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Abstract

Inflammatory cytokine, adipokine and adhesion molecules are known to play a key role in pathogenesis of diabetic kidney
disease (DKD). In this study, our aim was to investigate the role of fetuin-A in relation with pro-inflammatory cytokines
(IL-6, IL-18), adipokines (adiponectin, leptin), chemokine (MCP-1), and adhesion molecules (ICAM-1, VCAM-1) in control
and DKD subjects. We recruited a total of 224 type 2 diabetic (T2D) subjects. The control subjects were T2D with a normal
albumin excrete (albumin-to-creatinine ratio—ACR <30 mg/g creatinine) and estimated glomerular filtration rate (¢GFR)
>60 (ml/min/1.73 m?), while cases were T2D subjects with albumin excrete (ACR >30 mg/g creatinine) and eGFR <60
(ml/min/1.73 mz). FBS, HbA lc, lipid profile (TC, LDL, HDL, triglyceride), ALT, AST, GGT, serum creatinine, BMI, blood
pressure was evaluated in all the study subjects. Randox evidence biochip analyzer was used for measuring inflammatory
cytokines, adipokines, and adhesion molecules by chemiluminescent assay. Serum fetuin-A and IL-18 were measured by
ELISA Kkits. Serum fetuin-A levels were significantly decreased in DKD cases compare to control group [456.8 (299.2—
649.0) ug/ml versus 670.6 (573.0-726.1) ug/ml; p <0.001)]. Serum fetuin-A levels correlates significantly with IL-6, IL-18,
TNF-a, PAI-1, leptin, resistin and ACR (p <0.001). This study concludes that serum fetuin-A and pro-inflammatory markers
(IL-18, IL-6, IL-1o and TNF-o) might play an important role in the pathophysiology and inflammatory process of DKD.
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Introduction

Diabetes mellitus (DM) is a metabolic disease with an
increasing global prevalence. According to the International
Diabetes Federation (IDF), an estimated 425 million people
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molecules [vascular cell adhesion molecule-1 (VCAM-1),
intercellular cell adhesion molecule-1 (ICAM-1), E-Selec-
tin], transcription factor (nuclear factor-kappa B [NFkB]),
and chemokines [monocyte chemoattractant protein-1 (MCP-
1), chemokine (C-X3-C motif) ligand 1 (CX3CL1 or frac-
talkine), C—C motif chemokine ligand 5 (CCLS5 or RANTES)
and their receptors (C—C chemokine receptor type 2 [CCR2],
CX3C chemokine receptor 1 [CX3CR1], C-C chemokine
receptor type 5 [CCRS5])] [2]. All inflammatory signaling
molecules are interconnected with kidney injury, and induce
the activation of several signaling pathways in different renal
cell types (mesangial, epithelial, tubular, endothelial, and
podocytes) [3]. For instance, several studies reported that
increased serum IL-18 and IL-6 expression levels are corre-
lated with the progression of DKD [4, 5]. Furthermore, stud-
ies have also reported that the expression levels of cell adhe-
sion molecule ICAM-1 and VCAM-1 increase in response to
pro-inflammatory cytokines in DKD [6, 7].

Fetuin-A is an anti-inflammatory protein that can attenu-
ate the inflammatory response, and is highly expressed in
hepatocytes. It is negatively regulated by several pro-inflam-
matory cytokines, while its production is down-regulated
by the inflammatory response. Hence, fetuin-A is regarded
as a “negative acute phase reactant” [8]. Previously, it was
reported that fetuin-A plays a substantial role in the patho-
genesis of DKD by suppressing adiponectin [9].

In the current study, our aim was to understand the role
of fetuin-A in DKD. Specifically, we evaluated the rela-
tionship between serum fetuin-A levels, and levels of pro-
inflammatory cytokines (IL-18, IL-6, IL-1a TNF-«, resis-
tin), adipokines (leptin, adiponectin), chemokine (MCP-1),
and adhesion molecules ICAM-1, VCAM-1), in DKD.

Methods
Study participants

In this case—control study, all the subjects were matched for
age, sex, BMI, and diabetes duration. The study subjects
were selected from Saudi Diabetes Kidney Disease (SAUDI-
DKD) cohort. The exclusion and inclusion criteria were as
previously reported [10]. This study was performed at the
University Diabetes Center, King Saud University, Riyadh,
during the period from April 2014 to June 2015.

In the present study, 224 T2D subjects aged 37-66 years
were selected as participants according to American Diabe-
tes Association criteria [11]. Patients were categorized and
diagnosed in accordance with the Chronic Kidney Disease
(CKD) nomenclature in Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines [12]. Patients were placed in
one of two groups, followed by the assessment of albumin-
to-creatinine ratio (ACR). Estimated glomerular filtration
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rate (eGFR) was measured using the CKD-Epidemiology
Collaboration (EPI) equation [13]. Each subject was cat-
egorized as a ‘control’ or ‘case’ according to the subject’s
ACR and eGFR. The control subjects were those with a nor-
mal albumin excrete (ACR <30 mg/g creatinine) as well
as eGFR > 60 (ml/min/1.73 m?), while cases were subjects
with a greater than normal albumin excrete (ACR >30 mg/g
creatinine) as well as eGFR <60 (ml/min/1.73 m?).

This study was approved by the institutional review com-
mittee of the College of Medicine (King Saud University,
Riyadh). Written informed consent was obtained from each
subject. We used the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) case—control
checklist for writing our report [14].

Subjects with a medical history were recruited to the
study, and their demographic measurements were recorded,
on the same day that they visited a physician. Body mass
index (BMI) (kg/m?) was calculated by dividing weight
(kg) by height squared (m?). In all the study subjects, sitting
blood pressure was measured using a mercury sphygmoma-
nometer. Information on smoking status was obtained from
self-reported questionnaires and recorded as non-smokers or
smokers.

Biochemical assessment

We obtained 10 ml of fasting venous blood in a plain tube
from each subject at one time point. Blood samples were
centrifuged and serum samples were stored at —20 °C
until analysis. The biochemical assessment for each patient
included fasting blood sugar (FBS), HbAlc, serum creati-
nine, high-density lipoprotein (HDL), low-density lipo-
protein (LDL), triglyceride, total cholesterol (TC), alanine
transaminase (ALT), aspartate transaminase (AST), gamma
glutamyl transferase (GGT), albumin, and total bilirubin,
which were measured using established enzymatic methods
(RX-Daytona chemistry analyzer, Randox, UK).

Measurement of serum biomarkers

Serum biomarker levels were measured using the Randox
Evidence Biochip analyzer (Randox Laboratories Ltd.,
Crumlin, UK). Metabolic syndrome array I [IL-6, IL-1a,
insulin, leptin, plasminogen activator inhibitor-1 (PAI-1),
resistin, TNF-a] (Randox evidence, Catalog No. EV3754),
metabolic syndrome array II (adiponectin) (Randox evidence,
Catalog No. EV3758), and adhesion array (VCAM-1, ICAM-
1) (Randox evidence, Catlog No. EV3572) were performed.
IL-18 and MCP-1 levels were determined using ELISA kits
(Abcam, Catalog Nos. ab100586 and ab100559, Cambridge,
USA). Serum fetuin-A levels were measured using an ELISA
kit (Biovendor, Catalog No: RD191037100, Czech Republic).
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Statistical analysis

Statistical analysis was carried out using SPSS software
version 21.0 (SPSS Inc., Chicago, USA). The results are
presented as mean + standard deviation for normally distrib-
uted variables and median (interquartile range) for skewed
variables. The Chi-square test was performed to compare
categorical data. We compared the correlation of serum
fetuin-A, inflammatory markers, adipokines, and adhesion
molecules using bivariate correlation analysis. A p value of
<0.05 was considered to be statistically significant.

Results
Demographic information
The demographic and biochemical parameters of the study

subjects are presented in Table 1. In this study, both the
control and DKD case group were homogenous, and there

was no statistically significant difference in their age, sex,
smoking status, duration of diabetes, BMI and insulin
(p>0.05). DKD cases had higher systolic blood pressure
(144.6 +23.8 mmHg; p=0.001), diastolic blood pressure
(75.4+12.9 mmHg; p=0.040), glycated hemoglobulin
(HbAlc %) (10.7+2.0; p=0.002), FBS (243.4 +98.8 mg/
dl; p=0.001), triglyceride (209.6 +91.9 mg/dl, p=0.001),
total cholesterol (194.6 +46.7 mg/dl; p=0.001), creati-
nine (1.32+0.66 mg/dl; p=0.001), albumin creatinine
ratio (229.0 mg/g; p=0.001) levels compared with con-
trol group. Patients with DKD cases also had lower eGFR
(59.8 +31.0 ml/min/1.73 m?, p=0.001).

Serum level of fetuin-A, pro-inflammatory
cytokines, adipokines, and adhesion molecules
in control type 2 diabetes and DKD cases and its
clinical significance

The serum biomarkers of the study subjects are presented
in Table 2. Patients with DKD cases had higher levels of

Table 1 Demographic and

. . . Variables Controls DKD cases p value
biochemical parameters in
controls and DKD cases Number of subjects 112 112
Age (years) 54.42+6.0 552+5.8 0.340
Sex (male/female) 56/56 56/56 1.000
Duration of diabetes (years) 16.9+4.3 16.9+4.3 0.976
Smoking (yes /no) 4/108 3/109 0.701
BMI (kg/m?) 33.9+6.0 33.1+6.3 0.301
Systolic BP (mmHg) 130.8+16.5 144.6+23.8 0.001
Diastolic BP (mmHg) 72.2+10.0 75.4+12.9 0.040
HbAlc (%) 10.0+1.3 10.7+2.0 0.002
FBS (mg/dl) 191.0+75.6 243.4+98.8 0.001
Insulin (uIU/ml) 19.9+14.0 2144125 0.452
AST (U/L) 21.6+7.0 22.7+6.4 0.247
ALT (U/L) 13.6+6.9 13.3+6.5 0.721
GGT (U/L) 34.0+21.2 38.0+19.3 0.142
Albumin (g/L) 439+3.8 44.7+6.4 0.070
Total bilirubin (mg/dl) 0.42+0.19 0.45+0.22 0.300
LDL (mg/dl) 132.7+39.4 138.0+45.4 0.360
HDL (mg/dl) 45.1+10.7 45.6+12.0 0.755
TRIG (mg/dl) 156.7+67.7 209.6+91.9 0.001
Total cholesterol (mg/dl) 174.2+£35.7 194.6 +46.7 0.001
Serum creatinine (mg/dl) 0.94+0.26 1.32+0.66 0.001
ACR (mg/g) 7.9 (4.5-16.4) 229.0 (67.0-621.6) 0.001
eGFR (ml/min/1.73 m?) 84.5+16.1 59.8+31.0 0.001

Values are presented as means =+ standard deviation (SD), or median (interquartile range)

BMI body mass index, BP blood pressure, HbAIc hemoglobin Alc, AST aspartate aminotransferase, ALT
alanine amino transferase, GGT gamma glutamyl transferase, LDL low-density lipoprotein, HDL high-den-
sity lipoprotein, TRIG triglyceride, ACR albumin creatinine ratio, eGFR estimated glomerular filtration rate

p <0.05 is statistically significant
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Table 2 The serum biomarkers
in the controls and DKD cases

Variables Controls DKD cases p value
Number of subjects 112 112

Fetuin-A (ug/ml) 670.6 (573.0-726.1) 456.8 (299.2-649.0) 0.001
Adiponectin (ng/ml) 2086 (1400-3351) 2152 (1358-3752) 0.230
VCAM-1 (ng/ml) 856.6 (680.5-1089.3) 924.1 (745.7-1182.5) 0.038
ICAM-1 (ng/ml) 330.6 (274.3-408.1) 339.9 (280.0-404.3) 0.450
Leptin (ng/ml) 1.7 (0.7-2.9) 1.5(0.8-3.2) 0.343
PAI-1 (ng/ml) 30.2 (23.0-49.7) 26.6 (18.5-38.0) 0.002
Resistin (ng/ml) 4.2 (3.5-6.6) 6.2 (4.7-8.7) 0.001
TNF-a (pg/ml) 6.7 (5.2-9.1) 8.8 (6.0-11.9) 0.001
IL-1a (pg/ml) 0.20 (0.02-0.29) 0.23 (0.05-0.37) 0.009
IL-6 (pg/ml) 291 (1.61-4.17) 3.05 (2.02-5.68) 0.001
IL-18 (pg/ml) 1096.2 (777.6-1341.5) 1755.8 (1109.1-3043.2) <0.001
MCP-1 (pg/ml) 62.8 (42.0-85.6) 49.1 (33.0-73.0) 0.007

Values are presented as median (interquartile range)

VCAM-1 vascular cell adhesion molecule-1, ICAM-1 intercellular adhesion molecule-1, IL-6 interleukin-6,
IL-18 interleukin-18, MCP-1 monocyte chemoattractant protein-1, PAI-1 plasminogen activator inhibitor-1,
TNF-a tumor necrosis factor-a, /L-1a interleukin-1o

p<0.05 is statistically significant

Table 3 The correlation between serum fetuin-A, inflammatory mark-
ers, adipokines, and adhesion molecules in study subjects

Biomarkers Fetuin-A (1) p value
Adiponectin -0.022 0.758
Interleukin-1o —0.063 0.362
Interleukin-6 -0.239 0.001
Interleukin-18 —0.198 0.003
TNFa -0.257 0.001
ICAM-1 -0.034 0.621
VCAM-1 —0.080 0.237
PAI-1 0.219 0.001
Leptin —0.198 0.003
Resistin —0.201 0.004
MCP-1 0.104 0.128
ACR -0.313 0.001
eGFR 0.108 0.107

Data variables are provided as coefficients of correlation (r)

IL-6 interleukin-6, IL-18 interleukin-18, MCP-I monocyte chemoat-
tractant protein-1, VCAM-1 vascular cell adhesion molecule-1, ICAM-
1 intercellular adhesion molecule-1, PAI-1 plasminogen activator
inhibitor-1, TNF-a tumor necrosis factor-o, /L-1a interleukin-1o

p <0.05 is statistically significant

VCAM-1 (924.1 ng/ml; p=0.038), ICAM-1 (339.9 ng/ml;
p=0.450), adiponectin (2152 ng/ml; p=0.230), resistin
(6.2 ng/ml; p=0.001), TNF-a (8.8 pg/ml; p=0.001), IL-1a
(0.23 pg/ml; p=0.009), IL-6 (3.05 pg/ml; p=0.001), IL-18
(1755.8 pg/ml; p<0.001) levels compared with control
group. Patients with DKD cases also had lower fetuin-A
(456.8 yug/ml; p=0.001), PAI-1 (26.6 ng/ml; p=0.002),
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MCP-1 (49.1 pg/ml; p=0.007) and leptin (1.5 ng/ml;
p=0.343) levels compare with control group.

Association of fetuin-A, pro-inflammatory
cytokines, adipokines, and adhesion molecules

Serum fetuin-A level negatively correlated with IL-6 (r =
—0.239, p=0.001), IL-18 (r = = 0.198, p=0.003), TNF-a (r
=—0.257,p=0.001), leptin (r = —0.198, p=0.001), resistin
(r=-0.201, p=0.004), and ACR (r = —0.313, p=0.001).
However, no significant correlation was observed between
serum fetuin-A level and adiponectin, IL-1a, ICAM-1,
VCAM-1, MCP-1 and eGFR as shown in Table 3.

Discussion

This study showed that the levels of pro-inflammatory mol-
ecules (IL-18, IL-6, IL-1a and TNF-a) and the adhesion mole-
cule VCAM-1 were higher, while that of the chemokine MCP-
1, PAI-1 and fetuin-A were considerable lower, in subjects with
DKD. Notably, ICAM-1, leptin and adiponectin levels did not
differ considerably between control and DKD subjects.

Hyperglycemia is a leading driving force of diabetic
nephropathy development, and its progression to ESKD [2].
Chronic hyperglycemia and oxidative stress cause the accu-
mulation of AGEs, which activate macrophages and induce
the impairment of glomerular cells. This causes glomerular
cell injury and over-expression of adhesion molecules and
cytokines, resulting in macrophage infiltration in kidney tis-
sues, and progression of DKD to ESKD [2, 3].
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In the current study, we found a decreased level of fetuin-
A in cases when compared to control subjects, providing
evidence for its role within the pathological process of DKD.
Earlier, a study by Caglar et al. reported decreased concen-
trations of fetuin-A with decreased eGFR, and indicated
fetuin-A as a “risk factor” for endothelial dysfunction in kid-
ney disease [15]. However, another study demonstrated that
severe proteinuria correlated with the decrease in fetuin-A
concentration [16]. While confirmed in our study, a previ-
ous study by Lebreton et al. also suggested that the levels
of fetuin-A, which is a “negative acute phase reactant,” are
decreased during the inflammatory response [17]. Similar
studies have demonstrated that chronic inflammation in
hemodialysis subjects lead to lower serum fetuin-A levels
[18]. Our understanding the role of fetuin-A is restricted to
specific molecules and signaling pathways. The mechanism
for negative regulation of fetuin-A induced by inflammation
is examined in details by Gangneux et al., they reported that
fetuin-A levels transiently decreases during pro-inflamma-
tory cytokine stimulation. Fetuin-A expression is regulated
by member of C/EBP transcription factor family. Pro-inflam-
matory cytokines (TNF-alpha, IL-1beta and IL-6) stimulate
liver cells to expressed C/EBP isoform lacking transactiva-
tion domain resulting in decreased fetuin-A levels [19].

Consistent with previous studies, the current study also
found increased levels of the inflammatory markers IL-6
and IL-18 in cases compared with control subjects [4, 5,
20], which is related to the DKD progression. A positive
expression of IL-6 in interstitial, mesangial, and tubular
infiltrating cells in kidney biopsies of DKD subjects has also
been reported [21]. Furthermore, the over-expression of pro-
inflammatory markers such as TNF-a, IL-1, and IL-6 in rat
models of DKD showed a direct association with kidney
damage, and was expressed as urinary-albumin excretion
(UAE) [22].

Moreover, NFkB has long been studied as one of the
most important transcription factors involved in the syn-
chronization of pro-inflammatory cytokines, cell adhesion
molecules, chemokines, and different signaling molecules.
It is also involved in the pathological process of DKD [2,
3]. NF-kB is activated in hyperglycemic environments with
appropriate stimuli, as well as in severe proteinuric con-
ditions. It is hypothesized that several signaling molecules
such as extracellular signal-regulated kinase (ERK), c-Jun
N-terminal kinase (JNK), and p38 mitogen-activated pro-
tein kinase (MAPK) cascades are closely associated with
pro-inflammatory cytokines, adiponectin, and chemokines
to frame the network interrelated with the inflammatory pro-
cess in DKD [23]. Previously, a leading role was reported
for the inflammatory molecule IL-18 in DKD progression,
than in other diabetic complications [24].

A study by Miyauchi et al. demonstrated the over-expres-
sion of IL-18 and its receptor in renal tissue, and showed the

upregulation of IL-18 in proximal tubular epithelial cells
of the kidney by the activation of MAPK/ERK pathway,
and induction of TGF-B1 [25]. Further studies reported that
IL-18 over-expression activates the secretion of various pro-
inflammatory cytokines by TNF-a and IL-1 beta, as well
as the over-expression of ICAM-1 and VCAM-1 by mac-
rophages and endothelial cells. Similarly, studies on human
monocytes showed that IL-18 upregulates ICAM-1, while
the over-expression of ICAM-1 depended on TNF-a. Addi-
tionally, the initiation of ICAM-1 upregulation in human
monocytes is suppressed by TNF-a or IL-18 blockage [26,
27]. The present study is consistent with a previous study by
Moriwaki et al., where DKD subjects showed elevated levels
of IL-18 with raised UAE and TNF-a [28, 29].

In DKD infiltration, the accumulation and activation of
macrophages or monocytes in the glomerulus are involved in
renal injury. The decreased level of the inflammatory marker
MCP-1 in cases is consistent with results of the study by
Amann et al., which showed that treatment with angiotensin-
converting enzyme inhibitors (ACEIs) reduces MCP-1 levels
in subjects with DKD. The mechanism by which ACEIs induce
decreased MCP-1 in DKD is not clearly understood [30].

Furthermore, DKD subjects under intensive insulin
therapy showed reduction in ICAM-1 and MCP-1 expres-
sion [31]. Supporting earlier studies, 81% of the cases in the
current study were hypertensive and were receiving ACEIs.
In patients with DKD, treatment with insulin and ACEIs
leads to a reduction in soluble adhesion molecules via differ-
ent signaling mechanisms. The present study demonstrates
increased levels of adiponectin in cases compared to control
subjects; however, the adiponectin levels were not significant
confirming a previous study [32]. DKD subjects were under
intensive hypertensive therapy (Beta-blockers, ACE inhibi-
tors, angiotensin receptor blockers) and showed reduction
in PAI-1 expression [33]. The current study shows increase
level of resistin in DKD cases compare to control subjects,
contrary to these findings increase resisting levels are associ-
ated with decreased glomerular filtration rate and increase
in inflammation in chronic kidney disease and suggesting a
vital role in the pathogenesis [34].

The current study demonstrated increased levels of adhe-
sion molecules (VCAM-1 and ICAM-1) in cases compared
to control subjects which confirms previous studies [6, 7]. It
is proposed that increased levels of adhesion molecules may
play a possible role in the development of DKD. This evi-
dence revealed interrelationships existing within an inflam-
matory, cytokine, chemokine, fetuin-A, cell adhesion, and
signaling molecules in DKD as shown in Fig. 1. We hypoth-
esize that hyperglycemia results in accumulation of AGEs
and endothelial dysfunction, via inflammation. Moreover, an
increase in pro-inflammatory cytokines and adhesion mol-
ecules in DKD may further increase proteinuria and renal
injury in DKD patients.
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Fig. 1 Potential role of serum fetuin-A in relation with pro-inflammatory cytokines (IL-6, IL-18), chemokine (MCP-1), adhesion molecules
(ICAM-1, VCAM-1) and other signaling molecules in Diabetic Kidney Disease

The present study has several strengths and is the first
case—control study investigating baseline pro-inflamma-
tory cytokine, adipokine, and adhesion molecule levels
with incident albuminuria. In the present study, we also
considered numerous potential confounders such as age,
sex, BMI, and diabetes duration. The present study has few
limitations. Firstly, biomarkers were measured at one time
point of sample collection from each subject. Secondly,
we lack information on various drug treatments, dosage
and the duration of drug use. Hence, we were unable to
see whether various drugs have any effects on biomark-
ers level. Data presented here demonstrate consistency
in terms of metabolic parameters and biomarker meas-
urements, thus providing validity in terms of procedures
used in the study. To remove bias, specific assays that
were validated earlier were carefully run with lab code
by researchers.

This study concludes that serum fetuin-A levels were
lower in DKD cases compare to control group. Serum fetuin-
A levels are associated with IL-6, IL-18, TNF-a, PAI-1, lep-
tin, resistin and ACR. There is a close relationship among
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pro-inflammatory molecules, chemokine, adipokines, and
fetuin-A in DKD. We hypothesize that an increase in gly-
cemia drives inflammatory mechanisms, which may lead to
the development and progression of DKD. This study also
provides new insights into the etiology of DKD, in which
inflammatory cytokines, adipokines, adhesion molecules,
and fetuin-A, are critically involved in the pathogenesis
process.
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