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Abstract

Background: Type 2 diabetes mellitus (T2DM) patients show a markedly higher fracture risk and impaired fracture
healing when compared to non-diabetic patients. However in contrast to type 1 diabetes mellitus, bone mineral
density in T2DM is known to be normal or even regionally elevated, also known as diabetic bone disease. Charcot
arthropathy is a severe and challenging complication leading to bone destruction and mutilating bone deformities.
Whnt signaling is involved in increasing bone mineral density, bone homeostasis and apoptotic processes. It has been
shown that type 2 diabetes mellitus is strongly associated with gene variants of the Wnt signaling pathway, specifi-
cally polymorphisms of TCF7L2 (transcription factor 7 like 2), which is an effector transcription factor of this pathway.

Methods: Bone samples of 19 T2DM patients and 7 T2DM patients with additional Charcot arthropathy were
compared to 19 non-diabetic controls. gPCR analysis for selected members of the Wnt-signaling pathway (WNT3A,
WNT5A, catenin beta, TCF7L2) and bone gamma-carboxyglutamate (BGLAP, Osteocalcin) was performed and ana-
lyzed using the 2-AACt- Method. Statistical analysis comprised one-way analysis of variance (ANOVA).

Results: In T2DM patients who had developed Charcot arthropathy WNT3A and WNT5A gene expression was down-
regulated by 89 and 58% compared to healthy controls (p <0.0001). TCF7L2 gene expression showed a significant
reduction by 63% (p <0.0001) and 18% (p=0.0136) in diabetic Charcot arthropathy. In all diabetic patients BGLAP
(Osteocalcin) was significantly decreased by at least 59% (p =0.0019).

Conclusions: For the first time with this study downregulation of members of the Wnt-signaling pathway has been
shown in the bone of diabetic patients with and without Charcot arthropathy. This may serve as future therapeutic
target for this severe disease.
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Background

Type 2 diabetes mellitus and bone

Diabetes mellitus is a growing global health burden. The
worldwide prevalence of diabetes mellitus is estimated
at around 8.8% [1]. In contrast to type 1 diabetes mel-
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adjusting for body mass index (BMI) and age [2, 3]. At the
same time, T2DM is associated with an increased frac-
ture risk [4—6]. Furthermore, T2DM is accompanied by
an impaired bone healing after fracture [7]. A plausible
structural anatomic explanation of the paradox of higher
BMD and increased risk of fracture may be alterations in
bone microarchitecture [8, 9].

Charcot arthropathy: a severe diabetic complication

in bone

Within the course of T2DM, complications such as angi-
opathy, nephropathy and polyneuropathy develop. On
the basis of diabetic polyneuropathy, the feared Charcot
arthropathy may develop, named after the French neu-
rologist Jean-Martin Charcot [10-12]. Charcot arthrop-
athy is characterized by a stepwise difficult to treat
development from fractures, dislocations, and bone ero-
sions over hypertrophic repair to finally total deforma-
tion and functional insufficiency. Heavy reconstructive
operations or even amputation of the affected limb may
be required [10, 11]. Despite the severe impact on the
affected patients, the pathophysiology of diabetic bone
disease and Charcot arthropathy still is not fully under-
stood [12, 13].

Gene variants of the Wnt pathway are associated

with diabetes mellitus

In T2DM, gene variants of the members involved in
Wnt signaling have been shown to be strongly asso-
ciated with the development of the disease [14, 15].
Especially polymorphisms of transcription factor 7 like
2 (TCF7L2) seem to contribute to T2DM. A mecha-
nism, by which risk alleles of TCF7L2 increase the risk
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of T2DM and include an impaired insulin secretion in
response to oral glucose uptake in the pancreatic gland
[16, 17]. Interestingly, there is some evidence that the
bipartite transcription factor complex catenin beta/TCF
may act as an effector for other signaling pathways such
as insulin, insulin-like growth factor-1 and glucagon-
like peptide-1 [18].

Wnt ligands are secreted glycoproteins, which exert
their function via intracellular signaling pathways (sim-
plified depiction see Fig. 1). Within the framework of
the canonical Wnt pathway, these glycoproteins bind
to seven-transmembrane domain Frizzled receptors
and their co-receptors - low-density lipoprotein recep-
tor-related protein 5/6 (LRP5/6). In this liganded state,
Dishevelled associates with the Wnt receptor, which
causes the disruption of a destruction complex consist-
ing of adenomatous polyposis coli, axin and glycogen
synthase kinase 3 beta /casein kinase 1 alpha. In this
case, catenin beta remains hypophosphorylated (active),
translocates into the nucleus and recruits a co-factor of
the TCF family, for instance TCF7L2. The bipartite tran-
scription factor complex subsequently regulates gene
expression of various target genes. In the unliganded
state of Wnt receptors, the destruction complex phos-
phorylates catenin beta, followed by ubiquitination and
eventually proteasomal degradation [15]. Interestingly,
insulin signaling may enhance Wnt signaling via IRS
(insulin receptor substrate) and mediate stabilization of
Dishevelled [19].

Whnt signaling in bone
In bone, the Wnt signaling pathway is responsible for the
increase of bone density. Amongst others, this is achieved
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by induction of differentiation and inhibition of apoptosis
of osteoblasts [20—24]. Osteoblasts synthesize and organ-
ize bone matrix. Mutations of LRP5, the co-receptor of
Wnt signaling, are associated with changes in bone biol-
ogy, e.g.in Hyperostosis corticalis generalisata congenita.
The latter patients develop abnormal high bone density
[15]. Furthermore, these patients showed distinctly ele-
vated levels of serum BGLAP (following denominated as
osteocalcin), a marker of bone formation [25].

Osteocalcin - a protein primarily expressed in osteo-
blasts — on the other hand seems to modulate pancreatic
beta cell function [26]. Insulin signals in osteoblasts acti-
vate osteocalcin that promotes glucose metabolism [27].

We hypothesize a causal connection between Wnt
signaling pathway and diabetic bone disease and Char-
cot arthropathy. Therefore, we investigated for the first
time to our knowledge gene expression of the Wnt sign-
aling pathway in bone from patients suffering from type
2 diabetes mellitus and diabetic Charcot arthropathy. We
focused on studying a limited number of Wnt signaling
members that play key roles in osteoblast biology, dif-
ferentiation and are especially well studied in bone cells
in vitro. Wnt3a represents a classical ligand of the canon-
ical pathway and Wnt5a is a ligand of non-canonical
pathways but may also act through the canonical pathway
[28-30].

Methods

Patient selection

The study was conducted in accordance with the Decla-
ration of Helsinki. A positive vote of the ethics committee
of the Technical University of Munich was obtained (No.
5579/12), as well as written informed patient consent. All
experimental protocols were approved by the ethics com-
mittee of the Technical University of Munich.

19 T2DM patients were included. Inclusion crite-
ria was the full extent of metabolic syndrome with
abdominal obesity (waist circumference >94cm [male]
or >80 cm [female]), hypertriglyceridemia (> 150 mg/ dl),
HDL cholesterol level of <40mg/ dl [male] or <50 mg/
dl [female], hypertension (RR>140/90mmHg), and
already diagnosed T2DM according to WHO criteria
[31]. Samples were collected during operation of frac-
tures of the lower limb.

Seven additional patients with T2DM and Charcot
arthropathy were included undergoing external fixa-
tion surgery of the Charcot foot. All Charcot arthropa-
thy patients suffered from great pain, loss of function of
the foot and radiological evidence of skeletal destruction
according to Eichenholtz classification [10, 32].

Nineteen patients were included in the non-diabetic
control group within the context of fracture surgery of
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the lower limb after showing no clinical and laboratory
signs of diabetes.

Exclusion criteria were causes of secondary osteopo-
rosis (i.e. neoplasia, hepatic insufficiency, renal insuf-
ficiency, organ transplantation), local and systemic
infections and the use of glucocorticoids, antiepileptic
drugs, immunosuppressants.

Bone samples

The intraoperatively resected bone samples were trans-
ferred into 15ml tubes within 60min after extraction.
The tubes were filled with 2—-3 ml “Allprotect Tissue Rea-
gent” (Qiagen N.V,, Hilden, Germany) completely cover-
ing the fragments, snap frozen and stored at —80°C until
further processing.

Isolation of RNA

For RNA extraction the phenol-chloroform method fol-
lowed by ethanol precipitation was used. First, a 5mm
cancellous bone fragment was mechanically ground
using a bench-top ball mill (MM 400, Retsch GmbH,
Haan, Germany). The container of the mill with the can-
cellous fragment was cooled for 2 min in liquid nitrogen
to allow the finest possible comminution of the frag-
ment and to avoid RNA degradation. The grinding itself
was carried out for 30s at a frequency of 30Hz. 1 ml of
TRI reagent (Sigma-Aldrich, St. Louis, Missouri, USA)
was added, and the solution then transferred to a 2ml
reaction tube. After incubation of the suspension on ice
for 5 min, 200l of chloroform was added. After mix-
ing on the vortex mixer, the suspension was incubated
on ice for 10 min, followed by centrifugation (14,000g,
10 min, 4°C). The aqueous upper phase (containing total
RNA) was transferred into a 2ml reaction tube filled
with 500l of isopropanol. The sample suspension was
incubated on ice for 10 min and centrifugation was per-
formed at 14,000g for 10min at 4°C. Total RNA was
extracted, remained as a pellet at the bottom of the reac-
tion tube and the supernatant was discarded. 1 ml of 70%
ethanol was used for washing and centrifuging (14,000 g,
10min, 4°C.) of the RNA pellet. This step was repeated
once before the pellet was finally resuspended in 30 pl
water and stored at —80°C.

cDNA synthesis

For processing of isolated RNA strands complementary
DNA (cDNA) strands were produced. Eppendorf Master-
Cycler S nexus (Eppendorf AG, Hamburg, Germany) and
the “First Strand ¢cDNA Synthesis Kit” (Thermo Fisher
Scientific Inc., Waltham, Massachusetts, USA) following
the manufacturer’s instructions were used. According to
the previously measured RNA content, a maximum of
5ug RNA - as determined by photometric measurement
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(BioPhotometer 6131, Eppendorf AG, Hamburg, Ger-
many) - of a sample was mixed with 1ul oligo (dT)q
Primer and 1 pl Random Hexamer Primer in a PCR tube.
The tube was ice-cooled on a rack throughout the pro-
cess. The tube was filled up to a volume of 11ul with
water, heated up in the MasterCycler S for 5 min at 65°C
and subsequently cooled down to 4°C. This was fol-
lowed by adding 4 ul 5X Reaction Buffer, 1l RiboLock®
RNase Inhibitor (20U/ul), 2ul ANTP Mix (10mM) and
2ulM-MuLV Reverse Transcriptase (20U/pl). The syn-
thesis of cDNA occurred at 37°C for 60min. The reac-
tion was then terminated by heating the tubes to 70°C for
5 min. After cooling the synthesized cDNA to 4°C, the
samples were diluted to a concentration of 10ng/pl by
the addition of water.

qPCR
Quantitative PCR (q-PCR) was performed using the Sso-
Fast EvaGreen Supermix and the real-time-PCR-Cycler
CFX 96 touch (both BioRad Laboratories Inc., Hercules,
USA) following the manufacturer’s instructions. q-PCR
was performed for WNT3A, WNT5A, catenin beta,
TCF7L2, osteocalcin, type 1 collagen (COL1A1l) and
fibronectin. A master mix was prepared, containing the
following reagents: 10l 2xSsoFast™ EvaGreen® Super-
mix, 0.8 ul forward primer (5pM), 0.8 ul reverse primer
(5uM). The calculated amount of required cDNA and
the reaction suspension was filled up with RNAse-free
water to a total volume of 20 pl. The following reaction
conditions had been established: Enzyme activation by
heating to 98°C for 3 min, followed by 40 cycles of dena-
turation (98°C for 10s) and subsequently annealing at
primer-specific temperature for 15s (see Table 1 in sup-
plementary material). The melting curve was detected by
heating from 55°C to 95°C. The primers were obtained
from Eurofins Genomics Germany GmbH, Ebersberg,
Germany.

The PCR data were analyzed using the 227 method.
In order to standardize the expression levels, the thresh-
old cycle (Cy) of gene, sequences was normalized against
the corresponding Cy of actin beta, a housekeeper gene.
The obtained AC values were normalized to a matched,
healthy control — according to lowest difference in gen-
der and age. Therefore, in the depiction of the results, the
healthy controls are equal 1.0 in order to demonstrate
the relative expressions of the target genes in relation to
the control group. Thus, the relative expression of target
genes detected by qPCR are presented [33].

Statistical analysis

In order to determine the required sample size for the
experiments, we used the previously obtained data from
our in vivo study analyzing different gene expression in
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bone of patients suffering from T2DM [34]. As an effect
size of the past experiments, we obtained a range of val-
ues from 0.44 to 1.89. Therefore, we decided to define the
effect size d as 0.9; a =0.05, Power 0.8. Before further sta-
tistical analyses, outliers were identified objectively using
Robust regression and Outlier removal (ROUT; adapted
algorithm for column data); Q=2%, which corresponds
to a rather conservative outlier removal. One-way analy-
sis of variance (ANOVA) on ranks Kruskal-Wallis test
and Dunn’s multiple comparisons test were performed.
The confidence interval was 95%. The statistically signifi-
cant p-value was set as p <0.05 and is reported as exact
p value for the single results. The software program used
for statistical analyses and creating the graphs is Graph-
Pad Prism Software 8.1.2, El Camino Real, USA. The
results are depicted as boxplot with marked median,
interquartile range (between 25 and 75%) and whiskers of
the max./min. Values.

Results

Patients’ characteristics

The T2DM group showed a median age of 78.2years,
the non-diabetic comparison group a median age of
73.4years. The subgroup of diabetic patients with Char-
cot arthropathy was younger with a median age of
59.1years. The median BMI of the healthy controls was
25.9kg/m? the T2DM group showed a BMI of 31.4kg/m?
and the Charcot arthropathy group a BMI of 32.2 kg/m?
Therefore, the healthy controls were slightly overweight
and the T2DM as well as the Charcot patients obese.
Median HbAlc was 5.3% in the control, 6.6% in T2DM
and 6.2% in the Charcot arthropathy group (the normal
range is 4.8—5.9%), the median fasting glucose concen-
tration 88.0mg/dl as compared to 164.0mg/dl and 132.2
mg/dl (the normal range is 70-110mg/dl), respectively
(see Table 1).

The ligands of WNT signaling: WNT3a and WNT5a

Gene expression analysis of WNT3A showed a statisti-
cally significant decrease by 89% in the Charcot group
compared to the healthy controls (median=0.1056;
»<0.0001), and a notable down-regulation by 82% when
compared to T2DM patients not suffering from Charcot
arthropathy (median =0.5916; p=0.0147). The compari-
son of the T2DM group to the healthy controls did not
show significant alterations (see Fig. 2).

WNT5A showed a statistically significant decrease by
58% in the Charcot group when compared to the healthy
controls (median=0.4240; p<0.0001), and a notable
decrease of gene expression by 40% when compared
to T2DM patients (median=0.7060; p=0.0172). The
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Table 1 Patients'characteristics of the control group, T2DM group and Charcot arthropathy group
Characteristic [unit; range] Control Group T2DM Group Charcot
Arthropathy
Group
Sex 13 Q (68%) 9Q (47%) 3Q(43%)
63 (32%) 10 & (53%) 43 (57%)
Age [years] 734 782 59.1
BMI [kg/m?] 259 314 322
Fasting glucose [70-110mg/dl] 89.8 164.0 132.2
HbATc [<5.7%] 53 6.9 6.2
Triglycerides [<200 mg/dl] 1129 204.8 1355
HDL cholesterol [>35mg/dl] 585 482 520
LDL cholesterol [<155mg/dl] 106.6 1106 103.2
Total cholesterol [<200 mg/dl] 180.0 1764 1823
Serum creatinine [< 1.2 mg/dl] 0.8 1.0 1.0
CRP [<0.5mg/dl] 03 17 04
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Fig. 2 Relative gene expression of WNT3A as determined by
matched 2% values obtained via gPCR in T2DM and Charcot
arthropathy patients. The results show a significant decrease of
WNT3A expression in Charcot arthropathy patients compared to
healthy controls and the type 2 diabetes mellitus group. The data is
depicted as boxplot with min./max. Whiskers

comparison of T2DM group to the healthy controls did
not show significant gene expression changes (see Fig. 3).

The effectors of Wnt signaling

The gene expression analysis of catenin beta showed a
non-significant trend to a decrease by 46% of T2DM
patients (median=0.5435; p=0.3710) when compared
to the healthy controls (see Fig. 4). The results regarding
Charcot arthropathy did not reveal significant changes
compared to the control group.

A /m = 4/3 outliers removed according to ROUT analysis. p < 0.05: *,

p < 0.0001:****
Fig. 3 Relative gene expression of WNT5A as determined by
matched 2-AACT values obtained via gPCR in type 2 diabetes
mellitus (T2DM) and Charcot arthropathy patients. The results show
a significant decrease of WNT5A expression in Charcot arthropathy
patients compared to healthy controls and the type 2 diabetes
mellitus group. The data is depicted as boxplot with min./max.
Whiskers

TCF7L2 revealed a statistically significant decrease by
63% in the T2DM group when compared to the healthy
controls (median=0.3692; p<0.0001), and a statisti-
cally significant decrease by 18% when comparing Char-
cot patients with healthy controls (median=0.8224;
p=0.0136) (see Fig. 5).
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Fig. 4 Relative gene expression of catenin beta as determined by Fig. 6 Relative gene expression of osteocalcin as determined by
matched 2% values obtained via gPCR in type T2DM and Charcot matched 22 values obtained via gPCR in T2DM and Charcot
arthropathy patients. The results show a tendency of reduced arthropathy patients. Both T2DM and Charcot arthropathy
expression of catenin beta in the T2DM group. The data is depicted as seem to affect expression of osteocalcin in terms of a significant
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Fig. 5 Relative gene expression of TCF7L2 as determined by
matched 222 values obtained via gPCR in T2DM and Charcot
arthropathy patients. The results show a distinct down-regulation of
63% in the T2DM patients (p <0.0001). The data is depicted as boxplot

with min./max. Whiskers

Osteocalcin - a possible target of Wnt-signaling

The gene expression of osteocalcin was analyzed
revealing a statistically significant decrease by 65%
in the T2DM group when compared to healthy con-
trols (median=0.3484; p=0.0019). The expression in

the Charcot arthropathy group showed a significant
down-regulation by 59% compared to healthy controls
(median=0.4121; p<0.0001) (see Fig. 6).

Type 1 collagen and fibronectin- components

of the extracellular matrix and targets of Wnt signaling
Furthermore, we analyzed the gene expression of type
1 collagen (COL1A1) and fibronectin. Type 1 collagen
showed statistically decrease by 67% in the T2DM group
when compared to healthy controls (median=0.3294;
p=0.0006). The expression in the Charcot arthropa-
thy group showed a significant down-regulation by
87% compared to healthy controls (median=0.1292;
p=0.0019). The gene expression of fibronectin was
almost abolished in the Charcot group (median=0.004;
p=0.0013) (see Fig. 7).

Discussion

The Wnt signaling pathway is known to be responsi-
ble for the increase of bone density. This is achieved by
induction of differentiation and inhibition of apoptosis of
osteoblasts [20-24]. Most publications concerning dia-
betic bone disease describe increased BMD in T2DM,
even after adjusting for body mass index and age [2, 3].
However at the same time T2DM is associated with an
increased fracture risk [4, 5] and with an impaired bone
healing after fracture [7]. Thus dysregulation of Wnt
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signaling may contribute or be even responsible for these
changes.

In this study, we could show a significant downreg-
ulation of WNT3A and WNT5A in patients suffering
from T2DM induced Charcot arthropathy with the
need of surgical treatment. However there was no sig-
nificant change in the gene expression of both Wnts in
T2DM who did not suffer from Charcot arthropathy.
The significant finding only in Charcot arthropathy may
reflect its more osteodestructive impact on the bone in
these patients.

In contrast the analyzed effector of Wnt signaling path-
way TCF7L2 and osteocalcin acting downstream showed
noticeable similarities between the T2DM and the Char-
cot arthropathy group. Osteocalcin seems to be involved
in regulating insulin production in the endocrine pan-
creas [29, 30].

The other main effector of the Wnt signaling pathway,
catenin beta, did not show significant changes in gene
expression in the Charcot group, but showed a tendency
to be decreased in T2DM patients. The downregula-
tion of catenin beta in T2DM patients is consistent with
the results of previous work [35, 36]. As catenin beta is
strongly controlled by post-translational regulation pro-
cesses, the seeming lack of differential expression pat-
terns may not reflect its true function as an effector of
Wnt signaling. Therefore, we analyzed target genes of
catenin beta, namely fibronectin and collagen type I
alpha 1 chain. Both genes were distinctly down-regulated
in both diabetic groups. Fibronectin and type 1 collagen
are important components of the organic bone matrix
and osteoblasts produce fibronectin during prolifera-
tion and differentiation, concomitant with collagen type

I production [37-39]. Furthermore fibronectin seems to
not only a target but also a modulator of Wnt/ catenin
beta signaling [37].

Catenin beta forms a transcription complex with
T-cell-specific transcription factors in the nucleus and
modulates the transcription of its target genes. One of
these co-transcription factors, namely TCF7L2, has been
shown to be associated with the development of T2DM.
Compared with non-carriers, homozygous carriers of
the at-risk alleles show a 2.41-fold risk of developing
T2DM . Mechanisms by which risk alleles of TCF7L2
increase the risk of T2DM include an impaired insulin
secretion in response to oral glucose uptake [16, 17]. In
isolated adipose tissue of T2DM patients, the expression
of TCF7L2 showed a decreased expression level [40].
These findings seem to be congruent with the expression
in bone of T2DM patients. In this study, we could show
a statistically significant decrease of the transcription of
the TCF7L2 gene in the T2DM and also in thoseT2DM
patients who suffered from Charcot arthropathy. We
observed these changes in TCF7L2 expression in a pre-
vious exploratory study in a smaller cohort of diabetic
patients (N=10). The gene variants of TCF7L2 are largely
found in the intron 3. Therefore, one could hypothesize
that these variants impact gene regulation. However,
gene regulation is multifactorial and post-translational or
other regulatory influences were not assessed.

Interestingly, in osteoblasts, TCF7L2 interacts directly
with RUNX family transcription factor 2 (RUNX2), the
master gene of osteoblast differentiation. This interac-
tion functionally increases RUNX2 activity [41]. Fur-
thermore, it has been shown that the Wnt signaling
activation results in a considerable activation of RUNX2
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promoter activity up to 5-fold and 8-fold induction of
RUNX2 mRNA in osteoprogenitor cells [42]. In bone,
osteocalcin is thought to be involved in mineralization
of the bone matrix. Surprisingly, osteocalcin - a protein
primarily produced in osteoblasts - also seems to modu-
late pancreatic beta cell function [26]. In wildtype mice,
osteocalcin regulates beta cell gene expression. Isolated
islets responded with a 6-fold increase in insulin mRNA
expression to the stimulation with exogen osteocalcin
[43]. A reduction in osteocalcin serum levels in diabetic
patients was described previously and is associated with
the risk of increased levels of fasting blood glucose and
fat mass [44]. Furthermore, osteocalcin expression seems
to be controlled by Wnt signaling [45, 46]. In this study,
we could show a statistically significant decrease of
osteocalcin gene expression, which may be explained by
hampered expression of TCF7L2 and RUNX2, two tran-
scription factors that usually promote osteocalcin syn-
thesis (see Fig. 1).

The molecular etiopathogenesis of Charcot arthropa-
thy is not fully understood. There is a certain number of
studies reporting changes in RANKL/RANK/OPG axis
(Receptor activator of nuclear factor kappa-B [ligand]/
osteoprotegerin). The RANKL/RANK/OPG axis orches-
trates the interaction of osteoblasts and osteoclasts.
Therefore it is of paramount importance for remod-
eling. In a study by Folestad et al. Charcot arthropathy
patients showed initially increased OPG and RANKL
levels in peripheral blood samples, which had decreased
at the second observation point after 2 years. Interest-
ingly, in this study also soluble members of Wnt signal-
ing were analyzed in blood. The authors describe higher
plasma sclerostin and Dkk-1 levels in diabetic control
patients. In Charcot arthropathy patients these changes
were comparable to the levels of healthy controls. Both
molecules have inhibitory effects on Wnt signaling [36].
Other studies do not confirm these findings in periph-
eral blood [47]. Bruhn-Olszewska et al. showed a corre-
lation between single nucleotide polymorphisms of OPG
and Charcot arthropathy [48]. OPG is a target of RUNX2
which in turn seems to be regulated by Wnt signaling [42,
49-51]. Therefore one could hypothesize that changes in
gene expression of Wnt signaling may affect the RANKL/
RANK/OPG system.

The study has several limitations. First we conducted
qPCR to analyze gene expression. Thus statements con-
cerning the corresponding protein-synthesis can only
be assumed. Changes on RNA level do not necessarily
result in different proteins or even phenotypes. However,
several studies showed overall significant correlations
between RNA und protein levels [52-55]. The second
limitation concerns the size of the Charcot arthropathy
group (N=7). As Charcot arthropathy is a spreading, but
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fortunately overall still rare disease, reported sample sizes
in the literature are known to be small. Surgery in Char-
cot arthropathy is conducted in very few specialized cent-
ers only, which moreover narrows the pool of possible
sample donors. Nevertheless, our sample size is in line
with studies on this special field of research [36, 47, 56].

Conclusion

For the first time significant changes in gene expres-
sion of the Wnt signaling pathway — namely WNT3A,
WNT5A, TCF7L2 and osteocalcin- in the bone of
patients suffering from T2DM and following Charcot
arthropathy could be shown. This may contribute to
a better understanding of diabetic bone disease and
Charcot arthropathy. With the obtained findings Wnt
signaling pathway could serve as a promising novel tar-
get in the treatment of T2DM and its feared complica-
tion Charcot arthropathy.
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