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S100A4 Protein in Inflammatory Bowel 
Disease: Results of a Single Centre  
Prospective Study

Paula Morávková1,*, Darina Kohoutová1, Jaroslava Vávrová2, Jan Bureš1

A B S T R AC T
Introduction: The aim of our study was to assess association of serum S100A4 protein with ulcerative colitis (UC) and Crohn’s disease (CD).
Methods: Study included 118 subjects: 93 patients with CD, 16 with UC and 9 controls. In CD group, 20/93 patients had B1 phenotype, 
19/93 B2, 20/93 B3 and 34/93 B2 + B3. L1 involvement was present in 15/93, L2 in 14/93 and L3 in 64/93 patients. Serum S100A4 
concentration was investigated in peripheral venous blood samples by means of ELISA.
Results: Serum S100A4 was significantly higher in UC (158.6 ± 56.2 ng/mL), p = 0.019 and in CD (154.4 ± 52.1 ng/mL), p = 0.007 compared 
to controls (104.8 ± 40.5 ng/mL). No difference in S100A4 was revealed between UC and CD, p > 0.05. Serum S100A4 in each  
CD subgroup (according to behaviour) was significantly higher compared to controls, p < 0.05. Serum S100A4 was significantly higher  
in L2 (144.6 ± 44.2 ng/mL), p = 0.041 and in L3 (163.0 ± 52.8 ng/mL), p = 0.002 compared to controls and in L3 compared to  
L1 (126.9 ± 47.6 ng/mL), p = 0.017. 
Conclusion: Association of serum S100A4 protein with UC and CD was confirmed. In CD, disease behaviour did not influence serum 
concentration of S100A4 protein. In CD, higher levels of serum S100A4 were observed in patients with ileo-colonic and colonic involvement 
compared to those with isolated small bowel involvement.
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INTRODUCTION

Inflammatory bowel disease (IBD), ulcerative colitis (UC) 
and Crohn’s  disease (CD) have become a  global disease. 
Molodecky et al. reported in their recent study, that inci-
dence and prevalence of IBD have been increasing world-
wide. The highest prevalence of IBD has been documented 
in Europe and Canada (1). 

Despite all the progress in contemporary diagnostics in 
medicine, there is no serum marker, which would be spe-
cific for IBD. Serum markers of inflammation – decreased 
thrombocyte volume and/or elevated thrombocyte count, 
white blood cell count, erythrocyte sedimentation rate and 
C-reactive protein – help to assess activity of IBD, mainly 
(2–7). Whichever antibody or combination of antibodies 
associated with IBD, including serum ASCA (anti-Sacha-
romyces cerevisiae antibodies), ABBA (anti-brush border 
antibodies), anti-I2 (antibodies to DNA fragments of Pseu-
domonas fluorescens), Anti-CBir1 (antibodies to CBir1 flagel-
lin), anti-GP2 (antibodies to glycoprotein 2), anti-OmpC 
(anti-outer membrane protein C antibodies), pANCA (per-
inuclear anti-neutrophil cytoplasmic antibody), different 
levels of serum IgG1 and IgG2, ALCA (anti-laminaribio-
side carbohydrate antibodies), ACCA (anti-chitobioside 
carbohydrate antibodies) are present (8–15), their role to 
establish the definitive diagnosis of IBD/UC/CD is still sup-
portive only. 

The family of S100 proteins represents a total of at least 
25 small calcium binding proteins. S100 proteins have 
a broad range of functions – they play an important role 
in the regulation of cell proliferation, differentiation, ap-
optosis, energy metabolism, cellular signalling, and calci-
um homeostasis (16). Involvement of S100 proteins in the 
pathogenesis of IBD has been clearly documented and the 
role of individual S100 proteins as biomarkers for CD and 
UC has been validated in multiple studies (17–23).

Calprotectin, a heterocomplex of S100A8/9 proteins, 
plays an important role in the regulation of different in-
flammatory processes and nowadays, faecal calprotectin 
is used for assessment of IBD activity on routine basis 
(17, 24).

S100A4 (metastatin-1, calvasculin) is localized in the 
nucleus, cytoplasm, and extracellular space. It is strongly 
associated with metastatic tumour progression (25).

Boye et al. emphasized that the nuclear expression 
(not the cytoplasmic one) of S100A4 is a novel prognos-
tic marker for colorectal cancer (26) and further studies 
showed that S100A4 is not a biomarker only, but mediates 
the metastatic process itself, too (27).

Recent research has revealed that the role of S100A4 is 
more complex, including profibrotic effect e.g. in the my-
ocardium, liver and intestine (28–30). Significant upreg-
ulation of S100A4 was observed in certain chronic inflam-
matory conditions, especially in patients with rheumatoid 
arthritis. It was shown, that increased secretion of TNF-α, 
IL-1β and IL-6 was mediated by S100A4 (31). The stud-
ies have demonstrated, that Toll-like receptor 4 (TLR-4), 
which plays a significant role in IBD, was involved in these 
pro-inflammatory S100A4 mediated processes (32, 33).

Fibroblasts represent the key cell type in the pathogen-
esis of fibrostenosing/stricturing CD. Cunningham et al. 

investigated S100A4 in ex-vivo culture of resected ileum 
in patients suffering from fibrostenosing CD. The explant 
culture of tissue originating from the stricture showed 
a significant overexpression of S100A4 (30).

We are fully aware, that faecal biomarkers, including 
calprotectin and S100A12, might have advantage over the 
serum biomarkers for their anticipated higher sensitivity 
(being produced by the inflamed mucosa into the intesti-
nal lumen) and higher specificity (as serum biomarkers 
can be elevated due to non-gastrointestinal disorders) (17). 
Nevertheless, not a very rare preference of serum sam-
pling to the faecal one by patients with IBD provoked us to 
investigate S100A4 protein in the serum.

To our best knowledge, there are no studies on S100A4 
in different clinical IBD phenotypes in the literature. 

The aim of our prospective study was to investigate se-
rum S100A4 protein in patients with IBD and to determine 
possible association of increased serum S100A4 with com-
plicated forms of CD.

METHODS

SUBJECTS 
A  total of 118 subjects were enrolled in the prospec-
tive study between 2009 and 2016: 93 patients with CD  
(44 men, 49 women, aged 22–79, mean 44 ± 14), 16 patients 
with UC (8 men, 8 women, aged 20–74, mean 39 ± 15) and 
9 healthy controls (2 men, 7 women, aged 23–74, mean  
52 ± 17). Control group consisted of individuals with nor-
mal findings on colonoscopy, who had negative history of 
IBD and/or colorectal neoplasia. A recent change in bow-
el habit and symptoms compatible with irritable bowel 
syndrome were the indications for colonoscopy in that 
individuals. No patient in control group had any serious 
comorbidities in relation to the serum S100A4 protein (in-
cluding rheumatic disorders).

CD group was divided according to the Montreal clas-
sification (34) and descriptive statistics is provided in 
Table 1.

The duration of UC was 3–18 years, mean 10 ± 4, the 
duration of CD was 1–39 years, mean 15 ± 9. At the time of 
sampling, three patients with CD were without any treat-
ment, 46 patients were on 5-aminosalicylates (5-ASA) 
and 44 were treated with immunosuppressive therapy 
(corticosteroids, azathioprine, anti-TNF, cyclosporine). 
A total of 18% (17/93) were treated with anti-TNF agents, 
4/17 with adalimumab and 13/17 with infliximab. A total of 
six CD patients were treated with antibiotics (ciprofloxa-
cin and/or metronidazole) including one patient in group 
with 5-ASA and five CD patients with concomitant immu-
nosuppressive therapy.

Within the UC group, all of the enrolled patients had 
5-ASA; 3 patients were also treated with azathioprine. No 
patient from UC group received anti-TNF therapy.

SERUM CONCENTRATION OF S100A4 PROTEIN: 
SAMPLE COLLECTION AND MEASUREMENT
Venous blood samples (total amount of 6 mL) were ob-
tained before a  standard colonoscopy at the Endoscopy 
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Unit, 2nd Department of Internal Medicine-Gastroenter-
ology. Samples were transferred immediately to the Insti-
tute of Clinical Biochemistry and Diagnostics at Universi-
ty Hospital Hradec Králové. Blood centrifugation followed 
and sera had been stored at −80 °C until the investigation 
was performed in December 2016. Serum concentration of 
S100A4 protein was investigated by means of Human Pro-
tein S100-A4 ELISA kit, the quantitative sandwich enzyme 
immunoassay technique (purchased from MyBio Source, 
San Diego, California, USA).

ETHICAL ISSUES
All subjects included in the study were given the necessary 
information and provided informed consent via a signed 
form. The project was approved by the Joint Ethical Com-
mittee (Charles University, Faculty of Medicine in Hradec 
Králové, University Hospital Hradec Králové). For all ob-
tained data, all personal identification information was 
removed in compliance with the Czech laws for protection 
of confidentiality.

STATISTICAL ANALYSIS
Obtained data were tested statistically by means of de-
scriptive statistic and non-paired t-test (normal distribu-
tion of data was confirmed) using STATISTICA software, 
version 13, 2013, Tulsa, OK, USA.

RESULTS

Serum S100A4 values were significantly higher in UC 
compared to controls, p = 0.019. Serum S100A4 were sig-
nificantly higher in CD compared to controls, p = 0.007. No 
difference in S100A4 serum levels was revealed between 
UC and CD group, p = 0.771. See Graph 1.

In CD group, serum S100A4 was significantly higher 
in patients with all CD phenotypes compared to controls, 
p  <  0.05. No difference in S100A4 was documented be-
tween particular subgroups of CD (divided according to 
behaviour of CD), p > 0.05. See Graph 2.

According to disease localisation in CD group, a  sta-
tistically significant difference in S100A4 was revealed 

Tab. 1: The main characteristics of CD group.

Behaviour Subjects
Number, (%)

Men/Women Age
Range Mean

B1 20/93 (22%) 4/16 22–64 40 ± 14
B2 19/93 (20%) 11/8 23–79 48 ± 15
B3 20/93 (21%) 13/7 24–59 39 ± 12
B2 + B3 34/93 (37%) 16/18 24–78 47 ± 14
perianal 27/93 (29%) 13/14 24–69 43 ± 14
Location
L1 15/93 (16%) 9/6 22–63 41 ± 13
L2 14/93 (15%) 4/10 22–64 45 ± 12
L3 64/93 (69%) 31/33 22–79 44 ± 15

Graph 1: Comparison of serum concentration of S100A4 protein in 
controls, UC and CD patients.
1: significant difference compared to controls, p < 0.05.

Graph 2: Comparison of serum concentrations of S100A4 protein in 
CD subgroups (divided according to the disease behaviour).
B1 = nonstricturing-nonpenetrating, B2 = stricturing,  
B3 = penetrating, B2 + B3 = stricturing and penetrating form of CD.
1: significant difference compared to controls, p < 0.05.
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between L2 subgroup compared to controls, p = 0.041 and 
between L3 compared to controls, p = 0.002. Significant 
difference in S100A4 was revealed between L1 and L3,  
p = 0.017. See Graph 3.

CD patients with (27/93; 29 %) and without perianal 
involvement (66/93; 71 %) had significantly higher serum 
S100A4 (mean 163.1 ± 60.6 ng/mL; mean 150.8 ± 48.3 ng/mL, 
respectively) compared to controls, p = 0.002. The differ-
ence in serum S100A4 between CD with and without peri-
anal involvement was not statistically significant, p > 0.05. 

All CD patients, regardless if treated with anti-TNF 
agents, had significantly higher serum concentration of 
S100A4 compared to controls: CD group with anti-TNF: 
mean 154.7 ± 65.5 ng/mL, p = 0.049; CD group without an-
ti-TNF: mean 154.3 ± 49.2 ng/mL, p = 0.005. There was no 
significant difference in serum S100A4 between CD pa-
tients with and without anti-TNF medication, p > 0.05.

DISCUSSION

In our study, serum S100A4 levels were significantly 
elevated in patients with ulcerative colitis and in pa-
tients with Crohn’s disease compared to controls. We are 
convinced, that S100A4 is not a biomarker of IBD only, but 
it also plays a crucial role in the development of inflam-
matory process itself, presumably through the activation 
of TLR receptors and NF-κβ signalling pathway, too. In 
patients with rheumatoid arthritis, high levels of S100A4 
were associated with a poor clinical response to infliximab 
and a high rate of anti-infliximab antibodies (35). Based on 
these data, similar situation could be expected in IBD pa-
tients and therefore a study evaluating S100A4 before the 
patients are started on anti-TNF therapy is being planned 
in our setting. No difference in serum S100A4 was con-
firmed between CD patients with and without anti-TNF 
in our study, however no firm conclusions can be drawn 

Graph 3: Comparison of serum S100A4 protein in controls and CD 
subgroups (divided according to the disease localization).
L1 = isolated small bowel involvement, L2 = isolated colonic 
involvement, L3 = ileo-colonic involvement.
1: significant difference compared to controls, p < 0.05.
2: significant difference compared to L1, p < 0.05.

from this, as no one has studied the impact of anti-TNF 
therapy on serum S100A4 so far. S100A4 protein, known 
as calvasculin or metastatin-1 (16), was isolated by Ebral-
idze in 1989 and was considered to be involved in the met-
astatic tumour cell phenotype (36). A recent metaanalysis 
carried out by Liu et al. was in agreement: they reported 
that S100A4 over-expression correlates with tumour pro-
gression and poor prognosis of patients with colorectal 
carcinoma (37). 

Recent studies have documented, that S100A4 does not 
play a role in metastatic cancer only, but it is also involved 
in inflammatory processes (38). Increased expression of 
calvasculin was documented in inflamed muscle tissue in 
patients with idiopathic inflammatory myopathies, where 
S100A4 may stimulate mononuclear cells to increase syn-
thesis of pro-inflammatory cytokines (39). Significant up-
regulation of S100A4 was also observed in patients with 
rheumatoid arthritis: a study performed by Cerezo et al. 
documented that calvasculin induces inflammatory re-
sponse (up-regulated production of TNF (tumour necro-
sis factor)-α, IL (interleukin)-1β and IL-6) of mononuclear 
cells via the TLR-4 (toll-like receptor) and by the activa-
tion of NF-κB signalling pathway (31). Aberrant TLR sig-
nalling is known to contribute to intestinal inflammatory 
processes in IBD and associated carcinoma (32, 33). NF-κβ 
signalling cascade has also been shown to be involved in 
the development of colitis associated carcinoma (40).

Cunningham et al. found increased expression of 
S100A4 in fibroblasts and immune cells in the resected 
ileum in patients with stricturing CD. They also reported 
that the over-expression of S100A4 was induced by TGF-β1 
(transforming growth factor) (30). Therefore we assumed, 
that patients with stricturing phenotype of CD will have 
higher serum S100A4 compared to those with a non-stric-
turing CD behaviour. Nevertheless, our data have shown 
that patients with all phenotypes of CD had significant-
ly elevated serum S100A4 compared to controls and no 
significant difference in serum S100A4 was observed 
between stricturing and non-stricturing CD phenotypes. 
This might be explained by the fact, that over-expression 
of S100A4 in fibrotic processes is observed in tissue spe-
cific manner reflecting the local situation in the damaged 
tissue. We hypothesize therefore, that elevation of serum 
S100A4 protein (found in both, patients with UC and CD), 
mirrors rather inflammatory properties of calvasculin and 
its involvement in inflammatory processes in IBD.

Role of S100A4 in fibrotic processes has been investi-
gated recently: Tamaki et al. studied effect of S100A4 on 
cardiac fibrosis and documented, that S100A4 knockout 
mice showed reduced interstitial fibrosis, decreased num-
ber of myofibroblasts, suppressed expressions of collagen 
and profibrotic cytokines in the left ventricle. The authors 
assume, that the S100A4 induces cardiac fibrosis through 
the modulation of p53 (28). Effect of S100A4 in the ischae-
mic myocardium seems to be different  – protective and 
regenerative mainly: calvasculin decreased apoptosis of 
cardiac myocytes via the AKT signalling pathway (41) or 
via the ERK pathway (42).

We found the presence of highest S100A4 levels in 
patients with ileo-colonic and colonic forms of CD very 
interesting. Based on the literature, there is no definitive 
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explanation for this. Nevertheless, (1) reported activation 
of NF-κβ signalling cascade by S100A4 (31), (2) suggestion 
that the NF-κβ signalling cascade may be the central me-
diator of gastrointestinal inflammation in IBD and malig-
nancies (40), (3) known properties of metastatin – being 
a mediator of metastatic processes (27), (4) and known as-
sociation of colorectal carcinoma with IBD (43) are com-
patible with our observation of higher levels of serum 
S100A4 in IBD patients with colonic involvement.

We are aware of the possible limits of our current 
study. On the basis of the available literature, where 
S100A4 was investigated either in the serum (51 studies; 
two of them in a relation to a gastroenterology disorder – 
liver fibrosis and cirrhosis (44, 45)) or in plasma samples 
(26 studies; two of them were accomplished in gastric and 
colorectal cancer (46, 47)), we decided to investigate serum 
S100A4. All individuals enrolled into our study including 
all healthy controls and all IBD patients were investigated 
in the same manner. Therefore we assume, that our results 
are valuable and plausible despite we do not have any com-
parison between plasma and serum concentrations in our 
patients. Further, we did not investigate mRNA for S100A4 
tissue expression (from the affected areas), therefore it 
was not possible to correlate it with the serum S100A4. 
The reasons why we did not investigate the tissue samples 
were two: a) middle part of the small intestine may not be 
easily accessible for a routine endoscopy, b) resected spec-
imens might not reflect situation in the whole intestine. 

We hypothesize, that serum S100A4 can help to distin-
guish between IBD and non-IBD population and it possi-
bly might serve as a phenotype marker of IBD (colonic in-
volvement), however further studies are needed to follow 
in the near future.

CONCLUSIONS

Association of serum S100A4 with inflammatory bowel 
disease was confirmed.

No difference in serum S100A4 was observed between 
particular phenotypes of Crohn’s disease (CD) including 
stricturing and non-stricturing forms of CD.

In CD, serum S100A4 was higher in patients with co-
lonic and ileo-colonic involvement compared to patients 
with isolated small bowel involvement.
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