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Context: Wnt1-inducible signaling pathway protein 1 (WISP1) is a novel adipokine participating in
adipose tissue (AT) dysfunction; so far, no data on WISP1 in diabetes are available.

Objectives: To evaluate plasmaWISP1 in subjects with type 2 diabetes (T2D) and its correlates linked
to AT inflammation.

Design and Participants: For this cross-sectional study, 97 consecutive dysmetabolic patients were
recruited at the diabetes outpatient clinics of Sapienza University in Rome; 71 of them had T2D, with
(n = 35) or without (n = 36) obesity, and 26 were obese patients without diabetes. Twenty-one normal-
weight nondiabetic individuals were enrolled as a control group. Study participants underwent clinical
workup and blood sampling for metabolic/inflammatory characterization; magnetic resonance imaging
(MRI) data on subcutaneous AT and visceral AT (VAT) area, hepatic fat content, and VAT homogeneity
were available for most diabetic patients.

Results: Plasma WISP1 significantly increased throughout classes of obesity and correlated with
greater VAT area, interleukin-8 (IL-8), and lower adiponectin levels, without differing between diabetic and
nondiabetic participants. Higher IL-8 was the main determinant of increased WISP1. MRI-assessed VAT
inhomogeneity was associated with higher WISP1, IL-8 and C-reactive protein levels, independent of obesity;
high WISP1 strongly predicted VAT inhomogeneity (P , 0.001).

Conclusions: WISP1 levels are increased in obese persons and are directly related to adiposity, in-
dependent of glycemic status or insulin resistance; moreover, they are strongly associated with in-
creased plasma IL-8 and signal abnormalities of VAT. The overall data add insights to the mechanisms
underlying metabolic alterations and may open a scenario for innovative therapeutic approaches for
diabetes prevention and care.
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Under conditions of excessive caloric intake, adipose tissue (AT) undergoes structural and
functional rearrangement characterized by hypertrophy and hyperplasia of adipocytes;
insufficient neovascularization; aberrant fibrogenesis; and migration and activation of
macrophages, natural killers, and lymphocytes [1, 2]. Thus, the overproduction of pro-
inflammatory adipokines, such as tumor necrosis factor (TNF)-a, interleukin (IL)-1b, IL-6,
and IL-8 [3], along with reduced AT capability of storing free fatty acids and the resultant
aberrant efflux of free fatty acids into the circulation, lead to insulin resistance and its related
diseases [1, 4–6]. Furthermore, we recently demonstrated that AT dysfunction is a de-
terminant of worse metabolic profile and higher cardiovascular risk in patients with type 2
diabetes [7].

Wnt1-inducible signaling pathway protein 1 (WISP1, or Cyr61/CTGF/NOV) is an extra-
cellularmatrix–associated protein belonging to the Cyr61/CTGF/NOV family, which includes
matricellular proteins operating at the border between cells and extracellular matrix and
exerts regulatory actions on several cellular responses. Thus, WISP1 is involved in a broad
spectrum of biological functions and pathological processes [8–16]; ismainly expressed during
organ development and under diseased conditions, such as fibrosis [11–15], cancer [9, 10, 13] ,
and inflammatory diseases [16]; and has recently been proposed as a novel adipokine [17].

WISP1 is widely expressed in visceral (VAT) and subcutaneous (SAT) human AT, is re-
leased by fully differentiated human adipocytes, and stimulates cytokine responses in
AT-associated macrophages [17]. Circulating WISP1 concentration correlates with its ex-
pression in AT, which therefore represents a major source of this adipokine in humans [17].
Among the many cell types on which it exerts proliferative effects, WISP1 has induced
proliferation of mesenchymal stem cells and, thus, AT expansion, in experimental models of
visceral obesity [18].

Although an association between WISP1 expression in AT inflammation and insulin re-
sistance has been described in persons with normal glucose tolerance [17], no evidence on its
role in AT inflammation in conditions of impaired glucose regulation has been produced so far.
Increased circulating WISP1 levels were recently reported in a study among women with
gestational diabetes; this study identified greater body mass index (BMI) and insulin re-
sistance during pregnancy as determinants of increased WISP1 [19]; however, as far as we
know, no study has evaluated circulating WISP1 levels in patients with type 2 diabetes.
Therefore, the aim of this study was to investigate the role of plasma WISP1 levels in
identifying patterns of AT inflammation in patients with type 2 diabetes.

1. Methods

A. Population

For this study, we recruited 97 consecutive patients referred to our diabetes outpatient clinics
for metabolic evaluations. Of these, 71 had a diagnosis of type 2 diabetes, with or without
obesity [n = 35, 26 men and nine women, mean age 6 standard deviation (SD), 51.9 6 9.2
years; n = 36, 21 men and 15 women, mean age 6 SD, 50.4 6 9.7 years, respectively], and 26
were obese without diabetes (nine men and 17 women, mean age 6 SD, 42.4 6 9.8 years).
Furthermore, a population of 21 normal-weight nondiabetic individuals was recruited as a
control group (14 men and seven women, mean age 6 SD, 52.3 6 12.4 years). To be eligible,
participants had to fulfil the following inclusion criteria: men or women aged 25–70 years;
white ethnicity; no history of excessive alcohol intake (average daily consumption of alco-
hol .30 g/d in men and .20 g/d in women); and absence of hepatitis B surface antigen and
antibodies to hepatitis C virus, cirrhosis or other chronic liver diseases, malignancies, au-
toimmune diseases, and treatment with corticosteroids and/or other agents affecting the
immune system.

The study protocol was reviewed and approved by the Ethics Committee of this hospital,
and the study was conducted in conformance with the Helsinki Declaration. All patients
provided written consent before the study.
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B. Laboratory Determinations

The study population underwent clinical workup, including medical history collection;
physical examination with measurement of BMI (kg/m2), waist circumference (cm), and
systemic blood pressure [systolic and diastolic (mmHg)]; and fasting blood sampling to assess
total cholesterol (mg/dL), high-density lipoprotein cholesterol (mg/dL), triglycerides (mg/dL),
aspartate aminotransferase (IU/L), alanine aminotransferase (IU/L), blood urea nitrogen
(mg/dL), creatinine (mg/dL), and C-reactive protein (CRP; mg/dL) by standard laboratory
methods. The glyco-metabolic profile was evaluated bymeasuring fasting blood glucose (FBG;
mg/dL), insulin (IU/L; PANTEC srl, Italy) and glycosylated hemoglobin (% - mmol/L). The
homeostasis model assessments of insulin resistance and insulin secretion were calculated as
described elsewhere [20]. Diabetes mellitus was diagnosed according to American Diabetes
Association 2009 criteria [21].

Among circulating markers of AT inflammation, we measured the concentrations of IL-8,
IL-6, andTNF-a (pg/mL;Multiplex,BioRadLaboratories,Hercules,CA) andadiponectin (mg/mL;
enzyme-linked immunosorbent assay; Tema Ricerca srl, Italy) on sera frozen immediately
after sampling and stored at 225°C for a few days. WISP1 concentration was detected in
plasma samples by enzyme-linked immunosorbent assay commercial kits (ng/mL; RayBio-
tech Inc., Norcross, GA).

C. MRI

Data on hepatic fat fraction (%) and abdominal SAT and VAT area (cm2), obtained by MRI
(1.5-T magnet; Magnetom Avanto, Siemens Medical Systems, Erlangen, Germany), were
available for 67 patients with type 2 diabetes enrolled for the Eudract 2011-003010-17 study,
as described elsewhere [22]. Briefly, nonalcoholic fatty liver disease (NAFLD) was diagnosed
in patients with hepatic fat fraction of $5.5% [23]; VAT and SAT were quantified by
acquiring a three-dimensional gradient echo T1-weighted volumetric interpolated breath-
hold examination sequence on an axial plane modified by Dixon [repetition time, 4.7 msec;
echo time, 2.3 msec; flip angle, 10°; matrix, 256 3192 mm; section thickness, 5 mm
(reconstructed 2.5 mm); intersection gap, 0] and analyzing the fat-only data sets with specific
software (Slice-O-Matic; Tomovision Inc., Montreal, QC, Canada) [24, 25]. Data were cal-
culated fromAT area at L1–L2, L2–L3, L3–L4, and L4–L5 levels; free-form regions of interest
and manual threshold were used to select fat tissue within VAT and SAT slides.

A single radiologist, blinded to the clinical characteristics of study participants, conducted
an exploratory evaluation of VAT quality by detecting the presence of inhomogeneous areas,
likely referable to AT inflammation, in the context of visceral compartment (between L1 and
L3). In physiologic conditions, AT signal intensity at MRI is homogenous and markedly
brighter than that observed in surrounding tissues and organs on both T2-weighted and T1-
weighted sequences. Inflammation is generally characterized by the presence of edema,
which represents the main feature of phlogosis and appears as an area with slightly higher
signal intensity, in comparison with normal tissue, at T2-weighted sequences with fat sat-
uration. Therefore, VAT nonhomogeneity has been defined as the presence of areas char-
acterized by slightly lower signal intensity on T1-weighted sequences and slightly higher
signal intensity on T2-weighted fat-saturated sequences at MRI.

D. Statistical Analysis

All analyses were performed with SPSS statistical package, version 23 (IBM, Armonk, NY).
Values are reported asmean6SD for continuous variables and as a percentage for categorical
variables. Non–normally distributed variables underwent log-transformation before the
analyses. Comparisons between two groups were performed by Student t test for independent
samples and by Pearson x2 for categorical variables. Analysis of variance analysis with
Bonferroni adjustment was performed for comparisons between multiple groups. Compari-
sons between subgroups of individuals with or without impaired VAT signal intensity,
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categorized as 0 = absence and 1 = presence of VAT inhomogeneity at MRI, were performed by
the nonparametric Mann–Whitney test for continuous variables and Fisher test for categorical
variables. Bivariate correlation analyses were calculated by Pearson and Spearman rank
correlations or by an age- and sex-adjusted partial correlation test. A two-tailed P value, 0.05
was considered to indicate a statistically significant difference, with a 95% confidence interval.

2. Results

In the total study population (n = 118), the mean plasma WISP1 concentration was 460.5 6
1540.4 ng/mL; this value linearly increased throughout different classes of obesity
(Kruskal–Wallis test; P , 0.001) (Fig. 1). WISP1 levels did not differ significantly between
participants with andwithout type 2 diabetes (432.46 1521 ng/ml vs 5356 1639.5 ng/mL;P =
0.29); no specific association between WISP1 levels and diagnosis of diabetes was found even
after stratification of the diabetic population for presence of obesity (Table 1).

Among all clinical andmetabolic determinants, bivariate correlation analyses showed that
WISP1 levels were strongly associated with higher IL-8 concentration (r = 0.49; P , 0.0001;
Supplemental Data 1) and increased BMI (r = 0.23;P = 0.016); in contrast, no relationshipwas
found with age (r = 20.05; P = 0.6), sex (r = 0.13; P = 0.2), systemic blood pressure [systolic:
r =20.08 (P = 0.4); diastolic: r =20.13 (P = 0.2)], ormetabolic control [FBG: r =20.06 (P = 0.56);
total cholesterol: r = 0.13 (P = 0.17); high-density lipoprotein cholesterol: r = 0.07 (P = 0.44);
low-density lipoprotein cholesterol: r = 0.12 (P = 0.2); triglycerides: r = 0.08 (P = 0.4)].

Circulating IL-6 was detectable in 60% of study participants and TNF-a in 45% of study
participants [median (25th–75th percentile) IL-6: 1.6 (0–3.9) pg/mL; TNF-a: 0.39 (0–3.93) pg/mL].
No significant differences were found between patients with and without type 2 diabetes [IL-6:
patients with diabetes, 1.5 (0–3.36) pg/mL; patients without diabetes: 1.97 (0–4.9) pg/mL; TNF-a:

Figure 1. Plasma WISP1 levels according to the presence and severity of obesity. 0 = BMI ,
29.9 kg/m2; 1 = BMI of 30.0–34.9 kg/m2; 2 = BMI of 35.0–39.9 kg/m2; 3 = BMI $ 40 kg/m2.
Values are the mean 6 standard error of the mean; Kruskall–Wallis test.
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patientswith diabetes: 0.68 (0–3.38) pg/mL; patientswithout diabetes: 0.22 (0–6.8 pg/mL);P=not
significant].

Interestingly, patients with increased plasma IL-6 and TNF-a levels (i.e., those in the
highest quartile of both circulating cytokines) showed significantly higher WISP1 levels (r =
0.24; P = 0.02) and a trend toward greater IL-8 concentration (r = 0.20; P = 0.054).

In patients with type 2 diabetes, higherWISP1 levels were specifically associated with the
presence of VAT—rather than SAT—fat distribution, as expressed by greater VAT area and
VAT/SAT ratio, and lower adiponectin levels, whereas no correlationwith total body adiposity
(i.e., BMI, waist circumference) and NAFLD was observed (Table 2).

The multivariate linear regression analysis performed in the entire study population
demonstrated that circulating IL-8 concentration was the main determinant of increased
plasmaWISP1 levels, independent of sex, age, IL-6, TNF-a, diabetes, and total adiposity (R2 =
0.58; P , 0.001), as shown in Table 3.

Inhomogeneous areas referable to VAT inflammation were detected in nine out of 67 di-
abetic patients (13.4%; fourwithout obesity and fivewith obesity) who underwentMRI (Fig. 2;
MRI images from all the patients with VAT inhomogeneity are shown in Supplemental Data
2). In all these patients, spots with impaired MRI signal, represented by lower intensity on
T1-weighted and higher intensity on T2-weighted images in comparisonwith the surrounding

Table 1. Clinical and Biochemical Characteristics of Study Population According to Presence of Type 2
Diabetes and Obesity

Parameter
NonOb-T2D

(n = 36)
Ob-T2D
(n = 35)

Ob-NonT2D
(n = 26)

NonOb-NonT2D
(n = 21) P Value

Age (y) 50.4 6 9.7 51.9 6 9.2 42.4 6 9.8 52.3 6 12.4 0.007a; 0.003b; 0.002c

Sex (male/female) 21/15 26/9 9/17 14/7 0.02d

BMI (kg/m2) 26.6 6 1.8 34.2 6 4.4 40.7 6 6.1 24.4 6 2.9 ,0.001a,b,c,e

Waist circumference (cm) 96 6 6.9 112.8 6 12.4 121.2 6 14 85.8 6 14.8 ,0.001a,b,c,e

T2D duration (y) 7.6 6 7.6 6.2 6 5.1 — — NS
SBP (mmHg) 124 6 13.8 135.1 6 16.9 128.1 6 19.3 123.1 6 9.1 0.03e; 0.02f

DBP (mmHg) 79 6 8 86.7 6 19.6 81.2 6 7.8 78.3 6 5.9 NS
FBG (mg/dL) 131.7 6 37.8 130 6 38.2 93.6 6 11.8 98.2 6 16.9 0.01e,g; ,0.001c,b

HbA1c (%-mmol/mol) 6.3 6 0.5 6.8 6 1.3 5.3 6 0.5 — 0.001c,b

Total cholesterol (mg/dL) 178.1 6 36.9 175.8 6 38 191.4 6 21.1 197.6 6 26.9 NS
HDL cholesterol (mg/dL) 49.1 6 13.3 50.3 6 15.9 49.9 6 19.2 51.2 6 10.9 NS
Triglycerides (mg/dL) 134.6 6 70.8 138 6 51.5 133.1 6 37.5 114 6 75.3 NS
AST (IU/L) 23.5 6 13.6 24.8 6 10.7 23.7 6 10.5 18.1 6 4.6 NS
ALT (IU/L) 31.9 6 24.9 33.9 6 16.7 29.8 6 16.7 23.6 6 12.4 NS
Uric acid (mg/dL) 5.6 6 1.3 5.8 6 0.9 5.6 6 1.4 5.2 6 1.04 NS
Blood creatinine (mg/dL) 0.97 6 0.3 1.06 6 0.2 1 6 0.1 1.05 6 0.2 NS
FBI 10.7 6 5.5 13.6 6 5.1 14.6 6 11.9 — NS
HOMA-IR 3.4 6 1.7 4.2 6 1.8 3.5 6 3.4 — NS
HOMAb % 63.8 6 64.7 105.7 6 71.2 173.2 6 132 — 0.03f; ,0.001c

IL-8 (pg/mL) 69.8 6 109.2 79.4 6 130.4 21.1 6 30.8 22.9 6 29.6 NS
WISP-1 (ng/mL) 249.4 6 546.3 610.4 6 2067 725 6 2039.2 241 6 695.7 NS

Unless otherwise noted, values are mean 6 SD. Bonferroni-adjusted analysis of variance analysis.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; DBP, diastolic blood pressure;
HbA1c, hemoglobin A1c; HOMAb%, homeostasis model assessment of insulin secretion; HOMA-IR, homeostasis
model assessment of insulin resistance; nonOb-nonT2D, nonobese nondiabetic patients; nonOb-T2D, nonobese di-
abetic patients;Ob-nonT2D, obese nondiabetic patients; ObT2D, obese diabetic patients; SBP, systolic blood pressure;
T2D, type 2 diabetes.
aOb-nonT2D vs nonOb-nonT2D.
bOb-nonT2D vs Ob-T2D.
cNonOb-T2D vs Ob-nonT2D.
dx2 Pearson test between groups.
eOb-T2D vs nonOb-nonT2D.
fNonOb-T2D vs Ob-T2D.
gNonOb-T2D vs nonOb-nonT2D.
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AT (suggestive of edema and inflammation), were localized near the mesenteric root and
jejunum vessels. Of note, none of these individuals had a history of abdomen surgery, in-
flammatory bowel diseases, gastrointestinal infection, or malignancy. Patients with quali-
tativeVATalterationswere allmen, had ahigher prevalence of insulin therapy, and exhibited
peculiar systemic inflammatory profile (characterized by greater WISP1, IL-8, and CRP
levels) in comparison with diabetic individuals with homogeneous VAT at MRI (Table 4).

The association between systemic inflammation and impaired VAT homogeneity persisted
after adjustment for sex, age, insulin treatment, and abdominal adiposity, as expressed by
total VAT and SAT area [WISP1: r = 0.27 (P = 0.03); IL-8: r = 0.34 (P = 0.009); CRP: r = 0.37
(P = 0.004); partial correlation analyses].

Notably, the area under the receiver-operating characteristic curve for WISP1 for iden-
tifying the presence of VAT inhomogeneity was 0.87 (P , 0.001; CI: 0.734–1.00); plasma

Table 2. Plasma WISP-1 Levels in Patients With Type 2 Diabetes: Bivariate Correlation Analyses

Parameter Correlation Coefficienta P Value

Sex 20.15 0.23b

Age 20.15 0.22
T2D duration 20.17 0.17
BMI 0.04 0.77
Waist circumference 20.006 0.95
SBP 20.05 0.69
DBP 20.24 0.06
FBG 0.01 0.92
HOMA-IR 20.009 0.94
HOMA-b% 20.11 0.41
HbA1c 20.09 0.49
IL-8 0.71 ,0.0001
Adiponectin 20.25 0.04
VAT area 0.56 0.005
SAT area 20.37 0.01
VAT/SAT ratio 0.26 0.03
NAFLD (yes/no) 0.10 0.39b

Abbreviations: DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; HOMAb%, homeostasis model assessment of
insulin secretion; HOMA-IR, homeostasis model assessment of insulin resistance; SBP, systolic blood pressure; T2D,
type 2 diabetes.
aPearson correlation coefficients are shown.
bSpearman correlation coefficient, with WISP-1 as a continuous variable.

Table 3. Multivariate Linear Regression Analysis

Parameter

Unstandardized Coefficients

Standardized Coefficient: b t P Valueb Standard Deviation Error

Constant 722.6 884.4 0.87 0.39
IL-8 9.65 1.005 0.75 9.6 ,0.0001
IL-6 23.95 18.7 20.14 20.21 0.83
TNF-a 2.32 19.45 0.08 0.12 0.90
BMI 40.93 41.38 0.14 0.99 0.33
Waist circumference 214.91 13.57 0.16 21.1 0.27
Age 210.34 10.25 20.07 21.00 0.32
Sex (M/F) 36.5 248.01 0.01 0.15 0.88
T2D (yes/no) 2189.65 254.68 20.06 20.74 0.46

R = 0.762; R2 = 0.58; corrected R2 = 0.539; SD error = 931.4877. Plasma WISP1 concentration is the dependent
variable.
Abbreviations: T2D, type 2 diabetes.
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WISP1 levels .130.7 ng/mL were capable of predicting VAT inflammation at MRI with a
sensitivity of 78% and a specificity of 83% (Supplemental Data 3). In contrast, no correlation
was found between impaired VAT intensity and indexes of insulin-resistance/secretion,
obesity, or glycemic control (data not shown).

Figure 2. Abdominal MRI images (1.5-T magnet; Magnetom Avanto; Siemens Medical
Systems, Erlangen Germany). (A) Diabetic patient without alterations of VAT homogeneity.
(B) Arrows indicate an inhomogeneous area in the context of VAT in another study
participant.
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3. Discussion

This study demonstrated that circulating WISP1 levels are increased in obese persons and
directly related to visceral adiposity, independent of glycemic status or insulin resistance.
Furthermore, higher WISP1 is strongly associated with increased IL-8, reduced adiponectin,
and impaired VAT homogeneity at MRI.

This study investigated WISP1 in the presence of type 2 diabetes, its potential implication
in AT dysfunction, and its related conditions. Recently, Murahovschi et al. [17] conducted an
elegant systematic investigation ofWISP1 gene expression in human SAT and VAT samples
from mostly glucose-tolerant participants with a broad spectrum of body weight. These
authors detected high WISP1 expression in AT—mostly in the visceral compartment—and
found a negative association with insulin sensitivity and circulating adiponectin levels,
whereas WISP1 expression directly correlated with visceral fat content at MRI. These
findings suggested a role of this adipokine as a potential marker of visceral fat accumulation
and insulin resistance [17]. In agreement with our results obtained in patients with type 2
diabetes, Murahovschi et al. did not find any association between WISP1 expression and the
presence of NAFLD.

In our study, WISP1 concentration did not differ significantly between diabetic and
nondiabetic participants. Bivariate correlation analyses performed in all study participants
showed that plasma levels of this adipokine were not associated with FBG or lipid profile and,
in the presence of type 2 diabetes, did not correlate with glycemic control or duration of
diabetes.

On the other hand, IL-8 was the main determinant of increased WISP1 concentration in
diabetic and nondiabetic patients. Because IL-8 is awell-knownmediator of AT inflammation
[3], overall our results may suggest that increased WISP1 levels do not portray conditions
such as overweight or diabetes per se but rather are a systemic marker of impaired AT
homeostasis and function. Studies conducted in other pathological conditions (i.e., lung
idiopathic primary fibrosis [11, 12] and cardiac fibrosis [15, 16]) demonstrated that WISP1
displays an active role in determining tissue fibrosis and remodeling. In particular, increased
WISP1 levels were detected in fibroblasts from idiopathic primary fibrosis [11]; in these cells,
proinflammatory and profibrotic cytokines, such as TNF-a and TGF-b1, induced WISP1
expression through a nuclear factor kB–dependent mechanism; WISP1, in turn, promoted

Table 4. Inflammatory Profile and Body Fat Distribution in Patients With Type 2 Diabetes With or
Without Impaired VAT Homogeneity

Parameter Impaired VAT (n = 9) Normal VAT (n = 58) P Value

Age (y) 55.7 6 8 59.2 6 9.7 0.21
Gender (M/F) 9/0 38/20 0.035a

BMI (kg/m2) 32.4 6 5.6 29.5 6 4 0.17
Waist circumference (cm) 112.9 6 20.2 102 6 10.5 0.20
T2D duration (y) 6.7 6 4.9 7.1 6 6.8 0.89
WISP-1 (ng/mL) 1319.9 6 1480 297 6 1545 ,0.0001
IL-8 (pg/mL) 159.6 6 119.7 60.1 6 116.5 0.006
CRP (mg/dL) 7 6 5.4 2.8 6 3.8 0.009
Adiponectin (mg/mL) 4.6 6 1.7 6.7 6 3.5 0.08
VAT area (cm2) 236.1 6 83.8 183.1 6 67.8 0.14
SAT area (cm2) 246.3 6 163.5 238.1 6 115.2 0.9
VAT/SAT 1.1 6 0.4 0.96 6 0.6 0.19a

Prevalence of NAFLD (%) 55 56 0.99a

Obesity (%) 55.6 50 0.75a

Insulin therapy (%) 44.4 12 0.038a

Mann–Whitney independent sample U test unless otherwise noted.
Abbreviations: T2D, type 2 diabetes.
aFisher test.
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IL-6–mediated fibrosis processes [12]. In addition, WISP1 and WNT pathways took part in
processes leading to cardiac fibrosis and myocardial remodeling [14] and mediated
angiotensin-induced cardiomyocyte hypertrophy and fibrotic damage [15].

Therefore, it is plausible to speculate that the increase in WISP1, in the presence of AT
inflammation, may induce AT remodeling and aberrant fibrogenesis, which is responsible, in
turn, for AT loss of function, insulin resistance, and its consequences [26–28]. This hypothesis,
ascribing to WISP1 a causal role in AT dysfunction, is strongly corroborated by data from
Murahovschi et al. [17] showing that in human macrophages and mesenchymal stem cell–
derived adipocytes, 24-hour incubation with WISP1 induces significant and dose-dependent
increase of IL-6, TNF-a, IL-1b, and IL-10 messenger RNA expression and protein level in
medium [17].

In our study, we explored the possibility of identifying areas of impaired VAT homogeneity
at MRI, which could reflect AT inflammation, by qualitative assessment of AT intensity. We
found inhomogeneous VAT in a subgroup of patients with type 2 diabetes characterized by a
peculiar systemic proinflammatory profile; notably, circulating WISP1 levels showed a great
predictive power for VAT inhomogeneity in our population. Previous experimental studies
demonstrated that standard routine MRI sequences can depict brown AT, characterized by
intense metabolic activity and increased cellularity, in vivo [29, 30].

Similarly, data from theMulti-Ethnic Study of Atherosclerosis showed that the presence of
low VAT radiodensity at computed tomography was independently associated with a worse
systemic inflammatory profile and higher prevalence of metabolic syndrome in a large US
population [31]. The current study investigated the possible role of standardMRI, a radiation-
free alternative to computed tomography, in identifying AT inhomogeneity likely referable to
local inflammation. This approach could represent a complementary tool for risk stratifi-
cation in patients at increased cardiovascular risk and warrants further investigation in
larger populations and in the context of trials specifically designed for this purpose.

Our study explored WISP1 in the presence of type 2 diabetes and assessed the association
between circulating WISP1 levels and markers of AT inflammation. In our study population,
WISP1 assessment showed low sensitivity and high SDs, which might represent a limitation
for using this molecule as a routine marker for screening AT inflammation. Besides this
consideration, increased WISP1 levels have been shown to specifically identify a peculiar
phenotype of patients characterized by the presence of visceral fat distribution and worse
circulating proinflammatory profile. Furthermore, 93% of patients with plasma WISP1
levels .0 displayed high IL-8 levels, and the association between the circulating concen-
tration of these two molecules persisted after adjustment for possible confounders.

Although we are aware that specific conditions, such as tissue inflammation, may benefit
from a biopsy-proven diagnosis, our population did not meet any clinical criteria for per-
forming an invasive procedure, such as AT biopsy. Nevertheless, in our study, AT dysfunction
has been estimated by dosing highly accurate circulating biomarkers and exploring quali-
tative aspects at MRI. Furthermore, our population underwent detailed metabolic pheno-
typing, allowing us to investigate a broad spectrum of potential correlates of increasedWISP1
levels in plasma. Thus, this composite cluster of systemic and imaging data related to AT
dysfunctionmay prove to be useful in identifying dysmetabolic conditions and in the follow-up
of targeted treatments.

Finally, we acknowledge that the cross-sectional design of our study does not allow us to
establish with certainty a causal nexus between higher WISP1 and IL-8 levels or between
VAT inhomogeneity and worse circulating inflammatory profile. Therefore, further studies
with longitudinal design are warranted for fully understanding the pathophysiologic pro-
cesses behind our observations and the possible clinical implications.

In summary, circulating WISP1 levels are increased in obese persons and directly related
to adiposity, independent of glycemic status or insulin resistance; moreover, they are strongly
associated with increased plasma IL-8 and signal abnormalities of VAT. The overall data add
insights to the mechanisms underlying metabolic alterations and may open a scenario for
innovative therapeutic approaches to diabetes prevention and care.
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