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Abstract WNT1 inducible signaling pathway protein 1
(WISP-1/CCN4) is a novel adipokine, which is upregulat-
ed in obesity, and induces a pro-inflammatory response in
macrophages in-vitro. Preclinical observations suggested
WISP-1/CCN4 as a potential candidate for novel obesity
therapy targeting adipose tissue inflammation. Whether
circulating levels of WISP-1/CCN4 in humans are altered
in obesity and/or type 2 diabetes (T2DM) and in the post-
prandial state, however, is unknown. This study assessed
circulating WISP-1/CCN4 levels in a) paired liquid meal
tests and hyperinsulinemic- euglycemic clamps (cohort I,
n = 26), b) healthy individuals (cohort II, n = 207) and c)
individuals with different stages of obesity and glucose
tolerance (cohort III, n = 253). Circulating plasma and

serum WISP-1/CCN4 concentrations were measured using
a commercially available ELISA. WISP-1/CCN4 levels
were not influenced by changes in insulin and/or glucose
during the tests. In healthy individuals, WISP-1/CCN4 was
detectable in 13% of plasma samples with the intraclass
correlation coefficient of 0.93 (95% CI: 0.84–0.96) and
in 58.1% of the serum samples in cohort III. Circulating
WISP-1/CCN4 positively correlated with body mass index,
body fat percentage, leptin and triglyceride levels, hip cir-
cumference and fatty liver index. No differences in WISP-
1/CCN4 levels between individuals with normal glucose
tolerance, impaired glucose tolerance and T2DM were
found. The circulating concentrations of WISP-1/CCN4
showed no acute regulation in postprandial state and
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correlated with anthropometrical obesity markers and lipid
profiles. In healthy individuals, WISP-1/CCN4 levels are
more often below the detection limit. Thus, serum WISP-1/
CCN4 levels may be used as a suitable biomarker of
obesity.
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Abbreviations
ALT Alanine transaminase
CCN CTGF/Cyr61/Nov) family proteins
EPIC European Prospective Investigation

into Cancer and Nutrition
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insulin resistance
HEC Hyperinsulinemic euglycemic clamp
IFG Impaired fasting glucose
IGT Impaired glucose tolerance
IHL Intrahepatic liver fat
LMCT Liquid meal challenges tests
NGT Normal glucose tolerance
T2DM Type 2 diabetes mellitus
VAT Visceral adipose tissue
WHR Waist-to-hip ratio
WISP-1/CCN4 WNT-inducible signaling pathway

protein-1

Introduction

WNT-inducible signaling pathway protein-1 (WISP-1, also
known as CCN4) belongs to the CCN family of extracellular
matrix proteins and is a downstream target gene of the canon-
ical WNTsignaling pathway (Brigstock, 2003). CCN proteins
stimulate mitosis, adhesion, apoptosis, extracellular matrix
production, growth arrest and migration of multiple cell types.
As a result, they play essential roles in cell proliferation, an-
giogenesis, cardiovascular and skeletal development, tumori-
genesis and wound healing (Jun & Lau, 2011). Moreover,
experimental evidence suggests that other CCN family mem-
bers such as WISP-2/CCN5 and NOV/CCN3 participate in
the pathogenesis of obesity and associated diseases
(Gustafson et al., 2013; Pakradouni et al., 2013).

WISP-1/CCN4 shares structural features with the other
CCN proteins in that it contains an N-terminal secretory signal
peptide and four functional domains: (i) an insulin-like growth
factor binding protein-like module (IGFBP); (ii) a von
Willebrand factor type C repeat module (VWC); (iii) a
trombospondin type-1 repeat module (TSP-1); and (iv) a

cysteine-knot-containing module (CT) (Holbourn et al.,
2008). The VWC module is important for protein-to-protein
interactions, the TSP domain binds different targets, including
collagen, fibronectin, CD36, TGF-beta and heparin, and the
cysteine knot (CT) mediates dimerization and binding on Wnt
signaling pathway receptors and also heparin (Holbourn et al.,
2008; Leask & Abraham, 2006). In addition to the full-length
80-kDaWISP-1/CCN4 protein (Stephens et al., 2015), multiple
alternative splice forms have been reported. In detail, WISP-1v
lacks the VWC domain and is overexpressed in scirrhous gas-
tric carcinomas (Tanaka et al., 2001). A second isoform (Perbal,
2009) was found in the human chondrosarcoma-derived
chondrocytic cells and encodes a single IGFBP module in
which eight authentic amino acids at the C-terminus were re-
placed by 14 other residues (Yanagita et al., 2007).
Furthermore, in human hepatoma cells two shorter transcript
of 943 bp and 750 bp (Perbal, 2009), respectively, and a variant
containing only the signal sequence and cysteine knot motifs
have been described (Stephens et al., 2015).

Under physiological conditions, WISP-1/CCN4 plays
an important role in embryonic development, wound
healing and tissue repair (Brigstock, 2003). Aberrant
WISP-1/CCN4 expression is associated with various pa-
thologies including osteoarthritis, fibrosis and cancer
(Berschneider & Konigshoff, 2011; Gurbuz & Chiquet-
Ehrismann, 2015; Blom et al., 2009; Zhong et al., 2017).
Functionally, WISP-1/CCN4 has been shown to induce
proliferation and drive epithelial to mesenchymal transi-
tion in alveolar epithelial cells whilst increasing the syn-
thesis of extracellular matrix components (ECM) in fibro-
blasts (Blom et al., 2009). Nevertheless, despite the emerg-
ing evidence for a role for WISP-1/CCN4 in fibrosis, the
biology of the protein remains poorly understood.

Since WISP-1/CCN4 is a matricellular protein, it may
be sequestered in the extracellular matrix. Yet, WISP-1/
CCN4 is found in the circulation (Stephens et al., 2015),
but the mechanism via which WISP-1/CCN4 enters the
circulation is still unclear. Because the shorter forms are
mainly expressed in cell lines derived from carcinomas, it
seems likely that 80-kDa homodimer is the main form
found in the circulation (Stephens et al., 2015).

Importantly, we recently described WISP-1/CCN4 as an
adipokine that induces a pro-inflammatory response in
macrophages (Murahovschi et al., 2015a). Furthermore,
WISP-1/CCN4 gene expression and protein production are
up-regulated during human adipocyte differentiation in
humans (Tanaka et al., 2001). Interestingly, in humans,
WISP-1/CCN4mRNA expression in adipose tissue and circu-
latingWISP-1/CCN4 levels are downregulated by weight loss
(Murahovschi et al., 2015a), and are increased in patients with
gestational diabetes (Sahin Ersoy et al., 2016) and obese sub-
jects with insulin resistance and radiological signs of visceral
adipose tissue fibrosis (Barchetta et al., 2017).
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The aims of this study were to assess the detectability of
reliable blood measures of WISP-1/CCN4 in a population-
based sample of healthy individuals and to evaluate its
suitability as a circulating marker of obesity in individuals
with different stages of glucose tolerance.

Materials and methods

Study cohorts

Circulating WISP-1/CCN4 was measured in samples collected
from three independent cohorts of the Berlin-Brandenburg area
in Germany. Studies protocols were approved by the Ethical
Committee of Potsdam University, Charité Medical University
of Berlin and the Ethical Committee of theMedical Association
of the State of Brandenburg, Germany. Studies were carried out
in accordance with the principles of the Declaration of Helsinki.
All participants received written and oral information regarding
the nature and potential risks and gave their informed consent
before the start of studies.

Cohort I

26 subjects with different stages of glucose tolerance (five
subjects with normal glucose tolerance (NGT), 11 subjects
with impaired fasting glucose/impaired glucose tolerance
(IFG/IGT), and 10 subjects with type 2 diabetes (T2DM))
were selected from our previously published study
(ISRCTN40281673) (Rudovich et al., 2011). All study sub-
jects underwent both 2-h hyperinsulinemic-euglycemic glu-
cose clamps on two separated days after 10-h fasting (EC;
capillary blood glucose at 5.5 mmol/l by variable infusion of
20% glucose (Serag Wiessner, Naila, Germany) and constant
infusion of 100 mU ∙m2 body surface ∙ min−1 human insulin
(Actrapid; Novo Nordisk, Bagsværd, Denmark)) and 4-h liq-
uid meal challenges tests (LMCT; using a commercial liquid
meal preparation (Biosorb Energie®; Pfrimmer Nutricia,
Germany; 77.6 g carbohydrate, 22.3 g fat, 24 g protein,
600 kcal per 400 ml)). For this study, only serum samples
(at 3rd freeze-thaw cycle) collected at baseline were used.

Cohort II

207 apparently healthy participants (124 women and 83 men)
below the age of 64 years were randomly selected from the
European Prospective Investigation of Cancer and Nutrition
(EPIC) Potsdam cohort, which was designed to investigate the
association between nutrition, cancer and other chronic dis-
eases (Riboli et al., 2002). Participants were excluded, if they
had a history of heart disease (myocardial infarction, heart
failure, cardiomyopathy, stroke and angina pectoris), suffered
from impaired mobility, used β-blockers and had systolic or

diastolic blood pressure above 180 mmHg or 110 mmHg,
respectively. Blood samples were collected on two occasions
four months apart with the first blood collection in the period
of October 2007 to March 2008 and the second between
February and July 2008. Plasma samples (at 3rd freeze-thaw
cycle) were collected on EDTA and stored at −80 °C.

Cohort III

253 subjects with different stages of glucose tolerance (51
subjects with NGT, 184 with IFG/IGT and 18 subjects with
T2DM) were selected from two intervention studies (NCT:
00579657 and NCT: 01681173) and circulating WISP-1/
CCN4 levels were assessed in serum samples (at 2nd or 3rd
freeze-thaw cycle) obtained at baseline of each study. Body
composition was determined by air displacement plethysmog-
raphy (BOD POD®, COSMED, Italy). MRI and 1H–MRS
were performed on a 1.5 T whole body scanner (Magnetom
Avanto, Siemens Healthcare, Germany) for quantification of
visceral fat depots (VAT) and intrahepatic lipids (IHL),
respectively.

Analytical procedures

All venous blood samples were immediately centrifuged and
frozen at −80 °C until analysis. Routine markers were mea-
sured in serum using ABX Pentra 400 (Horiba, Japan).
Capillary blood glucose concentrations were measured
using a glucose oxidase method on a Dr. Müller Super
GL (Dr. Müller Glucose Analyzer, Germany). HbA1c was
measured using a Hi-Auto A1C HA-8140 system (Menarini
Diagnostics, Germany). Commercially available ELISA kits
were used for the measurements of insulin (Insulin ELISA,
Mercodia AB, Sweden) and leptin (Quantikine® Human
Leptin Immunoassay, R&D Systems, Minneapolis, USA).

WISP-1/CCN4 levels were measured by human direct
sandwich WISP-1/CCN4 DuoSet ELISA kit (DY1627;
R&D Systems, Germany) in combination with bovine serum
albumin (A7030, Sigma, Germany) or human serum albumin
(A1887, Sigma, Germany) and performed on 96-well high-
binding assay plates (82.1581, Sarstedt, Germany). The
ELISA utilizes a monoclonal capture antibody and polyclonal
detection antibody. According to the supplier’s information,
the assay exhibited no cross-reactivity or interference with
NOV/CCN3, the WISP-3/CCN6/Fc chimera, as well as
biglycan and decorin. In each plate, the standard dilution se-
ries were used to generate a four parameter logistic (4-PL)
curve fit and to calculate the sample concentration. The lower
detection limit of this assay was defined as 15 pg/ml. The
inter-assay coefficient of variation (CV) was 4.3% - 23.6%
for different pooled samples, whereas the intra-assay CV
was 9.5% - 17.6% for serum, and 6.9% - 17.4% for EDTA
plasma, respectively.
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Statistical analyses

All data are expressed as mean ± S.D. Statistical significance
was defined as p < 0.05. Index of whole-body insulin resis-
tance (HOMA-IR) was calculated as: fasting insulin [μU/ml]
x fasting glucose in [mM] / 22.5. The Fatty Liver Index (FLI)
was calculated from serum triglyceride, body mass index,
waist circumference, and gamma-glutamyltransferase
[FLI = (e 0.953*loge (triglycerides) + 0.139*BMI + 0.718*loge (ggt) +

0.053*waist circumference - 15.745) / (1 + e 0.953*loge (triglycerides) +

0.139*BMI + 0.718*loge (ggt) + 0.053*waist circumference - 15.745) *
100] (Bedogni et al., 2006) and was used as a noninvasive
predictive index for liver fat content.

Gaussian distribution of the data was examined by the
Kolmogorov–Smirnov test. Comparisons between two
groups were tested by Student’s t test in the case of
Gaussian-distributed data or Mann-Whitney U test in
case of skewed data sets. Pearson’s coefficient or
Spearman’s rank correlation coefficients were used for
correlation analysis for Gaussian and skewed datasets,
respectively. The repeated measures ANOVA was per-
formed to determine changes in mean blood glucose,
insulin and WISP-1/CCN4 level. The intraclass correla-
tion coefficients (ICC-s) were used in the EPIC sub-
cohort for assessment of the WISP-1/CCN4 reliability
over a 4-month period. ICC-s were calculated as ratios of
between-person variance and total variance (between person
variance + within person variance). Following established cut
points estimated reproducibility is rated as excellent (ICCs
≥0.75), good (ICC: 0.74–0.60), fair (ICC: 0.59–0.40) or poor
(ICC < 0.40). Stepwise linear regression was performed to
determine the dependence of WISP-1/CCN4 concentrations
on markers of obesity. Statistical analyses were performed
with SAS (Version 9.4, Enterprise Guide 6.1, SAS Institute
Inc., Cary, NC, USA) and SPSS Statistics version 20.0 (IBM
Corporation, USA).

Results

Assay validation

According to the supplier, the human WISP-1/CCN4 DuoSet
ELISA (R&D Systems, Germany) is validated for analysis of
WISP-1/CCN4 levels in cell culture supernatants, serum, and
plasma samples. Nevertheless, we performed additional vali-
dation to ensure reliable results in the analysis of circulating
WISP-1/CCN4 in human clinical studies. First, we investigat-
ed the stability of WISP-1/CCN4 protein during the storage
and thawing process. For this, freshly collected and pooled
serum and plasma samples from 9 overweight non-critically
ill volunteers underwent four consecutive freeze-thaw cycles.
In both types of samples, the measured WISP-1/CCN4 levels

were not changed after three freeze-thaw cycles. After the 4th
freeze-thaw cycle, we observed a reduction in the amount of
WISP-1/CCN4 that was detected (p < 0.05, Figure 1a).
Similar results were observed in a freeze-thaw experiment
with pooled serum samples from 8 subjects from cohort III
(Figure 1b).

We then evaluated whether the detection ofWISP-1/CCN4
was similar in serum and plasma samples. Therefore, we used
serum, EDTA plasma and citrate plasma samples from the
same freeze-thaw cycle from 14 subjects from cohort III. As
shown in Figure 1c, the highestWISP-1/CCN4 concentrations
were found in the serum samples (p = 0.0001 vs. EDTA/citrate
plasma and p = 0.01 vs. Li-heparin plasma).

We further performed a spike-and-recovery assessment in
pooled serum and plasma samples spiked with 1000 pg/mL of
recombinant human WISP-1/CCN4. We observed a recovery
of 81.3% for serum, 88.3% for EDTA plasma, 49.4% for
citrate plasma and 31.8% for Li-heparin (Figure 1d), respec-
tively. These findings suggest that clothing inhibitors in plas-
ma samples may impact on the detection of WISP-1/CCN4.
To substantiate this, an additional analysis of samples spiked
with 500 pg/ml of recombinant humanWISP-1/CCN4 togeth-
er with common concentrations of clotting inhibitors –
3.2 mg/mL, 1.6 mg/mL, 0.8 mg/mL EDTA (No: 02.1066,
Sarstedt, Germany), 1:5, 1:10, 1:20 dilution citrate from the
32% stock solution (No. 02.1067, Sarstedt, Germany), 32
I.U., 16 I.U., 8 I.U. Li-heparin (No. 02.1065, Sarstedt,
Germany) was conducted. We did not find differences be-
tween EDTA spiked (0.8–1.6 mg/dl) or citrate spiked samples
(1:20–1:10) vs. control without clotting inhibitors. However,
we observed decreasing WISP-1/CCN4 concentrations in
samples spiked with Li-heparin, namely a dose-dependent re-
duction of WISP-1/CCN4 concentration of 45%, 63% and
95% in samples with 8 I.U., 16 I.U. and 32 I.U. Li-heparin
(Figure 1e). Collectively, these data show that serum samples
are preferred over plasma EDTA or citrate samples for optimal
detection of circulating WISP-1/CCN4. Furthermore, the
presence of heparin in plasma markedly hampered the detec-
tion of WISP-1/CCN4.

WISP-1/CCN4 reliability in healthy individuals

We assessed the WISP-1/CCN4 reliability in plasma
samples obtained from healthy individuals (n = 207)
within the EPIC-Potsdam cohort (cohort II, Table 1). In
this sub-cohort, plasma concentrations of WISP-1/CCN4
were detectable in only 27 individuals (13 men and 14
women, 13% of the full sample). No correlation of plasma
WISP-1/CCN4 levels with waist circumference was found in
this cohort. There was a trend towards a difference inWISP-1/
CCN4 concentrations according to sex, with male individuals
having higher concentrations compared to females
(155.5 ± 190.4 pg/ml vs. 55.0 ± 58.9 pg/ml, respectively,
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NS). The intraclass correlation coefficient used for assessment
of the WISP-1/CCN4 reliability over a 4-month period was
0.93 (95% CI: 0.84–0.96) in all individuals, 0.94 (95% CI:
0.78–0.98) in men and 0.91 (95% CI: 0.70–0.97) in women.

Effect of acute insulin and glucose changes on circulating
WISP-1/CCN4

Because insulin treatment was found to increase WISP-1/
CCN4 expression in adipocytes in-vitro (Murahovschi et al.,
2015a), we next investigated whether acute changes in insulin
and glucose levels affect circulating WISP-1/CCN4 in
humans in vivo. For this, we assessed circulating serum
WISP-1/CCN4 levels in 26 subjects (cohort I, Table 1) at the
start and at several time points (60, 120, and 240 min) after
ingestion of a standardized liquid meal. While blood glucose
and insulin acutely increased after the test meal ingestion
(p < 0.0001 for both), WISP-1/CCN4 levels were not affected
(p = 0.16) (Fig. 2a). To investigate the effect of acute
hyperinsulinemia on circulatingWISP-1/CCN4, we also mea-
sured serumWISP-1/CCN4 levels at baseline and 30, 60, and
120 min after the start of the insulin infusion during a

euglycemic-hyperinsulinemic clamp. Although WISP-1/
CCN4 levels changed during the test (p < 0.01), regression
analysis revealed no association (p = 0.216) with rising insulin
levels (p = 0.01) (Fig. 2b).

Circulating WISP-1/CCN4 and markers of insulin
resistance and obesity

We further analysed circulating serum WISP-1/CCN4 levels
in subjects with different stages of glucose tolerance including
51 subjects with NGT, 184 subjects with IFG/IGT and 18
subjects with T2DM according to WHO criteria for diabetes
(WHO, 2006) (n = 253, cohort III, Table 1). In this cohort,
circulating WISP-1/CCN4 levels were above the detection
limit in 58.1% of subjects. In these subjects, we found that
WISP-1/CCN4 was not normally distributed. We observed a
left skewed distribution of WISP-1/CCN4 values, and 95% of
a l l va lues we re up to 249 .42 pg /mL or lower
(median = 38.5 pg/ml, I50 = 47.5 pg/ml) (Fig. 3a). In contrast
to the EPIC sub-cohort, no gender differences in WISP-1/
CCN4 levels were observed (79.0 ± 161.8 pg/ml vs.
79.5 ± 136.4 pg/ml for men and women, respectively, NS).

Fig. 1 Validation of WISP-1/
CCN4 assay. WISP-1/CCN4
concentrations were measured (a)
after multiple freeze-thaw cycles
in fresh collected and pooled
serum and plasma samples
(n = 9); (b) after multiple freeze-
thaw cycles in pooled serum
samples from cohort III (n = 8);
(c) in serum, EDTA plasma,
citrate plasma and Li-heparin
plasma samples at the same
freeze-thaw cycle (n = 14); (d) in
pooled serum and plasma samples
spiked with 1000 pg/mL of
recombinant human WISP-1/
CCN4 (data shown as
median ± interquartile range); (e)
in reagent diluent samples with
different concentrations of
clotting inhibitors and 500 pg/mL
of recombinant human WISP-1/
CCN4. (f) Example figure of
standard curves in the human
WISP-1/CCN4 DuoSet ELISA
kit (DY1627) assay. *p < 0.05, **
p < 0.01
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Furthermore, we found weak correlations of serum
WISP-1/CCN4 levels with BMI (n = 147; r = 0.19,
p = 0.02), hip circumference (n = 147; r = 0.20,
p = 0.017), body fat percentage (n = 140; r = 0.20,
p = 0.025), body lean mass (n = 140; r = −0.20,
p = 0.03), triglycerides (n = 147; r = 0.22, p = 0.007),
FLI (n = 91; r = 0.28, p = 0.008), and circulating leptin
(n = 96; r = 0.26, p = 0.01), but not with HbA1c, hepatic
triglyeride content, visceral fat mass (both measured in
MRI), HOMAIR, cholesterol, alanine transaminase and
aspartate transaminase. In stepwise linear regression analysis,
only BMI remained an independent parameter associated
with WISP-1/CCN4 concentration, whereas other variables
were excluded from the predictive model (Table 2).
However, the model could explain only 5% (adjusted R2 of
the model) of theWISP-1/CCN4 variability. Differences in the
WISP-1/CCN4 levels between normal weight, overweight
and obese subjects did not reach statistical significance
(p = 0.123) (Fig. 3b). In addition, we analyzed differences
in subjects with WISP-1/CCN4 concentrations under the
detection limit to subjects with measurable WISP-1/
CCN4 (Table 3). Total, LDL and HDL cholesterol are lower
in subjects with undetectable WISP-1/CCN4 levels, but no
differences in BMI and other anthropological markers of
obesity were observed.

Finally, WISP-1/CCN4 concentrations were statistically
not significantly different among individuals with NGT
(257.3 ± 793.4 pg/ml) and IGT (104.8 ± 247.0 pg/ml) or
T2DM (56.7 ± 30.2 pg/ml).

Discussion

In the present study, we characterized WISP-1/CCN4 as a
stable circulating marker that is not affected by multiple
freeze-thaw cycles and by acute insulin and glucose changes.
WISP-1/CCN4 levels demonstrated a high reliability over
a 4-month period and are associated with obesity markers
such as BMI, body fat, triglycerides, hip circumference,
fatty liver index and pro-inflammatory adipokines, such
as circulating leptin.

In validation experiments, we found that serum samples are
preferable to plasma EDTA or citrate samples for optimal
detection of circulating WISP-1/CCN4, and that the presence
of heparin in plasma markedly hampered the detection of
WISP-1/CCN4. This may be ascribed to the binding of
heparin toWISP-1/CCN4. Within the WISP-1/CCN4 protein,
three domains, namely the VWC-, the TSP-1 and the
CT-domain can theoretically bind to heparin (Holbourn et al.,
2008; Leask & Abraham, 2006). Moreover, we observed lower

Table 1 Baseline characteristics
of study participants Cohort I Cohort II Cohort III

Total N 26 207 253

NGT/IFG + IGT/T2DM (N) 5/11/10 207/0/0 51/184/18

Sex (% male) 55.6 40 36.8

Age (years) 59.1 ± 9.1 56 ± 4.2 58.5 ± 9.6

Weight (kg) 90.1 ± 14.7 n.a. 89.0 ± 16.6

BMI (kg/m2) 31.5 ± 4.9 26.5 ± 4.0 31.6 ± 5.0

Waist circumference (cm) 103.7 ± 10.9 93.0 ± 12.8 102.3 ± 12.4

Hip circumference (cm) 108.9 ± 11.7 n.a. 111.5 ± 10.9

Waist-to-hip ratio 0.90 ± 0.09 n.a. 0.92 ± 0.08

HOMA-IR 3.75 ± 6.28 n.a. 2.22 ± 1.22

HbA1c (%) 5.92 ± 0.69 n.a. 5.41 ± 0.43

HDL (mmol/L) 1.21 ± 0.28 n.a. 1.28 ± 0.30

LDL (mmol/L) 3.35 ± 1.04 n.a. 3.51 ± 0.85

Triglycerides (mmol/L) 1.88 ± 1.02 n.a. 1.42 ± 0.81

Total cholesterol (mmol/L) 5.46 ± 1.24 n.a. 5.43 ± 1.02

ALT (U/L) 38.9 ± 110.5 n.a. 27.3 ± 18.4

Body fat (%) 37.3 ± 8.3 n.a. 37.7 ± 8.2

VAT (%) n.a. n.a. 4.61 ± 2.05

IHL (%) 14.22 ± 10.37 n.a. 8.20 ± 8.36

Fatty Liver Index (FLI) n.a. n.a. 66.7 ± 26.8

Data are mean ± S.D.; n.a. = not available. Cohort I - 26 subjects with different stages of glucose tolerance, who
underwent liquid meal test and euglycemic-hyperinsulinemic clamp; cohort II - European Prospective
Investigation of Cancer and Nutrition (EPIC) Potsdam study; cohort III - subjects with different stages of obesity
and glucose tolerance
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WISP-1/CCN4 concentration in plasma samples compared to
serum samples, suggesting that plasma factors as well as extra-
cellular proteins and glycosaminoglycanes, may interfere with
WISP-1/CCN4 detection.

To the best of our knowledge, this is the first study to
evaluate the methodological utility of measuring WISP-1/
CCN4 concentrations in apparently healthy populations.
Using data from a large validation sub-study within the
EPIC cohort, we found that assessing WISP-1/CCN4 levels
in healthy individuals is methodologically challenging due to
the high number of samples with WISP-1/CCN4 concentra-
tions below the detection limit. Compared to the study sample

of pre-diabetic individuals where approximately half of the
WISP-1/CCN4 concentrations were detectable, in the healthy
EPIC participants we were able to detect only 13% of the
measurements. This finding implicates an important aspect
of WISP-1/CCN4 biology and indicates that caution should
be paid when planning future research studies taking into ac-
count the methodological challenges in measuring WISP-1/
CCN4 concentrations in metabolically non-compromised in-
dividuals. A higher percentage of samples with WISP-1/
CCN4 levels over the assay detection limit was observed in
cohort III which included metabolically afflicted subjects
compared with the EPIC sub-cohort of metabolically healthy

Fig. 2 Circulating serum WISP-
1/CCN4 levels during (a) liquid
meal challenge test (LMCT,
n = 26) and (b) hyperinsulinemic
euglycemic clamps (EC, n = 26).
Median values with interquartile
range (I50) for serum insulin,
glucose and WISP-1/CCN4 are
shown

Fig. 3 Circulating serum WISP-
1/CCN4 levels in subjects of the
cohort III. (a) Distribution
diagram of WISP-1/CCN4 values
in cohort III. Divided into classes
of 10 pg/ml. (b) WISP-1/CCN4
levels in normal weight,
overweight and obese subjects.
Data are shown as mean ± SEM
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individuals. However, it should be noted that WISP-1/CCN4
concentration measured in serum samples is higher than in
plasma samples of the same subjects. Plasma samples were
analyzed in cohort II, and serum samples in cohort III; there-
fore, we cannot exclude an additional effect of this phenome-
non on the outcome of the WISP-1/CCN4 measurements.

Although WISP-1/CCN4 expression was upregulated by
the insulin treatment in vitro (Murahovschi et al., 2015a), we
did not observe this effect in the euglycemic-hyperinsulinemic
clamp test in humans. This could be explained by the relative-
ly short period of hyperinsulinemia in vivo together with

relatively low insulin concentration compared with in vitro
experiments.

We further assume that long-term elevated glucose levels
accompanying the insulin resistance state and contributing to
the low-grade inflammation in adipose tissue could have an
influence on the WISP-1/CCN4 production in the body. In
accordance with this hypothesis, the data of the very recently
published study of Barchetta et al. (Barchetta et al., 2017)
showed a marked association between WISP-1/CCN4 levels
and increased IL-8 levels, reduced adiponectin levels, and
radiological signs of visceral adipose tissue fibrosis. In line
with our data, the authors found no association with type 2
diabetes. We also found no differences inWISP-1/CCN4 con-
centrations between individuals with NGT and T2DM. This
observation may be explained by good therapeutic glycemic
control of subjects with diabetes in our cohort. The previously
reported increased WISP-1/CCN4 levels in gestational diabe-
tes (Sahin Ersoy et al., 2016) may reflect increased insulin
resistance in these patients and is contrary to our observation.
Interestingly, women with gestational diabetes have mild hy-
perglycemia and pathophysiologically placental hormone de-
pendent increase in insulin resistance (Catalano et al., 2003)
and altered balance between pro- and anti-inflammatory cyto-
kines with triggering adipose tissue inflammation (Abell et al.,
2015) are two major contributor to the disease progress. Taken
together, the perturbation in the tissue inflammation seems to
be superior to the hyperglycemic state when it comes to an

Table 3 Characteristics of
subjects withWISP-1/CCN4 over
and under detection limit

WISP-1/CCN4 detectable WISP-1/CCN4 not detectable p-value

Total N 147 106

NGT/IFG + IGT/T2DM (N) 29/108/10 22/76/8

Sex (% male) 36.1 37.7

Age (years) 58.8 ± 9.3 58.0 ± 10.0 0.527

Weight (kg) 88.4 ± 16.4 89.8 ± 16.8 0.513

BMI (kg/m2) 31.5 ± 5.0 31.8 ± 4.9 0.479

Waist circumference (cm) 102.3 ± 12.6 102.2 ± 12.1 0.937

Hip circumference (cm) 111.3 ± 11.3 111.8 ± 10.5 0.653

Waist-to-hip ratio 0.92 ± 0.08 0.92 ± 0.08 0.605

HOMA-IR 2.23 ± 1.21 2.21 ± 1.24 0.920

HbA1c (%) 5.44 ± 0.43 5.35 ± 0.44 0.098

HDL (mmol/L) 1.32 ± 0.29 1.23 ± 0.30 0.025

LDL (mmol/L) 3.60 ± 0.89 3.38 ± 0.78 0.041

Triglycerides (mmol/L) 1.44 ± 0.84 1.38 ± 0.75 0.606

Total cholesterol (mmol/L) 5.58 ± 1.09 5.23 ± 0.88 0.007

ALT (U/L) 26.4 ± 14.8 28.4 ± 22.4 0.513

Body fat (%) 37.8 ± 8.3 37.5 ± 8.1 0.765

VAT (%) 4.57 ± 1.96 4.68 ± 2.20 0.760

IHL (%) 8.81 ± 8.68 7.26 ± 7.84 0.310

Fatty Liver Index (FLI) 66.3 ± 26.5 67.4 ± 27.5 0.805

Subjects of cohort III were divided in two groups dependent on the serumWISP-1/CCN4 level – over and under
detection limit (15 pg/ml). Data are mean ± S.D.; n.a. = not available

Table 2 Stepwise linear regression analysis of association between
WISP-1/CCN4 levels and metabolic parameters

Beta-coefficient p-value Adjusted R2

for model

BMI 0.230 0.036 0.053

Excluded variables

Hip circumference −0.320 0.145

Body fat (%) 0.064 0.633

Triglycerides −0.038 0.726

FLI −0.160 0.366

Bold values relate to variable that remained independent predictors of
WISP1/CCN4 levels

Abbreviations: FLI, Fatty Liver Index
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increase in circulating WISP-1/CCN4 levels. Thus, it remains
to be investigated whether pro-inflammatory cytokines could
be held responsible for the increase inWISP-1/CCN4 levels in
gestational diabetes.

In our study, WISP-1/CCN4 levels correlated positively
with adiposity-associated metabolic factors such as BMI,
body fat, triglycerides, hip circumference, fatty liver index
and leptin. Similar associations between WISP-1/CCN4 and
BMI were observed in other studies (Sahin Ersoy et al., 2016;
Barchetta et al., 2017). In the stepwise multivariate regression,
only BMI remained an independent parameter associated with
WISP-1/CCN4 level, whereas other variables were excluded
from the predictive model. Nevertheless, BMI explained just a
small proportion (5%) ofWISP-1/CCN4 variability and only a
borderline statistical difference was observed in WISP-1/
CCN4 concentrations between obese and non-obese subjects.
Interestingly, subjects with WISP-1/CCN4 concentrations
above the detection limit of the assay showed higher choles-
terol levels with similar BMI and other obesity markers in our
study. Moreover, gene expression of low-density lipoprotein
receptor-related protein 5 (LRP5) and LRP6 was increased
after six weeks of high fat diet increased expression in our
pilot study (Murahovschi et al., 2015b). Other members of
the CCN family, such, as NOV3/CCN3, showed association
with circulating cholesterol or LDL cholesterol (Pakradouni
et al., 2013), and the overexpression of NOV3/CCN3 inhibits
inflammation and progression of atherosclerosis in animal
models (Liu et al., 2014). In accordance with our data,
Barchetta et al. reports circulating IL-8 as the main determi-
nant of increased WISP-1/CCN4 and no association between
WISP-1/CCN4 and classical parameters of metabolic syn-
drome such as blood pressure, fasting blood glucose, age
and blood lipids (Barchetta et al., 2017). Interestingly, we
observed the strong positive correlation between circulating
leptin and WISP-1/CCN4. Leptin, an adipose tissue derived
cytokine, hormone and satiety factor, regulates body weight
by suppressing appetite and stimulating energy expenditure
and modulates a wide range of immune and inflammatory
processes including adipose tissue inflammation and reorga-
nization (Zhou et al., 2015). Therefore, one may speculate that
an increase in WISP-1/CCN4, under conditions of adipose
tissue inflammation, may, together with leptin, induce adipose
tissue remodelling and strengthen local fibrosis. Thus, other
obesity-associated factors beyond BMI, such as adipose tissue
fibrosis markers or circulating cytokines, should be examined
in further studies as potential causal factors of circulating
WISP-1/CCN4.

WISP-1/CCN4 was overexpressed in visceral adipose tis-
sue in our previously published study (Murahovschi et al.,
2015a). In this study we observed no correlation between
visceral fat content, measured with MRI technology, and cir-
culating WISP-1/CCN4 levels. Similarly, data from Barchetta
et al. showed no correlation with visceral fat content but a

significant association with the homogeneity of visceral fat
in MRI, as a radiological marker of visceral adipose tissue
inflammation (Barchetta et al., 2017), suggesting that the qual-
ity of visceral adipose tissue influences WISP-1/CCN4 pro-
duction in the body.

Nonalcoholic fatty liver disease (NAFLD) is strongly asso-
ciated with visceral obesity and diabetes. CirculatingWISP-1/
CCN4was positively correlated with a surrogate index of liver
fat content but not with liver fat content itself. This is in part
contrary to previously published studies showing no associa-
tion of hepaticWISP-1/CCN4 expression with liver fat content
(Murahovschi et al., 2015a).

Our study has several strengths: we evaluated WISP-1/
CCN4 in various populations covering healthy and pre-
diseased population groups. The study populations were rea-
sonably large and included both sexes in acceptable propor-
tions. However, the study population we used does not allow
for generalization of our findings in other ethnic groups.
Future studies should take into account potential differences
in biomarker assays, laboratories, plasma sample types, stor-
age time and repeated samplings.

Nevertheless, several technical limitations should be also
mentioned. Although the assay exhibited no cross-reactivity
or interference with NOV/CCN3 and WISP3/CCN6, no other
CCN family members were tested according to the manufac-
turer’s information. Furthermore, multiple variants for WISP-
1/CCN4 have been reported (Tanaka et al., 2001; Perbal,
2009; Yanagita et al., 2007). Since the expression of these
variants seems to be confined to carcinoma, it seems likely
the main circulating form of WISP-1/CCN4 is the full-length
protein. Nevertheless, interactions with circulating forms of
these splice variants cannot be completely excluded.

Taken together, this study has identified WISP-1/CCN4 as
a protein secreted in significant amounts in overweight or
adipose subjects, independent of glucose intolerance. In
healthy individuals, a high number of subjects with WISP-1/
CCN4 concentrations below the detection limit were ob-
served. This finding may possibly implicate WISP-1/CCN4
as an early diagnostic rather than pre-diagnostic marker. BMI
explained a small part of WISP-1/CCN4 variability and major
determinants of WISP-1/CCN4 concentrations remain ob-
scure. However, the diagnostic and therapeutic potential of
WISP-1/CCN4 has to be evaluated in future studies.
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