with RANK-L, no OPG expression was
detected in PBMC from patients and controls.

RANK-L expression correlates with PUIl and
recovery time

We then investigated whether RANK-L
expression in acute CN patients was correlated with
PUI and healing time on MRI. Pearson’s correlation
analysis showed RANK-L expression was inversely
correlated with PUI levels (r=-0.7072, 95% confidence
interval = -0.9331 to -0.0810, P=0.033) and recovery
time (r=-0.7878, 95% confidence interval = -0.9532 to
-0.2592, P=0.011) (Fig. 2).

Recovery from acute CN is associated with
increase of RANK-L expression

RANK-L expression was analyzed in six patients
during the acute phase of CN and at time of bone
marrow  oedema  disappearance  (Fig.  3).
Densitometric evaluation of the amplification
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products from PCR did not show a significant
difference of RANK-L expression between the two
time points; however, in all patients the expression of
RANK-L increased at the time of healing compared
with the values found during the acute phase.
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Figure 1. RT-PCR RANK-L expression in the 3 typologies of subjects
investigates: Healthy controls, Diabetic controls and Charcot patients.
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Figure 2. RT-PCR RANK-L expression in acute Charcot patients evaluated on the basis of the index of polyunsaturation (PUI) and of the healing time on MRI.
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Figure 3. RANK-L expression analyzed in Charcot patients in 2 time-points:
during the acute phase of Charcot neuropathy and at time of bone marrow
oedema disappearance.

Discussion

The involvement of RANK-L-mediated
osteoclastic resorption in acute CN is supported by

several studies ®7. The adaptive immune system
potently impacts the skeleton via a convergence of
immune cells and cytokine effectors, mediating
critical functions in both organ systems and forming
the “immuno-skeletal interface”. Under inflammatory
conditions both B and T cells can be considerable
sources of RANK-L and may contribute to
pathological bone resorption 1¢13. However, in acute
CN the local inflammatory response related to
increased pro-inflammatory cytokine secretion is not
associated with a systemic inflammatory syndrome
(14). Here we found that the expression of RANK-L
was lower in PBMC from patients with acute CN as
compared with diabetic control subjects and healthy
controls. These data suggest the existence of a
compensatory immunoregulatory mechanisms to
potentially limit bone resorption during acute CN.
Down-modulation of RANK-L expression could be
obtained by either reduced production of cytokines
such as IL-18, IL-1beta and TNF-alpha, that increase
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RANK-L production by Ilymphocytes 20, or by
increased secretion of cytokines, such as IL-27, able to
inhibit expression of RANK-L on T cells 21-24. In
contrast to RANK-L, no OPG expression was detected
in cells from patients and controls. This is not
surprising since lymphocytes express OPG only upon
activation in response to antigen challenge, which is
not a pathogenic mechanism of acute CN. Notably,
absence of OPG expression by PBMC is consistent
with the intense bone resorption that characterizes the
acute phase of CN.

Acute CN typically presents with acute or
sub-acute inflammation of the foot. Pain may or may
not be present, depending on the presence of nerve
damage 5. There is neither fever nor any major
biological inflammatory syndrome, and this clinical
presentation has often led to inaccurate or delayed
diagnosis, resulting in progression to the chronic
phase  with irreversible deformation. Early
recognition of CN can save a long period of suffering
for the patient, high hospital costs and ultimately
amputation. However, at this stage of disease
standard radiography often can not distinguish acute
CN from other conditions. Radioisotope technetium
(TC-99m) bone scintigraphy has good sensitivity but
poor specificity for osseous pathology 2. MRI is able
to evidence inflammation in the bone and in the
adjacent soft tissues, but it is quite expensive and
requires a high degree of expertise by the examiner 2.
The data we present here suggest that evaluation of
RANK-L expression in peripheral blood cells may
represent a possible new diagnostic tool. However,
differential diagnosis of acute CN is to be made with
infections (osteomyelitis, cellulitis, septic arthritis)
and inflammations (i.e. gout). We did not evaluate
RANK-L expression in subjects with infection or
inflammation other than CN, thus, future work
should focus, other than on confirmatory analysis, on
discrimination of infection/inflammation vs. CN.

Up to now the evaluation of acute CN patients
has relied on local inflammatory signs such as skin
temperature, swelling and erythema 52728, Local
clinical signs are useful to guide the physician to shift
from the cast to other pressure relieving devices.
However, they are affected by poor specificity and
reproducibility and their utility in providing a
measure of disease activity level has been recently
questioned 2%%. The lack of specific criteria and
objective indices able to assess the disease activity
during follow-up, in addition to being a hindrance to
the implementation of current physical therapeutic
options has also limited research concerning
pharmacological treatments for acute CN. Recently,
MRI has been introduced in the evaluation of acute
CN. In particular, the disappearance of bone marrow

oedema as evaluated on STIR images has proved
useful in assessing disease recovery 3. However,
during the period in between disease onset (presence
of bone marrow oedema) and recovery (absence of
bone marrow oedema) the regression of bone marrow
oedema is difficult to quantify 32. The use of contrast
enhanced MRI has been advocated 3234, However,
repeated contrast enhanced examinations are not
always feasible in diabetic patients 3. In this clinical
contest, a quantitative non-invasive index would be
highly desirable to monitor disease activity. In this
regard, we show here that the degree of RANK-L
expression in PBMC from acute CN patients
correlates with the intensity of bone marrow
inflammation, as assessed by MRS. Also, RANK-L
expression was significantly lower in patients whose
marrow edema took longer to resolve. Finally, after
bone marrow oedema disappearance the expression
of RANK-L evaluated on a single patient basis
increased with respect to the values obtained at the
onset of disease.

Conclusions

In conclusion, our preliminary data provide a
first step in applying analysis of RANK-L expression
in peripheral blood cells to the diagnosis of acute CN.
RANK-L expression could be related to a wide range
of degenerative bone pathologies, such as rheumatoid
arthritis, thus a proper differential diagnosis must be
performed. The pathogenesis of CN remains
uncertain and however, based on our data, we
suggest that analysis of RANK-L expression could be
a complementary tool that can be employed to obtain
quantitative parameters that may help clinicians to
monitor disease activity in patients with acute CN.
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