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Serum levels of the adipokine zinc-a2-glycoprotein are increased
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Abstract

Zinc-a2-glycoprotein (ZAG) has recently been proposed as a new adipokine involved in body weight control. In the current study, we
investigated renal elimination of this adipokine by comparing circulating ZAG levels in patients on chronic hemodialysis (CD) with controls.
Sixty CD patients and 60 controls with a glomerular filtration rate greater than 50 mL/min were included. Serum concentrations of ZAG were
determined by enzyme-linked immunosorbent assay; and its relationship with renal function, glucose and lipid metabolism, as well as
inflammation was studied in both groups. Median ZAG serum levels were almost 2-fold higher in CD patients (94.4 + 29.4 mg/L) as
compared with controls (48.3 £+ 23.5 mg/L) (P < .001). Furthermore, circulating ZAG was negatively correlated with fasting insulin,
homeostasis model assessment of insulin resistance, and leptin in controls in univariate analysis. Moreover, CD independently predicted
ZAG concentrations in multiple regression analysis. Renal filtration appears to be an important route of ZAG elimination, and markers of

renal function should be included in studies on ZAG physiology.
© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Obesity is a rapidly growing nutritional disorder charac-
terized by excessive accumulation of adipose tissue [1]. Both
hyperplasia and hypertrophy of fat cells are found when
weight is gained [1]. Increased body weight is associated
with insulin resistance and type 2 diabetes mellitus (T2DM)
[2]. In T2DM, 2 main defects are found: insulin resistance of
peripheral tissues such as fat, liver, and muscle, as well as
secretory failure of pancreatic fB-cells [1,3]. The molecular
mechanisms that link obesity on one hand and insulin
resistance, as well as T2DM, on the other hand have not been
completely understood so far and are the subject of intensive
research. In recent years, adipose tissue has been recognized
as an endocrine organ besides its role in energy storage.
Adipocytes secrete various bioactive peptides termed adi-
pokines that play a central role in whole-body glucose and
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energy homeostasis by influencing a variety of biological
and physiologic processes, including food intake, energy
expenditure, insulin action, and lipid metabolism.

In 2004, zinc-a2-glycoprotein (ZAG) was introduced as a
novel adipokine that is secreted from human and murine
adipose tissue and induces body weight loss [4]. Homozy-
gous ablation of ZAG in mice led to increased body weight,
and adipocytes from these animals showed reduced lipolysis
[5]. Furthermore, administration of ZAG to mice [6,7] and
ZAG overexpression in mice [8] induced marked body
weight loss. Interestingly, the transgenic mice showed
decreased fatty acid synthesis and increased hormone-
sensitive lipase messenger RNA (mRNA) expression in
epididymal fat [8]. Recently, hormonal regulation of ZAG
and the influence of the adipokine on adiponectin expression
in adipocytes have been studied in vitro in more detail. Thus,
ZAG mRNA synthesis was up-regulated by treatment with
dexamethasone [4], the peroxisome proliferator—activated
receptor y agonist rosiglitazone [9], and the selective f33-
adrenoreceptor agonist BRL.37344 [4], whereas insulin
resistance—inducing tumor necrosis factor o decreased
ZAG mRNA expression in differentiated adipocytes [9].
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Furthermore, recombinant ZAG stimulated adiponectin
protein secretion from SGBS adipocytes [10]; and over-
expression of ZAG in 3T3-L1 adipocytes up-regulated
adiponectin mRNA synthesis [11].

These results indicate that ZAG is a novel adipokine that
is regulated by hormones and drugs influencing glucose
metabolism and might play a central role in body weight
control. To date, few studies have quantified circulating
ZAG concentrations in human metabolic disease [8,12-15];
and no data are available about circulating concentrations of
this adipokine in end-stage renal disease. Glomerular
filtration and renal degradation might influence serum
ZAG levels similar to other adipokines including adiponectin
[16], leptin [17], retinol-binding protein (RBP)—4 [18],
adipocyte fatty acid—binding protein (AFABP) [19], fibro-
blast growth factor (FGF) 21 [20], and chemerin [21]. If
renal elimination was of pathophysiologic significance, we
hypothesized that patients on chronic hemodialysis (CD)
would accumulate ZAG in serum. We tested our hypothesis
by determining circulating ZAG concentrations in 60 CD
and 60 control patients. Furthermore, ZAG serum levels
were correlated to clinical and biochemical measures of renal
function, glucose and lipid metabolism, as well as inflam-
mation in both groups.

2. Research design and methods

2.1. Subjects

As recently described by our group [18-22], a total of 120
white men (n = 62) and women (n = 58) were recruited, with
60 patients having a glomerular filtration rate (GFR) greater
than 50 mL/min (controls) as assessed by Cockroft-Gault
formula and 60 patients being on CD. Body mass index
(BMI) was calculated as weight divided by squared height,
and BMI ranged from 18.7 to 46.1 kg/m*. Waist-to-hip ratio
was calculated after waist and hip circumferences were
measured. The study population was between 32 and 85
years old. Thirty controls and 32 CD patients had 72DM,
defined as fasting blood glucose 126 mg/dL or greater or use
of insulin or oral hypoglycemic medications. Diabetes
mellitus was excluded in the control group by performing
75-g oral glucose tolerance tests. Homeostasis model
assessment of insulin resistance (HOMA-IR) was calculated
as previously described [23]. Patients with severe conditions
including generalized inflammation or end-stage malignant
diseases were excluded from the study. The study was
approved by the local ethics committee, and all subjects gave
written informed consent before taking part in the study.

2.2. Assays

Blood samples were taken after an overnight fast. The
ZAG serum concentrations were determined with a com-
mercially available enzyme-linked immunosorbent assay
(Biovendor, Modrice, Czech Republic) according to the
manufacturer’s instructions. Serum insulin was determined

with a 2-site chemiluminescent enzyme immunometric assay
for the Immulite automated analyzer (Diagnostic Products,
Los Angeles, CA). Circulating leptin was assessed using an
in-house assay as described previously [24]. Serum creati-
nine, free fatty acids (FFA), cholesterol, triglycerides (TG),
and C-reactive protein (CRP) were measured by standard
laboratory methods in a certified laboratory.

2.3. Statistical analysis

SPSS software version 18.0 (SPSS, Chicago, IL) was
used for all statistical analyses. Differences between control
and CD subjects were assessed by Mann-Whitney U test.
Univariate analyses were performed using the Spearman
rank correlation method. To adjust the effects of covariates
and identify independent relationships, multivariate linear
regression analyses were performed. Distribution was tested
for normality using Shapiro-Wilk W test, and nonnormally
distributed parameters were logarithmically transformed
before multivariate analyses. A P value < .05 was considered
as statistically significant in all analyses.

3. Results

3.1. ZAG serum levels are increased in CD patients as
compared with controls

In Table 1, clinical characteristics of the subgroups
studied (control, CD) are summarized; and all continuous
variables are given as median =+ interquartile range. Median

Table 1
Baseline characteristics of the study population

Control CD
n 60 60
ZAG (mg/L) 48.3+23.5 94.4 +29.4*
Age (y) 63+ 17 67 +18
Sex (male/female) 27/33 35/25
Diabetic/nondiabetic 30/30 32/28
BMI (kg/m?) 28.7+5.2 27.0 + 7.5%
SBP (mm Hg) 125 £ 21 120 + 29
DBP (mm Hg) 75+ 12 70 + 20
Creatinine (umol/L) 74 £ 18 744 + 300*
GFR (mL/min) 87 +29 7 + 4%
FG (mmol/L) 58+2.6 4.8+ 1.7%
FI (pmol/L) 47.7 +47.7 383 +61.8
HOMA-IR 1.8+2.2 1.1+£25
FFA (mmol/L) 0.5+0.2 0.7+0.5
Cholesterol (mmol/L) S.1+1.1 43+ 1.3%
HDL (mmol/L) 1.3+0.4 1.0 £ 0.5%
LDL (mmol/L) 3.1+1.1 2.4 +1.0%
TG (mmol/L) 1.3+0.8 1.6 +1.3*
Adiponectin (mg/L) 63+48 11.9 + 15.0%
Leptin (ug/L) 17.5+23.9 20.9 £45.2
CRP (mg/L) 2.6+42 5.0+ 18.8%

Values for median + interquartile range are shown. DBP indicates diastolic
blood pressure; FG, fasting glucose; FI, fasting insulin; FFA, free fatty acids;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic
blood pressure.

* P < .05 compared with control as assessed by Mann-Whitney U test.
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Table 2

Univariate correlations with serum ZAG concentrations
Control CD

n 60 60

Age (y)

BMI (kg/m?)

SBP (mm Hg)

DBP (mm Hg)
Creatinine (umol/L)
GFR (mL/min)

FG (mmol/L)

FI (pmol/L)
HOMA-IR

FFA (mmol/L)
Cholesterol (mmol/L)
HDL (mmol/L)
LDL (mmol/L)

TG (mmol/L)
Adiponectin (mg/L)
Leptin (ug/L)

CRP (mg/L)

r=0.011/P = .935
r=-0.096/P = 464
r=-0.003/P = .984
r=0.005/P =973
r=0.219/P = .093
r=-0.097/P = .460
r=0.007/P = .955
r=—0.370/P = .004*
r=-0.328/P=.010*
r=-0.137/P = 297
r=—0.119/P = 367
r=-0.190/P = .147
r=0.007/P = .958
r=—0.006/P = .966
r=—0.147/P = 261
r=-0.321/P = .012*
r=-0212/P=.105

r=—0.111/P = .400
r=-0.110/P = .404
r=-0.202/P = .121
r=-0.143/P = 276
r=10.196/P = .133

r=-0.170/P = .194
r=—0.034/P = .796
r=-0.089/P = .499
r=—0.092/P = 485
r=-0.081/P = .540
r=0.002/P = .988

r=-0.044/P = 740
r=0.049/P =713

r=-0.03/P = .820

r=0.067/P =.612

r=-0.079/P = 547
r=—0.142/P = 280

r/P values are given.
* Indicates significant correlation.

circulating ZAG was almost 2-fold higher in CD patients
(94.4 £ 29.4 mg/L) as compared with controls (48.3 £+ 23.5
mg/L) (P < .001) (Table 1). In contrast, a significant
difference in ZAG concentrations could not be demonstrated
depending on sex (female, 59.7 + 48.1 mg/L; male, 78.6 +
46.3 mg/L) and T2DM (T2DM, 67.4 + 44.4 mg/L; non-
T2DM, 75.5 + 54.2 mg/L).

3.2. Univariate correlations

The ZAG serum levels negatively correlated with fasting
insulin, HOMA-IR, and leptin in controls (P < .05) (Table 2).
In CD patients, no significant correlation was detected between
circulating ZAG and measures of renal function, glucose and
lipid metabolism, as well as inflammation (Table 2).

3.3. Multivariate regression analyses

Multiple linear regression analysis revealed that CD
remained independently associated with circulating ZAG
levels after adjustment for age, sex, fasting insulin, and leptin
(P < .001) (Table 3). In contrast, the association between
ZAG serum levels on one hand and fasting insulin and leptin
on the other hand seen in univariate analysis was lost after
adjustment for CD (Table 3). Furthermore, HOMA-IR did
not remain a significant predictor of ZAG besides CD in
multivariate analyses (data not shown).

4. Discussion

In the current study, we show for the first time that median
serum ZAG levels are almost 2-fold higher in CD patients as
compared with controls. In addition, CD remains a strong
independent predictor of ZAG concentrations in multivariate
analysis. These findings indicate that renal elimination is a

major route by which physiologic ZAG serum levels are
maintained. Interestingly, a comparable mechanism of
elimination has been described for other adipokines. Thus,
plasma levels of insulin-sensitizing adiponectin are more
than 2-fold higher in patients on CD as compared with
healthy subjects [16]. Furthermore, plasma leptin concentra-
tions are increased about 2-fold in CD patients [17].
Recently, our group has shown that circulating levels of the
adipokines RBP-4 [18], AFABP [19], FGF21 [20], and
chemerin [21] are also significantly increased in CD patients
as compared with controls. Taking these studies into
consideration, renal elimination appears to be a major
mechanism influencing serum concentrations of various
adipokines including adiponectin, leptin, RBP-4, AFABP,
FGF21, chemerin, and ZAG. Furthermore, markers of renal
function should always be included in studies concerning
ZAG physiology and regulation.

The physiologic significance of increased ZAG serum
concentrations in renal failure remains to be elucidated.
Patients on CD frequently show increased concentrations of
very low-density and intermediate-density lipoproteins
considered to result from a defect in degradation rather
than formation of TG-rich lipoproteins [25]. This impaired
degradation of TG-rich lipoproteins in patients with chronic
renal impairment is probably due to both a deficient lipolytic
system and an inadequate substrate composition [25].
Furthermore, CD patients show a highly catabolic state
leading to significant reductions in lean body mass but not fat
mass; and decreased muscle mass is a significant predictor of
morbidity and mortality in these patients [26]. Taking these
data into consideration, increased circulating levels of ZAG
in CD appear paradoxical because ZAG potently stimulates
lipolysis and decreases fat mass [6-8]. Here, it needs to be
determined in future studies whether inhibition of lipogenic
enzymes including fatty acid synthase and up-regulation of
lipolytic enzymes including hormone-sensitive lipase by
ZAG [8] are blunted in CD patients despite increased
concentrations of the adipokine.

In the current study, we demonstrate that serum ZAG
concentrations are associated with a beneficial metabolic

Table 3
Correlation between ZAG (dependent variable) and CD adjusted for age and
sex (model 1), as well as age, sex, fasting insulin, and leptin (model 2)

Dependent variable: ZAG

Model Independent variable B P

Model 1 CD 0.693 <.001*
Age —-0.032 .620
Sex —-0.125 .057

Model 2 CD 0.707 <.001*
Age —-0.029 657
Sex —-0.086 231
FI -0.078 282
Leptin —0.084 296

B coefficients and P values are given.
* Indicates significant correlation.
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profile in control subjects. Thus, the adipokine is negatively
correlated with fasting insulin and HOMA-IR in univariate
analysis similar to recent findings [13]. Furthermore, a
negative correlation exists with serum leptin levels. In
contrast to our findings, other groups describe a positive
association between ZAG on one hand and parameters of
insulin sensitivity [15] or do not find an association [12,14].
Different patient characteristics might well explain these
differences observed in the association between ZAG and
metabolic parameters. Circulating ZAG does not correlate to
markers of insulin resistance and adiposity in CD patients in
the present study. These results emphasize that regulation of
ZAG in end-stage renal disease might be different compared
with that in patients with a GFR greater than 50 mL/min.

Taken together, our results suggest that renal filtration is
an important route of elimination of ZAG and that markers of
renal function should be included in studies on ZAG
physiology. Prospective studies are needed to better
elucidate the potential role of ZAG in metabolic and end-
stage renal disease and to define predictors of serum levels of
the adipokine.
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