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Objective. Zinc-a2-glycoprotein (ZAG) has recently been proposed as a new adipokine involved in body weight regulation.
The purpose of this study is to investigate serum levels of ZAG in patients with hypertension and its association with related
characteristics. Methods. 32 hypertension patients and 42 normal controls were recruited and the relationship between serum
ZAG, total and high molecular weight (HMW) adiponectin, and tumor necrosis factor-o« (TNF«) determined by enzyme-linked
immunosorbent assay (ELISA) and metabolic-related parameters was investigated. Results. Serum ZAG concentrations were
significantly lowered in patients with hypertension compared with healthy controls (61.4 + 32 versus 78.3 + 42 ug/mL, P < 0.05).
The further statistical analysis demonstrated that serum ZAG levels were negatively correlated with waist-to-hip ratio (WHR)
(r = -0.241, P < 0.05) and alanine aminotransferase (ALT) (r = -0.243, P < 0.05). Additionally, serum HMW adiponectin
significantly decreased, while TNF« greatly increased in hypertension patients as compared with healthy controls (2.32 + 0.41
versus 5.24 +1.02 ug/mL, 3.30 + 1.56 versus 2.34 + 0.99 pg/mL, P < 0.05). Conclusions. Serum ZAG levels are significantly lowered
in hypertension patients and negatively correlated with obesity-related item WHR, suggesting ZAG is a factor associated with

hypertension.

1. Introduction

Obesity is now a major health problem as it predisposes to
insulin resistance, type 2 diabetes, cardiovascular malfunc-
tion, and cancer. Although the pathogenesis of obesity and its
associated comorbidities are multifactorial, growing evidence
suggests that altered production of adipose-derived protein
factors (adipokines), such as leptin, tumour necrosis factor «
(TNF«), adiponectin, and chemerin, plays an important role.
For example, adipokines induce the functional and structural
changes in the vessels by endothelial dysfunction, vascular
smooth muscle cell (VSMC) proliferation and migration, and
vascular inflammation, thereby regulating vascular responses
to constrictor and dilator stimuli and contributing to the
increased arterial pressure [1].

Zinc-a2-glycoprotein (ZAG, also called AZGP1) is a
newly identified adipokine. Recent work from both our

group and others has demonstrated ZAG levels in the serum
and adipose tissue of obese patients and obese mice are
significantly lower relative to subjects and mice of normal
weights [2-4]. ZAG levels are negatively correlated with body
weight and body fat mass [2, 5, 6]. The administration of ZAG
in mice dramatically diminishes body weight and fat mass of
normal, ob/ob, and high-fat-diet- (HFD-) induced obese mice
by regulating lipogenesis and lipolysis [2, 7, 8]. The rs4215
(A/G) single nucleotide polymorphism (SNP) in the ZAG
gene is associated with obesity in the Chinese North Han
population [9]. In addition to the close link between ZAG
levels and obesity, very recent work performed by Stepan et al.
[10], Leal et al. [11], and Tedeschi et al. [12] also demon-
strates that serum ZAG levels are increased in patients with
preeclampsia, hemodialysis (HD), or advanced heart failure
patients compared with response controls. These results
indicate that ZAG is a novel lipid-mobilizing adipokine
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which is associated with obesity and some components of its
related complication including diabetes and heart failure.

But, to date, no study has quantified circulating ZAG
levels in patients with hypertension. It has not been evaluated
so far whether serum levels of ZAG are changed in hyperten-
sion patients in a similar way to other adipokines and might,
therefore, contribute to the pathogenesis of hypertension. So,
in the present study, we investigate serum levels of ZAG in
patients with or without hypertension and its association with
related clinical and biochemical characteristics.

2. Subjects and Methods

2.1. Study Participants: Clinical and Biochemical Characteriza-
tion. Thirty-two newly diagnosed high blood pressure (HBP)
patients and forty-two healthy control subjects were recruited
from outpatient in Peking Union Medical College Hospital,
and all subjects underwent physical examination, anthropo-
metric measurements, and biochemical screening. The inclu-
sion criteria of HBP patients are as follows: (1) systolic blood
pressure (SBP) > 140 mmHg or diastolic blood pressure
(DBP) 2 90 mmHg without any antihypertension treatment;
(2) normal liver function (ALT (U/L) < 40, AST (U/L) < 40)
and renal function (Cr (umol/L) < 84, BUN (mmol/L) < 7.14);
(3) age range from 25y to 70y. Patients with chronic disease
history and endocrine diseases were excluded. Blood pressure
(BP) was measured using a mercury sphygmomanometer
(Baumanometer, WA Baum) and standard-sized cuffs (12
to 14 cm wide) according to a standardized protocol. The
subjects had a rest at least 10 minutes before BP measurement.
The values of SBP and DBP were taken as the mean of 2
readings with 2- to 3-minute interval on the right arm of
the subjects. Body weight, height, and percentage of body
fat (fat%) of every subject in light clothing without socks
and shoes were obtained by bioelectrical impedance analyzer
(TANITA, TBF-215, Japan). Body mass index (BMI) was
calculated as weight divided by squared height, and BMI of all
subjects ranged from 18.0 to 25.0 kg/m?. Waist circumference
was measured with a soft tape on standing subjects midway
between the lowest rib and the iliac crest. Hip circumference
was measured over the widest part of the gluteal region.
Waist-to-hip ratio (WHR) was calculated after waist and
hip circumferences were measured. All blood samples were
collected from an antecubital vein between 8.00 and 9.00 a.m.
following an overnight fasting. Total cholesterol (TC), triglyc-
erides (TG), high-density lipoprotein cholesterol (HDL-c),
low-density lipoprotein cholesterol (LDL-c), fasting blood
glucose (FBG), creatinine (Cr), uric acid (UA), aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
and blood urea nitrogen (BUN) were measured by routine
automated laboratory methods. Patients with chronic disease
history, endocrine diseases, and any other disease which
might influence our results were excluded. The study was
approved by the ethics committee of Peking Union Medical
College Hospital. All participants gave written informed
consent before taking part in the study.
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2.2. Serum Adipokines Assay. Blood samples were cen-
trifuged at 3000 g for 10 min and serum aliquots were stored
at —80°C until analysis. Serum ZAG level was determined
by commercially available human zinc-alpha2-glycoprotein
ELISA kit (Biovendor, laboratorni medicina, Czech Republic)
according to the manufactures instruction. The minimum
detection dose is 0.673 ng/mL. The serum levels of total
adiponectin, high molecular weight (HMW) adiponectin,
and TNF« were also determined by commercially available
human ELISA kits (Adipo Bioscience, Inc., USA, for total
adiponectin, and R&D Systems Quantikine ELISA, USA, for
high molecular weight (HMW) adiponectin and TNFe). The
minimum detection dose is 31 pg/mL for total adiponectin,
0.195 ng/mL for HMW adiponectin, and 1.6 pg/mL for TNFa.
All antibodies used in these assays were specific for human
targeted adipokines with no detectable cross-reactivities to
other adipokines and genus. All samples were assayed in
duplicate and random order, and lab measurements were
performed blinded to the readings of blood pressure. The
intra-assay CVs were 6.2% for ZAG, 2.4% for adiponectin,
6.8% for HMW adiponectin, and 1.8% for TNFa, respectively.

2.3. Data Analysis. 'The Shapiro-Wilk normality test was used
for all continuous variables to characterize the data distribu-
tion. Results were expressed as mean + standard deviation
(SD). Skewed data were log-transformed and Mann-Whitney
U test was used if data were still not normally distributed for
further analysis. Student’s ¢-test was used to evaluate differ-
ences between the two study groups in normally distributed
continuous variables. Partial correlations among the study
variables were tested controlling for age, gender, and BMI on
SPSS 13.0 for Windows (SPSS Inc, Chicago, IL, USA); P <
0.05 was considered as statistically significant in all analyses.

3. Results

3.1. General Characteristics. The differences of anthropomet-
ric and laboratory measurements in healthy controls and
HBP patients are displayed in Table 1. As expected, HBP
patients had higher SBP (P < 0.001) and DBP (P < 0.001)
than the normal group in addition to their higher FBG (P =
0.006), TC (P = 0.025), LDL-c (P = 0.014), waist (only
for female) (P < 0.001), and WHR (P < 0.001). However,
there was no significant difference with regard to age, height,
weight, BMI, hips, fat%, ALT, AST, Cr, BUN, UA, TG, and
HDL-c in these two groups.

3.2. Serum Levels of ZAG and Other Adipokines in HBP
Patients and Healthy Controls. Serum levels of ZAG, total
adiponectin, HMW adiponectin, and TNF« in healthy con-
trols and HBP patients were determined by commercial
avajlable ELISA kits. As shown in Table 2, HBP patients
presented 21.6% lower levels of serum ZAG when compared
with healthy controls (61.4 + 32 versus 78.3 + 42 ug/mL, P <
0.05). Like ZAG, serum HMW adiponectin also significantly
decreased in HBP patients (P < 0.05). However, serum TNF«
levels in HBP patients increased by 41% as compared with
healthy controls (P = 0.002). No significant difference was
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TABLE 1: General clinical characteristics of healthy controls and HBP patients.
Healthy controls HBP patients P value
M/F (n) 17/25 (42) 22/10 (32) 0.016
Age (y) 53.1+8.0 56.9 + 13.4 0.160
Height (cm) 164.9 £9.2 162.0+£7.3 0.145
Weight (kg) 62.5 +10.0 59.5+ 6.3 0136
BMI (kg/m?) 22.9+2.0 226+ 1.5 0.610
Waist (cm) 78.5 + 8.1 87.1+5.0 <0.001
Male 835+6.3 86.9+4.7 0.063
Female 750+7.4 87.7+5.7 <0.001
Hips (cm) 93.5+5.2 93.6 +4.2 0.726
Male 95.5+4.6 92.8 £4.1 0.069
Female 91.6 £5.1 952 +4.1 0.057
WHR 0.84 + 0.06 0.93 £0.04 <0.001
Male 0.87 £ 0.04 0.93 £ 0.03 <0.001
Female 0.82 +£0.05 0.92 +0.05 <0.001
Fat (%) 26.6 £ 6.1 243 +£6.7 0.126
SBP (mmHg) 1229 + 14.1 159.5+17.6 <0.001
Male 128.4 £ 14.2 158.8 £ 18.1 <0.001
Female 119.1 +13.0 161.1 £17.1 <0.001
DBP (mmHg) 755+ 11.1 92.3+11.3 <0.001
Male 80.6 £12.2 92.0 £10.6 0.004
Female 72.0 £ 8.8 92.8 +13.3 0.001
FBG (mmol/L) 493 +£0.65 6.24 £2.5 0.006
Male 4.99 £0.89 6.07 £ 1.71 0.016
Female 4.89+0.43 6.63+£3.72 0.025
ALT (U/L) 214128 20.0+12.8 0.643
AST (U/L) 223+94 225+97 0.944
Cr (umol/L) 78.7 £16.0 81.8+13.4 0.382
BUN (mmol/L) 7.01£11.2 5.32+1.36 0.396
UA (mmol/L) 239.1+92.7 258.7 £79.7 0.343
TC (mmol/L) 4.83+0.78 5.25%0.80 0.025
Male 4.80+0.52 5.12+0.81 0.138
Female 4.85+0.92 555+0.78 0.038
TG (mmol/L) 1.25+0.58 1.08 £ 0.57 0.198
HDL-c (mmol/L) 1.38 £ 0.42 1.53 £ 0.39 0.138
LDL-c (mmol/L) 2.93+0.68 3.32£0.64 0.014
Male 2.85+0.86 3.29 £ 0.66 0.077
Female 2.99+£0.53 3.40 £ 0.61 0.038

BMI: body mass index; WHR: waist-to-hip ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure; FBG: fasting blood glucose; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; Cr: creatinine; BUN: blood urea nitrogen; UA: uric acid; TC: total cholesterol; TG: triglycerides; HDL-c:

high-density lipoprotein cholesterol; LDL-c: low-density lipoprotein cholesterol.

found in serum total adiponectin level between HBP patients
and healthy controls (P = 0.304, Table 2).

3.3. Correlations of Serum Levels of Adipokines with Anthropo-
metric and Biochemical Items in HBP Patients and Healthy
Controls. Pearson or spearman correlation coefficient was
calculated to analyze the relationship between ZAG, adi-
ponectin, TNF«, and anthropometric and biochemical items
in HBP patients and healthy controls. As depicted in Figure 1,
serum ZAG levels were negatively correlated with WHR and
ALT, respectively, in all subjects (r = -0.241, P < 0.05;
r = —0.243, P < 0.05) (Figure1). Figure 2 indicates that
serum adiponectin levels were inversely correlated with body
weight (r = -0.343, P < 0.05) and TG, respectively, (r =
-0.364, P < 0.05), but were positively correlated with HDL
(r = 0433, P < 0.05). Unlike ZAG and adiponectin,
serum TNF« levels were positively correlated with WHR

(r = 0311, P < 0.05), SBP (r = 0.244, P < 0.05), DBP
(r = 0.244, P < 0.05), and FBG (r = 0.248, P < 0.05) in
all subjects (Figure 3).

4. Discussion

ZAG is a newly identified adipokine secreted by adipocytes.
Recent work from both our group and others has demon-
strated that ZAG is closely linked to obesity and obesity-
related metabolic disease and has been proposed as a can-
didate factor in the regulation of body weight and blood
glucose [3, 13, 14]. In the current study, we show for the
first time that median serum ZAG levels are 21.6% lower
in HBP patients as compared with healthy controls. As
we all know, hypertension is an important component of
metabolism syndrome, which has been proved to asso-
ciate with many adipokines including adiponectin, leptin,
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TABLE 2: Serum levels of ZAG and other adipokines in HBP patients and healthy controls.
Healthy controls HBP patients P value
ZAG (ug/mL) 78.3 +£42.0 61.4+32.2 0.020
Male 88.3+54.2 65.3 +35.6 0.113
Female 71.1 +£31.0 53.0 +23.3 0.029
Total adiponectin (pg/mL) 5.02+£2.23 5.61+2.74 0.304
HMW adiponectin (pug/mL) 5.24 +1.02 2.32+0.41 0.046
Male 532+ 1.66 2314039 0.004
Female 5.83 +2.43 4.01+3.07 0.484
TNFa (pg/mL) 234+ 0.99 3.30 + 1.56 0.002
Male 2.87+0.95 3.11+1.17 0.484
Female 1.98 + 0.86 3.72+2.20 0.002
ZAG: zinc-alpha2-glycoprotein; HMW adiponectin: high molecular weight adiponectin; TNFa: tumor necrosis factor «.
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FIGURE 1: Correlation analysis of serum ZAG levels and WHR (a) and ALT (b) in healthy controls and HBP patients.

angiotensin, perivascular relaxation factors, and resistin [15-
18]. These adipokines keep the vascular homeostasis by acting
on vascular component cells including endothelial cells and
macrophages. In this study, we found that ZAG may be
another adipokine involved in blood pressure control. In
contrast to our finding, Stepan et al. [10] found maternal
serum ZAG concentrations are significantly increased in
preeclampsia which is characterized by hypertension, pro-
teinuria, and endothelial dysfunction. The different change
trend of serum ZAG level in preeclampsia and HBP patients
may be explained by the different pathogenesis of these
two kinds of diseases. Additionally, studies performed by
Stepan et al. [10] and Philipp et al. [19] indicated that renal
elimination was a major route by which physiologic ZAG
serum levels are maintained, and renal function was an
independent predictor of circulating ZAG because serum
ZAG levels were almost 2-fold higher in chronic hemodialysis
patients as compared with controls. The subjects recruited in
our study including HBP patients and healthy controls have

normal renal function shown as normal creatinine and uric
acid in Table 1, suggesting that the lower serum ZAG levels in
HBP patients are indeed associated with blood pressure but
not renal function.

Further correlation analysis showed that serum ZAG
levels were negatively related with WHR and ALT in all
subjects although ALT of these subjects was in normal range.
The finding further confirms that ZAG is an important
factor which is closely linked to obesity and obesity-related
metabolic disease. Yilmaz et al. [20] found that serum ZAG
concentrations were the only independent predictor of the
number of metabolic syndrome components in patients with
nonalcoholic fatty liver disease (NAFLD) after stepwise linear
regression analysis. Leal et al. [11] demonstrated that ZAG
levels were inversely associated with TNF« and vascular cell
adhesion molecule-1(VCAM-1) but positively correlated with
anti-LDL(-) autoantibodies in HD patients. Serum ZAG lev-
els have also been proved to increase in advanced heart failure
patients compared with age-matched healthy controls [12].
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FIGURE 2: Correlation analysis of serum adiponectin levels and weight (a), TG (b), HDL (c) in healthy controls and HBP patients.

All of these findings demonstrate that ZAG plays an impor-
tant role in the pathogenesis of metabolic disease and would
be a promising target for antiobesity and antimetabolic syn-
drome therapies.

Yeung et al. reported that ZAG levels in male were
significantly higher than those in female in Southern Chinese
subjects [21]. In our present study, we found that there was
a trend that ZAG levels of man were higher than those of
women in both healthy controls (88.3 + 54.2 versus 71.7 +
36.0ug/mL, P = 0.226) and HBP patients (65.3 + 35.6
versus 53.0 + 23.3 ug/mL, P = 0.329). However, the gender
differences were not statistically significant. The reason of
this result may be the relative small sample size. Therefore, a
further investigation in a large sample is required to elucidate
this question.

Adiponectin is another adipokine, which displays a
variety of protective actions in obesity-induced pathological

conditions, including hypertension, diabetes mellitus, hepatic
steatosis, atherosclerosis, and ischemic heart disease [22-
25]. In our present study, we found that serum HMW
adiponectin levels were lower in the HBP patients and serum
total adiponectin levels were inversely correlated with body
weight and TG, respectively, but were positively correlated
with HDL. Similar results were obtained by Adamczak et al. in
2003 who demonstrated that adiponectin levels were signifi-
cantly lower in patients with essential hypertension compared
with those in BMI-matched normotensive controls, and
an inverse correlation was observed between adiponectin
concentration and mean blood pressure [26]. In addition,
Choi et al. proved that adiponectin levels are negatively
associated with blood pressure in patients with type 2 diabetes
and metabolic syndrome [27].

Previous studies reported that HMW adiponectin may be
the active form of adiponectin, and it is recognized as a strong
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FIGURE 3: Correlation analysis of serum TNF« levels and WHR (a), SBP (b), DBP (c), and FBG (d) in healthy controls and HBP patients.

predictor of metabolic disease and its complications [28-31].
Epidemiological studies also showed that HMW adiponectin
was correlated better with glucose tolerance and may be a
better marker for coronary artery disease and obesity than
total serum adiponectin [30, 32, 33]. In agreement with these
results, we found the levels of HMW but not total adiponectin
decreased in the patients with HBP. Importantly, recent
studies by Gao et al. and others revealed a positive association
between ZAG mRNA and adiponectin mRNA levels in both
visceral and subcutaneous fat of human subjects [34-36].
The levels of ZAG released by human adipocytes have been
demonstrated to be comparable with that of adiponectin [35].
The parallel expression pattern for these two adipokines may
suggest that ZAG could act like adiponectin in protecting
against the obese state. Similar phenomenon was observed
in our present study showing both serum ZAG and HMW
adiponectin levels are notably declined in HBP patients in
comparison with healthy controls. In light of the beneficial

effects of ZAG and adiponectin in decreasing body fat and
improving insulin sensitivity, both adipokines have been
suggested to be therapeutic targets of antiobesity and antidi-
abetes therapeutics.

Unlike ZAG and adiponectin, TNF« levels in the present
study were higher in the HBP patients as compared with
healthy controls and positively correlated with WHR, SBP,
DBP, and FBG. Inflammation has been considered a key
component in the pathogenesis of hypertension which is a
low-grade inflammatory condition induced by TNFa. TNFa,
which is an inflammation promoter, may play an important
role in the modulation of hypertensive response. Several
studies in vitro and in vivo studies suggest the existence of
cross-talk between TNF« and the renin-angiotensin system
(RAS), which is an important part of the pathogenesis
of hypertension [37, 38]. Bogdanski et al. found that the
serum TNF« levels in essential hypertension (EH) patients
were much higher than in normotensive individuals, which
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is in agreement with our results [39]. Recently, Li [40]
demonstrated a significant association of TNFa G308A gene
polymorphism with EH, and the A allele carriers in G308A
SNP site have increased susceptibility to EH compared with
the G allele carriers.

Although the factors that downregulated ZAG are not
well understood, obesity-related inflammation could be
involved in the ZAG regulation. Gao et al. [36] showed that
chronic treatment with TNF« led to a significant decrease in
ZAG expression and secretion in adipocytes. Mracek et al.
[2] and Bao et al. [41] also found a chronic and dose-
dependent decrease in ZAG mRNA levels after treatment
with TNFea. Inhibition of ZAG expression and release by
TNFa may increase the susceptibility to lipid accumulation
in adipose tissue and liver in obesity state [2]. Moreover, the
parallel expression pattern of ZAG and adiponectin, similarly
regulated by TNF« [41], suggests that ZAG could act like
adiponectin in protecting against the obese state [42].

5. Limitations

Our study firstly reported the lower serum ZAG level in
HBP patients in comparison with healthy controls in Chinese
North Han subjects. This primary result needs to be con-
firmed in the larger samples and other races. Further efforts
should also be undertaken in molecular and cell levels to
identify the biological function of ZAG in occurrence and
development of hypertension.

6. Conclusions

In summary, serum ZAG and HMW adiponectin levels
are significantly lowered, while TNF« greatly increased in
hypertension patients. Serum ZAG levels were negatively
correlated with WHR. These findings implies that ZAG may
be an important factor and is associated with hypertension.
Prospective studies are needed to better demonstrate the
exact role of ZAG in hypertension.

Abbreviations

ZAG: Zinc-a2-glycoprotein
HMW adiponectin: High molecular weight adiponectin
TNFa: Tumor necrosis factor-a.

Conflict of Interests

There is no a conflict of interests.

Authors’ Contribution

Hui Juan Zhu and Xiang qing Wang contributed equally to
this work.

Acknowledgments

The study was supported by Grants from the National Natural
Science Foundation of China (no. 30600836 for Zhu HJ and

nos. 30540036, 30771026, and 81370898 for Gong FY), the
Beijing Natural Science Foundation (no. 7082079 for Gong
FY), the National Key Program of Clinical Science (2011 for
Gong FY and Zhu HJ), and PUMCH (2013-020 for Gong FY).

References

[1] J. Zhou and G. Qin, “Adipocyte dysfunction and hypertension,”
American Journal of Cardiovascular Disease, vol. 2, pp. 143-149,
2012.

[2] T. Mracek, D. Gao, T. Tzanavari et al., “Downregulation of
zinc-a2-glycoprotein in adipose tissue and liver of obese ob/ob
mice and by tumour necrosis factor-« in adipocytes,” Journal of
Endocrinology, vol. 204, no. 2, pp. 165-172, 2010.

[3] E-Y. Gong, S.-J. Zhang, J.-Y. Deng et al., “Zinc-a2-glycoprotein
is involved in regulation of body weight through inhibition of
lipogenic enzymes in adipose tissue,” International Journal of
Obesity, vol. 33, no. 9, pp. 1023-1030, 2009.

[4] D. M. Selva, A. Lecube, C. Herndndez, J. A. Baena, J. M.
Fort, and R. Sim¢, “Lower zinc-a2-glycoprotein production by
adipose tissue and liver in obese patients unrelated to insulin
resistance;” Journal of Clinical Endocrinology and Metabolism,
vol. 94, no. 11, pp. 4499-4507, 2009.

[5] L.O.Byerley, S. H. Lee, S. Redmann, C. Culberson, M. Clemens,
and M. O. Lively, “Evidence for a novel serum factor distinct
from zinc alpha-2 glycoprotein that promotes body fat loss early
in the development of cachexia,” Nutrition and Cancer, vol. 62,
no. 4, pp. 484-494, 2010.

[6] L. E. Olofsson, B. Olsson, T. Lystig et al., “Preliminary report:
Zn-alpha2-glycoprotein genotype and serum levels are associ-
ated with serum lipids,” Metabolism: Clinical and Experimental,
vol. 59, no. 9, pp. 1316-1318, 2010.

[7] S.T. Russell and M. J. Tisdale, “Studies on the antiobesity effect
of zinc-a 2-glycoprotein in the ob/ob mouse,” International
Journal of Obesity, vol. 35, no. 3, pp. 345-354, 2011.

[8] S.T.Russell and M. J. Tisdale, “Studies on the anti-obesity activ-
ity of zinc-« 2-glycoprotein in the rat,” International Journal of
Obesity, vol. 35, no. 5, pp. 658-665, 2011.

[9] H.-J. Zhu, C.-X. Dong, H. Pan et al., “Rs4215 SNP in zinc-a2-
glycoprotein gene is associated with obesity in Chinese north
Han population,” Gene, vol. 500, no. 2, pp. 211-215, 2012.

[10] H. Stepan, A. Philipp, I. Roth et al., “Serum levels of the adipok-
ine zinc-alpha2-glycoprotein are increased in preeclampsia;’
Journal of Endocrinological Investigation, vol. 35, pp. 562-565,
2012.

[11] V. O. Leal, J. C. Lobo, M. B. Stockler-Pinto et al., “Is zinc-
a2-glycoprotein a cardiovascular protective factor for patients
undergoing hemodialysis?” Clinica Chimica Acta, vol. 413, no.
5-6, pp. 616-619, 2012.

[12] S. Tedeschi, E. Pilotti, E. Parenti et al., “Serum adipokine zinc
a2-glycoprotein and lipolysis in cachectic and noncachectic
heart failure patients: relationship with neurohormonal and
inflammatory biomarkers,” Metabolism: Clinical and Experi-
mental, vol. 61, no. 1, pp. 37-42, 2012.

[13] S. T. Russell and M. J. Tisdale, “Role of beta-adrenergic recep-
tors in the oral activity of zinc-alpha2-glycoprotein (ZAG),
Endocrinology, vol. 153, pp. 4696-4704, 2012.

[14] S. T. Russell and M. J. Tisdale, “Antidiabetic properties of zinc-
a2-glycoprotein in ob/ob mice,” Endocrinology, vol. 151, no. 3,
pp. 948-957, 2010.



(15]

(16]

(17]

=
s

(20]

[21]

(22]

(25]

(26]

(27]

P. Cano, D. P. Cardinali, M. J. Rios-Lugo, M. P. Ferndndez-
Mateos, C. E Reyes Toso, and A. I. Esquifino, “Effect of a high-
fat diet on 24-hour pattern of circulating adipocytokines in rats,”
Obesity, vol. 17, no. 10, pp. 1866-1871, 2009.

S. Taleb, O. Herbin, H. Ait-Oufella et al., “Defective lep-
tin/leptin receptor signaling improves regulatory T cell immune
response and protects mice from atherosclerosis,” Arteriosclero-
sis, Thrombosis, and Vascular Biology, vol. 27, no. 12, pp. 2691-
2698, 2007.

D. Kawanami, K. Maemura, N. Takeda et al., “Direct reciprocal
effects of resistin and adiponectin on vascular endothelial cells:
a new insight into adipocytokine-endothelial cell interactions,”
Biochemical and Biophysical Research Communications, vol. 314,
no. 2, pp. 415-419, 2004.

X. Hui, H. Li, Z. Zhou et al., “Adipocyte fatty acid-binding
protein modulates inflammatory responses in macrophages
through a positive feedback loop involving c-Jun NH2-terminal
kinases and activator protein-1,” Journal of Biological Chemistry,
vol. 285, no. 14, pp. 10273-10280, 2010.

A. Philipp, S. Kralisch, A. Bachmann et al., “Serum levels of
the adipokine zinc-a2-glycoprotein are increased in chronic
hemodialysis,” Metabolism: Clinical and Experimental, vol. 60,
no. 5, pp. 669-672, 201L.

Y. Yilmaz, O. Yonal, F. Eren et al., “Serum zinc-«2-glycoprotein
concentrations in patients with non-alcoholic fatty liver dis-
ease,” Clinical Chemistry and Laboratory Medicine, vol. 49, no.
1, pp. 93-97, 2011.

D. C. Y. Yeung, K. S. L. Lam, Y. Wang, A. W. K. Tso, and
A. Xu, “Serum zinc-a2-glycoprotein correlates with adiposity,
triglycerides, and the key components of the metabolic syn-
drome in Chinese subjects,” Journal of Clinical Endocrinology
and Metabolism, vol. 94, no. 7, pp. 2531-2536, 2009.

W.-S. Chow, B. M. Y. Cheung, A. W. K. Tso et al., “Hypoad-
iponectinemia as a predictor for the development of hyperten-
sion: a 5-year prospective study,” Hypertension, vol. 49, no. 6, pp.
1455-1461, 2007.

K. Ohashi, S. Kihara, N. Ouchi et al., “Adiponectin replenish-
ment ameliorates obesity-related hypertension,” Hypertension,
vol. 47, no. 6, pp. 1108-1116, 2006.

R. Shibata, K. Sato, D. R. Pimentel et al., “Adiponectin pro-
tects against myocardial ischemia-reperfusion injury through
AMPK- and COX-2-dependent mechanisms,” Nature Medicine,
vol. 11, no. 10, pp. 1096-1103, 2005.

N. Maeda, I. Shimomura, K. Kishida et al.,, “Diet-induced
insulin resistance in mice lacking adiponectin/ACRP30,”
Nature Medicine, vol. 8, no. 7, pp. 731-737, 2002.

M. Adamczak, A. Wiecek, T. Funahashi, J. Chudek, F. Kokot,
and Y. Matsuzawa, “Decreased plasma adiponectin concentra-
tion in patients with essential hypertension,” American Journal
of Hypertension, vol. 16, no. 1, pp. 72-75, 2003.

K. M. Choi, J. Lee, K. W. Lee et al., “Serum adiponectin
concentrations predict the developments of type 2 diabetes
and the metabolic syndrome in elderly Koreans,” Clinical
Endocrinology, vol. 61, no. 1, pp. 75-80, 2004.

K. Hara, M. Horikoshi, T. Yamauchi et al., “Measurement of
the high-molecular weight form of adiponectin in plasma is
useful for the prediction of insulin resistance and metabolic
syndrome,” Diabetes Care, vol. 29, no. 6, pp. 1357-1362, 2006.

H. Waki, T. Yamauchi, J. Kamon et al., “Impaired multimeriza-
tion of human adiponectin mutants associated with diabetes.
Molecular structure and multimer formation of adiponectin,’

(30]

(31]

(33]

[34]

[37]

(38]

(42]

ISRN Endocrinology

Journal of Biological Chemistry, vol. 278, no. 41, pp. 40352-
40363, 2003.

E M. Fisher, M. E. Trujillo, W. Hanif et al., “Serum high molec-
ular weight complex of adiponectin correlates better with glu-
cose tolerance than total serum adiponectin in Indo-Asian
males,” Diabetologia, vol. 48, no. 6, pp. 1084-1087, 2005.

C. Heidemann, Q. Sun, R. M. Van Dam et al., “Total and high-
molecular-weight adiponectin and resistin in relation to the risk
for type 2 diabetes in women,” Annals of Internal Medicine, vol.
149, no. 5, pp. 307-316, 2008.

Y. Seino, H. Hirose, I. Saito, and H. Itoh, “High-molecular-
weight adiponectin is a predictor of progression to metabolic
syndrome: a population-based 6-year follow-up study in
Japanese men,” Metabolism: Clinical and Experimental, vol. 58,
no. 3, pp. 355-360, 2009.

N. Zhu, J. S. Pankow, C. M. Ballantyne et al., “High-molecular-
weight adiponectin and the risk of type 2 diabetes in the ARIC
study;” Journal of Clinical Endocrinology and Metabolism, vol.
95, no. 11, pp. 5097-5104, 2010.

V. Ceperuelo-Mallafré, S. Naf, X. Escoté et al., “Circulating
and adipose tissue gene expression of zinc-a2- glycoprotein
in obesity: Its relationship with adipokine and lipolytic gene
markers in subcutaneous and visceral fat,” Journal of Clinical
Endocrinology and Metabolism, vol. 94, no. 12, pp. 5062-5069,
2009.

T. Mracek, Q. Ding, T. Tzanavari et al., “The adipokine zinc-a2-
glycoprotein (ZAG) is downregulated with fat mass expansion
in obesity,” Clinical Endocrinology, vol. 72, no. 3, pp. 334-341,
2010.

D. Gao, P. Trayhurn, and C. Bing, “Macrophage-secreted factors
inhibit ZAG expression and secretion by human adipocytes,”
Molecular and Cellular Endocrinology, vol. 325, no. 1-2, pp. 135-
142, 2010.

D. Kalra, N. Sivasubramanian, and D. L. Mann, “Angiotensin II
induces tumor necrosis factor biosynthesis in the adult mam-
malian heart through a protein kinase C-dependent pathway;’
Circulation, vol. 105, no. 18, pp- 2198-2205, 2002.

I. A. Arenas, Y. Xu, P. Lopez-Jaramillo, and S. T. Davidge,
“Angiotensin II-induced MMP-2 release from endothelial cells
is mediated by TNF-a,” American Journal of Physiology, vol. 286,
no. 4, pp. C779-C784, 2004.

P. Bogdanski, M. Kujawska-Luczak, J. Lcki et al., “Evaluation
of selected interleukins, tumor necrosis factor, insulin and
leptin in obese patients with hypertension,” Polski Merkuriusz
Lekarski, vol. 15, no. 88, pp. 347-351, 2003.

Y.-Y. Li, “Tumor necrosis factor-alpha G308« gene polymor-
phism and essential hypertension: a meta-analysis involving
2244 Participants,” PLoS ONE, vol. 7, no. 4, article 35408, 2012.
Y. Bao, C. Bing, L. Hunter, J. R. Jenkins, M. Wabitsch, and P.
Trayhurn, “Zinc-a2-glycoprotein, a lipid mobilizing factor, is
expressed and secreted by human (SGBS) adipocytes,” FEBS
Letters, vol. 579, no. 1, pp. 41-47, 2005.

C. Bing, T. Mracek, D. Gao, and P. Trayhurn, “Zinc-a2-
glycoprotein: an adipokine modulator of body fat mass,” Inter-
national Journal of Obesity, vol. 34, no. 11, pp. 1559-1565, 2010.



