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Purpose: Systemic levels of the adipokine chemerin are elevated in different
inflammatory conditions such as inflammatory bowel disease (IBD). In IBD,
chemerin protein expression in colon mucosa is induced and serum chemerin
levels are increased. Aim of this study was to identify chemerin protein
in human feces and/or urine and to evaluate a possible association with
IBD activity.

Materials and methods: Feces and urine of 40 patients with IBD and the
respective sera of 34 patients were collected. Chemerin levels were analyzed
by immunoblot in feces and urine samples. In addition, enzyme-linked
immunosorbent assay (ELISA) was used to measure chemerin in all urine, feces
and serum samples of the patients and in urine of 17 healthy controls.

Results: Chemerin was not detectable in 80% of the human feces samples
by ELISA. Chemerin in human urine was detected by immunoblot and ELISA.
Compared to serum levels, urinary concentration was about 6,000-fold lower.
Urinary chemerin did not differ between patients with ulcerative colitis (n = 15)
and Crohn'’s disease (n = 25). Urinary chemerin was not related to its serum
levels, did not correlate with serum C-reactive protein level and negatively
correlated with serum creatinine. Of note, urinary chemerin of patients with a
fecal calprotectin > 500 wg/g was significantly higher compared to patients
with lower calprotectin levels and compared to healthy controls. Serum
creatinine did not differ between the patient groups.

Conclusion: Urinary chemerin might present a novel non-invasive biomarker
for monitoring IBD severity and clinical course.

urine biomarker, feces, calprotectin, creatinine, C-reactive protein, Crohn’s disease,
ulcerative colitis, inflammatory bowel disease (IBD)
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Introduction

Inflammatory bowel disease (IBD) with the two main
entities Crohn’s disease (CD) and ulcerative colitis (UC) is a
chronic inflammatory disease with rising prevalence (1-4).

Chemerin is an adipokine and functions as an attractant
for immune cells. Moreover, this protein is involved in glucose
metabolism, blood pressure homeostasis, and carcinogenesis
(5-10). Serum chemerin levels are increased in obesity and
various studies proved an association of circulating chemerin
with systemic markers of inflammation (11-17).

Chemerin exerts pro- and anti-inflammatory activities.
Chemerin as well as chemerin derived C-terminal peptides
function as pro-resolving factors (18-21). Chemokine-like
receptor 1 (CMKLR1) is the best studied chemerin receptor,
so far. G-protein receptor 1 is a further functional chemerin
receptor whereas chemokine (C-C motif) receptor-like 2
(CCRL2) has no signaling activity (6, 22, 23). Chemerin and
CMKLRI1 are abundant in intestinal epithelial cells and their
expression in the epithelial barrier is associated with disease
severity of IBD (24, 25). CMKLR1 knockout could, however,
neither prevent nor improve dextran sulfate sodium (DSS)
colitis. Accordingly, intraperitoneal application of recombinant
chemerin was without any effect (24). Contrary to this study, it
has been demonstrated that exogenous chemerin suppressed the
polarization of macrophages from M1 to M2 type and thereby
aggravated DSS colitis (25).

Chemerin deficient mice and animals with lack of intestinal
epithelial cell CMKLR1 were more sensitive to microbiota-
of chemerin-CMKLR1
signaling reduced expression of lactoperoxidase, which is highly

driven colon inflammation. Loss
abundant in colonic epithelial cells. Lactoperoxidase exerts
antimicrobial effects suggesting that chemerin protected from
dysbiosis in IBD (26). Interestingly, an antimicrobial activity
of chemerin as well as an internal twenty amino acid chemerin
peptide in epidermis has also been described (27, 28).

Circulating chemerin was higher in experimental colitis
and was increased in serum of patients with CD and UC in
comparison to healthy controls (24, 29, 30).

Fecal biomarkers have emerged as tools in diagnosis and
monitoring the therapeutic response of IBD. Fecal calprotectin
is generally used to monitor intestinal inflammation and to
anticipate disease relapse in clinical practice (31, 32). This
biomarker is released by granulocytes, and therefore, associated
with intestinal inflammation. Thus, it is not specific for IBD
(33, 34). Extending fecal calprotectin to include additional
biomarkers may improve IBD diagnosis. In consideration that
serum and colonic chemerin are higher in IBD (24, 25, 29, 30),
fecal chemerin may become a valuable non-invasive biomarker
for IBD diagnosis.

Until now, to our knowledge, there are no studies that have
examined whether chemerin can be detected in feces. Urine is
a further biological fluid becoming increasingly important for
biomarker studies and development (35). Serum chemerin is
strongly induced in patients with renal dysfunction (36), and
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impaired renal excretion may contribute to higher circulating
chemerin levels. Chemerin protein was indeed detected in urine
of rats by enzyme-linked immunosorbent assay (ELISA) (37).
Rat urine has a protein content of approximately 1 g/1 (38)
suggesting that there is about 10 pg chemerin/pl urine. Serum
chemerin of the rats was about 40 ng/ml and was 4-fold higher
than urinary levels (37).

The aim of the current investigation was to study whether
fecal and/or urinary chemerin has the potential to become a
diagnostic non-invasive biomarker for IBD.

Materials and methods
Patients

Patients with confirmed IBD diagnosis were recruited from
the outpatient and inpatient clinic at the Department of Internal
Medicine I at the University Hospital of Regensburg from
06.12.2021 to 23.06.2022. IBD was diagnosed based on accepted
endoscopic, histologic, and clinical criteria (39, 40). Patients
who were pregnant, had known coagulopathy, or were unable to
give informed consent were excluded from the study. Moreover,
urine of 17 healthy controls was collected. Controls were
students, hospital staff and spouse of the patients. Details of the
study groups are summarized in Table 1.

Enzyme-linked immunosorbent assay

ELISA to measure human chemerin was from R&D Systems
(Wiesbaden, Nordenstadt, Germany; Cat # DY2324). Serum was
diluted 1:250 fold for analysis. Urine was centrifuged for 5 min
at 4,000 rpm and was used undiluted. Fecal protein was prepared
as described below and was used undiluted.

Immunoblot analysis

Immunoblot was performed as described (41). Urine as well
as fecal protein was used undiluted and 16 pl were loaded

TABLE 1 Characteristics of the patients and controls.

Characteristics Patients Controls
Number (females/males) 40 (16/24) 17 (10/7)
Age (years) 42 (19-67) 42 (23-78)
BMI (kg/m?) 25.0 (16-44) n.d.
CRP (mg/l) 2.7 (0.6-144.0) n.d.
Creatinine (mg/dl) 0.83 (0.51-1.12) n.d.
GFR (ml/min) 100 (72-136) n.d.
First diagnosis (years) 10 (0-42) n.a.

BMI, Body mass index; CRP, C-reactive protein; GFR, Glomerular filtration rate; n.a.,
Not applicable; n.d., Not documented.
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per lane. Chemerin antibody was from R&D Systems (Cat #
AF2324, RRID:AB_416577). Coomassie Brilliant Blue R-250
Staining Solution was from Bio-Rad Laboratories (Feldkirchen,
Germany, Cat #1610436). Image] was used to quantify protein
levels (42).

Isolation of fecal protein

Fecal homogenates were prepared as described (43).
Feces (0.5 to 2.0 g) was homogenized in phosphate buffered
saline (PBS) supplemented with protease inhibitor (Protease
Inhibitor Cocktail cOmplete™ EDTA-free, Roche Diagnostics,
Penzberg, Germany; Cat # 11836170001) by the gentleMACS
Dissociator using gentleMACs M-tubes (Miltenyi Biotec,
Bergisch Gladbach, Germany; Cat # 130-093-236). One ml
aliquots were dried overnight in a vacuum concentrator.
The homogenate was dissolved in PBS with protease
inhibitor to 2 mg dry weight/ml. Material was stored at
—80°C until use.

Statistical analysis

Data are presented as boxplots. Statistical differences were
analyzed by Mann Whitney U-test or Kruskal-Wallis Test
and associations between two measures were analyzed by
Spearman correlation (SPSS Statistics 25.0 program, IBM,
Leibniz Rechenzentrum, Miinchen, Germany), and a value of
P < 0.05 was regarded significant.

Results

Chemerin is rarely detectable in feces

Protein isolated from human feces was used for immunoblot
analysis. Chemerin could not be detected in feces of six patients
analyzed by this method (Figure 1 and data not shown).
ELISA was used to measure fecal chemerin of 40 patients.
Fecal chemerin levels of 80% of the patients were below
the detection limit of the assay with a range from 31.2 to
2,000 pg/ml chemerin. The eight patients with fecal chemerin
levels above 0 had a low median level of 35.0 (8.8-156.7)
pg/ml. Fecal chemerin was not related to fecal calprotectin levels
(p = 0.533).

Chemerin is detectable in urinary
samples

Human urine was used for immunoblot analysis and
chemerin was detected in twenty-one of the twenty-four samples
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FIGURE 1

Immunoblot of feces for analysis of chemerin protein
expression. After the experiment the membrane was stained
with Coomassie Brilliant Blue R-250. The molecular weight size
markers are given. Human liver lysate was used as positive
control (PK).
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FIGURE 2

Immunoblot of urine for analysis of chemerin protein. After the
experiment the membrane was stained with Coomassie Brilliant
Blue R-250. The molecular weight size marker is shown and the
respective molecular weights are given. Human liver lysate was
used as positive control (PK).

(Figure 2 and data not shown). Urinary chemerin had a median
expression of 13.4 and ranged from 0 to 51.0.

After the immunoblot experiment, total urinary protein
on the membrane was stained with Coomassie Brilliant Blue
R-250 and quantified using ImageG (42; Figure 2). Urinary
chemerin protein levels were not correlated with total urinary
protein concentrations (r = 0.262, p = 0.217; Figure 3A).
Urinary chemerin levels as determined by immunoblot did not
correlate with serum chemerin measured by ELISA (r = —0.336,
p =0.109; Figure 3B).
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Urinary chemerin concentrations in
relation to serum chemerin, gender,
BMI, and serum creatinine

(ELISA)

used to quantify urinary chemerin protein of 40 patients

Enzyme-linked immunosorbent assay was
with IBD. Median chemerin protein in urine was 34
(20-1,470) pg/ml. Serum of 34 of these patients was
available, and in serum chemerin was 190 (82-391) ng/ml.
Thus, about 6,000-
fold lower than serum levels. There was no correlation

—0.095,

urinary chemerin expression was

between urinary and serum chemerin levels (r
p=0.593).

Urinary chemerin levels did not differ between females
and males (p 0.633). Age (r 0.023, p = 0.887)
and body mass index (BMIL r —0.191, p = 0.250)

did not correlate with wurinary chemerin concentration.

When patients were stratified for BMI there were two
patients with a BMI < 18.5 kg/m?, 20 patients with a
BMI between 18.5 and 24.9 kg/m?, nine patients with a
BMI between 25.0 and 29.9 kg/mz, seven patients with
a BMI between 30.0 and 34.9 kg/m?, one patient with
a BMI between 35.0 and 39.9 kg/m?, and one patient
with a BMI > 40 kg/m?. Urinary chemerin expression did
not significantly differ between these groups (p = 0.330)
(Figure 4A).

Urinary chemerin expression negatively correlated with
serum creatinine (Figure 4B) whereas the association with
0.287,

glomerular filtration rate was not significant (r
p=0.073).

Serum chemerin did neither correlate with serum creatinine
(r = 0.045, p = 0.799) nor glomerular filtration rate (r = 0.086,
p=0627).
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Urinary chemerin in relation to fecal
calprotectin and serum C-reactive
protein

In the group of 40 IBD patients, 25 patients had been
diagnosed with CD and 15 patients with CU. Urinary
chemerin levels were comparable between the two groups
(Figure 5A).

There was no correlation between urinary chemerin
concentration and fecal calprotectin levels (r 0.117,
p = 0.417). Therefore, we analyzed patient cohorts divided

according to their fecal calprotectin levels. Seventeen patients
had calprotectin levels below 50 pg/g, 10 patients had
calprotectin levels from 50 to 149 wg/g, 6 patients had
calprotectin levels from 150 to 500 g/g and seven patients
calprotectin levels > 500 n g/g.

Patients with fecal calprotectin < 50 pg/g were the oldest
and had the lowest glomerular filtration rate (GFR). CRP was
highest in patients with calprotectin > 500 pg/g (Table 2).
Gender distribution, BMI, creatinine, and time since first
diagnosis were similar between the groups (Table 2).

Patients with high fecal calprotectin > 500 g/g had higher
urinary chemerin levels in comparison to the three other groups
with similar levels (Figure 5B). Urinary chemerin protein varied
within the groups (11.0 to 18.4-fold in patients with fecal
calprotectin < 500 pg/g) and the variation was 4 to 6-fold higher
in patients with fecal calprotectin > 500 jLg/g. The coefficient of
variation (CV%) is a measure of relative variability and did not
markedly differ between the groups (Table 2).

(CRP)
inflammation correlated positively with fecal calprotectin

C-reactive protein as a serum marker for
in our cohort (r = 0.516, p = 0.001) but there was no significant
association of urinary chemerin and serum CRP (r = 0.284,

p=0.080).
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Correlation analysis of urinary chemerin protein with total protein levels and serum chemerin. (A) Correlation of urinary chemerin protein
determined by immunoblot and total protein in urine. Data of one patient is not shown in the figure because of the high protein content of this
urine sample. (B) Correlation of urinary chemerin protein determined by immunoblot and serum chemerin measured by enzyme-linked

immunosorbent assay (ELISA)
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FIGURE 4

Urinary chemerin levels in relation to BMI and serum creatinine. (A) Urinary chemerin stratified for BMI. The asterisk marks an outlier (three box
lengths from the median). (B) Correlation of urinary chemerin with serum creatinine.
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FIGURE 5

Urinary chemerin protein in Crohn’s disease (CD) and ulcerative colitis (UC) patients and in relation to fecal calprotectin. (A) Urinary chemerin of
CD and UC patients. (B) Urinary chemerin protein stratified for fecal calprotectin levels. Circles (1.5 box lengths from the median) and asterisks
(three box lengths from the median) mark outliers.

TABLE 2 Characteristics of the patients stratified for fecal calprotectin levels.

Calprotectin pg/g <50 <150 > 150 > 500 P-value

Number (females/males) 17 (8/9) 10 (5/5) 6 (2/4) 7 (1/6)

Age (years) 53%0:¢ (30-67) 34> (23-55) 29¢ (19-56) 282 (20-65) 0.038
0.010°
0.013¢

BMI (kg/m?) 26 (20-44) 24 (17-35) 25 (22-32) 22 (16-40)

CRP (mg/l) 1.9 (0.6-21.1) 1.2° (0.6-26.3) 6.7¢ (0.6-18.1) 25.0P:¢ (11.2-144.0) 0.001°
0.001°
0.025¢

Creatinine (mg/dI) 0.84 (0.67-1.06) 0.78 (0.59-1.12) 0.86 (0.63-1.03) 0.80 (0.51-1.06)

GEFR (ml/min) 89%0:¢ (72-119) 105> (91-120) 106 (95-131) 110® (97-136) 0.007
0.020°
0.025¢

First diagnosis (years) 14 (2-42) 10 (0-32) 6 (0-35) 3(1-16)

Chemerin pg/ml 32.9 (20.0-341.7) 35.22 (19.9-365.7) 20.1° (20.1-220.8) 178.3%1 (19.8-1470.3) 0.033°
0.007°

Chemerin CV% 113 127 153 126

Median values and ranges are listed. Significant different measures were marked with identical uppercase letters (BMI, Body mass index; CV, Coefficient of variation; CRP, C-reactive
protein; GFR, Glomerular filtration rate).

Serum chemerin levels positively correlated with CRP not differ between patients stratified for fecal calprotectin levels
(r = 0.321, p = 0.064) though this association was not (p=0.224).
significant. Serum chemerin concentrations did not correlate Histologic remission was documented for 32 patients and
with fecal calprotectin (r = 0.124, p = 0.484) and levels did was achieved in nine patients. Urinary chemerin did not differ
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between these groups (p = 1.000). When patients with fecal
calprotectin > 500 pg/g were excluded, urinary chemerin levels
were still similar between patients with and without histologic
remission (p = 0.215).

Urinary chemerin concentrations of
healthy controls

Urinary chemerin protein of 17 healthy controls was
also measured. Gender distribution and age of controls and
patients were comparable (Table 1). The 10 female and 7 male
controls had similar levels of chemerin in urine (p = 0.813).
0.130,
p = 0.618) Urinary chemerin protein did not differ between
the controls, patients with CD or UC (Figure 6A). Controls
had urinary chemerin levels similar to the patients stratified

Urinary chemerin did not correlate with age (r

for calprotectin levels with the exception of the group with
fecal calprotectin > 500 g/g. Urinary chemerin protein of
this group was significantly higher compared to the controls
(Figure 6B).

Urinary chemerin in relation to
complications and the current
inflammatory bowel disease
medication

There were 17 patients who suffered from extra-intestinal
manifestations of IBD and seven patients with fistulas. Urinary
chemerin did not differ in patients with and without these
complications (p = 0.812 and p = 0.707, respectively).

Common medications used to treat IBD were anti-
tumor necrosis factor monoclonal antibodies (10 patients),
anti-p40 monoclonal antibodies (12 patients), mesalazine
(15 patients) and corticosteroids (10 patients). Urinary

A
1400
= 1200
@ 1000
= 800
5 600 .
§ 400 . :
S 200 ;
O u —
HC CD uC
FIGURE 6

Chemerin (pg/ml) &

10.3389/fmed.2022.1058108

chemerin of patients taking anti-tumor necrosis factor
monoclonal antibodies (p = 0.548), anti-p40 monoclonal
(p 0.079), mesalazine (p 0.192)

corticosteroids (p = 0.914) was similar to patients without

antibodies and

these medications.

Discussion

This is to our knowledge the first study to detect
chemerin protein in human urine samples. Urinary chemerin
protein levels were higher in patients with IBD and fecal
calprotectin > 500 pg/g compared to patients with lower
levels and healthy controls. Thus, urinary chemerin levels may
be discussed as a novel non-invasive marker for intestinal
inflammation in patients with IBD.

It has been described that serum chemerin is elevated in
patients with impaired renal clearance (36, 44). In the general
population serum chemerin levels were inversely associated with
renal function (45). We were able to detect chemerin protein in
human urine samples and could show that urinary chemerin
was inversely correlated with serum creatinine. This suggests
that serum chemerin is partly cleared from the body by renal
elimination. Urinary chemerin concentration is low and about
6,000-fold less than serum levels. A rough estimate for male rats
was a 4-fold difference between serum and urine (37) suggesting
that renal chemerin excretion greatly differs between humans
and rats. Urinary volume of humans is about 2 1 per day (46)
and about 70 ng chemerin may be excreted by the kidneys.
To get exact numbers it has to be clarified whether degraded
chemerin, which is no longer detected by the ELISA, is also
present in human urine.

Immunoblot analysis revealed that chemerin protein in
urine has a molecular weight of about 15 kDa suggesting that
at least part of the chemerin protein is not degraded. Chemerin
in human serum is mostly inactive and C-terminal cleavage
of a few amino acids produces biologic active variants (6,

1400
1200
1000
800
600
400
200

p=0.004

Lo oo B

<50 <150 >150 >500
Calprotectin (ng/g)

=
HC

Urinary chemerin protein of healthy controls (HC), Crohn's disease (CD), and ulcerative colitis (UC) patients. (A) Urinary chemerin of HC, CD,
and UC patients. (B) Urinary chemerin protein of HCs and patients stratified for fecal calprotectin levels. Circles (1.5 box lengths from the
median) and asterisks (three box lengths from the median) mark outliers.

Frontiers in Medicine

06

frontiersin.org


https://doi.org/10.3389/fmed.2022.1058108
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Gunawan et al.

47). Activation of chemerin is achieved by several proteases
including the inflammatory serine proteases tryptase, plasmin
and elastase (48). So further studies should be designed to
investigate which isoforms of chemerin are abundant in urine.

Also noteworthy, high inter-individual variations of urinary
chemerin protein levels can be detected. Whereas serum
chemerin of the patients studied varied about 5-fold (CV%
39), urinary chemerin varied about 70-fold in the whole cohort
(CV% 176) and about 20-fold (CV% 123) when patients with
calprotectin > 500 pg/g were excluded.

Urinary chemerin was not correlated to serum chemerin,
total urinary protein content, gender, BMI or age. There was
a negative correlation with serum creatinine with an about
2-fold variation, which thus cannot explain the wide range
of urinary chemerin protein levels. Future studies are needed
to characterize the mechanisms, which contribute to urinary
chemerin concentrations.

It is important to note that fecal calprotectin ranged from
18 to 1,616 g/g in the whole cohort and from 18 to 347 in
patients with a calprotectin level < 500 jLg/g. This corresponds
to an about 19-fold variation in this cohort and an about 90-
fold variation in the whole study group. Similar variations of
fecal calprotectin in patients with IBD have been reported by
others (49, 50). The CV% for calprotectin was 166% in our
group and was reported to range from 48% up to 182% in
other IBD cohorts (51, 52). Thus, the CV% of 176 for urinary
chemerin in the patient cohort is comparable to CV% for
fecal calprotectin.

Chemerin and CMKLRI are expressed in intestinal
epithelial cells and are related to local inflammation (24,
25). In contrast to this knowledge, chemerin protein was not
detectable in human feces by immunoblot analysis, and was
only measurable in stool of 20% of the patients by ELISA. This
might be due to low biliary elimination of chemerin and/or
degradation of chemerin during fecal excretion.

Interestingly, urinary chemerin was increased in IBD
patients with high fecal calprotectin. The median urinary
chemerin levels of patients with low fecal calprotectin was
33 pg/ml and of patients with levels > 500 jg/g calprotectin
was 180 pg/ml. Serum creatinine did not differ between these
two groups excluding it as a confounding factor. The CV% of
urinary chemerin levels did not differ too much between the
calprotectin groups.

Urinary chemerin did not increase in parallel with
calprotectin levels and did not correlate with CRP suggesting
that it is not simply a marker of inflammation. Although the
cause for higher urinary chemerin is unknown it may serve as
an additional disease activity biomarker in IBD.

Urinary chemerin was comparable between healthy controls
and IBD patients with calprotectin levels below 500 pg/g.
This illustrates that urinary chemerin of the patients does not
increase until they develop severe IBD.
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Disease activity in IBD was found associated with a higher
urinary albumin (53). The etiology of microalbuminuria in
patients with IBD remains unclear and is supposed to be
a consequence of the acute phase response (53). Higher
urinary chemerin in patients with severe IBD may thus
reflect renal impairment. This suggests that urinary chemerin
may be analyzed for its suitability as a biomarker for renal
dysfunction in IBD.

The current study cohort was rather small and relation of
urinary chemerin with disease severity, progression or remission
has to be assessed in larger study groups. Whether urinary
chemerin may be useful to discriminate active IBD from
intestinal inflammation caused by infections, specific drugs,
cancer, or diverticulitis needs further analysis.

Urinary chemerin did not differ between patients with
CD or UC. It could not discriminate patients with low from
patients with medium fecal calprotectin levels; nor patients
with histologic remission from patients without histologic
remission. Therefore, chemerin protein in urine is not of
diagnostic value in this regard but may be useful as an
additional biomarker to fecal calprotectin to monitor IBD
disease activity. A novel urine biomarker for IBD is highly
desirable for clinical application as a follow-up and disease-
activity marker because it can be collected recurrently by non-
invasive techniques.

Limitation of this work is the small number of patients
analyzed, and thus possible differences of urinary chemerin
between CD and UC patients with high fecal calprotectin
could not be analyzed. Moreover, urinary chemerin was
not determined during therapy to monitor response
to treatment.

To summarize, present study detected chemerin in human
urine and showed that urinary chemerin levels of IBD patients
with high fecal calprotectin were increased. Urinary chemerin
is a potential novel and easily accessible biomarker for the

monitoring of IBD patients.

Data availability statement

The original contributions presented in this study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

This study was approved by the Ethics Committee of the
University Hospital of Regensburg (Protocol No. 19-1309-101,
Approval date: 20.02.2019) and all participants gave written
informed consent to the study. The study was performed
according to the updated guidelines of good clinical practice and
updated Declaration of Helsinki.

frontiersin.org


https://doi.org/10.3389/fmed.2022.1058108
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Gunawan et al.

Author contributions

CB, AK, and HT: conceptualization. TF, SS, HT, TE, SG,
and JL: resources. SG: investigation. CB: statistical analysis
and writing—original draft preparation. All authors: writing—
review and editing, critically revised the manuscript, approved
the final version to be published, and agree to be accountable for
all aspects of the work.

Acknowledgments

The support of Elena Underberg, Birgit Meier,
Elisabeta  Sepsy, and Maria Eichinger is greatly
acknowledged.
References

1. Brown SJ, Mayer L. The immune response in inflammatory bowel disease. Am
J Gastroenterol. (2007) 102:2058-69.

2. Cho JH. The genetics and immunopathogenesis of inflammatory bowel
disease. Nat Rev Immunol. (2008) 8:458-66.

3. Ott C, Obermeier E, Thieler S, Kemptner D, Bauer A, Scholmerich J, et al. The
incidence of inflammatory bowel disease in a rural region of Southern Germany: a
prospective population-based study. Eur ] Gastroenterol Hepatol. (2008) 20:917-23.
doi: 10.1097/MEG.0b013e328297b33

4. Dahlhamer JM, Zammitti EP, Ward BW, Wheaton AG, Croft JB. Prevalence
of inflammatory bowel disease among adults aged >18 years - United States,
2015. MMWR Morb Mortal Wkly Rep. (2016) 65:1166-9. doi: 10.15585/mmwr.
mmé6542a3

5. Bondue B, Wittamer V, Parmentier M. Chemerin and its receptors in leukocyte
trafficking, inflammation and metabolism. Cytokine Growth Factor Rev. (2011)
22:331-8. doi: 10.1016/j.cytogfr.2011.11.004

6. Buechler C, Feder S, Haberl EM, Aslanidis C. Chemerin isoforms and
activity in obesity. Int ] Mol Sci. (2019) 20:1128. doi: 10.3390/ijms200
51128

7. Fatima SS, Rehman R, Baig M, Khan TA. New roles of the multidimensional
adipokine: chemerin. Peptides. (2014) 62:15-20. doi: 10.1016/j.peptides.2014.
09.019

8. Ferland DJ, Mullick AE, Watts SW. Chemerin as a driver of hypertension: a
consideration. Am J Hypertens. (2020) 33:975-86. doi: 10.1093/ajh/hpaa084

9. Goralski KB, Jackson AE, McKeown BT, Sinal CJ. More than an adipokine:
the complex roles of chemerin signaling in cancer. Int J Mol Sci. (2019) 20:4778.
doi: 10.3390/ijms20194778

10. Treeck O, Buechler C, Ortmann O. Chemerin and cancer. Int ] Mol Sci. (2019)
20:3750. doi: 10.3390/ijms20153750

11. Catalan V, Gomez-Ambrosi J, Rodriguez A, Ramirez B, Rotellar E, Valenti V,
et al. Increased levels of chemerin and its receptor, chemokine-like receptor-1, in
obesity are related to inflammation: tumor necrosis factor-alpha stimulates mRNA
levels of chemerin in visceral adipocytes from obese patients. Surg Obes Relat Dis.
(2013) 9:306-14. doi: 10.1016/j.s0ard.2011.11.001

12. Ernst MC, Sinal CJ. Chemerin: at the crossroads of inflammation and
obesity. Trends Endocrinol Metab. (2010) 21:660-7. doi: 10.1016/j.tem.2010.
08.001

13. Fulop P, Seres I, Lorincz H, Harangi M, Somodi S, Paragh G. Association
of chemerin with oxidative stress, inflammation and classical adipokines in non-
diabetic obese patients. ] Cell Mol Med. (2014) 18:1313-20. doi: 10.1111/jcmm.
12282

14. Gu P, Jiang W, Lu B, Shi Z. Chemerin is associated with inflammatory
markers and metabolic syndrome phenotypes in hypertension patients. Clin Exp
Hypertens. (2014) 36:326-32. doi: 10.3109/10641963.2013.827697

Frontiers in Medicine

08

10.3389/fmed.2022.1058108

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

15. Maghsoudi Z, Kelishadi R, Hosseinzadeh-Attar MJ. Association of chemerin
levels with anthropometric indexes and C-reactive protein in obese and non-obese
adolescents. ARYA Atheroscler. (2015) 11:102-8.

16. Weigert J, Neumeier M, Wanninger J, Filarsky M, Bauer S, Wiest R, et al.
Systemic chemerin is related to inflammation rather than obesity in type 2 diabetes.
Clin Endocrinol (Oxf). (2010) 72:342-8.

17. Zylla S, Pietzner M, Kuhn JP, Volzke H, Dorr M, Nauck M, et al. Serum
chemerin is associated with inflammatory and metabolic parameters-results of a
population-based study. Obesity (Silver Spring). (2017) 25:468-75. doi: 10.1002/0oby.
21735

18. Cash JL, Hart R, Russ A, Dixon JP, Colledge WH, Doran J, et al. Synthetic
chemerin-derived peptides suppress inflammation through ChemR23. J Exp Med.
(2008) 205:767-75. doi: 10.1084/jem.20071601

19. Cash JL, Norling LV, Perretti M. Resolution of inflammation: targeting
GPCRs that interact with lipids and peptides. Drug Discov Today. (2014) 19:1186-
92. doi: 10.1016/j.drudis.2014.06.023

20. Yoshimura T, Oppenheim JJ. Chemerin reveals its chimeric nature. ] Exp
Med. (2008) 205:2187-90. doi: 10.1084/jem.20081736

21. Mariani E Roncucci L. Chemerin/chemR23 axis in inflammation onset and
resolution. Inflamm Res. (2015) 64:85-95. doi: 10.1007/s00011-014-0792-7

22. De Henau O, Degroot GN, Imbault V, Robert V, De Poorter C, McHeik S, et al.
Signaling properties of chemerin receptors CMKLR1, GPR1 and CCRL2. PLoS One.
(2016) 11:¢0164179. doi: 10.1371/journal.pone.0164179

23. Mattern A, Zellmann T, Beck-Sickinger AG. Processing, signaling, and
physiological function of chemerin. [UBMB Life. (2014) 66:19-26. doi: 10.1002/iub.
1242

24. Dranse HJ, Rourke JL, Stadnyk AW, Sinal CJ. Local chemerin levels are
positively associated with DSS-induced colitis but constitutive loss of CMKLR1
does not protect against development of colitis. Physiol Rep. (2015) 3:¢12497. doi:
10.14814/phy2.12497

25. Lin YYX, Yue W, Xu X, Li B, Zou L, He R. Chemerin aggravates DSS-induced
colitis by suppressing M2 macrophage polarization. Cell Mol Immunol. (2014)
11:355-66. doi: 10.1038/cmi.2014.15

26. Lin Y, Cai Q, Luo Y, Li B, Chen Y, Yang X, et al. Epithelial chemerin-CMKLR1
signaling restricts microbiota-driven colonic neutrophilia and tumorigenesis by
up-regulating lactoperoxidase. Proc Natl Acad Sci USA. (2022) 119:€2205574119.
doi: 10.1073/pnas.2205574119

27. Banas M, Zabieglo K, Kasetty G, Kapinska-Mrowiecka M, Borowczyk J,
Drukala J, et al. Chemerin is an antimicrobial agent in human epidermis. PLoS One.
(2013) 8:e58709. doi: 10.1371/journal.pone.0058709

28. Godlewska U, Bilska B, Zegar A, Brzoza P, Borek A, Murzyn K, et al.
The antimicrobial activity of chemerin-derived peptide p4 requires oxidative
conditions. ] Biol Chem. (2019) 294:1267-78. doi: 10.1074/jbc.RA118.005495

frontiersin.org


https://doi.org/10.3389/fmed.2022.1058108
https://doi.org/10.1097/MEG.0b013e3282f97b33
https://doi.org/10.15585/mmwr.mm6542a3
https://doi.org/10.15585/mmwr.mm6542a3
https://doi.org/10.1016/j.cytogfr.2011.11.004
https://doi.org/10.3390/ijms20051128
https://doi.org/10.3390/ijms20051128
https://doi.org/10.1016/j.peptides.2014.09.019
https://doi.org/10.1016/j.peptides.2014.09.019
https://doi.org/10.1093/ajh/hpaa084
https://doi.org/10.3390/ijms20194778
https://doi.org/10.3390/ijms20153750
https://doi.org/10.1016/j.soard.2011.11.001
https://doi.org/10.1016/j.tem.2010.08.001
https://doi.org/10.1016/j.tem.2010.08.001
https://doi.org/10.1111/jcmm.12282
https://doi.org/10.1111/jcmm.12282
https://doi.org/10.3109/10641963.2013.827697
https://doi.org/10.1002/oby.21735
https://doi.org/10.1002/oby.21735
https://doi.org/10.1084/jem.20071601
https://doi.org/10.1016/j.drudis.2014.06.023
https://doi.org/10.1084/jem.20081736
https://doi.org/10.1007/s00011-014-0792-7
https://doi.org/10.1371/journal.pone.0164179
https://doi.org/10.1002/iub.1242
https://doi.org/10.1002/iub.1242
https://doi.org/10.14814/phy2.12497
https://doi.org/10.14814/phy2.12497
https://doi.org/10.1038/cmi.2014.15
https://doi.org/10.1073/pnas.2205574119
https://doi.org/10.1371/journal.pone.0058709
https://doi.org/10.1074/jbc.RA118.005495
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Gunawan et al.

29. Terzoudis S, Malliaraki N, Damilakis J, Dimitriadou DA, Zavos C,
Koutroubakis IE. Chemerin, visfatin, and vaspin serum levels in relation to bone
mineral density in patients with inflammatory bowel disease. Eur ] Gastroenterol
Hepatol. (2016) 28:814-9. doi: 10.1097/MEG.0000000000000617

30. Weigert J, Obermeier F, Neumeier M, Wanninger J, Filarsky M, Bauer §,
et al. Circulating levels of chemerin and adiponectin are higher in ulcerative colitis
and chemerin is elevated in Crohn’s disease. Inflamm Bowel Dis. (2010) 16:630-7.
doi: 10.1002/ibd.21091

31. Shi JT, Zhang Y, She Y, Goyal H, Wu ZQ, Xu HG. Diagnostic utility of
non-invasive tests for inflammatory bowel disease: an umbrella review. Front Med
(Lausanne). (2022) 9:920732. doi: 10.3389/fmed.2022.920732

32. Mao R, Xiao YL, Gao X, Chen BL, He Y, Yang L, et al. Fecal calprotectin in
predicting relapse of inflammatory bowel diseases: a meta-analysis of prospective
studies. Inflamm Bowel Dis. (2012) 18:1894-9. doi: 10.1002/ibd.22861

33. Guo X, Huang C, Xu J, Xu H, Liu L, Zhao H, et al. Gut microbiota is a
potential biomarker in inflammatory Bowel disease. Front Nutr. (2021) 8:818902.
doi: 10.3389/fnut.2021.818902

34. van Rheenen PE, Van de Vijver E, Fidler V. Faecal calprotectin for screening
of patients with suspected inflammatory bowel disease: diagnostic meta-analysis.
BM]J. (2010) 341:¢3369. doi: 10.1136/bm;j.c3369

35. Harpole M, Davis J, Espina V. Current state of the art for enhancing
urine biomarker discovery. Expert Rev Proteomics. (2016) 13:609-26. doi: 10.1080/
14789450.2016.1190651

36. Bonomini M, Pandolfi A. Chemerin in renal dysfunction and cardiovascular
disease. Vascul Pharmacol. (2016) 77:28-34. doi: 10.1016/j.vph.2015.10.007

37. Abais-Battad JM, Lund H, Fehrenbach DJ, Dasinger JH, Alsheikh AJ, Mattson
DL. Parental dietary protein source and the role of CMKLR1 in determining the
severity of dahl salt-sensitive hypertension. Hypertension. (2019) 73:440-8. doi:
10.1161/HYPERTENSIONAHA.118.11994

38. Evans GO, Parsons CE. Potential errors in the measurement of total protein
in male rat urine using test strips. Lab Anim. (1986) 20:27-31. doi: 10.1258/
002367786781062089

39. Kucharzik T, Dignass A, Siegmund BZ. Aktualisierung der S3-leitlinie
colitis ulcerosa 2019. Gastroenterology. (2019) 57:1279-80. doi: 10.1055/a-1015-
7048

40. Sturm A, Maaser C, Calabrese E, Annese V, Fiorino G, Kucharzik T, et al.
ECCO-ESGAR guideline for diagnostic assessment in IBD part 2: IBD scores and
general principles and technical aspects. ] Crohns Colitis. (2019) 13:273-84. doi:
10.1093/ecco-jcc/jjyl14

41. Bauer S, Wanninger J, Schmidhofer S, Weigert J, Neumeier M, Dorn C,
et al. Sterol regulatory element-binding protein 2 (SREBP2) activation after excess

Frontiers in Medicine

09

10.3389/fmed.2022.1058108

triglyceride storage induces Chemerin in hypertrophic adipocytes. Endocrinology.
(2011) 152:26-35. doi: 10.1210/en.2010-1157

42. Schneider CA, Rasband WS, Eliceiri KW. NIH image to image]: 25 years of
image analysis. Nat Methods. (2012) 9:671-5.

43. Schott HE, Krautbauer S, Horing M, Liebisch G, Matysik SA. Validated, fast
method for quantification of sterols and gut microbiome derived 5alpha/beta-
stanols in human feces by isotope dilution LC-high-resolution MS. Anal Chem.
(2018) 90:8487-94. doi: 10.1021/acs.analchem.8b01278

44. Lin S, Teng J, Li ], Sun E Yuan D, Chang J. Association of chemerin and
vascular endothelial growth factor (VEGF) with diabetic nephropathy. Med Sci
Monit. (2016) 22:3209-14. doi: 10.12659/msm.896781

45. Zylla S, Rettig R, Volzke H, Endlich K, Nauck M, Friedrich N. Serum
chemerin levels are inversely associated with renal function in a general population.
Clin Endocrinol (Oxf). (2018) 88:146-53. doi: 10.1111/cen.13449

46. Bernard J, Song L, Henderson B, Tasian GE. Association between daily water
intake and 24-hour urine volume among adolescents with kidney stones. Urology.
(2020) 140:150-4. doi: 10.1016/j.urology.2020.01.024

47. Rourke JL, Dranse HJ, Sinal CJ. Towards an integrative approach to
understanding the role of chemerin in human health and disease. Obes Rev. (2013)
14:245-62. doi: 10.1111/0br.12009

48. Ferland DJ, Watts SW. Chemerin: a comprehensive review elucidating the
need for cardiovascular research. Pharmacol Res. (2015) 99:351-61. doi: 10.1016/j.
phrs.2015.07.018

49. Vitali R, Palone F, Armuzzi A, Fulci V, Negroni A, Carissimi C, et al.
Proteomic analysis identifies three reliable biomarkers of intestinal inflammation
in the stools of patients with Inflammatory Bowel disease. ] Crohns Colitis. (2022)
30:jjac110. doi: 10.1093/ecco-jcc/jjac110 [Epub ahead of print].

50. Swaminathan A, Borichevsky GM, Edwards TS, Hirschfeld E, Mules TC,
Frampton CM, et al. Faecal myeloperoxidase as a biomarker of endoscopic activity
in inflammatory Bowel disease. J Crohns Colitis. (2022) 8:jjac098. doi: 10.1093/
ecco-jcc/jjac098 [Epub ahead of print].

51. Han X, Ordouie AA, Schmelz R, Hummel T. Chemosensory functions in
patients with inflammatory bowel disease and their association with clinical disease
activity. Nutrients. (2022) 14:3543. doi: 10.3390/nu14173543

52. Moein S, Qujeq D, Vaghari Tabari M, Kashifard M, Hajian-Tilaki K.
Diagnostic accuracy of fecal calprotectin in assessing the severity of inflammatory
bowel disease: from laboratory to clinic. Caspian J Intern Med. (2017) 8:178-82.
doi: 10.22088/cjim.8.3.178

53. Mahmud N, Stinson J, O’Connell MA, Mantle TJ, Keeling PW, Feely J, et al.
Microalbuminuria in inflammatory Bowel disease. Gut. (1994) 35:1599-604. doi:
10.1136/gut.35.11.1599

frontiersin.org


https://doi.org/10.3389/fmed.2022.1058108
https://doi.org/10.1097/MEG.0000000000000617
https://doi.org/10.1002/ibd.21091
https://doi.org/10.3389/fmed.2022.920732
https://doi.org/10.1002/ibd.22861
https://doi.org/10.3389/fnut.2021.818902
https://doi.org/10.1136/bmj.c3369
https://doi.org/10.1080/14789450.2016.1190651
https://doi.org/10.1080/14789450.2016.1190651
https://doi.org/10.1016/j.vph.2015.10.007
https://doi.org/10.1161/HYPERTENSIONAHA.118.11994
https://doi.org/10.1161/HYPERTENSIONAHA.118.11994
https://doi.org/10.1258/002367786781062089
https://doi.org/10.1258/002367786781062089
https://doi.org/10.1055/a-1015-7048
https://doi.org/10.1055/a-1015-7048
https://doi.org/10.1093/ecco-jcc/jjy114
https://doi.org/10.1093/ecco-jcc/jjy114
https://doi.org/10.1210/en.2010-1157
https://doi.org/10.1021/acs.analchem.8b01278
https://doi.org/10.12659/msm.896781
https://doi.org/10.1111/cen.13449
https://doi.org/10.1016/j.urology.2020.01.024
https://doi.org/10.1111/obr.12009
https://doi.org/10.1016/j.phrs.2015.07.018
https://doi.org/10.1016/j.phrs.2015.07.018
https://doi.org/10.1093/ecco-jcc/jjac110
https://doi.org/10.1093/ecco-jcc/jjac098
https://doi.org/10.1093/ecco-jcc/jjac098
https://doi.org/10.3390/nu14173543
https://doi.org/10.22088/cjim.8.3.178
https://doi.org/10.1136/gut.35.11.1599
https://doi.org/10.1136/gut.35.11.1599
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Urinary chemerin as a potential biomarker for inflammatory bowel disease
	Introduction
	Materials and methods
	Patients
	Enzyme-linked immunosorbent assay
	Immunoblot analysis
	Isolation of fecal protein
	Statistical analysis

	Results
	Chemerin is rarely detectable in feces
	Chemerin is detectable in urinary samples
	Urinary chemerin concentrations in relation to serum chemerin, gender, BMI, and serum creatinine
	Urinary chemerin in relation to fecal calprotectin and serum C-reactive protein
	Urinary chemerin concentrations of healthy controls
	Urinary chemerin in relation to complications and the current inflammatory bowel disease medication

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


