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A B S T R A C T

Background: Crohn’s disease (CD) is associated with a higher prevalence of osteoporosis, a complication that is
recognized as a significant cause of morbidity. Its pathogenesis is controversial, but the activity of CD is one
contributing factor.
Methods: We stimulated SCP-1 cells (mesenchymal stem cell line) under osteogenic conditions with serum from
adult patients with CD in the symptomatic phase (SP) and in remission (R) and with control sera. Concentrations
of IL-6, IL-1 beta, and TNF alpha in the sera were measured. Patients were classified as normal or osteopenic/
osteoporotic based on bone mineral density (BMD) T-score measurements. After 14 days in culture, protein
expression and gene ontology (GO) annotation analysis was performed.
Results: Cytokine concentrations (IL-6, IL-1 beta, TNF alpha) varied within sera groups. None of the cytokines
were significantly increased in the symptomatic phase compared to remission. Protein analysis revealed 17
proteins regulated by the SP versus R phase sera of disease. A linear relationship between CDAI (Crohn’s disease
activity index) and normalized protein expression of APOA1 and 2, TTR, CDKAL1 and TUBB6 could be de-
termined. Eleven proteins were found to be differentially regulated comparing osteoporosis-positive and os-
teoporosis-negative sera. Gene annotation and further analysis identified these genes as part of heme and ery-
throcyte metabolism, as well as involved in hypoxia and in endocytosis. A significant linear relationship between
bone mineral density and normalized protein expression could be determined for proteins FABP3 and TTR.
Conclusion: Our explorative results confirm our hypothesis that factors in serum from patients with CD change
the protein expression pattern of human immortalized osteoblast like cells. We suggest, that these short time
changes indeed influence factors of bone metabolism.

Introduction

Crohn’s disease (CD) is a complex multifactorial disease, which is
associated with extra intestinal manifestations. One of the organs af-
fected is the skeleton [1]. Therefore, it is important to address the
mechanisms of osteoporosis in patients with CD to prevent and treat
bone loss [2]. Osteoporotic fractures have a negative impact not only on

the quality of life but also on life expectancy [3–5]. CD patients have a
1.2 to 1.7-fold increased relative risk of vertebral and hip fractures,
leading to both direct and indirect costs [6–9]. Predicting which in-
dividuals have a higher risk remains controversial, yet hypogonadism,
less physical activity, malnutrition, malabsorption, vitamin D defi-
ciency or inactivity, disease activity, and glucocorticoid use, in parti-
cular, are thought to be the main contributing factors. However, bone
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disease may also be present without glucocorticoid treatment
[1,10–12,13,14]; therefore, the effect of the disease itself has to be
taken into account. Cytokines produced by inflamed intestine in CD
may affect bone and hence contribute to bone loss in patients with CD
[15]. During the different inflammatory phases in CD cytokines from
the gut are secreted into the serum. IL-1 beta, TNF alpha, and especially
IL-6 are most likely the main contributing factors to bone deterioration
[16]. IL-6 has been identified in sera of children to be responsible for
bone loss by decreasing osteoblast differentiation [17]. Interestingly,
using serum from children with CD on bone organ cultures only bone
formation was decreased and osteoclast activity was unchanged [18]. In
newly diagnosed children with CD biochemical bone turnover markers
indicated reduced bone formation and also reduced bone resorption
[17]. Other studies concerning adult bone have identified IL-1 beta,
TNF alpha, and IL-6 to be increased in patients with CD or colitis ul-
cerosa [15,16,19]. We were able to show with serum from adult pa-
tients with CD, that the cytokine combination of IL-1 beta, TNF alpha,
and IL-6, but not the individual cytokines of identical concentration,
influence bone formation and bone resorption [20]. If bone resorption
is induced it seems to be an effect of receptor activator of NF-κB ligand
(RANKL) induction, an osteoclast activating soluble ligand produced by
osteoblasts and osteocytes, a potent inducer of osteoclastogenesis and
activity [15].

Interestingly, not all patients with CD develop osteoporosis. Either
the individual bone characteristics or the serum components in these
patients may affect or not affect bone health.

We therefore hypothesized here that factors in the serum of patients
with CD decisively influence bone turnover. We investigated the effect
of serum from patients with CD and healthy individuals on im-
mortalized human osteoblast-like cells. The patient serum was grouped
according to different phases of the disease and to bone mineral density
(BMD) parameters.

Material and methods

Symptomatic phase and remission sera sampling

We recruited patients with active disease symptoms with CD either
at the emergency clinic or at the Clinic for Gastroenterology and
Gastrointestinal Oncology (both University Medical Center Goettingen).
CD diagnosis was based on endoscopic, histological, or radiological
findings. The symptomatic phase of CD was identified using the Crohn’s
disease activity index (CDAI; supplementary data Table a) [21], in
which a score greater than 150 was defined as symptomatic disease.
From 23 patients screened during two years only 7 fulfilled the strin-
gent criteria (see below). In another study investigating steroid-free CD
patients with active or symptomatic disease, the authors were able to
include 99 patients from 34 centers, therefore only around 3 for each
center, showing the difficulty of this inclusion criterion [11]. Hence
glucocorticoids decisively influence bone metabolism and bone turn-
over returned to normal in patients not before 4 weeks after cessation of
glucocorticoid therapy [22]. Therefore, patients were not included if
they received treatment with any steroid or immunosuppressive com-
pound one months prior to analysis in symptomatic disease and in re-
mission. The use of calcium and vitamin D supplements or estrogen was
allowed (patient’s characteristics please see supplementary data Tables
b and c).

Upon inclusion in the study, routine blood analysis was performed.
An additional 50 ml blood was drawn, placed directly on ice, and
centrifuged within minutes; the resulting serum was batched and stored
at −70 °C. When the same patient reached remission and returned for
routine examination, another 50ml blood was drawn, and serum was
batched and stored at −70 °C. Steroid treatment had to be finished at
least 4 weeks before blood sampling. This study was approved by the
Ethics Committee of the University Medical Center Goettingen, and
informed consent was signed by all subjects. The characteristics of these

patients have been published previously [13]. Briefly, patients were
grouped according to their BMD results based on WHO criteria, using a
T-score below −1 at the femoral neck or spine to assign patients to the
osteopenia/osteoporosis group (Table 1). In addition, sera from healthy
individuals (non-CD; non-osteoporotic) were batched and treated like
the CD-patient sera.

Bone densitometry

Bone densitometry using dual X-ray absorptiometry (DXA) was
performed at the lumbar spine (L1-L4) and the left femoral neck in all
patients with CD during the first week of their stay in the hospital.
Osteoporosis was diagnosed when the BMD value was 2.5 or more
standard deviations below the mean of a young reference population
(T-score), and osteopenia was diagnosed as a T-score below −1. For
comparison, the control population data provided by the DXA manu-
facturer (Hologic, QDR 1000) was used.

Cytokine measurement

Serum cytokine levels were determined using commercially avail-
able enzyme-linked immunosorbent assay (ELISA) kits according to the
manufacturer’s specifications (Table 1). Kits for IL-6 (reference values:
0.447–9.96 pg/ml, minimal detectable level: 0.016–0.110 pg/ml), and
IL-1 beta (reference values: < 1.996 pg/ml, minimal detectable
level: < 0.1 pg/ml) were purchased from R&D Systems (Minneapolis,
USA). For TNF alpha (DPC Biermann GmbH, Bad Nauheim, Germany),
the reference values from the manufacturer were< 8.1 pg/ml and
minimal detectable level was 0.1 pg/ml. Intra-assay precision was
2.6–3.6%, and inter-assay precision was 4–6.5%.

Cell culture

Disposable products for cell culture were obtained from Nunc
(Roskilde, Denmark) and cell culture media and fetal calf serum (FCS)

Table 1
Parameter presenting data (mean values ± standard deviation) comparing
osteoporosis positive and osteoporosis negative patients.

Parameter Ost+c Ost−d P-value Total

Sex (male/
female)

1/2 2/1 6

T-score femoral
neck

−1.9 ± 0.4 0.3 ± 0.97 <0.05

T-score spine −2.1 ± 0.7 0.3 ± 1.15 <0.05
IL-6 (pg/mL) SPa 15.16 ± 10.73 9.8 ± 15.53 ns 12.48 ± 12.3
IL-6 (pg/mL) Rb 8.41 ± 8.03 10.20 ± 15.75 ns 9.3 ± 11.22
P-value ns ns
TNF α (pg/mL)

SP
5.37 ± 4.66 1.84 ± 3.17 ns 3.61 ± 4.05

TNF α (pg/mL)
R

56.17 ± 87.33* 6.17 ± 10.68 ns 31.17 ± 62.01

P-value ns ns
IL-1 β (pg/mL)

SP
0.37 ± 0.078 1.0 ± 1.61 ns 0.68 ± 1.08

IL-1 β (pg/mL) R 0.13 ± 0.16 1.34 ± 2.26 ns 0.74 ± 1.58
P-value ns ns
CDAIe SP 349 ± 82 284 ± 61 316 ± 73
CDAI R 104 ± 71 91 ± 126 98 ± 92
P-value <0.02 ns <0.001

Numbers in bold are significant values.
a SP: symptomatic phase.
b R: remission.
c Ost+: osteoporosis positive.
d Ost−:osteoporosis negative.
e CDAI: crohn’s disease activity index.
* 1 patient was treated with infliximab in between phases, 3 months prior

sampling and showed extremely high TNF alpha values.
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were from PAA (Cölbe, Germany); the medium supplements (antibiotics
and glutamine) were purchased from GIBCO-BRL (Eggenstein,
Germany). All other reagents were purchased from Sigma Chemical Co.
(Munich, Germany). Primers for reverse transcriptase polymerase chain
reaction (RT-PCR) were obtained from Invitrogen (Carlsbad, CA, USA).

SCP-1 ([23]; single-cell-picked clone of hTERT immortalized human
mesenchymal stem cells) cells were split 1:5 every week and cultured
under standard conditions (10% FCS in MEM-alpha) for cell culture
maintenance. Cells were trypsinized for experiments and plated on 6-
well dishes at a density of 5×104 cells/ml. At confluence, cell media
was supplemented with 10mM beta-glycerophosphate (bGP) and
10 µM ascorbic acid 2-phosphate (ascP) for basic osteogenic differ-
entiation in addition to stimulation with 1% human patient serum every
3 days. The use of 1% serum was successfully tested and compared to
use of 10% serum regarding cell viability and differentiation. According
to the findings of Sylvester [17] we decided to use 1% serum. Sera
applied were received from 6 different CD patients and one healthy
control male individual. Patients were either in symptomatic phase (SP)
or in remission (R) at the time point of sampling. The remission phase
sera were drawn from the identical patient as the symptomatic phase
sera, but after a mean time of 8month later. Protein was isolated from
SCP-1 cells after 14 days of continuous treatment with sera. The healthy
control serum was treated as the patient sera and applied to the SCP-1
cell culture pure or plus an addition of a cytokine combination (sup-
plementary data Fig. A). The composition of cytokine combination
(10 pg/mL IL-6, 1 pg/mL IL1β, and 5 pg/mL TNFα) was calculated on
the basis of mean cytokines concentrations measured in the sera of CD
patients [13,20,24]. The combination of cytokines will be referred to as
‘plus cytokines’ in the following.

Protein isolation

For protein isolation, cells were washed twice with phosphate buf-
fered saline (PBS) and afterwards treated with hot protein lysis buffer
containing 10% (v/v) glycerol, 1% (v/v) Triton x 100, and 1mM EGTA
in 50mM HEPES (pH 7.5). After homogenization of cells through a
syringe, the material was kept on ice, followed by centrifugation at
14,000 rpm at 4 °C. Protein concentration was detected in supernatant
by using the BCA method (Pierce, Waltham, USA). Proteins were pur-
ified by precipitation using a standard acetone precipitation protocol
(acetone: sample 4:1, v/v, −20 °C, overnight). Protein preparations
were dissolved using sodium 3-[(2-methyl-2-undecyl-1,3-dioxolan-4-yl)
methoxy]-1-propanesulfonate (RapiGest, Waters, Milford, USA) clea-
vable surfactant [25]. After reduction and alkylation of cysteine re-
sidues with dithiothreitol and iodoacetamide, proteins were digested
using sequencing grade porcine trypsin (Promega, Madison, USA) at a
1:50 enzyme-to-substrate ratio (w:w). Following acidic cleavage of the
surfactant, the resulting fatty acids were pelleted and removed by
centrifugation. The resulting peptide mixtures were dried in a SpeedVac
centrifuge and stored at −20 °C prior to analysis.

LC/MS/MS acquisition

Protein digests were analyzed on a nanoflow chromatography
system (Eksigent nanoLC425) hyphenated to a hybrid triple quadru-
pole-time of flight mass spectrometer (TripleTOF 5600+) equipped
with a Nanospray III ion source (Ionspray Voltage 2200 V, Interface
Heater Temperature 150 °C, Sheath Gas Setting 10) and controlled by
Analyst TF 1.6 software build 6211 (all AB Sciex, Darmstadt, Germany).
In brief, peptides from each digest were dissolved in 160 μl loading
buffer (2% aqueous acetonitrile vs. 0.1% formic acid). For each ana-
lysis, 1 μg protein equivalent was concentrated and desalted on a trap
column (Waters Synergy C18 5 µm, 20× 0.180mm, 160 μl loading
buffer) and separated by reversed phase-C18 nanoflow chromatography
(Waters TSS-3 1.8 μm, 250×0.075mm, linear gradient 90min 5–35%
acetonitrile vs. 0.1% formic acid, 300 nl/min, 50 °C).

Qualitative LC/MS/MS analysis was performed using a Top25 data-
dependent acquisition method with an MS survey scan of m/z
380–1250 accumulated for 250ms at a resolution of 35.000 FWHM.
MS/MS scans of m/z 180–1750 were accumulated for 100ms at a re-
solution of 17.500 FWHM and a precursor isolation width of 0.7
FWHM, resulting in a total cycle time of 3.4 s. Precursors above a
threshold MS intensity of 200 cps with charge states 2+, 3+, and 4+
were selected for MS/MS, and the dynamic exclusion time was set to
15 s. One technical replicate of each sample was acquired for qualita-
tive analysis for protein identification and generation of a spectral li-
brary for targeted data extraction.

For SWATH analysis, MS/MS data were acquired for 34 precursor
segments of 25m/z each, resulting in a precursor m/z range of
400–1250. Fragments were produced using Rolling Collision Energy
Settings and fragments acquired over an m/z range of 380–1600 for an
accumulation time of 110ms per segment. Including a 250ms survey
scan, this resulted in an overall cycle time of 4.0 s. Three technical
replicates of each sample were acquired for quantitative analysis.

LC/MS/MS data processing

Protein identification was achieved using ProteinPilot Software
version 5.0 build 4304 (AB Sciex) at “thorough” settings. A total of
386.031 MS/MS spectra from the combined qualitative analyses were
searched against the Homo sapiens reference proteome from UniProtKB
(revision 10-2014, 88717 protein entries). Global false discovery rates
(FDR) were adjusted to 1% at both the protein and peptide level using a
forward/reverse decoy database approach.

SWATH peak extraction was achieved in PeakView Software version
2.1 build 11041 (AB Sciex) using the SWATH quantitation microApp
version 2.0 build 2003. Peak areas were extracted for the ten highest
scoring peptides per protein group at 6 transitions per peptide, with an
extracting ion current (XIC) width of 75 ppm and an XIC window of
14min, and filtered to an estimated FDR of 1% [26]. The resulting peak
areas were then exported at the fragment, peptide, and protein level for
further statistical analysis.

Protein analysis

Raw expression levels were first normalized over all samples using
the quantile method and then log2-transformed for variance stabiliza-
tion. Hierarchical cluster analysis with single linkage was performed to
identify potential outliers and with complete linkage to explore po-
tential subgroups. Furthermore, the presence of clusters with regard to
the experimental factors (phase and BMD T-score) was explored by
principal component analysis.

Differential analysis between the levels of each experimental factor
was carried out by linear models for microarray experiments, including
the information for the technical replicates [27]. Raw p-values for the
differential expression were adjusted using the method described by
Benjamini and Hochberg [28] to reduce the number of false positives
and to control for a false discovery rate of 5%. Fold changes were re-
ported on the log2-scale, i.e., a log2-fold change of 1 reflects a twofold
up-regulation and a log2-fold change of −1 reflects a twofold down-
regulation. Confidence intervals for the fold changes were calculated
according to the method described by Jung et al. [29].

Significantly up- or downregulated proteins were further studied for
enrichment of specific gene ontology (GO) terms by Fisher’s exact test
[30]. Resulting raw p-values were again adjusted to control for a false
discovery rate of 5% (Swiss-Prot reviewed (47,810 entries) protein-
gene matching).

All analyses were carried out using the software R (www.r-project.
org). Specifically, the differential analysis was performed using the R-
package ‘limma’.
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GO analysis

Gene set enrichment for gene ontology biological process annota-
tion was analyzed using DAVID Bioinformatics Resources 6.7, NIAID/
NIH (https://david.ncifcrf.gov) to identify the most significant cellular
processes affected by sera from patients with CD [31]. As proteins
background set all human proteins were used. For data analysis the
GOterm_BP_all (biological process_all) was consulted.

Further statistical analysis

The data were analyzed using Prism GraphPad 4 software (San
Diego, USA). All experimental errors are presented as the standard
deviation (SD). Statistical significance was calculated using a One way
ANOVA followed by a Bonferroni analysis or unpaired t-test.
Significance was set at P < 0.05.

Results

Patients

Analysis of patient T-scores revealed classification of 50% of pa-
tients as osteopenia/osteoporosis positive (Ost+), with the lowest T-
Score value measured at the femoral neck or the spine ranging from
−1.4 to −2.8 (T-score femoral neck: mean value: −1.9 ± 0.4; n=3).
T-score values ranging from −0.5 to +1.4 (T-score femoral neck: mean
value: 0.3 ± 0.97; n= 3) were classified as osteoporosis negative (Ost-
) (Table 1). Symptomatic phase and remission were classified by CDAI
(supplementary data Tables a and b) [32].

Cytokine measurement in patient serum showed a high variance in
IL-6 concentration between the patient sera in the symptomatic phase
(0.4–27.7 pg/ml) as well as in remission. This led to no significant
differences between IL and 6 concentrations. TNF alpha was increased
in half of the patients during the symptomatic phase with values ran-
ging from 5.5 to 8.4 pg/ml. All sera with increased TNF alpha levels
were from female patients. No significant changes could be found be-
tween the symptomatic phase and remission sera, in part due to one
extremely high TNF alpha value in remission. Interestingly, this patient
was treated with Infliximab in between the CD stages, but 3month prior
to serum sampling. This IL-1 beta values ranged from 0.05 to 2.85 pg/
ml during the symptomatic phase and no significant differences in IL-1
beta were observed between phases (Table 1). As published before –
with in part overlapping patient serum samples – cytokine levels were
more than 10fold higher in comparison to age-matched healthy controls
for all three cytokines [13]. The disease duration in CD patients with
osteoporosis/osteopenia (14 ± 3.1 years) was significantly longer than
in those without osteoporosis (5 ± 3.6 years) and correlated sig-
nificantly negative with BMD at the spine (supplementary data Fig. B
and Table b1).

Verification of osteogenic lineage

To verify the osteogenic lineage of SCP-1 cells in 1% human serum,
we applied real-time-PCR analysis of osteoblast-specific genes (ALPL,
Col1A1, BGLAP (osteocalcin), Runx2, DKK1, TNFRSR11B (OPG), and
TNFSF (RANKL)) for the osteoblastic lineage and also, as a negative
control, a set of genes (FABP4 (aP2), LPL, PPARgamma) for the adi-
pogenic lineage. Expression of osteogenic markers was similar to the
expression observed when cells were incubated under equivalent
standard conditions (10% FCS) (supplementary data Fig. C), indicating
an osteogenic differentiation of the SCP-1 cells as has been shown be-
fore [33]. Expression of OC was on average 3-fold lower after incuba-
tion with 1% patient sera and Col1A1 was 10-fold higher after in-
cubation in 1% patient sera. This constellation of bone markers
indicated an early stage of osteoblastic differentiation prior to the stage
of matrix formation [34–36].

Proteomics

Similar amounts of protein (and also RNA) were isolated from the
cell cultures independent of serum type applied. Cell proliferation was
not affected by different sera. No changes in phenotype were observed
under microscopic control.

Proteome analysis revealed 1444 identified proteins. The following
comparisons were performed to analyze if proteins are differentially
expressed in SCP-1 cells and to identify proteins, which might be in-
volved in the formation of osteoporosis (Supplementary data Fig. A
experimental design).

a) Symptomatic phase sera versus remission sera (cutoff point was set
to Padjust< 0.1 and fold changes> 1.6) and versus healthy control
sera (explorative comparison) to analyze which proteins and path-
ways are induced during the symptomatic phase

b) Non-CD control sera versus non-CD control sera plus cytokine
combination (explorative comparison) to estimate which effect on
protein expression is caused by the increased cytokines as measured
in CD-patients

c) CD sera during both phases in comparison to healthy control serum
supplemented with cytokines to identify the effect of the CD specific
sera (explorative comparison)

d) Osteoporosis-positive sera versus osteoporosis-negative sera (cutoff
point was set to Padjust< 0.05 and fold changes> 1.6) and versus
healthy control sera (explorative comparison).

All listed comparisons and identified proteins are listed in Table 2
(p < 0.05, foldchange< or> 1.6). All comparisons are described in
detail in Section “Comparative analyses of proteome results”.

Comparative analyses of proteome results
Comparison between symptomatic phase sera samples versus remission sera
samples. Comparing incubation with symptomatic phase sera versus
remission sera, 17 proteins were identified to be significantly regulated
by symptomatic phase sera (Padjust< 0.1; Table 3). Five Proteins were
more than 1.6fold decreased in SCP-1 cells incubated with symptomatic
phase sera: APOA2 (apolipoprotein A2), APOA1 (apolipoprotein A1),
TBB6 (tubulin beta-6-chain), TTR (transthyretin), CDKAL1 (CDK5
(cyclin dependent kinase) regulatory subunit associated protein 1 like
1) and two proteins were more than 1.6fold increased: KRT10 and
KRT5 (keratin 10 and 5). The latter are keratins and are involved in the
cytoskeleton pathway and epidermal structuring.

A graphical presentation of the changes in normalized protein ex-
pression of APOA1, APOA2, TUBB6, TTR, CDKAL1 and KRT10 in SCP-1
cells treated with symptomatic phase sera versus remission sera is given
in Fig. 1.

The grouped presentation of normalized protein expression re-
flected a significant decrease in APOA1, APOA2, TTR, TUBB6 and
CDKAL1 expression after stimulation with symptomatic phase sera
compared to the remission phase confirming the results obtained by the
statistical analysis. A correlation analysis of CDAI values determined
during symptomatic and remission phase and the identified regulated
proteins is presented in Fig. 2 and showed a significant linear re-
lationship between the CDAI and the downregulated proteins tubulin
beta-6 (TBB6; r2= 0.56), transthyretin (TTR; r2= 0.48), apolipopro-
tein A1 (APOA1; r2= 0.50) and apolipoprotein A2 (APOA2; r2= 0.62).
For the remaining proteins cyclin dependent kinase (CDKAL1;
r2= 0.08) and the KRT10 (KRT5, data not shown) no significant cor-
relation between CDAI and protein expression could be obtained.

Our results show, that the activity of CD characterized by CDAI
influences proteins in SCP-1 cells by the serum of the corresponding
patients. In addition, the degree of activity represented by CDAI seems
to vary this effect.

GO analysis of proteins, regulated by symptomatic phase versus remission
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phase CD sera. GO analysis (GOterm_BP_all) of 17 regulated proteins
resulted in GO-terms given in the supplementary data Table d (p
value<0.06). Mainly TTR, APOA1 and APOA2 were classified into the
most significant GO terms. The KEGG_pathway analysis provided by
DAVID analysis software identified 2 proteins each to belong to the
terms “pyruvate metabolism”, “pathogenic E. coli infection” and “PPAR
signaling pathway” (APOA1 and APOA2). The reactome pathway
analysis identified 8 pathways (R-HSA-389957, R-HSA-975634, R-
HSA-1799339, R-HSA-390450, R-HSA-174800, R-HSA-389960, R-
HSA-5626467, R-HSA-437239). The pathways mainly included the
proteins ACTB, TBB6 and CCT7, all involved in protein folding and
cytoskeleton forming.

This analysis shows that in this early differentiation stage of the
cells, CD sera after 14 days predominantly influenced proteins of basic
cell metabolism.

Comparative analysis between healthy control serum in the presence or
absence of cytokines. Due to the actual believe, that IL-1, IL-6 and TNF
alpha are the most important cytokines in CD, we used a fixed

combination as a control. The concentration we adapted to the
cytokine levels from our CD patients. If Proteins identified by the
cytokine combination would be the same as with CD serum in SP, the
cytokine combination would be the cause.

We identified 17 proteins which were differentially expressed in
SCP-1 cells after application of healthy control serum supplemented
with cytokines compared to healthy control without added cytokines
(cutoff Padjust< 0.05-fold changes< 1.6). This result must be val-
uated as explorative because only three technical replicates of one
biological sample were compared to three technical replicates of an-
other biological sample.

Four proteins appeared to be significantly (p < 0.05) more than
1.6-fold upregulated caused by the addition of cytokines: SOD2 (NO-
Synthesis), CAMK2D (Ca-signaling), TARDBP (regulates transcription
and splicing), RPL7 (ribosomal protein). Thirteen proteins were sig-
nificantly downregulated KRT1, KRT5, KRT6A, KRT10 (all keratins),
SLC44A2 (sugar/choline transport), PTGIS (cytochrome 450 protein),
ARL3 (GTP-binding protein), H2AFX (replication independent histone),
TSPO (steroid hormone synthesis), ACO1 (aconitase; iron metabolism),
PSMB10 (proteasome), PLEKHO2 (innate immune system) and RPS13
(ribosomal protein) (Table 4).

Although we could not find a significant difference in cytokine
concentrations (IL-6, TNF alpha or IL-1 beta) in our sera samples obtain
during symptomatic or remission phase, we compared the protein ex-
pression identified by the comparative analyses (symptomatic phase vs
remission (a) to the healthy control sera (pure and plus addition of
cytokines) and vice versa.

As a result we found comparable changes in protein expression
when we look at the protein expression of TTR, TUBB6 and CDKAL1,
but not for APOA1 and APOA2 or KRT10 in cells treated with or
without cytokines (Fig. 3). In addition, proteins that were regulated by
addition of cytokines to healthy control serum (Table 4) were not af-
fected comparing symptomatic phase versus remission sera. This com-
parison was depicted to illustrate that the change in expression of these
proteins can be caused by disease phases and to some extent by the
effect of increased cytokines (Fig. 3 and 4).

These comparisons show, that only in part the three cytokines cause
the changes in SCP-1 cells (e.g.KRT6A) and that therefore other factors
in the serum of CD patients may be also involved, indeed.

GO analysis of proteins, regulated by the addition of cytokines to a healthy
non CD serum. GO analysis (GOterm_BP_all) of 17 regulated proteins
resulted in the GO-terms (p value<0.01) given in supplementary data
Table e. Several GO-terms are related to nitric oxide processes. The

Table 2
Significantly affected SCP-1 proteins by CD patient sera.1

Sera applied to SCP-1 cells Upregulated proteins* Downregulated proteins*

a) CD symptomatic phase (SP) vs CD
remission (R) +(Table 3)

KRT10 (Figs. 1–3), KRT5 APOA2, APOA1, TTR, TUBB6, CDKAL1 (Figs. 1–3)

b) Healthy control plus cytokines vs
Healthy control (Table 4)

SOD2, CAMK2D (Fig. 4), TARDBP, RPL7 KRT1, KRT10 (Figs. 1–3), KRT5, SLC44A2 (Fig. 4), PTGIS, ARL3,
H2AFX, TSPO, ACO1, PSMB10, PLEKHO2 (Fig. 4), RPS13,
KRT6A(TUBB6), (TTR), (CDKAL) (Fig. 3)

c) CD vs Healthy control plus
cytokines

SLC44A2 (Fig. 4), MAPK14, IFITM3, GBP1, EIF4A1, ARMT1,
SSR4. BOLA2, TIGAR, PSMC1, GOLT1B, NPC1, TSPO, MAVS,
LRRC47, GPX8, CTSL, HUWE1, MPST

GLUD1 (Fig. 4), CAMK2D (Fig. 4), RPL18, CAVIN1, RPL13, RPL10

d1) CD osteoporosis positive vs CD
osteoporosis negative (Table 5)

FABP3 (Figs. 5 and 6) HBB, HBA1/HBA2, JCHAIN, TTR, A2M, FTH1 (Figs. 5 and 6.)

d2) CD osteoporosis positive vs
Healthy controls

FABP3 (Fig. 5) HBB, HBA1/HBA2 (Fig. 5), GLUD1, KRT10, KRT1, S100A7

d3) CD osteoporosis negative vs
Healthy controls

IGHG2, GBP1, EIF4A2, SLC44A2, APOD, BPNT1, LEPROT GLUD1, CAVIN1, CASP14, RPL30, RPL19, KRT10, HTRA1, S100A7,
CAD

+Padjust was < 0.1 for SP versus R.
1 Please see Figure A in supplementary material for comparative analyses. Low types a), b), c) d1–d3) correspond to the low types in Figure A (supplementary

material).
* Listed proteins were significantly changed with a Padjust < 0.05 and with a fold change> 1.6.

Table 3
Proteins identified as regulated by symptomatic phase sera (R/SP; p < 0.1).

ProtID P Padjust log2FC Fold change
up or down

GENES

P60709 8.85E−06 0.0128 0.32 1.25 ACTB
P13645 4.28E−05 0.0235 −1.29 2.44 KRT10 KPP
P02647 5.41E−05 0.0235 0.68 1.61 APOA1
C9JA28 9.22E−05 0.0235 0.37 1.29 SSR3
P05387 9.31E−05 0.0235 0.19 1.14 RPLP2

D11S2243E
RPP2

P04843 9.78E−05 0.0235 0.16 1.11 RPN1
V9GYM3 1.74E−04 0.0317 0.70 1.63 APOA2
Q04760 1.76E−04 0.0317 −0.23 1.18 GLO1
O43324 2.01E−04 0.0322 −0.55 1.46 EEF1E1 AIMP3

P18
P61970 3.99E−04 0.0576 −0.33 1.25 NUTF2 NTF2
A0A087WT59 4.97E−04 0.0632 0.75 1.68 TTR
P05091 5.54E−04 0.0632 −0.24 1.18 ALDH2 ALDM
Q9BUF5 5.83E−04 0.0632 1.46 2.75 TUBB6
Q5VV42 6.12E−04 0.0632 0.95 1.93 CDKAL1
Q99832 7.06E−04 0.0680 −0.14 1.10 CCT7 CCTH

NIP7-1
P13647 0.001 0.0896 −0.76 1.69 KRT5
P31949 0.0011 0.0896 −0.24 1.18 S100A11 MLN70

S100C

Bold:> 1.6fold upregulated; italic>1.6fold downregulated.
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KEGG_pathway analysis provided by DAVID analysis software
identified no single pathway. The reactome pathway analysis gave 6
pathways (R-HSA-156902; R-HSA-192823; R-HSA-2408557; R-HSA-
72764; R-HSA-975956; R-HSA-72689). All pathways are involved in
ribosomal mechanisms and protein translation. Again, we can show
that 14 days in early differentiation of SCP-1 cells mainly induce cell
cycle effects.

Comparative analysis between healthy control serum (plus additive
cytokines) and CD-sera. The comparison should now reveal those
proteins, which are induced by other factors in CD serum
independent from the combination of the three cytokines.

We identified 63 proteins, which were significantly (p < 0.05)
differentially expressed in SCP-1 cells after application of healthy
control serum supplemented with cytokines (3 technical replicates)
compared to the CD sera (N=12; n= 3) (cutoff Padjust< 0.05-fold
changes< 1.6). Six proteins appeared to be significantly more than 1.6-
fold upregulated by the CD sera: GLUD1, CAMK2D (both Fig. 4), RPL18,
CAVIN1, RPL13, RPL10 and 19 significantly more than 1.6-fold
downregulated: SLC44A2 (Fig. 4), MAPK14, IFITM3, GBP1, EIF4A1,
ARMT1, SSR4, BOLA2, TIGAR, PSMC1, GOLT1B, NPC1, TSPO, MAVS,
LRRC47, GPX8, CTSL, HUWE1, MPST. These data on the protein

expression of e.g. GLUD1, CAMK2D and SLC44A2 show now in direct
comparison clearly, that besides the cytokines IL-6, IL-1 beta and TNF
alpha there must be other factors involved, and that these unknown
factors also influenced SCP-1 cells (Fig. 4).

However, these results must be valuated as explorative because only
three technical replicates of one biological sample were compared to 12
biological replicates of the CD sera group. We therefore refrain from
further interpretation of these data.

Comparison of osteoporosis-positive samples to osteoporosis negative
samples and to healthy controls. For the development of osteoporosis
in our patients are two mechanisms possible. If length of the disease
was the responsible factor, then proteins in those with and without
osteoporosis should show no difference. However, if there are other,
e.g. individual serum factors responsible for bone affection, the sera of
those with and without decreased BMD might show different effect on
SCP-1 cells.

Eleven significantly (Padjust< 0.05) regulated proteins could be
identified in cells incubated with osteoporosis positive versus osteo-
porosis negative sera (Padjust< 0.05; Table 5). One protein, FABP3
(fatty acid binding protein 3), was more than 1.6fold upregulated in
SCP-1 cells treated with osteoporosis positive sera. Six proteins, HBB,

Fig. 1. Protein expression (normalized area) in SCP-1 cells after incubation with CD sera: Sera classified as CD symptomatic phase or remission sera (N=6; n= 3)
N=experimental replicates. n= technical replicates; *∼p < 0.05. **∼p < 0.01 (unpaired t-test) Scattered dot plot with mean and SD.
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HBA1/2, JCHAIN, TTR, A2M and FTH1 (hemoglobin beta, hemoglobin
alpha, immunoglobulin J, transthyretin, alpha-2 macroglobulin and
ferritin heavy chain) were more than 1.6fold downregulated.

A graphical presentation of the changes in normalized protein ex-
pression of FABP3, HBB, HBA1/2, TTR, A2M, Jchain and FTH1 in SCP-1
cells treated with osteoporosis positive sera versus osteoporosis nega-
tive sera is given in Fig. 4. A graphical presentation of the comparison
of protein expression after application of CD patient sera to healthy
control sera is also given in Fig. 5. The normalized protein expression of
FABP3 (n= 18) was significantly upregulated in SCP-1 cells by the
osteoporosis positive sera (2.2fold) and also upregulated compared to
the healthy control sera (n= 6; 2.2fold). No difference in protein ex-
pression could be seen comparing the osteoporosis negative sera
(n=18) to the healthy control sera (n=6). The proteins HBB and
HBA1/2 were significantly downregulated by the osteoporosis positive
sera (HBB 2.2fold; HBA1/2 2.6fold) and also downregulated compared
to the healthy control sera (HBB 2.7fold; HBA1/2 3.3fold) (Fig. 5). The
normalized protein expression of TTR, FTH1, JChain and A2M was
significantly downregulated by osteoporosis positive sera (1.7fold,
3.2fold, 2.5fold, 2.3fold, respectively) while no significant changes
could be determined in comparison to the healthy control sera.

These data show that there is a relevant difference between the sera
of those with osteoporosis and of those with normal BMD.

To further verify our data, we investigated a possible linear

relationship of BMD and protein expression of the identified proteins in
SCP-1 cells. Hence, we plotted the BMD femoral neck values in g/cm2

(BMD spine is given in supplementary data Fig. D) versus the normal-
ized mean protein expression (Fig. 6).

For FABP3 and TTR a significant linear relationship could be de-
termined (p= 0.0026, r2= 0.61; p=0.035, r2= 0.37, respectively),
indicating a linear relationship of these proteins to increasing BMD. For
HBB and HBA1 the linear relationship of BMD to protein expression was
not significantly different from zero (HBB: r2= 0.19; HBA1: r2= 0.24).

The graphical presentation of mean protein expression for A2M,
FTH2 and Jchain protein expression revealed outliers based on the
protein expression of some patient sera and no correlation of these
proteins to BMD was detectable.

David functional annotation analysis of proteins, regulated by osteoporosis
positive versus osteoporosis negative CD sera. The 11 proteins showing
increases or decreases (osteoporosis positive versus osteoporosis
negative) were subjected to the DAVID functional annotation tool [31].

GO analysis (GOterm_BP_all) of eleven regulated proteins resulted in
the most significant GO-terms (p value< 0.001): receptor mediated
endocytosis, transport and single organism transport (complete Table of
identified GO-terms: supplementary data Table f) The KEGG_pathway
analysis provided by DAVID analysis software identified 2 proteins
(HSD17B12 and FASN) to belong to the term “fatty acid metabolism”.

Fig. 2. Mean protein expression (normalized area; n= 3) in SCP-1 cells after incubation with CD sera (osteoporosis positive sera (patient O1, O2, O3) are depicted as
black symbols; osteoporosis negative sera (C1, C2, C3) displayed as open symbols): Correlation of CDAI as determined during disease phases (symptomatic and
remission phase) to mean protein expression of three technical replicates of protein expression (n= 3).
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(The terms “African trypanosomiasis” and “malaria” were also identi-
fied with 2 proteins involved.) The reactome pathway analysis gave 4
pathways, all related to erythrocyte and heme metabolism (R-HSA-
2168880, R-HSA-1247673, R-HSA-1237044, R-HSA-432722). As in all
GO-analyses, no bone specific protein changes were identified after
14 days incubation with CD sera in less differentiated SCP-1 cells.
However, five pathways out of 16 are characterized by endocytosis or
transport mechanisms and two more belong to lipid metabolic pro-
cesses.

Discussion

In this study, we hypothesized that bone metabolism is influenced
by factors in the serum of patients with CD, resulting in osteoporosis in
some of these patients. Therefore, we analyzed whether serum from CD
patients influenced protein expression in a mesenchymal cell line under
osteogenic conditions, indicating a change in bone turnover with pos-
sible long-term effects. If so, serum from patients with symptomatic CD
could possibly have a different effect on SCP-1 cells compared to serum
from the same patient in remission. In addition, as an alternative
strategy, the effect of serum samples from patients with and without
osteoporosis were compared to evaluate differences independent from
the acute situation. In addition, we added serum samples from a healthy
control donor to the comparative analysis to analyze if the protein
expression is affected differentially by CD-sera compared to healthy
control sera and if the addition of a cytokine combination IL-6, IL-1 beta
and TNF alpha is causing any protein changes.

Analysis of sera from patients with CD showed increased levels of
TNF alpha, IL-1 beta and IL-6 during the symptomatic phase compared
to healthy patients. These levels differed tremendously between CD

Table 4
Proteins identified comparing SCP-1 cells treated with healthy control sera
versus healthy control sera supplemented with cytokines IL-6, IL-1 beta and
TNF alpha (H+cyt/H; p < 0.05).

ProtID P Padjust log2FC Fold change
Up or down

GENES

P04264 1.09E−06 1.58E−03 −1.74 3.35 KRT1 KRTA
P13645 3.06E−06 2.21E−03 −1.81 3.52 KRT10 KPP

(Fig. 3)
P13647 1.94E−05 9.36E−03 −2.07 4.19 KRT5
Q8IWA5 4.31E−05 1.56E−02 −2.06 4.18 SLC44A2 CTL2

PSEC0210
(Fig. 4)

Q16647 8.29E−05 2.00E−02 −1.16 2.24 PTGIS CYP8
CYP8A1

P36405 8.32E−05 2.00E−02 −0.97 1.97 ARL3 ARFL3
P16104 1.35E−04 2.33E−02 −1.35 2.55 H2AFX H2AX

(Fig. 4)
P04179 1.41E−04 2.33E−02 0.86 1.82 SOD2 (Fig. 4)
B1AH87 1.45E−04 2.33E−02 −2.18 4.54 TSPO (Fig. 4)
O15260-3 1.82E−04 0.02625928 −1.41 2.66
Q13642-5 2.71E−04 3.56E−02 0.65 1.57
P21399 3.12E−04 3.76E−02 −0.70 1.63 ACO1 IREB1
P40306 4.29E−04 4.77E−02 −1.30 2.47 PSMB10 LMP10

MECL1
Q8TD55 4.73E−04 4.88E−02 −2.40 5.29 PLEKHO2 (Fig. 4)

PLEKHQ1 PP9099
P62277 5.32E−04 4.88E−02 −1.33 2.51 RPS13
E9PF82 5.76E−04 4.88E−02 1.14 2.20 CAMK2D (Fig. 4)
K7EN94 6.10E−04 4.88E−02 1.31 2.48 TARDBP (Fig. 4)
P02538 6.19E−04 4.88E−02 −2.73 6.63 KRT6A K6A

KRT6D (Fig. 4)
P18124 6.41E−04 4.88E−02 0.77 1.71 RPL7

Bold:> 1.6fold upregulated; italic>1.6fold downregulated.

Fig. 3. Protein expression (normalized area) in SCP-1 cells after incubation with CD sera (SP or R) or healthy control sera with (H+C; n= 3) or without addition of
cytokines (H; n= 3) CD-Sera were classified as CD symptomatic phase (SP) or remission sera (R) (N=6; n=3) N= experimental replicates. n= technical re-
plicates; Scattered dot plot with mean and SD. The first two data sets are identical to Fig. 1 and depicted again for better understanding of the comparative analysis to
the healthy controls.
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patients, as also reported by Turk et al. [15]. No single cytokine level
correlated to BMD in our patients. IL-6, the main contributing cytokine
to CD in children, as discussed by Sylvester [17], was not consistently
increased in the serum of patients in this study. Furthermore, no gender
specific increased IL-6 level was observed. In contrast all female CD
patients were found to have increased TNF alpha levels. A gender-
specific influence of especially IL-6 on modulation of the adrenal re-
sponse and the HPA axis was postulated by Bethin et al. They assumed
that this could be one reason for a higher prevalence of autoimmune
diseases in female [37]. Statistical analysis of serum parameters re-
vealed no significantly changed concentrations of analyzed cytokines

IL-6, IL-1 beta or TNF alpha, neither between active disease and re-
mission nor between serum from osteoporosis positive and negative
patients. This was caused by the distinct differences in cytokine levels
between the studied individuals. The mean values for IL-6 and TNF
alpha were in the same range as published by Ogawa et al. [38]. In our
former study analyzing cytokine values in CD patients the comparison
of cytokine levels with age and gender matched healthy controls re-
vealed about 10fold elevated cytokine levels for all three cytokine
analyzed [13].

We found lower BMD values with longer duration of CD in the
studied patients. This finding suggests that the time period bone is
exposed to CD sera is involved in the pathogenesis of osteoporosis over
the years. Data on GC therapy concerning daily dose, duration or cu-
mulative dose and BMD are contradictory to date [14,39–42]. GC cu-
mulative dose in part correlated to BMD in single disease studies.
However in some studies a correlation only for fractures was evident
[42]. As shown also in our patients with different diseases the duration
or the cumulative glucocorticoid dosage per se were not causal for
decreased BMD [43]. BMD is only in part responsible for bone disease
in GC therapy [11].

CDAI values were significantly increased during the symptomatic
phase compared to remission supporting the successful categorization.
Although not all clinicians support the use of this clinical grading in CD,
it was applied during the time of this study in Germany. Using pro-
teome analysis to compare the effect of sera defined by CDAI phases on
SCP-1 cells was a proof of concept that factors in serum of CD patients
influence bone.

This analysis comparing symptomatic phase sera to remission sera
revealed seven proteins to be relevant for bone metabolism in SCP-1
cells therefore also for bone turnover in patients with CD. Five proteins
(TUBB6, CDKAL1, TTR, APOA1 and APOA2; Table 3; Figs. 1 and 2)
were significantly more than 1.6-fold downregulated and two proteins
(2 keratins) were significantly upregulated by symptomatic phase sera.
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Fig. 4. Protein expression (normalized area) in SCP-1 cells after incubation with CD sera (SP or R) or healthy control sera with (H+C; n= 3) or without addition of
cytokines (H; n=3) CD-Sera were classified as CD symptomatic phase (SP) or remission sera (R) (N=6; n=3) N= experimental replicates. n= technical replicates
*∼p < 0.05, **∼p < 0.01, ***∼p < 0.001 (unpaired t-test or One way Anova (H+ cyt vs CD-sera (SP+R)) Scattered dot plot presenting mean and SD.

Table 5
Significantly regulated proteins in SCP-1 cells after treatment with osteoporosis
positive CD sera (Ost+/Ost−; p < 0.05).

ProtID P Padjust log2FC Fold
change up
or down

GENES

P68871 1.00E−07 8.69E−05 −1.18 2.27 HBB
P69905 1.20E−07 8.69E−05 −1.61 3.06 HBA1/2
A0A087X2C0 3.30E−07 1.58E−04 −1.68 3.21
S4R371 7.20E−07 2.61E−04 0.71 1.63 FABP3
D6RHJ6 4.10E−06 1.19E−03 −1.80 3.49 JCHAIN
A0A087WT59 8.49E−06 2.04E−03 −1.08 2.11 TTR
P02786 4.03E−05 0.0075 0.34 0.79 TFRC
C9JF17 4.14E−05 0.0075 −0.61 1.53 APOD
P49327 6.95E−05 0.0108 0.41 0.75 FASN FAS
Q53GQ0 7.50E−05 0.0108 0.30 0.81 HSD17B12

SDR12C1
P01023 8.62E−05 0.0113 −0.71 1.63 A2M CPAMD5

FWP007
P02794 2.95E−04 0.0355 −1.57 2.97 FTH1 FTH

FTHL6 OK/SW-
cl.84 PIG15

Bold:> 1.6fold upregulated; italic>1.6fold downregulated.
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These proteins had not been associated with osteoporosis or bone
turnover so far and the basic expression of these proteins was low.
However, considering that protein expression increased within the
14 days of incubation, it is probable that longer and even higher ex-
posure of increased protein levels would affect osteoblasts. This hy-
pothesis is supported by the finding, that patients with longer duration
of CD showed lower BMD.

Furthermore, a significant linear relation between the CDAI level
and the protein expression of TUBB6, TTR, APOA1 and APOA2 was

found. This strengthens the finding that these proteins were expressed
depending on the degree of CD and vary in their expression between
symptomatic and remission phase defined by CDAI.

This change in protein expression could not solely be caused by the
elevated levels of the cytokines IL-6, IL-1 beta and TNF alpha during
symptomatic phase, because we did not find a significant difference
between cytokine levels comparing disease phases. However, there was
indeed a difference between stimulation with these three cytokines
compared to all CD-sera. Indicating that besides the increased levels of

Fig. 5. Protein expression (normalized area) in SCP-1 cells after incubation with CD patient sera or healthy control sera: Osteoporosis positive sera (Symptomatic
phase (black) and remission sera (grey); N=6; n= 18), osteoporosis negative sera (Symptomatic phase (black) and remission sera (grey); N= 6; n=18) and
healthy control sera (with (open) or without added cytokines (closed symbols) N= 2; n=6). N= experimental replicates. n= technical replicates; *∼p < 0.05,
**∼p < 0.01 (One-way Anova followed by Bonferroni multiple comparison testing).
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cytokines, additional factors in CD sera caused these changes in protein
expression (Figs. 3 and 4). The GO-analysis including proteins identi-
fied by remission versus symptomatic phase sera analysis revealed only
3 or 2 proteins (TTR, APOA1 and APO2) in every identified GO-term.
Some of these identified pathways can be connected to inflammation.
No data of these proteins in correlation to inflammation in CD were
published to date. However, these proteins were identified also in
cholesterol and lipoprotein metabolisms pathways which affect cell
membrane composition and therefore influence the uptake of serum
factors, especially inflammatory mediators [44,45]. Therefore,

principally an effect of CD serum on inflammatory pathways can be
shown.

The most surprising was the distinct influence of CD serum from
patients with and without osteoporosis on our cell model. The most
noticeable proteins induced by osteoporosis positive sera were FABP3,
whereas HBB as well as HBA1/2 were decreased, all three proteins
showing a strong relationship to BMD levels.

Overexpression of FABP3 inhibited mesenchymal stem cell pro-
liferation and FABP3 increased during hypoxic conditions [46]. Until
now neither nor HBB or HBA1/2 had been known to be related to bone

Fig. 6. Mean protein expression (normalized area) in SCP-1 cells after incubation with CD patient sera (osteoporosis positive sera (patient O1, O2, O3) are depicted as
black symbols; osteoporosis negative sera (C1, C2, C3) are open symbols). Correlation of BMD at femoral neck (g/cm2) as measured during symptomatic and
remission phase to mean protein expression of three technical replicates of protein expression (n=3).
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metabolism. These proteins are involved in mechanisms of oxygen
transport and hypoxia.

Several studies have shown that hypoxia affected differentiation in
human MSCs and can inhibit osteogenesis [47,48]. However, other
studies have shown that during early differentiation hypoxic conditions
favor osteogenic rather than adipogenic differentiation [49]. In another
study using a rat model, hypoxia also induced differentiation towards
osteogenesis in the initial stages of differentiation, but long term ex-
posure to hypoxic conditions led to impaired osteogenesis in the later
stages of differentiation [50].

In our experimental set-up we did not use defined hypoxic condi-
tions. In addition, besides a basal differentiation with glycerophosphate
and vitamin C no medium supplements to induce osteogenic (e.g. vi-
tamin D or dexamethasone) or adipogenic differentiation (e.g. IBMX
and dexamethasone) was used. Therefore, in this early differentiation
stage no induction of adipogenic or osteogenic phenotype was detect-
able in SCP-1 cells.

As reported before of the use of osteoporosis positive sera compared
to exposure of osteoporosis negative sera in hMSC increased mRNA
levels of osteopontin (SPP1), a marker for osteogenesis. In addition,
RANKL/OPG ratio was increased suggesting increased osteoclast acti-
vation [51]. HMSCs have a raised differentiation potential compared to
SCP-1 cells. Our published results in hMSCs would support, that prin-
cipally the observed changes in protein levels of FABP3, HBB and
HBA1/2 in SCP-1 might favor the development of osteoporosis.

GO-analysis performed with the proteins after stimulation with os-
teoporosis positive sera or osteoporosis negative sera resulted in the
GO-pathways: endocytosis, intracellular transport mechanisms as well
as lipid metabolisms. Especially the endocytosis pathway was found to
play a major role in inflammatory bowel diseases [52,53]. All identified
pathways are involved in cytokine mediated changes in tight junction
and adherent junction of intestinal cells [54], although none of the
identified proteins e.g. FABP3 were in the focus of research so far. Our
data suggest that also proteins of early bone cell differentiation may be
mediators of bone affection in inflammatory bowel disease.

Taken together, our study describes for the first time the protein
expression pattern in a human osteogenic cell system dependent on
stimulation with sera from adult patients with CD. Protein levels, more
relevant than gene expression for the final phenotype, were clearly
linearly affected dependent on CD phase (CDAI). Some proteins also
correlated in a linear relationship to patient BMD independent from CD
phase, suggesting that additional factors in serum besides IL-6, IL-1 beta
and TNF alpha are responsible for the osteoporotic phenotype.

Our findings are limited to patients with CD and should not be
transposed to osteoporosis patients without CD. However, in post-
menopausal osteoporosis also IL-1, IL-6 and TNF alpha are involved
locally in bone turnover, and the frequent and prolonged exposure of
bone to inflammatory mediators is one of the main contributors in the
formation of this form of estrogen-loss induced osteoporosis. In this
study we did not investigate bone from patients with CD. Certainly,
turnover or sensitivity of bone in patients with CD may also play an
important role for the development of bone affection.

Conclusion

Our results suggest, that serum from patients with CD influenced
bone metabolism supporting our hypothesis. Phase of the disease was
not the most decisive factor contributing to the osteoporotic phenotype
but additional parameters seemed to be involved. The effects on bone
metabolism were detectable early in the differentiation period, hence
predominantly affecting proteins of the general cell metabolism before
the development of an osteoblastic phenotype.

The present study should be regarded as explorative. We intend to
give an idea about possible pathways, playing a role in the pathogenesis
of osteoporosis in CD. Additional experiments including e.g. si-RNA
experiments targeting the hypoxia, endocytosis or lipid metabolism

pathway could be valuable to support our hypothesis.
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